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KEK, by the way, is operated under the direct administration of
MONBUSHO, the Ministry of Education, Science and Culture, and
is established as an interuniversity research center for high energy
physics which provides a major research tool to users from univer-
sities and other institutions. It also provides users with support
necessary to run the experiment and carry out data analysis and
operating costs.

The laboratory is located at the northern part of the Tsukuba
Science City and is approximately 70 kilometers due north of
Tokyo. Its site measures about 1 kilometer in east-west and about 2

kilometers in north-south. Incidentally, I have provided a pamphlet
with a picture in front, and on the front page, I show the entire
laboratory site.

The laboratory, since its establishment, has made rapid progress
in two directions. While engaging in an active program of high
energy physics research with the proton synchrotron, the laborato-
ry on one hand has made a significant step toward an application
of accelerators to non-high energy physics research.
For instance, construction of a facility to utilize the 500 MeV

pulsed proton beam from a high repetition booster synchrotron for

the above-mentioned synchrotron was installed in 1978. The pulsed
neutron and the meson beams thus obtained opened a new method
of study of condensed matter. Investigation showed that the irra-

diation of a malignant tumor by an intense proton beam gave many
favorable results.

On the other side, an accelerator complex which includes a 400-

meter-long electron linear accelerator, which you can see in the
picture, and a 2.5 GeV electron storage ring was built which is

dedicated for research using synchrotron radiation, and that was
commissioned in 1983.

The synchrotron radiation, as is well known, provides an intense
pencil beam light with a continuous spectrum ranging from visible to

x-ray and is very useful for research in the fields of solid state

physics, biophysics, microanalysis, microlithography, and so on.

Lately, its importance in new technologies, such as R&D for the
super-large scale integrated circuits, study of catalysts, and medical
application for the diagnosis of blood circulation, was recognized
widely.

In the other direction, KEK is making a strong effort toward
reaching an energy frontier in elementary particle interactions in

pursuit of an ultimate understanding of matter; this is, high
energy physics. This effort is called TRISTAN, which I am direct-

ing.

In this project, an electron-positron colliding beam accelerator
with a circumference of 3 kilometers is being built. This project
began in 1981 as a 5-year project with a total budget of 85 billion

yen, which is approximately $340 million, including civil construc-
tion, accelerator components and detectors, but excluding salaries.

The salary account is separate in Japan.
The total number of staff members at the laboratory is approxi-

mately 500 at the moment and is quite small compared to that at
comparable European and U.S. laboratories.
However, close cooperation with the leading industries there has

made it possible for us to carry out our mission to date, and this



cooperation, so to speak, has been the special characteristic of Jap-
anese accelerator projects. This type of cooperation, by the way, we
believe is indispensable for the future super-large-scale accelerator
project.

At the same time, we believe that the advancement of the tech-
nological frontier and the basic science frontier are in a relation-

ship like that of the chicken and the egg, and both frontiers ad-
vance hand in hand. This has been the way our director, Ni-
shikawa, has been thinking all along.

Now, getting back to TRISTAN, with a nominal collision energy
of 30 GeV on 30 GeV and anticipated luminosity which is 2x10^^
cm'^ sec\ this collider will become the world's highest energy elec-

tron storage ring when it is completed in late 1986, opening a new
energy regime to be explored.
Coupled with this project, intensive research and development of

advanced technology related to the accelerator and detector is

being carried out by the laboratory in collaboration with industry
and also the other laboratories in foreign lands. This includes the
work on superconducting magnets, superconducting radio frequen-
cy cavities, superhigh vacuum components, and so on.

Taking the spirit of ICFA, the International Committee for

Future Accelerators, which stated that a major accelerator in any
region be open to the researchers of other nations, we intended to

make this TRISTAN collider available to the worldwide community
of high energy physicists from the beginning.
As such, we have not only invited the research groups abroad to

propose experiments at TRISTAN but also have had one prominent
physicist each from the United States and from Europe on our 9-

member program advisory committee to evaluate the proposals.
We are happy to note that two of the four experiments at TRIS-

TAN are by international collaboration. Namely, one experiment
called AMY is a collaboration of groups from the United States,

Japan, China, and Korea. In this case, major support is provided by
the first two, namely, the United States and Japan. The other ex-

periment, though it is quite small in scale, is primarily by a team
from the United States.

Well, as it is well known, the field of high energy physics is quite
international, and scientists visit foreign laboratories for the sake
of their research. We are happy to note that the KEK has received
in the past 5 years 99 scientists for a variety of stays ranging from
1 month to 4 years for their research.
In addition, Japan has two formal agreements of international

cooperation in the field of high energy physics, one of which is by
an implementing arrangement signed on November 11, 1979, by
the U.S. Department of Energy and MONBUSHO, which is our
agency.
This program has annual funding from the Japanese Govern-

ment of about 1.5 billion yen—which is $6 to $7 million, depending
on the exchange rate at the time—for direct support of the experi-
mental program at the U.S. laboratories and accelerator and detec-
tor R&D. This program allowed Japanese scientists to cooperate
with their U.S. counterparts in the experiments at SLAC, Fermi-
lab, and BNL, and produced many successful results.



In this regard, I wish to express our sincere appreciation for the
hospitality given to the Japanese participants by U.S. laboratories

and the understanding shown by U.S. science authorities.

The other cooperation is by an agreement between the Universi-

ty of Tokyo and CERN in which Japanese scientists will collaborate

in an experimental project for LEP at CERN.
Now, at present, the high energy physics community of Japan is

directing its full efforts toward the ongoing program, namely the
completion of the TRISTAN project on time, a resumption of the 12

GeV proton synchrotron program, which was shut down for about
a year, and the collaboration with the U.S. laboratories and CERN
and also with DESY.
The scientists, however, began to discuss the course which the

High Energy Physics Program of Japan should take after the TRIS-
TAN Research Program is going, namely in the 1990's and beyond.
The discussion is being made by a working group on the long-term
planning which was established last year and which is made up of

young scientists who are expected to be active in the 1990's.

Needless to say, the working group is considering, as one of the
further possibilities, participation by Japanese scientists in the ex-

perimental program at the Superconducting Super Collider, which
is being discussed here as the future of the United States.

Thank you, gentlemen.
[The prepared statement of Dr. Ozaki follows:]

Prepared Statement of Dr. Ozaki

Honorable chairman, Mr. Fuqua and the members of the committee, it is with my
great pleasure to be here to present the current status of the high energy physics

program of Japan, particularly of the National Laboratory for High Energy Physics
which is commonly called "KEK". The Director-General of our laboratory. Dr. Tet-

suji Nishikawa regrets that a previous engagement prevents him from being in

Washington DC at this time, and I, Prof. Ozaki, the Chief Director of TRISTAN
project on which I shall refer later, am to present this address in his stead.

The high energy physics activity in Japan began only in 1961 with completion of a
1.3 GreV electron synchrotron in the Institute for Nuclear Study in Tokyo Universi-

ty. With this as a staging point, a major step was made toward an active high
energy physics program there in 1971 by an establishment of KEK, where the con-

struction of 12 GeV proton synchrotron was authorized by the government. This ac-

celerator was completed in 1976 and an experimental high energy physics program
made progress in Japan in the following year, approximately 20 years behind that
in the U.S., taking for instance, the 3 GeV proton synchrotron at BNL, COSMO-
TRON, as the time marker. KEK is operated under a direct administration of MON-
BUSHO, the Ministry of Education, Science and Culture, and is established as an
interuniversity research center for high energy physics which provides a major re-

search tools to users from universities and other institutions. It also provides users
with support necessary to run the experiment and carry out data analysis. The
laboratory is located at the northern part of the Tsukuba Science City and is ap-

proximately 70 kilometer due north of Tokyo. Its site measures about 1 kilometer in

east-west and about 2 kilometers in north-south.
The laboratory, since then, has made a rapid further progress in two directions.

While engaging in an active program of high energy physics research with the 12
GeV Proton Synchrotron, the laboratory on one hand has made a significant step

towards an application of accelerators to non-high energy physics research. For in-

stance, construction of a facility to utilize 500 MeV pulsed proton beam from a high
repetition injector synchrotron for the machine mentioned above was initiated in

1978. The pulsed neutron and meson beams thus obtained opened a new method for

the studies of condensed matter and etc. An investigation showed that the irradia-

tion of malignant tumors by intense proton beam gave many favorable results. An
accelerator complex which includes a 400 meter long electron linear accelerator and
a 2.5 GeV electron storage ring, dedicated for a generation of synchrotron radiation



was commissioned in 1983. The synchrotron radiation, as is well known, provides an
intense pencil beam light with a continuous spectrum ranging from visible light to X
ray and is very useful for researchers in the fields of sold state physics, biophysics,
microanalysis, microlithography, and so on. Lately, its importance in the new
technology, such as a R&D of super large scale integrated circuits, a study of catalysts
and a medical application for diagnosis of blood circulation was recognized widely.

In the other direction, KEK is making a strong effort towards reaching an energy
frontier in elementary particle interactions, in pursuit of an ultimate understanding
of the matter, i.e. high energy physics. This effort is called the "TRISTAN" project in
which an electron-positron colliding beam accelerator with the circumference of 3
kilometers is being built. This project began in 1981 as a five year project with its

total budget of 85 billion yen (340 million dollars) including civil construction, accel-

erator components and detectors but excluding the staff wages.
The total number of staff members at the laboratory is approximately 500 and is

quite small compared to that at comparable European and the U.S. laboratories.
However, a close cooperation with leading industries there has made it possible for

us to carry out our mission to date, and this cooperation, so to speak, has been the
special characteristic of Japanese accelerator projects. This type of cooperation, we
believe, is indispensable for a future super large scale accelerator project. At the
same time, we believe that an advancement of technological frontier and basic-sci-

ence frontier are in a relationship like that of chicken and egg, and both frontiers
advance hand-in-hand. This has been a philosophy of our Director-General Ni-
shikawa.
With a nominal collision energy of 30 GeV on 30 GeV and anticipated luminosity

of 2xl0*^m"^sec "S this collider will become the world highest energy electron
storage ring when it is completed in late 1986. Coupled with this project, an inten-
sive research and development of advanced technology related to the accelerator
and detector is being carried out by the laboratory in collaboration with industries.
This includes the work on superconducting magnets, superconducting radio frequen-
cy cavities, super-high vacuum components, naming a few.
Taking the spirit of ICFA, International Committee for Future Accelerators,

which stated that a major accelerator in any region be open to the researchers of
other countries, we intended to make this collider available to the worldwide com-
munity of the high energy physicists. As such, we have not only invited research
groups abroad to propose an experiment at TRISTAN, but also have had one promi-
nent physicist each from the U.S. and from Europe in our nine-member Program
Advisory Committee to evaluate the proposal. We are happy to note that two of four
experiments at TRISTAN are by international collaboration. Namely, one experi-
ment called AMY is by a collaboration of groups from the United States, Japan,
China and Korea, major support being provided by the first two. The other experi-
ment, though it is quite small compared to the other three, is mainly by a team
from the United States.

As it is well known, the field of high energy physics is quite international and
scientists visit foreign laboratory for the sake of their research. We are happy to

note that KEK has received 99 scientists from foreign lands in the past five years
with the period of stay for research ranging from 1 month to 4 years. In addition,
Japan has two formal programs of international cooperation in the field of high
energy physics. One of which is by an implementing arrangement signed on Novem-
ber 11, 1S79 by U.S. Department of Energy and MONBUSHO. This arrangement is

under an umbrella agreement between the two governments on a cooperation in re-

search and development of energy related technologies signed by the U.S. President
and the Japanese Prime Minister in 1979. This program, with an annual funding
from the Japanese government of about 1.5 billion yen (6 to 7 million dollars de-
pending on the exchange rate) for direct support of experimental program at the
U.S. laboratories and accelerator and detector R and D program, allowed Japanese
scientists to cooperate with their U.S. counterparts in the experiments at SLAC,
FNAL and BNL and produced many successful results. In this regard, I wish to ex-
press our sincere appreciation for the hospitality given to Japanese participants by
U.S. laboratories and understanding shown by U.S. science authorities. The other is

by an agreement between the University of Tokyo and CERN in which Japanese
scientists will collaborate in the OPAL detector project for LEP at CERN.
At present, the high energy physics community of Japan is directing its full ef-

forts toward the on-going program, i.e. the completion of the TRISTAN project in
time, a resumption of the 12 GeV proton synchrotron program and the collaboration
with U.S. laboratories. The scientists, however, began to discuss the course the high
energy physics program of Japan should t£ike after TRISTAN research program, i.e.

in 1990's and beyond. The discussion is being made by a working group on the long
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term planning which was established last summer, and made up of young scientists

who are expected to remain active in late 1990's. Needless to say, the working group
is considering as one of the further possibilities a participation by Japanese scien-

tists in the experimental program at the Superconducting Super Collider, which is

being discussed here as the future program for the United States.

Thank you.

Mr. FuQUA. Thank you very much.
Before we have our next presenter, I would like to recognize two

very distinguished people in our audience. First is Prof. Sam Ting,

who shared the Nobel prize with one of our later discussants. Dr.

Richter of SLAC. Also, we have the former director of the National
Science Foundation and a very fine scientist himself. Dr. Ed
Knapp. Dr. Knapp, we are glad to have both of you here today.

Our next presenter will be Professor Soergel from the German
Electron Synchrotron Laboratory, DESY, in Hamburg, in the Fed-

eral Republic of Germany. Dr. Soergel, we are very glad to wel-

come you here.

I might say, too, that we will make the statements part of the

record. If you wish to summarize, if that takes less time—if it takes

more time to summarize, then we would prefer that you stick with
the prepared remarks. [Laughter.]

STATEMENT OF PROF. VOLKER SOERGEL, DIRECTOR, GERMAN
ELECTRON SYNCHROTRON LABORATORY [DESY] HAMBURG,
FEDERAL REPUBLIC OF GERMANY
Professor Soergel. I would like to summarize but using the Vu-

Graph. Is this possible?

Mr. FuQUA. Yes, fine. That would be great.

Professor Soergel. It may save some time.

Mr. Chairman, Representatives, ladies and gentlemen, I am hon-
ored and pleased that I can take part in this discussion today on
the future of high energy physics. I have been asked to give a brief

statement about the present status and the plans of the German
Laboratory for High Energy Physics, Deutsches Elektronen Syn-
chrotron, DESY, in Hamburg.
DESY is a laboratory for basic research. It has two areas of re-

search, high energy physics and synchrotron radiation. The facili-

ties of the laboratory are two large, e*e~ storage rings, DORIS and
PETRA, which are used to do high energy physics experiments.
DORIS is also used as a synchrotron radiation light source.

So our installations are very similar to the installations, for in-

stance, at SLAC or at Cornell, and we have quite a related research
program and very good relations with the two laboratories.



Slide 1

The lab is situated in Hamburg city, and you see here on this

sUde the present DESY site in the midst of a large city. I think it is

unique to have a laboratory of this size in a city, since the PETRA
storage ring is 2.3 kilometers across.
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SUDE 2

To give a little more information about the lab, the staff of the

laboratory is about 1,000 people. The number of people doing real

high energy research is 470. You see here that most of the people

doing research at DESY are coming from outside. We have 60



11

DESY staff only under that group. We have 140 people from

German universities, and then the majority are foreign physicists,

270, which come from 16 countries, among them the United States,

in several of our large collaborations.

I can show you in the next transparency the layout of the DESY
accelerators. This last ring here is the PETRA storage ring. At the

moment, it is an e^e" machine with the highest energy in the

world until TRISTAN comes into operation. The small one is the

DORIS storage ring.

Slide 3

Here I show the places where we enjoy the participation of U.S.

scientists, so you see that in most of the collaborations, we have
U.S. participants. In the Mark J collaboration, Professor Ting is

the spokesman of the collaboration.

The high energy physics program in these two storage rings is

carried out with full international collaboration. All six stations

are operated and have been constructed by international teams in

such a way that the various groups have participated through
equipment which was brought to DESY—constructed at the home
institution, then brought to DESY—put together to make a com-
plete detector, and is now operated together.

So there is no cash flow. I think this is an important element.
There is no cash flow. The storage ring facility has been construct-

ed with German funds, and the operational costs for the storage

ring facility again come from German funds. It is fully given by the
laboratory. The outside contribution comes through the detectors.
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Besides the high energy groups, we have the synchrotron radi-

ation users, which are quite a large number, and we are talking

about this today.

Let me, as a last remark of the general introduction, say that the

funding of the laboratory comes from the German Federal Govern-

ment, 90 percent, and from the Hamburg State, 10 percent. This

ratio is the usual ratio between the local state and the Federal

Government for the large research centers in Germany.
This year's budget is 237 million marks, which includes 99 mil-

lion marks for our future facility, HERA. I should in passing say

that Germany, besides the national laboratory in DESY, supports

the international laboratory in CERN and shares 25 percent of the

cost.

The present program at DESY aims at exploiting the facility

storage in PETRA. Our future plans are to construct a new large

project which is the ep collider HERA, a large accelerator complex
which enables us to collide electrons with protons. It is quite a

novel facility which presently does not exist that has two storage

rings with two different kinds of particles.

This machine will be built on the same site. It is housed in an
underground tunnel of 6-kilometer circumference, so it is a ma-
chine similar in size to the Fermilab accelerator, all underground.

Again, I would like to point out that the big accelerator, in the

midst of a large city and the four experimental stations are placed

in locations where there are no houses so they can be built.

Here our construction has begun on this site, on this location

here, and the tunneling is started now. We hope to accomplish the

completion of this machine by 1989 so the experiments can start in

1990.

The HERA machine needs superconducting magnets to reach its

goal for the proton ring, so we will use the technology which has

been pioneered at Fermilab and where very important develop-

ments also have taken place at Brookhaven.
We enjoy here the strong collaboration of the two laboratories.

The design of our magnet was greatly influenced by the work of

Fermilab and Brookhaven, and we have now strong contact with

both laboratories to get great help, and I would acknowledge this

help to our lab in this place. It is very important to us.

The HERA machine will be built with international collabora-

tion, and I will talk a little bit about that because it is a subject of

today's meeting. Although international collaboration has been
rather strong in the building of detectors, I think it is novel to

build an accelerator in international collaboration.

We have been asked by our Government to find international

collaborators to help us build the machine and so reduce the costs

to be borne by the German Government. We have found a way
which is modeled on the collaboration in experiments where the

partners contribute not cash money but contribute components of

the accelerator or manpower.
We have found nine countries which work with us. In the United

States, it is Brookhaven National Lab, which will make available

to us some expertise and some installation assistance which helps

us to build the machine. I am glad to say that this collaboration
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works already very well. I hope very much that this kind of col-

laboration can expand in the future.

Already in the discussion we had with Brookhaven Lab, it turns
out that we have at DESY some installations which can be of

mutu£d benefit to Brookhaven Lab, so we will get a good collabora-

tion in this respect.

I hope that these brief remarks, together with my written state-

ment, give you some impression about the DESY laboratory in Ger-
many.
Thank you.
[The prepared statement of Professor Soergel follows:]

Prepared Statement of V. Soergel, Chairman, DESY Directorate

I am honored and pleased to be able to introduce you today to the program of the
Deutsches Elektronen Synchrotron, DESY and to take part in your discussion on
the future of high energy physics.

Let me begin with a brief description of DESY and its present activities.

DESY is a laboratory for basic research. It is located in Hamburg (Germany). Its

main activity is in the field of high energy physics, a second line of research with
growing importance is the utilization of synchrotron radiation in the Hamburg Syn-
chrotron Radiation Laboratory (Hasylab), which is a part of DESY.
The main research facilities of DESY are the electron-positron storage rings

DORIS, reaching an energy of 2 x 5.4 GeV, and PETRA, reaching 2 x 23.4 GeV, the
highest energy so far obtained in electron-positron collisions.

Six large detectors are installed at the storage rings, two at DORIS and four at
PETRA, to study electron-positron collisions. The research program on all the detec-

tors is carried out by international collaborations, involving approximately 470
physicists from 17 countries. In five of these collaborations, we enjoy the participa-

tion of scientists from the United States. The two with major U.S. participation,

Mark J at PETRA and Crystal ball at DORIS, have U.S. physicists as spokesmen:
Prof. Ting from MIT and Prof. Bloom from SLAC.
The synchrotron radiation laboratory at DORIS serves 300-400 users, doing re-

search at 26 experimental stations. They come mainly from German universities

and research institutions with, however, also a sizeable participation from abroad.
DESY is funded jointly by the German Federal government (90%) and by the

State of Hamburg (10%). DESY has a staff of approximately 1000 people. The DESY
budget in 1985 totals 237 Mio DM, including 99 Mio DM for the construction of the
new facility HERA. When quoting these figures, it should be remembered that Ger-
many, besides having DESY as a national laboratory for high energy physics, is also

a member of CERN and contributes 25% of the CERN budget.
Most of the scientists doing research at DESY are visitors coming from universi-

ties and outside research institutes. Here are the present numbers for the high
energy physics experiments: About 470 physicists, from which 140 come from
German Universities and Institutes, 270 from foreign countries, and only 60 are
DESY staff.

the ongoing program

Aims at the exploitation of DORIS and PETRA:
PEITRA will be phased out as a high energy physics facility by the end of 1986

and later be used as part of the injection scheme for the new facility, HERA.
The high energy physics program at DORIS is expected to continue for a few

more years. DORIS is now used jointly by the high energy physicists and the users
of Sjmchrotron radiation. There are plans to transform DORIS into a dedicated sjti-

chrotron light source as soon as the high energy program comes to an end.

future program: HERA

DESY is now constructing a large new accelerator facility, HERA. This is an elec-

tron-protron collider, consisting of two storage rings, one for electrons with an
energy of 30 GeV, one for protrons of 820 GeV. Electrons and protrons are made to

collide at four intersection points. The two rings will be mounted in an underground
ring tunnel of 6.3 km length. The protron ring will be constructed with supercon-
ducting magnets.
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Ck)nstruction of HERA began in May 1984, shortly after project authorization was

given on April 6, 1984. The facility is planned to be completed in the year 1989, so that

the experiments on ep collision can begin in 1990.

The main reasons to choose an ep-collidor as DESY's next project are: The great

scientific interest in ep-collisions at very high energies, much higher than available

with present accelerators; and the intention to have also in the future a unique

scientific program, complementary to the program of CERN and of the other high

energy physics laboratories around the world.

HERA will be constructed in international collaboration, with contributions of

laboratories and research organizations in several countries. The contributions are

either components of the machine developed and built in the participating country,

or manpower, by technical and scientific staff sent to Hamburg to collaborate in the

construction of the machine. The collaboration involves at present 9 countries in-

cluding the United States where BNL is our partner.

HERA will be open to physicists from all over the world. The collaboration in the

experiments is foreseen in a similar way as practiced now at PETRA and DORIS
and—in fact—in most of the high energy physics laboratories around the world.

The main task of DESY in the coming five years will be the construction of

HERA and, from 1990 onward, the exploitation of this unique facility in internation-

al collaboration.

INTERNATIONAL COLLABORATION AT DESY

As international collaboration is a central issue of your discussion today, I will

conclude with a few remarks about international collaboration at DESY.
The figures I have given before show that the majority of the physicists in high

energy experiments at DESY come from foreign countries.

In the collaboration on experiments, the various partners contribute components

to the detector and so build the detectors jointly. As these detectors are major facili-

ties by themselves, technically demanding and costly, this kind of collaboration has

as an important element the cost sharing between the different partners.

DESY provides the operation of the accelerator free of charge, the running costs

of the storage rings are paid from the DESY budget.

This way of handling the question of accelerator running costs follows the recom-

mendation of ICFA and is generally accepted by all high energy laboratories. It was

an essential element for the development of the strong and very fruitful interna-

tional collaboration in high energy physics.

The benefit of this international collaboration goes, however, far beyond these

budgetary aspects—a point which cannot be covered in this brief introduction.

I hope in conclusion, that with this short introduction I could give you some im-

pressions about the DESY-laboratory and its role in the world wide effort in particle

physics research—now and in the future.

Mr. FuQUA. Thank you very much.
The next presenter will be Dr. Brianti, Technical Director of the

European Laboratory for Particle Physics in CERN. We are very

delighted to have you.

[A biographical sketch of Dr. Giorgio Brianti follows:]

Dr. Giorgio Brianti

Born on 14 April 1930 in Parma, Italy.

May 1954—Obtained Degree in Electrical Industrial Engineering, University of

Bologna. „ , _,„

September 1954—Joined CERN as a staff member in the Magnet Group of the PS.

Until 1958 took part in the design and contruction of the PS Magnet.

1958—Became Leader of the Controls Section in the PS Electrical Engineering

1960—On the creation of the MPS Division appointed Leader of the Controls

Group.
, o • • ..1

1964—Appointed Leader of the MSC Division; directed the work for improving the

accelerator and realized the underground external beam for the ISOLDE Project.

1967_Appointed Leader of the newly created SI Division, with the task of design-

ing and constructing the 4-ring 800 MeV Booster Synchrotron as a high-intensity

injector for the PS. ,, , •

1973_Appointed Head of the Experimental Areas Group for the SPS Machine in

Laboratory II.
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1976—Transferred to the SPS Division, as Head of the Experimental Areas Group.
1977—Appointed Deputy Division Leader of the SPS Division with special respon-

sibility for Experimental Areas.
1978—Reappointed Deputy Division Leader of the SPS Division with Special re-

sponsibility for Administrative Matters and Experimental Areas.
1978—Appointed Division Leader of the SPS Division.

1981—Technical Director.

STATEMENT OF DR. GIORGIO BRIANTI, TECHNICAL DIRECTOR,
EUROPEAN LABORATORY FOR PARTICLE PHYSICS [CERN],
GENEVA, SWITZERLAND

Dr. Brianti. Mr. Chairman, Representatives, ladies and gentle-

man, it is my turn to say that I am honored to be here today, and I

convey to you the best greetings and wishes for your work by our
director-general. Professor Schopper.

I am going to present to you for a few minutes CERN, the Euro-
pean Laboratory for Particle Physics. CERN is an international or-

ganization with, at present, 13 member states, and a 14th one
knocking at the door. These member states pay contributions pro-

portional to their gross national product.

CERN was born 30 years ago, almost 31 years ago, and it was
born of two basic ideas: the first, to construct collectively in Europe
forefront facilities that a single nation could not afford, but also,

there was an idea behind it, namely to make Europeans, who had
just stopped fighting each other during the war, work together on a
day-to-day basis.

Over 30 years of existence, what happened was that the work
with protons w£is concentrated at the CERN international facility,

while work with electrons developed at DESY. In those places, very
good use was made of existing facilities, the machine of the past
being used as the injector into the new, elaborate machine.
We believe that one of the successes of CERN is due to two basic,

simple rules: appointment of people on the basis of competence
without any quota for nationalities; and contracts for acquiring
equipment are placed with the lowest bidder, again without any
quota for nationalities.

Now, if you will allow me, Mr. Chairman, I would like to show a
few slides.
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What I show here is the total cost of high energy physics in

Europe in bilUons of Swiss francs. For U.S. dollars, you divide

roughly by 2.5 or 2,6. As a function of time, we reached the peak
during the construction of the present running facilities, and then

there was a decrease and a leveling off.

You see the first component is the contribution to CERN. The
second is the contribution nationally but on the CERN Program,
and the third is pure national spending. You see that this is level-

ing off here.
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At the same time, the number of users increased. These are ex-

perimental physicists in thousands coming from member states. In

addition, at the present time, we have about 500 users coming from

nonmember states, among those, I believe, a couple of hundred

Americans.
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SUDE 3

This is a presentation of the site. You will recognize here Geneva
town, Geneva lake, the international airport. It gives you the scale.

This is about 5 kilometers.

The present CERN is divided in two sites, one which is called the

Swiss site, actually across the border between France and Switzer-

land, and the other purely in France. The main facility being ex-

ploited now is a 7-kilometer proton machine. I will say a few words
more in a moment.
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, Initial Beam Energy 55 on 55 Gev, which
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What are our programs? I will list here our programs. The
first two are lower energy installations, but still with a
substantial number of users. The main running program is

centered around the SPS, a facility which provides a fixed target

up to 450 GreV, and in the nondistant future, also light ions.
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with collaboration involving Lawrence Berkeley Laboratory, which
is building an injector for that.

The SPS can also be used as a proton-antiproton collider up to a
center of mass energy of 630 GeV. This machine allowed the dis-

covery of the intermediate vector bosons and allowed Professor

Rubbia and Dr. Simon van der Meer to obtain the Nobel Prize in

physics last year. Let me underline that we are, of course, very
glad for this, and in particular because one of the two is an engi-

neer who developed technology which allowed this discovery to be
made.
We have an improvement program in order to increase the lumi-

nosity. Construction-wise, our largest program now is the construc-

tion of LEP. These are electron-positron storage rings of 27-kilome-

ter circumference, which are being dug deep under the soil at an
approximate depth of about 100 meters in a tunnel.

This machine will provide, in the first operation, 55 GeV on 55
GeV, but when energy can be developed, up to around 100 GeV per
beam. That is what the machine will look like when it is installed.

At the moment, this is a wooden model, but we are obtaining
pieces. We have placed two-thirds of the industrial contracts, and
the tunnel is being dug. The total cost of the machine is $500 mil-

lion.
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It will serve four experiments. I will just quickly pass one after

the other. This is L3. There is a strong American participation by
Professor Ting and cooperators.
There are three others which are all built through international

cooperation. Three-quarters of the equipment is built and bought
nationally or by institutions. There is only 20 percent CERN par-
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ticipation. These are large installations, each one of them involving
hundreds of physicists.

The energy of LEP can be developed by using a superconducting
cavity, an accelerating cavity which has the great feature to save
quite a bit of electric power and to allow us to reach higher energy
in an elegant way. The ultimate energy which can be reached de-
pends on the exact state of technology and which field can be ob-

tained and would be in the range of 100 GeV per beam.
What next? Of course, at the moment, we are heavily engaged in

the realization of this construction which will end by the year 1988
and will start to be exploited in 1990. However, we are a big labo-

ratory. We have to worry about the future. So our council recently
decided to set up a working group to look into the scientific and
technological future of CERN and entrusted the chairmanship to

Prof. Carlo Rubbia.
This group is to explore the various assumptions which are of-

fered by the existence of the lab tunnel and maybe some other
ideas and present a final report in 2 years' time.
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What are the possibilities? The technical possibilities are to put a
second machine in the LEP tunnel. There is space enough for that.

This would make use of the existing injectors, of the antiproton
source if need be, of the LEP tunnel and infrastructure, which ac-

counts for about 50 percent of the total cost of LEP, and also of the
electron beam.
And so one can have, depending on the technical solution chosen,

a pp-collider with energy up to 18 TeV in the center of mass if su-

perconducting technology can be developed, or at least 10 TeV with
present-day technology, and also pp-collisions.

This is a picture of the prospective view of the tunnel, where at

the bottom you have the present machine, LEP, and there is space
enough on top to add the superconducting collider.

If I have still 1 minute or 2 minutes, it may be of interest to this

committee to know that recently we have repeated at CERN a
study on the utility of CERN contracts to industry. The first one of

these was done 10 years ago, and this has been repeated recently.
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DlR-TECH/84-OI
Mav 1984

LARGE HADRON COLLIDER
IN THE LEP TUNNEL

A feasibility study of possible options

by

The CERN Machine Group

SUDE 7
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What has been done is that hundreds of firms who had supplied

components to CERN were asked whether the CERN contract pro-

vided any additional utility beyond the fact of obtaining that con-

tract. This works this way. I take CERN as an illustration of the

field—this is true, I think, in all countries active in the field. If

CERN purchases stimulate new products, R&D, improvements on

the production technique, quality—it is hard competition, or I said

before; the lowest tender wins—all of this may produce additional

utility.

Table I: Breakdown of Sample Data (160 Cnns) by Industrial Category
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utility by Industrial Category
(MlIllon» of 9wln Franca)
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Figure 4: Total sales and total utilities from 519 high technology suppliers, broken down

by industrial category.
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Figure 5: Total utility from 519 high technology suppliers, showing the contribution by

industrial category.

SUDE 9

So in the pie diagram you see that more than 50 percent is

in electronics and informatics, but it is an important asset, al-

though, of course, it is not the justification of the field. The present

justification is research, but it has this other component.
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Let me finish by saying that in addition to the cooperation on
experiments, which is really done internationally with a strong

participation on many of the experiments all across the world, we
have also quite strong collaboration in designs and construction of

equipment for accelerators.

I have here a long list, and I don't propose to go through it, but

the most prominent one at the moment is a collaboration with Fer-

milab which is building an antiproton installation as we have pio-

neered at CERN, and this works in both ways. They are providing

test equipment to us; we help them in certain other things. There
are very strong collaborations with the SSC Central Design Group in

the sense of participation of our accelerator people through work-

shops and discussion.

Perhaps we could come back on the future during the round-

table discussion, but for the moment, I will stop here, Mr. Chair-

man. Thank you very much.
[The prepared statement of Dr. Brianti follows:]
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Prepared Statement of Dr. Giorgio Brianti, Technical Director, CERN, 1211

Geneva 23, Switzerland

I am honoured to appear before you to-day to supply information

about CERN, the European Laboratory for particle physics.

It was founded 30 years ago with two main aims :

i) to pool the resources of 13 Western European States for building
fore-front facilities that single countries could not afford,

ii) to let European scientists work together in a strong multi-
national collaboration.

Progressively, in the course of the Laboratory's existence the

Member States, which contribute to the budget in proportion to their Gross

National Product, founded advantageous to concentrate proton accelerators

at CERN and to close down all national faciliies. Electron accelerators

developed at DESY.

More recently, the construction of the world's largest electron-

positron collider (LEPl was decided at CERN, while DESY is developing the

only electron-proton collider at the present time.

At CERN, very good use is made of existing facilities, the

machines used for physics in the past becoming injectors into the new
larger machines.

From the administrative point of view, two simple rules govern the
operation of CERN : staff is appointed according to competence, disregard-
ing nationality, and industrial supplies are acquired from the lowest

bidder without any quota for the various Member States.

A summary of the activities and prospects for the Laboratory is

given in the tables and pictures which I am going to show now.

Fig. 1 gives the total spending fo the Member States according to

national expenditures and contribution to CERN.

Fig. 2 gives the number of users from the Member States to which

one has to add > 500 from non-Member States (- 200 Americans).
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Fig. 3 gives the CERN Accelerator and Research Programmes. The

most prominent running programme is the proton-antiproton SPS collider,

which led to the discovery of the intermediate vector bosons W and Z (Nobel

Prized winners C. Rubbia and S. van der Meer). The largest construction

under way is LEP, an electro-positron storage ring, which will operate

initially at a centre-of-mass energy of 110 GeV to be increased later on to

- 200 GeV by adding superconducting radio-frequency cavities.

Fig. t gives the layout of the laboratory with dotted lines for

the 27 km underground tunnel of LEP, under construction at present. The

LEP machine should start operation at the end of 1988.

Four large dectectors (Figs. 5, 6, 7 and 8). L3 with important

American participation (Leader Prof. S. Ting, MIT). ALEPH, DELPHI and OPAL

are in preparation for the LEP programme.

As for the future, the CERN Council (official delegates of the

Member States) decided to set up a Working Group to study the Scientific

and Technological Future of CERN (beyond LEP) under the Chairmanship of

Professor C. Rubbia. This Group should explore various options, in

particular for a second high energy collider housed in the LEP tunnel and

providing proton-proton (proton-antiproton) and electron-proton collisions.

The possible characteristics of this machine are illustrated in Fig. 9,

while Fig. 10 gives aperspective view of the LEP tunnel with both LEP and

the new collider LHC.

The energy of the proton-proton collisions which could be obtained

would be 10 to 18 TeV depending on the magnetic field of the dipole

magnets. I»lith well-established present technology 6 T could be obtained

while an appropriate R i D programme, which has been initiated by CERN and

various European laboratories, could lead to 10 T, enabling the machine to

reach the top energy of 18 TeV.

The Working Group chaired by C. Rubbia will present its final

report to Council before summer 1987. Progress reports will be presented

at regular intervals in-between.

All the activities reported above are based on a very strong

international collaboration, involving physicists and experimental
equipment from all over the world. This collaboration is currently

extended also to the design and beam measurements of accelerators, as

Fig. 11 illustrates.

51-563 0-86
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Fig. 9
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Mr. FuQUA. Thank you very much.
The next presenter will be Dr. Leiss, Associate Director of High

Energy and Nuclear Physics at the Department of Energy.

STATEMENT OF DR. JAMES E. LEISS, ASSOCIATE DIRECTOR OF
HIGH ENERGY AND NUCLEAR PHYSICS, U.S. DEPARTMENT OF
ENERGY, WASHINGTON, DC

Dr. Leiss. Thank you very much, Mr. Chairman.
As you know, I am representing Al Trivelpiece, who was given

an offer he couldn't resist this morning, and so his loss is my gain,

and I really do feel very proud. I think, as we all know, I am sit-

ting here with the leadership of what I consider the very best lab-

oratories in the world, and I am very proud of that. I think we
should also recognize that as one of the very positive things about
this field.

Mr. FuQUA. I was just commenting to Congressman Mineta a few
moments ago that I hoped nothing happened in this room. It would
be a severe setback to high energy physics.

Dr. Leiss. At least we would all feel that way.
Dr. Samios. There would be lots of room at the top.

Dr. Leiss. That is right. [Laughter.]

I would like to make a few brief comments. As I understand, you
have requested that I speak about two items. One is the status and
plans of the U.S. high energy physics program, and the second is

the Economic Summit international collaboration activities of the

High Energy Physics Workshop chartered under the Summit. Let
me first speak about the U.S. plsuis.

We know high energy physics is a curiosity-driven field at what I

believe is the cutting edge of scientific research. It is driven by
man's curiosity. It is also driven by a certain competitive spirit

among scientists.

I think as we talk here, we need to recognize both of those fea-

tures: it is curiosity driven; it is competitive driven. We want to in-

crease international collaboration, but we have to remember those

driving forces and preserve the good parts of them.
There is very close worldwide cooperation. I think the testimony

you have heard so far here illustrates that. There are basically now
two forums for discussion on collaboration, other than the individ-

ual scientist basis. One is the International Committee for Future
Accelerators [ICFA], which is a scientific discussion forum.
The second is the Working Group on High Energy Physics set up

under the Summit process which brings the political viewpoint into

the discussion, and I think it is probably a good thing as we talk

about larger and larger collaboration and larger facilities. There is

excellent cooperation between our countries, as the various speak-

ers have illustrated.
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Before talking about the U.S. program, if I could, I would like to

show one Vu-Graph. We have passed a picture of this around so

each of you has it. The purpose here is to try to illustrate at least

some view of the worldwide complement of facilities where we plot

on the left side the vertical axis, the effective luminosity—that is,

the rate at which events occur in the machine—versus the center

of mass energy that is available.

The various machines that have been discussed this morning and
others such as the UNK facilities that are under construction in

the Soviet Union are shown in this Vu-Graph to give a world per-

spective.

Off in the fuzzy region there of the Vu-Graph—maybe that is

prophetic or something—the SSC is shown. It is both a high lumi-

nosity and a very high center of mass energy hadron-hadron collid-

ing facility which would allow opportunities for research that do

not now exist in the world.

But let me first talk about the present program. There are two

major upgrade activities that have been going on in the U.S. pro-

gram. The first of these is based upon a very major effort that the

United States has expended in developing superconducting mag-
nets of very high precision such as are required for the accelerator

art.

I think the U.S. program recognized years ago that if hadron fa-

cilities were ever to go to higher energies, we simply had to face
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the problem of learning how to develop that technologj', and we
have expended a fair amount of effort in that.

It is paying off now in the Energy Saver at Fermilab, where over

1,000 superconducting magnets are operating, doing research now
with the fixed-target program, the Tevatron II, for about 1 Vz years

and operating very successfully. It is being exploited also in the Te-

vatron I 1,000 GeV on 1,000 GeV proton/antiproton collider project

at Fermilab.
The second point relative to international collaboration I would

make here, supporting Dr. Brianti's comment, is that the stochastic

cooling technique for accumulating enough antiprotons to give lu-

minosity was a CERN invention that has been very helpful in the

development, such as the superconducting magnet activities in the

United States are helping other countries.

The second major activity that is underway in the U.S. program
is at the Stanford Linear Accelerator Center, SLAC, where a new
concept, the Stanford Linear Collider, is under construction.

This machine has two objectives. One is to see through the build-

ing of a large, interesting-sized model of a new t5rpe of accelerator

facility, colliding beam facility, where one takes beams, makes
them cross each other only once, but compresses the beam to such

a small size that you still get luminosity, in other words, adequate
events.

If that proves successful, then it will say that there is sense to go

ahead with a major technological development effort which, some
day in the future, would provide the basis where one might consid-

er a large linear collider.

The second purpose, of course, is that the SLC is being built in

an energy region where there would be extremely interesting phys-

ics to do at an early date. That project hopes to be finished in 1986.

These are the two major complements of the facility upgrade ac-

tivities that are going on in the United States and that we believe

will allow, together with our international collaborations that we
engage in with other countries^ for a healthy program for the next

several years.

But we also have to worry about the long term. We are in an era

where it takes probably a decade from the time you decide you
would like to build a facility until the time you have it, and so we
have to worry about what is going to be available in the mid to late

1990's and beyond the year 2000 for high energy physics.

That, of course, has led the High Energy Physics Advisory Panel
to recommend to us that we initiate the activities leading up to the

Superconducting Super Collider [SSC]. It is a large project, as you
know. It is expensive. We are treating it very cautiously. I think

that we are taking it seriously, as evidenced by the fact that we are

expending appreciable funding in R&D for SSC.
I think, considering the size of the project and the interest in it, I

believe it is going very well. Real progress is being made. Obvious-

ly, site selection is going to be a critical question. We have taken
those actions to assure that various regions who have interest in

the site are all being given a fair opportunity to compete.
Progress in selection of those magnet types is being made. A Ref-

erence Designs Study—a very excellent job was done by the study

group last year—has put something firm behind the costs of the
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machine. And so we believe that the progress directed toward a de-

cision on what should be done about the SSC project is progressing
very nicely.

If I could, I would turn now to the second topic that you request-

ed we speak to, and this is the activities under the Economic
Summit on High Energy Physics.

If I might, from my written testimony, I would like to read a few
quotations from the overall Summit Working Group. These are
statements by the heads of state of the Summit countries.

The first of these is a quotation, "Fundamental scientific re-

search is one source of technological progress in industry and
should be given support by governments."

"Science and technology are a source of national and interna-

tional strength and can provide immense opportunities for revital-

ization and growth of the world economy. They should, therefore,

be given consideration in all policy decisions for national develop-
ment and international cooperation."
They further recommended that the heads of state "... take sci-

ence and technology into account in their policy decisions and con-

tinue to include the subject on their agenda for future Summit
meetings."

I think these illustrate that the heads of state both see that the
development of science and technology is very important to the
well-being of the countries individually and that there is a need for

them to work together, for the countries to work together, on these
developments.
One of the groups chartered for study of international collabora-

tion is in the area of high energy physics. Of course, as you can see
from the discussions here, high energy physics collaboration has
gone on actively for a long time, and so there is a fair amount of

framework of both formal and informal international agreements
and cooperations between countries and between individual labora-

tories.

I think the thing that the Summit process allows is the possibili-

ty of bringing the political side of the house into these discussions

and bringing them to the attention of the heads of state when you
see things that they might do to help foster cooperation.
There have been three meetings of the Working Group on High

Energy Physics, one in Washington in October 1983, a second in

Brussels, Belgium, in July 1984, and the most recent of these in Ca-
darache, France, in January of this year.
The report prepared from the Cadarache meeting is here. I be-

lieve you have copies of that, and I would like to suggest that be
submitted for the record, sir,

Mr. FuQUA. I think that has been distributed. Without objection,

it will be made a part of the record.
[The material is contained in app. 4.]

Dr. Leiss. If I could, I would like to read a little bit directly out
of the report from statements agreed to by the countries at the Ca-
darache meeting and contained in their report.

"The Cadarache meeting discussed the reports of three subpanels
which had been chartered at the Brussels meeting and reached sev-

eral conclusions on long-remge planning. The present set of new
high energy facilities under construction, Tevatron and SLC in the
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United States, TRISTAN in Japan, LEP at CERN, and HERA in

the Federal Republic of Germany, are complementary and not du-

plicative.

"A clear need not met by the present generation of accelerators

is the requirement to extend the energy range of hadron colliders.

The SSC is the most advanced plan in this regard, and the Europe-

ans are considering options in the LEP tunnel. Other open ques-

tions are a linear collider for electron-positron collisions and an
electron-proton collider which could make use of the LEP tunnel.

"The required new and advanced facilities can be built and oper-

ated within broadly constant worldwide budgets, with some fluctua-

tion during peak capital expenditure years. While further concen-

tration of facilities is perhaps inevitable, more than one region

with a forefront accelerator capability working effectively in high

energy physics is essential.

"It is also essential that the limited number of unique facilities

remain open to competent scientists from all over the world. Thus,

it is considered of great importance to continue the discussion and
planning on an intergovernmental level."

The report then goes on to speak to the subpanel reports on coop-

eration in technology, and we have heard a fair amount of discus-

sion of that. It is active and it should and will continue.

It also spoke and essentially challenged the heads of state to rec-

ognize that there are administrative problems—visas, work per-

mits, export control licensing, where you need to use these things

in a detector for 10 years, and essentially no country allows you a

temporary visa or entrance permit longer than 3 years—and many
problems of that sort which are administrative things that hamper
scientific collaboration in all fields, where the heads of state could

do a valuable service to international scientific collaboration by
trying to remove some of those barriers.

We believe the process is going well. Obviously, there are very

difficult problems. Each region has its own ambitions. It has its

plans and commitments. How far it will go in terms of world accel-

erators built together I don't know how to foretell. I believe that

the one thing that is clearly coming from this is a relatively high

assurance that unwise duplication of facilities in the world will not

occur.

Thank you, sir.

[The prepared statement of Dr. Leiss follows:]
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Presentation to the House Science & Technology Committee

Task FoVce on Science Policy

on

STATUS AND PLANS OF HIGH ENERGY PHYSICS

by

Dr. James E. Leiss

Office of High Energy and Nuclear Physics

U.S. Department of Energy
Washington, DC

April 25, 1985

High energy physics is a field at the forefront cutting edge of basic

research. It explores new physical domains which have never before been

accessible for investigation. The U.S. program is internationally

recognized for its excellence and the Department of Energy is pleased >o

have the lead role for Federal support and planning for this effort.

Experiments in high energy physics require the use of very large,

expensive particle accelerator facilities, which are necessarily few in

number. There is close collaboration on a worldwide basis in the planning

of high energy physics facilities to ensure that the new major facilities

have complementary capabilities and avoid unnecessary duplication. A

major scientific forum for such discussion is the International Committee

on Future Accelerators (ICFA) and the Economic Summit process has provided

a political forum for discussions. High energy facilities are available

throughout the world to qualified users on the basis of the scientific

merit of their proposals, without charge for beam time and without

consideration of their nationality. There is a long history of excellent

collaboration with the major Western European centers at CERN and DESY and

with Japan, largely arranged on an informal basis between the

laboratories. We also have a formal agreement with Japan as a part of the
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us/Japan energy agreement. Collaboration with the People's Republic of China

and the USSR is also carried out through formal bilateral agreements of

collaboration. Before proceeding to describe the U.S. program, I would

like to place the U.S. facilities in a worldwide perspective by showing

a viewgraph (Figure 1) which indicates the uniqueness of the capability of

each of the world machines in terms of their energy and luminosity (a

measure of the rate at which interactions occur). The facilities are

color coded to indicate the geographic area of each facility.

Substantial progress has been achieved in recent years in our

understanding of the fundamental constituents of matter and the basic

forces in nature. We now have a solid framework, the Standard Model,

which incorporates a synthesis of three of the basic forces in nature and

a picture of matter as composed of various combinations of a small set of

basic constituents, called quarks and leptons. Despite the great

successes of the Standard Model, its description of nature is incomplete

and there is clearly much left to do. There are very fundamental,

important questions that cannot be answered without further experimental

observations.

The successes to which I briefly alluded have been achieved with the

present set of accelerators and col Tiding beam machines. The DOE-

supported U.S. facilities include the Fermi lab facility which until

recently operated at 400 GeV for fixed target experiments; the SLAC

facilities, which include fixed target experiments with beams of 32 GeV

electrons from the Linac, the 4 GeV on 4 GeV SPEAR electron-positron

col liding beam faci 1 ity, and the 15 GeV on 15 GeV PEP col liding beam

facility; and the AGS proton synchrotron at BNL which provides 30 GeV
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protons and 26 GeV polarized protons for fixed target experiments. In

addition there is the CESR 8 GeV on 8 GeV electron-positron collider at

Cornell University supported by the National Science Foundation.

There is a two-fold plan to attack the new physics frontiers which must be

explored to uncover new insights and expand the horizons of new

understanding. For the near future, the mid- to late-1980s and early

1990s, we are nearing completion on a set of upgrades to existing

facilities. At Fermi lab, the first step of this program was the

fabrication and installation of nearly 1000 superconducting magnets in the

main ring tunnel to raise the energy capability of the accelerator to near

1000 GeV, and at the same time reduce electric power requirements and

cost. The superconducting magnet ring, a truly major, pioneering

technological effort, has been successfully operating for physics research

at energies up to 800 GeV for over a year and a half. The remaining phase

of the Fermi lab upgrades which are presently under way include the upgrade

of experimental facilities to handle fixed target experiments with the

higher energy secondary beams made possible by 1000 GeV protons and the

provision of the antiproton source and experimental facilities to permit

collision of 1000 GeV protons with 1000 GeV antiprotons. These two phases

of the Tevatron are progressing well and should be fully operational by

FY 1987.

At SLAC, we are constructing the Stanford Linear Collider (SLC) as

an add-on to the SLAC Linac. A major purpose of SLC is to test impor-

tant aspects of the technical feasibility of a new concept for electron-

positron colliders which is essential to extend this domain of research

to significantly higher energies than are currently economically feasible.
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SLC will also give U.S. physicists early access to the important and

exciting physics made possible by copious production of the Z° particles

which were recently discovered at CERN.

Although these upgrades will permit exploration in new physical domains

and exciting new discoveries, they cannot permit exploration of the TeV

mass scale where breakthroughs in understanding and new phenomena are

expected. The Standard Model, in its present form, cannot provide a valid

description of nature in the TeV mass range. Something must change as we

enter this new domain. Access to the TeV mass scale will test the

Standard Model in this entirely new domain never before explored and point

the way towards a better and more encompassing description of the

fundamental nature of matter and energy.

This brings us to the longer range aspects of our planning, from the mid-

to late-1990s and into the next century. In July 1983, the High Energy

Physics Advisory Panel (HEPAP) unanimously recommended the immediate

initiation of a multi-TeV high luminosity proton-proton collider project

with the goal of physics experiments at this facility at the earliest

possible date. After reviewing the recommendation of HEPAP and its 1983

Subpanel on New Facilities, the Department initiated preliminary R&D in

FY 1984 to more clearly define the technical characteristics, cost, and scope

of such a facility, now called the Superconducting Super Collider (SSC).

These early studies, primarily through the Reference Designs Study,

confirmed the technical feasibility of the SSC and provided a credible

cost estimate for SSC construction. R&D and design studies are continuing

in FY 1985 and the Department has requested funding for a continuation of

SSC R&D in FY 1986. These studies will result in cost-optimized designs

for the SSC and provide refined cost and schedule estimates.
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The SSC is clearly crucial to continuing progress in high energy physics

for the niid-1990s and into the next century. The SSC is, however, a large

and expensive project and the Department is taking a very cautious

approach to carefully understand the full costs and broad implications of

proceeding prior to seeking authorization to construct the SSC. Efforts

presently under way in this R&D phase will contribute important input to

the Department's decision process.

Looking further into the future is very difficult. The Department, as

always, is supporting a variety of efforts in long-range advanced

technology R&D to study and develop new concepts and techniques that will

permit particle accelerator and detector facilities that have greater

capability to explore new physical domains while at the same time being

achievable on an economically feasible basis.

In summary, I am proud to be able to report that the U.S. program is

healthy today, that we have under way a program of facility upgrades to

ensure a world-competitive U.S. progress for the next decade, and we have

initiated steps toward a future facility which could carry us beyond the

mid-1990s and into the next century. Thank you, Mr. Chairman, for this

opportunity to appear before the Committee today.
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Mr. FuQUA. Thank you very much. I am sure we will be discuss-

ing that more in the discussion period.

Our next presenter will be Prof. Jean Sacton, Inter-University
Institute for High Energies from Brussels, Belgium. He is also

chairman of the European Committee for Future Accelerators.

STATEMENT OF PROF. JEAN SACTON, INTER-UNIVERSITY INSTI-
TUTE FOR HIGH ENERGIES, BRUSSELS, BELGIUM, AND CHAIR-
MAN, EUROPEAN COMMITTEE FOR FUTURE ACCELERATORS
[ECFA]

Professor Sacton. Mr. Chairman and members of the committee,
ladies and gentlemen, I am pleased to be here to present to you a
very short overview of the activities of the European Committee for

Future Accelerators.

This committee was created at the initiative of the CERN DG, at

that time Vikki Weisskopf, in December 1962, in order to study the
desirable development of high energy physics in Europe.

It has worked within its present format since 1966. By the
present format, I mean that it is a two-bodied thing. One is the so-

called Plenary ECFA, and the other one is an executive body, Re-
stricted ECFA.

In Plenary ECFA, we have representation of each member state

of CERN. There are 13 national high energy communities. The rep-

resentation of the different countries is directly in proportion of

the size of the high energy physics community of the different

countries. This body meets twice a year. It is an open meeting
which takes place at CERN.
The executive body. Restricted ECFA, is composed of a German

and one representative per member state. In addition, we have the
pleasure to have the CERN DG and the director of DESY. This
body meets every 2 or 3 months at CERN, at DESY, or in the
member states.

ECFA represents a community of the order of 2,000 experimental
physicists and about 1,000 theoreticians. The terms of reference of
this committee are to discuss the general policy of high energy
physics development in Europe and to formulate recommendations
in order to prepare for the future.

In order to do that, it is making a continuous review of the high
energy physics activities in Europe. This means not only the CERN
and DESY Programs but also the national plans and also the uni-

versity activities.

This last point is of great importance for two reasons. One is the
question of the manpower formation. It is in the universities that
we will find our young physicists and engineers, and also because
many of the problems we have to attack need a multidisciplinary
approach, and in the university that is the best environment to

find these sorts of people.
In order to achieve this review, we are organizing meetings,

workshops, and conferences. It is fair to say that ECFA has no
links with the governments. It has extremely good connections
with the two international laboratories in Europe, CERN and
DESY, and indeed, the chairman of ECFA is a member of the Sci-
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entific Policy Committee of these two organizations. As I told you,
the two directors attend our meetings very regularly.
For a long time, ECFA has promoted the idea that Europe should

have two international laboratories offering to the European physi-
cists complementary facilities. In this context, ECFA has played an
essential role in deciding about LEP and HERA. In order to do
that, we organized a series of meetings and a study group between
the builders and the users in order to help fix the machine param-
eters and to define the scientific programs.
Among some of the other achievements that ECFA has been

doing in the last few years, I would like to mention that we are
regularly reviewing the needs and the available resources for high
energy physics in Europe. By that I mean not only the question of
finance but also the question of manpower and technical support.
One of the recommendations of ECFA has been to promote vigor-

ous home activities. As I already told you, the contacts with the
universities are of primary importance for us. In this context, also,

ECFA has been a prime mover in developing European computing
links and networks.

Indeed, if you want to do physics at a distance, it is the best way
to do it, and this would save and guarantee the future of the high
energy physics in the universities. This becomes, also, extremely es-

sential within the development of the very huge collaboration,
international collaboration, that our field knows.
As a result of these activities and their effects, I can tell you that

Europe has a very strong and diversified program which goes up to

the early 1990's. You have heard the plans of CERN and DESY. It

is fair to mention, also, that among our plans we have to include
participation in the U.S. activities, and this is especially true
at Tevatron I and Tevatron II, which are now becoming unique
facilities for which we have not a correspondent in Europe.
As I told you, part of the preoccupation of ECFA is to prepare for

the long-term future. I would just like to mention two recent initia-

tives that ECFA has had in ,order to prepare for this long-term
future. One has already been tackled by Giorgio Brianti.

In 1984, CERN and ECFA organized a workshop on the feasibili-

ty of a large hadron collider in the LEP tunnel. I would not sur-
prise you by telling you that one of the first conclusions of that
meeting was that a large hadron collider is an essential facility

that we will need in the near future, and we can guarantee first

class physics.
The practical output of our meeting was that there was no basic

technical obstacle in order to build such a machine in the LEP
tunnel. Of course, one of the constraints is the real dimension of
the tunnel, which implies for us that we should launch as soon as
possible a program of research and development of high-field mag-
nets. When I said high-field magnets, I mean 8 to 10 Teslas.

Indeed, one of the foUowups of this workshop has been that
CERN, under the initiative of Giorgio Brianti, launched such a pro-
gram in Europe in a sort of collaborative effort in order to tackle
this problem.
The coming generation of machines—and when I am speaking of

this, I have in mind LEP, SLC, HERA, SSC, and all these things-
is based on extrapolation to higher energies of known acceleration
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techniques. But it has now become clear that the long-term future

of high energy physics is strongly linked to the development of

novel ideas on how to reach even higher energy without increasing

excessively the dimension of the machines and the cost.

In this period, the second initiative I want to mention of ECFA
has been the organization of a workshop on the generation of high

fields for particle acceleration to very high energies. At the occa-

sion of this workshop, we were pleased to see that the understand-

ing of many of these processes is now well underway, and even
more, that we are starting to do some experimental tests.

One bad conclusion we had in Europe was that we noticed that

Europe was not on the front line on these activities; that, on the

contrary, a big effort was made in the States in order to develop

these new techniques for acceleration of particles.

Therefore, one of the major efforts at ECFA that we will do in

the near future will be to promote in Europe theoretical and exper-

imental work on these topics.

Again, as a practical consequence of this meeting, we had the

pleasure to see that some activities are now starting in France and
in Italy to complement the two projects which were already under
way, one in DESY and the other one in the United Kingdom.
The question of international, interregional collaboration will

surely be tackled in the next meeting, but I would like to tell you
that very recently we have recognized the fact that ECFA should

not work by itself but should try to make some contact with the

other communities of high energy physicists, and we are now nego-

tiating between HEPAP and ECFA the possibility of there being
regular exchanges, for example, having observers to our meetings.

On the practical side, I can say, also, that steps have been taken
in order to put together the two communities who are looking at

the very important problems of computing links and networks.
Thank you.
Mr. FuQUA. Thank you very much.
Our final presenter will be Prof. Boyce McDaniel, who is director

of the Laboratory for Nuclear Studies at Cornell University and a
member of the International Committee for Future Accelerators.

Professor, we are pleased to have you here and receive your re-

marks.
[The biographical sketch of Dr. McDaniel follows:]

Dr. Boyce D. McDaniel

Boyce D. McDaniel was awarded the B.A. (1938), M.A. (1940), and Ph.D. (1943) de-

grees from Ohio Wesleyan University, Case School of Applied Science, and Cornell

University, respectively. He served as a staff member at the MIT Radiation Labora-
tory in 1943 and at the Los Alamos Laboratory of the Manhattan Project from 1943

to 1946. In 1946 he was appointed Assistant Professor at Cornell University, with
successive appointments to Associate Professor and Professor. From 1960 to 1967 he
held the position of Associate Director of the Newman Laboratory of Nuclear Stud-

ies at Cornell University. Since 1967 he has been Director of the Laboratory. While
on leave in 1972, he served as Head of the Accelerator Section of the Fermi Nation-
al Accelerator Laboratory, and again in 1974 as a group head within that section.

For 12 years he was a member of the Board of Trustees of Associated Universities,

Inc., and for 6 years a member of the Board of Trustee of Universities Research As-

sociation, Inc. He also served for 3 years on the HEPAP committee of the Depart-

ment of Energy. He is currently a member of the International Committee for

Future Accelerators of lUPAP. He is now serving as Chairman of the Board of

Overseers for the Superconducting Super Collider (SSC) under the Universities Re-
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search Association. He has served on numerous departmental and institutional
review committees. As an experimentalist in nuclear physics, particle physics, and
accelerator physics, he has worked in the fields of slow neutron spectroscopy, k-

meson physics, electron-positron physics, and has played a major role in the con-
struction of five election accelerator and storage ring facilities.

Fellow, American Physical Society, DPF.
Member, National Academy of Sciences.
Fulbright Research Award, 1953.

Fulbright Research Award, 1959.

John Simon Guggenheim Fellow, 1959.

STATEMENT OF DR. BOYCE D. McDANIEL, PROFESSOR OF PHYS-
ICS AND DIRECTOR, FLOYD R. NEWMAN LABORATORY OF
NUCLEAR STUDIES, CORNELL UNIVERSITY, AND MEMBER,
INTERNATIONAL COMMITTEE FOR FUTURE ACCELERATfONS
[ICFA], ITHACA, NY
Dr. McDaniel. Chairman Fuqua and members of the committee, I

am pleased to have this opportunity to tell you about the activities of
ICFA.
The acronym comes from its title, the International Committee

for Future Accelerators. This is a committee of lUPAP, the Inter-
national Union for Pure and Applied Physics, that sponsors many
scientific activities and conferences.
Though there had been for a number of years discussions be-

tween representatives from various countries, the actual organiza-
tion of ICFA was set up in 1976, and the basic mandate was as fol-

lows. I will read it: "To organize workshops for the study of prob-
lems related to an international super-high energy accelerator com-
plex—VBA, the 'Very Big Accelerator'—and to elaborate the
framework of its construction and of its use."
The second item is, "To organize meetings for the exchange of in-

formation on future plans of regional facilities and for the formula-
tion of advice on joint studies and uses."

Since that date, ICFA has met a total of 11 times and has spon-
sored several activities which I will describe.
The regional composition of ICFA consists of three major blocks,

each block having three representatives. These are the CERN
member states, the Soviet Union, and the United States.

In addition, there is one representative from Japan and one from
various nations associated with the Joint Institute for Nuclear Re-
search at Dubna, and then there is a further representative to
serve the remainder of the world scientific community. Currently,
this latter position is a rotating position and is currently appointed
to a scientist from India.
The chairman of the committee is chosen from the committee,

and the chairman of the lUPAP Particles and Fields Commission is

also an ex officio member of the committee.
Now, the initiation of this activity was based, of course, on the

kinds of things that we are talking about here, namely that some
day we would be wanting to build an accelerator which was so big
that you could not do it by any national effort and that would re-

quire collaboration of all those people who were interested in high
energy physics.

However, the question of size of what that facility is, at what
point do you reach that stage, is one which has been changing
through the years. At each point you sort of thought, well, this
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must be it, and then there would be a new innovation which would
allow you to make another reach with a great increase in expendi-
ture.

Then, of course, there is always the question. Well, whose turn is

it next? The guy who thinks he can get it regionally will always try

to make his pitch, and then what you find is that one time it is one
country that is sort of dragging its feet; another time, it is another
country, and so forth. We have been through two or three cycles of

that.

However, it seems to me that there is one of the things that has
changed—a recognition, at least, of one changing factor—but we
see that there isn't just one big accelerator; there are complemen-
tary accelerators. As we have seen, right now we are talking about
a large electron collider, LEP. We have hadron colliders and now
the HERA machine, which is an electron-proton machine.
So we have not been able to establish a real scenario for the

future yet, at least in terms of the VBA, and so the VBA concept
has not become the issue. The real issue is how can we present a
full program and one which is nonredundant and proceed to pro-

vide all the tools that we need.
Now, ICFA established in 1977 a Super High Energy Facility

Study Group for the purpose of examining the technical, organiza-

tional, and scientific problems pertaining to large accelerators. A
total of three major workshops was set up. These were quite impor-
tant. They have had influence on the choices, the decisions, and
our research and development efforts.

The names of these were "Possibilities and Limitations of Accel-

erators and Detectors" held at Fermilab in October of 1978; the
same title for another meeting in CERN in 1979; and then "Super-
conducting Magnets for Accelerators" at the Institute for High
Energy Physics in Serpukhov in 1980.

In addition to these, there is establishment of a very important
principle having to do with guidelines for experimental use of in-

terregional facilities. We have already heard reference to it. These
guidelines are given in some of the attachments to my testimony,
but the main content is the following:

The selection of experiments and the priority accorded to them will be based only
on the scientific merit and the technical feasibility of experiments, and on the capa-
bilities of the experimental group and the availability of resources needed to carry
out the experiments.
The operating laboratories should not require the experimental groups to contrib-

ute to the operating costs of the accelerators and collider or of their experimental
areas. However, it is recognized that if the participation of teams from the other
regions becomes excessive, the operating laboratories might be obliged to limit that
participation after discussing the matter with the authorities in the other regions
and with the other operating laboratories.
Over a sufficient period of time, it is expected that a rough balance would be es-

tablished between the utilization of the new front-line machines by the different re-

gions.

These guidelines are being observed, and this action has been a
very significant precedent in high energy physics.

In addition to the cooperative steps described, there are a
number of significant steps in the cooperative funding and oper-
ation of major detection equipment at various laboratories. We
have already heard various earlier speakers refer to that, and I
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think there is no point in saying more except to say that it is a
very widespread mode of operation and is clearly quite successful.

In 1982, after extensive deliberations by the HEPAP panel of the
Department of Energy, it was decided that the SSC was the top pri-

ority for construction in the United States, and also, you have
heard earlier today about the large hadron collider which has been
conceived of as the plan for Europe, for CERN, and so at the time
of the announcement of the United States interest in the SSC at

the meeting in Fermilab of ICFA, it became a very important point
of discussion.

After consideration and a lot of discussion about that, it was de-

cided to hold a rather larger meeting last year in Kyoto in Japan
in which some 100 high energy physicists from all over the world
came to discuss this problem and to readdress the question of just

what was the role of ICFA.
At that point, the ICFA group reformulated the guidelines, and I

will read again. The new guidelines were: "To promote internation-
al collaboration in all phases of the construction and exploitation
of very high energy accelerators." Its purpose is to assist and facili-

tate in accelerator design and construction.
Part of the statement is: "To organize regularly world-inclusive

meetings for the exchange of information on future plans for re-

gional facilities and for the formulation of advice on joint studies
and uses."

Third is: "To organize workshops for the study of problems relat-

ed to super high energy accelerator complexes and their interna-
tional exploitation, and to foster research and development of nec-

essary technology."
Now, a more complete statement that was made by the commit-

tee says, "Based on the consensus of the participants in the KEK
seminar, ICFA views its major current role as facilitating the con-
struction of high energy accelerators and not as arbitrating among
various national or regional options."

I think in this regard there is a real distinction between ICFA
and ECFA, ECFA being the European group, because they have
reached agreement on their plans for the Europeans in the past
and presumably in the future.

Now, in terms of the response to the recommendation for work-
shops, ICFA has established four panels, one on superconducting
magnets and cryogenics, one on beam dynamics, one on new accel-

erator schemes, and one on future instrumentation and innovation.
There are workshops now planned during the coming year for

that. Another innovation that is proposed is an international
school for detector design and construction. We already have coop-
eration in the field of accelerator schools, accelerator design, be-
tween CERN and the United States. We also have our own nation-
al programs. But now it is pointed out that these detectors are,

themselves, so complex, and there is such a wide variety of infor-

mation available and so much work going on, it is important that
we teach people how to do that.

So that is essentially the status of ICFA and where we are at the
moment. We will be meeting again in October 1985 in Brussels.
Thank you.
[The prepared statement of Dr. McDaniel follows:]
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STATUS AND FUTURE PLANS

of the

INTERNATIONAL COMMITTEE FOR FUTURE ACCELERATORS

Mr. Chairman and Members of the Committee, I am pleased to have

this opportunity to describe to you the activities of the international

science organization called ICFA and its relation to the question of

international collaboration in "Big Science," particularly with respect

to High Energy Physics.

ICFA is the acronym for the International Committee for Future

Accelerators. It is a committee of the parent organization, the Interna-

tional Union of Pure and Applied Physics (lUPAP), which coordinates,

internationally, various scientific activities and conferences. The ICFA

committee was set up in 1975 with the mandate

(a) to organize workshops for the study of problems
related to an international supei—high energy
accelerator complex (VBA, i.e., "Very Big Accelerator")
and to elaborate the framework of its construction
and of its use;

(b) to organize meetings for the exchange of information
on future plans of regional facilities and for the

formulation of advice on joint studies and uses.

Since the date of its formulation, ICFA has met a total of eleven

times and has sponsored several activities which I will describe.

The regional composition and current members of the committee, as

allocated, are given in Attachment I. There are three major blocks—the

CERN member states, the Soviet Union, and the United States. In addi-

tion, there is one representative from Japan and one from among the

various nations associated with the Joint Institute for Nuclear Research

at Dubna, USSR. There is a further representative to serve the remainder
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of the world scientific community. Currently, this rotating position is

occupied by a scientist from India. The ICFA Chairman is normally chosen

from the Committee and the Chairman of the lUPAP Particles and Fields

Commission is an ex officio member of the Committee.

The initiating impetus for the formation of ICFA was the recog-

nition of the possibility that the science of High Energy Physics might

one day require the construction of an accelerator facility, the scope of

which would place it beyond the capabilities of any of the separate

regions now active in the field. It appeared to be appropriate to anti-

cipate such a date by investigating the scientific, technical, economic,

and organizational problems connected with world-wide collaboration in

the construction of such an accelerator. This accelerator was referred

to as the "Very Big Accelerator" (VBA). It is with this goal in mind

that the original mandate quoted above was established.

One of the issues is the question of the size of facility which

meets the definition of VBA. As time has passed, because of various

innovations in the technology of accelerator construction, the regional

capabilities for achieving ever-increasing energies have thus far been

adequate. It has further become apparent that in order to satisfy the

needs of the field, complementary facilities of different types are

required and that the concept of a single "Very Big Accelerator" does not

meet the need. For these reasons, it has been difficult to achieve,

within ICFA, agreement on a scenario for the future. In the meantime,

however, ICFA has accomplished a number of very important things.

ICFA established, in 1977, a "Super High Energy Facility Study

Group" for the purpose of examining the scientific, technical, and organ-

izational problems pertaining to a super high energy accelerator (VBA).
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A total of three major workshops were organized. These were very produc-

tive and have had an important influence on our views of large acceler-

ators and have in fact affected the course of accelerator development

since that date. The following workshops were held: "Possibilities and

Limitations of Accelerators and Detectors" held at Ferrailab in October

1978, then again at CERN in October 1979; "Superconducting Magnets for

Accelerators" at the Institute for High Energy Physics in Serpukhov, USSR

in June 1980.

Another very important action of ICFA was the establishment of

guidelines for the experimental use of interregional facilities. These

guidelines were subsequently endorsed by all the major high energy

physics laboratories in the world. The full text of these guidelines is

given in Attachment II appended to the submitted testimony. The main

content may be described in the following terms:

The selection of experiments and the priority accorded to
them, will be based only on the scientific merit and the
technical feasibility of the experiments, and on the capa-
bilities of the experimental group and the availability of
the resources needed to carry out the experiments. The
operating laboratories should not require the experimental
groups to contribute to the operating costs of the accel-
erators and collider or of their experimental areas. How-
ever, it is recognized that if the participation of teams
from the other regions becomes excessive, the operating
laboratories might be obliged to limit that participation
after discussing the matter with the authorities in the
other regions and with the other operating laboratories.
Over a sufficient period of time it is expected that a

rough balance would be established between the utilization
of the new front-line machines by the different regions.

These guidelines are being observed by the laboratories and this action

has set a precedent for significant international cooperation In high

energy physics.
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In addition to the cooperative step described above, in recent years

there have been significant steps in the cooperative funding and operation

of major detection equipment at various laboratories. As the field has

matured, the detection devices have become more complex and expensive.

Individual experimental collaborations frequently involve institutions

from several different countries. It is now rather common that the exper-

imentalists from the different countries commit themselves to provide

various components of the detector. These arrangements appear to have

been quite successful.

In 1982, after extensive deliberations, the High Energy Physics

Advisory Panel of the Department of Energy recommended, as its top

priority, the construction of a very high energy hadron colliding beam

facility called the Superconducting Super Collider (SSC). Because con-

struction of such a facility would influence the plans of other countries

and laboratories, the announcement stimulated intense discussion at a

meeting of ICFA held at Fermilab in August 1983. As a result of this

discussion it was decided that it would be appropriate to have a broader

discussion of the role of ICFA with regard to interregional planning for

accelerator facilities. A one-week seminar was scheduled to be held at

the Japanese high energy physics establishment, KEK, at Kyoto in May 198'J.

The title of the seminar was "Future Perspectives in High Energy Physics"

and it was attended by about 100 leading physicists invited from all parts

of the world.

At this seminar there was a survey of the various activities and

plans of the high energy physics community throughout the world, followed

by an intensive discussion of the role which ICFA should play in the

planning of the next generation of accelerators. The outcome of these
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deliberations was formulated in a revised statement of the role to be

played by ICFA as given below:

(a) to promote international collaboration in all phases
of the construction and exploitation of very high
energy accelerators;

(b) to organize regularly world-inclusive meetings for the
exchange of information on future plans for regional
facilities and for the formulation of advice on joint
studies and uses;

(c) to organize workshops for the study of problems
related to super high energy accelerator complexes
and their international exploitation, and to foster
Research and Development of necessary technology.

In a more complete statement of the conclusions of the meeting the fol-

lowing point was made: "Based on the consensus of the participants in

the KEK seminar, ICFA views its major current role as facilitating the

construction of high-energy accelerators and not as arbitrating among

various national or regional options."

In response to the recommendation for workshops, ICFA has now

established special panels to arrange activities in the following areas:

(a) Superconducting Magnets and Cryogenics
(b) Beam Dynamics
(c) New Accelerator Schemes
(d) Future Intrumentation Innovation and Development

Workshops are being scheduled in each of these fields for the coming

year. The proposed programs are comprehensive and involve a broad pai

—

tlcipation by the community of experts. While a joint accelerator summer

school has already been established by CERN and the United States, it is

proposed that a similar international school under ICFA auspices be

established for training In the design and construction of detectors.

A summary of recent activities of ICFA prepared by the ICFA

secretary, W. 0. Lock, is given in Attachment III. The next meeting of

ICFA is scheduled for October 1985 in Brussels, Belgium.

In summary, I feel that ICFA is a useful organization which has the

primary role of providing a public forum for discussion of issues of

International cooperation and maintaining effective communication between

the various regional domains of activity in high energy physics. Efforts

are currently being made to make it more effective in support of the

goals of the field.
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Attachment I

REGIONAL COMPOSITION AND MEMBERSHIP OF ICFA

April 1985

Chairman :

V. L. Telegdi (Eide. Technische-Hochschule, Zurich, Switzerland)

Secretary :

W. 0. Lock (CERN, Geneva, Switzerland)

CERN Member States :

J. Sacton (Universities of Brussels, Brussels, Belgium)
H. Schopper (CERN, Geneva, Switzerland)
V. L. Telegdi (Eide. Technische-Hochschule, Zurich, Switzerland)

JINR Member States Other than USSR :

N. Van Hieu (National Center for Scientific Research, Hanoi, Viet Nam)

USA:

B. McDaniel (Cornell University)
L. Pondrom (Univ. of Wisconsin)
N. Samios (Brookhaven National Laboratory)

USSR:

E, Myae (Institute for High Energy Physics, Protvino)
A. N. Skrinsky (Institute for Nuclear Physics, Novosibirsk)
V. A. Yarba (Institute for High Energy Physics, Moscow)

Japan ;

Y. Yamaguchi (Univ. of Tokyo)

Fourth Region :

P. K. Malhotra (Tata Institute of Fundamental Research, Bombay, India)

Chairman of lUPAP Particles and Fields Commission (ex officio);

L. D. Solovlev (Institute of High Energy Physics, Protvino)
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Attachment II

9 July 1980

Guidelines proposed by ICFA for the Interregional

Utilization of Major Regional Experimental Facilities

for High-Energy Particle Physics Research

(Agreed by ICFA at its Fifth Meeting held at CERN on 9 July 1980)

Considering that in the future major experimental facilities for high energy

particle physics research, notably the very largest particle accelerators

and colliding beam machines, are likely to be few in number, probably only

one of each type of the very highest energy and that these machines will

be located in different regions of the world,

And recognizing that experimental physicists from all regions will wish

to gain access to these few machines in order to pursue their research,

ICFA proposes that the regional laboratories operating these facilities

should adopt a common policy towards experimental physicists from other

regions seeking to use the facilities they operate. The guidelines pro-

posed are as follows:

1. The selection of experiments and the priority accorded to them are

the responsibility of the Laboratory operating the regional facility.

51-563 O - 86
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2. The criteria used in selecting experiments and determining their prio-

rity are:

(a) scientific merit

(b) technical feasibility

(c) capability of the experimental group

(d) availability of the resources required.

3. It is expected that teams from other regions will -normally wish to

join with local regional teams to form experimental groups in pro-

posing and carrying out experiments using a regional facility. The

national or institutional affiliations of the teams should not influ-

ence the selection of an experiment nor the priority accorded to it.

4. The availability of the resources needed for the experiment are exa-

mined at the time of selection of the experiment (see 2 (d) above).

The contributions of each team and of the Operating Laboratory to

an experiment are the subject of agreements drawn up between the Opera-

ting Laboratory and the authorized leaders of the teams in the experi-

mental group. When appropriate, realisation of the proposals approved

may be effected within the framework of bilateral and multilateral

agreements in force or newly reached arrangements.

5. Operating laboratories should not require experimental groups to contri-

bute to the running costs of the accelerators or colliding beam machines

nor to the operating costs of their associated experimental areas.

6. It is expected that averaged over a reasonable period of time the

application of guideline 2. above will lead to a balanced use of the

major new facilities by the regions concerned. However, if at any

time an Operating Laboratory finds that the participation of teams

from other regions in their experimental programme is becoming

excessive, the Operating Laboratory may be obliged to limit that

participation. Any such action should be accompanied by discussions

with the relevant authorities of the regions concerned and consultations

with the other operating laboratories subscribing to the Guidelines

laid down in this document.
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Attachment III

12 February 1985

RECENT ACTIVITIES OF THE INTERNATIONAL COMMITTEE

FOR FUTURE ACCELERATORS, ICFA

By W.O. Lock, CERN, Geneva - ICFA Secretary

ICFA is the International Committee for Future Accelerators, set

up by the lUPAP Particles and Fields Commission in 1976, the first

meeting being held in the summer of 1977. It is composed of

14 members from the different regions of the world, distributed

as follows: CERN Member States 3; USA 3; USSR 3; Member States of

JINR (Joint Institute for Nuclear Research, Dubna) other than

USSR 1; Fourth Region 1; People's Republic of China 1;

Japan 1; the Chairman of the Particles and Fields Commission is an

ex officio member. The present Chairman of ICFA is V.L. Telegdi of

ETH, Zurich.

ICFA arose out of a series of East-West meetings to

review future perspectives in high-energy physics which took

place at Riga (1967), Semmering (1968), Tbilisi (1969),

Merges (1971), New Orleans (1975) and Serpukhov (1976). At the

last two meetings specific recommendations were made which directly

led to the establishment of ICFA with the following mandate -.

"To organize workshops for the study of problems related to an

international super high energy accelerator complex (VBA) and

to elaborate the framework of its construction and of its use.

To organize meetings for the exchange of information and

future plans of regional facilities and for the formulation of

advice on joint studies and uses".

In fact, in the little over seven years of its existence

(August 1977 to the present), ICFA has been active on the first

topic and has organized three workshops, viz.:

Two on "Possibilities and Limitations of Accelerators and

Detectors" (Fermilab, U.S.A., October 1978 and Les

Diablerets, Switzerland, October 1979)

and one on "Possibilities and Limitations for Superconducting

Accelerator Magnets" (Protvino, USSR, October 1981).

It has also drawn up guidelines for the use of accelerator

facilities built in one region of the world by research physicists

from other regions. During 1981 these guidelines were accepted by

the Directors of all of the world's major high-energy laboratories,

which effectively means that the complete range of facilities is

available to physicists from any country, the only criteria used in

selecting experiments to be carried out being scientific merit,
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technical feasibility and the capability of the group proposing the

experiment.

At an ICFA meeting held at Fermilab in August 1983, it was

realized that the second task of ICFA as defined above had been

somewhat neglected, especially in view of recent developments of

planned and projected accelerators in different regions of the

world (e.g. the large electron-positron collider at CERN, the

3 TeV proton synchrotron UNK in the USSR and the single-pass

linear collider in the USA as well as the recently suggested 20 TeV

proton synchrotron (SSC) also in the USA). It was therefore

decided to postpone a fourth workshop which had been scheduled to

take place at the Japanese National Laboratory for High Energy

Physics (KEK) in May 1984 and instead to organize a

Seminar on 'Future Perspectives in High Energy Physics", along

similar lines to those held earlier, and particularly that of New

Orleans in 1975.

The Seminar took place from 14 to 20 May 1984 and was attended

by about a hundred participants, mostly senior scientists from Eastern

and Western Europe, USA, and Japan, including the Directors of

almost all the major high-energy physics laboratories, and

representatives from Australia, Canada, China, India, Mexico, South

Korea and Vietnam.

The first part of the Seminar was devoted to a survey of

accelerators now under construction (see Table I) and of those

currently being designed or under consideration (see Table II).

This was followed by a number of talks on the physics possibilities

at higher energies, on the associated experimental techniques

to be used and on some technological aspects of accelerator

construction, such as superconducting magnets.

The second part of the Seminar was organized as a

series of panel discussions on ways and means of encouraging more

interregional collaboration both in research and development work

and in accelerator construction. As a results of the various

debates, ICFA was able to arrive at three major conclusions

which were unanimously endorsed by all the Seminar participants at a

final plenary session. These were -.

1. that ICFA sees its major role as facilitating the

construction of high energy accelerators and not as

arbitrating among regional options;

2. that ICFA should sponsor international panels on

Superconducting Magnets and Cryogenics, on Beam Dynamics,

on New Accelerator Schemes and on Future Instrumentation

Innovation and Development to coordinate work in these

fields;

and 3. that ICFA should convene seminars at regular intervals

to review the status of high-energy physics and to

anticipate future activities.
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Table II

FUTURE ACCELERATOR FACILITIES BEING DESIGNED OR UNDER CONSIDERATION

Name or

description
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At its most recent meeting, held in Leningrad in October 1984,
ICFA appointed the Chairmen of the four panels listed above. These
are, respectively, G. Brianti (CERN) , N. Dikansky (Novosibirsk),
A. M. Sessler (Lawrence Berkeley Laboratory) and T. Ekelof (Uppsala).

The membership of the Panels is now being constituted and it is hoped
that they will be able to present their draft programmes of work to

the next ICFA meeting which is planned to be held in Bombay in April
1985.

Accelerator facilities now under construction

Name
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ICFA GUIDELINES:

AS APPROVED BY lUPAP, 1976.

The aims of this committee should be:

—To organize workshops for the study of problems related to an

international super high energy accelerator complex (V.B.A.) and to

elaborate the framework of its construction and its use.

—To organize meetings for the exchange of information on future

plans of regional facilities and for the formulation of advice on joint

studies and uses.
'

AS MODIFIED AND PROPOSED, APRIL 1985, BY ICFA FOR
ACCEPTANCE BY lUPAP AT ITS NEXT MEETING IN KYOTO,
JAPAN, IN AUGUST 1985.

—To promote international collaboration in all phases of the construc-

tion and exploitation of very high energy accelerators.

—To organize regularly world-inclusive meetings for the exchange of

information on future plans for regional facilities and for the formular

tion of advice on joint studies and uses,

—To organize workshops for the study of problems related to super

high-energy accelerator complexes and their international exploita-

tion, and foster Research and Development of necessary technology.
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DISCUSSION

Mr. FuQUA. Thank you very much, Professor.

Now we have five very fine discussants, and I would Uke to intro-

duce them at this time: Dr. Leon Lederman, who is director of the

Fermi National Accelerator Laboratory in Illinois; Dr. Burton
Richter, whom I have already mentioned, director of the Stanford

Linear Accelerator Center in Stanford; Prof. Jack Sandweiss, Yale

Physics Department, and chairman of the Department of Energy
High Energy Physics Advisory Panel, HEPAP; Dr. Nicholas

Samios, director of the Brookhaven National Laboratory in Long
Island; and Prof. Maury Tigner, director of the Universities Re-

search Association, Superconducting Super Collider Central Design

Group, at Lawrence Berkeley Laboratory in California.

We are very happy to have all of you gentlemen. We will have

some questions, so feel free to jump in and express yourselves if

you feel that you could elaborate on any of the things.

I will start out with a real easy one. I guess probably the largest

facility ever proposed, the SSC or Superconducting Super Collider,

is under serious consideration not only in this country but other

places, and its proponents, which probably are sitting in front of

me, say that it will enable scientists to penetrate further into the

ultimate structure of matter.

I might say it also has its critics who say that the cost is too high

for the science expected. What I would like to ask is, in your view,

is it a device which is needed not only for research in physics but

also to signal our continued commitment to U.S. leadership in sci-

ence? Or will it be like the SST, the supersonic transport, 20 years

ago, a device which was technically feasible but so expensive that

the resources could probably be used in other places?

Who wants to jump on that easy one? Leon.
Dr. Lederman. I like the SST analogy because, if you will re-

member, with the SST, there was always another way of getting

from point A to point B. It took a little longer, but you could get

there.

I think the point with the SSC is that there is no way—and we
have beating our heads against walls for now 6 or 7 years—of find-

ing any other way of getting the information that the SSC is de-

signed to get.

We are following the scientific dictates of the theory as we un-

derstand it, and it points to a machine of roughly those param-

eters, and we can get hints from all kinds of avenues, from our as-

tronomer friends and from other experiments we are doing now,

but we all feel, I think, that there is widespread consensus, which I

think is worldwide, that these particular kinds of parameters, the

rough parameters of the SSC, are necessary if we are ever going to

get a complete understanding of the nature of matter and energy.

As far as the first part in which you asked if this was too expen-

sive, the answer is that we are, I think, horrified and, as people not

usually noted for humility, a bit in awe of the price. We are deter-

mined to try to reduce the price if we can, but we confess that we
don't know any dramatic way of doing that, and it is, in perspec-

tive, about four times more expensive than any other project of

this kind.
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I guess Fermilab was the biggest project. But it is a logical pro-

gression of our progress in understanding the nature of the world

that goes all the way back to the beginning of science, so we be-

lieve in it, and we think it is an essential scientific imperative.

Mr. FuQUA. Would anyone else care to comment?
Professor Tigner. I would like to add to Dr. Lederman's com-

ment. I certainly agree with what he says. However, I would like to

remind us that in fact this science as it has been pursued histori-

cally—and we now have a long history of pursuing this fundamen-

tal search for what is it that makes the material world what it is,

how we can understand the diversity and complexity which we see

in simpler terms, that has been a generator of wealth for us, both

intellectual and technological, for many, many years.

So we have a strong historical precedent for understanding ex-

actly what the merits of pursuit of this kind of science are. This

generation of wealth has both been in the primary scientific knowl-

edge that has been sought. Dr. Lederman addressed himself to that.

Certainly our understanding of the world around us has pro-

gressed, and the technological and cultural consequences of that we
are all now well aware of, since we have been engaged in its pur-

suit since well before the turn of the century. We know about the

tremendous advances in technology in our electronics and chemis-

try, materials, and so forth, that have flowed from trying to under-

stand the fundamental makeup of the world.

In addition, however, to that primary generation of the pursuit

of this science comes other intellectual spinoffs, you might

say. The methods, the intellectual methods, that have been devised

to understand the data that was generated by the experiments

have worked to great advantage in helping us to achieve the pri-

mary understanding that we seek. But they have also been applica-

ble in other fields of science and even other areas of physics and
beyond physics, and that has characterized the pursuit of this sci-

ence ever since its beginnings, and it has not stopped.

For example, the most recent example would be the lattice gauge

theory which was developed largely, or motivated largely, by the

pursuit of understanding high energy physics, but has also turned

out to be an extremely powerful method for understanding many
other physical phenomena and will have use in condense,d matter

physics and all the technology that flows from that.

In addition to those intellectual primary and secondary benefits

or generations of new wealth are technological things. We heard of

this very nice study that Dr. Brianti explained to us about CERN,
that even in real time, so to speak, the expenditures following this

kind of science generate economic utility for the infrastructure

that supports the economic infrastructure of the particular region

of our country that supports this.

The surprising thing is it is not only in electronics and comput-

ers, which has the highest economic utility, but on his pie diagram,

you will see that even in classical things like the working of steel

there have been advances generated by interaction with high

energy physics activities, to say nothing of electrical equipment
and vacuum and cryogenics.
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Now, that same sort of thing, of course, happens throughout the
world where the interaction takes place between the primary sci-

ence and the technological infrastructure of a region or country.
In addition to these, you might say, immediate benefits, of

course, there are also the spinoffs that come from the application
of the technology that is developed to do the high energy physics to

some completely new field that no one has thought of in the past.

The superconducting magnets and materials, for example, that
have recently been developed have already found major commer-
cial and other scientific and medical uses. That has been the story

of this business in the past.

Both the detector technologies have found application widely out-

side the field of high energy physics, and the accelerators them-
selves have proven to be very important economic instruments.
There is now an enormous medical and materials inspection proc-

essing business which was generated by our ability to make accel-

erators, these accelerators originally having been developed to do
this science.

So I think it is clear that the pursuit of basic particle physics has
been a continual generator of new wealth for our society and for

our economy ever since its beginning, and I don't see any reason
why we should assume that that will not continue to be the case.

Mr. FuQUA. Let me ask our international guests, does the rest of

the world high energy physics community agree with the U.S. high
energy physics community that the SSC or similar facility is of the
highest priority?

Professor Soergel. I would like to say something to this ques-

tion. For the various questions which are now pressing in particle

physics, we need several approaches, experimental approaches, so

we need several accelerators.

There is general agreement amongst the community of particle

physicists that a very high energy hadron collider is one of the ma-
chines which is really wanted in the next time. You can see this

also from the fact that people—I am not talking in the United
States about a large hadron collider, but also at CERN, for in-

stance, like Dr. Brianti outlined.

We particle physicists are all delighted at how well the hadron
collider at CERN has worked, what good physics it seems to give,

and we are all looking forward to the higher energy collider which
the Tevatron will give us in this next year. And so we are hopeful
that there is a good road to really promote particle physics with
these hadron colliders.

Apart from colliding hadrons, there is another point here that,

for technical reasons which are not so much technical but are in

the nature of the particles, the protons are heavy, and that is a
reason why we can accelerate them to much higher energy with
present-day techniques than we do with electrons.

We are working on electron colliders, but to reach the energies

which are available to hadron colliders, which seem to be available

with our technologies, they will not be available probably for some
time for electrons. So a hadron collider is a very natural and logi-

cal step to go really to very high energies.

I would like to comment also a little bit to the question of the
technology. The history of particle physics has seen technological
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development which brought the cost of the accelerators, compared
with what they do, down considerably. The latest and biggest step

in this game was the development of the superconducting magnets
to build big accelerators.

This superconducting technology now seems to be interesting to

industry. We have managed with our new project, with the HERA
project, to get industry in Europe and industry in Germany very

interested in this technology, and I think industry realizes that ap-

plication of superconductivity on a large scale is a potential tech-

nology for later years, even if they don't know at this moment
where it will be applicable outside of high energy physics. Is there

really an application? I am quite sure that such tremendous phe-

nomena must have a real practical application.

These big machines are the first testing grounds to apply this in-

teresting technology on a real large industrial scale and make high

demanding technological approaches in industry. I think it is a

very important element, and we have experienced this already now
in European industries, that it is accepted.

Mr. FuQUA. Well, another question that comes up that I think

this group could be very helpful with is whether there has been an
overinvestment in high energy physics relative to the subfields of

physics or maybe other disciplines. Would somebody care to com-
ment about that?

Professor Soergel. I think one could talk about overinvestment

only if either the facilities which we make would not produce good

scientific results or would not be utilized to a reasonably good
extent.

If I look around in the world at what are the real big facilities,

they are only very few, and as far as I can see, all of them have
given good results and have been used very well.

In the United States, you have a number of excellent examples.

We have the Brookhaven Lab accelerators of old age, yes, which
are still producing very interesting physics and have produced a
great number of big discoveries.

You have the Fermilab machine in the United States which has
made very important discoveries and is now getting a very new life

as a new single source of superconducting magnets. I could name
also the lab at Stanford where I think all the investments have
paid off scientifically, exceedingly well, or at Cornell.

So in this country, I don't see that you have really overinvested.

I don't think we have overinvested in Europe with our niachines.

We have, by the way, in Europe a philosophy—Dr. Brianti pointed

out to me it was the same in DESY—that we try to make all of our

previous investments fully usable for the next machines.
In the HERA accelerator, for instance, we use all the existing ac-

celerators on site, which is an important big investment, \yhich are

phased out as primary research tools, and they are essential pieces

of the injectors of the new machines. So does CERN, so does SLAC,
of course.

I don't think there is an overinvestment.
Mr. FuQUA. Dr. Brianti.

Dr. Brianti. More or less on the same tone, I showed to you the

graph of the total spending on the high energy physics in Europe.
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This is CERN plus national expenditures, which in fact went down
and leveled off.

This was done by giving full priority to forefront facilities, and it

was done by sacrificing national facilities or facilities which ceased
to be on the forefront, although still very productive, and could not

be compared in priority to future ones.

The example is that when the CERN Council agreed to the con-

struction of LEP, this was under the clear condition that the
budget of CERN should have remained constant during those

years, and to achieve that, we had to close down a unique facility

such £is the proton-proton collider, ISR, which worked for 10 years
and then it was to be closed down. It was very productive still sci-

entifically. We had to close down various parts of equipment in ex-

perimental areas and so on and devote the resources which were
available to this big construction.

This is true, as already the previous discussant has said, concern-

ing U.S. labs. So the field has been characterized by facilities

always progressing but not adding up to all the ones which were
kept to simply continue routine work. There was a clear priority

decision taken by the community and by the laboratory in this di-

rection.

Thank you, Mr. Chairman.
Professor Soergel. Can I still make another comment?
Mr. FuQUA. Yes.
Professor Soergel. You very well know that high energy physics

in this past decade has had an enormous, tremendously good time
with very exciting discoveries. I think all that we do with invest-

ments should keep this pace, so that the thing remains interesting

and remains interesting also for the young generation of people to

keep them scientifically motivated.
If you will allow me 2 minutes, I will tell you a story which I

think is interesting in this context. There was a big discussion in

Europe as to whether the SPS should be built, which was a ma-
chine of similar size as the Fermilab machine, and we had prob-

lems in my country to convince the Government.
We had a high industrial chief of one of the big chemical firms.

We invited him to CERN and showed him around, and when he
had seen the scientists and seen the machine which gives the
young people the chance to do experimental work, to do exciting

work, to train them to do this exciting work, he said, "Send some
money. It is very well spent. Let's do it." This visit switched the
German Government to do this.

Mr. FuQUA. Dr. Sandweiss.
Professor Sandweiss. Thank you. Maybe I could just say before

making my remarks that I very much appreciate the opportunity
to take part in this discussion to you and to your colleagues.

What I wanted to say about this question was really very similar

to what Professor Soergel and Dr. Brianti have said. When you try

to compare sciences in different fields, how do you make the rele-

vant measure of investment? That really is the question you are

asking.
That can only be done, in a sense, by looking at each individual

science itself and asking what is needed in that science in order for

it to prosper, to be healthy, to make the progress which is possible
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to make in the science. I believe, if you look at it that way, high

energy physics in fact has very definitely not been overinvesting.

In fact, because it is expensive, I think we feel a need to be very

responsible and I would even say tough, perhaps austere, even, in

our facilities.

The history of high energy physics facilities very much shows

that. The number of facilities that have been terminated, not be-

cause they haven't been doing good work but because they haven't

been doing perhaps the very most cost effective work, is very large,

and I believe that the SSC, for example, although it is very large, is

a machine which, by the measure of what is required in order to

keep a viable pace in the field, is one that is even austerely re-

quired, although I know the absolute number is very large.

Thank you.

Mr. FuQUA. Yes.

Dr. Leiss. I would like to put a comment in on these. I think we
can, and we do, yearly, as best we know how, show you some of the

spinoffs and benefits in addition to the science that comes from the

programs in high energy physics, although I think you can get in

trouble with that because then you get one science saying, "Are my
spinoffs better than your spinoffs?" and you don't know how to

measure that.

It seems to me, though—I refer to the declarations that came
from the heads of state in the Summit process on the importance of

science and technology development in their countries and the rec-

ognition that our economic well-being and, indeed, our economic
competitive posture in the world, speaking provincially as the

United States, rests upon science and technology.

I think the real dilemma that we have or you have to face,

really, is not so much one big facility and one field; it is the fact

that many fields, in order to make progress, have large facilities

they would like to have.
It is a little bit paradoxical that if you look at those facilities,

every one of them you can think of is coming as a result of high

energy physics developments for them, which at least shows some
measure of what we do.

It seems to me the issue that really eventually has to be faced is,

have we reached the point where we cannot afford the tools that

are required to further our understanding of the laws and composi-

tion of nature? Frankly, I shudder at the thought of the impact of

that on our bright young people, if we decide we have reached that

point.

Mr. FuQUA. Mr. Brown.
Mr. Brown. Mr. Chairman, I would say first that I regard this as

an absolutely unique occasion. I don't recall at any time during my
experience on the committee that we have had such a large and
capable group of scientists representing a single field of science

appear before us. I am sure this occasion will remain long in my
memory.
The reason for, of course, inviting you is not entirely because of

our deep concern for high energy physics, important as it is, but

because you represent a series of policy questions which extend

across the whole field of science in terms of the relationship of

Government and Government funding to branches of science where
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there are important policy issues and important opportunities, and
where we have to resolve questions of allocating resources in some
reasonable fashion.

I want to thank both the panel and the chairman for making ar-

rangements to make this meeting possible.

Of course, looking back at the history of the last couple of gen-

erations from the time of the Bush Report with regard to the im-

portance of supporting basic research up to the present time, we
have continuously throughout that time grappled with the prob-

lems we are raising today: What portion of our resources should be

devoted to promising fields; how should it be distributed amongst
various fields of science; what is the relationship between the fund-

ing of the large science expensive projects and maintaining a base

of small science and science education, and so on?

You all, in your testimony and your experience, throw a great

deal of light on these kinds of policy issues. We look at this ques-

tion of are we putting too much into particle physics or high

energy physics, and then we look at other fields of science—and I

am reminded of molecular biology, for example, which we have

been funding through the NIH now for 20 or 30 years—and the

level of funding for basic research in the biological sciences has

probably been comparable to today's level, around $3 or $4 billion

now for a generation, and we can see the results of that rather con-

sistent level of funding in terms of the marvelous things that are

happening in molecular biology and biotechnology.

The reasons for continued support of that, of course, we frequent-

ly point out, have to do with the hopes of elderly Congressmen that

this will help save our lives. [Laughter.]

We don't necessarily have that same connection with high

energy physics. But it illustrates the importance of recognizing the

need to have a link with the political process in some fashion, and
you gentlemen have all pointed out some of those links—the spin-

offs in cryogenics and vacuum technology and various other fields

that are important to the society.

Of course, the fundamental reason that all of this research took

place was the recognition of the vital contribution of science to the

war effort during World War II. We would like to get away from
that, frankly, and recognize the importance of this curiosity-driven

aspect of science. But that is kind of hard to sell to a large public

and, through the public, to the Congress. But this has been a most

illuminating experience.
I have a couple of points that I wanted to explore with you just

briefly, and I don't think we need to exhaust any of these things.

But in the European community and in the Japanese situation, do

you have a linkage between the scientific and the governmental

communities that gives you assurance of a certain level of resource

support, either in terms of a fixed number of dollars or a fixed por-

tion of the Government budget or a fixed portion of the GNP or

some other target that you are trying to achieve and have some
commitment to? And is it desirable if you do have that, or if you

don't have it?

Dr. Brianti. I don't know if I will be able to ans^yer completely

your question, but I wish to comment on the CERN situation.
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As I said, CERN is an international organization in which the

member states pay in proportion to their gross national product.

This is reviewed on a 3-year basis.

Now, you may assume that because there are certain countries,

it is an extremely complicated process how to arrive at a decision,

and indeed, I am not saying that it is an easy process. It is compli-

cated. But the fact that then it is an international commitment so

far has helped us in being stable.

In other words, when there are major decisions which have been
taken as to building new facilities, for instance the SPS—and this

took almost 7 or 8 years to be decided upon—that took 5 or 6 years

to be decided. But once it is decided, the member states feel com-
mitted.
For instance, in the case of the LEP construction which spans

over 8 years—and 8 years is a long time—this was based on two
foundations. The first was, OK, the budget is what it is, and don't

ask for more; try to use the Swiss francs or the dollar the best you
can. The second is a gentlemen's agreement, of course not a legal

one, but a gentlemen's agreement among the representative of the

member states that the level would be kept absolutely constant

during those 8 years.

And so the national science budget may go up and down and
there may be a local problem here and there, but the fact that it is

an international commitment has rather helped the stability.

So on the disadvantages side, it may be that in order to reach

consensus, you have to settle on a level which may be lower than
the most wealthy country could support. But on the whole, we are

pleased.
This continuity has occurred over 30 years. We figured out that

in any given point in time, there is always one of the European
governments that is either not there or elections are due to come,
but the fact of the collegial responsibility has helped the stability.

That is the comment I wish to make.
Mr. Brown. You would stress the importance, then, of having a

reasonably long-term commitment to this?

Dr. Brianti. Oh, yes, this is essential, because, you see, this con-

struction has a long-term basis.

Mr. Brown. That differs from our practice here, which in most
cases is annual decisions, but in fact we have established that same
kind of commitment through inertia, perhaps, if nothing else.

Professor Soergel. Maybe I should comment on the situation in

Germany. It is not just Europe, but since Germany operates the
other high energy physics laboratory as a national lab in Europe, it

may be relevant to your question.

We have for DESY a reasonably stable budget on which we can
count over the years which goes roughly with inflation. The budget
for DESY, as I have outlined, is given 90 percent by the Federal
Government and 10 percent by the state government of Hamburg.
These two bodies have kind of a board of trustees which defines

every budget, so it is officially given every year by vote in the two
parliaments, in the Federal budget and in the state budget of Ham-
burg. But it is very stable over the years.

Now, when a new facility comes like the big HERA facility,

which is a very large facility—it is one of the largest in the world
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at this moment—we get an excursion from this budget which now
takes for a few years over the construction, and then the budget is

expected to go down to the level we have now before the HERA
construction again, and we can count on that for its operation.
This ability, I think, is very important for the lab.

Mr. Brown. Could you comment, Dr. Ozaki?
Dr. Ozaki. Since I am not really a director of the laboratory and

I am directing a project, I don't know how well I can comment on
this particular issue. I am a scientist looking from the outside into

the makings of government and the political system.
There has been a strong will, however, in Japan, to commit to

the development of basic science in Japan lately, actually, and as
you can see, the Government of Japan has approved and is sup-
porting TRISTAN with a very large amount of money. Indeed, that
is really true, but I see the evidence of their will to continue sup-
port.

However, the level of support which the pure sciences are getting
in Japan is such that the TRISTAN project is draining the system
quite a bit. Though it is increasing, looking at the current budget-
ary situation in Japan, I don't see a marked increase coming for

several years.

Now, in looking at a project itself, for instance, the discipline

itself, we do not have a specific commitment to a certain percent-
age of the total science budget allocated to some area, so it depends
upon project by project. When a good project comes and is ap-
proved, then we are certain to receive that commitment over cer-

tain many years. Then we will most likely lose the support after

the project is finished, with that money going into some other
project like space or whatnot.
So I really don't know whether I have answered your question or

not, but as the manager of the program, I believe it is very, very
important to have a definite commitment extending over the years.

The Government of Japan also runs the same way as here. It is a
year-by-year business. But for a long-term project like TRISTAN, I

find that it is very important to have the specific commitment over
the long term as to what the schedule is, the funding schedule is,

and what are the total moneys. So far, I am not getting quite that
kind of support.
Mr. Brown. Let me ask another general question for anyone to

comment on.

You have referred to this field as being one that is curiosity
driven, and I wonder if there is any way in which we can evaluate
the amount of curiosity. Are we in a situation where we ought to

be concerned about the number of people coming into the high
energy physics field? Are there fluctuations, as there are in many
other technical fields, which deserve to be considered in policy con-
siderations over reasonable periods of time, say, 10 years? Do we
suffer ups and downs of topflight, curiosity-driven scientists which
impinge upon our capability to produce results in some of these ac-

tivities?

Dr. Samios. Maybe I could comment in a different way. A field is

driven, and bright people come in, by the excitement in the field,

and the position we find ourselves in now is that—and there is usu-
ally a tradeoff of hopping back and forth between theoretical and
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experimental aspects—sometimes one part gets ahead and then the
other.

In a sense, if you find no experimental results, a field will dry
up. Radioastronomy became a prominent field when people built

things to look. Before that, you could speculate to your heart's con-
tent and not get anywhere.
High energy physics finds itself presently in a position where one

has to look at the next mass scale. Theorists can speculate to their
hearts' content, and the limits of their speculation are unlimited at
the present time, and so which way you go, you cannot tell until

you look.

And so, although one would prefer that one could know which
way to go on a cheaper basis, we believe that we are at a roadblock
until one builds some facility to look, and then one will have the
further interplay.

So, as a result, you will find that over the last years we have
had—I mean, one of the measures is bright theorists, for instance,
and I believe that in the United States and Western Europe we are
getting some of the very bright people still coming in the field. In
the same sense, at Brookhaven, where we are a multidisciplinary
lab, we get very bright people in microbiology. It is absolutely true.

But I believe what will happen, unless one gets these new experi-
mental tools, that if one does not know which way to go, then you
will see that reduction as a function of time.
Mr. Brown. Dr. Soergel.
Professor Soergel. Particle physics has developed from originally

atomic physics, nuclear physics, in the search for even more funda-
mental constituents of matter. Happily, the bright young people
went to the front line of research. Those which, 100 years ago or 80
years ago, would have gone to the atomic physics, and nuclear
physics later, now come to particle physics.
We have to keep this curiosity-driven field interesting for the

young generation. I personally believe that this is one of the most
important spinoffs, if one talks of that, that young people from the
universities can, as they have done in the past, do in a front-line
research field like particle physics their studies, their Ph.D. work,
before they become what I sometimes call, not completely serious-
ly, useful members of society.

It is a very good forming of young people to work in high energy
physics, so I believe you have a very important goal here for the
society.

Before you addressed the question about the size of the accelera-
tors. Unfortunately, there we have some things imposed on us by
nature. We cannot make a smaller accelerator if it serves less

people. The size of the machine is given by the physics. So we have
to have a big machine to start off, and the only way we can do less

or more is by its exploitation.
There high energy physics is different from many other fields

like biology or solid state physics, where you have small installa-

tions but more in number. You realize that now in high energy
physics we have already coordinated in such a way that we make
one facility in the world of its kind, and all high energy physicists
which want to do this kind of investigation which is possible in
that facility go there.
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All people who want to do very high energy proton-antiproton
hadron collisions will go to Fermilab once Tevatron works. All
people who do electron-proton collisions will come to Hamburg to

do their research, and so on. But we need one big facility to go fur-

ther down which is different for other fields.

Let me make another comment for the final thing. I think it is

characteristic for the development of high energy physics, because
we need this big apparatus, not only the big accelerators but also
the big detectors. In order to operate these things, to build these
things, we need large groups.

If one looks into the funding per scientist, then suddenly we see
that the difference between high energy physics and other fields is

not so extraordinary. That is at least my experience in my country.
I don't know how it is in America. But if you take these figures,

then high energy physics does not appear so terribly expensive.
Also, these large projects take a much longer time scale than the

smaller projects did previously, and if you take all of this into ac-

count, I believe that then suddenly these figures become not so
shocking any more.
Mr. Brown. If you slice it into small slices, it doesn't hurt nearly

as much. Doctor?
Professor Soergel. Yes. But I think it is correct to do it this way.
Mr. Brown. Mr. Chairman, we have a bell ringing. I just wanted

to yield to you to decide what to do here.
Mr. FuQUA. I have one final question which I want to ask Dr.

Richter and Dr. Samios, because they could be affected.

When we get into big science, at the expense, maybe, of other on-
going science projects that are going on that—and I really get into
how soon do we have to do this.

I recall arguments that have been made, for instance, in the
space program when we had the project, the Viking, landing on
Mars, that Mars would be there for a long time. There was no rush
to get there. Also on the Galileo Program, there was no time cer-

tain that we had to try to have a landing on Jupiter because it

would still be there for many, many years.
The particles will still be out there. Do you see that if we move

into this at a rapid rate, that this will impact very valuable high
energy physics or particle physics programs that are ongoing?

Dr. Richter. Well, the impact on the ongoing program is, of
course, going to depend on the total level of support for the science.

It is interesting because this is a question that we were discuss-
ing most of yesterday with a group of us meeting with HEPAP.
How much do you support what you might call regular ongoing
programs versus how much do you put into the investment in the
future? We have to do both. You always need investments in the
future if the science is going to progress.
One of the things that makes life really tough in big science like

high energy physics is that the development time for a major new
facility is so long. It has gotten to be a lower bound of 10 years
from a gleam in the eye to a machine working and experiments
going.

Dr. Lederman. A beam in the eye?
Dr. Richter. A gleam in the eye. [Laughter.]
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And so we are thinking now about what kinds of facilities one
needs in the middle nineties, in spite of the fact that Leon and I, in

the next 2 years, are going to be turning on the U.S. frontier ma-
chines. We know we are going to have to make a step in the mid-
nineties to keep the science going and to keep on answering the
questions that are turned up by the work that is going on now and
in the next 5 years.

I think it is very bad if one slows down the pace of science too
much. If you slow it down too much so that the students cannot
hope to feel that they are going to be ones that make the great dis-

coveries when they grow up and get their Ph.D.'s and go out and
run an experimental group, then the good students are not going to

go into a discipline, and they are going to go someplace else.

It is not just curiosity-driven, but there is a sort of feeling, I

think, in all good scientists that it is not purely curiosity for man-
kind, but it is curiosity for themselves. They want to know.
You have to keep the field moving fast enough so that the stu-

dents can feel that they will make a discovery. Then you will keep
getting the good ones in. If you slow it down too much, they are
going to go someplace else.

Mr. P\jQUA. Nick, kind of briefly, because we do have a vote.

Dr. Samios. I will be brief.

I agree with what Burt said. I think one has to have a continu-
ous process in getting to the new thing, because if you don't do
that, you may not have people around to work on the new thing.
My comment on the SSC is that there is a natural time scale,

and I think the time scale is now. The technology is in hand. We
made a decision a few years ago at some pain to the field to really
leapfrog and go to it. I think the science is there. If you push me
and say, "Could you delay by a year?" the answer is obviously yes.

If you push me and say, "Should we delay by 5 years?" then I

think the whole project may not make sense because other things
will come about or new ideas, or the commitment of the people for

10 to 12 years is a rather large commitment.
So my answer would be, Let's get on with it. It is timely; the

technology is here.
The last comment I would make, since the bottom line is always

budgets, I would say the high energy budget, if you look at it over
the last 15 years, has not gone up. In fact, we went down rather
drastically at one point.

I would say other fields have had increased appetites proper for
the fields, and they are getting to our level, so there is a strong
competition for funds in all of the sciences. If anything, I think our
budget situation is worse off now than it was 15 years ago.
Mr. FuQUA. Gentlemen, on this we must conclude because we do

have a vote now.
I want to thank you all very much. It has been a very enlighten-

ing meeting this morning. Like Congressman Brown, I think we
have assembled one of the great panels in the whole world, and we
thank you all for your contributions and for being here today.
Thank you very much. The task force will recess until further

notice.

[Whereupon, at 11:15 a.m., the task force recessed, to reconvene
on May 2, 1985, at 10 a.m.]





APPENDIX 1

Witnesses' Questions and Answers for the Record

Answer to the Questions for the Record of the Hearing, before the

Science Policy Task Force, April 25, 1985

Satoshi Ozaki, KEK

1 . What is the future prospect for the international cost-sharing of
the next generation of high energy physics facilities, both in terms
of construction and operation?

As it was clear from the presentation by representatives from the

U.S. and Europe, and of myself, the field of high energy physics has

been quite international with many examples of cost-sharing experiments
at world's major accelerator facilities and one example of major
international laboratory, i.e., CERN. However, the high energy physics
facilities of next generation are necessarily large and even the shared
cost will amount to a major portion of, and in some cases in excess of
the current funding for this field in each nation. It, therefore, will
be imperative for a successful implementation of such a cost-sharing in

question to give a proper consideration to the financial situation of
the government and the benefit to the society of the countries involved.
Needless to say, the initiative for such international cooperation must
come first from the scientific community. As to the Japanese situation,
we are putting an intensive effort to complete TRISTAN project in the
fall of 1986 and have not yet arrived at a conclusion as to the future
program in the high energy physics in Japan.

2. What are (a) the advantages and (b) the disadvantages pf sharing the

cost of big science facilities on an international basis?

a) Advantages of cost-sharing:
The cost-sharing could reduce the financial burden of the nations

involved in the big science and make it possible for scientists of the

world to have access to a big facility which is essential for their
scientific persuit, if those nations could reach agreement on a single
configuration of facilities to be built by a common effort.

Another advantage would be found in maintaining the current spirit
of internationalism in the field, which no doubt will be beneficial in
strengthening the tie between nations.

b) Disadvantages:
Since multiple nations will be involved in a project, and since the

funding required from each nation will most likely be sizable as was
stated in the answer to the question 1 , the initiation and execution of
the program will require a multi-national agreement in the high level of
the governments as well as a consensus of the scientific community of
each nation involved. This no doubt will add another dimension of
complexity on the project, possibly resulting in a delay of
implementation

.

A worldwide cooperation on one accelerator facility may present
another disadvantage from a lack of competition between laboratories on

which this field has thrived to date.

(81)
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3. How many high energy physicists are performing research in Japan and
how much funding is provided for high energy physics research?

Japan have about 450 high energy experimentalists including
supporting engineering and technical personnel, accelerator specialists
(110) and graduate students (120). Of these, about 100 physicists and
accelerator specialists are involved in international collaborations at
a varying degree of commitment for each individual.

The funding for high energy physics for current fiscal year is

about 32 billion yen, of that 1.7 billion yen is ear-marked for
international cooperations. A major fraction of the total funding is

for TRISTAN construction.

4. What would be the best worldwide configuration of high energy
physics facilities from the point of view of science? How might
this best be determined?

Current objective in the energy frontier of this field is the study
of phenomena in the mass range of 100 GeV using proton-antiproton
colliding beam facilities (SppS at CERN, TEV-I at FNAL) and electron-
positron colliding beam facilities (PEP at SLAC, PETRA at DESY, TRISTAN
at KEK, SLC at SLAC, LEP at CERN). Some of the theoretical
considerations and experimental indications suggest that the mass scale
for the next generation is of the order of 1 TeV. Thus, the facility
configuration best suited for studies in the next generation energy
frontier will be at least one each of proton-proton or proton-antiproton
colliding beam facility in 20-40 TeV range, and electron-positron
collider in the vicinity of 1 TeV in total energy. An addition of
electron-proton collider at very high energy would give us an insight of
the structure, if any, of fundamental constituents.

In another frontier, namely that of high luminosity (or high
intensity), 10-100 GeV class electron-positron collider with a very high
luminosity would be of great benefit for a detailed study of phenomena
in the corresponding energy region.

Although one might say that these facilities be concentrated in one
geographical location for an added versatility, the reality of the facts
is that, at least one of these facilities would have to be located in
each geographical region of the world so as to maintain a high level of
participation in the high energy physics by the world's scientific
communities. After all, there is no international program without
national program. This concern would also apply to a need of local
accelerator facility to maintain an excellence of young people,
students.

5. Should some or all future "big science" facilities be developed on
the basis of international cooperation?

At present, we can only speak for the field of high energy physics
in which, as was stated by the testimony of all those present at the
hearing, there have been successful international cooperations as a
matter of fact. A construction of a facility, may it be a major
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detector or accelerator, on the cost sharing bases, can be effective
only when the nations involved can reach an agreement on such sharing of

a facility for their research purposes, with due consideration on the

interest of scientific community, technical and industrial capabilities
of the society and the financial situation of each nation.

6. What is the trend of international collaboration in high energy
physics? Is it increasing, decreasing or remaining relatively
constant?

I judge that the collaboration is increasing, at least in the

experimental program and accelerator R/D, anticipating new opportunities

at the facilities which is to become operational in near future.

7. What factors (a) facilitate or (b) inhibit international cooperation
in high energy physics?

Owing to the open door policy of the U.S. high energy physics

community and science authorities since early days of activity, many
physicists from the world have enjoyed opportunities to participate in

research at the U.S. research facilities. This, together with the fact
that the research in this field requires a major accelerator and

detector facilities has facilitated a growth of international
cooperations to date. Prevailing open door policy in the U.S. and
elsewhere, coupled with an understanding by the scientific community and

the government of each nation involved is essential for an enhanced
international cooperation.

Such spirit in Japan facilitated US/Japan collaborative experiments
at two of four collision area at TRISTAN. One of these two

collaborations includes small but significant participation from China
and Korea.

As to the inhibiting factor, one can site a) constraints in the
funding, though high energy physics, by and large, has been treated
favorably compared to other field of study, and b) uneven localization
of major research facilities. (Note, for instance, that the US-Japanese
Coopration has become reciprocal in true sense only with the KEK's
TRISTAN e*e~ collider project.)

8. Does the rest of the worldwide high energy physics community agree
with the U.S. high energy physics community that the Superconducting
Super Collider or a similar facility is the highest priority?

In Japan, high energy physicists have not yet arrived at a
conclusion as to the priority in future program in high energy physics.
There are variety of opinions among the community on the future
direction, including SSC and an electron-positron linear collider in 1

TeV region.
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9. What does "world leadership" in high energy physics mean? What

particular benefits accrue to the "world leader" versus "number

two"?
Why should national policy makers care whether or not the nation is

first, second or third in high energy physics research?

The high energy physics, which shows a high degree of intellectual
determination and technical excellence of the society, can in turn
contribute to the strengthening of the country's technological
capability and competitivity. It would seem natural for a national
policy maker to care about the growth of such a field for its scientific
merit, technological spin-off, intellectual build up and, possibly,
prestige, regardless of concern whether the nation is first, second or

third.

10. Are the experiences of international cooperation in high energy
physics directly applicable to other fields of science? What
lessons may be learned?

Objective of the high energy physics is to understand the ultimate

picture of the structure of matter and forces and is to satisfy an
intrinsic and universal desire to know our environment. The field is,

so to speak, the purest of pure science. In addition, the object of

study and the method used are quite universal and the experimental study
depends highly on large scale accelerator facility. These factors must
have promoted a successful international cooperation to date.

The experiences obtained for high energy physics may be applicable
to other field of science, if the characteristics stated above is

clearly apparent with the field.
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Answers to questions for the record
by V. Soergel

1. What is the future prospect for the international cost-sharing of
the next generation of high energy physics facilities, both in
terms of construction and operation?

To answer this question, one should distinguish accelerator facili-
ties and detector facilities.
For accelerator facilities, international cost sharing has been
practiced in the past at CERN, where every member country contri-
butes to the budget in proportion to its economical power.
CERN finances from its budget the construction and the operation
of its accelerator facilities. I think the prospects are good
that CERN, the model for "true" international cost sharing,
will continue to operate in this way also in the future.

Another model of international cost sharing in the construction of
an accelerator facility is practiced at present at DESY, where we
build HERA with international cooperation. Here the various part-
ners contribute components manufactured in their domestic industries.
It is foreseen that the operation of this facility is financed
by the host laboratory, i.e. DESY from its budget which comes from
the German Federal Government and the Hamburg State Government,
the Senate. From my experience with setting up the HERA collabora-
tion I think that prospects are not bad to set up a similar colla-
boration for the construction of a future accelerator facility,
provided some criteria can be met, viz:

- the host country provides the major part of the necessary
funds

- the host country will finance the operation of the
facility

- free access to the facility is granted following the
ICFA-recommendations to scientists from all countries,
which means also countries which do not contribute to the
construction

- the participating countries find for their contributions
items which are of technological interest for their labora-
tories and industries "

- no (or little) money flow is required.

For detector facilities, international collaboration has a good
tradition and the prospects for international collaboration with
cost-sharing are very good also in the future.

2. What are (a) the advantages and (b) the disadvantages of sharing
the cost of big science facilities on an international basis?

(a) International cost sharing for big science facilities
has the obvious advantage that it might allow the con-
struction of facilities which individual countries feel
they cannot construct alone for financial reasons.
As cost sharing almost automatically means international
collaboration, it has the other advantage of bringing to-
gether scientists and engineers of several countries for
true and peaceful international collaboration. Smaller
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countries may also consider it an advantage that through

an international collaboration in the construction of the

facilities they get a chance to be full partners in front-

line science.

(b) International collaboration with cost sharing through the

contribution of equipment brings as a disadvantage
many additional problems of coordination, organization,
and administration. It therefore bears the risk to be

less efficient and maybe somewhat more expensive than a

form of organization, where a budget is given to one insti-

tution.

How many high energy physicists are performing research at DESY

and how much funding is provided for high energy physics research?

At DESY, there are at present about 500 physicists performing re-

search in high energy physics. These physicists work in six inter-

national collaborations on the PETRA- and DORIS-storage rings.

About 70 of them have a DESY contract, about 150 come from German
universities and research institutes, and 270 from foreign coun-

tries.

As for the funding, I can only provide some figures for Germany
and physicists coming from German universities:
The DESY budget in a "normal" year is about 145 MDM (1984 prices).

This inlcudes the salaries of about 1000 staff, the opera-
tion of the two storage rings DORIS and PETRA and of the synchro-
tron radiation laboratory and a major part of the operation of the

detectors at DORIS and PETRA (foreign groups contribute to the

operation of the detectors). It also includes the running costs of

the whole laboratory.
In the years 1984-1989, about 600 MDM are added for the construction
of HERA, distributed over the years with a profile peaking in

1987. The exact figure will depend on the cost increases over the

years of HERA construction.

The DESY budget is provided by the German Federal Government (90 %)

and the Hamburg State Government, the Senate, (10 %) . For the HERA
construction, the Hamburg contribution amounts to 15 %.

The Federal Minister for Research and Technology funds university

groups in Germany with 20 MDM per year ( 10 M for personnel, 10 M

for equipment) for high energy physics research, of which 4-5 M

per year were given to groups working at DESY in the last years.

This share will go up for the years 1987-1990 when the HERA experi-

ments will be set up.

The staff paid out of these funds supplements the university per-

sonnel which is paid for by the universities. Here I can give

no figure.

What would be the best worldwide configuration of high energy
physics facilities from the point of view of science? How might
this best be determined?

Most if not all future accelerator facilities for high energy
physics will almost certainly be colliders, since the high center
of mass energies required can only be achieved with that kind of
facility. There are bascially three kind of collisions between

high energy particles to be studied with colliders:
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hadron-hadron collisions in proton-proton or antiproton colliders,

lepton- (anti) lepton collisions in electron-positron colliders,

and lepton-hadron collisions in electron (positron) proton colli-

ders. A promising field with the potential for new insights is also

the study of collisions between complex nuclei at relativistic

energies, to be investigated in nuclear colliders like the RHIC

proposed by BNL.

The four kind of colliders address eventually complementary
scientific questions, having nevertheless some overlap.

There are strong scientific reasons to have in the next generation

at least one collider of each of the four kinds, which allows

for its particular reaction a major step forward in the available

center of mass energy. At this moment, there are important scienti-

fic questions specific to each type of collider. Whether this

situation will repeat itself in the next but one generation, is an

open question to be answered on scientific grounds, mainly on the

basis of the results obtained with the machines now under con-

struction.

Should some or all future "big science" facilities be developed

on the basis of international cooperation?

I think that for the development of the big facilities one should

always invite international collaboration of one sort or another.

This should be done in order to make sure that all the latest

scientific and technical know-how enters the design, independent

of the possibility for a later collaboration in the construction
with cost sharing. For high energy physics facilities this interna-

tional collaboration in the development stage is widely practiced.

What is the trend of international collaboration in high energy

physics? Is it increasing, decreasing or remaining relatively
constant?

In high energy physics, international collaboration is certainly
increasing. This is well demonstrated by the fact that we build in

Hamburg now a large accelerator facility at a national laboratory,
DESY, in international collaboration. This is certainly a step for-
ward in international collaboration. Increasing international colla-
boration is further demonstrated by the way in which the big detectors
are being built for the new colliding beam facilities SLC , Tevatron
Collider, LEP and HERA by large international teams, which include
scientists from both sides of the Atlantic, from Japan, from Eastern
Countries like the Sowjet Union and Poland, from the People's Republic
of China, from Israel and from other countries.
One of the proposals for a HERA-detector for example is signed by

about 200 scientists from nine countries. This type of international
collaboration on a large scale is to my mind also a remarkable
achievement of high energy physics, besides the exciting scientific
results.

7. What factors (a) facilitate or (b) inhibit international cooperation
in high energy physics?

(a) Here are some factors which facilitate international
collaboration:
The home institutions in particular the universities, have to

be sufficiently generous to their teaching personnel to allow
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actively participate in an experiment far away from their home
university. It certainly facilitates international collaboration
or working on a large center, if the distance is not too big,

so that an easy communication is possible. In Europe we have the

big advantage that from almost every country collaborating in DESY
or CERN one can communicate between the large facility and the

home university on a day to day basis. Funding agencies should
certainly appreciate the additional problem which arises with
international collaboration where much travel is required. They
can facilitate the collaboration by making the necessary travel
funds available.
There are more points of this practical nature which I hesitate
to list here. The host laboratory can of course help to make the

social environment acceptable for the visiting scientists and
engineers from the various countries. This also greatly facilitates
international collaboration.

(b) There are some administrative problems which inhibit international
collaboration like customs regulations, visa problems for people
from Eastern Countries or the permission to cross freely the

boarder, problems of data connections across boarders and so on.

They have been addressed e.g. by the Summit Follow Up Working
Group on High Energy Physics and outlined in the Report to the

Bonn Conference.

Does the rest of the worldwide high energy physics community agree
with the U.S. high energy physics community that the Superconducting
Super Collider or a similar facility is the highest priority?

With the technology of today, the highest center of mass energies
can be achieved with proton-proton or proton-antiproton
colliders like the SSC or similar projects discussed elsewhere,
e.g. the LHC in the LEP-tunnel. The success of the CERN proton-
antiproton collider gives us confidence that such a machine has a

high scientific potential. I think it is correct to say that at
this moment, most high energy physicists would agree that a very
high energy proton proton or proton-antiproton-collider would have
highest priority as a machine of the next generation.
If a technique would show up which allows to collide electrons
with positrons at much higher energies than with LEP at CERN
this priority might be questioned.
We hope of course that by then the hadron collider is under
construction at some place and that the high energy electron-
positron collider would be the machine to be built next.

What does "world leadership" in high energy physics mean? What
particular benefits accrue to the "world leader" versus "number
two"?

Why should national policy makers care whether or not the nation is

first, second or third in high energy physics research?

I would prefer to not answer that question. I think that we have
learned in the past ten or twenty years to collaborate intei^na-
tionally on the front line facilities in such a way that scientists

from all nations involved in this reseach share the credit for its
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success. We also have arrived at a situation where front line machines
which attract scientists from many countries are located in several
regions of the world.
In such a scheme it is obviously inevitable that at a given moment
in time the facility in one place has the chance to give best physics.
In the long term however, this should average out. National policy
m akers should care that their nation takes its share in this world-
wide effort to explore the secrets of matter, that the funds they
make available are used to build front-line facilities both, accele-
rators and detectors, and that the scientists of their country get
the chance to do excellent research in international collaboration.

10. Are the experiences of international cooperation in high energy
physics directly applicable to other fields of science? What
lessons may be learned?

I don't think that one can easily apply the experience made in high
energy physics to other fields of science. High energy physics is
character] ced by very large collaborations with a large number of
scientists. This nearly dictates international collaboration.
I don't know of any other field of science where the teams need
to be as large as to make international collaboration of that type
a necessity.

V. Soergel
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QUESTIONS FOR THE RECORD

G. Brianti

1

.

MHAT IS THE FUTURE PROSPECT FOR THE INTERNATIONAL COST-SHMING
OF THE NEXT GENERATION OF HIGH ENERGY PHYSICS FACILITIES. BOTH IN TERMS OF
CONSTRUCTION AND OPERATION?

The total cost of high energy physics for a given nation or a group of

nations can be divided in two categories :

i) construction and operation of accelerators/colliders and related
infrastructure,

ii) construction and operation of experimental detectors.

In general the costs of i) are covered by the Agency responsible for the
laboratory, while the costs of ii) are shared in wide international
collaborations.

At CERN, the "Agency" is formed by thirteen Member States and the costs i)

are shared among them on the basis of an International Convention, which has
insured stability and continuity of the Organization for more than thirty
years. Recently the LEP experiments at CERN plan to receive - 35*4 of the
total cost from foreign countries in the form of actual components.

Either methods could be applied to a new large facility.

2

.

UHAT ARE (A) THE ADVANTAGES AND (B) THE DISADVANTAGES OF SHARING THE
COST OF BIG SCIENCE FACILITIES ON AN INTERNATIONAL BASIS?

(a) Advantages

i) The obvious one that, by pooling human resources and financial means, a
better and more advanced facility can be built,

ii) The daily "wor)c together" of people with different cultural backgrounds
and mentality, which often constitutes an enrichment of the individual
participants, their home institutions and through them other scientists
and students. It contributes to promote high standards of excellence
and allow wider access to frontier research facilities.

(b) Disadvantages

i) The danger that the potentially accrued value of the united facility
is lessened by difficulties or hesitations of one or more of the
partners.

3. HOH MANY HIGH ENERGY PHYSICISTS ARE PERFORMING RESEARCH AT CERN AND
HOU MUCH FUNDING IS PROVIDED FOR HIGH ENERGY PHYSICS RESEARCH?

The total number of high energy physicists performing research at CERN is

- 2700, of which - 2200 come from CERN Member States and - 500 from
non-Member States (' 200 from USA).

The total CERN budget is 700H Swiss Francs per annum. To this one should
add - 600M Swiss Francs spent nationally in the CERN Member States.
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4. WHAT MOULD BE THE BEST UORLDMIDE CONFIGURATIOH OF HIGH ENERGY

PHYSICS FACILITIES FROM THE POINT OF VIEV OF SCIENCE? HOM MIGHT THIS BEST

BE DETERMINED?

The best worldwide configuration would be one in which complementarity is

achieved in one or more of the following features :

i) energy of particle collisions at constituents 'level

ii) types of particle collisions

ill) research aims
iv) dates of initial operation.

Ideally it would be attractive to explore the energy range above Tevatron I

at Fermilab, namely the TeV region, by one hadron collider (proton-proton or

proron-antiproton) and one electron-positron collider with a reasonable

geographical distribution, e.g. one in USA and one in Europe.

However it must be noted that the technologies to realize the two types of

installation have not reached to-date the same degree of maturity. While

circular hadron colliders would make use of rather well established
techniques, the electron-positron linear colliders eagerly await results of

the SLC at SLAC in 1986 for 50 GeV on 50 GeV, before an extrapolation to,

say, 1 TeV on 1 TeV can be based on solid grounds.

Concerning hadron colliders, the highest cost effectiveness, namely the cost

in $ per TeV, would be achieved with the LHC in the CERN LEP Tunnel, because

of the existing infrastructure (injectors, tunnel, laboratory facilities )-

Globally, the most rational approach would be to review the situation at the

end of 1987 after one year of operation of the SLC in the USA and the
conclusions of the Working Group on the Scientific and Technological Future

of CERN chaired by C. Rubbia.

5. SHOULD SOME OR ALL FUTURE 'BIG SCIENCE' FACILITIES BE DEVELOPED ON
THE BASIS OF INTERNATIONAL COOPERATION?

In high energy physics all big facilities are used internationally. For
their construction and operation, it is difficult to make very general
statements (see also the answers to other questions).

6. WHAT IS THE TREND OF INTERNATIONAL COLLABORATION IN HIGH ENERGY
PHYSICS? IS IT INCREASING. DECREASING OR REMAINING RELATIVELY CONSTANT?

By international agreement established in 1954 among thirteen European
Countries, all CERN projects have been built "internationally. In addition,
the trend of international collaboration in high energy physics is a steady
increase for what concerns experiments, in particular in the case of large
detectors. Examples are L3 at CERN LEP, and indeed all LEP experiments, and
CDF at Fermilab. Recently, also the HERA collider at DESY (Germany) has
been based on a financially modest but technologically significant
international collaboration in the form of actual machine components
supplied by foreigh countries.



92

7. MHAT FACTORS (A) FACILITITATE OR (B) INHIBIT INTERNATIONAL COLLABORATION
IN HIGH ENERGY PHYSICS?

(a) Factors which facilitate international collaboration:
i) The hope of achieving a better global result

ii) The success already obtained through international collaboration.

(b) Factors inhibiting international collaboration:
i) National pride
ii) Fear of a decreased activity in the local Universities.

8. DOES THE REST OF THE yORLDHIDE HIGH ENERGY PHYSICS COMMUNITY AGREE
MITH THE U.S. HIGH ENERGY PHYSICS COMMUNITY THAT THE SUPERCONDUCTING SUPER
COLLIDER OR A SIMILAR FACILITY IS THE HIGHEST PRIORITY?

The world high energy physics community agrees that progress in this science
can only be achieved by enhancing the range of energy available in the TeV
region.

At the moment, the only predictable way of achieving this is by building a
hadron collider considerably larger than TeV I. However, the answer to
question 4 should be borne in mind.

9. miAT DOES 'VORLD LEADERSHIP' IN HIGH ENERGY PHYSICS MEANS? HHAT
PARTICULAR BENEFITS ACCRUE TO THE 'HORLD LEADER' VERSUS 'NUMBER TWO'?
VHY SHOULD NATIONAL POLICY MAKERS CARE WHETHER OR NOT THE NATION IS FIRST.
SECOND OR THIRD IN HIGH ENERGY PHYSICS RESEARCH?

I do not think that the "world leadership* has a real significance for high
energy physics, which is an open field where all results are published.
However, given its cultural relevance, what is important for a nation or a

group of nations is to maintain a support vigourous enough to attract
excellent young researchers into the field. In practically all cases, these
scientisits will have the opportunity to carry out their research in wide
international collaborations, very often on a world basis.

Hence the importance of geographical distribution of facilities, so that
fore-front research can be carried out by University teams in more than one
nation or region.

10. ARE THE EXPERIENCES OF INTERNATIONAL COOPERATION IN HIGH ENERGY
PHYSICS DIRECTLY APPLICABLE TO OTHER FIELDS OF SCIENCE? MHAT LESSONS HAY BE
LEARNED?

Certainly the experiences of international cooperation in high energy
physics can be applied in other fields of fundamental research. In my
opinion the advantages of international collaboration go much beyond the
sharing of cost. It fosters scientific excellence and enriches the
participants by the exchange of different experiences and by the daily
comparison of more varied cultural backgrounds.
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Question 1: What is the future prospect for the international cost-sharing
of the next generation of high energy physics facilities, both in terms of
construction and operation?

"Answer: It is too early to give a definitive prediction of the prospects

for international cost sharing in the next generation of high energy physics

facilities. With regard to the Superconducting Super Collider, SSC, project

which is being studied in the U.S., we are actively pursuing opportunities

for international cooperation and cost sharing. We are, for example,

pursuing this through the Economic Summit process. Dr. Trivel piece, the U.S.

representative and Chairman of the High Energy Physics Working Group,

recently sent a letter to his Summit colleagues inviting participation of

scientists from their countries in the SSC effort. By this process, we hope

to develop grassroots interest in SSC among foreign scientists as a step

toward more substantial and formal participation. The Western European

community is heavily committed through the remainder of this decade to its

own major efforts to build two one billion dollar class high energy physics

facilities, the Large Electron-Positron facility, LEP, at CERN and the

Hadron-Elektron-Ring-Anlage facility, HERA, at DESY. Although they are

unlikely to be able to contribute to SSC construction, I believe that there

will be significant European collaboration in detector fabrication for the

SSC. Also, I am optimistic about the possibility of substantial collaboration

and cost sharing with the Japanese, although we don't have any specific

indications at this time.

With regard to international sharing in the operation costs of facilities,

we believe that charges for use of accelerators would have a negative impact

on international cooperation on a global basis. Clearly, if we were to

impose a use charge on foreign users, they would reciprocate by imposing such
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charges on the U.S. for use of their facilities. Such a condition would tend

to discourage international collaboration. Furthermore, there would be no

long-term net gain to the U.S. from such a procedure since U.S. physicists

currently have their proposals accepted at foreign high energy physics

facilities on the basis of their scientific merit with no charge for beam

time.

In summary, we recognize the importance of international collaboration and

cost sharing in the SSC and are actively exploring and pursuing oppor-

tunities and v/orking to develop appropriate mechanisms. As indicated, the

prospects of cost sharing in construction are uncertain, while the prospects

for cost sharing in major detector fabrication are very promising.
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Question 2: What are (a) the advantages and (b) the disadvantages of sharing
the cost of big science facilities on an international basis?

Answer: The primary advantage of international cost sharing in the cost of

big science facilities is that it may lessen the financial burden of the host

nation. On a long-term basis, the integrated costs to each region may be

about the same for a given scope of the world program, assuming that the

current balance among regions remains about the same as at present. In

addition, once international agreements are achieved, this might lead to the

advantage of more stable long-range funding commitments for high energy

physics.

The sharing in the cost of large facilities requires the negotiation of

formal International agreements and procedures. This process is uncertain,

cumbersome, and time consuming. Such a process could cause delays in

securing approval for starting projects and also impose complexities and

constraints on the implementation and management of the projects. The

delays and constraints would result in inefficiences and higher overall

costs for the world program. There are also many logistical and admini-

strative problems associated with major international activities, including

a multiplicity of formal approvals and other problems such as visa issues

and export regulations. Satisfactory mechanisms to deal with these issues

do not exist today. Discussions are under way to improve some of these

situations through the Economic Sunmit process.
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Question 3: What would be the best worldwide configuration of high energy
physics facilities from the point of view of science? How might this best

be determined?

Answer: The best worldwide configuration for high energy physics facilities

would be one that permits effective exploration of important, unexplored

physics domains with no unnecessary duplication of capabilities. Clearly

the major types of frontier capabilities as envisioned today are high energy

electron-positron colliders, proton-proton/proton-anti proton colliders, and

electron-proton colliders at the energy frontier, as well as fixed target

capabilities with various types of secondary beams. As the worldwide high

energy physics program is evolving today. Western Europe will have the lead

role in the early 1990's in electron-positron colliders with the Large

Electron-Positron, LEP, facility and in electron-proton colliders with the

Hadron-Elektron-Ring-Anlage, HERA, facility, while the U.S. will have the

lead in proton-anti proton colliders with the Tevatrun 1 :acility and in

fixed-target physics with the Tevatron II facilities until the Soviet UNK

3 TeV on 3 TeV hadron collider comes into operation. At this time, there is

consensus that the next step beyond these facilities should be a high

luminosity proton-proton collider able to explore in the TeV mass scale.

The Superconducting Super Collider, SSC, being studied in the U.S. is the

leading candidate for this capability.

The characteristics of the best configuration of high energy physics

facilities at any given time have to be determined from scientific needs,

with worldwide consensus and coordination of plans for new facilities. The

International Committee for Future Accelerators, ICFA, and the Economic

Summit process provide two special forums for discussion of plans on a

worldwide basis and for development of mechanisms for improved international

collaboration in high energy physics. In addition, there is extensive

communication between high energy physicists of all regions, and it is in the

best self interest of each region to achieve unique frontier capabilities in

each region rather than redundancy.
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Question 4: Should some or all future "big science" facilities be developed
on the basis of international cooperation?

Answer: There is a long history of extensive international communication

and cooperation in high energy physics, including the planning for new

facilties. It has been mutually agreed by the participants in the High

Energy Physics Working Group of the Economic Summit Process that the

required new and advanced facilities can be built and operated within

broadly constant worldwide budgets (with some fluctuations during years of

peak capital expenditure), provided that there is no unnecessary

duplication. This implies planning on an inter-regional basis to ensure

complementarity and cost effectiveness. Further concentration of facilities

is inevitable; however, the Working Group is convinced that more than one

region working effectively in high energy physics is essential to the health

of the science in the period of the study.

Each case should be judged on its own merits in a worldwide context. On the

other hand, I think it would be wrong to make a generalized pronouncement

that all large future facilities should be developed on the basis of

international cooperation.
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Question 5: What is the trend of international collaboration in high energy
physics? Is it increasing, decreasing or remaining relatively constant?

Answer: International collaboration in high energy physics is very extensive

but is also clearly increasing. During the past two decades, we have seen a

trend from a mode which primarily involved participation in international

meetings and conferences and exchange of individual scientists, to one

involving participation in joint experiments and extensive use of each

other's facilities on a long-term reciprocal basis and more recently, to

joint participation and cost sharing in the design, fabrication, and use of

major detectors. For example, there is strong participation by Japanese and

Italian scientists in the Colliding Detector at Fermilab, CDF, including a

total of about $15 million in cost sharing (nearly 30 percent of the cost of

CDF). U.S. scientists are participating to some extent in all four major

detectors at the Large Electron-Positron, LEP, facility and one LEP

experiment is led by a U.S. scientist. U.S. scientists have indicated their

interest in participation in Hadron-Elektron-Ring-Anlage, HERA, experiments.

One major experiment on the TRISTAN facility being built in Japan is jointly

funded by the U.S. and Japan.

As the cost of major facilities continues to increase, it is clearly

essential to avoid unnecessary duplication of facilities and to seek means

to reduce the fiscal impact of the large facilities. There is serious

pursuit of discussions to establish mechanisms for broader participation.

The Economic Summit process is one of these.
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Question 6: What attributes of high energy physics make international
cooperation easy to achieve?

Answer: High energy physics has a long tradition of international collab-

oration and cooperation. The many years of working together, which have

established successful modes of collaboration and a framework for dialogue,

provide a basis of mutual trust and understanding for continued cooperation.

High energy physics is an area where there is strong and widespread interest

by all highly developed countries. As an area of very basic research with

no immediate military or industrial applications, it is an area where

competing regions may freely and openly work together.

Another major attribute of high energy physics which facilitates international

collaboration is the concentration of the experimental research at a few

large facilities. With only a few major world centers (Fermi lab, Brookhaven

National Laboratory and Stanford Linear Accelerator Center in the U.S.; CERN

and DESY in Western Europe; KEK in Japan; and Serpukov and Novosibirsk in

the Soviet Union) and with a cohesive set of physics goals and mutual

interests, it is relatively easy for the leaders of the field to focus on

the issues and work together to develop mechanisms for cooperation,

coordinate planning of facilities, and reach consensus, provided the

proposed cooperation results in mutual benefit to all the participants.

Question: Does the field have attributes that make international cooperation
difficult?

Answer: The primary impedances to international collaboration in high

energy physics seem to lie in the domain of logistical and administrative

(visas, foreign travel restrictions, export licensing, etc.) issues rather

than in the inherent attributes of the field.
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Question 7: Has there been an overinvestment or underinvestment in high
energy physics relative to other subfields of physics or other disciplines?
How can the appropriate levels of investment in different subfields on
disciplines best be determined?

Answer: I believe the best way is to look at the individual programs and

assess the importance and excellence of the scientific results of that

program, the importance of the program to the nation's overall scientific

effort, and the needs a particular program has to remain excellent,

productive, and world competitve. I do not feel qualified to try to give an

assessment of what is going on in subfields of physics other than high

energy physics or nuclear physics, or in other disciplines. I will,

therefore, focus my response on the state of high energy physics.

High energy physics is a field in which effectiveness and productivity are

critically dependent on the capability of its experimental facilities. A

successful high energy physics program demands the availability of facilities

capable of forefront research in the important, unexplored physics domains.

These facilities are large, complex, and costly. I believe that the U.S.

today has a world-competitive high energy physics program. It is also clear

that to remain a world-class program further substantial investments in high

energy physics facilities are essential. Is the investment in high energy

physics out of line with the investment in other science programs? I really

don't know how to make such a comparison, but can only state that the

present Investment in high energy physics has given us a productive, world-

class program which has produced many payoffs in scientific discoveries,

technological benefits to the nation, and international prestige. A

substantially smaller investment would result in a second-class program.

An increased investment can be justified and could be profitably utilized.
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Question 8: What factors either (a) facilitate or (b) inhibit international
cooperation in high energy physics?

Answer: The major factors which facilitate international collaboration in

high energy physics are the long history of effective collaboration and

cooperation in high energy physics and the concentration of the program on

a few large facilities. The large cost of forefront facilities encourages

joint use and coordinated planning for the construction of new unique

facilities. This need has been recognized by the formal agreement between

all major participants in high energy physics that facilities in each region

are available to scientists of all regions on the basis of the scientifc

merit of their proposal without regard to nationality and without charge for

beam time.

The major inhibiting factors to joint funding of facilities are the logistic

and administrative difficulties I discussed earlier. In addition, the

requirements for international agreements, which move slowly and frequently

impose delays and operational constraints on programs, could result in

inefficiences and larger overall costs for the world program.
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Question 9: Will spending of national funds on international facilities be

to the detriment of national laboratories? What is the appropriate level of

funding or national research efforts versus international efforts and how

should these levels be determined?

Answer: Within a given budget level for the national program there is a

competition for funds between efforts related to national facilities and

those related to foreign or international facilities. Clearly, if the

overall program includes substantial efforts related to international

facilities, national facilities will not receive as much funding as they

would in an exclusively national program. This can be a detriment to

individual national laboratories.

From a more global point of view, each nation must strive to achieve a

balanced, comprehensive program with investigations in important physics

domains. The costs of facilities and fiscal restraint simply do not permit

each nation to have every kind of facility. Use of foreign facilities with

unique capabilities not available in the U.S. and participation in the

development of international facilities are essential to a well balanced

program of research and are the most cost-effective ways to proceed.

There is no simple general answer to the appropriate balance between funding

of national versus international efforts. It is a dynamic situation. Each

year it is necessary to look at commitments, physics needs, facility

capabilities, and the interests of scientists to determine the appropriate

balance within available resources. It is essential to have a base of

facilities with forefront research capabilities in the national program in

order to sustain a world-competitive program. The national facilities must

be funded adequately to permit them to operate at a productive, cost-

effective level.
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Question 10: What does "world leadership" in high energy physics mean?
What particular benefits accrue to the "world leader" versus "number two"?

Answer: The concept of world leadership in high energy physics refers to

the capability to do forefront research and produce a reasonable share of

the truly significant results on a worldwide basis. What is referenced is a

world leading or world-competitive position, not one of dominance.

The benefits of a competitive, world-leading program are that the U.S.

physicists and the nation share in significant discoveries and excitement of

this exploratory field of basic research and receive worldwide recognition

and international prestige for scientific and technological leadership.

Being able to work at the forefront and make pioneering discoveries provides

a strong incentive and drive to the nation's high energy physicists and

helps attract the top quality people who are essential to sustain excellence

in this highly challenging and demanding program.

The investment required for a high energy physics program is large in terms

of funding and manpower resources. This stems from the inherent

characteristics of the facilities required for forefront exploration. A

program with non-forefront facilities or with facilities which come on late

costs as much as a competitive, world-leading program but does not make

forefront discoveries.

Question: Why should national policy makers care whether or not the nation
is first, second or third in high energy physics research?

Answer: National policy makers should be concerned about the return on the

investment made in high energy physics and about the strength of the

nation's science and technology base. High energy physics is an important

fundamental science base of the nation's scientific and technological

strength. The U.S. should be world competitive and have some share

of the forefront facilities in the field. It costs almost as much to be

second and there is little credit and much less benefit to the nation.



105

Question 11: Are the experiences of international cooperation in high
energy physics directly applicable to other fields of science? What

lessons may be learned?

Answer: High energy physics has clearly been a pioneer in establishing

mechanisms for effective international cooperation and collaboration.

Clearly the patterns and mechanisms developed in high energy physics could

be beneficial to other fields, particularly those requiring large facilities.

Perhaps the biggest lesson to be learned is that successful international

cooperation requires mutual interest and benefit. We have learned that it

is essential to develop a basis of dialogue and interaction before attempting

any significant collaboration or cost-sharing efforts. International

cooperative efforts have had the mutual and beneficial effect of providing

each region with access to unique research opportunities which it could

not afford to provide locally.
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QUESTIONS AND ANSWERS FOR 1HE RECORD

Professor Jean Sacton

Preamble ; Because of the strong relationship belween sane of the questions, I

would appreciate that these answers be looked at as a whole.

This document summarizes my personal views and should not be considered as
representing the views of ECFA.

Some of these questions are worthy of much longer discussion than the few

enclosed comments.

1. What Is ttie future prospect for ttie International cos-h-sharing of the next
generation of high energy physics facilities, both In terns of construction
and operation?

The next generation of high energy physics facilities will be expen-
sive and therefore unnecessary duplication should be avoided. However, ac-
cess to a variety of machines (such as hadron-hadron, electron-positron or
electron-proton colliders) will remain a must for ensuring the success of
our field. It Is therefore expected that high energy physics facilities
will continue to exist In various regions. In operating these facilities,
the regions will have the obligation to open them to competent physicists
from all over the world, the access being guaranteed on the sole considera-
tion of the scientific value of the proposed experiments and their techni-
cal and financial feasibility. As Is presently the case for most of the
big high energy physics laboratories, there should be no or minimal parti-
cipation of the outside users to the operational costs.

As far as the funding of the construction of accelerators Is con-
cerned, Europe has experienced fwo dl fferent model s:

(a) CERN, which Is an International organization, Is funded by Its

various Membei—States according to wel I defined quotas. The fund
Is at the disposal of the organization to develop an agreed pro-
gramme of accelerator construction and exploitation.

(b) DESY, a national laboratory, has recently started the construc-
tion of the HERA ep col ilder. This machine wl I I be funded mainly
by the German Authorities with a participation from other coun-
tries supplying either homemade machine components or manpower.
The nature and the level of this participation Is determined on
the basis of bilateral agreements belween each country and Ger-
many.

Model (a), proposed In the Fifties, has proved to be successful In

Europe but would be probably much more difficult to Implement nowadays at
an Interregional level. Model (b) seems promising but Its success has
still to be assessed.
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The exchange of specialized personnel during the R&D phase preceding

future accelerator construction should also be viewed In the future as an

essential contribution to the project.

In the construction of large facilities, the active Involvement of

Industry, both from the host region and from the other participant coun-
tries, should be encouraged even during the R&D phase. This participation

should be organized, however, with great care In view of the widely differ-
ent local situations.

It Is worth mentioning that general purpose detectors In use at col-
liding beam facilities can be considered as part of the machine. Cost
sharing In detector construction Is already a current practice.

2. What are (a) the advantages and (b) the disadvantages of sharing the cost
of btg science facilities on an international basis?

Cost sharing of "big science" facilities on an International basis should

contribute to avoiding unnecessary duplication. It should permit the reali-
zation of ambitious projects which otherwise would remain fiction. Such

unique fad 1 1 ties would unavoidably drain top skilled scientists, engineers
and technicians from all parts of the world and contribute to the creation
of centres of excellence. However, various kinds of management difficul-
ties. Inherent to big International enterprises, could lead to a rapid

decrease In efficiency (lack of autonomy, lack of flexibility). In the

long term the danger Is real for a loss of competition spirit and creativi-
ty which could, nevertheless be overcome If various local programmes of
high quality are run In parallel. These programmes would be essential for

the training of those people who will later be working at the central faci-
lities; they should ensure the Indispensable links with the universities
and technical schools and should contribute to spread equitably the spin-

offs (Intellectual and technical) to be expected from the central facili-

ties.

In this discussion, the Industrial participation should be looked at care-
fully. A continuous search for compromises In order to minimize discrimi-
nation and Injustice could be paralyzing. Nevertheless, balanced solutions

will have to be found when choosing belween cost effectiveness and Just
return, standardization and originality, ...

3. Hoi» many high energy physicists are performing research In Europe and hew
much funding Is provided for high energy physics research?

Two surveys of the high energy physics community In Europe have been made
by ECFA In 1978 and 1983, respectively. It was found that over this period
both the size and the composition (experimentalists, theoreticians, Ph.D.
students, ...) of the community were quite stable. The figures for 1983
are as fol lows:

Experiment Theory

^ 2000 '^ 1 1 00
(which "> 2% are Ph.D. students)

Regarding the funding provided for high energy physics In 1983, the follow-
ing figures were given tome by Mr. C. Roche who Is compiling this Informa-
tion for CERN since many years.
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Member States contributions to CERN: 700 M Swiss Francs
National Expenditures of all Member States: 600 M Swiss Francs

These figures Include salaries and overhead.

4. What would be the best worldwtde configuration of high energy physics faci-
lities from the point of view of science? How might this best be deter-
mined?

As stated previously (see answer no. 1) various types of super colliding
beam machines which could give us access to a new mass scale are presently
considered to be the future basic Instruments for high energy physics.
Some of these machines are based on well understood physics principles
(e.g., the hadron-hadron colliders) whilst others are still In the R&D

stages (such as the electron linear colliders). However, this Is not the
only element which prevents us from defining today the best world-wide
futiire configuration of high energy physics facilities. Indeed, the
physics results from the present generation of accelerators as well as
further theoretical developments w 1 1 I be essential Inputs to this decision
making process. From the economical viewpoint, complementarity and cost
effectiveness should be taken Into account seriously In defining our global
strategy.

Please allow for some flexibility to accommodate the unexpected.

5. Should sane or all future "big science" facilities be developed on the
basis of International cooperation?

international cooperation In the development of "big science" facilities

should be driven by both scientific and economic motivations. It should
not be Improvised, but It should be prepared long beforehand and planned
very carefully. In high energy physics It has started since a long time
and has developed progressively to the present level. There Is no doubt
that this cooperation has proved to be extremely beneficial to our field.
Some national programmes had, however, to be abandoned but the expertise,
the know-how were at that time already well distributed among the various
participating countries allowing for an efficient exploitation of the cen-
tral facilities.

6. What Is the trend of International collaboration In iilgh energy physics?
Is It Increasing, decreasing or remaining relatively constant?

Undoubtedly the trend of International collaboration In high energy physics
Is Increasing primarily as a result of the Increased complexity and cost of

the apparatrjs needed (accelerators and detectors). The efficient exploita-
tion of sophisticated facilities Imposes the pooling of resources: man-
power, material and money. Also the availability of more and more effi-
cient computer links and nelworks makes It easier to exploit central
facilities remotely, even by small groups.
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7. What factors (a) facilitate or (b) Inhibit International cooperation In

high energy physics?

As stated above. International collaboration In high energy physics has

been driven by "ttie necessity of pooling resources to build and exploit the

tools Indispensable to develop our field. The resulting big facilities
constitute a pole of attraction for all those wishing to share the Intel-

lectual skill and ftie first class technological experti se which are concen-
trated ftiere. Once such a process Is Initiated, It keeps up and even de-
velops as a rolling snowball. International cooperation Is for us common
practice which will surely be facilitated by ftie recent developments of

computer communication networks. The experience of working In such a frame

provides also an Insight Into personnel and organizational matters which Is

frequently lacking In scientific personnel trained In o+tier disciplines.

Various factors may however contribute to Inhibit this collaboration, of

which I would like to mention:

I) sociological and administrative obstacles (language problems, admission
formalities In ftie host country. Integration of ftie family — schools,
work permits — , regulations governing ftie International transfer of

scientific equipment, ...)

II) geographical location of the facilities (distances, communications,
possibilities of dally commutation, ...)

Ill) lack of traveling funds (European high level of air fares has Inflated
travel expenditure)

Iv) International PTT tariffs and lack of standardization for computer
communications.

8. Does ftie rest of the worldwide high energy physics connunlty agree with the
U.S. high energy physics ccnmunlty ttiat the Superconducting Super (Dolllder

or a similar facility Is the highest priority?

We know that one clear need has emerged from our present studies which will
not be met by the accelerators now under construction. This Is ttie re-
quirement to Increase the energy range available for high mass particle
production. Large hadron colliders, such as the SSC, are privileged can-
didates In this race. Being bdsed on "classical" concepts, their realiza-
tion Is essentially dependent of our ability to mass produce medium or,
more challenging, high field superconducting magnets. Hadrons are compos-
ite particles made up of bound quarks and ttie results obtained from high
energy hadron-hadron collisions should be valuably complemented by those
from similar studies with structureless particles such as electrons and
positrons. Unfortunately, for the time being, technical limitations pre-
vent us to efficiently accelerate electrons up to the needed energies.
Large electron linear colliders are presently under study but an Intensive
R&D program would be required (and should be pushed) to convince the com-
munity of the technical feasibility of these machines.
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9. What does "world leadership" In high energy physics mean? What particular

benefits accrue to the "world leader" versus "number 1wo"?

Why should national policy makers care whether or not Ihe nation Is first,

second or third In high energy physics research?

At the occasion of a discussion of ftie future prospect for Interregional

collaboration, I will refrain from polemizing about the meaning of "world

leadership".

10. Are the experiences of International cooperation In high energy physics

directly applicable to other fields of science? What lessons may be

learned?

International cooperation In high energy physics Is going on since a long

time In detector design, construction, testing and exploitation. Also the

collaborative exploitation of various accelerators Is a common practice.

At variance, high energy physicists have still little experience In cost
sharing and cooperating In the construction of accelerators (apart from

expertise exchange) and It might be that this would prove to be a more
delicate exercise. Usually a big detector Is built, run and exploited In

common by the same partners. In the case of the accelerator (I am refer-
ring to the case of HERA at DESY), various components built In local In-

dustries will be assembled In the host laboratory. The machine wl I I be run

under the responsibility of ihe host laboratory for the benefit of a large

varlefy of users. Moreover, whilst a detector can be considered as a com-

bination of various (more or less) Independent modules, an accelerator
works as a whole, most of Its components being fully Integrated In the

complete system. In case of difficulty, fhe definition of responsibility
might become a delicate exercise.

This example shows that In our own field, different modes of cooperation

exist. One should thus be cautious In directly extrapolating our experien-

ces to other fields of science without a careful analysis of fhe specific

needs.
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Written Response to HST Questions

Concerning International Cooperation in

High Energy Physics

B. D. McDaniel

June 20. 1985

What is the future prospect for the international cost-sharing of the

next generation of high energy physics facilities, both in terms of

construction and operation?

While there is generally good international collaboration in the use of

high energy physics experimental facilities and the CERN laboratory

has been established as an international collaboration of the European

region, the prospects of international collaboration between regions

for sharing construction and operational costs are not very optimistic

for the near future. Both Europe and Japan are very heavily committed

at the present time to construction programs. At their current level

of funding it will be several years before significant funds will

become available for these countries to support any major program of

international collaboration on construction. It should be pointed out

that the current level of support for high energy physics In Europe

when measured in terms of the gross national product is already

about twice that of the United States. If one is to expect significant

contributions to a new major collaborative program, it is difficult to

see how this could be accomplished without a joint decision by our

President and the foreign chiefs of government with substantial

increases in resources becoming available from foreign sources for

this field of activity.

With regard to the question of collaboration in support of operating

costs the ICFA agreements, which are uniformly accepted by all

regions, state that the regional laboratory facilities should be made

available to all investigators without cost, subject only to the

scientific evaluation of the proposal. The statement of this principle

Is given In full In Attachment II of my written testimony submitted

on April 25, 1985. The agreement on this principle was in itself a

major achievement of the ICFA group and a major step in

international cooperation. To now ask for cooperation in supporting

operating expenses would be a backward step. In the full statement,

there is recognition that there may develop some unbalance in the

international program and that special considerations may be given to
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compensate for this unbalance. While some method of sharing

operating costs could be developed, except In a condition of major

unbalance, It would appear that the organizational efforts required to

work out a detailed sharing scheme would exceed the value.

In the case of the regional facility of CERN, we have an example of

international cooperation among the CERN member states both in the

construction and operation of accelerators. In principle this model

could be extrapolated to a world-wide basis. There are, however,

several factors which affect the desirability of making such an

effort. It has become recognized that the field needs complementary

accelerators, e.g., hadron-hadron collider, electron-positron collider,

and electron-proton collider. VvTiile in principle these might all be

constructed under a common management scheme and perhaps located

in different regions, the economic advantage of such an arrangement

is negligible except in the sense of "load leveling" for the countries

involved. Such a centralized organizational arrangement might also

reduce the regional competitive incentive which plays such an

important role in the advancement of the field. It Is anticipated that

many years would be required to establish such a broad international

cooperation and would. In the meantime, delay progress In the field.

What are (a) the advantages and (b) the disadvantages of sharing the

cost of big science facilities on an international basis?

a. Advantages: If one starts from the premise that more than one type of

facility is required and that redundant facilities will not be built in

any case, the principal advantage of sharing the cost of facilities on

an international basis is to smooth out the variation of financial load

on a given country while construction is being carried on in that

country. As long as there is no redundancy and the same world-wide

program is to be carried out, averaged over a long period of time,

there will be no net saving for any Individual region of the world. Of

course If the burden can be shared among other countries which are

not currently supporting such programs, this would lessen the burden

on the others.
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b. Disadvantages: Considering first the si^aring of construction costs,

one of the most difficult aspects is the organizational problem. In

order to initiate such an effort many years of negotiation at the

highest governmental levels will be involved. Such negotiations are

made difficult because of nationalistic pride and the nature of the

long term commitments v^hich are necessary. When new.initiatives

are'requfred, the flexibility In dealing with such matters is reduced

because of the necessity of obtaining agreement among all the

members. One way to avoid such delaying difficulties is for one

nation to commit itself to a major project and then to seek

supplementary support from other nations or regions. In such a plan,

of course, the lead nation suffers from a weak negotiating position.

Considering the sharing of operational costs, if the facilities are

relatively well balanced between regions, there is no net advantage of

sharing operational costs. The difficulties in budget management

will be much increased and will require considerable negotiation to

provide a satisfactory operating mode. Furthermore, if qualified

scientists from non-contributing poorer nations are excluded from

the use of the facilities, the quality of the science will suffer.

3. What would be the best worldwide configuration of high energy physics

facilities from the point of view of science? How might this best be

determined?

Speaking in general terms, one would avoid construction of redundant

facilities and schedule complementary front-line facilities with one

major facility in each major region, perhaps two or three in all.

Speaking more specifically in the context of the current situation, the

phasing is appropriate for a major hadron collider such as the 5SC to

be built in the U.S. By the mid 1990"s Europe will have recently

completed two major facilities (LEP and HERA) while the

opportunities in the U.S. will be seriously diminished. It is

appropriate therefore that the next major facility be the SSC hadron

collider in the U.S. To have the facility available at that time will

require starting of construction at a very early date. The next

machine after that might be an e*e- collider perhaps to be built in

Europe or Japan after adequate research and development has been

performed to make this possible.
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While It might appear that a closely coordinated plan for world-wide

physics would be the best way to proceed, this has the danger of too

close regulation of activities and the hazard of excluding Innovative

ideas. By having the possibility of independent initiatives, new Ideas

may develop and be executed and lead to better science opportunities.

It seems" that perhaps the best mode Is to maintain close

communication with the several active regions In an attempt to avoid

redundancy and plan an international strategy without enforced

discipline. At the present time, there are three major tregions of

activity and there are at least three major types of facilities

required to address the questions of high energy physics. It is

reasonable that each of the regions provide one of these facilities.

From time to time, over many years, this configuration will of course

change. A strong and active forum for such discussion and planning

should be provided. At the present time, ICFA could In principle

provide such a forum; however, to really do its job, it needs to be

strengthened and to be recognized as an important body at high

governmental levels by the participating nations.

Should some or all future "big science" facilities be developed on the

basis of international cooperation?

Perhaps the day will come when one particular facility of enormous

magnitude will be required in order to mal<e further advancement in a

field of science. Vvtien such a facility is recognized as being uniquely

required and of such magnitude that national or regional funding

sources are clearly inadequate to accomplish the goal, then the effort

should be organized on an international basis. As long as

complementary attacks on the goals of the field are possible and can

be accomplished within the financial resources of national or regional

nature, it seems desirable to coordinate the activities between

regions but maintain independent efforts. This will enhance the

competitiveness of the field, a force which drives the science. Of

course, redundancy in the construction of very large facilities should

be avoided.
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5. What is the trend of international collaboration in high energy

physics? Is it increasing, decreasing or remaining relatively

constant.

Collaboration seems to be increasing as evidenced by the

participatTon of several nations in the constnjction efforts for the

HERA machine at DESY. Though in the past there have been a few

efforts by various countries to supply particular elements of

hardware to an accelerator facility, the contributions being made to

HERA are on a much larger scale than such previous efforts. In recent

years there have of course been large contributions by various

national collaborators to the construction of large detection

facilities and this activity has increased as these facilities have

become larger.

6. What attributes of high energy physics make international cooperation

easy to achieve or difficult to achieve?

Because of the nature of a pure science there is no pressure to

maintain secrecy or to struggle for any financial gain. It is a highly

competitive field, but the interest in pure scientific achievement

dominates and makes It easy to establish collaborations.

One significant deterrent to scientific collaboration is the

complication and delay that may arise in a multinational effort. The

difficulties include communication and travel problems, but also, in

any large effort, Include negotiations at high governmental levels.

Such negotiations are likely to lead to large delays in the program.

There Is a major factor which makes collaboration difficult and it is

the nationalistic pride and desire to be scientifically dominant in the

field. Such attitudes of course are reinforced in many cases by the

national political interests.

7. Has there been an overinvestment or underinvestment In high energy

physics relative to other subfields of physics or other disciplines?

How can the appropriate levels of Investment in different subfields or

disciplines best be determined?

I believe there is no quantitative way to answer this question because

it Is so subjective. There are, however, some important
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principles. Because of its intellectual nature, there is little "pay off"

for engaging in high energy physics unless occasionally one is able to

make a frontier discovery, thus if one is to compete in this activity

one should do so at a productive level. The competitive aspect

ensures and stimulates a high quality of activity in the field. It

seems clear that a reasonable balance should be maintained between

the various fields of science since they interact and mutually

strengthen each other. The measure of whether there is

overinvestment or underinvestment in high energy physics seems to

revolve around the question of whether we are able to maintain a

competitive position in the field. I believe that we are now just

barely maintaining a competitive position in high energy physics and

that we must mal^e sure that we do not drop out of the competition.

8. WTiat factors either (a) facilitate or (b) inhibit international

cooperation in high energy physics?

Because it is a field of pure science without military or commercial

applications, open communication exists. This facilitates

cooperation. The state of international political relations can either

facilitate or inhibit the cooperation. This has been clearly shown in

recent years in the case of collaboration with the USSR. The

availability of complementary capabilities or resources may

facilitate the cooperation. Bureaucratic import and immigration

controls may needlessly and severely inhibit international

cooperation. Cost of travel Is of course also an inhibition.

9. Will spending of national funds on international facilities be to the

detriment of national laboratories? What is the appropriate level of

funding or national research efforts versus international efforts and

how should these efforts be determined?

If, in the long run, an appropriate "balance of trade" is not maintained

In the field, the national laboratories will suffer. The Instantaneous

ratio of foreign to domestic spending may not be greatly important

provided a strong and competitive domestic facility program is

maintained. I believe that a very competitive domestic facility

program Is essential to maintaining the long term viability of the

national effort in the field. I would estimate that the present ratio

of spending on foreign efforts is at a reasonable level and should be
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maintained provided the reciprocal balance by other nations is also

provided. HEPAP appears to be the appropriate organization to make

recommendations to the Department of Energy on this subject.

10. What does "world leadership" in high energy physics mean? What

particularbenef its accrue to the "world leader" versus "number two"?

Why should national policy makers care whether or not the nation is

first, second, or third in high energy physics research?

There are always a few select and very important frontier discoveries

to be made at any given time. The laboratory and nation which

provides the facilities for such discoveries is largely given the

credit for such discoveries. World leadership means then that a

particular laboratory or nation leads the world in providing the

facilities for such discoveries. The importance of such a lead is a

matter of national prestige, both to members of the field and to the

government. For many years the field of high energy physics has been

recognized by many of the governments of the world as a field of high

intellectual pursuit; leadership in this field contributes to the

broader national prestige. The reason for this is quite clear. We have

seen throughout the history of mankind that knowledge acquired

through basic research has ultimately always yielded results out of

proportion to the investment. We have observed this with regard to

electromagnetism, atomic physics, nuclear physics, condensed matter

physics, and in many other fields. In high energy physics one of the

difficulties with the number two or three position is that if a nation

is consistently in this position, it means that it does not contribute

to the cutting edge of the field. The payoff is in being competitive.

Being number two by turns is not so bad, but being always in such a

position will Inhibit the domestic interest in the field. Loss of such

an interest will be to detriment of the overall prestige of the nation

and will lead to the eventual decline of the field.

11. Are the experiences of international cooperation in high energy

physics directly applicable to other fields of science? What lessons

may be learned.

It would appear that these experiences might be directly applicable to

certain fields, e.g., radio astronomy, space telescopes and space labs,

and other fields where highly sophisticated and expensive facilities

are required in an intellectual pursuit and which at the same time are

not directly and heavily involved in application and commercial

enterprise. However, as in high energy physics, it is important that

there be a good "balance of trade" In so far as domestic versus foreign

use is concerned In order to maintain a high interest in the field.
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APPENDIX 2

Discussants' Questions and Answers for the Record

questions and answers for the record

Dr. Leon M. Lederman

1. What Is -the future prospect for the International cost-sharing of ft«e next
generation of high energy physics facilities, both In terns of construction
and operation?

Here "Hie new ground Is In construction of new facilities and their opera-
tion. There Is very little question but fhat cost sharing In the construc-
tion of large detectors will Indeed take place. The substantial players
are Western Europe, Japan and collectively, "others" by which I mean
Canada, Mexico, Brazil, Argentina, China, Taiwan, Korea, Singapore, India,

etc. In fhls latter category I list nations that have substantial scien-
tific Infrastructure and some activity In high energy physics. For exam-
ple, all of these have some activity at the Fermi National Accelerator
Laboratory

.

I believe It Is quite feasible and even likely fhat there can be substan-

tial Involvement on the part of Japan, Western Europe and the others If

there Is wisdom on fhe part of fhe U.S. In setting an appropriate strategy.
This must be based upon the separate sensitivities of each of the Individ-
ual regions or counfrles and upon a recognition of mutual advantages. Some
very subjective comments follow.

Western Europe Is In the midst of a major building program with LEP, HERA
and associated detectors. We estimate the total cost at about $2 billion.
These projects should be complete by about 1990 and. In principle, Europe
could then contribute hardware for the SSC at the level of, say, $100 mil-
lion per year for four years or so. This would represent about a third of
the annual expenditure for capital Improvement over the previous six years.
The contribution would of course be In components for the accelerator and

detectors made In Europe and delivered to the SSC project. (In these es-
timates we Include labor costs which are traditionally "understood" In

European accounting). Why would this happen? If SSC, In 1986, looks like

It will go unilaterally and produce a completed machine by 1994-5, It Is

difficult to Justify a European alternative, e.g., LHC, I.e., a smaller
machine with much less scientific potential for the LEP tunnel. If, In

1985-87, the U.S., with SSC looking good politically, offered to share
scientific management with Europe, It Is my personal opinion that enough
scientists would support this and, surely, the European governments would
welcome this. More or less, the same comments apply to Japan although
there Is more sensitivity there to pressure. On the other hand, Japanese
Industry seems extremely eager to share In the technological spin-offs and

would be a strong positive contributing factor.
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Canada, a very active country In HEP, would follow If SSC now looked like

the focus of the next step In HEP. Each of the other countries has Indi-

vidual problems, but fhe lure of an experimental counter, where young

scientists can be trained In the practice of large science with Its associ-

ated technologies, would be very strong. Whereas some of these countries

are exploding In technological manufacture, ofhers are burdened by large

debts but much can change In ten years. The Importance of advanced educa-

tion and a scientific base to gradually make the transition from a

high-tech labor pool Is widely recognized. The SSC In the U.S. can easily

be visualized as a world center of research and the very nature of the

objective: abstract, basic knowledge, would do much to make this practi-
cal .

When It comes to cost-sharing In the construction of the facility and Its

detectors, we always mean fhat the contribution will be In manufactured and

non-manufactured materials, rafher than In transfer of funds.

2. What are (a) the advantages and (b) the disadvantages of sharing the cost

of big science facilities on an International basis?

In the scenario outlined above, one could expect a reduction of cost to the

U.S. taxpayer of the order of 10-30$ where the upper limit Is probably too

optimistic. Thus, for example. If the overal

I

total project cost. Includ-

ing detectors. Is $4 billion, one could perhaps expect, say, $600 million

to be contributed, a substantial sum!

Additional advantage comes from fhe availability of technical experts, an

exceedingly rare commod I ty . Characteristic practice In the U.S. results In

a very large workload for a small number of available experts. Europe

generally has a much greater depth In their coverage of design, construc-

tion and operating tasks by key people.

The disadvantage comes from three sources: (1) Increased bureaucratic

problems, e.g., treaties, formal agreements, protocols all In a climate of

Increasing controls on technology transfer, etc.; (2) Increased difficulty

In decision making thatwill come from shared management responsibilities;

(3) decisions that arise from how industry profit from the advanced tech-

nology tasks associated with new accelerators. Should these be shared?

Should all counfrles Involved be permitted to bid? The U.S. must clearly

decide whefher It wants to keep the industrial action to Itself or not.
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What would be the best worldwide configuration of high energy physics faci-
lities from the point of view of science? How might this best be deter-
mined?

Her? is a 1985 Shapshot;

U.S.

Operating

AGS
TeV 1 1 800 GeV
CESR, PEP, SPEAR

Under
Construction

TeV I (2 TeV pp)
SLC e+e-

Under
Design

SSC

Advanced
Concepts

SpPS
W.Europe SpS

PETRA
DORIS

LEP e+e-
HERA

High Gradient
Linear Devices
(Lasers, etc.)

Japan
USSR

TRISTAN
UNK I (600 GeV)

iQ 199Q. lh£ Configuration could h&l.
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4. Should some or all future "big science" facilities be developed on the

basis of International cooperation?

My response Is that there are three possible modes for International col-

laboration:

A. Present mode: Country or region builds facility, all regions are

welcome to use It.

B. "HERA" mode: Country or region takes leadership In building fa-

cility but Invites International participation. Thus, ttie

Canadians, Italians and Dutch are bringing parts to HERA.

C. Full scale collaboration under International management, treaties,

etc.

Mode A: Optimizes efficiency, technology transfer advantage, scientific

prestige but maximizes cost to the host nation and reduces access

to world-wide science and engineering talent and Ideas.

Mode B: Reduced cost to host (10-20$?), but retains fair efficiency, tech-

nology transfer, prestige, etc.

Mode C: Minimizes cost to host and maximizes access to talent at the ex-

pense of Increased bureaucratic Inefficiency, delays, Instablllt/

(eg., UK and CERN) . The total cost of the project will clearly

Increase from A to C.

I believe we must treat "big science" I.e. central, shared facility, on a

case-by-case basis. Mode B would be the Ideal arrangement especial ly since

It can be tuned towards A or C. We must be aware of the fact that big

science, excluding space. Is still only a small part of our $8-10 billion

basic research budget; a nation or region with confidence In Its o^n future

may very well want to forge ahead without the obvious complications of

International treaties. In this case Mode A, which Insures collaboration

In the exploitation of facilities. Is the mode of choice. This does not

Imply that Mode C will not have Its time. The cost sharing feature will

very likely oufwelgh the Increased costs due to management complexity and,

at some time, may be the crucial element. The World Laboratory is an "Im-

possible dream" which will someday be realized.

5. What Is the trend of International collaboration In high energy physics?

Is It Increasing, decreasing or remaining relatively constant?

This Is definitely Increasing. Approximately 300 U.S. high energy physi-

cists are now committed to experiments In Europe and Japan. Major roles

are being played In the LEP and TRISTAN machines. European and Japanese

scientists are very active In the TEVATRON program. HERA Is being built by

collaboration (see above). ICFA maintains active discussions and workshops

on future facilities.

6. What attributes of high energy physics make International cooperation easy

to achieve?

Does the field have attributes that make International cooperation diffi-

cult?
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"Practice" Is "ftie obvious attribute. High energy physics may be said to

have been founded after WWII. But high energy physics Is simply a continu-

ation, by a new name, of a concern for the fundamental la^s of nature and

It can call on a tradition of Internationalism that goes back 400 years.

Perhaps the scarcity of genius made science Ignore national boundaries In

search of kindred minds engaged In similar fascinations.

Modern developments which have Increasingly required shared facilities of

even greater complexity again point to International collaboration. Just

as universities In the U.S. resorted to ever larger consortia to manage

national facilities, European countries banded together In*-" 1950 to organ-

ize CERN. In 1975, all active countries organized themselves Into ICFA,

International Committee on Future Accelerators. The motivation Illustrates

the attributes: to plan for tfie eventual It/ of a world laboratory. Ten

years of meetings resulted In three very good workshops but not even a

vestige of agreement. This Illustrates the dark side of Mode C (#4).

I do not believe the field of HEP has any specific attributes which make

International collaboration difficult, with the exception, common to all

sciences, that the practitioners are usual ly professors who must spend seme

time on campus with their students.

7. Has there been an over Investment or underinvestment In high energy physics

relative to other subflelds of physics or other disciplines? Ha» can the

appropriate levels of Investment In different subflelds on disciplines best

be determined?

"ITiIs Is difficult. All subflelds of physics are suffering from underln-

vesfment. It would require the wisdom of Solomon to examine each field

with a list of Cr I ter I a In mind. These criteria would Include scientific

opportunities, the quality and enthusiasm of new entrants, the Influence of

the subfleld on other subflelds, economic and societal Implications, long

term history of the field as an Indicator of future achievements, relative

costs, etc. Clearly to apply this would be a prodigious labor. However,

one could put weighting factors on each one of the listed criteria and come

up with a numerical rating to compare to funding level. The problem Is

that different subflelds stress different criteria.

8. What factors either (a) facilitate or (b) Inhibit International cooperation

In high energy physics?

(a) Fad I Itate

(1) Easy communication, computer nefworks, etc.

(2) Need for central, shared facilities
(3) Governmental pressure. I.e., budget constraints
(4) Shortage of talented scientists and engineers
(5) Tradition
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(b) Inhibit

(1) Visa and customs complications
(2) Technology transfer restrictions

(3) University presence
(4) National I sm

(5) Benefits to local Industry In an Increasingly competitive world

economy

9. HIM spending of national funds on International facilities be to ttie

de-triinent of national laboratories? What Is the appropriate level of fund-

ing or national research efforts versus International efforts and hew

should these levels be determined?

Not necessarily since one effect of Increased International collaboration

will be to convert one or" more national laboratories to partially Interna-

tional laboratories. This would be true If we adopt Mode B (question 4).

Ultimately, single purpose national laboratories or the HEP components of

multipurpose labs will be reduced In scope anyway as the frontier ne* fa-

cilities appear. The appropriate funding levels for national vs. interna-

tional labs must be based upon the science mission but also on the need to

keep a base of operations In-natlon. In Europe, each CERN member state has

spent about as much In-country as their CERN dues. In the early years

these in-country funds supported national accelerator laboratories. Later,

many of these closed until only W. Germany maintains Its own accelerator

facility.

As we face a future of dwindling centers, a reasonable guess Is that the

U.S. would want to keep 1wo strong facilities (or one ven/ strong one and

one less strong). In equilibrium, foreign contrlbtlons to U.S. facilities

would about equal U.S. contributions to foreign facilities, averaged over a

sufficiently long period. Looking even further ahead, a world laboratory

situated In SHANGRI-LA might require the contributions of about half the

HEP budget of each country with the other half supporting the users groups

and facilities In-country.

What Is of great concern here Is the balance of exploitation of foreign

facilities vs. national facilities In the present mode. Here, scientific

opportunities and minimization of duplicative research should be the main

criteria.

10. What does "Vorld leadership" In high energy physics mean? What particular

benefits accrue to the "Vorld leader" versus "number two"?

Why should national policy makers care whether or not the nation Is first,

second or third In high energy physics research?

The U.S. held world leadership In HEP from roughly 1950-1970. Some of the

best and brightest of foreign scientists emigrated to U.S. universities and

greatly enriched the scientific strength of the nation. Our exports bal-

ance was heavily "high-tech" and U.S. technology was overwhelming. The

correlation was no accident. Great scientists attract students and recruit

potential scientists.
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Something happened about 1970 and by 1975, W. Europe was spending an In-

creasing fraction of ttielr GNP on basic research while the U.S. fraction
was decreasing. Leadership passed to Europe clearly by 1980. Japanese
Invesfment In basic research also Increased substantially In this period.
Now, there Is fierce technological competition and In many fields we have

also lost our technological lead: machine tools, tires, computer chips,

specialty steels, exotic alloys, etc. Again, the correlation could well be

significant. World leadership does not mean dominance. Competition has

always been an Important Ingredient In science because scientists do have

human traits. Whereas It matters little If the UK Is not a world leader In

an Important subfleld of science. It means a lot If the U.S. Is number fwo.

High energy physics Is the cutting edge. A direct line connects today's

leaders in the field to their teachers who created quantum physics and the

technological revolution. There Is a lateral and symbolic link belween
leadership In this particular science and leadership In world affairs - It

expresses confidence In the future and a recognition of the Importance of

culture In the affairs of great nations. Witness the U.S., a nation whose
decline In science matches well against Its decline In will and l.n In-

fluence. History Is replete with similar examples.

11. Are the experiences of fnternatFonal cooperation In high energy physics

directly applicable to other fields of science? What lessons may be
learned?

That HEP Is In the lead here Is Illustrated by the existence of CERN, a

consortium of eleven European nations formed literally In the rubble of

WWII. This Is without doubt the most successful International laboratory,
and has served as a model for other sciences. We should note that the U.S.

was Instrumental, even crucial. In the initiation of CERN. U.S. scientists
and engineers contributed their greater experience in the years 1950-1960

to the research and to the design of the CERN machines. In particular, the

Invention of strong focussing at BNL In the late 50's was Immediately com-
municated to the CERN designers and had a crucial effect upon the design of

the CERN Proton Synchrotron.

Since HEP is the prototypical "Big Science" subject, the user mode and

central shared facilities have been operative with Increasing tempo since

the early 50's. This has already had a big effect upon nuclear science,

oceanography and other sciences where. Increasingly, the facilities must be

shared. Of course, astronomers lined up for telescope time much earlier.

The lessons have to do with management styles, with the sociology of large

groups, with the problems of travel to the laboratory versus presence on

campus. There Is very little In the way of mechanisms for trangnlttlng the

experience of how to do and not to do these things.
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Responses by Nicholas P. Samlos, Brookhaven National Laboratory, to Questions for

the Record of the Task Force on Science Policy: Review of International

Cooperation In Big Science; High Energy Physics, April 25. 1985.

1. What is the future prospect for the International cost-sharing of the next

generation of high energy physics facilities, both in terms of construction

and operation?

Answer to Question 1. I believe It makes sense and the time Is appropriate

that there be International cost-sharing for the next generation of high

energy physics facilities. Whether It occurs depends on many factors, not the

least of which Is that all parties believe that It Is of mutual benefit to do

so. It Is clear that these machines are becoming very large In scale and

cost, that there will be, at most, one of each type and that they will be

complementary In nature. What Is needed is the conviction and the will to

commit to the first such project and the cost-sharing feature of this on

other endeavors will surely follow. At present, there Is a consensus that a

SSC type of machine Is the logical next step In high energy facilities. The

other major science centers have large construction projects under way (LEP at

CERN, UNK at Soviet Union and TRISTAN In Japan), and these efforts preclude

major roles In new starts until the early 1990' s. As such, the U.S. Is In the

unique position of having the necessary expertise and personpower to

aggressively pursue an R&D program for the next three years with a projected

construction start In ~ FY 1989.

For accelerator operations one probably should assume that actual accelerator

operation costs should be borne by the host Institution and Its own funding

entity: However, experimental equipment, etc., which Involves continuing

large financial outlays, can be expected to be shared Internationally as Is

presently done at CERN by U.S. experimenters and by Japanese at U.S.

laboratories.

2. What are (a) the advantages acA (b) the disadvantages of sharing the cost of

big science facilities on an international basis?

Answer to Question 2. Advantages obviously are that costs for U.S. would be

reduced, thus possibly facilitating construction of a very large facility.

Disadvantage Is probably loss of control over facility by U.S. - funding

becomes complicated In sense of requiring delicate International negotiations

at highest levels - treaty negotiations, etc. Unless U.S. funding of such

collaborations can be done on longer term basis than present "annual" budgets,

there would probably be serious difficulties In treaty negotiations.

Important Issues on siting of the accelerator In U.S.A. are discussed In

answers to other questions below.

3. What sould be the best worldirlde configuration of high energy physics

facilities froa the point of view of science? How might this best be

determined?

51-563 0-86-5
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4. Should some or all future "big science" facilities be developed on the basis

of International cooperation?

Answer to Questions 3 and A. It probably would not be in the best Interest of

science to have a monolithic planning body for world effort in HEP. Such

bodies have often been less than clairvoyant on issues of best future

facilities. The best worldwide configuration is one which contains

significant complementarity in accelerator capabilities - and that seems to

happen naturally as a result of the several distinct and separate planning

bodies of the world. Communication is good between those bodies.

Capabilities of studying physical phenomena at more than one Institution is

essential to the progress of science. Competition is essential and healthy.

5. What Is the trend of International collaboration In high energy physics? Is

It increasing, decreasing or remaining relatively constant?

Answer to Question 5. Collaboration on machine design is increasing.

Collaboration in experimental programs across national boundaries is very

common. Funding of experimental equipment to be used at accelerators in

"foreign countries" is significant and growing vis-a-vis Japanese-American
collaborative experimental programs at U.S. Accelerators, large experimental

equipment being built in U.S. for use at HERA and CERN , etc.

6. Hhat attributes of high energy physics make International cooperation easy to

achieve?

Does the field have attributes that make international cooperation difficult?

Answer to Question 6. The diversity of facilities in different countries

fosters international collaboration. Physicists are interested in solving

physics problems and naturally collaborate across international boundaries in

order to find experimental facilities appropriate to their particular

experimental programs. Physics is foremost - so that although healthy

national competition exists for new discoveries, the scale of experiments and

their cost creates a climate very receptive to collaboration.

As a forefront field of science, of course, there is chauvinism. Credit to

laboratories (which insures their long term viability) usually comes

independent of national origin of the experimenter. Rubbia's discovery of the

W & Z are accomplishments of a Harvard professor but that work is acknowledged

to be a "CERN" - European coup. That is why on large facilities, i.e.

construction of accelerators, it will be hard to foster true cooperation.

However, this has not significantly hindered scientific collaboration because

credit usually accrues to the scientist. In the above example both Rubbia the

person and CERN the Laboratory get the credit.

7. Has there been an overinvestment or underinvestment In high energy physics

relative to other subflelds of physics or other disciplines? How can the

appropriate levels of investment In different subflelds on disciplines best be

determined?
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Answer to Question 7. Very difficult question. High Energy Physics addresses

the most fundamental scientific Issues. That it should receive very high

levels of support is justified by its success and by the fact that the

research requires large expenditures. It would be unreasonable to think that

some other fundamental and very important scientific endeavors could

automatically absorb funding going to HEP. They often have no need for such

large resources to proceed at the forefront of their fields. There are, of

course, financial - competitive Issues.

Before answering the question of overinvestment or underinvestment in HEP

specifically, one should answer the question regarding all of the U.S.

science. The scientific endeavors of the country relative to their long term

value to society are underfunded and over the last decades the support has not

kept pace with either GNP or other measures of economic growth. This general

issue is determined by governmental bodies - both executive and legislative.

The general question of science funding cannot be otherwise.

The decision as to priorities for funding between different fields is best not

done in a monolithic fashion. We have over the years been quite successful In

science generally. The views of the scientific community as a whole has been

influential in these global decisions which have basically been made by
non-scientists - both in the executive and legislative branches of the

government. Scientific successes in different fields have resulted in further

support for that field. National needs in technology have also played a role

in assigning priorities. It is probably best for science to have diffuse

authority in these issues. Since science often involves very high risk and

adventurism in attaining success, it is probably not good to put all the

decision capability within one organization.

8. What factors either (a) facilitate or (b) Inhibit intematioiial cooperation in

high energy physics?

Answer to Question 8. Answered In 6 above.

9. Will spending of national funds on international facilities be to the

detriment of national laboratories? What Is the appropriate level of funding

or national research efforts versus International efforts and how should these

levels be determined?

Answer to Question 9. Spending of national funds on international facilities

is to the detriment of national laboratories only if it stops being
complementary. At present the balance is not unreasonable. If the U.S.

should fall significantly behind in accelerator capabilities then obviously

the need for us to spend in international endeavors will exceed the financial

flow within the U.S. and that will be a serious detriment to the

laboratories. The appropriate level will vary with time. Without a major new
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start, our facilities over the next ten years will surely fall behind those

available in Europe. In the next ten years, one might assume U.S. involvement

abroad will be perhaps 10-20 percent of the U.S. effort in HEP.

10. What does "world leadership" in high energy physics nean? What particular

benefits accrue to the "world leader" versus "number two"?

Why should national policy makers care whether or not the nation Is first,

second or third in high energy physics research?

Answer to Question 10. World leadership means that we are making important

discoveries, recognized by the world community, winning prizes, etc., leading

the way in accelerator development, producing new physicists of the highest

quality, delivering significant spinoff useful to American Industry, etc.

The image of the world leadership reflects on the respect we gain outside the

U.S. for very significant intellectual accomplishments which bring confidence

(in the whole world community) that the U.S. is in fact a world leader in

technology and science. It brings a pride to our own populous, most important

in inducing students to enter science and become not only researchers in pure

science activities but in a very significant part of the whole technological

(both civilian and military) establishment.

Intellectual challenge to the society is crucial to the maintenance of a high

technology society. If the country engages in such an activity it must aspire

to be first. Aspirations to be second or third in a field are sure to lead to

general decline - you can't stay even in second place without the incentive to

be best! A national decision in any field, that it is not important to be

first, will surely lead to steady decline and we will find ourselves soon not

second or third - but out. High energy physics is recognized by the best

universities (in the U.S. and abroad) and by the majority of thoughtful and

recognized scientists to be at the cutting edge of science. It is also so

recognized by many young aspiring scientists. To relegate it to a position of

removing the potential to be first, will have the effect of downgrading

science in the U.S. - a sure way for us to obtain second-rate credentials.

11. Are the experiences of International cooperation In high energy physics

directly applicable to other fields of science? What lessons may be learned?

Answer to Question 11 . The healthy experiences in international cooperation

in HEP are surely applicable to other fields of science. Successful

activities in any scientific discipline have known no national boundaries and

we should not erect them! The experiences in HEP are directly applicable to

most big science endeavors: Astronomy, atmospheric science, space science,

etc. International collaboration strengthens our own technological stance -

by allowing time and vital exchange of information in all areas of technology.

One of the important lessons is mentioned above. Successful cooperative

efforts cannot only be in the domain of people exchange, etc. The facility

issue is important to maintain a superlative U.S. image. An Indian on a

U.S. space shuttle may bring glory to himself but little to India. An

American physicist at CERN brings glory to himself, not to the U.S. Important

astronomical observations at the VLA bring glory to the U.S.A., not the

country of origin of the astronomer.
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November 1, 1985

Response to Supplementary Questions from the Science Policy Task

Force Hearing of April 25, 1985 by Burton Richter

1. What is the future prospect for the international cost-sharing of

the next generation of high energy physics facilities, both in terms of

construction and operation?

The answer, I believe, depends on where the machine is constructed. For

a machine to be built in the U.S. the possibilities are good for cost sharing

with Pacific Basin countries. However, they are quite poor for the foreseeable

future with Europe as a whole. A serious problem in discussing international

collaboration with Europe is that there is no one to speak for "Europe" other

than CERN, which quite properly has institutional interests as well as scientific

ones. Further, Europe is in the midst of a massive accelerator construction effort

which dwarfs what has gone on in the U.S. in the last five years. At CERN, LEP
is under construction and an advanced antiproton source for the pp colliding

beam facility is also under construction. In'Germany the world's highest energy

electron-proton colliding beam facility is under construction. Together, these

projects cost on the order of 1 to 1.5 billion dollars, including staff costs. Thus

I see no funds available from Europe for the foreseeable future. However, it is

possible that certain individual countries in Europe would contribute to costs of

a facility outside Europe.

The question of cost sharing for operation is more complicated. At present we

have a rough "balance of trade" in high energy physics where U.S. physicists using

foreign facilities are about balanced by foreign physicists using U.S. facilities.

Where there is a balance of trade, outflow equals inflow, and there would be

no cost saving through cost-sharing for operations, though there would be a

considerable increase in administrative costs.

2. What are the advantages and the disadvantages of sharing the

cost of big science facilities on an international basis?

There are two possible advantages to international cost-sharing. First, such

cost-sharing may make possible the construction of a facility that is too expensive

to be built in any other way. If this facility is affordable by the host country,

international cost-sharing can reduce its financial impact.

The major disadvantage of the internationalization of the construction of

big science facilities lies in the increased bureaucracy and in the increased costs

incurred by what must be a more cumbersome design and construction procedure

compared to what could be done were a single country to be the constructor.
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3. What would be the best worldwide configuration of high energy

physics facilities from the point of view of Science? How might this

best be determined?

The best configuration of high energy physics facilities would, in the long

run, include a very high energy proton-proton colliding beam storage ring and a

very high energy electron-positron linear collider. Intermediate energy machines

of both types would be very useful. The appropriate combination of maw;hines

jmd energies and locations is much more difficult to solve. This is clearly time

dependent and science dependent. A proton machine covers all energies below

its effective energy. Thus a very high energy proton collider might make an

intermediate proton machine redundant.

Electron-positron colliders are quite different, and one machine does not

efficiently span all of the energies below its maximum effective energy. Thus

both intermediate energy and very high energy machines of this type might be

appropriate.

There is already a consensus in the physics community on the appropriate en-

ergy for a very high energy proton-proton colliding beam machine. The question

that is not settled is whether an intermediate machine is also desirable. There is

also a developing consensus that in the electron-positron colliding beam field a

machine of .5 to 1 TeV would be desirable to be eventually followed by a machine

with an effective energy beyond that of the oft-discussed SSC.

4. Should some or all future "big science" facilities be developed on

the basis of international cooperation?

I believe one should go international only when the advantages clearly out-

weigh the disadvantages. The difficulties and complexities of working in an in-

ternational mode are usually underestimated.

5. What is the trend of international collaboration in high energy

physics? Is it increasing, decreasing, or remaining relatively constant?

The trend is toward more international collaboration as the number of ac-

celerator facilities decreases and as both the accelerators and experiments get

larger and more costly. In experimental physics the fraction of U.S. work going

on overseas as a fraction of the university support has remained roughly constant

over time.

6. What attributes of high energy physics make international coop-

eration easy to achieve?

The time scale for applications coming from the basic research in high energy

physics is extremely long, and so commercial and industrial advantage is not
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important in making the siting decision. In addition, high energy physics has a

long history of international cooperation on construction of facilities in Europe,

and the use of facilities and the funding of experiments worldwide.

7. Has there been an overinvestment or an underinvestment on high

energy physics relative to other subfields of physics or other disci-

plines? How can appropriate levels of investment in different subfields

or disciplines best be determined?

The relative over- or underinvestment in a particular field of science is very

difficult to determine. As a high energy physicist I of course do not believe that

there has been any overinvestment in high energy physics. I would say that

conditions for high level of investment in a particular field in basic research are

the following:

A. The people should be excellent.

B. A rapid pace of discovery and advancement should be occurring.

C. The field should show some ability to set priorities on what has to be done.

If the three conditions are met, then"*! think the policymakers should set

the level of support slightly below that which is claimed by the scientist to be

required for the proper pursuit of their work. There is no way for the nonscientist

to evaluate in detail the needs of a field of physics, and a mechanism has to be

found to make the practitioners make responsible choices among alternatives. I

think only budget pressure works.

It is also important when a field is supported and builds new facilities, to

supply the necessary funds to operate those facilities and to support the university

scientific community at a level such that those facilities can be properly used.

8. What factors either facilitate or inhibit international cooperation

in high energy physics?

International collaboration is facilitated by having diff'erent types of facilities

in different regions. Scientific interest will then lead some scientists to want to

work at those machines in other regions, for some kinds of opportunities will

only be available elsewhere. At the same time, we must have sufficient support

to keep the home institutions healthy and those working outside the U.S. must

be able to make significant contributions to the collaborations in which they are

a part. Some balance must be struck between work outside and work inside our

country.

International collaboration is inhibited by shortage of funds, for high-priority

national efforts tend to have the first claim on available funds as well as by

various bureaucratic barriers put up like many governments that discourage the

easy international use of facilities. In our country visa problems, work permits

for family members, customs barriers, etc. make life complicated for foreign

scientists wanting to use our accelerators and contribute to our experiments.

These matters are discussed in more detail in the Appendix of the "Annual

Report to the Working Group on Technology, Growth, and Employment" by the

Summit Working Group on High Energy Physics; April 1985; DOE/ER-0223.
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Responses to Questions for the Record
Professor Jack Sandwelss

Yale University

1. What is the future prospect for the International coot-sharing of the next

generation of high energy physics facilities, both in tems of construction

and operation?

Answer to Question 1 . The prospect Is good for a limited cost sharing of

construction costs for the next generation of high energy physics facilities.

It Is not unreasonable to Imagine that Japan and Canada, for example, might

participate In the construction of the proposed Superconducting Super Collider

(SSC) In the United States. Although such participation could be substantial,

it Is very likely to constitute a fraction of the total construction cost. An

example of such a construction collaboration is afforded by the Hadron-

Electron-Ring Accelerator (HERA) project In the Federal Republic of Germany.

The German government bears abnut 70 percent of the construction cost and the

foreign collaborators bear the remaining 30 percent. Overall responsibility

for the project Is centralized In the Deutsches Elektronen-Synchrotron (DESY)

laboratory In Germany.

Because Europe, as a region, is very Interested in maintaining a forefront

capability in high energy physics, it is unlikely that there would be European

collaboration In the construction of a new United States accelerator, such as

the SSC.

Sharing of operating costs is conceivable but cumbersome. A way of

effectively sharing such costs is for foreign collaborators to contribute to

the (expensive) instrumentation required to use the accelerator. Such
instrumentation cost sharing Is now a widespread practice In high energy

physics.

2. What are (a) the advantages and (b) the disadvantages of sharing the cost of

big science facilities on an international basis?

Answer to Question 2 . The major benefit of cost sharing of big science

facilities on an International basis Is the possibility of providing science,

worldwide, with facilities which would not otherwise be available or which
would be available only after considerable additional delay. Such cost

sharing would also enhance the exchange of scientific Information and the
general quality of International collaboration.

The disadvantages arise from the additional complexity Inherent In a

multi-nation cost sharing arrangement. These might Involve project delays
while the details of the cost sharing are negotiated and/or a loss of

management flexibility during the course of the project because of constraints
arising from the cost sharing agreements.

On balance, if significant cost sharing can be achieved, it would appear that
the benefits outweigh the disadvantages.
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3. What «oald be the best «orld«lde confignration of high energy pbyslcs

facilities from the point of view of science? How might this best be

detemloed?

Answer to Question 3 . In my opinion, an essential ingredient of the optimium
world configuration of high energy facilities includes an SSC, in the United
States, coming on-line for physics research by the mid-1990's. A high
luminosity hadron collider is universally recognized as the clear priority,
worldwide, for high energy physics. In no other way can some of the central
issues of the science be addressed.

The European efforts in high energy physics will be concentrated on LEP until
the early 1990' s. The hadron collider project is too large for Japan.
However, such a project fits well—at least scientifically—in the United
States program. The United States will complete its current projects, the
TEVATRON at Fermilab and the Stanford Linear Collider at Stanford Linear
Accelerator Center (SLAC), by 1987. Some of the other older facilities, the

PEP storage ring at SLAC and the Alternating Gradiant Synchrotron (AGS) at

Brookhaven, are likely to be obsolete by the mid-1990 's. Thus, the SSC is

appropriately timed for the United States program.

The European high energy community is, of course, concerned about the long
range future of CERN and DESY. There is a clear intent to maintain a
forefront position for Europe in the field of high energy physics. It is too
early now to say what the correct choice for Europe and CERN will be. There
are several possibilities which are, and will continue to be, under intensive
study. These include a hadron collider in the LEP tunnel, an e-p machine
using LEP as the electron accelerator, and more exotic schemes Involving
accelerator techniques which are still In the research and development phase.

It is also clear that the European plans will be affected in a major way by

the United States action with respect to the SSC.

In my opinion, the best way to "reach the optimum" is to maintain and increase
the exchange of information on the planning and the planning process in each
region. There is, I believe, general international agreement that major
duplication of facilities can no longer be afforded. Given this view and full
information exchange, I believe no other formal mechanism is required or
desirable.

4. Should soae or all future 'l>lg science" facilities be developed on the basis
of International cooperation?

Answer to Questions 4 . The cost sharing of new facilities on an international
basis would be a "positive good" as discussed in the answer to question one.
However, it would not be desirable to establish a "world laboratory" supported
internationally to become the world center for high energy physics.
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Answer to Question 4 - Continued . There are several reasons for this
opinion. The first and perhaps the most important is that the science
requires several different types of facilities. There are good fundamental
reasons for believing that this characteristic will continue. Thus, there is
no reason not to maintain regional high energy physics centers whose programs
complement one another. Indeed, there are considerable efficiencies of
management, operation and utilization of regional (as contrasted with world)
facilities. Finally, many of the benefits to related sciences and to society
are enhanced if the major high energy facilities are "closer to home".

5. What Is Che trend of international collaboration in high energy physics? Is
it Increasing, decreasing or remaining relatively constant?

Answer to Question 5 . International collaboration has traditionally been a
strong feature of high energy physics research and the trend has been to ever
Increasing levels of such collaboration. At first, there was excellent
exchange of Information and techniques, often supported by frequent visitor
exchanges. Later, joint design and construction of major experimental
apparatus developed. Most recently, the collaboration In construction of
major accelerator facilities has begun. As noted in the answer to question
number one, the HERA project in the Federal Republic of Germany is the first
such facility to be constructed by an international collaboration (under the
overall leadership of the West German DESY Laboratory).

6. What attributes of high energy physics make international cooperation easy to
achieve?

Does the field have attributes that make international cooperation difficult?

Answer to Question 6 . High energy physics is a fundamental science which
seeks to learn about the basic structure of matter and energy. As such, it
has a broad interest and appeal to scientists worldwide. There is a true
international community in the field and there is general agreement as to what
constitutes good research and as to the promising directions for future work.
These features are the basic reasons for the growth and success of
international collaboration in high energy physics.

A secondary feature of importance in this regard Is the large scale of the
facilities and experiments. This feature makes collaboration, in general, a
favored strategy In the field. Thus, European high energy physicists have
achieved much greater results by collaborating via CERN than they would have
in a pattern of smaller national efforts.

One factor that must be kept in mind, however, is the desire of the major
regions of the world to maintain a strong and healthy high energy physics
research program in their own region. Such desires do not prevent
International collaboration, but they do affect the form which it can take.
See, for example, the discussion of the next generation plans of the United
States and Europe given in the answer to question three.
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Has there been an overinvestment or underinvestment in high energy physics

relative to other subflelds of physics or other disciplines? How can the

appropriate levels of Investment In different subflelds on dlsdpUnes best be

determined?

Answer to Question 7 . The question of the proper balance of Investment in the

different scientific fields and in science in general is a most difficult

one. In ray opinion, the United States program, involving the interplay

between scientists, government agencies and Congress is a good one. The

role of Congress in making the final decisions amongst the various societal

goals seems to me to be an appropriate one.

In my view, there has not been an overinvestment in high energy physics. The

guiding principle should be that the investment be sufficient, with prudent

and economical management, to ensure that the field is healthy and viable In

the United States. High energy physicists have been responsible in turning

off facilities which do not meet the above criterion and the real costs of the

field have not changed very much in the last decade. High energy physics in

the United States does now require an incremental increase for a limited, but

substantial time, in order to provide a facility which is crucial to the

progress of the subject and the viability of the program.

What factors either (a) facilitate or (b) inhibit International cooperation in

high energy physics?

Answer to Question 8. This question is addressed in the answer to question

number six.

Will spending of national funds on international facilities be to the

detriment of national laboratories? What is the appropriate level of funding

or national research efforts versus international efforts and how should these

levels be determined?

Answer to Question 9 . The basic principles in balancing efforts at national

versus international facilities should, in my view, be to maximize both the

scientific results and the health of the United States program. In detail,

the Issues are complex. Facilities abroad often provide opportunities for

United States scientists which are not available at home. Indeed, the growing

complementarity of high energy facilities on a worldwide basis means that this

situation will continue and will become more prevalent. At the same time,

sufficient resources must be devoted to United States facilities so that they

continue to be forefront efforts.

In practice, if the United States facility posture is one which has unique,

forefront facilities, the "balance of trade" between the outflow of United

States physicists and money will be compensated by an inflow of foreign

physicists and money using our facilities. It should be noted again that both

of these activities are usually carried out via international teams of

collaborators. It is interesting to note that, at present, the net "balance

of trade" in high energy physics is favorable to the United States both in a

manpower and a financial sense.
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10. What does "world leadership' In high energy physics aean? Nhat particular
benefits accrue to the "world leader" versus "noaber two"?

Hl^ should national policy makers care whether or not the nation is first,

second or third In high energy physics research?

Answer to Question 10 . "World leadership" in high energy physics would mean
that the leading country had both the most advanced facilities and the

research workers who were leaders in the discoveries made with those
facilties. It is possible to distinguish classes of world leadership. On one

hand, the leading country might have a complete dominance in the field or on
the other hand, a country might be in a position of world leadership which, in

a broad sense, is shared with other countries or regions.

Given the costs of high energy facilities and the general trend to

international complementarity, it is unrealistic to aim at a position of

dominance for the United States. So, we should consider the benefits which
accrue to being among the class of world leaders in the field as compared to

being a clear second class country.

An incomplete list of these benefits would Include the following:

1. High energy physics is a fundamental science. It probes the

basic structure of matter and energy and is a clear frontier field
in science. It is difficult to Imagine a strong United States
scientific culture which did not include that large region of the

frontier of scientific research which is represented by high
energy physics. A second-rate United States stance in high energy
physics would be a clear signal of the willingness of the U. S. to

accept second-rate status in science and technology in general.

2. The techniques developed for high energy physics have been
very useful for other sciences and for Industry. The development
of accelerators has made synchrotron light sources available for

condensed matter physics and for biology, for example. The
methods of particle detection have had important application in

nuclear medicine. The development of large superconducting magnet
systems promises new applications In NMR imaging, electric power
transmission and In other areas. Many other examples could be

given of the applicability of the basic techniques of high energy
physics—the production and manipulation of high energy beams and
the detection of subatomic particles.

3. High energy physics traditionally has pushed at the limits of

the state of the art across a wide range of technologies

—

electronics, computers, optics, systems, cryogenics, etc. It has
stimulated developments in these technologies in an open fashion,
which maximizes the availability and usefulness of the
developments across the breadth of United States science and
industry.
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Answer to Question 10 - Continued.
4. While application of new discoveries In fundamental science

are notoriously hard to predict, history has been consistent In

showing that every fundamental advance In our basic understanding

of nature has led to applications with significant Impact on human

life. It is not unreasonable to believe that In some fashion, as

yet unknown to us, this history will repeat Itself. History also

indicates that to be able to respond to the new potential for

application, the Infrastructure of science and technology, which

Is represented by a healthy research field. Is essential. For

example, the United States would not have been able to respond to

the discovery of nuclear fission (made In Germany) If It had not

been for the cadre of nuclear physicists, many of them recent

Immigrants, working In United States universities.

11. Are the experiences of International cooperation In high energy pt^slcs

directly applicable to other fields of science? What lessons nay be learned?

Answer to Question 11 . Some of the experience gained In International

cooperation In high energy physics may be applicable to other fields. As

noted In the answer to question six, the two attributes of high energy physics

which encourage International cooperation are Its fundamental character and

the need for large scale operations. Many fields share the aspect of being

fundamental scientific disciplines, but fewer require the scale of operation

characteristics of high energy physics.

Among the practices in high energy physics which have encouraged international

cooperation, perhaps the most important has been the policy at each major

facility to accept and consider experimental proposals on an equal footing,

whatever the country of origin of the proposing scientists. This policy has

led to the growth of international teams in experiments which, in turn, has

paved the way for possible international collaboration In facility

construction.
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Professor Maury Tigner

Questions of the U.S. House of Representatives

Science Policy Task Force

1. What is the future prospect for the international cost-sharing of the next

generation of high energy physics facilities, both in terms of construc-

tion and operation? .

While international collaboration in the planning for new

experimental facilities in high energy physics and in their utili-

zation has been excellent, the prospect for international cost-

sharing for future facilities is not good in the near future. Poten-

tial partners with the United States for cost sharing in the next

generation of U.S. facilities would be Western Europe, Japan, or

Canada. Sharing on a worldwide basis involving Socialist or Third

World countries is much more remote.

Western Europe has embarked on the construction of a new genera-

tion of frontier facilities including the LEP 27-kilometer circum-

ference electron-positron ring and the HERA electron-proton col-

lider. These facilities require not only funds for construction but

also substantial sums for the major particle detectors needed to

exploit these machines. As a result of these requirements and the

expected funding profiles for European high energy physics, no flexi-

bility within European high energy physics is apparent until 1991 or

1992. Understandably, Europeans appear unwilling at this time to

conmit that flexibility for contributions to U.S. facilities. Addi-

tional European plans, in particular the large hadron collider (LHC)

in the LEP tunnel are under discussion. This does not mean that

European international participation in the SSC program is excluded;

on the contrary, some such participation is now in effect in respect

to design of that machine, and we anticipate considerable inter-

national participation in terms of providing equipment for utili-

zation of the SSC during its operating phase. Although some contri-

butions during the construction phase are not excluded, those will

not be sufficiently substantial to have a significant effect on the

total SSC construction cost.

The situation in respect to Japan is somewhat different. The

Japanese are initiating studies to plan their construction program in

high energy physics following completion, expected in 1986, of the

electron-positron collider (TRISTAN). Participation in the SSC is

one of the options under consideration. These studies are expected

to be completed in one to two years. Whatever the outcome, consi-

dering the size of the Japanese high energy physics program, it is
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unlikely that potential contributions by Japan to the SSC would be a

substantial fraction of total construction cost; moreover, contri-

butions, if any, would be in the form of high technology hardware,

rather than financial.

Because of geographic proximity, Canada would be a natural part-

ner to participate in the SSC. However, the Canadian high energy

program (and GNP) is significantly smaller than the one in the U.S.

and thus any potential contributions would be quite small. In addi-

tion, the Canadians are interested in pursuing construction of a

large medium energy facility, TRIUMF, which would absorb most of

their available funds.

For the above reasons I recommend that planning, design and

authorization for the SSC proceed on a national basis. At the same

time, international participation, financial and otherwise, should be

.sought with high priority from other countries, in particular Japan.

What are (a) the advantages and (b) the disadvantages of sharing the cost of

big science facilities on an international basisr

The main advantage lies in the possibility of being able to

build a facility that could not be built in any one single country.

In addition cost savings would result but those probably would not be

as substantial as one might normally envisage since the facility

would very likely be more complex than if built by a single country.

Finally, such international cooperation might bring additional intan-

gible benefits, like better exchange of scientific and technological

know-how, furthering of international understanding, broader educa-

tion for graduate students, etc. These benefits, however, accrue

mainly through international cooperation in the use of the machine

and it is not clear how much cost sharing in construction would con-

tribute here.

The main disadvantage would be that the site of the facility

might be outside of the U.S. There is also a risk of a long delay in

establishing the laboratory. A long time will be required to estab-

lish the appropriate agreements and to choose a site.

Whether there is actual international cost sharing for a given

facility or not, there are various mechanisms for international

coordination in place which will avoid duplication of expensive faci-

li ties in the future. If international cost sharing of most, if not

all, future machines becomes established, the net saving to the U.S.

could become small or non-existent.
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What would be the best worldwide configuration of high energy physics

facilities from the point of view of science? How might this best be

determined?
~~~

A map is attached which shows the worldwide configuration of

high energy physics facilities now existing or planned. The existing

and committed facilities in the United States will provide decreasing

opportunities for high energy physics by the first half of the next

decade. The next logical step, both from the point of view of opti-

mizing the worldwide configuration and filling this opportunity gap

is the construction in the United States of the SSC. This move has

been widely discussed in international conferences and by the Inter-

national Committee of Future Accelerators (ICFA), a committee estab-

lished by the International Union of Pure and Applied Physics. Con-

struction of the SSC is supported by the majority of the inter-

national community. There is an emerging international consensus

that, subsequent to the SSC, an accelerator to advance the electron-

positron collider frontier should be established, but that such a

machine will require the evolution of new technology. Thus the

timing of such a further step is not now predictable. Depending on

the richness of the physics uncovered by facilities now under con-

struction or committed, in particular the Tevatron I at Fermi lab, the

CERN Proton -Anti proton Collider, the SLC collider at SLAC, LEP and

HERA in Western Europe and TRISTAN in Japan, the establishment of

additional subfrontier facilities may become advisable and justi-

fiable, but it is too early to seek agreement on such moves.

Should some or all future "big science" facilities be developed on the basis

of international cooperation?

As discussed in the answers to other questions there are some

advantages to developing "big science" facilities on the basis of

international cooperation. However there are three reasons why some

"big science" facilities should be developed on a national or

regional basis rather than an international basis. (CERN is an exam-

pie of a regional facility.) First, some scientific areas, because

of their technological significance, may be of major interest only to

a particular nation or region. The science and technology of desali-

nization is an example. Second, "big science" facilities interact

actively with industry, supporting and stimulating new technology.

This effect is strongest when the facility is national or regional.

Third, when "big science" facilities are national or regional, they

best support the education of scientists and engineers. Hence a

major industrial nation such as the United States should maintain a

balance between international "big science" facilities and national

or regional facilities.
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What is the trend of international collaboration in high energy physics?

Is it increasing, decreasing or remaining relatively constant?

The trend of international collaboration is increasing because
of a growing diversity of facilities. Collaboration began to

increase with the advent of the ISR at CERN and FNAL in the U.S. It

continues with the SppS, Tevatron I (2 TeV pp collisions) and Teva-
tron II (800-1000 GeV fixed target), LEP, SLC, TRISTAN and HERA, a

set of facilities with unique or nearly unique colliding beam capa-
bilities. The spectrum of these capabilities covers high energy pp,
e+e-, and e-p collisions and high energy fixed target program. Even

SLC and LEP, superficially quite similar, have important differ-
ences. Thus SLC has a very small beam size and polarization capa-
bility. LEP will have a high luminosity and ultimately the capa-
bility of reaching above 170 GeV (threshold for W boson pairs). Thus

one can expect even a further growth of large international colla-
.borative efforts, driven by common interests of European, Japanese
and American physicists.

What attributes of high energy physics make international cooperation easy

to achieve? Does the field have attributes that make international coopera-
tion difficult?

The intellectual tradition of the West with its keen interest in

understanding nature in scientific terms, independent of other sec-
tarian or national values, make basic science in general, and high

energy physics in particular, relatively easy areas for international
collaboration and cooperation as is borne out by history. Almost
since its inception, the pursuit of high energy physics has required
sharing of large, expensive facilities. Thus, modes of collaboration
and cooperation across various kinds of political and geographical

boundaries have been developing for many years.

There are economic, educational, cultural and national pride

aspects to basic science and high energy physics is no exception. In

a resource-limited world, the desire to be the first to know and to

benefit from that knowledge, and the technological spin-off from the

knowledge itself and from the process of its acquisition, does erect
some barriers to collaboration and cooperation.

Has there been an overinvestment or underinvestment in high energy physics
relative to other subfields of physics or other disciplines? How' can the

appropriate levels of investment in different subfields or disciplines best
be determined?

The amount of investment in high energy physics or any other

scientific area should be measured by the degree to which the Nation
wishes to maintain cutting-edge research in the area. This is the
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research which has the best possibilities of answering the major
unsolved questions, of breaking into new areas in the study of
nature, and of introducing new technology. In some areas such as
astronomy, space science, or high energy physics, cutting-edge
research requires large facilities with commensurate construction and
operating costs. In other areas such as chemistry and solid state
physics less investment is required to do some types of cutting-edge
research. But even such areas have begun to need large facilities
such as synchrotron light sources and pulsed neutron sources to do
forefront research.

Considering high energy physics, the nation's investment has led
in the past to our leadership in this field. A markedly smaller
investment would not have enabled us to achieve this. This is demon-
strated by the fact that Western Europe was able to equal this
nation's achievements in high energy physics only when the European

.investment had become substantially larger than our investment. If
this nation's investment is not maintained, we shall not be able to
maintain a forefront position in high energy physics research.

What factors either (a) facilitate or (b) inhibit international cooperation
in high energy physics?

International cooperation in high energy physics is facilitated
by a number of factors as follows:

(a) The field operates without communication restrictions in
all nations and as a result the practitioners of the field are
well acquainted and new data are available worldwide.

(b) There exist a substantial number of international confer-
ences at which there is full information exchange of recent
experimental results, theoretical work, and technological oppor-
tunities and achievements.

(c) The interest in high energy physics is shared worldwide
among physicists of all nations.

(d) The cost of construction of new facilities, as well as the
cost of exploitation of existing ones, is sufficiently high that
all nations recognize that international communication and
coordination are essential to optimize national programs.

International cooperation in high energy physics is Inhibited by
a number of factors:

(a) Governmental formalities, in particular those of the Soviet
Union, are time-consuming and to some extent unpredictable in
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results. Therefore, participation of physicists in cooperative
experimental work is frequently difficult to schedule.

(b) Travel cost is a significant cost item in times of tight
budgets.

(c) Export restrictions cause delays in transfer of apparatus
to agreed international joint ventures.

(d) There continue to be problems in the visa regulations and

other restraints of various governments which impede the optimum
composition of international teams.

(e) Cooperative international ventures, in particular those
involving substantial joint funding of multi-year undertakings,
require a long planning lead time and long-range commitments.
This is difficult to achieve under an annual funding cycle.

9. Will spending of national funds on international facilities be to the detri -

ment of national laboratories? VJhat is the appropriate level of funding or

national research efforts versus international efJForts and how should these
levels be determined?

Naturally there is competition between funds spent on inter-
national facilities in high energy physics and the commitment of such
funds to national activities, both at the national laboratories and
U.S. universities. However, such competition is of a similar nature
as that among purely national activities. Funds for international
facilities are justified in terms of the benefits to the work of U.S.

high energy physicists utilizing such facilities. I do not believe
that one can, or should, make a decision as to what is an appropriate
level of funding for international efforts. Rather, the use of
national funds on international facilities should be judged in compe-
tition with purely national needs using criteria that take into
account benefits to U.S. physicists and to the progress of knowledge
worldwide. Such judgments are best made by peer groups such as the

Department of Energy's High Energy Physics Advisory Panel (HEPAP)

reporting to governmental authorities having line responsibility for

the program. Unless U.S. national construction efforts and funding
for equipment projects (such as large detectors) remain competitive,
it is unavoidable that an increasing function of the U.S. effort will

continue to migrate abroad.

10. What does "world leadership" in high energy physics "lea"? What particular
benefits accrue to the "world leader" versus "number two"?

Why should national policy makers care whether or not the nation is first.
second or third in high energy physics research?

~
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In the future one can conceive of only one or two forefront
machines, so the idea of world leadership requires the location of at
least one such facility in the United States.

History has always taught us that the knowledge acquired through
basic research is ultimately of benefit to mankind. One hears argu-
ments that high energy physics is of no practical use, but we have
heard that before about nuclear physics and even about electricity in
Faraday's time.

The spirt of a nation is certainly related to the extent to
which its resources are extended to activities which transcend the
prime goals of maintaining the well being of the population. An
example of such a loss of spirit can be seen in the United Kingdom,
where the move to reduce funding for basic research is further evi-

. dence of the decline of a great nation as viewed from the outside.
High energy physics is one of many such activities for which the
United States has the resources to participate. Our tradition as the
originators of the particle accelerators, and our consequent achieve-
ments in the understanding of the fundamental properties of matter
make high energy physics a most natural field to continue vigorously.

There is a certain amount of prestige that accrues to a nation
that is a leader in any scientific field. The discoveries of new
phenomena frequently receive prominent mention in the press and their
discoverers are awarded numerous scientific prizes. On the other
hand, confirmations of these discoveries, at some time later on, have
clearly a lot less impact and receive less publicity. High school
and college students are much more likely to go into scientific and
engineering fields if they perceive that there are good opportunities
in science for them in their own country. If a country is clearly
"number two" or "number three" in a certain field, it is less likely
that the field will attract new young practitioners.

11 . Are the experiences of international cooperation in high energy physics
directly applicable to other fields of science? What lessons may be learned?

The CERN laboratory offers the most experience in international
cooperation in high energy physics, although CERN is a regional
rather than a truly international facility. The positive experiences
are: combined use can be made of the scientific and technical
talents of the participating nations; combined use can be made of the
industrial resources of the participating nations; costs are shared;
larger facilities can be built than would be possible without inter-
national collaboration; the need for long-range agreements between
the participating nations leads to financial and organizational sta-
bility for the shared facility; and international cooperation in
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construction projects and research helps to further international
goodwill and understanding.

The negative experiences are: scientific and technical ineffi-
ciences arise because there is a need to allow each' nation to parti-
cipate in most activities of the facility; total construction and
operating costs tend to be high because of the aforementioned ineffi-
ciencies; the need for long-range agreements between nations can make
it difficult to start new research programs or change old programs.
In a truly international facility these negative experiences might be
accentuated.

Another form of international cooperation involves one nation or
region taking primary responsibility for constructing and operating a

large science facility, with other nations contributing in important
ways. Examples are the use of Fermi lab and SLAC by Japanese physi-
cists, and the use of DESY by non-German physicists. In these cases
the "outside" physics groups contribute from their nations' science
budgets: equipment, accelerator operating funds, or R&D funds. The
physics groups themselves contribute scientific and technical per-
sonnel. This tends to be the most efficient form of international
cooperation because a single nation has the primary design, construc-
tion, and operation responsibility for the facility.

All of these positive and negative experiences can be used by
other fields of science to study how various forms of international
cooperation could enhance the research activities in their fields.

6/20/85



147

APPENDIX 3

Additional Statements for the Record

DR. NICHOLAS P. SAMIOS , DIRECTOR
BROOKHAVEN NATIONAL LABORATORY

UPTON, NEW YORK

DISCUSSANT BEFORE THE
TASK FORCE ON SCIENCE POLICY

COMMITTEE ON SCIENCE AND TECHNOLOGY
U. S. HOUSE OF REPRESENTATIVES

THURSDAY, APRIL 25, 1985



148

NICHOLAS P. SAMIOS

BROOKHAVEN NATIONAL LABORATORY

I thank the Committee for the opportunity to testify on the question

of "International Cooperation in Big Science: High Energy Physics."

My first comments have to do with the fact that there has been a

history of international cooperation in high energy physics since the

beginning of the 1950's. Close collaboration was established between the

accelerator builders at Brookhaven National Laboratory and CERN in the

construction of the Alternating Gradient Synchrotron and the Proton Syn-

chrotron. This involved exchange of information and joint meetings

—

resulting in the successful completion and operation of two excellent and

scientifically productive accelerators. Since that time activities have

expanded so that not only do we interact with machine builders all over

the world, but in addition American scientists have been and are involved

in large scale experiments at foreign establishments and vice versa. This

interchange has even been formalized via bilateral agreements between the

United States and Japan, USSR and the People's Republic of China. A further

step was taken with the creation of the International Committee for Future
Accelerators (ICFA) in the late 1970's, in anticipation of the construction
of a multi-national Very Large Accelerator (VLA) . The present composition
of the Committee consists of representation from the United States, Western
Europe, USSR, Japan and India. The latest meeting took place three weeks
ago in Bombay, India, which I attended as a delegate. For your information
I attach the latest Guidelines and the Membership List of ICFA Panels.

At the present time, we at BNL are in the process of negotiating an

agreement with the Deutsches Elektronen-Synchrotron (DESY) at Hamburg,
collaborating in various technical areas in accelerator R&D which we be-
lieve will be of great mutual benefit.

The pertinent question is the funding of the construction of new and
costly accelerators. As noted above, the communication in high energy
physics is excellent and there is an attempt to avoid duplication of fa-

cilities. However, this objective is not always successful, witness the
existence of both PETRA and PEP. The construction of these facilities can
be viewed in prospective if one understands that, when at a given time the
next step in science is rather obvious and promises exciting results,
competition is inevitable. As long as the expense was not excessive,
having similar machines in different parts of the world was a positive
force—in terms of competition, accuracy and verification and exploitation
of new and exciting results. This era is certainly coming to an end. The
question now is how to foster and achieve the orderly construction of the
next generation of accelerators. To first order, experimentalists would
prefer to have the facility in their back yard. Since that is not possible,
I believe the high energy community puts a higher priority on accelerator
construction than on its location and as such would accept any reasonable
site. The important point is to set up and implement procedures that will
lead to the successful construction of the accelerator, on an international
basis, without unnecessary preconditions. One should not require, for

instance, a signed international agreement before entering into substantive

discussions. One hopes that ultimately logic will prevail, that when one
considers ongoing activities, resources and time scales, a plan will emerge

that makes sense and satisfies reasonable people. The name of the game is

to set up procedures to achieve goals so that our activities in high energy

physics will be complementary on an international as well as a national

scale and thus will provide a cost effective frame for unraveling nature's

secrets.
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INTERNATIONAL COMMITTEE FOR FUTURE ACCELERATORS

GUIDELINES

To promote international collaboration in all phases of
the construction and exploitation of very high energy
accelerators.

To organize regularly world-inclusive meetings for the
exchange of information on future plans for regional facilities
and for the formulation of advice on joint studies and uses.

To organize workshops for the study of problems related
to super high energy accelerator complexes and their inter-
national exploitation, and to foster Research and Development
of necessary technology.
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ICFA

International Committee for Future Accelerators
Sponsorad by lh« PacliclM and Field* Commuion ol lUPAP

February 1985

MEMBERSHIP LIST OF ICFA PANFLS

1 . SC MAGNETS ANO CRYOGENICS

Europe (3)

USA (3)

Japan (21

USSR (3)

( 1)

Fourth Region (3)

2. BEAM DYNAMICS

Europe (3)

USA C4)

Japan (2)

USSR (3)

( 1)

Fourth Region (2)

Chairman : G. Brianti

G. Brianti (CERN)

C. Daum (NIKHEFI
H. Oesportes (CEN Saclay)

P. Reardon (BNL)

C. Taylor (LBL)

A. Tollestrup (FNAL)

M. Hiraiayashi (KEK)
S. Mitsunobu (KEK)

K.P. Myznikov (Serpukhov)
A.I. Ageev (Serpukhov)
V.A. Titov (Efremov Inst ., Leningrad )

I. Shelaev (Oubna)

Yan Lu-guang (Inst. Elec. Engineering, Beijing)
Poh-Kun Tseng (Nat. Taiwan Univ. Taipei)
P. Chadha (BARC, Trombay)

Chairman : N. Dikansky

E. Keil (CERN)
A. Piwinski (OESY)

S. Tazzari (Frascati)

A. Chao (SLAC)
R. Talman (Cornell)
C. Pellegrini (BNL)

C. Leemann (LBL)

T. Suzuki (KEK)

T. Katayama (INS, Tokyo)

V.I. Balbekov (Serpukhov)
A. A. Kolomensky (Lebedev)
N. Oikansky (Novosibirsk)

B.P. Dmitrievsky (Oubna)

Fang Shou-Xian (IHEP. Beijing)
Chiu-Nan Chang (Nat. Normal Univ. Taipei)
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3. NEW ACCELERATOR <:rHpMF<; Chairman : A. Sessler

Europe (3) M. Eriksson (Maxlab. Lund)
J. Lawson (RAL)

J. Le Duff (Orsay)

USA (t) R. Palmer (BNL)

A. Sessler (LBL)
R. Jameson (Los Alamos)
P. Morton (SLACI

Japan (2) T. Kamet (KEK)

M. Yoshioka (INS, Tokyo)

USSR (*) A.C. Amatuni (Yerevan)
Yu.P. Vahrushin (Efremov Inst . .Leningrad 1

A.N. Lebedev (Lebedev)
V. Balakin (Novosibirsk)

(*1) 8. Sarantsev (Dubna)

Fourth Region (2) K.C. Cheng (Syn. Rad. Res. Centre. Taipei)
S.S. Ramamurthy (BARC. Trombay)

*. INSTRUMENTATION Chairman : T. Ekelof

Europe (4) C. Fabjan (CERN)
T. Ekelof 'Uppsala!
A.H. Valenta (Siegen)
O.M. Binnie (IC. London)

USA (41 J. Piicher (Chicago)
M. Breidenbach (SLAC)
0. Nygren (LBL)
0. Hartill (Cornell)

Japan (2) S. Iwata (KEK)

H. Okuno (INS, Tokyo)

USSR (3) Yu. M. Antipov (Serpukhov)
V.A. Liubimov (ITER)
V. Sidorov (Novosibirsk)

'n Yu, K. Akimov (Dubna)

Fourth Region (2) C. Chang (Syn. Rad. Res. Centre. Taipei)
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MR. CHAIRMAN AND MEMBERS OF THE TASK FORCE:

MY NAME IS PETER M. McINTYRE. I AM AN ASSOCIATE PROFESSOR OF PHYSICS

AT TEXAS A&M UNIVERSITY AND THE SCIENTIFIC SPOKESMAN FOR THE TEXAS

ACCELERATOR CENTER. I AM PLEASED TO APPEAR BEFORE THE SCIENCE POLICY TASK

FORCE TODAY. I WILL DESCRIBE THE TEXAS ACCELERATOR CENTER, A MULTI-

UNIVERSITY CENTER WHOSE MISSION IS TO DEVELOP NEW TECHNOLOGY FOR FUTURE

ACCELERATORS. I WILL DESCRIBE THE SUCCESSFUL TESTS OF OUR SUPERFERRIC

DESIGN FOR THE SUPERCONDUCTING SUPER COLLIDER. WE BELIEVE THAT THIS DESIGN

OFFERS THE SIMPLEST, LOWEST COST TECHNOLOGY FOR THE SSC. I WILL ALSO

HIGHLIGHT SEVERAL RECENT DEVELOPMENTS IN ACCELERATOR TECHNOLOGY AT TAC THAT

ARE BEING APPLIED TO IMPORTANT PROBLEMS IN U.S. INDUSTRY.
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THE TEXAS ACCELERATOR CENTER

THE TEXAS ACCELERATOR CENTER IS A NEW LABORATORY FOR ACCELERATOR

PHYSICS. IT WAS CREATED IN MARCH, 1984 AS A COLLABORATION AMONG A NUMBER OF

UNIVERSITIES AND LABORATORIES. ITS MISSION IS TO DEVELOP AND EVALUATE A

SUPERFERRIC DESIGN FOR THE SUPERCONDUCTING SUPER COLLIDER, TO ESTABLISH A

UNIVERSITY-BASED LABORATORY FOR ADVANCED ACCELERATOR R&D, AND TO TRAIN

STUDENTS IN ACCELERATOR PHYSICS AND ENGINEERING.

DURING ITS FIRST YEAR OF ACTIVITY, TAC HAS DESIGNED, BUILT, AND

SUCCESSFULLY TESTED SUPERFERRIC MAGNETS. THE RESULTING DESIGN APPEARS TO

OFFER THE SIMPLEST, LOWEST COST DESIGN FOR THE SSC. BEYOND THE PRESENT

FOCUS ON SSC DESIGN, TAC IS ALSO DEVELOPING NEW TECHNOLOGIES FOR THE

ACCELERATORS OF THE FUTURE.

TAC IS A COLLABORATION OF THE FOLLOWING INSTITUTIONS:

TEXAS A&M UNIVERSITY UNIVERSITY OF HOUSTON

RICE UNIVERSITY UNIVERSITY OF TEXAS

UNIVERSITY OF WISCONSIN ARGONNE NATIONAL LAB

FERMILAB BROOKHAVEN NATIONAL LAB

LAWRENCE BERKELEY LAB

TAC IS OPERATED BY THE HOUSTON AREA RESEARCH CENTER (HARC), UNDER CONTRACT

WITH THE U.S. DEPARTMENT OF ENERGY. TAC ALSO RECEIVES STRONG INSTITUTIONAL

SUPPORT FROM HARC AND FROM EACH OF THE COLLABORATING INSTITUTIONS.

TAC IS LOCATED IN THE WOODLANDS, TEXAS, A SHORT DISTANCE NORTH OF

HOUSTON, ITS FACILITIES ARE HOUSED IN A LAB AND OFFICE COMPLEX OF

"20,000 FT^ AREA. TAC PRESENTLY HAS A TOTAL STAFF OF ABOUT 50, PLUS A

NUMBER OF SHORT- AND MEDIUM-TERM VISITORS FROM PARTICIPATING INSTITUTIONS

AND A NUMBER OF STUDENTS IN ENGINEERING AND PHYSICS. THE RESEARCH

FACILITIES NOW INCLUDE MAGNET FABRICATION SHOPS, LIQUID HELIUM REFRIGERATOR,

HIGH-CURRENT POWER SUPPLIES, AND A STATE-OF-THE-ART COMPUTER.



157

THE SUPERFERRIC MAGNET

THE HEART OF THE SSC IS ITS RING OF SUPERCONDUCTING MAGNETS. THE

MAGNETS ARE USED TO BEND THE BEAM OF HIGH-ENERGY PROTONS IN A CIRCULAR PATH.

TAG HAS DEVELOPED A SUPERFERRIC DESIGN OF THE SSC, IN WHICH THE

SUPERCONDUCTING MAGNETS ARE SPECIFICALLY OPTIMIZED FOR LOW-COST MASS

PRODUCTION IN INDUSTRY. WITHIN 6 MONTHS OF ITS FIRST FEDERAL FUNDING, TAC

HAD BUILT AND TESTED ITS FIRST SUPERFERRIC MAGNETS. TO DATE FOUR SHORT

MAGNETS (ONE METER LONG) HAVE BEEN BUILT AND TESTED. ONE WEEK AGO TAC

COMPLETED AND TESTED ITS FIRST LONG MAGNET (3 METERS LONG).» ALL MAGNETS

HAVE PERFORMED TO SPECIFICATION IN ALL RESPECTS. WHILE MUCH DEVELOPMENT

REMAINS BEFORE THE DESIGN IS FULLY EVALUATED, THE SUPERFERRIC MAGNET APPEARS

TO OFFER A SIMPLE, LOW-COST DESIGN FOR THE SSC. TAC HAS CONTRACTED TO HAVE

3 LONG MAGNETS (35 METERS LONG) BUILT IN U.S. INDUSTRY. TESTS OF THOSE

MAGNETS SHOULD BE COMPLETE BY THE END OF 1985.

THE SUPERFERRIC DESIGN IS BEING DEVELOPED IN COMPETITION WITH DESIGNS

FOR HIGH-FIELD SUPERCONDUCTING MAGNETS SIMILAR TO THOSE USED IN THE TEVATRON

AMD HERA ACCH:lERATORS . THERE IS BROAD AGREEMENT THAT IT IS TECHNICALLY

FEASIBLE TO BUILD THE SSC USING EITHER THE SUPERFERRIC OR THE HIGH-FIELD

DESIGN. THE PRESENT R&D PROGRAM IS AIMED TO ASSESS COST AND RELIABILITY OF

THE DESIGNS. IN THE SSC REFERENCE DESIGN STUDY A PRELIMINARY COST ANALYSIS

WAS PERFORMED. THE COST OF THE SUPERFERRIC MAGNETS WAS EVALUATED TO BE LESS

THAN HALF THAT OF THE HIGH-FIELD DESIGNS. THIS SAVING MORE THAN OUTWEIGHS

THE COST OF ADDITIONAL TUNNEL CIRCUMFERENCE REQUIRED FOR A SUPERFERRIC

DESIGN. THE ADDITIONAL TUNNEL CIRCUMFERENCE ALSO MAKES IT POSSIBLE TO

UPGRADE THE SSC IN THE FUTURE BY ADDING A RING OF HIGH-FIELD MAGNETS. THIS

COULD ENABLE US TO FURTHER INCREASE THE SSC ENERGY BY A FACTOR 3 IN THE

FUTURE WITHOUT BUILDING ANOTHER NEW LABORATORY.

»THE "TECHNICIAN" SHOWN IN THE ACCOMPANYING PHOTO ADJUSTING THE FIRST LONG
MAGNET AT TAC IS SHELDON L. GLASHOW OF HARVARD UNIVERSITY, 1979 NOBEL
LAUREATE.

51-563 0-86
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TUNNEL TECHNOLOGY

USING TODAY'S TUNNEL TECHNOLOGY, THE TUNNEL REQUIRED FOR THE SSC WOULD

COST AS MUCH AS ALL ITS SUPERCONDUCTING MAGNETS. ENGINEERS AT THE TEXAS

ENGINEERING EXPERIMENT STATION HAVE INVENTED A WAY TO REDUCE ITS COST.

THERE ARE THREE MAIN ACTIVITIES THAT TAKE PLACE IN A TUNNELING

OPERATION: CUTTING THE TUNNEL FACE, REMOVING THE MUCK, AND INSTALLING A

TUNNEL LINING. THE TECHNOLOGY FOR CUTTING THE TUNNEL FACE TODAY IS CAPABLE

OF PROGRESSING AT A RATE OF "1,000 FT/DAY IN THE SOIL TYPES LIKELY TO BE

TYPICAL OF AN SSC SITE. YET A TYPICAL TUNNEL PROJECT TODAY PROCEEDS AT A

RATE OF "100 FT/DAY ON A GOOD DAY! THE PERFORMANCE LIMITATION COMES FROM

THE OTHER TWO STEPS - MUCK REMOVAL AND LINING INSTALLATION. BOTH STEPS

REQUIRE LABOR-INTENSIVE MATERIALS HANDLING IN THE TUNNEL APERTURE. THE

RESULTING LOGISTIC NIGHTMARE IS SHOWN IN PRACTICE IN FIGURE 3.

A GROUP OF CIVIL ENGINEERS AT TEES HAVE INVENTED A NOVEL METHOD BY

WHICH THE MATERIALS HANDLING ACTIVITY IS REMOVED FROM THE TUNNEL BORE. THE

CONTINUOUS UNITIZED TUNNELING SYSTEM (CUTS) IS SHOWN SYSTEMATICALLY IN

FIGURE 3. A STANDARD TUNNEL BORING MACHINE (TBM) IS USED TO CUT THE FACE.

WATER JETS ON THE CUTTING FACE SLURRY THE MUCK. THE MUCK IS COLLECTED AT

THE BOTTOM AND CONTINUOUSLY PUMPED INTO A PIPELINE THAT TRANSPORTS IT ALONG

THE TUNNEL TO THE LAST SURFACE PENETRATION AND OUT TO THE SURFACE. THE

TUNNEL LINING IS EXTRUDED BY INJECTING QUICK-SETTING FIBER-REINFORCED

CONCRETE BETWEEN INNER AND OUTER FORMS THAT MOVE CONTINUOUSLY WITH THE TBM.

THE KEY INNOVATION IN THE CUTS TECHNIQUE IS THE INCORPORATION OF THE

PIPELINES FOR TRANSPORT OF MUCK AND CONCRETE MATERIALS INTO THE TUNNEL SUB-

FLOOR AS SHOWN. ALL COMPONENT SYSTEMS ARE CAPABLE OF SUSTAINING A

1,000 FT/DAY ADVANCE RATE. THE CUTS SYSTEM COULD REDUCE PRESENT TUNNEL

COSTS BY A FACTOR OF 2. THIS TRANSLATES INTO ENORMOUS BENEFITS TO SOCIETY

FOR BUILDING SUBWAYS, AND SEWERS IN OUR CITIES. CUTS WOULD NOT HAVE BEEN

DEVELOPED AT ALL WERE IT NOT FOR OUR EFFORTS FOR THE SSC.
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Tunneling operation for SSC-size tunnel, present-

day technology.

Contmuoy- Unitized Tunneling System.

nv'-yo.

Cro----p( lion of ( ("T^ tunnel e.vtrusion

Fig. 3
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SUPERCONDUCTING MAGNETIC ENERGY STORAGE

OUR COLLABORATORS AT THE APPLIED SUPERCONDUCTIVITY CENTER AT THE

UNIVERSITY OF WISCONSIN HAVE PLAYED A MAJOR ROLE IN DEVELOPING A NEW

TECHNIQUE FOR EFFICIENTLY AND CHEAPLY STORING ELECTRIC ENERGY. CALLED

SUPERCONDUCTING MAGNETIC ENERGY STORAGE (SMES), IT CONSISTS OF A LARGE COIL

OF SUPERCONDUCTING CABLE SIMILAR TO THAT USED IN THE SSC MAGNETS. ELECTRIC

ENERGY CAN BE STORED BY INDUCING A CURRENT TO FLOW IN THE CABLE. THE ENERGY

CAN BE RECOVERED BY ELECTRONICALLY CONVERTING THE STORED CURRENT BACK INTO

POWER ON THE UTILITY GRID. IN THIS WAY ENERGY PRODUCED AT NIGHT BY A

UTILITY CAN BE STORED AND THEN DELIVERED TO THE GRID DURING THE DAYTIME PEAK

DEMAND. RECENT STUDIES BY BECHTEL AND EBASCO INDICATE THAT SMES IS THE MOST

COST-EFFECTIVE MEANS OF AUGMENTING PEAK DEMAND FOR ELECTRIC UTILITIES. ITS

COST WAS REDUCED DRAMATICALLY DURING RECENT YEARS BY RESEARCH AT WISCONSIN

THAT RESULTED IN AN INCREASE OF A FACTOR OF TWO IN THE CURRENT THAT CAN BE

CARRIED IN A SUPERCONDUCTING CABLE. THAT WORK WAS THE DIRECT RESULT OF THE

R&D ON SUPERCONDUCTING ACCELERATOR MAGNETS.

Typical geniratlon curvt with SMES.

UNDERGROUND ENERGY STORAGE SYSTEM
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CONCLUSION

I HOPE THAT THE ABOVE DISCUSSION CONVEYS THE EXCITEMENT AND ACTIVITY

THAT IS HAPPENING AT THE TEXAS ACCELERATOR CENTER. FOUR MORE UNIVERSITIES

ARE PRESENTLY NEGOTIATING TO JOIN TAC. SEVERAL NEW TOPICS OF ACCELERATOR

RESEARCH ARE UNDER CONSIDERATION. IN ADDITION TO THE STAFF OF 50, ABOUT 15

UNDERGRADUATES AND 8 GRADUATE STUDENTS ARE NOW INVOLVED IN THE RESEARCH

PROGRAM. MOST OF OUR SCIENTIFIC STAFF ALSO HOLD FACULTY POSITIONS AT ONE OF

THE PARTICIPATING UNIVERSITIES. WE HOPE TO DEVELOP AT TAC AN ONGOING

UNIVERSITY-BASED CENTER FOR ADVANCED ACCELERATOR R&D, AND TO CONTRIBUTE

SIGNIFICANTLY TO THE FUTURE OF HIGH ENERGY PHYSICS.

THE SUPERCONDUCTING SUPER COLLIDER IS AN OPPORTUNITY FOR THE U.S. TO

RESUME LEADERSHIP AT THE CUTTING EDGE OF MODERN SCIENCE. THE SSC WILL GIVE

US THE MEANS TO PROBE THE MOST FUNDAMENTAL BUILDING BLOCKS OF NATURE - THE

QUARKS AND LEPTONS. WE HAVE TODAY A BEAUTIFUL BUT IN SOME WAYS PUZZLING

PICTURE OF NATURE. ALMOST ALL THE MATTER OF OUR UNIVERSE IS LOCKED IN THE

PROTONS AND NEUTRONS OF THE ATOMIC NUCLEUS. WE NOW KNOW THAT EACH OF THESE

CONTAINS THREE QUARKS, LOCKED TOGETHER BY THE STRONG FORCE . THE QUARKS

THEMSELVES WEIGH ONLY A VERY SMALL PART OF THE MASS OF THE PROTON, HOWEVER.

ALMOST ALL ITS MASS, HENCE ALMOST ALL THE MASS OF THE UNIVERSE, IS LOCKED IN

THE FIELD ENERGY OF THE STRONG FORCE! THE SSC WILL BE THE ESSENTIAL TOOL

WITH WHICH WE CAN PROBE THE BONDS OF THE STRONG FORCE, AND SEEK TO BETTER

UNDERSTAND THE SUBSTANCE OF SUBSTANCE. IN THIS QUEST WE ARE TRAINING THE

BEST AND BRIGHTEST OF OUR YOUNG SCIENTISTS IN THE RICHEST CREATIVE

TRADITION. ALONG THE WAY WE ARE DEVELOPING* PRACTICAL TECHNOLOGIES THAT ARE

OF GREAT VALUE TO OUR SOCIETY. I URGE THAT THE SSC BE BUILT AS QUICKLY AS

POSSIBLE SO THAT WE CAN LEAD THE WAY IN THIS EXCITING SCIENCE. TAC IS DOING

ITS UTMOST TO MINIMIZE ITS COST AND MAXIMIZE ITS BENEFIT TO THE AMERICAN

PEOPLE.
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THE IMPORTANCE OF UNIVERSITIES

I WISH TO STRESS THE IMPORTANCE OF UNIVERSITIES IN SCIENCE AND

TECHNOLOGY IN AMERICA. IN PLANNING AND BUDGETING AT FEDERAL AGENCIES, IN

TESTIMONY TO CONGRESSIONAL COMMITTEES, AND IN THE PRESS THERE IS A TENDENCY

TO VIEW THE TANGIBLE STATE-OF-THE-ART FACILITIES AT OUR NATIONAL

LABORATORIES AS THE CAUSE AND EFFECT IN THE PROGRESS OF SCIENCE. THIS VIEW

IS DANGEROUSLY MISLEADING. WHILE MAJOR CENTRALIZED RESEARCH FACILITIES ARE

OBVIOUSLY ESSENTIAL IN MANY AREAS OF RESEARCH TODAY (NOWHERE MORE SO THAN

OUR OWN), NEW DISCOVERIES AND INVENTIONS COME FROM BRAINS, NOT MACHINES.

OUR UNIVERSITIES BUILD BRAINS. THEY ARE THE MOST VALUABLE RESOURCE IN OUR

WORLD IN BUILDING THE FUTITRE FOR SCIENCE AND FOR SOCIETY AT LARGE. GREAT

IDEAS COME PREDOMINANTLY FROM COMMITTED UNIVERSITY FACULTY. ALL MAJOR

DISCOVERIES AT HIGH-ENERGY-PHYSICS LABORATORIES HAVE BEEN MADE USING

UNIVERSITY-BUILT DETECTORS. NEW TECHNOLOGIES ARE SPAWNED MOST OFTEN IN

UNIVERSITY LABORATORIES. STUDIES HAVE REPEATEDLY SHOWN THAT UNIVERSITIES

PROVIDE THE MOST COST-EFFECTIVE INVESTMENT OF FEDERAL FUNDS FOR RESEARCH AND

DEVELOPMENT.

IN THESE TOUGH BUDGET TIMES, I URGE THAT THE UNIVERSITIES OF AMERICA BE

TREATED AS THE FIRST PRIORITY IN FEDERAL FUNDING OF RESEARCH. AS THIS

SESSION OF TESTIMONY DEMONSTRATES, OUR NATIONAL LABORATORIES AND THEIR

ESTIMABLE DIRECTORS CAN MOUNT A POWERFUL AND PERSUASIVE CASE FOR THE FUNDING

OF THEIR PROGRAMS. THERE IS NO EQUIVALENT VOICE TO PORTRAY THE THOUSANDS OF

DIVERSE AND IMPORTANT RESEARCH PROJECTS AT OUR UNIVERSITIES. I SUGGEST THAT

UNIVERSITY-BASED RESEARCH DESERVES AN INCREASED SHARE OF FEDERAL RESEARCH

SUPPORT, AND SOME DEGREE OF PROTECTION FROM YEAR-TO-YEAR BUDGETARY WINDS.
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INTERNATIONAL COLLABORATION FOR THE SSC

Executive Sunnary

The SSC, a high energy proton-proton colliding beam facility, has been

identified by the scientific community and governmental bodies as the next
logical step in the high energy physics program of the United States in its

quest toward understanding the fundamental properties of matter. The energy

choice of 10 TeV in the center of mass rests on -a firm intellectual basis.

An international approach to the construction and operation of such a facil-

ity would build upon the existing tradition of collaboration in high energy

physics and would be of great practical interest because of the magnitude of

the estimated construction costs.

The United States has historically play6d a leading role in the important and

challenging field of high energy physics. Without additional construction,

the United States is expected to have by the end of this decade only three

experimental interaction regions at which the highest energy collisions are

available to experimenters, compared with 10 in Western Europe. Many physi-

cists from the U.S. are already heavily involved in the utilization of the

various foreign facilities and significant U.S. funds are being used to mount
experiments at them. In 1990, Western Europe will have completed two of the

most advanced machines in the world, while the U.S. facilities will approach
the end of their useful exploitation in the 1990's. It appears essential to

the continued good health of the U.S. High Energy Physics program that the

construction of the next generation facility be located in the U.S.

We have considered the merits of U.S. participation in the construction of a

Large Hadron Collider (LHC) in the LEP tunnel at CERN as a viable alternative
to SSC construction in the U.S. Our conclusion is that the choice of this

option would be the wrong decision leading to reduced energy and operational
flexibility, and failing to meet the needs and opportunities of American
science.

We encourage international participation In the SSC program. This Includes

participation in R&D, planning, design and construction of the machine proper

and its major detectors, and exploitation of its physics potential. However,
negotiations to this end should not delay the construction schedule. The
Europeans and Japanese are already heavily committed to their existing pro-

grams and International collaboration cannot be expected to provide a major

offset to the U.S. borne construction costs for the SSC unless substantial
new resources beyond those presently foreseen are provided to European and/or

Japanese high energy physics programs. It should be noted that the European
program already runs at about twice the level, measured in terms of Gross

National Product, of the American program.

The international sharing of detector equipment costs is already a well-

established tradition and it is anticipated that this pattern will also apply
at the SSC.

RECOMHENDATION FOR INTERNATIONAL PARTICIPATION IN THE SSC PROGRAM

We recommend that construction of the SSC should be planned, supported, and
authorized within the national U.S. program. Based on such a national
commitment, international participation in terms of contributions of funds,

personnel, and technical components should be sought from foreign countries
at all levels of R&D, design, engineering, construction and exploitation.
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URA-SSC BOARD OF OVERSEERS

May 6, 1985

INTERNATIONAL COLLABORATION FOR THE SSC

I . BACKGROUND

The SSC has been identified by the scientific community and governmental
bodies as the next logical step in the high energy physics program of the

United States in driving further in its quest toward understanding the funda-
mental properties of matter. The Department of Energy is supporting the R&D
phase of that undertaking, but several hurdles remain before the project can

be authorized for construction. Among such issues is the extent to which
international collaboration in the SSC is desirable, or in fact necessary.

The interest in international participation in the SSC is dual. The first

question is financial. The current estimated construction cost for the SSC is

about $3 billion FY '8'i not including detector costs. Since the knowledge to

be gained through the SSC is of worldwide impact, it is eminently reasonable
to examine the extent to which these costs can be shared globally.

The second reason is that, traditionally, high energy physics has been and
continues to be in the forefront among the sciences as a vehicle for interna-
tional collaboration. Exploitation of all high energy accelerators in the

western world is governed by the scientific merit of experimental proposals,
irrespective of national origin of the proponents. There exist bilateral
agreements for cooperation in high energy physics between the United States
and Japan, China, and the USSR. Several international bodies sponsor interna-

tional information exchange in high energy physics and in the development of

national or regional plans for high energy facilities.

The scientific motivation for exploring fundamental particle physics at

about 1 TeV collision energy for fundamental constituents of matter, quarks,

gluons, and leptons, is exceedingly strong. There has been dramatic success
during the last decade in identifying these constituent families and describ-
ing their interactions through theories which unify two, and even maybe three
of the known fundamental forces in nature: the weak interaction, the electro-

magnetic interaction, and the strong interaction. While this so-called
"standard model" has been highly successful, it has at the same time projected
the existence of new, as yet unobserved, entities and has exhibited certain
features which can only be explored in collisions of constituents in the TeV
energy range. In turn, very extensive studies have shown that coverage of the
conjectured region which must be explored to obtain such needed answers
requires a center of mass energy in proton-proton collisions near HO TeV at
the highest luminosity that the detector permits. If this energy is reduced
substantially the number of open issues subject to exploration decreases
sharply, and the required luminosities may become so high as to be extremely
difficult to utilize by practical detectors. For these reasons the goal to

reach a 40 TeV center of mass energy rests on a firm intellectual basis.
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II. SHOULD THE NEXT ACCELERATOR BE IN THE UNITED STATES?

The United States has historically played a leading role in the pursuit of

high energy physics. This emphasis has been motivated by the importance and

fundamental character of the field, its appropriateness as a rigorous training

ground for young scientists, and its push toward the development of state-of-

the-art instrumentation with applications to other areas.

Without additional construction the United States is expected to have only

two front-line high energy laboratories in operation by the end of this

decade: Fermilab and SLAC. Some other facilities may continue in operation

to accumulate quantitative data or to pursue opportunities not now predict-

able. However, by the nature of the U.S. installations, the total number of
interaction regions at which the highest energy collisions can be available to

experimenters is only three (one at the SLC at SLAC and two at Tevatron I at

Fermilab). By contrast. Western Europe will have ^4 (expandable to 8) inter-

action points available at LEP at CERN near Geneva, k at HERA at DESY in

Hamburg, Germany, and 2 at the SppS at CERN. The SppS is currently operating,
will be upgraded, and has produced the recent discovery of the carriers of the

weak interaction, the intermediate bosons, for which the 198'* Nobel Prize in

Physics was awarded.

The relative magnitudes of effort among U.S., Japanese, and Europeans are

illustrated in Fig. 1 which measure financially the contributions of each

region expressed as a fraction of GNP.

With the increased emphasis on the importance of colliding beam facilities

and the projected availability of numerous frontier facilities in Europe and

Japan, there has been a substantial increase in the participation of U.S.

experimentalists at foreign accelerators. This increase has been in the form

of personnel involvement as well as active financial participation in several

major detectors (for example, the Mark J at PETRA in Germany, L-3 at LEP at

CERN, and AMY-CHAN at KEK, Japan). These activities are led by American
groups. The participation of European and Japanese physicists in experiments

in the United States is also very significant, and foreign participation in

the construction of large and expensive detectors in the U.S. is substantial.

In 1990 Western Europe will have completed LEP and HERA, the two most

advanced machines in the world. On the other hand, U.S. facilities will

approach the end of their useful exploitation in the 1990*3. For these

reasons, the construction of a next generation facility located in the U.S.

seems essential to the continued health of the U.S. High Energy Physics

program, irrespective of the level of international participation in its

construction or operation. The decision that the machine to fill that role

should be the SSC (with parameters defined above) is based on thorough study,

taking into account the state of knowledge today and in the future both of

elementary particle physics and of collider technology.
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III. THE ROLE OF A HADRON COLLIDER IN THE LEP TUNNEL AT CERN, GENEVA

(a) The issue

Since a very high energy proton-proton collider has been identified as the

next logical step in high energy physics tools, the role of a possible hadron

collider (LHC) located in the LEP tunnel needs to be discussed and related to

SSC planning. Such a discussion is relevant both in respect to the LHC as a

possible target of international collaboration and also as a possible compari-

son or alternate to the SSC in the United States. The LHC would be consider-

ably less costly than the SSC; but, as made clear below, much of that saving

is due not so much to the existence of the tunnel or the CERN infrastructure

as to the much more restricted capability imposed upon the project by the

tunnel.

The technical opportunities offered by placing a proton collider in the

LEP tunnel have been analyzed by a European study last year in Lausanne,

Switzerland, and have since been under additional study. The LEP tunnel has a

circumference of 21 kilometers which is about one-fourth of that planned for

the SSC. The placement of a proton collider in that tunnel would restrict the

available collision energy accordingly. Roughly speaking, the single beam

energy in TeV available in the LEP tunnel would be between 0.8 and 0.9 times

the magnetic field measured in Tesla attained by the bending magnets.

(b) Comparison with a U.S Facility

The principal argument for the LHC is the existence of the 27-kilometer

tunnel. The cost of the 90-kilometer tunnel for Design A in the Reference

Design Report is about $500M (in FY 'Si* dollars), including ED&I and con-

tingency. Scaling this down to 27 kilometers would give the U.S. equivalent

of the LEP tunnel a value below $200M. In addition, the existence of the CERN

infrastructure would reduce the required initial investment. However, the

extent to which the existence of such an infrastructure should affect the site

choice is, of course, also of direct relevance in considering the Fermilab

alternative as one of the choices for siting the SSC in the United States.

Thus, if the LHC is to be considered as a viable alternative with its drastic

restriction in energy by about a factor of 3 below that of the SSC, one should

compare the merits and costs of the LHC with those of an American machine

sited at Fermilab with a proton-proton center of mass energy in the 10 to 15

TeV range, not with a tO TeV SSC laboratory.

(c) Construction and Operation

The most important reason militating against placing the LHC in the tunnel

also used for the LEP e*e' collider has to do with the realities of construc-

tion and operations. LHC construction would require corresponding LEP opera-

tional shutdowns; if such shutdowns are in any case required for reasons of

fiscal stringency, one could well ask why the funds required for the LHC might

not be better used for relieving such fiscal pressures.

During operation one would face the. serious problem that two major

colliders (LEP and LHC) are housed in a single radiological enclosure and that

the detectors required for these two programs are largely incompatible.

Interleaved construction and utilization of the LEP tunnel for electrons and
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protons would, as a practical matter, involve costly complexities in the

interaction regions. Maintenance, repair, or upgrading operations on any of

the detectors or the two colliders could require shutdown of a large fraction

of the world's high energy physics program.

(d) Conclusion

In general, we have strong reservations about permitting the existence of

an enclosure such as a tunnel to be controlling on so important a decision as

the fixing of plans for the SSC. In retrospect, there is now general agree-

ment in the United States that although construction of the superconducting

Saver and Tevatron complex has been a highly successful enterprise, it would

have been a great deal more cost-effective to have constructed the supercon-

ducting ring in an independent tunnel concentric to the housing for the

conventional magnet machine. The projected saving through utilization of the

LEP tunnel does not appear sufficient to compensate for the serious limitation

in energy and impairment of operational flexibility.

For the above reasons, including the importance to the health of the U.S.

program of a next generation facility located in the U.S., we do not consider

U.S. participation in the LHC construction as a viable alternative to SSC

construction in the U.S., carried out either as a purely American effort or

involving various degrees of international collaboration.

IV. MODALITIES OF INTERNATIONAL COLLABORATION IN RESPECT TO THE SSC

We fully support international participation in the SSC program. This

includes participation in R&D, planning, design, and construction of the

machine proper and its major detectors, and exploitation of its physics

potential. However, negotiations toward this end should not delay the con-

struction schedule.

We recognize that one strong motive for international collaboration is the

potential reduction of cost to the U.S. government. We therefore examine the

extent to which such cost reduction can be achieved during the construction

and operating phases.

(a) Sharing of Construction Costs

We begin our analysis by assuming that the Japanese and West European high

energy physics funding profiles remain approximately level.

In that case, the vigorous pursuit by both Europeans and Japanese of their

own programs leaves few resources available for SSC construction cost sharing.

Western European commitments to LEP, HERA (electron-proton collider) and their

associated detectors, as well as to the upgrading of other facilities such as

the SppS will require virtually all of the assumed funding at least until

1991. As shown in Fig. 1 the European program already runs at about twice the

level measured in terms of Total Gross National Product relative to the

American program.

Recently, at the Initiative of President Mitterand of France, Interna-

tional collaboration in science has become part of the Versailles Summit

processes; high energy physics, with the U.S. as the leading country, has
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become a subactivity under that process. Several deliberations of the West

European community together with Japan under the Summit process have been held

and reports on long-range plans have been issued. These activities strengthen

further the International interest in high energy physics although they do not

of themselves extend much hope that significant cost sharing during the con-

struction process of the SSC is a reasonable prospect.

+ -

Japan is committed to completing its high energy e e storage ring,

TRISTAN* located at KEK, Tsukuba, and to the construction of equipment to

utilize the resulting collisions. A high level U.S. governmental delegation

last year invited possible Japanese collaboration in the construction of the

SSC, and the matter has also been discussed by several international planning

bodies. It appears clear that Japanese high energy physics resources are

fully committed through the TRISTAN effort for several years, and that it may

take some time to solidify Japanese plans beyond that. Should such plans

include participation in SSC construction, Japanese contributions would most

likely be in the form of high technology components.

Comparison with the recent international participation in the construction

of the HERA project at Hamburg, Germany, might be useful. Here approximately

20J of the construction funds have apparently been successfully sought from

other European countries and Canada, with the expected contributions in the

form of technical components. This, in turn, has led to inquiries whether

German interest is well served by having some of the highest technology prod-

ucts procured abroad for a relatively small financial contribution. Moreover,

the construction design management of the HERA facility is being made signifi-

cantly more complex (and therefore costly) through the need to coordinate the

design in detail with the designated foreign sources and through the reduced
flexibility in choice of vendor which the prior commitment to foreign sources

implies. As a result, while foreign participation in HERA has indeed been a

positive step in terms of securing International recognition and commitment
for the HERA project, it may not lead to a large reduction in the construction
cost borne by the Germans.

This pessimistic assessment of substantial foreign resources for SSC

construction could be modified If European and/or Japanese support increased

to permit a collaborative construction effort, as the result of a decision by

the President of the United States together with foreign chiefs of government

to designate the SSC as a Joint undertaking to supplement national programs,

to serve as a spectacular demonstration of International amity.

We conclude that international collaboration cannot provide a major offset

to the U.S. borne construction costs for the SSC unless substantial new

resources beyond those presently foreseen are provided to European and/or

Japanese high energy physics programs.

(b) Sharing of Equipment Costs

It Is already common practice that costs for major research equipment be

shared internationally; In fact, as noted above, the U.S. has earmarked
significant funds of Its High Energy Physics budget to the construction of

detector facilities to be used at foreign participation in the CDF detector as

well as several other U.S. experimental facilities. Thus Its scientific
exploitation should be on a truly International basis.

V. RECOMMENDATION FOR INTERNATIONAL PARTICIPATION IN THE SSC PROGRAM

We recommend that construction of the SSC should be planned, supported,
and authorized within the national U.S. program. Based on such a national
commitment, international participation in terms of contributions of funds,
personnel and technical components should be sought from foreign countries at
all levels of R&D, design, engineering, construction, and exploitation.
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INTRODUCTION

The Working Group on High Energy Physics is completing its second year of

activities under the Versailles Economic Summit initiative in science and

technology (see Appendix A). This report to the Summit Working Group on

Technology, Growth, and Employment (TGE) documents the progress since the

London Economic Summit of 1984 (see Appendix B).

High energy physics has benefitted from a long history of cooperation
throughout the worldwide science community. The field has now advanced to

the point where the next steps in research will likely require large

expensive machines and continued and improved collaboration to use resources

in the most cost-effective manner. This situation was noted by the TGE

Working Group when it selected high energy physics as one of the areas of

science and technology in which international collaboration could aid

economic growth

"Science and technology are a source of national and international

strength and can provide immense opportunities for revital izaftion and

growth of the world economy. They should, therefore, be given
consideration in all pol icy decisions for national development and

international cooperation.

"Fundamental scientific research is one source of technological
progress in industry and should be given support by governments."

Report to the Williamsburg Summit
January 1983

Upon ratification of the 1983 report by the Economic Summit leaders at

Williamsburg, the member countries and the Commission of the European
Communities each sent a high level political representative of their

government to Washington, D.C. at the invitation of the United States, the

lead country for the high energy physics Summit project (see Appendices C

and D). This Working Group discussed what might be its response to the

instructions from Williamsburg and agreed to meet again after completion of

a study by an ad hoc group of technical experts it impaneled to identify

areas of accelerator and detector technology development for near-term
international collaboration. The results of the study were reported to the
London Summit Moreover, the Working Group said in its report that it would
organize additional subpanels before the following Summit to identify the

types of facilities that will be required to continue effective progress in

high energy physics (see Appendices E and F).

The London Summit of 1984 acknowledged the progress of this Working Group,
along with the other Summit projects, and asked that further work be pursued

and reported "to a personal representative in time for the next Economic
Summit," now scheduled for Bonn in May 1985.
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The activities since the London Summit have been guided by a statement of

the TGE Working Group:

"Effective cost sharing is becoming a more important element in the

construction of major new facilities. Collaborative projects would

benefit if coherent long-range plans for the construction and sharing

of facilities in our countries were to be developed."

A meeting of the Working Group on High Energy Physics was convened in

Brussels, Belgium, in July 1984, and impaneled new groups of technical

experts to report on long-term planning, technical collaborations, and the

identification of administrative obstacles experienced within the Summit

countries that impede international collaboration. The charges to these

three new groups are contained in this report under the section on the

Brussels meeting.

The reports prepared by the technical experts were then reviewed at the

January 1985 meeting at Cadarache, France, and the results are contained in

this report under the section on the Cadarache meeting.

The Summit Working Group on High Energy Physics believes progress is being

made toward cooperation among the Summit countries "in the exploration of

scientific and technological development" upon which the Summit Heads of

State and Government declared at Versailles "revital ization and growth of

the world economy will depend— to a large extent." At Cadarache, the Group

found that, since its establishment, international collaboration has

increased in the use of present accelerators and in the planning for future

accelerators. The Group also found that there are specific areas of

technology in which near-tenn research cooperation is possible. Finally,

the Group identified administrative regulations that hamper effective

international collaboration in science and technology and that could be

revised or eliminated through coordinated, high level Summit action.

The major accomplishment of the Working Group thus far has been the creation

of a forum for discussions on collaboration in a major field of science by

seven industrialized countries. The Group recommends the continuation of its

review of long-term plans for major facilities on an intergovernmental
basis.

Dr. Alvin W. Trivelpiece
Leader of the Summit Working Group on

High Energy Physics

U.S. Department of Energy
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Activities
Brussels, Belgium
July 2 and 3, 1984

A meeting of the Working Group on High Energy Physics was convened in

Brussels, Belgium in July 1984. At this meeting new groups of technical

experts were impaneled. Areas of study of these groups were long-range

planning, technical collaboration, and the identification of administrative

obstacles which hamper increased scientific collaboration.

In this section we include the opening statement for the Brussels meeting

presented by Dr. Al vin W. Trivel piece, the charges to the subpanels

developed at the Brussels meeting, and the listing of subpanel members for

the new groups which were impaneled at the Brussels meeting. The agenda and

attendees for the Brussels meeting are contained in Appendix G.
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High Energy Physics Working Group Meeting

Brussels, Belgium
July 2 and 3, 1984

A. W. Trive'piece
Opening Remarks

At the Versailles Summit meeting, some statements were made regarding the

importance of cooperation in science and technology to the world economy.

In particular, it was agreed that:

"Revital ization and growth of the world economy will depend, not

only on our own efforts, but also, to a large extent, upon

cooperation among our countries and with other countries in the

exploitation of scientific and technological development."

It was further agreed to set up a working group of representatives from the

seven Summit countries and the European Commission to identify activities

that would help attain these objectives. This group made recommendations in

a report that was accepted by the Summit countries and reviewed at the

Williamsburg Summit.

Several of the conclusions and recommendations of the Summit working group

provide the basis for our meetinghere in Brussels. Among them:

"Fundamental scientific research is one source of

technological progress in industry and should be given

support by governments."

"Science and technology are a source of national and

international strength and can provide immense

opportunities for revital ization and growth of the

world economy. They should therefore be given considera-

tion in all policy decisions for national development

and international cooperation."

They further recommended that the Heads of State and Government "...take

science and technology into account in their policy decisions and continue

to include the subject on their agenda at future Summit meetings."
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One of the areas that they recommended be considered for enhanced

cooperation is high energy physics.

The report that they prepared was adopted by the Summit members and

subsequently ratified by the Williamsburg Summit process. Following

Williamsburg, it became clear that some response to the recommendation of

the Working Group was called for. Since the U.S. was the lead country and

appropriate interest at a high level in government was called for, I invited

the Summit countries and the Commission of the European Communities to send

a high level political representative of their government to discuss the

actions that we might take to be responsive to the instructions that were

both explicit and implicit from the Williamsburg Summit.

In particular, we were obliged to prepare a progress report on those

activities that we decided to have carried out and to report any progress to

the London Summit. Such a report was prepared. It contained a summary of

our first meeting of 3, 4 October 1983 as well as the report of the

technology cooperation panel we established.

One conclusion reached at the 3 October meeting was that international

cooperation in high energy physics was going rather well and that no serious

problems were evident. •

Some of the discussion focussed on the problems associated with the fact

that several of the members had programs that had long-range plans that

might be in competition with one another. For this reason, it was decided

at that time not to establish any technical panels to examine the question

of cooperation on major future facilities.
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Rather, it was decided to establish a technical subpanel to examine areas of

accelerator technology that might be enhanced by increased cooperation

without confronting the major facilities issue directly. This panel was

chaired by Professor Richter who will describe the panel's activities and

recommendations after 1 have finished.

The deliberations of 3 and 4 October, as well as the technical subpanel

s

report, served as the input for the report of the Working Group on

Technology, Growth and Employment to the London Summit. In this report

there are two items to which I wish to call attention. One of these is

Paragraph No. 22 of the report which states:

"Effective cost sharing is becoming a more important element in

the construction of major new facilities. Collaborative projects

would benefit if coherent long-range plans for the construction

and sharing of facilities in our countries were to be developed."

The second item in this report is the high energy physics summary page that

describes the aim, activities, and outlook for this area.

In particular, it says that before the Bonn Summit next June we should

organize some subpanel s to identify the facilities that will be required to

continue to make effective progress in this field, regardless of where the

facilities are located.

This report was accepted by the London Summit. The communique issued after

the Sunriit dealt mostly with economic concerns, but it also took special

note of the progress made in the 18 areas of cooperation and "invited" the

group to "...pursue further work and to report to a personal representative

in time for the next economic Summit."
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This is an important opportunity that is not without its risks. Many of the

political leaders that I come in contact with state rather categorically

that it is ridiculous to even consider duplicating major facilities in

several areas of science or technology just for the purpose of scientific

competition. So the risk is that unless we develop plans or programs that

avoid unnecessary duplication, we may find that needed facilities may not be

forthcoming anywhere. The opportunity aspect stems from the fact that the

Heads of State of the Summit countries have formally recognized the

important role that basic research plays in future economic development, and

have asked what kind of collaboration is feasible for major facilities and

some of the ancilliary aspects of their operation.

I see our task here in the next two days as one of identifying the charters

for several panels that will involve representatives for the Summit

countries, or others if appropriate, to do the required work and report back

to this group their findings, conclusions, and recommendations. The object

is not to solve these problems prior to adjournment, but to be satisfied

that the necessary tasks have been commissioned. I would remind you that we

should not use this forum to seek solutions to the many minor problems that

crop up in the normal course of international cooperation, but rather we

should focus our efforts on developing the information that will convince

the Heads of State and the legislative bodies of these states that there is

a rational plan or process by which high energy physics can proceed on a

worldwide scale without duplication of costly facilities. I believe that it

would be foolish to not take full advantage of the opportunity presented by

the Summit process. I look forward to lively and constructive discussions

on these subjects.
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SUMMIT WORKING GROUP
on

HIGH ENERGY PHYSICS
BRUSSELS, BELGIUM
JULY 2 AND 3, 1984

CHARGES TO SUBPANELS

PREAMBLE

The Economic Summit leaders endorsed the report of the Working

Group on Technology, Growth and Employment presented to them at their

London meeting of June 1984. In the Communique the leaders invited

the Working Group to pursue further work and to report to personal

representatives in time for the next economic summit.

High energy physics has made remarkable progress over the past

decades, and a significant amount of the work has been done through

international collaboration. It is clear that progress in this field,

dedicated to understanding the structure of matter and the forces of

nature at their most fundamental level, requires major facilities that

stretch technology and challenge industry, and requires more effective

methods of using existing and new facilities.

To facilitate the advance of this science, three new subpanels

have been created at the Brussels meeting of the High Energy Physics

Summit Working Group. These subpanels are herein presented with

charges to report on the implementation of paragraph 22 of the report

presented to the London Summit meeting, to suggest administrative

remedies in certain areas that will enhance the effectiveness of

international collaboration; and to report on the status of technical

collaboration between Summit nations in certain areas.

SUBPANEL FOR LONG-TERM PLANNING (Dr. H. A. Atkinson, United Kingdom,

lead)

In consideration of the report of the Working Group on Technology,

Growth and Employment to the London Economic Summit, the Summit

Working Group on High Energy Physics has set up a subpanel to provide

a forum to consider the implementation of paragraph 22 of the

aforementioned report in respect to the field of High Energy Physics

(HEP). Paragraph 22 reads as follows:

"Effective cost-sharing is becoming a more important element in

the construction of major new facilities. Collaborative projects

would benefit if coherent long-term plans for the construction and

sharing of facilities in our countries were to be developed."

The subpanel will be provided by the Summit nations with their

plans and proposals for high energy physics, and with progress reports

on existing major facilities. They will also take account of plans

for high energy physics worldwide.
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Although It Is important toi* proceed in as timely a manner as

possible, it must be recognized that the production of such plans will

take time and that, by the nature of high energy physics which Is

driven by scientific need and technological advance, plans will

develop and change as time goes on. The subpanel will report

periodically to the Working Group on HEP on such coherent long-term

plans.

SUBPANEL ON TECHNICAL COLLABORATION (Dr. D. G. Stairs, Canada, lead)

In consideration of the technical recommendations of the Subpanel

on Improving International Collaboration in High Energy Physics
(February 1984) accepted at Brussels, the Summit Working Group on High
Energy Physics created a new subpanel to review the activities that

are underway or planned to carry out such recommendations.

SUBPANEL ON ADMINISTRATIVE ISSUES (Dr. P. Fasella, European
Communities, lead)

In consideration of administrative Issues raised by the Subpanel

on Improving Collaboration in High Energy Physics (February 1984) the

Summit Working Group on High Energy Physics created a new subpanel to

address issues in three areas:

1. CUSTOMS

The field of high energy physics Involves experiments in which
there is extensive collaboration in the design, construction and
sharing of complicated and expensive apparatus. In most cases a

detector or a similar item may include pieces of the apparatus from
several countries that are assembled into a complete system, which, in

turn, is then shipped to another country for use In an experiment.
This procedure is now being applied to accelerator construction.

In some cases, taxes or tariffs on some piece of the system may be

charged or the duty-free use may be restricted to a specific period of

time. This situation represents a serious Impediment to the kinds of

scientific exchanges encouraged by the Summit process, as endorsed by

the Heads of State. The duty-free, extended-time transfer of

scientific apparatus or components from one nation to another would
substantially Improve the ability of high energy physicists to

effectively and economically conduct their experiments.

CHARGE; Each Head of Delegation shall be responsible to appoint
an individual to determine the nature of the problems covered by
present customs practices. This fact-finding activity should be
summarized in a brief report to the European Communities' designee,
who, in turn, has the lead responsibility for preparing a report to
the Summit Working Group on High Energy Physics. This report should
identify the problems and make recommendations for solutions to these
problems.

10
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2. DATA COMMUNICATIONS

Improved data transmission facilities are of great Importance in

furthering the aim of the Summit Group to expand and Improve

international collaboration in science. Data transmission rates of 10

kilo-baud to mega-baud are required for the transmission of text,

programs, program output, graphics and data. Networks exist within
individual countries and between certain countries; but there appear

to be barriers to cost-effective international communications arising

from national telecommunication policies. For example, a recent

attempt to institute a network between Europe and the United States

was unsuccessful.

If these barriers were to be overcome, the benefit to science

would be great in that individual groups could function more

effectively in international collaboration from their home base in all

phases of their work, from preparing proposals through running an

experiment to the analysis of results.

To Improve the existing situation it is necessary to analyze the

data transmission requirements as a furction of bandwidth, and to

determine the technical and institutional barriers to more effective

communications. Accordingly, a working group is to be established

with the charge to:

1. Estimate the international traffic requirements at various

bandwidths over the next decade.

2. Summarize the barriers to cost-effective computer-to-computer
communications from:

a. Technical factors

b. Economic factors

c. National telecommunication policies

3. Suggest methods to improve the present situation.

3. PERSONNEL EXCHANGES

High Energy Physics is already an activity with a highly developed

international aspect: nationals of one country often work in another

on both short-term and long-term bases. This can cause problems

associated with visas and with work permits, including work permits

for family members. There can also be serious social problems which

restrict mobility of personnel. High energy physics has had

experience with these problems over a long period, but it is

inevitable that they will arise in other scientific activities as

these become Increasingly international in character.
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To facilitate mobility among scientific and technical personnel,

it would be desirable if summit nations could reduce or remove social

and legal barriers. The Summit Working Group on High Energy Physics

therefore proposes that a panel be convened to investigate and

document the type and extent of such problems and to recommend how
they could be solved. For example, one possibility would be to accord

special status to cover collaborative scientific work.

The Panel should be composed of technical experts from the Summit

nations suitably advised by members of the high energy physics
community with direct experience with these problems.

The head of each delegation will appoint one delegate to the

subpanel on planning and one for technical collaboration. He will
appoint three delegates from the subpanel on administrative issues,

one for each issue. The names of the delgates will be made known to

the leader of the Summit Working Group on High Energy Physics and to

the appropriate subpanel leader by August 1, 198A. The delegate may
be accompalned by one or two advisers from his nation at meetings of

his particular subpanel. The first reports from the subpanels are due

to the leader of the Summit Working Group on HEP no later than January

1, 1985. This Working Group has set aside the days of January 12, 13

and 14, 1985 for a meeting In France to review these reports, as

necessary.

12
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Long-Term Planning :

United Kingdom:

Canada:

European Communities:

France:

Germany:

Italy:

Japan:

United Kingdom:

United States:

Sumit Working Group
High Energy Physics

Subpanel Hembers

Dr. H. H. Atkinson (Chairman)

Director, Science
Science and Engineering Research Council

Professor J. D. Prentice
Department of Physics

University of Toronto

Professor H. Schopper
Director-General of CERN

Dr. J. Sacton
ECFA - Chai rman

Universite Libre de Bruxelles

M. Pierre Lehmann
Directeur, Scientific de Physique Nucleaire

et Corpusculai re du CNRS

Professor Volker Soergel
Chairman of the DESY Directorate

Deutsches Elektronen-Synchrotron (DESY)

Dr. Nicola Cabibbo
President
National Institute of Nuclear Physics (INFN)

Professor Yorikiyo Nagashima
Faculty of Science
Osaka University

Dr. Derek Col ley
Physics Department
Birmingham University

Dr. Jack Sandweiss (Principal Member)

Department of Physics

Yale University

Dr. Leon Lederman
Di rector
Fermi National Accelerator Laboratory
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United States: Professor Burton Richter

(Continued) Director
Stanford Linear Accelerator Center

Professor Maury Tigner
URA SSC Central Design Group

Lawrence Berkeley Laboratory

Technical Collaboration :

Dr. D. G. Stairs (Chairman)

Department of Physics

McGill University

Canada: Dr. Ewart Blackmore
TRIUMF
University of British Columbia

European Communities: Dr. G. Brianti

CERN

Dr. E. Lillestol
Department of Physics

University of Bergen

France: M. Joao Meyer
DPHPE
CEN-Saclay

Germany: Professor Gustav Voss

Deutsches El ektronen-Synchrotron, (DESY)

Italy: Professor Sergio Tazzari

Di rector
Laboratori Nazionali di Frascati

Japan: Professor Kunitaka Kondo
Institute of Physics

The University of Tsukuba

United Kingdom: Professor D. M. Binnie
Department of Physics

The Blackett Laboratory
Imperial College of Science and Technology

Dr. J. J. Thresher (Advisor)

Rutherford Appleton Laboratory

United States: Mr. Paul J. Reardon
Associate Director, High Energy Facilities

Brookhaven National Laboratory

14



187

15

Administrative Issues:

European Communities; Professor Paolo Fasella (Chairman)

Director General for Science,

Research, and Development DGXII

Commission of the European Commuinities

Customs:

Canada:

European Communities:

France:

Germany:

Italy:

Japan:

United States:

Mr. W. T. Rowe
Administrative Services Branch

National Research Council

M. Lazanski
CERN

M. Bernard Deler
Assistant to the Director of IRF

CEN-Sac1ay

Dr. Helmut Krech
Deutsches El ektronen-Synchrotron (DESY)

Dr. Marcello Gigliarelli Fiumi

Head, International Affairs Service of INFN

Professor Ken Kikuchi

KEK
The National Laboratory for High Energy Physics

Dr. Bruce L. Chrisman
Fermi National Accelerator Laboratory

Data Connwni cations:

Canada:

European Communities:

France:

Mr. Arnold Scul ly
Director, Sales Division
Teleglobe Canada

Donald Falle (Engineer Advisor)

Mr. W. Hoogland
NIKHEF - Sectie H

M. Bernard Deler
Assistant to the Director of IRF

CEN - Saclay
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Germany:

Italy:

Japan:

United Kingdom:

United States:

Dr. Wolfram Schott
Deutsches Elektronen-Synchrotron (DESY)

Professor Bruno Borgia
Director of INFN Rome Section

Professor Ken Kikuchi

The National Laboratory for High Energy Physics

Dr. J. H. Mulvey
Nuclear Physics Laboratory

Dr. Joseph Bal lam

Stanford Linear Accelerator Center

Personnel Exchanges

Canada:

European Communities:

France:

Germany:

Italy:

Japan:

United Kingdom:

United States:

Mr. P. J. Beaulieu

National Research Council of Canada

Mr. F. Niemann
CERN

M. Bernard Deler
Assistant to the Director of IRF

Dr. Helmut Krech
Deutsches Elektronen-Synchrotron (DESY)

Dr. Marcello Gigliarelli Fiumi

Head, International Affairs Service

National Institute of Nuclear Physics (INFN)

Professor Ken Kikuchi

The National Laboratory for High Energy Physics

Professor D. C. Imrie
Particle Detector Development Group

Brunei University

Dr. Bernard Hildebrand

Chief of Physics Research

Office of Energy Research
U.S. Department of Energy
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Activities
Cadarache, France

January 1985

A meeting of the Working Group on High Energy Physics was convened in

Cadarache, France in January 1985. The Group reviewed the reports of its

three subpanels on long-range planning, technical collaboration, and the

identification of administrative obstacles which hamper increased scientific

collaboration.

The Group found that, since its establishment, international collaboration

has increased in the use of present accelerators and in the planning for

future accelerators. The Group also found that there are specific areas of

technology in which near-term research cooperation is possible, and they

identified administrative regulations which hamper effective international

collaboration in science and technology that could be revised or eliminated

through coordinated, high level Summit action.

In this section, we include the Report of the Working Group on High Energy

Physics from the January 1985 meeting and the reports from the Working

Group subpanels. The agenda and attendees for the Cadarache meeting are

contained in Appendix H.

51-563 0-86-7
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Report of the High Energy Physics Working Group from the

January 198b Cadarache Meeting for the

Versailles Summit Working Group on Technology, Growth, and Employment

for the May 1985 Bonn Economic Summit

EXECUTIVE SUMMARY

In July 1984 the High Energy Physics Working Group met in Brussels primarily

to develop a response to paragraph 22 of the Versailles Working Group

"Technology, Growth, and Employment" report to the 1984 London Summit:

"22. Effective cost sharing is becoming a more important element

in the construction of major new facilities. Collaborative

projects would benefit if coherent long term plans for the

construction and sharing of facilities in our countries were to be

developed."

At Brussels the High Energy Physics Working Group established three study

groups to report on:

1. Long-Term Planning,

2. Technical Collaboration, and

3. Administrative Obstacles to International Scientific and Technical

Col laboration.

The High Energy Physics Working Group met again in January 1985 at Cadarache

to review the reports of these study groups and to make recommendations

based on them as might be appropriate. The complete reports of the Study

Groups follow this Executive Summary.

The main objective of high energy physics research is to discover what are

the fundamental constituents of matter and the physical laws that govern

their interaction. This field of research is in a revolutionary epoch in

its pursuit of this goal. The great advances in this field that have taken

place over the last ten years have required the use of major facilities

invol ving particle accelerators and 1 arge col 1 aborati ve teams of scientists

and engineers.

These accelerator centers are located at several places around the world and

each of them has made key contributions to the advances in understanding in

this field developed over the past decade.

While the main objective of high energy physics research is fundamental

knowledge, the technology which is developed by the scientists and engineers

in high energy physics research is impressive and finds significant

application in other areas of science and in industry. Thus, for example,

developments in the technology of particle accelerators have found

application in synchrotron light sources and pulsed neutron sources for
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other areas of science; in radiation sources for cancer therapy; and in ion

implantation accelerators for materials modification and for production of

integrated circuit chips. The development of superconducting cable and

magnets has found application in magnetic fusion research and in the rapidly

growing area of nuclear magnetic resonance imaging in the medical field.

The push for increasingly sophisticated high energy physics detectors and

data analysis capability has stimulated technology developments in many

areas of science and industry. All of these examples illustrate the truth

of the statement from the Report of the Williamsburg Summit:

"Fundamental scientific research is one source of technological

progress in industry and should be given support by governments."
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A. LONG TERM PLANNING

1. Although accelerators have become more and more sophisticated,
world expenditure on high energy physics over the past decade has remained

roughly constant. This has been achieved by closing less productive accel-
erators, by using new technological concepts, and by increased international

cooperation. Scientific productivity has thus increased dramatically.

2. Many fundamental questions in high energy physics remain to be

solved. Some should be resolved by the next generation of accelerators now

under construction: the Tevatron (U.S., to begin operation in 1986),

TRISTAN (Japan 1986), Stanford Linear Collider (U.S., 1986), Large Electron-
Positron collider (CERN, 1988), and Hadron-El ektron-Ring-Anl age (F. R.

Germany, 1990). These accelerators are designed to explore different

fundamental questions and, as such, are complementary and not duplicative.
For Europe, funds are committed to 1990.

3. However, one clear need has recently emerged which cannot be met

by the present generation of accelerators. This is the requirement to

extend the energy range of hadron colliders. The most advanced plan for

doing so is the U.S. effort towards a Superconducting Super Collider (SSC).

In parallel, European scientists are considering various options for

collisions of protons with protons or antiprotons, making use of the LEP

tunnel and other infrastructure at CERN. Facilities envisaged for

addressing other open questions are a large linear collider for electron-
positron col 1 isions and an electron- proton col 1 ider which coul d al so make

use of the LEP tunnel. Japan is exploring future options after the
completion of TRISTAN.

4. It is not realistic to expect detailed plans beyond this stage,

because further projects in this science-driven field must depend on the
results from the accelerators now under construction and on the development
of new accelerator concepts. In any case, high energy physics can only
expect continued support if the quality of its science continues to justify
it.

b. The Working Group believes that the required new and advanced
facilities can be built and operated within broadly constant worldwide
budgets (with some fluctuations during years of peak capital expenditure),
provided that there is no unnecessary duplication. This implies planning on

an interregional basis to ensure complementarity and cost effectiveness.
Further concentration of facilities is inevitable; however, the Working
Group is convinced that more than one region working effectively in high

energy physics is essential to the health of the science in the period of
the study.

See Appendix I for a brief summary of the key features of some of the
principal accelerators now under construction.
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6. Regarding utilization, ways must be devised of encouraging
increased participation by scientists of all countries that would like to

share in this world community activity. The limited number of unique
facilities must remain open to competent scientists from all over the world.

7. It is of the greatest importance to continue the discussion and

planning on an intergovernmental level, so that the objectives envisaged
here can be implemented in an orderly, cost-effective way.

B. TECHNICAL COLLABORATION

Progress in exploring the frontiers of high energy physics has, in the past,
critically depended upon the construction of progressively more complex and

larger particle accelerators and detectors. This has required the continued
investment in development of new technol ogy to make these facilities
possible, both technically and financially. With the facilities that can be
foreseen to be needed in the future, this investment in new technology, in

international collaboration in this development, and in interaction with
industry becomes even more important. The following observations and

recommended activities would help to foster such increased interaction if

carried out.

1. All nations should further encourage the already active
international collaboration in accelerator technology in order to:

i) develop known technologies to a stage where they can be

incorporated in high energy physics facilities in a cost-effective way;

and

ii) encourage a broad program to develop new accelerating
methods. For this purpose existing large facilities (e.g. large
lasers) should be made available for experiments to test new ideas. A
certain fraction of the support going into high energy physics should
continue to be used for long-term developments.

Similar efforts should be made to develop new methods of particle detection.

2. As accelerator and detector systems become larger and more
complex, it is vitally important to work to common international standards
in order to reduce costs and ensure compatibility of equipment. It is

recommended that such standards be pursued at national and international
levels in collaboration with industry. Areas of special importance are
associated with data acquisition and analysis systems and superconducting
wires for magnets. Successful examples from the past are CAMAC and FASTBUS
instrumentation standards.
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3. Existing high energy physics laboratories are centers of advanced

knowledge in many technological fields and operate in an environment of

wide international cooperation. It is recommended that ways and means be

found to increase the use of them for the training and education of

scientists, engineers, and other technical staff from industrial firms,

universities, and other institutions for the mutual benefit of all

concerned.

C. ADMINISTRATIVE OBSTACLES TO INTERNATIONAL SCIENTIFIC AND

TECHNICAL COLLABORATION

It is clear that the removal of certain administrative obstacles would

greatly improve and facilitate international cooperation in several areas of

science and technology such as physics and fusion.

The Working Group believes that, because enhanced international collaboration

implies cost sharing and cross participation in the construction and exploi-

tation of regional devices, new administrative procedures are imperative.

Many of the present procedures are serious obstacles to effective

cooperation.

More specifically, the High Energy Physics Working Group recommends that

attention should be given to the following:

1. Cross participation in projects through the provision of

scientific equipment and components for major facilities (e.g., detectors)

is currently hampered by the fact that tariff and tax exemptions are only

provided for short durations that are not compatible with the time frame of

the collaboration, which may last for more than 10 years.

2. The exchange of scientific and technical staff is an important

factor in international collaboration. Increased collaboration can become a

reality only if the responsible authorities create conditions suitable for

the free exchange of scientific staff. There are several such conditions,

notably:

i) to simplify the administrative admission formalities in the

host country;

ii) to facilitate integration of the research worker and his

family in the host country; and

iii) to guarantee adequate social coverage.

3. Data transmission is an important aspect of the work of the high

energy physics community. The acceptance of cross participation in

facilities, which are widely separated geographically, relies heavily on



195

24

inexpensive and efficient data transmission. Two aspects have been singled

out by the Working Group for urgent consideration within the Versailles

Working Group on Technology, Growth, and Employment framework:

i) the review of the charging policy for scientific data

transmission across borders; and

ii) the promotion of effective data communication standards in

order to ensure compatibility.

The Working Group recommends to the Versailles Working Group on Technology,

Growth, and Employment that a study be conducted on this subject subsequent

to the Bonn Summit and that a report on the steps that might be taken to

improve conditions related to the above-mentioned administrative impediments

to effective cooperation be submitted to the subsequent Economic Summit.

D. SUMMARY RECOMMENDATION

The High Energy Physics Working Group, which was established in response to

the Versailles Working Group on Technology, Growth, and Employment has

proven to be a useful forum to discuss certain aspects of international

cooperation in this field that have not been previously examined at the

intergovernmental level.

Therefore, it is proposed that the High Energy Physics Working Group should

continue for the time being and make a further progress report on long-term

planning, technical collaboration, and administrative obstacles to the 1986

Summit.
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Preamble

This is an interim report to the Versailles Working Group (VWG)/High

Energy Physics Panel in response to paragraph 22 of the report of the VWG to

the Economic Summit meeting in London in June 1984. We cover the status and

future of the disciplline up to the year 2000. The membership of the

subpanel , and a note on the accelerators referred to, are attached.

Success of HEP

High energy physics is in a revolutionary epoch in its quest for an

understanding of the structure and working of the physical universe.

Comparable turning points in physics have taken place only twice in this

century with the theory of relativity and quantum mechanics. A remarkably

successful synthesis is emerging, based upon a microstructure of fundamental

particles and forces. These concepts are now perceived to be essential to

the cosmological models of the evolution of the universe. The subject

continues to be recognized by its Nobel Awards and the participation of

gifted young practitioners worldwide. One of the ingredients in the

success of the subject is its variety of scientific tools, particle
accelerators and detectors, which have made possible the collection and

sharing of relevant data.

The present strong base of scientific understanding has given an

unusually clear view of the open questions. Examples of these are the

origin of mass, the structure of the fundamental particles, and the

possibilities for grand unification of the forces of nature. Some of these

questions will be investigated with the facilities now under construction,

but others demand observations at much higher energy. A clear resolution of
these deep questions will require a variety of accelerators over the period

under review.

Costs and Funding

In the past decades, facilities in the different regions have been

both duplicative and complementary. History tells that duplication has

often been profitable, two simi 1 ar machines eventually evolving in quite

different directions. Another feature is that machines have grown increas-

ingly complex and, as a consequence, there has been an increasing centrali-

zation and sharing. Time and again, still productive but lower energy

facilities have been shut down to release resources for new activities. In

this way, the overall funding in high energy physics has been relatively
constant, averaged over the past decade, yet the capability of the machines

exploiting new technological concepts has increased dramatically.
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For the future, a new generation of facilities beyond those now under

construction is required to address many of the open scientific questions.

These machines will be expensive. We believe that the required facilities

can be built and operated within broadly constant budgets (with some brief

excursions during years of peak capital expenditure) provided that there is

no duplication of major facilities. This implies planning on an inter-

regional basis to ensure complementarity and cost-effective decision making.

Further concentration of facilities will probably be needed; however, we are

convinced that more than one region working effectively in high energy
physics is essential to the health of the science in the period of our

study.

Facilities Under Construction

High energy physics is a rapidly developing science and, therefore, it

would not be sensible to have a rigid plan to the year 2000. The physics

that will be done in the late 1980s and early 1990s has largely been deter-

mined by decisions already taken. Thus, now under construction are the

Tevatron (U.S. to begin operation in 1986), TRISTAN (Japan, 1986), SLC (U.S.,

1986), LEP (CERN, 1988), and HERA (Germany, 1990). These machines are

largely complementary. They involve a substantial commitment of funds

through to the 1990s in Europe and the mid- to late-1980s in the U.S. and in

Japan.

Future Facilities

We have mentioned the open scientific issues and that some of these

will be addressed by the machines now under construction. Nevertheless, in

view of the long lead times, designs for the following generation of

machines are being actively drawn up to pursue this quest. These are

modulated by the scientific needs and by technical possibilities within the
boundaries of strong economic constraints. There is a close cooperation

between the scientists and engineers in al 1 countries concerned in refining

the plans and in carrying out the necessary RSD work. Increasing inter-
regional collaboration is particularly apparent in the construction of

particle detectors that have become a major item in the total cost of new
facilities.

One clear need that emerges from the present understanding of physics
is the requirement to extend the energy range of hadron colliders. The

collision energy must be raised to the level which permits a significant
exploration of the mass scale for new particles and interactions. Most
advanced in this direction, is the R&D stage of the USA effort towards a

Superconducting Super Collider (SSC). In parallel, European scientists are

considering various options for collisions of protons with protons or anti-

protons, making use of the LEP tunnel and other infrastructure at CERN.

Other possibilities for addressing the open questions are a large linear
col 1 ider for el ectron- positron col 1 isions and an el ectron- proton col 1 ider

which could also make use of the LEP tunnel. Japan is in the process of
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making a study of their future options after the completion of TRISTAN.

Final ly, we note that there is worldwide col laborative R&D on novel

accelerator concepts; however, these are unlikely to come to fruition before

2000.

Future Scenarios

A number of scenarios are possible to the year 2000. It is too early

to select the strategy which will satisfy the scientific needs in the most

cost-effective manner. However, common to each scenario is the further

complementary development in different regions. In the U.S. a decision is

expected in the late 1980s regarding a major new accelerator (i.e., the

SSC). In Europe, no major new commitment could be made before 1990.

Involvement of Other Regions and Countries

In the interests of minimizing costs and maximizing scientific results,

an ever increasing degree of collaboration among all regions will be needed.

A key objective will be to stimulate maximum participation of the scientists

and engineers of all regions in the planning, eventual construction, and use

of new facilities. In the matter of utilization, continued encouragement

should be given to participation by the USSR, the People's Republic of

China, and, indeed, by scientists of all countries that would like to share

in this world community activity. The limited number of unique facilities

must remain open to competent scientists from all over the world.

Tasks for Intergovernmental Group

We believe that it is of the greatest importance to continue the

discussion and planning on an intergovernmental level. It would be our hope

that as studies proceed, succeeding reports of this or a similar intergovern-

mental group will develop a long-range plan so that the objectives envisaged
here can be gradually implemented in an orderly, cost-effective way.

Progress within the resources which can reasonably be provided by our

Governments will depend on a continuing reassessment of the state of the

science concerned.

H. H. ATKINSON
Lead for the Subpanel on Long-Term Planning
10 December 1984 (including subsequent revisions to 7 February 1985)
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United Kingdom: Dr. H. H. Atkinson (Chairman)
Director, Science
Science and Engineering Research Council

Canada: Professor J. D. Prentice
Department of Physics
University of Toronto

European Communities: Professor H. Schopper
Director-General of CERN

Dr. J. Sacton
Chairman, ECFA
Universite Libre de Bruxelles

France: M. Pierre Lehmann
Directeur, Scientific de Physique Nucleaire

et Corpusculaire du CNRS

Federal Republic of Professor Volker Soergel
Germany: Chairman of the DESY Directorate

Deutsches Elektronen-Synchrotron (DESY)

Italy: Dr. Nicola Cabibbo
President
National Institute of Nuclear Physics (INFN)

Japan: Professor Yorikiyo Nagashima
Faculty of Science
Osaka University

United Kingdom: Dr. Derek Col ley
Physics Department
Birmingham University

United States: Dr. Jack Sandweiss (Principal Member)
Department of Physics
Yale University

Dr. Leon Lederman
Director
Fermi National Accelerator Laboratory
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United States: Professor Burton Richter*
(continued) Director

Stanford Linear Accelerator Center

Professor Maury Tigner
URA SSC Central Design Group

Lawrence Berkeley Laboratory

29

The Subpanel met on 12/13 November 1984 in Abingdon, England.

*Professor Richter was unable to attend the meeting.
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PARTICLE ACCELERATORS NOW UNDER CONSTRUCTION OR STUDY

Tevatron I Photon-antiproton collider; 1+1 TeV; under construction at

the Fermi National Accelerator Laboratory, U.S.; first opera-

tion for physics estimated at the end of 1986 or early 1987;

superconducting magnets; two experimental areas; detector

approved (so far): CDF.

TRISTAN Electron-positron collider; 30 + 30 GeV; under construction

at KEK, Japan; first operation for physics estimated in 1986;

four experimental areas; detectors approved (so far): VENUS

(Japan), TOPAZ (Japan), and AMY (international collaboration).

SLC Stanford Linear Collider; colliding electrons and positrons;

50 + 50 GeV; under construction at Stanford, U.S.; first

operation for physics estimated at the end of 1986 or early

1987; one experimental area; detectros approved: PEP Mark II

(starting 1987), and SLD (starting about 1990).

LEP Large Electron-Positron collider; initially 50 + 50 GeV,

increasing to 100 + 100 GeV; under construction at CERN,

Geneva; first operation for physics is estimated at the end

of 1988 or early 1989; 27 km circumference synchrotron;

initially four experimental areas; detectors approved:

ALEPH, DELPHI, OPAL, and L3.

HERA Electron-proton collider; 30 + 820 GeV; under construction at

DESY, Hamburg; first operation for physics estimated in 1990;

6.3 km circumference synchrotron; superconducting magnets;

four experimental areas.

SSC Superconducting Super Collider; at reference design stage;

hadron beam collider (protons with either protons or

antiprotons); 20 + 20 TeV; synchrotron circumferences ranging

from 90 to 164 km depending on magnetic field strength;

superconducting magnets; could be operational in 1993-94.
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International Collaboration in Accelerator and Detector Development

Report of the Technical Subpanel of the

Summit Working Group on High Energy Physics

Introduction

31

The Summit Working Group on High Energy Physics established three

Subpanels at a meeting held in Brussels on July 1 and 3, 1984. The Subpanel

on Technical Collaboration was asked to review the current status of

international collaboration in important areas of accelerator and detector

research and development. This document describes the findings and

recommendations of the Subpanel. The basis for the review of technical

collaboration was provided by a report entitled "Improving International
Collaboration in High Energy Physics" by Professor B. Richter et al.,

(February 1984). That report was submitted to the Working Group at the

Brussels meeting.

The membership of the Subpanel on Technical Collaboration, which

included six members of the Richter Committee, was:

David M. Binnie Imperial College (United Kingdom)

Ewart Blackmore TRIUMF (Canada)
Giorgio Brianti CERN (European Community)
Donatus Degele DESY (Federal Republic of Germany)

Kunitaka Kondo University of Tsukuba (Japan)
Egil Lillest^l University of Bergen (Norway)

and CERN (European Community)

Joao Meyer CEN-Saclay (France)
Paul J. Reardon Brookhaven National Laboratory (U.S.)

Douglas G. Stairs McGill University (Canada), Chairman

Sergio Tazzari INFN, Frascati (Italy)
John J. Thresher Rutherford Appleton Laboratory (United Kingdom)

Gustav-A. Voss DESY (Federal Republic of Germany)

Status of Technical Collaboration

The status of technical collaboration in accelerator and detector R&D

is outlined in Attachments I and II, respectively. The subject matter

encompassed by these attachments is defined by recommendations 4 through 17

of the Richter Committee (see Appendix F).

While the central thrust of high energy physics is fundamental

research, the subject exploits and stimulates many diverse aspects of

advanced technology. The scale of experiments and facilities is such that

this technology involves collaboration not only between the universities and

the large laboratories but also with a wide range of industries. The

tradition of collaboration is so well established that even between

laboratories proposing competitive projects one finds much collaboration on
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technical problems of accelerator design and construction. Personal

contacts are of key importance in the establishment of international

collaboration in accelerator science and detector development. Such

contacts form naturally through existing mechanisms among the older

physicists, but much could be done to foster contacts for younger

scientists entering the field. The opportunity to establish contacts with

industry is especially important for the latter group.

Of the many specific areas of collaboration identified by the Richter

Committee, some have already reached a level of maturity where they are

widely applied in other fields. We have found it particularly helpful to

examine points where collaboration with industry is just beginning. The

benefits to industry in terms of improved capabilities in precision

manufacturing and advanced technology have been clearly documented by a

study at CERN . We note that developments in our areas of R&D often occur

through the realization by physicists that techniques already available in

advanced industries can be adapted for high energy physics. The Subpanel

has identified laboratory/industry collaboration as an extremely important

benefit of research in high energy physics for both sides.

It is clear that key ideas spring from many sources and that small,

possibly isolated groups need support; indeed at present we find more

ideas than can be well supported. The long term future of this field

depends on promising ideas for particle acceleration and detection. We,

therefore, strongly endorse international collaboration in these topics.

Superconducting Magnets and Cryogenics

In the last half year the Reference Designs Study for the SSC has been

completed in the U.S., while in Europe a feasibil-ity study for a hadron

collider in the LEP tunnel has been carried out. In the Federal Republic of

Germany the HERA project at DESY, based on international collaboration, is

under way. A brief account of the work in progress in the various

countries/regions appears in Attachment I.

For the above studies, the collaboration on design, beam dynamics, and

technical assessment is already good and can be further enhanced by, for

example, collaborative utilization of test and measuring facilities and

other activities aimed at avoiding unnecessary duplication of efforts. The

other recommendations of the Richter Committee, pertaining to this area,

remain valid.

^"Study of the Economic Utility of CERN Contracts," H. Schmeid, CERN 75-6.
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New Methods of Particle Acceleration

This field is in very rapid expansion; good progress is being made and
already some of the proposed schemes appear to give promise of achieving, in

due time, the performance required for reaching very high energies.
Scientific work in this field has great potential for technical development
and for training high energy accelerator builders at national laboratories
and universities. Research and development on new accelerator techniques Is
still carried out in the "parallel" mode (as defined by the Richter
Committee). However, close international collaboration in R&D work at
the national and regional levels should be encouraged. Such collaboration
should include the exchange of personnel in accelerator physics, and in

related areas, and agreements to make existing facilities available on an
international basis.

Detector Research and Development

International collaboration in detector R&D is already the normal mode
of operation in high energy physics, and many excellent examples of this
work can be found. Three recommendations were made by the Richter Committee
to improve these efforts and two of these are to be addressed by the
subpanel on administrative issues. The remaining recommendation urged the
strengthening of home-based programs to derive the maximum benefit from
these collaborations in tenns of technology transfer and training of
students. The recommendations would be a significant step in achieving this
goal. Further suggestions are made in Attachment II.

The development of electronics and data acquisition equipment, such as
NIM and CAMAC for high energy physics research, represents an excellent
example of collaboration and technology transfer with industry. These
components have found widespread use in other fields such as the medical
diagnostics. Recently several developments in detector research have led to
collaborations with industry in the production of components. Some of these
are described in Attachment II and recommendations are made to improve
specific problem areas.

RECOMMENDATIONS

The Subpanel recognizes the importance and value of interntional
collaboration as it exists today. For the long term, we recommend an even
stronger degree of collaboration between the laboratories themselves and
their industrial partners. In particular, we recommend the following
specific actions:

1. Provide the ways and means to support a broader international
program in advanced accelerator and detector studies to bring promising
developments to a stage where serious consideration can be given to their
incorporation in the next generation of high energy physics facilities;
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2. The existing laboratories are centers of long-standing and

successful international activity. The Subpanel recommends that these

laboratories be used to provide a broadly-based program of training and

education in a collaborative international environment. This should be

implemented by special means such as fellowships aimtd at scientists,

engineers, and other technical staff from industrial firms, universities,

and technical institutions whose main interests lie outside high energy

physics; and

3. As accelerator and detector systems used for high energy physics

become larger and more complex, industrial skills have had to be applied to

resolve many of the technical, manufacturing, and construction problems. In

such applications it is vitally important to work to common international

standards. It is recommended that these be pursued at national and

international levels in collaboration with industry. Areas of special

importance are associated with the computer industry, data-acquisition
systems, superconducting wire technology, and cryogenic magnet construction.
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Attachment I

ACCELERATOR RESEARCH AND DEVELOPMENT

A. Superconducting Magnets and Cryogenics

U.S.

In the U.S. significant progress has occurred in the initiation of the

design phase for the SSC. A Central Design Group has been established at

the Lawrence Berkeley Laboratory (LBL) -with two regional centers at Fermi lab

and Brookhaven National aboratory (BNL). Studies are under way of specific

topics such as aperture requirements, beam dynamics, particle tracking, and

selection criteria for superconducting magnets. The organization and

staffing of the Central Design Group for the SSC project is proceeding. In

some of the SSC workshops international participation on key problems has

been encouraged and fostered.

Research and development for the magnet and cryogenic systems is in

progress in four laboratories [BNL, LBL, Fermi lab, and the Texas Accelerator
Center (TAC)]. Prototype magnets are being constructed for operation at

fields of 3, 5, and 6.5 T. A final choice of the SSC magnet will be made
within a year. So far the models of the BNL/LBL, TAC, and Fermi 1 ab

approaches have been tested with quite satisfactory results. As part of

these activities, efforts are being pursued towards better NbTi conductors

and improved winding/construction techniques, aimed at lowering costs and

minimizing magnetization effects due to persistent currents. The

development of higher field magnets using NboSn continues at BNL in

collaboration with LBL. This work has potential importance for dipole and

high gradient SSC applications. In the area of superconducting wire

development, worldwide approaches are being examined and industrial

involvement in superconducting magnet construction, already a fact in

Europe, is being examined.

EUROPE

The development of superconducting magnets for the proton ring of HERA

at DESY is being carried out in close collaboration with industry. Dipole
fields of 6 T have been reached with NbTi conductors at 4.5° K. The

construction of four prototype magnets, 9 m in length with cold iron, has

just been entrusted to industry. Collaborations among several countries are

being set up for the prototype production in industry. Personnel from

Fermi lab, BNL, and other U.S. and European laboratories are heavily involved
in project design reviews.

In addition to this, a number of national laboratories and institutes

are forming a collaboration, initiated by CERN, to promote technological

developments directed towards the construction of magnets at higher field
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levels (8 to 10 T) suitable for a future hadron collider.* Two possible

lines of development concern:

i) the utilization of Nb3Sn conductor at 4.5° K with enhanced

current density and small effective filament diameter (to minimize

magnetization currents at injection); and

ii) the use of the best NbTi conductor (with possible additions)

at 2° K (superfluid He).

The former implies a substantial conductor development taking advantage

of the considerable work already done for fusion, while the latter depends

on the assessment of extended cryogenic systems at 2° K and on the design of

reasonably simple cryostats. Experts from the various laboratories are

preparing a global technical program. The participating institutes will

work in conjunction with industry and use existing test and measuring

faci 1 ities.

JAPAN

Development of magnets suitable for future hadron colliders is under way

at KEK in collaboration with industry. In addition to a 5 T magnet, work is

in progress along twa lines already mentioned for Europe. A multi shell

dipole wound with Nb^Sn conductor has reached high fields (8 - 10 T) and the

development of superconducting quadrupoles is in progress.

B. Superconducting Radio Frequency Cavities

At the second workshop on radiofrequency superconductivity which was

held at CERN in July 1984, 80 participants from 26 institutions (Australia,

Brazil, Europe, Japan, and the U.S.) reviewed the present status of the

field.

At DESY, work is concentrated on two nine-cell cavities at 1 GHz to be

installed in PETRA. A three-cell cavity at 500 MHz has been tested

successfully in the TRISTAN accumulation ring at KEK.

It appears that after many years of development in a number of

laboratories, often through international collaboration, the technology has

advanced to the point that large scale applications are being considered at

CEKN to increase the beam energy of LEP beyond 55 GeV and at DESY for HERA.

European Laboratories involved in the development of accelerator

superconducting magnets: Technical University of Vienna (Austria); CEN-

Saclay and CEN-Grenoble (France); DESY and KFK (Federal Republic of

Germany); INFN and ENEA (Italy); NIKHEF and ECN (Netherlands); CERN; SIN

(Switzerland); RAL (United Kingdom)
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The results obtained so far give confidence that large systems could operate
at accelerating fields of at least 5 MeV/m. The next step to be undertaken
is the production of such structures in industry.

In other institutes (Wuppertal and Cornell Universities) devel opment

work is under way to obtain higher field gradients and quality factors,

suitable for large linear electron accelerators.

C. New Methods of Particle Acceleration

On the very important issue of new techniques for particle
acceleration, an international workshop entitled "High Fields for Particle
Acceleration" was held in Frascati, in September 1984, under the sponsorship
of the CERN Accelerator School, the European Committee for Future
Accelerators (ECFA), and the Italian Institute for Nuclear Physics (INFN).

About 80 participants from all regions in the disciplines of accelerator,

high energy, and pi ama physics reviewed the problems connected with various
approaches to the design of very high energy linear colliders to be operated

at accelerating and/or focusing fields about one order of magnitude higher

than those at present achievable. Needed beam parameters were defined;

information on the peculiar characteristics and unresolved problems of the

various proposed acceleration schemes was exchanged, and the major technical
issues were brought into focus.

Major experimental programs under way at various laboratories were
presented in the fields of short wavelength, normal linacs driven by very
high power sources (SLAC, Novosibirsk, KEK) and two-beam accelerators [DESY,

LBL, Lawrence Livermore National Laboratory (LLNL)]. New experiments are
being set up or planned on other promising approaches, such as beat-wave
accelerators and near-field devices (BNL, RAL, Cornell, and various other
universities). Theoretical work on these and other more exotic schemes was
also extensively discussed at the workshops.

D. Accelerator Schools

In the U.S., a summer school in accelerator physics and design has been held
for the past four years. In Europe, CERN has set up a school in accelerator
physics, which started in October 1983 with a two-week specialized course on

proton-antiproton colliders. In September 1984, a two-week general course,
attended by 150 students, was held in Orsay (France). The school has also
organized and partly sponsored two international workshops on High Fields
for Particle Acceleration and on Non-linear Dynamics. Scientists from most

European institutes contribute to the formulation of the school programs and

to its organization. Close contact and collaboration are maintained with
the U.S. Accelerator School and participation in both the U.S. and European
courses is on an interregional basis.
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Attachment II

DETECTOR RESEARCH AND DEVELOPMENT

A. Training in Detector Technology

Existing collaborations in detector development have shown that it is

possible for small university groups, as well as the larger national

laboratories, to make significant contributions. Two problems are noted:

1. Frequently new detector techniques are developed to the point

where a solution exists for a particular problem. Then time, personnel, and

money constraints dictate that detector construction must start and

potentially interesting development studies cease. Some mechanism for

transferring this development to the university environment would be

welcomed;

2. The size and sophistication of present detectors mean that the

time scale for such experiments may be inappropriate for the Ph.D. student

entering near the beginning of the project if the student is to present a

conventional thesis based on analysis of results. Universities should be

encouraged to use detector design and development or research in new methods

of detection as part of the Ph.D. program. In addition there are opportuni-

ties for persons from other disciplines such as electrical engineering,

chemistry, materials research, and solid state physics in this work.

An initiative which could be considered is the establishment of

detector physics schools in the same manner as the existing accelerator

physics schools. These would be aimed primarily at young physicists and

technicians/engineers.

B. Collaboration with Industry

The high energy physics program in Japan has had an excellent history

of collaboration with industrial firms in the development and construction

of components for detectors. Some examples are the construction of the

large superconducting solenoid for the CDF detector at Fermi lab, the

production of lead glass for the OPAL detector, scintillating glass for

photon detectors, and the production of a variety of other photosensitive

devices. Japanese industry is also playing an important role in the

construction of the large central detectors for the TRISTAN experiments. In

Europe and the U.S., industry also is involved in the construction of large

detectors.

The scale, both in quantity and size, of the components for the next

generation of detector systems requires industrial participation, and other

nations are fol lowing Japan's lead. Several typical examples of this



210

39

collaboration are mentioned below. In the following two sections, two

developments involving the electronics industry are discussed in more

detail. A very important result of these developments is that applications

for the work are frequently found outside of high energy physics.

1. Superconducting Magnets

The superconducting coil for the DELPHI detector at LEP is the respon-

sibility of the Rutherford Appleton Laboratory in the U.K. This will be one

of the largest superconducting magnets in the world. Contracts have been

awarded to industrial firms in a number of different countries for the

construction of components for this magnet; namely, Germany, France,

Switzerland, and Italy. CEN-Saclay has the responsibility for the ALEPH

coil, the construction of which is entrusted to industry on a similar basis.

2. Scintillating Plastic Fibres

Development of scintillating plastic fibres to be used in detectors for

high energy physics was started in the USA and France. Such fibres are to

be used both in high density calorimeters (DELPHI, UAl) and in high resolu-

tion track detectors. This development has led to the setting up of a

French industry with the intention of producing optical plastic fibres for

short range data transmission.

3. Bismuth Germanate Crystals

Monocrystals of bismuth germanium oxide (BGO) are being developed in a

worldwide collaboration to be used in the L3 detector at LEP. Production
lines have been set up in China and France to cover the needs of L3.

Physicists are studying BGO crystals for their special semiconductor proper-
ties, which in turn may lead to other applications.

C. Solid State Detectors, Charge Transport Devices, and VLSI

Techniques used by the electronics industry in the manufacture of high

density integrated circuits are now being applied to the production of high-
spatial-precision particle detectors. Two examples are:

1. the silicon microstrip device based on reverse-biased diodes
implanted in microstrips on silicon wafers; and

2. the charge-coupled device (CCD) used in TV cameras and by

astronomers as photon detectors.

Both devices are being developed in collaboration between industry and high

energy physics groups in the U.S. and Europe. Prototypes based on silicon
and gallium-arsenide substrates are being developed for the charge-coupled
device.
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The possibilities for groups and smaller industries to participate in

such developments are limited by access to computer-aided design facilities
and by the cost and time needed for the production of integrated circuit
prototypes. These problems may be overcome by:

1. organizing the access to one or several CAD-CAM facilities at

major laboratories; and

2. the creation of facilities for the production of circuits.

An example of such a coordination is NORCHIP for the Scandinavian countries.

D. Data Acquisition and Data Processing

Future high energy physics experiments are characterized by enormous
complexities and data rates. In order to cope with both the complex
architectures and data flows, involving communications between large numbers
of microprocessors and minicomputers, a new standard FASTBUS is being
developed in cooperation between Europe and the U.S. FASTBUS is replacing
the CAMAC standard and is expected to be widely used outside high energy
physics. For the moment only wery few industrial firms are engaged in the
development of the FASTBUS standard and the building of FASTBUS electronics.
A stronger cooperation with industry should be encouraged. The online and
offline data processing of future experiments require an order of magnitude
increase in available computer power. In order to solve this problem,
emulators of big mainframe computers are being built, again with worldwide
cooperation. These developments could have an impact on the future needs
for and use of computers, also outside the high energy physics community.
In some areas where industrial development is progressing rapidly, as in the
optical laser disk for high density storage, the high energy physics
community will have to choose or impose a standard.

E. Access to Rare or Costly Detector Components

With the construction of very large detectors for colliding beam
experiments and for neutrino studies there is occasionally need for special
materials which are both rare and costly. Examples are: uranium for
calorimeters; and heavy water, gallium, and indium for solar neutrino detec-
tors. The needed material is often borrowed from one country to be used at
a high energy physics laboratory in another country for the duration of the
experiment. Such temporary transfer of material is often very problematic.
We, therefore, strongly recommend that a policy be developed for international
use of such materials.
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ADMINISTRATIVE OBSTACLES TO INTERNATIONAL SCIENTIFIC

AND TECHNICAL COOPERATION

International cooperation in scientific research and technological

development must be considered increasingly as a fundamental component

of world economic growth and for that reason deserves special

attention from the highest authorities.

Although in most sectors the need to cooperate arises spontaneously

between research workers, the development of cooperation, on the other

hand, requires the presence of optimum conditions which, in most

cases, only governmental authorities are capable of creating.

This is particularly true at administrative level, where numerous

obstacles hinder, in particular, freedom of trade in scientific and

technical equipment and instruments and exchanges of research

personnel, both research workers and technicians, or of scientific and

technical information. The national and international regulations,

most of them laid down several decades ago, are no longer in keeping

with modern technological development and, in the present case, form

barriers that should be removed or at least lowered in order to make

possible and encourage expansion in international scientific and

technical cooperation.

The working parties on High-Energy Physics and Controlled

Thermonuclear Fusion set up after the Summit meeting of Heads of State

and Government held in Williamsburg, USA, in May 1983 considered that

these obstacles should be especially examined in order to determine

and to suggest ways and means of by-passing them.

This report is the result of that examination with respect to the two

areas concerned.
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1. Transfer in scientific and technical equipment and instruments

1.1. Present situation

The conditions governing the international transfer of scientific

and technical equipment and instruments vary from one country to

another and depend as a general rule on the duration of the

transfer, the type of equipment involved and its intended use.

In most of the countries which participated in the Summit,

t emporary importation is a relatively simple matter, but the

periods of validity are limited to a maximum of two or three

years, which is incompatible in certain cases with the time

required to carry out complex scientific experiments. Such

importation generally enjoys total or partial exemption from taxes

or if a declaration has been made to the effect that the item in

question is to be re-exported (the case in Japan).

The formalities to be completed in order to obtain such exemption

are sometimes quite complex, and should normally take only a

relatively short time (say a week), but in complex cases may take

longer. However, it requires quite a complex administration and in

many cases it is totally impossible to give evidence of identity

with respect to each instrument after the completion of the

"temporary" use. Here again the existing rules are not at all in

keeping with the complexity of international HEP-cooperat ion.

Permanent importation of scientific and technical equipment is

generally subject to the rules of the Florence Convention (1952).

In the case of most of the countries which participated in the

Summit, specialized scientific equipment can be imported free of

tax provided that it is to be used by public research bodies or

bodies recognized as such, for non-commercial purposes and that

equipment of equivalent scientific value is not currently produced

in the importing country (or in case of the EEC Member States, in

the EC). Depending on the country, components of such equipment

may not enjoy t-he same conditions, which can lead to difficulty

where repairs have to be carried out (the case in the USA and

Japan)

.

Exportation of such scientific and technical equipment and

instruments is not, as a general rule, subject to special

restrictions. It should, however, be noted that the equipment in

question often falls within the category of strategic and high-

technology products, particularly in the two areas in question,

trade in which is at present strictly supervised (particularly in

the USA and Canada) ; where equipment of this type is concerned,

restrictions are encountered which necessitate cumbersome

formalities that may last for several months.

1 The word Country has been used for simplicity but it should be taken

to mean customs territory possibly made of several countries (e.g.

EEC)
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1.2. Existing forms of international cooperation

The case of CERN (Centre Europeen de Recherche Nucleaire -

European Nuclear Research Centre) in the field of High-Energy

Physics and that of JET (Joint European Torus) in the field of

fusion provide interesting examples with regard to trade in

scientific and technical equipment and instruments between several

countries.

The European Economic, Community possesses a Community Regulation

dated 28 March 1983 relating to the duty-free admission of

scientific instruments or apparatus intended "for either public

establishments principally engaged in education or scientific

research and those departments of public establishments which are

principally engaged in education or scientific research" on

condition that they have been approved by the competent

authorities of the Member States to receive such articles duty-

free and "to the extent that instruments or apparatus of

equivalent scientific value are not being manufactured in the

Community". The regulation requires the European Commission to

deal with applications within three months, but pending decision,

the competent authority may authorize importation of the

instrument or apparatus which is the subject of the application.

It has to be noted, however, that the Community regulations give

very sophisticated definitions of "a scientific instrument or

apparatus" and that these definitions are interpreted very

restrictively by the authorities, so that the practical importance

of this exception is at present not very great in international

HEP.

Scientific equipments or apparatus imported in this way into the

Community from other countries are, as a general rule, subject to

value added tax ; derogations from that rule may, however, be

permitted on the basis of bilateral agreement, each case being

dealt with individually.

At all events, scientific and technical equipment and instruments

sent as gifts, in token of friendship or goodwill "by an official

body, public authority or group carrying on an activity in the

public interest which is located in a country other than the

Member State of importation, to an official body, public authority

or group carrying on an activity in the public interest which is

located in the Member State of importation and approved by the

competent authorities to receive such goods exempt from tax" are

exempt from VAT (Council Directive 83/181/EEC of 28 March 1983).

Discussions are under way with a view to extending this exemption

to equipment and instruments benefitting from the temporary

admission system (see proposal for the 17th Council Directive, in

respect of which the European Parliament has already expressed a

favourable opinion).

2 O.J. L 105, April 4, 1983 83/918/EEC
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As regards CERN, it is exempt, as an intergovernmental
organization,, from the payment of customs duties and taxes, and it

benefits from preferential customs procedures. In thus directly
imports (into Switzerland or France) equipment for its own use in

accordance with the rules governing its special status.
This includes the experimental equipment which remains the
property o^ institutes that cooperate with CERN ; in this case,

temporary importation is not required. CERN also exports directly
(from Switzerland or France) whatever the reason for the

exportation may be. Apart from the two host States, CERN has

obtained preferential agreements concerning the temporary
importation of equipment that belongs to it into the United
Kingdom and Italy.

For JET, an agreement has been established between this common
enterprise and the United Kingdom which gives it advantages equal
to these of CERN.

1.3. Poss i bl e improvements

The cases of CERN and JET are examples of potential improvements
to the system currently in force.
Among possible solutions, consideration can be given to taking
steps at ministerial level to accord a special status to
scien;ific and technical equipment and instruments which would
enable them, within the framework of intergovernmental agreements
governing the projects that resulted from the Versailles Summit,
to b? moved freely between the laboratories participating in the
"Controlled Thermonuclear Fusion" and "High-Energy Physics"
projects. Awaiting this solution the following measures should be
takf'n :

- Extension of maximum time for temporary use to 10 years,
- Granting of status of "scientific equipment" for all equipment

exclusively used in HEP-research,
- facilitation of procedure^ to give evidence of identity after

temporary use".

It should also be noted that a draft European agreement aimed at
facilitating the movement of scientific research equipment between
the Member States of the Council of Europe is being studied and
that, in this regard, the Ministerial Conference of 17 September
1984 recommended that consideration should be given to whether
such an agreement would be of advantage. The agreement will be
based on the application of Article 13 of the Customs Convention,
itself based on the Florence Convention relating to the
importation of scientific equipment, under which minimum
facilities are provided for. The negotiation of this new
agreement, however, will have to be conducted so as to ensure that
it does not hinder application of greater facilities that certain
contracting parties grant or might grant, either by means of
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unilateral provisions or under bilateral or multilateral

agreements of the same type as those previously mentioned.

(As reg^irds this point, reference may be made, in particular, to

the EC Council Directives already being implemented or at the

stage of preparation). Subsequently, consideration could be given

to extending such an agreement to non-European countries, and in

particular to the countries which participated in the Summit.

It will be the task of T6E working group to make a statement upon

the practicalities of setting up and operating such an agreement

or Conventions.
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2 . Exc_hafiaes of scicntifijL_ancl_tej:A!licaL—stall

2.1. Present situation

The mobility of research workers has for several years been a

mai.ter of concern to those responsible for national scientific and

technological policies, at least in Europe. Many studies have

been conducted (Council of Europe, EEC, European Science

Foundation) and the conclusions are relatively unanimous : such

mobility can become a reality only if the responsible authorities

create conditions suitable for the free exchange of scientific

staff.

There are three such conditions :

- to simplify the administrative admission formalities in the host

country (as regards both the research worker and his family)

(visas) ;

- to facilitate integration of the research worker and his family

in the host country (accommodation, motor car, work permit for

the spouse, children's education) ;

- to guarantee social coverage equivalent to that in the country

of origin (social security, pension rights, return to the

country of origin).

2.1.1) Administrative formalities

These formalities are relatively simple in most cases.

Temporary visas can generally be granted and even extended

(sometimes, however, with a certain amount of difficulty in this

regard in the USA), without major problems, in particular if the

research workers are covered by a diplomatic agreement or an

alliance treaty, if responsibility for them is accepted by

international companies or organizations (the case in the USA),

or if they can show that they are engaged in highly intellectual

activities in the arts or sciences (the case in Japan).

The families of the research workers generally enjoy the same

facilities. It should, however, be noted that, in certain

cases, the research workers and their families lose their

citizenship rights both in the host country and in the country

of origin.



218

2.1.2) Integration in the host country

47

The problems of integration in the host country depend to a

large extent on the host laboratory and on its administrative
services. In certain cases, the formalities are simplified by
bilateral agreements that exist between laboratories (the case
in Canada and Italy). In most cases, however, the research
workers and their families are subject to the normal rules of

the host country.

The conditions relating to accommodation vary considerably from
one State to another and even from one town to another ;

certain research centres possess accommodation in which the
families may stay temporarily, but, in most cases, the research
worker is obliged to find accommodation for himself. Likewise,
as regards driving Licences, road taxes and vehicle
registration, the research worker is obliged to complete the
normal formalities with which every foreigner arriving in a new
country has to cope, even if the visit is for a limited period.

As regards the spouse's work permit, obtaining one is generally
a lengthy and difficult process (except within the EEC in the
case of nationals of its Member States).
^!3ny problems also arise, particularly during short-term stays,
with regard to children's education , since mother-tongue
instruction is not available and there is no point in the
children's acouirinn diplomas which are not recognized in their
country of origin.

2.1.3) Social coverage

Where social coverage is concerned, although the social-security
rules of the host country are generally applicable to a guest
research worker and his family, it is mainly the country of
origin which is responsible for facilitating that person's
return to his mother country so that the period he spent abroad
does not adversely affect his career prospects and his pension
rights. Generally speaking, a research worker who works for
some time in a foreign laboratory does not contribute to the
national pension and social security systems of its own country
while he is abroad and thus loses his social entitlements unless
this question is specifically draft with in bilateral
totalization agreements or in multilateral agreements (the case
of EEC member states). If he returns to his original
employment, he could also lose his right to promote and his
career prospects sufer in consequence.

2 At the European level (JET in particular) this question has been
solved by creating European Schools with a special status
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The situation at CERN is sufficiently typical to be referred to

here as an example in this respect. Almost half the scientific

and technical personnel are from foreign laboratories and stay in

Geneva for periods of varying length. Most of these research

workers are seconded provisionally from their home laboratories

and administrative responsibility for some of them is assumed by

CERN, but most of them remain administratively attached to their

original laboratories ; the problem of their otdtus is thus

minimized to a large extent and, after their stay at CERN, the

research workers resume work in their home laboratories and their

careers generally suffer no adverse effects as a result of their

temporary secondment.

In all cases in which a residence permit is issued (activity on

behalf of CERN must account for at least 50% of the holder's

time), the research worker can be accompanied by his family.

In the case of certain persons who are nationals of countries

which are not members of CERN, a visa may be necessary to enable

them to enter Swiss or French territory, but this requirement

gives rise to only a few minor problems.

There is generally no difficulty in obtaining a work permit for

spouses, but the situation on the labour market in the Geneva area

is relatively depressed at present.

Where children's education is concerned, things are made easier by

the international setting of Geneva, but problems do exist in

respect of recognition of diplomas. Difficulty is also

encountered with regard to accommodation, since the number of

apartments available in Geneva is relatively small, but CERN rents

some apartments which it can place at the disposal of new arrivals

for a limited period.

Within the European Commuhity, moreover, the administrative

formalities a'-e simplified, since the question of visas and work

permits does not arise. It may, of course, arise in the case of

research workers who are nationals of non-Community countries .

The problem5. that remain to be solved are those of the research

worker's status and of the conditions under which he returns to

his country of origin ; no uniform status exists and there is no

framework agreement between the Member States of the Community to

settle these questions, which consequently are dealt with under

bilateral or multilateral agreements between the parties

concerned. This is the case, in particular, with the agreement on

the promotion and mobility of staff in the field of Thermonuclear
Fusion, concluded by all the European States which are

3 This is not the case for JET, third countries (Switzerland, Sweden)
having the same advantages as Community Member States
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participating in that programme and the European Community. Under

that agreement, each party to it is prepared to receive staff

seconded from the other parties for the purpose of participating

in implementation of the joint project, and the Commission of the

European Communities assumes responsibility for expenditure

arising from the secondment of such staff (travelling,

allowances, etc ).The contract of employment between the

seconded staff and their original employers remains in force

throughout the period of secondment ; Likewise, the original

employer ensures that the social coverage of his seconded staff

continues. The host organization places its equipment, social

services and other facilities at the disposal of the seconded

staff.

It should also be noted that the European Economic Community

proposed, in the context of its activities for the purpose of

stimulating cooperation and scientific and technical exchanges at

European level, that it support a number of ancillary measures

intended to contribute to promoting the mobility of scientific

personnel within the Community (transport, career, information,

etc.).

2.3. Proposed solutions

From the examples referred to above, it can be seen that one of

the best ways of, setting up a satisfactory system of mobility for

research workers , without creating problems concerning subsequent

employment, is to base the system on secondment from a research

institute or body in the country of origin to a research institute

or body in the host country. In this connection, the agreement

between the European countries on the joint programme on

Controlled Thermonuclear Fusion could form a basis on which an

international agreement between the countries which participated

in the 5,ummit could be concluded. That same agreement could

provide that the secondment expenditure would be shared between

the research worker's home laboratory and the host body, and that

the latter would undertake to facilitate the integration of the

seconded research worker and his family by placing accommodation

at his disposal, even if only for a limited period.

Other problems, such as those connected with taxes, children's

education, equivalence of diplomas and work permits for spouses
require.' lengthy and difficult negotiations before they can be

solved, and such negotiations could be initiated forthwith.

It should be noted in this regard that the Council of Europe was

assigned by the Ministerial Conference of 17 September 198A the

task of examining, in accordance with normal procedures and in

A In this document we have referred to the case of experienced
research workers ; the mobility of young research workers,

particularly during their first employment, gives rise to different
problems and should doubtless be examined in greater detail
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cooperation with the competent national authorities, measures to
improve the mobility of research workers in Europe. This could
lead to measures that might be taken within the broader framework
of Summit coopf.'rat ion.

Whilst such measures are awaited it would in any case be useful to
inform potentially mobil researchers of their rights, and the
facilities offered by the various laboratories collaborating in

the HEP and rusion fields.

It will be also the task of TGE working group to give its opinion
upon the practicalities of setting up and operating such an
agreement cr convention.

51-563 O - 86 - 8
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3. Exchange of scj^entific and technical data_

3.1. Present situation

The present situation in Europe is described in the ECFA (European

Committee for Future Accelerators) Report ECFA/83/75 and

references to a more detailed description of the requirements can

be found there. The modes of communication which are needed

include :

- The transmission of text either as electronic mail or long

documents

- The transmission of program files to ensure software

standardization, with updating, on a project

- Remcte terminal access and remote job submission to certain

computer facilities

- The transmission of technical data in graphical form

- Th? transmission of data from experiments. This is of

particular importance for fault diagnosis during the data-taking

phase of an experiment

- Tele-conferencing. The efficient management of large

collaborative enterprises requires frequent exchange of

information and views leading to decisions on policy and design.

The HEP community undertakes its research in international
collaborations which span the continents. European groups make

extensive use of the facilities in North America such as SLAC

(near San Francisco) and Fermi lab (near Chicago). Groups from

Canada, Japan and the US (and other nations) participate in

experiments undertaken at the European Laboratories, such as CERN

and DESY. The greater distances separating those involved in the

large intercontinental collaborations characteristic of High

Energy Physics make good communication facilities essential.

The exchange of scientific and technical information in high-

technology sectors such as Controlled Thermonuclear Fusion or

High-Energy Physics is, like trade in scientific and technical

equipment or the mobility of research workers, a prerequisite for

the success of research in these fields. The removal of obstacles

to such an exchange, however, depends on the preparedness of the

5 The terme "scientific and technical data" means solely the raw

results of scientific and technical experiments and never the

communications and publications that result from such experiments.
The dissemination of knowledge by those means gives rise to another,
more general, problem which is not dealt with in this report
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partif.'S concerned to communicate information which, in certain

cases, can be of commercial value or can be the subject of

important scientific communications.

Apart from that prerequisite, there are still many obstacles,
^^hefer at technical level, in view of the large number of data to

be transmitted and the difficulties associated with the

interconnection of communications networks, at economic level, in

view of the rates charged by the companies responsible for

transmission, or even at political level, in view of the fact that

it is high technologies that are involved here and certain

information may be covered by military or industrial secrecy.

3.1.1) Technical obstacles

Intensive use of information technologies for the transmission

and processing of scientific and technical data has been an

important step in the rise of scientific research and, in

sectors such as High-Energy Physics or Controlled Thermonuclear

Fusion, these technologies are an indispensable instrument

without which progress would be impossible.

In the case of High-Energy Physics, telecommunications networks

making use of private or public cables at present offer only

limited possibilities with regard to transmission speeds

(9 600 bits/sec) and there are very few intercontinental lines.

In the near future (1 1/2 years), it seems that six to eight

lines between Europe and the USA and one line between Japan and

the USA, all restricted to 9 600 bits/sec, would be necessary in

order to meet the physi cists ' requi rements.

In two or three years, it will doubtless be necessary to set up

two lines capable of transmitting at the rate of 56 kbits/sec
and to add eight to ten lines between Europe and the USA and one
line between Japan and the USA (all capable of transmitting
9 600 bits/sec). Subsequently, most of the 9 600 bits/sec lines

would have to be converted to 56 kbits/sec. For the time being,
there seems to be no urgent need to set up 1 Mbits/sec links ;

nonetheless, in view of the forecasts made by the High-Energy
Physics laboratories for the end of the decade, it can be

estimated that the largest countries might need one hour per day
at 2 Mbits/sec via satellite.

Two-way communications across the North Atlantic and the North
Pacific could also turn out to be necessary.

The technical obstacle does not arise so much from the available
capacity or number of lines, since technical knowledge and
resources are such that inaustry should be able to cope with the

requirements sketched out above, as from the compatibility and

interconnection of existing networks ; the most difficult
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problem to overcome is probably the absence of a complete set of

international standards in this field, both with regard to the

interface of means of telecommunication and to the software

used. In particular, the network access protocols would have to

be standardized or at least harmonized.

The ESPRIT programme, put in hand within the framework of the

EEC, should make it possible to solve some of these problems in

the short term, particularly those which concern compatibility

of equipment and software in the' di f f erent European countries .

The question will arise once again in the case of exchanges

between European, American and Japanese laboratories. An

experiment on the on-line transmission of data via a commercial

telephone cable is, however, under way as a cooperative project

undertaken by Fermilab and the University of Tsukuba.

The purpose of a further experiment will be to link via

satellite the data base of the Information Centre of the Nagoya

Plasma-Physics Institute with an equivalent data base in the

USA. It will be noted on this point that the potential of

satellite transmission is very high and should provide

increasingly better and cheaper means of communication.

Encouragement should be given at this time to exploring the ways

by which the scientific community can take advantage of the new

economies brought about by these new technologies and,

therefore, the broadest set of potential options should be

reflected in the planning.

It should also be noted that the Commission of the European

Communities intends to implement a large-scale programme of action

for the balanced development at European level of the

telecommunication sector, the objective of which, inter alia, is to

place at the users' disposal, under the best possible cost and time

conditions, the equipment and services most likely to meet their

future requirements
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3.1.2) Economical Obstacles

Making use of public data transmission networks, as things stand

at present, is often the only solution available to laboratories

and research bodies that wish to exchange information.

In particular, where High-Energy Physics is concerned :

"in France, there is a lot of networking activity in the

laboratories of the Paris region, from where previously

installed permanent connect ions exi st to different locations in

France and to CERN ; there is also a permanent connection

between Annecy and CERN. In Germany, it may be noted that an

important new project has been started under the name DFN

(Oeutsches Forschungsnetz) with the aim of providing high-level

services over the DATEX-P public network. In Italy, there does

not exist yet a public data network ; various laboratories of

the INFN (Istituto Nazionale di Fisica Nucleare) are linked by a

private DECNET network, which has a connection to CERNET.

In Switzerland, the public network is fairly new and is still

missing some international connections. In the United Kingdom,

besides the public PSS network, there exists a very important

private network operated by the Computer Board, JANET (Joint

Academic Network) ; it is derived from the network previously
operated by the Science and Engineering Research Council,

SERCNET ; JANET is connected to PSS and to some computers at

CERN. There is also a permanent connection between the

Rutherford Appleton Laboratory and the DESY Laboratory.

The possibility of connection to American networks, including

ARPANET, BITNET, TELENET and TYMNET, has been surveyed. Apart

from what is offered by most of the European public networks,

i.e. essentially access to TELENET and TYMNET with gateways to

other networks, some more information is available on a direct

connection between ARPANET and SERCNET and on CSNET, a new
project of the American National Science Foundation.

Connections also exist between the European networks and DATAPAC
(Canada) and VENUS-P (Japan). Contacis are being established
with the HEP groups in these countries" .

In the field of Controlled Thermonuclear Fusion, laboratories
and research centres make use in most cases of the same public
networks, but it has been noted that the private links between
research centres are less developed than in the case of High-
Energy Physics. This is probably due to the fact that, in this
field, on-line data processing is not required to the same
extent.

7 ECFA/83/75, September 1983
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This use of public data transmission networks, in view of the

rates charged by the PTTs, gives rise to considerable

expenditure, particularly in the case of High-Energy Physics.

In this regard, it would doubtless be advisable to activate

negotiations with the PTTs in order to obtain preferential rates

or the allocation of special lines. With regard, in particular,

to international links, it would be necessary, on the one hand,

for the PTTs to charge rates comparable to those applicable at

national level and, on the other hand, for them to authorize

free interconnection of the networks reserved for scientific and

technical users. It should be noted that several studies have

been undertaken within the European framework with a view to

defining the characteristics of a high-speed European network in

cooperation either with private firms or with the PTT

administrations. Pending completion of such projects, the

interconnection of all the X 25 national networks would be of

primary importance.

3.1.3) Political obstacles

The political obstacles are real, but probably less difficult to

surmount, particularly in the field of High-Energy Physics,

where the results are hardly likely to be covered by military or

industrial secrecy. Where Fusion is concerned, close scientific

and technical cooperation derives from a declared political will

to ensure that participants exchange the most important

scientific and technical information relating to this sector.

(In this connection, if an agreement between the countries which

participated in the Summit is to be concluded in this field, it

would be advisable to incorporate in it a clause concerning the

dissemination of results).

3.2. Requirements for the coming decade :

On bandwidth :

1. The HEP community in Europe requires in two or three years

access to public data networks at medium (56 Kbps) and, by the

end of the decade, high (IMbps) bandwidths with international
links able to operate at the high bandwidth.

2. The average total international traffic generated at medium

bandwidths is 250 K bits/second during the working week. The

high bandwidth traffic could reach 2 Megabits/second at the end

of the decade when new accelerators are in full operation in

Europe and the US.
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Technical barriers

3. It is essential that rapid agreement is reached on ISO

standards for communications.

U. Manufacturers must be strongly encouraged to support these

standards as they are agreed, by setting public sector

procurement requirements, if necessary.

Cost factors :

5. An "academic discount" should be given for the use of computer

communication services by the academic community.

6. International tariffs should be set at a level much closer to

those for national services.

PTT factors :

7. Full international interconnection of all national public data

networks is essential.

8. Until recommendations (1) and (6), in particular, are

satisfied, the interconnection of international leased lines

for academic use should be permitted without restriction or

additional charge.
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Conclusions

It is clear that the removal of certain administrative obstacles

would gi-eatly improve and facilitate international cooperation in

several areas of science and technology. Because enhanced

international collaboration implies cost sharing and cross

participation in the construction and exploitation of regional

devices, new administrative procedures are imperative, many of the

present procf.'dures being serious obstacles to effective cooperation.

More specifically, the HEP and Fusion Working Groups having examined

this report at their Cadarache meeting on January 13 to 16 recommend

that attention should be given to the following questions :

a) Cross participation in projects through the provision of

scientific equipment and components for major facilities is

currently hampered by the fact that tariff and tax exemptions are

only provided for short durations that are not compatible with

the tifT.e frame of the collaboration, which may last for more than

10 years.

b) The exchange of scientific and technical staff is an important

factor in international collaboration. Increased collaboration

can b<;come a reality only if the responsible authorities create

condi:ions suitable for the easy exchange of scientific staff.

There are several such conditions, notably :

- to simplify the administrative admission formalities in the host

country ;

to facilitate integration of the research worker and his family

in the host country ;

to guarantee adequate social coverage.

c) Data transmission is an important aspect of the work of the HEP

and Fusion Communities. The acceptance of cross participation in

facilities, which are widely separated geographically, relies

heavily on inexpensive and efficient data transmission. Two

aspects have been singled out for urgent consideration within the

Versailles Working Group "Technology, Growth and Employment"
framework :

the review of the charging policy for scientific data
transmission across borders ;

the promotion of effective data communication standards in order

to ensure compatibility.
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The Working Groups recommend to the Versailles Working Group
"Technology, Growth and Employment" that a study be conducted on
this subject subsequent to the Bonn Summit and that a report on the
steps that might be taken to improve conditions related to the above
mentioned administrative impediments to effective cooperation be
submitted to the subsequent Economic Summit.
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Report to the Working Group
on Technology, Growth, and Employment

Bonn Economic Summit
May 19H5

Area for Collaboration: High Energy Physics

Lead Country: United States of America

Participants: Canada, France, Federal Republic of Germany,

Italy, Japan, United Kingdom, European
Communities

AIM

The aim of the Summit Working Group on High Energy Physics is to further

develop international collaboration to foster progress in this field of

scientific research,

ACTIVITIES

In regard to Article 22 of the "Technology, Growth, Employment" Working

Group report to the London Summit, the High Energy Physics Working Group has

found that, since its establishment, international collaboration has

increased in the use of present accelerators and in the planning for future

accelerators. Moreover, continuing collaboration in long-range accelerator

and detector technology development will lay the groundwork for further

international collaboration in construction and use of future accelerators

in this area of fundamental research. The Working Group has identified a

number of obstacles of an administrative nature that hamper effective

col laboration.

OUTLOOK

This Working Group \ as provided a unique forum for discussion of this area

of basic science. It is of the greatest importance to continue to review

long-term plans for major facilities and related technological research

activities on an intergovernmental basis. This should enable progress in

this most fundamental science, rich in technical spin-offs, to continue in

an orderly, cost-effective way within limited resources.

It it hoped that a Summit endorsement of an indepth review of administrative

obstacles to effective international collaboration in science and technology

will lead to coordinated action to eliminate them or to mitigate their

negative impact.
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DECLARATION OF TBE SEVIJI BEADS OF STATE AND COVTRfrME^f

/jflD REPRESENTATIVES OF TBE EVROPEAK COHHUniTIES

In the ccruree of our meeting at VerBaillee we have deepened
OUT imtual understanding of the gravity of the world eeonortic

situation^ and we have agreed en a •number of ohjeetivee for urgent
action vith a view to improving it.

Ve affirm that the improvement of the present eituation, by a
further reduction of inflation and by a return to steady growth and
higher levels of employment, will strengthen our joint capacity to
safeguard our security, to maintain confidence in the democratic values
that we share, and to preserve the cultural heritage of our peoples in
all their diversity. Full employment, price stability and sustained and
balanced growth are ambitious objectives. They are attairuible in the
com.ng years only if we pursue policies which encourage productive
investment and technological progress ; if, in addition to our own
individual efforts, we are willing to join forces, if each country is
sensitive to the effects of its policies on others and if we
collaborate in promoting world development.

In this spirit, we have decided to implement the following
lines of action :

- Growth and employment must be increased. This will be

attained an a durable basis only if we are successful in our continuing

fight against inflation. That will also help to bring down interest

rates, which are now unaeceptably high, and to bring about more stable

exchange rates. In order to achieve this essential reduction of real

interest rates, we vill as a watter of urgency pursue prudent

monetary policies and achieve greater control of budgetary defieits.lt

is essential to intensify our economic- and monetary cooperation. In
this regard, we will work towards a constructive end orderly evolution

ef the international monetary system by a closer cooperation anong the

authorities representing the currencies of North America, of Japan end

ef the European Community in pursuing nedium-tem economic <P\d monetary

objectives. In this respect, we have committsd ourselves to the

undertakings contained in the attached statement.

- The growth ef vorld trade in all its facets is both a
necessary element for the growth ef each country end a consequence ef
that growth. Ve reaffirm eur eemritment to strengthening the o^f^
imltilateral trading system as embodied in the CATT and to maintaining

ite effective operation. In order to promote stability and employment
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lihrough trads and grouth, tf« will T*ritt prot»cticni$t prtatur^g and
trade-dittorting praetietB. Vm arc r*»olvd to eomplttg t7i« uot4c of th*
Tokyo Bound and to iiaprov th« eapaeity of th* GATT to »olvg eurrtnt
and future trade probleme. Ve vill aleo ttork touarde the further
opening of our aarkste. Ve vill cooperate vith the developing 'iounfr^-ee

to etrengthen and improve the multilateral eyetem, and to expand
tradiTig opportunitiee in particular vith the nmily induetrialised
countries. Ve ehall participate fully in the forthcoming CAST
Ministerial Confermee in order to taJce concrete steps toaards these
ends. Ve shall uork for early agreement on the r«ncual of the OECD
export credit conseneue.

'Ve agree to pursue a prudent and diversified economic
approach to the V.S.S,R. and Eastern Europe, consistent vith our
political and security interests. This includes actions in three key
areas. First, folloving international discussions in January, our
representatives vill vor% together to improve the international system
for controlling exports of strategic goods to these countries and
national arrangements for the enforcement of security controls.
Second, ue vill exchange information in the OECD on all aspects
of our economic, carmereial and financial relations vith the
Soviet Union and Eastern Europe. Third, taking into account existing
economic and fi-naneial considerations, ve have agreed to handle
cautiously financial relations vith the V.S.S.R. and other Eastern
European countries, in such a vay as to ensure that they are conducted
on a sound economic basis, including also the need for consnercial
prudence in limiting export credits. The development of economic and
financial relations vill be subject to periodic ex-post reviev.

- The progress ve have already made does not diminish the need
for continuing efforts to economies on energy, particularly through
the price mechanism, and to promote alternative sources, including
nuclear energy and coal, in a long-term perspective. These efforts vill
enable us further to reduce our vulnerability to interruptions in the
supply of energy and instability of prices. Cooperation to develop nev
energy technologies, and to strengthen our capacity to deal vith
disruptions, can contribute to our comnon energy security. Ve shall
also vork to strengthen our cooperation vith both oil"exporting and
oil-isporting developing oountriee.

- The grouth of the developing countries and the deepening of
a constructive relationship vith them are vital for the political and
economic veil-being of the vhols vorld. It is therefore important that

a high l«0«Z of financial flovs end official assistance should be
maintained end that lUxeir amount and their effectiveness should be
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i7icreas»d as far om po9»ibl*, vith rsgponsihilititt aharsd broadly
amffng all eountrits eapahls of waking a contribution. The launching of
global nsgotiations i» a major political objective approved by all
paT^ieipante in the Swmit, The latest draft reeolution circulated by
the Group of the 77 is helpful, and the discussion at Vereailles showed
general acceptance of the vieu that it would serve ae a basis for
consultations vith the countries concerned. Ve beliave that there ie
noi a good prospect for the early launching and success of the global
negotiations , provided that the independence of the Specialised
Agencies ie guaranteed. At the same time, we are prepared to .continue
tpid develop practical cooperation vith the developing countries through
innovations within the World Bank, through our support of the work of
the Regional Development Banks, through progress in countering
instalrility of connodity export earnings, through the encouragement of
private capital flows, including international arrangements to vnprove
the conditions for private inveetment, and through a further
concentration of official assistance on the poorer countries. This is
why we see a need for special temporary arrangements to overcome
fimding problems for IDA VI, and for an early start to consideration of
IDA VII. Ve will give epecial encouragement to programes or
arrangements designed to increase food and energy production in
developing countries which have to import these essentials, and to
prograrnnes to address the implications of population growth.

In the field of balance of payments support, we look forward
to progress at the September IMF Annual Meeting towards settling the
increase in the size of the Fund appropriate to the coming Eighth Quota
Review.

- Revitalixation and growth of the world eccnomy will depend
net only on our own effort but also to a large exi-ent upon cooperation
among our countries and with other countries in the exploitation of
scientific and technological development. We have to exploit the
immense opportunities presented by the new technologies, particularly
for creating new employment. We need to remove barriere to, and to
promote, the development of and trade in new technologies both in the
public sector and in the private sector. Our countries will need to
train men and women in the new technologies and to create the economic,
eocial and cultural conditions which allow these technologies to
develop and flourieh. We have considered the report presented to us on
these issues by the President of the French Republic. In this context
we have decided to set up promptly' a working group of representatives

of our goverrments and of the European Comunity to develop, in close
consultation -with the appropriate international institutions,
especially the OECD, proposals to give help to attain these
obJectivee.This group will be asked to submit its report to us by S2

December 1982. The conclusion of the report and the resulting action
will be considered at the next economic SvmAt to he held in J98S in

the United States of Amer'ica,
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APPENDIX B

Excerpt from the Communique
of the London Economic Summit

June 9, 1984

"We, the heads of state or government of seven major industrialized

countries and the President of the Commission of the European Communities,

have gathered in London from 7 to 9 June 1984 at the invitation of the Right

Honorable Margaret Thatcher, the Prime Minister of the United Kingdom, for

the 10th annual economic summit.

[2]

"The primary purpose of these meetings is to enable heads of state or

government to come together to discuss economic problems, prospects and

opportunities for our countries and for the world. We have been able to

achieve not only closer understanding of each other's positions and views

but also a large measure of agreement on the basic objectives of our

respective policies.

[13]

"We welcome the further report of the working group on technology,

growth and employment created by the Versailles economic summit and the

progress made in the 18 areas of cooperation and invite the group to pursue

further work and to report to personal representatives in time for the next

economic summit. We also welcome the invitation of the Italian Government

to an international conference to be held in Italy in 1985 on the theme of

technological innovation and the creation of new jobs."
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APPENDIX C

Working Group

on Technology, Growth and Employment

established by the Heads of State and Government

at the Versailles Summit,

June 4. 5 and 6. 1982

TECHNOLOGY
GROWTH

EMPLOYMENT

Jamuiy 1983
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EXECUTIVE SUMMARY

"Hemtatiiation and growth of the world economy wQl depend not only on
pur own effort but alto to a large extent upon cooperation among our countries

and with other countries in the exploitation of tcientific and technological

development. We have to exploit the immense opportunities presented by the

new technologies, particularly for creating new employment. We need to remove

barriers to, md to promote, the development of and trade in new technologies

both in the public sector and in the private sector. Our countries will need to

train men and women in the new technologies, and to create the economic,

todal tmd cultural conditions which allow these technologies to develop and

flourish. We have considered the report presented to us on these issues by the

President of the French Republic. In this context we have decided to set up
promptly a working group of representatives of our governments and of the

European Community to develop, in close consultation with the appropriate

bitemational institutions, especially the OECD, proposals to give help to attain

these objectives. This group will be asked to submit its report to us by

51 December 1982. The conclusion of the report and the resulting action

wUl be considered at the next economic Summit to be held in 1983 in the

United States of America."

Declaration of the Seven Heads of Sute and Goverament and ReimMatative of

die European Communities.
Chiteau of Venaille*. June 4. S and 6, 1982.

Consistent with this instruction, and at die initiative of the President of

the French Republic, a Worlung Group of RepresenUtives of Seven Heads of

State and Government and the Representatives of the European Communities

was set up to consider the opportunities, problems, and challenges presented by

technology, with special re^ml to economic growth and employment. The

Working Group met for tltt first time on August 20th. 1982.

Operating on the basis (rf consensus, the Woridng Group has produced a

leport which is essentially policy-oriented in nature and is addressed to Heads of

Sute and Government*. The report is selective: it concentrates on our own

countries except where we sUtc otherwise. It also concentrates on problems

where science and technology offer potential solutions, but it does not pretend

tfut science and technology provide a panacea.

m i> Mi «*"< * •"rt
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The Group has oompleted its tttk. and h«a attend the foOowiog ooodotiaas

•Major advanca in tcienct out technology have cttuaed profound diange$ in

our way of life for more than two centuries. These developments continue

today at an even greater pace.

•Fundamental scientific research is one source of technological progress in

industry and should be given special support by governments.

•Technological innovation can play an important role in the increase of the level

of empUr^nent and the improvemerU of labour conditions. Special training

programmes are necessary to promote flexibility, mobility and adaptability ^
labour.

•Our nations should make a better effort to prepare their citisens for living

and pcrticipatbig in a society of an increasingly technical nature.

•The fate of our scientific and technohglcd innovations is largely a function of

the willingness of the public to accept them. More attention to the problem of

public acceptance of new technologies is needed.

•Special attention should be paid to the rejuvenation of mature industries through

the use of science and techriology.

•Sustained technical progress is best promoted through a balanced distribution

of productivity gains between further investment and increased consumption.

•An open and competitive trading system between autonomous but collaborating

partners should be strengthened by harmonising and making more compatible

our regulatory and testing systems. Care must be taken by governments to

control the transfer of sensitive technologies of military significance to our

countries.

•Science and technology can be applied to marty of the problems faced by the

developing world. As developing countries create infrastructures in science and

technology, our own countries should recognise the constructive role which they

an able to play, mindful that it is the responsability of the developing countries.

as sovereign nations, to establish their own national policies and priorities.

•The market introduction of new technologies is primarily the task of the

industrial and commercial tectors. A competitive atmosphere is essential for

tMs type of innovation, rince it creates a continuous evolution of technological

progress md. thereby, long-term economic growth. Governments should support

fundamental science and Umgterm. high-risk research and development activities.

•Governments need to generate and support the framework conditions for

workable competition and provide incentives for innovation through the encou-

ragement of invention and investment in innovation.

•Natiorud policies in areas such as regulatory standards, tax, patent and trade dU

Influence our tbUity to innovate and to reap the full benefits of innovation.

The Group recognises and endorses the efforts of the OECD to resolve some

of the pitblemr faced in this area. We reaffirm our commitment to removing

barriers to an open multilateral trading system, to strengthening the rules in

this connection, and to promoting the development of trade in new technologies.

69
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particularly for ertating new empkyment, and therefore, ihaO aeek to bUeiuify

our contaett bOatemlly and in all relevant fora. In this regard, the Group takee

note that disausions of theae items will be pursued in the GATT CouneU.

•Science and technology are a source of national and international strength and
eon provide immense opportunities for revitalisation and growth of the world
economy. They should therefore be given due consideration in all policy

decisions for national development and international cooperation.

•International cooperation in science and technology has demonstrated its

value. Govemements should continue to support cooperation, including the inter-

national scientific organisations.

•With current economic difficulties and with national budgets subject to greater

constraint, it makes even more tense to cooperate intemationalty, in particular,

in long-term, high-risk research and development projects.

•Already existing international cooperation in science arul technology should be
continued arul, where appropriate, enlarged. An effective exchange of ideas

and researchers nuist be strongly eruouraged.

•The cooperation begun uruier the auspices of this Working Group forms a
solid base for future action and should continue in the relevant fora.

•Firudly. we recommend to our Heads of State and Government that, bearing
in mind the role that science and techrtology can play in improving economic
growth arul employment, and in stirrmlating culture and education, they take
acience and technology into account in their policy decisions and continue to
include the subject on their agfnda at future Summit meetings.

The Working Group has also reviewied a number of scientific and techno-
logical issues with a view towards determining where additional international

collaboration could. best contribute to increased understanding and improved
iocial and economic conditions, not only for our own people, but for all the
world.

In this process, we noted that a wide range of cooperation is already under
way in important and wide spread areas such as:—conquest of space;

—renewable sources of energy;

—research on safety of light water reactors;

^-deep ocean drilling.

We appreciate this effort and encourage its development using existing

multilateral and bilateral frameworks.

We also propose the following collaborative projects which are either new
or incorporate significant re-focussing in order to achieve:

I. Stimulation of the conditions for growth by better management of energy
resources by:

—photovoltaic solar energy;

—controlled thermonuclear fusion;

—photoaynthesis;

—fast breeder reactors.
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II. Better management of food reanuioeB by:

—food technology:

—^quaculture.

III. Inqrtovement of IMng conditions, eii4>loyment, and protection of die

environment, through:

—remote sensing from space;

—high speed trains;

—housing and urban planning for developing countries;

—advanced robotics;

—impact of new technologies on mature industries;

—biotechnology;

—advanced materials and standards;

—new technologies applied to educatirai, vocational training and culture;

—public acceptance of new technolo^es.

IV. General increases of scientific knowledge, particulariy in:

—biologjcal sciences;

—high energy physics;

^-aolar system exploratian.
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APPENDIX D

Working Group on

Technology, Growth, and Employment
January 1983

Charges to the United States of America

GENERAL INCREASES
IN BASIC SCIENTIFIC KNOWLEDGE,
PARTICULARLY IN

HIGH ENERGY PHYSICS
(United States of America)

High energy physics is an important basic research activity which

addresses the most fundamental questions of the nature of matter. This
field has had many spinoffs of direct application to other areas of science

and technology. Experimental research in high energy physics requires the

use of a limited number of expensive particle accelerators and colliding
beam facilities which have been constructed with government support.

A few large and costly machines are being constructed in different
regions of the world to meet future needs. It is anticipated that

scientists from each region will continue to be able to participate in

experiments at these large facilities on the basis of the scientific merit

of their proposals. Such international collaboration avoids unnecessary
duplication of costly facilities.

In the mid-1990's further progress will probably require a new
generation of very high energy accelerators costing huge sums of money.

Such facilities are likely to exceed the financial capabilities of any

single nation or region. An international cooperative program should
therefore be considered. The decade of effort required for definition,

design, and construction indicates that these discussions should begin in

the near future.
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APPENDIX E

Report to the Working Group
on Technology, Growth, and Employment

London Economic Summit
June 1984

Area for Collaboration: High Energy_Physics

Lead Country: United States of America

Participants: Canada, France, Federal Republic of Germany,
Italy, Japan, United Kingdom, European
Communities

AIM

The aim of the Summit Working Group in high energy physics is to further
develop international collaboration to foster progress in this field of
scientific research.

ACTIVITIES

The Working Group has surveyed the existing national programs and their
associated international activities and coimnitments for major new facilities
that have been made or proposed by Summit member nations. The general
consensus was that worldwide collaboration works well. Major research
projects in high energy physics are seldom done exclusively by groups or
individuals from any one nation. The existing arrangements for
collaboration should be maintained as the essential basis for future
international cooperation.

At the present time, a number of major new accelerator projects are being
built in Germany, Japan, the United States, and at CERN. Looking further to
the future, there are proposals both in Europe and the United States for new
colliding beam accelerators. Because these commitments and proposals extend
into the 1990's, the Working Group concluded that it was not possible to
plan for the long-term at this time. However, substantial research and
development is needed in the necessary accelerator and detector technology
for projects beyond those under construction and proposed. It was decided
to explore the possibility that this research and development could be
conducted in collaboration in the spirit of the Declaration of Versailles.
A subpanel of technical experts from each Summit member was established to
recommend specific technical areas for near-term joint collaborative
research. The subpanel recommended the areas of superconducting magnets,
cryogenics, rf cavities, wery high-energy electron linacs, theory and
simulation, and new technologies of acceleration.
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OUTLOOK

A July meeting of the Working Group has been scheduled to review the
proceedings of the London Summit and also to review the recommendations of
the technical subpanel. A proposal will be introduced for the Working Group
to organize other technical subpanels of similar composition and work with
them to develop a plan identifying the major facilities that will be
required to continue to make effective progress in this field, regardless of
location. This plan could be completed for the next Summit meeting.
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APPENDIX F

IMPROVING INTERNATIONAL COLLABORATION
IN fflGH ENERGY PHYSICS

Report of the Technical Sub-panel of the

Summit Working Group on High Energy Physics

February 1984
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I. INTRODUCTION AND SUMMARY

The Technical Sub-Panel of the Summit Working Group on International Collabo-

ration in High Energy Physics met at the Stanford Linear Acclerator Center January

30, 31 and February I. Our charge was to make recommendations on specific areas in

high energy physics that might be appropriate for increased international collaboration

and to indicate how non-summit nations might become more involved in this type of

work. The members of the technical working group were:

Prof. Burton Richter, Chairman, Stanford Linear Accelerator Center (U.S..\.)

Dr. Ewart Blackmore, TRIUMF (Canada)

Dr. Giorgio Brianti, CERN (EEC)

Prof. Kunitaka Kondo, University of Tsukuba (Japan)

Dr. Joao Meyer, CEN-Saclay (France)

Dr. J. H. Mulvey, Oxford (England)

Prof. Sergio Tazzari, INFN Frascati (Italy)

Dr. G. A Voss, DESY (Germany)

We first discussed the several kinds of R&D activity and identified three modes

which seem to span all of the work that now takes place, and which appear sufficiently

flexible to encompass just about anything one would want to do. They are as follows:

Parallel Parallel R&D is what we mostly do now. In this mode independent efforts

are carried out in many places. No joint funding and no formal coordination of work

takes place. All of the institutions build on the efforts of others through the usual

methods of information exchange — meetings, papers and technical visits. Examples of

this>mode are superconducting accelerator magnet development and accelerator theory.

Collaborative Collaborative R&D is that mode in which two or more groups or

institutions decide to pool their resources for doing R&D activity on a particular topic.

Funds and people may flow across national boundaries to advance a common effort.

Coordinated Coordinated R&D is that mode in which several participants each

concentrate on different approaches to the same general goal. We do not know of

examples of formal agreements to proceed in thb manner, but it b often done informally.
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Within this framework we dbcussed possibilities for increased international efforts in

accelerator R&D, detector R&D and experimental exploitation of accelerators, commu-

nication, expanding the involvement of other institutes and countries, and accelerator

construction. A summary of our conclusions and recommendations follows.

In all of our discussions we found one particular topic coming up again and again

— that topic is communications . Improved communications can increase the possibility

. of international collaboration in all areas of high energy physics and indeed in all areas

of science. Thb is one topic that is particularly well addressed to the Summit for it

is national telecommunications policies which create barriers to better communication.

Our recommendations are as follows (see Section IV for details).

Rec. 1 Remove the telecommunications barriers to direct high-speed institution-

to-institution communications.

Rec. 2 Investigate the possibility of low-cost high-bandwidth satellite channeb

for scientific communications.

Rec. 3 Set up a special technical working group to develop protocob and

standards for computer-to-computer communications in high energy physics.

Our group next turned to a dbcussion of possible areas for improved collaboration in

accelerator R&D. We dbcussed superconducting magnets, cryogenics, very high-energy

electron linacs, new techniques of acceleration, and theory and simulations. We have

nine recommendations in this area.

Rec. 4 The development of niobium-tin conductors for high magnetic fields

would profit from coordinated R&D on different kinds of processes for creating

high-current-density, small-diameter filaments. Collaborative R&D might follow.

Rec. 5 Collaborative R&D on a few selected technologies for improvements to

superconducting magnets at all nflagnetic field ranges would be worthwhile after

a further period of parallel and coordinated work.

Rec. 6 At the present stage of development, exchanges of experts are extremely

important, and such exchanges should be encouraged.

Rec. 7 A joint working group on the economics of superfluid helium cryogenic

systems should be set up, because one of the barriers to going to higher magnetic

fields with our standard conductor b the fear of greatly increased cryogenic system

costs.
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Rec. 8 Coordinated and collaborative efforts on superconducting rf systems

should be encouraged; such systems may prove to be very useful in large proton

accelerators and storage rings as well as in the electron storage rings for which

they are now being developed.

Rec. There is a broad range of technologies which are important for the

development of very-high-energy electron linear accelerators and colliders where

increased collaborative and coordinated R&D could be very beneficial.

Rec. 10 In the area of new acceleration techniques, parallel and coordmated

efforts are most appropriate at thu stage of development. Collaborative efforts

would become appropriate at a later stage.

Rec. 11 R£D on some of the new acceleration techniques would benefit if

access, by internation teams, to special facilities such as large lasers and induction

linacs were easier.

Rec. 12 Coordinated efforts in accelerator theory and computer simulation

would be extremely beneficial, and collaboration on tests of theoretical modeb in

existing accelerators will be required to validate this theoretical work.

International collaboration in detector R&D and experimentation u already the

normal mode of operation in high energy physics. The international collaborations

work very well but would benefit greatly from the improvements in communication

recommended earlier. We have two further recommendations in this area.

Rec. 13 Encourage the maintenance of home-based programs in order to pre-

serve the basis for the exuting collaborations in detector R&D and usage.

Rec. 14 In certain countries there are customs barriers to importing equipment

built outside of that country which is essential for a collaborative experiment.

These customs barriers should be removed.

Our discussions next turned to the problem of broadening the base of support for

high energy physics and involving non-summit and less developed countries. Accelera-

tor physics has many applications outside of high energy physics, such as synchrotron

radiation sources, medical accelerators, etc. Accelerator physicists are in short supply,

and work in high energy physics aa well aa in these other areas is already impeded by a

shortage of skilled personnel. In addition, much of advanced technology is in routine use

in high energy physics accelerators and experiments. Exposure of scientific and techni-
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cal personnel from less developed countries could aid in transferring this technology to

those countries whether or not they chose to be involved in high energy physics. We
have three recommendations in this area.

Rec. IS Encourage fellowships at the major centers.for scientists, engineers and

technicians from non-summit and less developed countries to aid in the develop-

ment of high energy physics programs and to facilitate the transfer of technology

used in high energy physics to others.

Rec. 16 Encourage universities and technical institutes to develop programs

in accelerator physics; many problems in this field involve inter-disciplinary work

that is well-suited to a university setting, the supply of accelerator physicists is

small, and the application range of accelerator technology is broad.

Rec. 17 Encourage regional and international schoob in accelerator physics to

attract more high energy physicbts and physicbts with other backgrounds into

the accelerator field.

Finally we dbcussed possible collaborations on accelerator construction. Such col-

laborations will have additional financial and scientific costs because of increased com-

plexity and infrastructure, as well as benefits in reduced national contributions to a

particular project. The costs are significant, and thus it seems appropriate to create

international collaborations for accelerator construction only in those cases where one

region or nation cannot bring to bear the necessary resources to carry out an entire

project. Thb b clearly a complex issue and will require a great deal of dbcussion

among the summit countries before any collaborative projects are begun. We have no

specific recommendations in thb area.
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n. ACCELERATOR R&D

A. Superconducting Magnets

After two decades of development of superconducting magnets, a number of very

important achievements have been made in the last few years. The most significant

of these is the TEVATRON at Fermilab (1 TeV hadron accelerator/collidor). Very

successful developmental and prototype magnets have been built for CBA, for HERA (0.8

TeV proton ring at DESY) and for UNK (3 TeV proton ring at Serpukhov). In Japan,

modeb of high field magnets are being developed for the proton ring of TRISTAN. All

this work demonstrates that large superconducting magnet systems can be built and

operated.

In parallel with thu technological development, the recent experience with the

CERN SPS Collider has shown that energetic collbions between hadron constituents

can be quite readily identified among the lower energy debris of the spectator particles,

and this has also enhanced the interest in large hadron colliders (center-of-mass energy

of 10 to 40 TeV] both in the USA and in Europe.

For such large colliders it is imperative to use superconducting magnets in order

to keep their cost, their power consumption and/or their size within reasonable limits.

Substantial R&D work is required in order to obtain still better performance, to lower

the total cost, and to increase the reliability. This R&D work can conveniently be

subdivided into two categories:

1. Development of new conductors and related magnet construction techniques suit-

able for fields > ST (high fields);

2. Improvement of conductors and techniques for fields in the range 2T to 6T (low

to medium fields).

The most substantial basic development is required for the first category, while cost

considerations are important for both categories in order to allow the final choice to be

made on sound economic grounds.

High field conductors and magnets (> 87)

Two lines of development are open here: Nb^Sn conductor used at '^ 4.5°K, and

NhTi used at '^ 2°K. In principle the most prombing material b Nh^Sn because of

its higher critical field and higher temperature (more relaxed cryogenic system). Its

drawback b brittleness and fragility, which requires either final reaction of the composite
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to obtain the superconducting state after winding, or ebe magnet coils wound with

relatively large radii using pre-reacted material. Nb^Sn has been produced for many

years, but the specific requirements for this application of small-bore magnets operating

over a wide field range (maximum field about twenty times the injection field) are the

following:

• high current density,

• superconducting filaments of small diameter.

Winding and insulation techniques compatible with a heat treatment of '^ 700°C for

a few hours, or methods of avoiding too small bending radii in winding of pre-reacted

material, must also be developed.

The alternative line of development toward high fields is to use NbTi conductors

at lower temperature {'^ 2°K). The advantage is that the material can be wound in

the reacted state by means of well-established techniques, but the disadvantages faU

on the cryogenic system — more complicated cryostats and larger power consumption.

The maximum field is also more limited. This line is a convenient reserve should the

development of Nb^Sn encounter serious difficulties or lead to excessive costs.

Low- AND MEDIUM-FIELD MAGNETS (27 to 67)

Projects based on fields in the upper part of this range (4.5T to 67) are a natural

continuation of present work. The R&D required should be directed toward low cost and

the development of industrial manufacturing techniques. The conductor development

would be essentially the same as that required for the high-field case with NbTi at 2'K.

Still lower fields, between 27 and 37, are also being considered. In thb case the

field distribution b shaped by iron boundaries, and the role of superconductor is to min-

imize the power consumption. These magnets are called superferric. The development

needed here is directed toward simple, inexpensive design and cost-effective manufactur-

ing techniques in order to counterbalance the increase in cost attributable to the longer

tunnel and more spread-out infrastructure that would be required.

International collaboration

International collaboration in these development programs would be very benefi-

cial Such work should be aimed at enhancing technology transfer to the industries
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of the collaborating regions. Specific elements in of such a collaboration might be the

following:

• Common definition of possible new superconductors in order to minimize indus-

trial investment for development and to enlarge potential markets.

• Joint selection of a small number of potentially interesting techniques and con-

ceptual magnet designs to be tested by means of modeb.

• Eventually, coordinated fabrication and evaluation of full scale prototypes.

To assess the possibility of achieving these goab, the exchange of people between

interested laboratories should be encouraged and supported as a first step.

Other Applications

It should be emphasized that all of these developments could be beneficial to a

number of applications in other fields, such as fusion, electrical power transmission,

cryogenerators, energy storage and recovery, magnetic separation of minerals, nuclear

magnetic resonance for medical and other applications, transportation, etc.

B. Distributed Cryogenic Systems

The large superconducting magnet systems described above require very substantial

cryogenic systems for the production, transfer and recovery of Ht. Simple cryostats,

a reliable and efficient liquifier plant, and low-loss transfer lines are very important

elements of a satisfactory design, which must be tailored to each specific project. One

point that deserves a careful assessment by experts is the possibility of using superfluid

Ht at ~ 2°K for such applications. An evaluation of the additional costs with respect

to normal 4.5''K systems, because of their increased cryostat complexity and power

consumption, is necessary to determine their interest. Such an evaluation should be

conducted on an international basis.

C. Superconducting Radiorrequency Cavities

During the last few years superconducting radiofrequency (rf) accelerating structures

have matured to the point where their use in large circular accelerators seems feasible

and realistic. Multicell niobium structures have reached average accelerating gradients

of more than 4 MV/m at negligible rf-power loss. Even considering the fact that these

small remaining losses occur at the temperature of liquid helium and require powerful

refrigerators, the overall power economy of superconducting resonators b one to two
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orders of magnitude better than that of conventional copper structures. The fact that

the accelerating gradients are more than a factor of four higher than those in copper

structures (in cw operation) makes these superconducting resonators very well suited

to applications in which large rf accelerating voltages are required in a continuous

operation, i.e., in electron and proton storage rings.

These new structures have been studied at a number of different laboratories in

the U.S., Germany, France, Japan, Italy, and at the CERN laboratory. Successful and

reliable operation at high accelerating gradients has been demonstrated at the electron-

positron storage rings CESR (Cornell University) and PETRA (DESY. Hamburg). To

make this new technology more economical and attractive for routine operational use,

vigorous development programs are now under way at several laboratories. These efforts

include the development of copper structures with a superconductive niobium coating,

simplifications in the cryogenic technology, special cavity shapes to suppress excitation

of higher resonances, and simple techniques for industrial production.

In view of the importance of this new technology and the magnitude of the effort

necessary to develop efficient production techniques, this field is very suitable for an

international coordinated and collaborative effort.

D. Very High Energy Electron Machines

Electron-positron colliding-beam experiments have been extremely productive in

studies of the structure of matter and of the forces that act between the basic con-

stituents. The present technique, the coUiding-beam storage ring, has been in use for

about 25 years; during that time, the radii of these machines have increased 5000-fold

while the collision energies have increased 100-fold. With a mature technique like the

colliding-beam storage ring, the known scaling laws can be used to predict the cost of

a new facility to an accuracy of lO'^ to 20?o without going through a detailed design.

This has been done for the LEP facility now under construction at CERN.

.\pplying these known scaling laws to determine the size and cost of the next logical

step, a machine capable of producing particles with masses in the TeV range results

in a cost estimate of the order of $100 billion and a circumference of many thousands

of kilometers. Even if there were no technical barriers to the construction of such a

machine, there is certainly a fiscal barrier.

For the past several years work has been going on in both the U.S. and USSR on

an alternative to the Storage Ring — the Linear Collider. R&D work has indicated
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the feasibility of thb new idea, and the first machine using this technique, the Stanford

Linear Collider (SLC), is now under construction in the U.S. This "proof of principle"

machine b based on improvements to the exbting Stanford 30 GeV linear accelerator

to allow the collider to reach 100 GeV in the center-of-mass, and it b scheduled for

completion near the end of 1086. Successful operation of the SLC will give confidence

that the technique can be extended to much higher energies.

Parametric studies of large linear colliders indicate that significant reduction in the

cost of a big machine can be made by improvements in accelerator structures, power

sources and energj* efficiency. Potential topics for an R&D program include basic work

on the ultimate breakdown strength of copper (which determines the maximum accel-

erating field and hence the minimum length of accelerator needed for a given energy);

very high power, high efficiency rf sources (which affects the number of power sources

required, the practical maximum accelerating gradient, and the energy efficiency of the

system); optimized accelerating structures; alternatives to conventional linacs for ac-

celeration (see Section II.E); energy-recovery techniques; and theoretical work on the

beam-beam interaction, on beam- acceleration structure interaction, and on focusing

techniques for producing sub-micron focal spots at the coUbion point.

At present, interest among the summit countries b highest in France, Germany,

Japan, and the United States. Bilateral or multilateral programs — formal or infor-

mal — should be encouraged in order to increase the pace of the work and to avoid

unnecessary duplication of effort.

E. New Techniques of Particle Acceleration

Particle acceleration techniques have been developed over 50 years with striking

efficiency: the maximum energy of accelerators has increased by a factor of ~- 35 every

ten years, and the cost per unit energy has decreased by a factor of -^ 30 over the last

25 years. The size and cost of the required facilities has nonetheless continued to grow.

While the next generation of machines b already being studied by extrapolating the

known techniques to even higher energies, it has become clear that on a longer time

scale new ideas will be needed on how to obtain even higher energies without excessively

increasing the size of the facilities. The hbtory of accelerator work indicates that major

developments of the kind considered here might well need 10-20 years to evolve from

the stage of conception to the point where they are actually used in a new machine.
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A number of novel ideas have been recently developed that are aimed at producing

accelerating and/or focusing fields about one order of magnitude higher than those at

present achievable. Some of these new ideas are listed in Table L

Table I

Some proposed novel acceleration techniques and related topics.

Type -Aim Work in Progress at
|

Wake field >0.lGeV/m
|
DESY

. Japan

I
Virginia

Stanford

} experimental

theoretical

Inverse free electron laser

I Two-beam

Near-field (grating LINAC,...)

Free electron laser

;^0.2 GeV/m
BNL

NPL
theoretical

Laser beat wave
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1. They are all in the very early stages of development. Some are at the level

of theory, while others are at the level where proof-of-principle experiments have

just been started. Some are well suited to study by university or small laboratory-

based teams.

2. The work generaUy needs a higher level of interdisciplinary collaboration than

more conventional accelerator physics work. This is again more likely to be found

at the university level.

3. These schemes link the development of high-energy accelerators to techniques

that are being developed in many different institutions for other purposes, such

as very intense low-energy electron beams, free electron lasers, etc.

In order to be reasonably certain that one or mo'-e of these new schemes will eventu-

ally prove to be of practical significance, as many as possible will have to be developed

to a stage where a realistic assessment can be made. The advantage of widespread

international collaboration — in order to cover the maximum number of approaches

within the available resources — is quite evident here.

The following recommendations are made:

1. Accelerator R&D work should be encouraged at both the national and regional

level, and in both small and large institutions, because it is ultimately from a

widespread base of such work in universities and in laboratories that new ideas

will emerge.

2. Unique facilities not usually available in small centers — such as very high cur-

rent induction linacs (mostly in the U.S.), high power laser systems (both in the

U.S. and in Europe), and beam time at exbting accelerators — should be made

available to the research teams engaged in this type of research.

3. Exchanges of people, both in accelerator physics and in related areas such as

plasma physics, between groups engaged in research should be made easy, in

order to facilitate the effort.

4. In the present stage, where more ideas are sought and where useful effort can

be made on a small scale, maximum diversity of effort along with maximum ex-

change of information (and tools) should be encouraged, as recommended above.

A further step-up in international cooperation, leading to collaborative and/or
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coordinated work, will be required as soon as larger scale pilot facilities start to

be planned.

F. Accelerator Theory and Computer Simalation

Optimizing the design of a new high energy accelerator requires a thorough under-

standing of machine physics phenomena and of the limitations these phenomena might

impose on the performance. In the past, unexpected phenomena have sometimes limited

the performance of a new machine, leading to the need for corrective measures that were

sometimes rather costly. As machines get larger and costlier, it is even more important

to try to avoid surprises of this kind.

Our analytical understanding of the phenomena that govern single-particle dynam-

ics in large accelerators, and also of high-current effects and the behaviour of particle

bunches with high charge densities, has vastly improved during the last 25 years. How-

ever, many of the effects that can lead to single-particle resonances, to collective beam

instabilities, or to beam-beam-interaction limitations (in storage rings), are too complex

to be treated in an analytical way.

Modern computers make it possible to calculate accurately the fields generated by

the high-density particle bunches in an accelerator structure, as well as the effects of

these fields acting back on the individual particles. By tracking the particles over

many turns, and by simultaneously calculating the fields they produce and their effects

on the particle trajectories, one can simulate the beam behavior. Such a computer

simulation can then be compared with the effects observed in actual machines. In this

way the validity of a particular computer simulation approach can be established, and

predictions about future machines can be made with confidence. Work in this field has

been going on in most of the major accelerator laboratories around the world. Methods

and results have been discussed and compared at international meetings and at special

summer schools.

Simulations that simultaneously take all relevant effects into account and that also

fellow the particles for many turns (as may be necessary for proton storage rings) can

be very expensive in terms of computer time. Because of this, and also because some

large computers are considerably more suitable for this work than others, it is very

desirable to coordinate these activities and to have as much collaboration as possible.

Experiments on existing accelerators, with the aim of testing the computer predictions,

should also be part of such international collaborative effort. Another important part
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of such a program would be tests of new techniques in the accelerator field that can be

performed on existing machines (e.g., stochastic cooling of bunched beams).

The recommendation of the Sub-panel is to encourage the development of a co-

ordinated program through a series of specialized international workshops. The most

important aspects of such a program would be the following:

1. Access to the most suitable computer systems for large-scale tracking and simu-

lation programs.

2. Machine time at existing accelerators to test and verify the predictions made by

analytical theories and by computer simulation programs.

3. Machine time at existing accelerators to test new techniques that will be needed

to upgrade existing machines and to incorporate in future machines.



257

91

m. DETECTORS FOR HIGH ENERGY PHYSICS

A. Introduction

Particle-physics research during the 1980's and 1990's is expected to be led by exper-

iments at the highest energy e"*'e~, pp, pp and ep colliders. Because of their immense

size and cost, there are only a few such accelerator facilities throughout the world.

However, the use of these facilities is an international endeavor. In fact, almost ev-

ery major experiment at colliders today has an international or inter-regional flavor.

The large general- purpose detectors used at these facilities have reached a level of size,

complexity and sophistication that rivals those of the large accelerators at which they

are used. The development of these detectors ofiFers perhaps the best example of how

well intematioDal and inter-regional collaborations work at the present time, and also

demonstrates the important benefits that the participating countries derive from these

collaborations.

Existing collaborations have shown that it is quite possible for small university

groups as well as the larger national laboratories to make a significant contribution to

these international detectors. The collaborations are usually informal and are driven

by the participants' common interest in pursuing a particular physics goal.

There is a- clear benefit for nations that do not have their own large accelerator

facility to use this method to provide their scientists with an opportunity to take part

in forefront physics, and also to derive benefits in terms of technological spin-offs from

the exchange of ideas. This can be done with a relatively small investment compared

with the cost of the total facility. There are also clear benefits for those nations that

do have high energy accelerator facilities to participate in international collaborations

at an appropriate level.

This section on detectors will briefly describe three typical collaborations: one that

has recently made significant dbcoveries, one that is presently in the construction phase

and one that is presently in the design phase. This will be followed by a description

of some of the detection techniques and the areas of detector development that appear

most promising. Not all of the significant particle physics experiments are carried

out at the highest energy accelerators. There are non-accelerator experiments such as

proton decay searches, and also experiments that are carried out with kaon, meson

and neutrino beams produced by high current accelerators operating at lower energies.

Some of this work will also be described. Finally, there are several recommendations
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the Sub-panel wishes to make that could improve the already excellent collaborative

efforts in developing experimental equipment for high energy physics.

B. Examples of Present Collaborations

UAl

The discovery of the W and Z bosons at CERN in 1983 ranks as one of the greatest

achievements in science, in accelerator technology and in detector design. The UA 1

collaboration and its sister experiment UA 2 set out to study prot.on-antiproton collisions

at 540 GeV with large general purpose detector systems. To illustrate the size of the

collaboration, the UA 1 team involves some 130 physicbts from 14 research centers in

7 different countries. The UA 1 detector represents the accumulation of many years

of knowledge in the design, construction and operation of particle physics experiments.

Details of this 2000-ton detector are readily available in the literature. It does not make

use of any new detection techniques but instead relies on careful exploitation of existing

methods, on precbe measurement of particle energies, and on skillful triggering and

subsequent data analysb. Responsibility for the various components of the detector

was delegated to the different research centers in the collaboration, and in most cases

the individual components were constructed at the home institutions. The success of

this effort demonstrates the effectiveness of this particular international collaboration

and more generally the fact that the logistics and sociology of the organization of large

groups working across national boundaries are tractable problems.

CDF

The Collider Detector Facility (CDF) is a large detector now being built for use

with the Tevatron I proton- antiproton collider at Fermilab. The collaboration consists

of groups from 15 institutions in the United States, Japan and It.aly. Responsibility

for the design and construction is subdivided among the university and institutional

groups working under the coordination of Fermilab. The large superconducting magnet

for this detector is being constructed by Japanese industry. The Japanese participation

in this collaboration is funded by the U.S.-Japan Cooperative Program on High Energy

Physics.

OPAL

OPAL is one of the four large international collaborations that were chosen in 1982

to construct detectors for LEP, the large electron-positron storage ring presently being

built at CERN. The institutions involved are from the U.K., Germany, Italy, Canada,
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France, Israel, Japan, the U.S. and Switzerland. In the case of Canada, for example,

which has a relatively low funding level for high energy physics, OPAL represents a

commitment of a significant portion of the high-energy physics funds within the country

on a single important project. Japan, which is constructing TRISTAN, a similar e'*'e~

collider at lower center-of-mass energy, is also making a significant contribution to the

OPAL experiment. The mode of collaboration is such that each group contributes

to the cost of the magnet, and each group then has responsibility for designing and

constructing one of the components or subsystems of the detector.

C. Detector Research and Development

Detectors for high energy physics can be divided into two broad classifications —
tracking detectors which measure the trajectories of charged particles usually in a

magnetic field, and calorimeters which measure the energy distribution of the particles.

Detector techniques have evolved primarily from a number of independent efforts in

various laboratories, each effort reinforced by exchange of ideas and information with

the other laboratories. Small university institutions can make significant contributions

to detector techniques, although usually the actual exploitation of these techniques in

large detectors requires the resources that are available in the larger laboratories.

As examples of recent developments in detector technology, the Time Projection

Chamber (TPC) and the Ring Imaging Cherenkov (RICH) counter will be described. The

time projection chamber is the name given to a class of large volume drift chambers. The

pioneering work was done at Berkeley for a detector to be used with the PEP machine

at SLAC. The idea was exploited by a group at TRIUMF, where a TPC was used in a

rare decay experiment. Two exotic variations of this detector have been developed, one

using high pressure hydrogen gas at Fermilab, and a second using liquid argon at the

University of California, Irvine. The ALEPH and DELPHI detectors at LEP, the CDF
detector already described, and the TOPAZ detector at TRISTAN plan to incorporate

TPC's. There has been no formal coordination of this development effort; it is rather

an example of a parallel R&D program.

The ring imaging Cherenkov detector has recently emerged as a serious technique in

the measurement of particle velocities and hence as a method for particle identification.

The original idea for this detector came from a university in France. The properties of

a large aperture RICH detector were measured at Fermilab, the result of a collaboration

between CERN, Saclay, Japan and Fermilab. This effort is an example of a coordinated
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approach to detector development.

Calorimetry is one of the basic components of present and future detectors for col-

lider experiments. The search for new materiab of improved performance is an impor-

tant step in the development of these detectors. Large scale calorimeters could exploit

substantial amounts of materiab such as uranium. International cooperation may be

necessary for this to happen. A critical feature of calorimeters for the next generation

of colliders is fine segmentation both in the longitudinal and lateral directions. For the

collection of data from highly segmented calorimeters, the use of FASTBUS or a similar

readout system is required. Special electronics is also required in the trigger systems

for large detectors. To select interesting events from a huge uninteresting background,

triggering decbions will have to be made on-line with features such as rapid track

reconstruction and pattern-recognition units that are provided with special front-end

processors. The development of these devices will be more effective if the combination

of parallel and collaborative efforts that b presently taking place b strengthened.

D. Data Acquisition and Exploitation of Large High Speed Computers

The benefits of cooperation in data analysb and software development, and the

advantages of improvements in computer networking, are described in Section FV and

will not be repeated here.

E. New Ideas in Detector R&D

Detectors for the new colliders face many new challenges. For example, experiments

at the Stanford Linear Collider (SLC) with its micron-size beams would benefit from

improved spatial resolution if the exbting 50-100 micron resolution of drift chambers

could be improved to a level of about 5 microns. Micro-vertex detectors that can identify

the secondary vertex when bottom or charm quarks are produced are presently being

developed. An area that is ripe for collaborative work b the use of charge manipulation

structures of silicon or gallium-arsenide for particle detection. Silicon strip detectors are

presently being used successfully in particle physics experiments and have demonstrated

5 micron spatial resolution. Two-dimensional Charge-Coupled Devices (CCD) are being

developed for televbion cameras and other optical imaging applications by industry;

there b a clear benefit here in a collaborative approach both between laboratories and

between laboratories and the micro-electronic industry.
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F. Non-Accelerator Based Detectors

Stimulated by theoretical predictions based on grand unified theories and gauge

theories, there are several active projects underway to search for proton decay and

magnetic monopoles, and to study cosmic-ray neutrinos. Examples are experiments at

Utah in the United States, at Mont Blanc, Gran Sasso and Frejus in Europe, at Kolar in

India, and at Kamioka in Japan. Some of these are already international collaborations.

It b likely that the size and complexity of the next generation of such detectors will

require international collaboration.

G. Recommendations

From the previous description of the state of present-day high-energy physics de-

tectors, it is evident that very successful international collaborations have taken place

and will continue to take place. Nevertheless there are several recommendations which,

if implemented, would benefit this ongoing effort:

1. Detector systems for the next generation of machines will be larger and more com-

plex, and will probably involve more institutions than at present. It is therefore

necessary that improved communication networks be provided between laborato-

ries to permit efficient coordination of the development and construction of the

detectors, and subsequent analysis of the data.

2. A problem experienced by many groups is the difficulty of satisfying the customs

regulations of the host country when large components of detectors are brought

into the country. The reason is that this equipment has to stay for the duration

of the experiment which may exceed five years. Further difficulties arise when

subassemblies have to pass through several countries in the process of being fab-

ricated into a complete detector. Some flexibility in the application of customs

regulations for high energy physids apparatus would be an appropriate step to-

ward improving international collaboration.

3. The importance of international collaboration in HEP experiments should be

recognized by all countries, in particular those that do not have the highest energy

facilities. To derive the maximum benefit from these collaborations in terms of

technological transfer, training of graduate students and cultural benefit, there

must be a strong home-base program. Detector R&D has been shown to be an

activity well suited to individual home-base institutions. Adequate funding levels

for both the home-base program and for international collaboration are necessary.
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IV. COMMUNICATION AND STANDARDIZATION

Any discussion of how to improve international collaboration in high-energy physics

quickly leads to the recognition that access to the most advanced communications tech-

nology b of central importance. It has a double impact: the direct benefits that accrue

from efficient and rapid exchange of information; and, as a consequence, a greater readi-

ness of the community to adopt 'standard' solutions to a wide range of problems, which

in turn makes for greater ease and efficiency in collaboration.

A. Communication

In the design and construction of detectors, and in the performance of experiments,

high-energy physicists already face the formidable management problems of research

carried out in a truly international mode in a "Svorld laboratory' — albeit one with

accelerator facilities at several sites. At all stages, from preparation of the proposal

through to analysis of the data, the one factor that can make a significant and much

needed improvement in the effectiveness and efficiency of collaboration is an improve-

ment in communication. Collaborators who share responsibility for the various compo-

nents of a detector assembly could keep in close touch with the detaib of progress, and

design and construction problems could be resolved as they arise. During data-taking

at the accelerator laboratory, physicists and engineers at the home institutions could

be consulted about problems or about modifications of the apparatus. In the analysis

phase, all participants could access the data of the experiment from their own desks

and take part in discussion of the results. Time spent in travel could be reduced, and

university physicists would substantially increase the effectiveness of their contribution

while fully maintaining their teaching commitments.

Although close collaboration of the kind found in the area of detector development

and use is not yet typical of accelerator development and construction, similar facilities

for communication are essential if this pattern is to change in the direction of increased

collaboration. The modes of communication required include:

1. Transmission of text (electronic mail) including long documents.

2. Transmission of program files, essential for software standardization, with updat-

ing.

3. Remote access to special computer facilities.

4 Transmission of technical data in graphical form.
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5. Transmission of data from experiments. This can be especially important in fault

diagnosis during the data-taking phase of an experiment.

6. Tele-conferencing. The eflBcient management of large collaborative enterprises

demands frequent exchange of information and views, leading to decisions on

policy and design.

To achieve these goab, progress is necessary in the following areas:

1. Wide-Area Network Protocols

In the absence of internationally agreed standard procedures (protocob) for the

different modes of transmission (text, program files, graphics, etc.), the high energy

physics community is obliged to implement interim ad hoe solutions. This should be

done with closer collaboration and coordination between the communities in different

nations and regions, to allow greater 'transparency' to the passage of information across

the boundaries between different systems. For example, in Europe there is the GIFT

project to implement a file-transfer gateway linking four independent networks with

different file transfer protocols: UNInet in Scandinavia, INSNnet in Italy, JANnet in

the United Kingdom, and CERNnet.

At the same time every effort should be made to follow paths close to those which

may eventually become internationally accredited (ISO) standards. Indeed the high en-,

ergy physics community can, from its experience, make valuable contributions to the

international study of these matters and perhaps even influence the outcome. This

community in Europe is, through ECFA and CERN, contributing to the effort to estab-

lish international standards by collaboration with EEC study-groups and contacts with

ESONE (European Standards Organization for Nuclear Electronics) and other bodies.

Closer contacts would be desirable between the high energy physics communities in all

the summit countries on these matters, leading to coordinated input to the international

bodies charged with establishing standard protocols.

Governments should encourage speedy completion of this work, and especially agree-

ments which would lead to early implementation of fully international networking (e.g.,

OSI - Open System Interconnection model of the ISO - International Standards Orga-

nization).



264

98

2. Transmission rates

The maximum rate of transmission widely available, (though on special telephone

lines) is 9.6 k-baud (1 baud = 1 bit per second). Thb is adequate for modes 1 to 3

described above', but only marginally so for transmission of graphics, which requires the

64 k-baud digital transmission expected to become available soon.

Transmission of significant amounts of data from experiments requires speeds in the

Mega-baud range, and Tele-conferencing requires the full bandwidth typical of televbioc

broadcasting. These two functions then depend on direct station-to-station transmission

via satellite (6.3 M-baud)

3. Access

The principal obstacles to use of these advanced modes of communication by the

high energy physics community are currently seen to be the reluctance of the national

authorities responsible for communications to allow the full range of networking traffic

to cross frontiers, and the very high related charges. The governments represented at

the 'Summit' could take actions that would provide a direct and immediate stimulus

to improved international collaboration by allowing the high-energy physics community

to exploit internationally the full range of networking functions. In Europe ECFA

and CERN have a goal of establishing a set of networking functions, HEPNET (of

which GIFT is a part), which would be used across Europe, on both public and private

networks, to link together the universities, institutes and laboratories. The success of

HEPNET and its possible extension to link other regions depend on government support

for the use of national communications systems in thb way.

Turning to costs, the charges made for use of the present land lines become high as

soon as national boundaries are crossed. Thb b already a serious inhibition for many

of the universities and smaller institutes in Europe to use networking links even for

the less demanding modes 1 to 3. The likely costs of satellite transmissions appear

to be prohibitively high, and the advantages, especially in Tele-conferencing, can only

be fully realized through frequent use. Therefore, if these facilities are to be widely

used, they must be made available at reduced rates. The return would be seen in

greater effectiveness in the use of the resources available to high energy physics, greatly

enhanced scope for international collaboration in both the exploitation and development

of accelerators, and some contribution from the high energy physics community to the

development and assessment of modern communication technology (examples being the
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STELLA project which was financed by the EEC, and the Japanese-USA network now

being set up).

B. Standaxdixation

In addition to the need for international standardization in communications tech-

nology, significant benefits for international collaboration would result from adoption

of standards in the following areas:

L Data-acquisition electronics

High-speed computer-controlled data acquisition is vital to high energy physics ex-

periments. The CAMAC system is an example of a widely adopted IEEE standard first

developed in the context of nuclear electronics. To meet the higher data rates from con-

temporary experiments a new standard, FASTBUS, is being proposed and will probably

be widely adopted in high energy physics. As with CAMAC, FASTBUS is also likely to

find many applications in other fields. Micro-processors are another area where some

standardization may be possible.

2. Software

The development of software makes one of the greatest, and most often under-

estimated, demands on man-power. Efforts are being made to adopt standard programs

as widely as possible, especially for tasks such as data base management. Much more

should be done in this direction, but a necessary prerequisite is the greater facility for

exchange of programs, and their up-dating, through the improved wide area networking

mentioned above.

C. Recommendation

There are many benefits to be gained from increased use of modern communications

technology, and by the wider adoption of standard procedures and equipment, in the

fields of both detector and accelerator research and development. These are also areas

that make contact with a broad range of other activities, so that the contributions made

within our field could be of much wider benefit.

Because of the central importance of these questions to improvement in international

collaboration, we recommend that a special technical sub-group be formed to make

specific recommendations on communications, and particularly to address the relevant

inter-regional aspects.
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D. Commanications sub-groop

The terms of reference should include consideration of the following:

1. Standards for wide area networking in HEP.

2. Proposals for implementation of international networking for HEP (e.g., HEPnet

and extensions).

3. The requirements for satellite links.

4. The current charging structure for international communications, in the context

of use for HEP.
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V. BROADENING THE BASE FOR HEP

Most of the R&D programs in accelerator and detector technology take place at the

few major laboratories where the large HEP physics facilities are located. It would be

very important to broaden the base for these activities for the following reasons.

1. Heavy commitments of the staff of the major laboratories with existing and

planned machines make it difficult for them to carry out with all the desired

vigor the many R&D tasks that are essential for future novel accelerators, possi-

bly based on new principles, and for novel detectors that will be needed for more

advanced physics experiments.

2. Smaller universities or technical universities are generally not heavily involved in

this field. Their participation should however be strongly encouraged, because

this would broaden the attack on many fundamental and technical problems

present in the field. These problems are frequently of an interdisciplinary nature

(computer science, plasma physics, quantum electronics, etc.), and the university

structure is well-suited in principle to handle them. It is therefore likely that

important contributions can be obtained through strong involvement of these

institutions. Moreover, they constitute a rich source of young, well-qualified

scientists and high-level technical staff, which is needed in order to insure that

the field stays lively and dynamic. Universities will share in the benefits eventually

obtained from this advanced technological research, and they may thus be induced

to take a larger share in the fundamental aspects of HEP research.

3. Some countries where no HEP base exists at the present time may advantageously

collaborate in HEP development programs of the future. This applies in particu-

lar to the rather numerous less-developed countries (LDC's) of adequate scientific

and technological level, where international cooperation would provide highly

specialized advanced training to their scientists and engineers who participated

in these efforts. This involves work in many fields like computer science, micro-

electronics, superconductivity, material science, etc. The people trained in this

way would be extremely useful after return to their home country, whether there

exists a HEP base or not. International cooperation would be a significant con-

tribution to the training of senior staff in certain advanced technological areas.
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Despite the great need for a sound scientific basis in accelerator science, it appears

that almost no universities or technical universities offer regular courses on the subject.

Thb u one of the reasons for the relative lack of qualified young manpower in the field.

These courses should be implemented and accompanied by theoretical and experimental

research activities. Such work could conveniently be addressed, for example, to the many

unsolved questions related to the new acceleration technologies described elsewhere. The

research would usually consist of two major phases. In the first phase, most of the work

would be done at the smaller institutions by their staff and graduate students. The

funding for this, as well as the seed money necessary to set up the courses, should be

provided by the domestic funding agencies. The second phase might require some special

large equipment, such as high-power lasers or accelerators, that b available only at the

major centers; this should be funded through an international cooperative agreement,

which would determine the scope of the corresponding programs. There.should also be

an international mechanism for providing fellowships at the major centers for student

training and for research performed by university staff in common programs.

One of the returns for the university and the home country might well be eventual

industrial development of the results of the research activities. There are already some

examples of this, as in the case of the development of a new method for producing

high-field superconducting wire by a Dutch institute, which has been transferred to

industry; and ako the development of superconducting cavities by a German university

which are now produced commercially.

Short-term schook on accelerators do already exist on a regional basb, and they are

starting to be implemented on an inter-regional basis. International cooperation in this

field b necessary because the spread of information and critical comparison of results

b important for any future project. It would also be useful to provide funding for the

participation of some people from non-HEP countries to attend these schools, especially

for the LDC's.

The importance of HEP advanced techniques for highly qualified and motivated

technicians from LDC's has already been stressed. Some local initiatives are already

being taken in the US and in Europe in order to provide high-technology training

for scientbts and engineers from LDC's. Cooperative international action aimed at

broadening thb kind of training would be extremely valuable. The techniques of HEP

are obviously essential if a country decides to develop a HEP research program, but

even if thb b not the case, one should notice that acclerators have uses in other fields

such as in medicine, solid state physics, etc. More generally a high-level staff with sound

training in advanced techniques through a first-class international collaboration would

certainly be very valuable in a broad range of technical and industrial developments.
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APPENDIX G

Agenda
for High Energy Physics

Summit Working Group

A. Borschette Convention Centre

36 Rue Froissart, Room 0-B
Brussels, Belgium
July 2 and 3, 1984

July 2. 1984

9:30 Opening Remarks: Dr. A. Trivelpiece, Working Group Leader

(United States)

Review of Working Group Activities

London Economic Summit Statement

Acceptance or Modification of Agenda

10:00 Presentation: Dr. B. Richter, Director-Designate
Stanford Linear Accelerator Center

"Improving International Collaboration in High Energy Physics"

Report of the Technical Subpanel of the Working Group
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SUMMARY

This report describes the methods and the main results of a study which aimed at the

quantification of Secondary Economic Utility, defined as the sum of increased turnover and cost

savings, generated in European high technology industry due to orders placed by CERN during the

period 1973-82. The study was similar to one made ten years ago, covering the period 1955-78 (see

Ref.[4]). However, based on the experience gained during the first study, a general quantification

model and improved sampling and extrapolation methods were used this time.

Managers in 160 firms out of a total of 519 high technology suppliers to CERN were

interviewed. They estimated their Economic Utility using the general quantification model
presented to them during the interview. As in the first study they were asked to give, if possible,

five-year utility forecasts; and it emerged during the study that when managers feel able to make
forecasts, these are, on average, reasonably accurate.

If the utility obtained for the firms interviewed is extrapolated to the total of 519 high

technology suppliers to CERN, the resulting total utility for the period 1973-87 expressed in 1982

prices amounts to 4800 millon Swiss fi-ancs (where the values for 1983-87 are based on forecasts).

The extrapolation error is about ±600 million Sv^^ss firancs. During the period 1973-82 CERN's
purchases fi-om the 519 firms amounted to 1380 million Swiss francs.

It is estimated that about 15% of the Economic Utility generated since 1973 has come from

purchases made prior to 1973. Correcting for this reduces the total Economic Utility to

4080 million Swiss francs for purchases made since 1973. The corrected utility/sales ratio is 3.0;

which means that one Swiss franc spent by CERN in high technology generated three Swiss francs

of Economic Utility. The overall cost of the Organization during 1973-82 was 6945 million Swiss

francs, which gives a value of about 0.6 for the ratio of the corrected utility to total CERN cost. It

may therefore be stated that, by 1987, CERN's high technology purchases made in 1973-82 will

have generated Economic Utility amounting to about 60% of the overall cost of CERN during the

same period.

A comparison of results obtained in the fijst study with those of this study indicates that

CERN's 'utility creating power" is essentially the same as ten years ago, and it also appears that the

high technology branches supplying CERN are suffering less from the present economic difBculties

than other sectors of industry.
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CHAPTER I

BACKGROUND TO THE STUDY

About 30 years ago, a number of European countries collaborated to establish CERN in order

that Europe could regain its place in the forefront of particle physics research. CERN has since

built a range of sophisticated accelerators and research equipment to fulfil its mandate. Considera-

ble resources have been necessary to accomplish this, and CERN has in consequence found itself

assuming a technological and economic role in Europe in addition to the important scientific results

it has achieved.

Economic and cultural effects of fundamental sciences, and the processes by which they create

direct and indirect benefits to the society, have been reviewed from time to time, Refs.[l] and [2],

for example. The primary function of CERN is to carry out "very basic research" in particle phys-

ics, and the direct product this research work is increased scientific knowledge or "culture", which

may in the long term give rise to innovation. An additional direct effect concerns CERN's educa-

tional role in the training of physicists and engineers. The quantification of the economic value of

these direct effects would be extremely difficult, if not impossible. However, CERN buys large

quantities of high technology equipment and the firms fulfilling these orders often observe short-

term (several years) economic advantages as a result of collaboration with CERN.

A first study, made in 1973-1975, attempted to quantify these secondary economic effects gen-

erated by CERN. In this study about 130 firms which had contracts with CERN were interviewed

and asked to quantify such effects. The study verified that CERN, with its purchases of high tech-

nology equipment, often causes positive changes in the turnover and the production techniques of

its suppliers, and that managers are prepared to elaborate and communicate quantitative informa-

tion related to these effects. Details of this first study are published in Refs.[3] and [4]. Similar

results were obtained during studies which quantified secondary economic effects created by the

European Space Agency, Refs.[5] and [6].

Since the time when the first study on the quantification of secondar>' economic effects result-

ing from CERN contracts was made, the methodology of quantifying the economic effects has been

refined, Europe's economic situation and its technology have undergone significant changes, and

CERN itself and its relationships with industry have changed. CERN now spreads its orders over a

greater number of firms than it did in the past, the number of other European and national organi-

zations buying high technology equipment has increased; and European industry has been able to

close some of the technological gaps which existed 15-20 years ago between Europe and the United

States. A study of the resulting change in the nature of the economic effects is clearly of interest.

In addition, the first study took place at a time when the effects being measured had arisen mainly

during the construction period of the Intersecting Storage Rings (ISR). The effects arising during

the construction period of the Super Proton-Synchroton (SPS) were, however, only partly covered

1
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by forecast values given by industrial managers. For all these reasons, it was decided to make a

second study.

This paper reports results of the second study, carried out between 1982 and 1984. Improved

methods for the quantification of secondary economic effects, as compared with those used in the

first study, have been applied; in particular, a general quantification model has been developed to

achieve the quantification of these effects in a more systematic and rigorous way. In addition,

greater efforts have been made to define the total family of suppliers of high technology equipment

to CERN, and to obtain a representative sample of these suppliers. This allowed the extrapolation

of the results obtained for the sample to the complete set of firms fi-om which the sample was

taken.
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CHAPTER II

ECONOMIC EFFECTS OF RESEARCH CENTRES

II.l GENERAL DESCRIPTION OF THE EFFECTS
The principal aim of research centres is the generation of new knowledge, part of which,

depending on its nature, will be used sooner or later as input in the innovation process at the end

of which stand new or improved products or services. Beyond this, however, research centres may

have important economic effects within the whole network of the economy. These effects may be

essentially divided into three categories.

i) PRIMARY ECONOMIC EFFECTS: These result from the primary aim of the research

centre when the centres produce innovations themselves, such as new energy sources, tele-

commimications satellites, etc.

CERN's primary aim is very basic research in particle physics and practical applications of its

results can rarely be foreseen. Therefore, economic effects resulting directly from research done at

CERN will hardly occur in the foreseeable future. However, the importance of long-term basic

research for future technological progress is well known and has been discussed in some detail by

Lederman, Refs.[l] and [2], and in the IIT report, Ref.[7].

ii) SECONDARY ECONOMIC EFFECTS: It is generally found that a major part of the

scientific equipment necessary for carrying out the research is supplied by industry. Often

the specifications and requirements are beyond the 'Tcnow-how" currently available and

thus represent a challenge to the manufacturer. Positive effects, such as new products,

quality improvements, productivity increases, etc., arising from this challenge may be called

the "Secondary Economic Effects" of research institutes, Ref.[8]. They are also sometimes

called "spin-cfT or "fall-out".

The present CERN study is confined to these secondary economic effects. A quantification of

all the secondary economic effects resulting from CERN is probably impossible. It was therefore

necessary to select certain main effects which could be quantified, and for which industry was pre-

pared to provide data. The description of these main effects, which we call "Economic Utility", is

given in the next section.

iii) MULTIPLIER EFFECT: This occurs with all public investments that create additional

demand for goods.

It is because of the multiplier effect that the direct spending of CERN's material budget in the

member states, and the spending by CERN personnel in the region where they live, also stimulate

the economy and create employment. These effects are not quantified in this study, but have been

evaluated for DESY in Hamburg, Ref.[9]. The Geneva Statistical OfBce, Ref.[10], has studied the

effects of the international organizations in Geneva.
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11.2 ECONOMIC UTILITY
In order to St the secondary economic effects into a larger framework we may use the 'sur-

plus" concept developed by Masse, Ref.[ 1 1], which is described in more detail in Appendix A. This

concept considers all the economic agents (employees, shareholders, customers, suppliers and the

state) in relation to the firm. It defines the gains, positive or negative, which these agents realize as

a result of changes in industrial production. The sum of these gains, assuming it is positive, is

called the "surplus' by Masse, who defines its value by comparing different years. But we can also

define the surplus by comparing two different situations during the same time period. We can, for

example, compare a firm which is in business contact with a research centre such as CERN, and

the same firm without this contact. The comparison of these two situations may also show a

gained surplus.

As shown in the Appendix A, the parts of the gained surplus, as reported by managers in firms

which have been influenced by a research institute such as CERN, are increased turnover on the

sales side and cost savings on the procedures and production side. We call the sum of these two

effects "Economic Utility' so that

Economic Utility = Increased Turnover + Cost Savings.

It is this part of the secondary economic effects due to CERN which is quantified in this

study, and which was also quantified during the first study.
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CHAPTER III

ECONOMIC UTILITY RESULTING FROM CERN

IILl THE ECONOMIC UTILITY CREATION MECHANISM
Economic utility is stimulated by CERN through its purchases from industry. Indeed much

of the equipment needed by CERN poses new problems, either by the technical specifications, or

even by the sheer volume of complicated non-standard goods (e.g. hundreds of high-precision elec-

tromagnets or high-performance vacuum pumps) which are necessary for the building of ^in accel-

erator or related experimental equipment.

Firms which meet the challenge of such deliveries may afterwards be able to offer and sell ne'A

or improved goods to their other customers. Thus sales increases may be due to the foliowinj;

mechanisms:

i) NEW PRODUCTS: Firms may be led to market new or improved products as a conNe-

quence of the acquisition of new technology they have developed for, or together with.

CERN. Also the volume of orders placed by the Organization, its non-compctitivc relation

with industry, and the possibility of monitoring the performance of equipment delivered to

CERN, may incite a firm to develop new products,

ii) MARKETING: The success of a product depends finally on its sales on the inarket

CERN's criteria for selecting products are known to be rigorous, and CERN is obliued to

choose its suppliers on the basis of price for well-defined specifications. Considerable

efforts are devoted to comparing products in order to choose the most suitable ones, and

other customers may profit from this work by following CERN's choice. Further, material

delivered to CERN is subject to strict performance control when in operation, sometimes

for very long periods. Firms may refer to these facts in order to persuade other customers

to buy their goods.

(It might be argued that a CERN supplier which increases its share of the market does so at the expense of us

competitors; and that, from a European point of view, there might be no positive effect at all. This ar,",umer.l

would be correct only in a market with conventional goods and a constant volume. We are dealing with manccs

which have high growth rates (electronics for example), and/or with products which change consianily dec to

rapid technological evolution. CERN buys products of the highest quality adapted to its purposes and at the

lowest price. The resulting higher turnover forces the competitors of the CERN suppliers to improve iheu-

producls, to the benefit of other customers. This is an efficient mechanism for keeping European industry

abreast of overseas competition).

iii) QUALITY: Many, firms producing in high technology fields sell their products primarily

on the basis of quality. Contributions to quality represent, for these firms, an important

element, since it permits them to maintain or improve their place in the market. Cl.RN's

quality requirements are often higher than that initially offered by the firms, but not so
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high as to lead to products which are overpriced and hence find no other customers.

CERN therefore has an appreciable effect, not only as a "quality standard", but also

through its capacity to help overcome technical problems when they arise.

iv) MAINTENANCE OF PRODUCTION CAPACITY: Some areas of high technology are

still awaiting a breakthrough in the marketplace. In the meantime, orders from research

centres, such as CERN, may assure the survival of some production capacity related to

such areas, thereby contributing to Europe's technological independence. CERN orders

may generaUy help firms to survive difficult periods when other orders are low.

Cost savings may result directly fi-om the CERN-industry connection if, for example, a firm

learns something new as a result of an order from CERN. This may occur by fulfilling the Organ-

ization's requirements, or through contact with its engineers who showed how to improve a partic-

ular production process, or by using research and development results from CERN. Indirect cost

savings may result from increased sales to - or stimulated by - CERN as described above.

There are occasional losses resulting from the relation between CERN and industry, or as a

side-effect of generating utility. These have to be taken into account when economic utility due to

CERN is quantified. This fact is covered by the general quantification method which is described

in the next section.

III.2 THE QUANTIFICATION METHOD
Economic utUity caused by research establishments is actually produced in, and by, industry

and this is where the data have to be collected for its quantific.ition. They are in most cases, not

readily available and are often confidential. Hence some conditions must be fulfilled in order to

carry out a utility study successfully. First, the information must be collected by means of personal

interviews. Many managers are prepared to provide information orally which they would not con-

vey in writing. The mechanisms of utility creation are too complex to be covered entirely by a

questionnaire, which could lead to misunderstandings. Second, quantification models have to be

developed, which are sufficiently concise to be explained within the limited time available during

the interview, and which are sufficiently powerfiil to cover the multitude of cases which occur.

Based on the experience gained in the fijst study, a general quantification formula for the

quantification of economic utility due to CERN was developed for the new study. Tlie basic ideas

which underly the formula are given below.

For simplicity, the explanation of the basic ideas is limited to an example of the quantification

of increased turnover utility. The general case including the quantification of cost savings utility is

given in detail in Appendix B.

We assume that there are basic activities in a firm which essentially cause economic results

such as turnover. Such activities, which are shown in Figure 1, are mainly related to the following:

new products, marketing, research and development, production techniques, management proce-

dures, quality standards, pricing. A firm may, for instance, say that 10% of its total turnover is due

to its marketing efforts and 15% is due to activities which ensure good quality. Suppose now that

the firm estimates that the influence of CERN has led to a 20% improvement in its marketing to

other customers and helped to improve quality by 10%. We then conclude that

100 • 0.1 • 0.2 = 2% of the total turnover is due to CERN's influence on marketing, and in

addition, 100 • 0.15 * 0.1 = 1.5% of the turnover is due to CERN's impact on quality. Gener-

alizing this idea, managers can put percentage figures on the various activities of their firms and on

CERN's influence on these activities,

purchases

It is, however, clear that often only some part of the total tumover of a firm is influenced by

CERN (in Appendix B this is called "CERN Relevant Tumover"). From this relevant tumover,
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Figure I: Principal secondary economic effects resulting from CERN.

the firm's direct sales to CERN must then be subtracted and the remainder multiplied by the

above-mentioned percentages to give the increased turnover generated by CERN. Finally, any

financial losses due to CERN, and any opportxmity costs, or investment costs necessary to bring

about the utility must be subtracted to obtain the increased turnover utility.

Possible cost savings are calculated in an analogous manner.

Since prices and influence factors are time-dependent, utilities are estimated by industrial man-

agers in financial periods, each covering one year. As in previous studies, they relate not only to

past events but also include, whenever possible, forecasts for the next five years.

III.3 THE SAMPLE OF FIRMS
CERN buys from approximately 6000 suppliers, about 10% of whom sell high technology

goods. As it was considered necessary to make personal interviews in order to obtain accurate

quantification data, and as the resources in time and money available for the present study were

sufficient for about 170 firms to be interviewed, only a sample of the high technology suppliers of

CERN could be considered in the present survey.

TTie first problem was to select the high technology firms from the total of 6000 CERN sup-

pliers. Computer tapes giving details of CERN payments to firms for seven years during the period

1973 to 1981 (1974 and 1979 tapes were not available) were used for this purpose.

About 90% of the firms on the tapes are not high technology suppliers, and these were elimi-

nated in two steps. Many were excluded by a decision to consider only those firms which had sales

to CERN equal to or greater than 100000 Swiss francs in at least one of the seven years covered by

the tapes. TTie resulting list contained more than 1200 firms, and checks revealed that only a small

fraction of high technology suppliers was lost this way. By checking the firms remaining on the list

individually, and eliminating those not supplying high technology equipment, a final number of 519



285

high technology firms remained. The results fi-om the sample of firms interviewed have been

extrapolated to obtain valid figures for the whole family of 519 high technology suppliers.

The family of high-technology firms was divided into two classes: firms which had participated

in the first study (named 'old' firms), and the rest (named "new" firms). It was decided to take

about one quarter of the total sample from the "old" firms in order to be able to compare the

results with those of the first study and to analyze the validity of the forecast utility values from the

first study. This gives an over-representation of 'old' firms; but, since a random sample was taken

separately from both the "new' and the "old" firms, these two samples are representative each of its

own group. In each group a stratified sample was taken, where the stratification (grouping) was

made according to five industrial categories (see Table I) and two levels (less than, or greater than,

one million Swiss francs) of the firms' total sales to CERN during the time-period being examined.

Apart from the grouping mentioned above, seven 'old" firms were selected for the training of

the interviewers. The selection of these seven firms was not done by random selection, and there-

fore the results for these firms were not used for the extrapolation to the whole group of 'old'

firms.

III.4 THE INTERVIEW PROCEDURE
The data were collected between May 1982 and June 1984. The group making the interviews

consisted of the seven authors of this report coming from various disciplines. Each interviewer was

provided with information concerning the firms, such as order volume and the nature of the

material delivered to CERN. Before the interview, discussions were held with one or more CERN
staff who had had technical contact with the firm. The most appropriate top-level manager in the

firm was then contacted by telephone and asked if the firm would agree to participate in the study,

and an appointment was fixed. In rare cases, where no appointment could be arranged, the inter-

view was carried out by telephone.

To avoid misunderstandings, the interview was carried out, whenever possible, in the language

spoken by the industrial manager. Interviews began with a short review of the first CERN Eco-

nomic Study and stressing the confidentiality of any information provided by the manager, followed

by a review of past and/or present contracts with CERN. Sales figures to CERN were checked, as

well as the type of goods supplied, these figures being broken down, where necessary, by produc-

tion branch of the firm. The type of utility created by the collaboration was determined using the

quantification model. In some cases, where the utility was due to specific contracts obtained as a

result of CERN influence, the manager provided absolute values of utility. Other information

obtained, where possible, included distribution of surplus, origin of goods, comments on CERN's

purchasing procedures, creation of employment, etc. Where a firm had participated in the first

study, the previous forecasts for the first part of the period now being examined were compared

with what really happened. It was helpful if the same manager could be seen on both occasions, as

personal knowledge and memory play important roles in the estimation process, but, because of the

effects of staff changes in ten years, it was in fact unusual to be able to do so.

During the interviews it was often possible to meet the director of the firm and/or the directors

of various branches (technical and marketing directors), to visit the production lines, and to gain a

better imderstanding of where problems had arisen, or could arise, when dealing with CERN. It

proved necessary from time to time to explain the essentials of CERN's Financial Rules and related

purchasing procedures, and to explain the way these rules have been laid down by the Council and

subsequently checked for correct application.

A report, used exclusively by the members of the study group, was prepared after each visit

made, and the information obtained was summarized in tables from which the data were entered

into a computer for subsequent analysis.

8

51-563 O - 86 - 10
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CHAPTER IV

QUALITATIVE RESULTS

IV.l GENERAL REMARKS
TTie industrial managers who were interviewed provided estimates of the increased turnover

and cost savings due to the influence of CERN, but only occasionally gave information concerning

the way in which these turnover increases have been achieved.

Increased turnover has in some cases led to the creation of employment, but many firms will

probably have taken advantage of a certain amount of unused resources, and this has avoided the

laying off of personnel.

The evaluation of the cost of increased turnover and the full quantification of the creation and

maintenance of employment would require further investigations among the firms concerned.

Risk is a major obstacle to industrial innovation. When dealing with CERN the risk inherent

in breaking new ground is likely to be less than when dealing with other customers. CERN can

often help in solving technical problems, and failures are certainly not exploited by CERN to harm

the industrial partner. After all, the only thing of interest to CERN is to obtain goods with the

required quality within the time specified. All performance data on material delivered are available

to the interested supplier, and this information is successfully used by some firms to save costs

and/or to open new markets.

IV.2 IMPRESSIONS OF THE INTERVIEWS
Some interviews started cautiously, especially where CERN had not placed any orders for

some years. On a number of occasions, although there appeared to be no probability of finding

utility when the firm was first approached, positive results were nevertheless obtained during the

interview.

In the branches where technological development was pushed by CERN, many firms appreci-

ated the iivformation and help given by CERN technical staff. This often helped them to overcome

major problems which had not been foreseen in advance.

Marketing is an important factor, especially in the case of small firms which had not previ-

ously exported outside their own coimtries. CERN has succeeded in helping several such firms to

initiate their export trade. The mere fact of having sold to CERN may be an important sales argu-

ment, although this was sometimes difficult to quantify.

CERN's quality requirements have helped some firms to penetrate overseas markets, or to be

more competitive against overseas suppliers on European markets. In one or two cases, the quality

requirements had a negative effect, because they were much above the level required by other cus-

tomers. As expected, the CERN influence was acknowledged in connection with research and

development and quality improvement. Quality problems were sometimes seen to have produced
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changes in management procedures and/or structures, although quantification of the resulting utility

was not always possible.

During the interviews with firms which had incurred losses on CERN contracts it became

clear that this often resulted fi'om an under-estimation of the production costs. Some interviews

also showed that firms may offer special conditions to CERN in order to have, or maintain, CERN
on their reference list. The cost of this can be absorbed if the technology learned from CERN
contracts is used to satisfy other customers or to introduce new products in the market; but diffi-

culties may arise when the expected openings in the market do not occur.

IV.3 EXAMPLES OF CERN-GENERATED UTILITY
CERN-generated economic utility seems to grow on soil of all kinds, provided that at least

one of several conditions is fulfilled. ) Some of these were found to be:

• the firm is active in advanced technology;

• a good professional relationship exists between CERN staff and staff in the firm with sufficient

executive power;

• the marketing manager is aware of the fact that, for some potential customers, CERN is a good

reference;

• the stciff responsible for the firm's quality control have sufficient influence;

• the firm makes an effort to satisfy CERN's requirements, without necessarily making a profit

while doing so.

The following examples illustrate these points:

i) TURNOVER INCREASE: Several European firms are fighting for a share of the high-

and ultra-high-vacuum market. Their major sales argument is based on improved per-

formance of the equipment offered to their customers. However, the development of a new

or improved product is expensive and therefore risky. Under these circumstances, the large

CERN projects with their requirements for a comparatively large number of units have

reduced the risks considerably; and CERN has played a significant role in the firms' deci-

sions to take the risk. CERN has significantly contributed to the breakthrough of several

products on the market, and the firms in question were able to quantify CERN's contribu-

tion to the corresponding sales. The net result of this is that the European vacuum indus-

try is well placed compared to the overseas competition.

ii) FIRM CREATED DUE TO CERN: A small firm specializing in precision mechanical

components was set up about 10 years ago with the idea that the firm would be able to sell

a reasonable percentage of its production to CERN. The firm was successful, and has reg-

ularly sold to CERN, whose influence on the success of the firm has remained at the same

level as at the time the firm was created. At the beginning of the collaboration the owner

of the firm had to develop special metal alloys to satisfy the CERN specifications. This

has enabled the firm to remain competitive both on the home and export market, so that,

when economic difficulties resulted in a drop in the home market, the firm was able to

increase considerably its exports to other European countries,

iii) CERN AS A TESTBED: CERN may serve as a long-term testbed, since all performance

data on material delivered are available to the interested supplier. This has been particu-

larly true for suppliers of photomiiltipliers, and other special kinds of tubes; and especially

' Even if some or all of these conditions are satisfied, there is no guarantee that utility will be created, owing to the many

existing obstacles to successful technology transfer or to unforeseen market developments.

10
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in computing and related fields. Computer manufacturers test computers, computer sys-

tems such as networks, and software, extensively at CERN, where they benefit from the

Tcnow-how" and long-standing experience of CERN's experts. In particular, some firms

test electronic equipment for reliability and performance at CERN before putting it on the

market.

iv) MAINTENANCE OF PRODUCTION: Among the problems of managing a shipyard is

that of irregular production levels. One shipyard has on two occasions succesfully made

bids for CERN contracts which enabled the yard to maintain its production level - and of

course its work force - during slack times in its normal work of ship construction and

repair.

v) INTER-COMPANY COLLABORATION: A small firm, which has supplied CERN

with standard, but specialized, hydraulic equipment for about 15 years, entered into a

commercial collaboration with several large firms because of contacts made at CERN. As

a consequence of this collaboration the smaller firm's components are now standardized

with the products of the larger firms, resulting in a large increase in turnover and exports to

other countries.

vi) COMPLEX UTILITY WITH MANY INFLUENCE FACTORS: A firm was created

more than ten years ago to produce precision mechanical products with a few employees.

Three years after its creation it obtained its first CERN contract for mechanical compo-

nents for electronic equipment which has since been widely used outside CERN. In order

to keep abreast of competition and to be accepted as a CERN supplier over the years, the

firm has constantly had to improve the precision and quality of its products. It did so by

using the CERN specification as a sort of standard. It further successfully used the refer-

ence to CERN sales in order to acquire other customers, first in research, and later in other

markets such as television, railways, subways, etc. A few years ago it undertook a major

internal re-organization in order to increase productivity - a risk it was able to take because

of the CERN orders and the resulting utility. Approximately half of this CERN-created

surplus was re-invested, and the remainder used in equal parts to increase salaries, reduce

prices and pay taxes. Furthermore, CERN has created or maintained, by its contracts or

the related CERN-generated utility, a number of jobs within the total workforce.

vii) COST SAVINGS: A large electromcs firm received an order from CERN for amplifiers

which enabled the company to maintain its production levels when other orders were low.

A certain amount of development work was required in order to satisfy the special needs of

CERN, leading to cost savings which were used by the company to reduce sales prices.

viii) INNOVATION AND QUALITY: The innovations and/or quality improvements result-

ing from CERN contracts are often applied in fields which have no direct connection with

high-energy physics. For example, the strirt and complicated requirements of CERN con-

cerning the optical and ageing qualities of light guides and scintillators has enabled one firm

to develop products for solar energy applications. Since the technologies necessary to

obtain the required optical properties of solar panels in production quantities are already

known to the firm, it expects to be able to enter the market - which is only just beginning

to expand - with a lead over its competitors. In this case it was still too early to estimate

the full amount of CERN-generated utility,

ix) CERN AS REFERENCE: Being a CERN supplier can often be a useful reference for

firms. In one case a firm making cooling equipment for CERN was able to gain admission

to a trade association and, as a result, was able to obtain an increased number of contracts.

In another case a firm building transformers used the fact that it was a CERN supplier to

support its request for an international licence for certain products.

x) NEGATIVE EFFECT: CERN's quality requirements do not always have a positive effect

on industry. In one case, the rigorous technical requirements of a CERN specification

influenced a firm making electrical equipment in deciding to change its general assembly

line procedures. The firm later discovered that these changes had resulted in a decrease in

productivity.
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CHAPTER V

QUANTITATIVE RESULTS

V.l QUANTITATIVE RESULTS OF THE SAMPLE
It must be emphasised that (as was the case in the first study) the quantitative estimations of

the CERN-generated utility were made by the industrial managers and not by the CERN inter-

viewers. In case of doubt, the lowest figures were always taken.

Between May 1982 and June 1984, 166 European firms were interviewed, and 160 were able to

provide useful information concerning utility. Of these 160 firms, 55 had no utility or could not

quantify admitted utility, and 6 had made losses on CERN contracts which exceeded utility.

The period covered by the study nms from 1973 to 1982 for the firm's sales to CERN, and

from 1973 to 1987 for utility created by CERN. Previous studies on utility showed it was possible

to obtain utility forecasts for about five years into the future. However, this time, because of the

present economic uncertainties, managers were often very reluctant to give such forecasts, which

were nevertheless obtained, for at least one year ahead, from 78 firms. Tlie five-year forecast period

until 1987 was therefore maintained in order to give results which are comparable with the previous

study, but it is clear that the utilities reported for the later part of this period are under-estimated

(see Figure 2).

Between 1973 and 1982, CERN spent 748 million Swiss francs*) with the 160 firms of the

sample which provided information, and these firms reported a utility of 3107 million Swiss fi-ancs

for the period 1973-1987. The utility arising fi-om increased turnover amounts to 2983 million

Swiss fi-ancs and utility fi-om cost savings is 124 million Swiss fi-ancs.

It should be remembered that direct sales to CERN have been deducted from the increased

turnover utility, and that values are net, i.e. opportunity and other costs, and any losses due to

CERN, have also been deducted. These data represent a lower limit of the utility actually gener-

ated by CERN, for the following reasons. First, it is the impression of all the interviewers that there

is no systematic bias which would lead firms to inflate utility figures to please CERN or the inter-

viewer. Second, it is possible that the manager interviewed may not have been aware of certain

utility situations, or he may not have been in his present position long enough to have experience

of the whole period under review. Third, there remain some utilities which managers were some-

times unable to quantify, particularly the reference value of being a CERN supplier.

Figure 2 shows the histogram of the interviewed firms' yearly sales to CERN and the resulting

yearly created utility. The corresponding accumulated values are shown in Figure 3.

The SPS project lasted from 1971 to 1978 with payment of invoices extending into 1979. SPS sales

appear to have produced their utility with a delay of a few years. The values shown for the period

' Financial data in Chapter 5 are expressed in constant 1982 prices (i.e. corrected for inflalion).

13
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Figure 2: Yearly sales and yearly utilities from 160 firms interviewed.
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Figure 3: Accumulated sales and utilities from 160 firms interviewed.
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1984-87 are comparatively low mainly because only about half of the firms interviewed made fore-

casts.

The utilities found for the various industrial categories are given in Table 1.

Table I: Breakdown of Sample Data (160 firms) by Industrial Category
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V.2 EXTRAPOLATION OF THE SAMPLED DATA
The extrapolation of the utility obtained for the random sample to the total family of firms

firom which the sample was taken was made using the group averages. A few of the firms inter-

viewed reported utilities which were noticeably higher than the utilities of other firms in their group,

and although these cases (outliers) could be explained, they were not considered to be representa-

tive. They were therefore excluded from the computation of group averages, and hence not used

for the extraplolation.

Between 1973 and 1982, CERN spent 1379 million Swiss fi-ancs with the 519 high technology

firms, and the total utility for the period 1973-1987 obtained by extrapolation amounts to

4796 million Swiss fi-ancs. Errors can occur in the extrapolation process from two sources: errors

in estimating the group averages, and errors due to the difiiculty of assigning multi-branch firms to

the correct group. This extrapolation error (99% confidence interval) has been calculated to be

±623 miUion Swiss francs.

When comparing the 3107 million Swiss francs of utility for the 160 firms to the 1689 million

Swiss francs of extrapolated utility for the remaining 359 firms, two points have to be taken into

account. First, the sales to CERN by the firms interviewed already represents 57% of the total

high technology sales to CERN. Second, the outliers contributed strongly to the utility of the

interviewed firms but did not contribute to the extrapolated values.

Assuming that the utilities of the years 1973-75 are essentially the result of CERN orders prior

to 1973, the utility corrected for this effect is about 85% of the net utility. The corrected utility/

sales ratio then gives a measure of the utility created by CERN's high technology purchases made

during the period 1973-82. For the sample this ratio is 3.5, which compares well with the ratio of

3.7 found last time. ) The overall (after extrapolation) corrected utility/sales ratio becomes 3.0.

Table 2: Breakdown of Total Data (519 firms) by Industrial Category
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Table II gives a breakdown, by category of firm, of the extrapolated utility generated by

CERN in the total family of 519 high technology suppliers. Figures 4 and 5 show these data in

graphical form.

Utility by Industrial Category
(Millions of Swiss Francs)

D Sales to CERN
B utility

Electronics Electrical VacuurmCryogen. Steel

Figure 4: Total sales and total utilities from 519 high technology suppliers, broken down

by industrial category.

How the Utility is Shared

Electronics. Computers

Vacuum, Cryogenics I

Prec. mechanics
j

Electrical Equipment

Figure 5: Total utility from 519 high technology suppliers, showing the contribution by

industrial category.

17
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The total cost of CERN Ln 1973-82 was 6945 million Swiss francs. The corrected utility/total

cost ratio is therefore 0.85 * 4796/6945 = 0.59. Remembering that the firms interviewed have

tended to provide low estimates of the probable actual utility, it may be stated that, by 1987,

CERN purchases (high technology goods only) made in 1973-82 will have generated utility

amounting to at least 59% of the total cost of CERN during the years 1973-82.

V.3 FORECAST VALUES AND ACTUAL EVOLUTION
During the first study most of the Orms interviewed provided forecasts for the period 1974-78.

About forty of these Grms were selected by the random sampling process to be interviewed again

this time, and they were questioned on the actual evolution of the utility during the forecast period.

Out of these firms thirty- six provided data which could be compared to their previous forecasts.

This comparison showed that many firms actually realized utilities which were close to their

forecasts, although in several cases the forecasts proved to have been too high or too low. This can

be explained by:

• turnover of the firm different to the forecast,

• CERN effects coming earlier or later than expected, or not at all,

• losses due to CERN which could not have been foreseen,

• CERN influence on the firm different to the forecast,

• person interviewed unable to remember everything that happened ten years ago.

Out of the 36 firms, 21 had forecast utilities which turned out to be too high, and 15 forecasts

which were too low. In spite of these variations, the total utility actually realized was within a few

percent of the total utility forecast. In order to find out whether, on average, this difference

between the forecast and the realized utilities was statistically significant, tests (t-tcst and signed

rank test) for both the differences of the utilities and the differences of the utility/sales ratios were

applied. None of these tests revealed a significant difference between the forecast and the actually

realized utility values. We have therefore no reason to reject the hypothesis that managers can, on

average, give correct utility forecasts.
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APPENDIX A: THE THEORETICAL CONCEPT

The theoretical concept of the study described here has to fulfil three requirements:

• it has to be adapted to the level of information which industrial managers are willing to provide,

• managers must understand what information is required, and

• the concept must be such that the required information can be provided at all.

The 'surplus' concept, as developed by Masse, Ref.[ll], turns out to be an appropriate basis for

this. The basic ideas of Masse's surplus concept are given below.

Consider an industrial firm which, for convenience, produces only one article. Let V be the

number of units of the article it produces in year n. Let F- be the number of units of the j-th

production factor (manpower, machinery, materials, capital, cash resources, etc.) which the firm

makes available to produce the V units of the article in year n. Suppose that all produced units are

sold. If P is the unit price of the article and P- is the unit price of factor F- , the equilibrium

equation (output = input) for year n is given by

PV = 2P-F- . (1)

J

Now, consider year n+ 1. Denote by F- + AF- the number of units of the production factors

made available in year n + 1 and use corresponding notations for the other quantities. For year

n + 1 the equilibrium equation must then be written as

(P + AP)(V + AV) = 2(P. + AP.)(F- + AF.) . (2)

We rewrite the equation (2) in the following way:

PV + PAV + AP(V + AV) = SP-F- + 2[PjAF- + AP.(F- + AFj)] . (3)

Comparison of equation (1) with equation (3) shows that the first term on the left-hand side

and the first term of the right-hand side of equation (3) cancel. Remembering that equation (1)

describes the situation of the firm in year n and equation (3) in year n-t- 1, we see that the terms left

over in equation (3) describe the change in the factors, the prices and the produced units from one

year to the next.

For proper economic interpretation. Masse rewrites equation (3) to obtain

PAV- SP-AF- =-AP(V-l-AV) + 2AP.(F- + AF.) . (4)

j
] ]

j
J J ]

The terms on the right-hand side of equation (4) represent a distribution of resources. The

first, -,AP(V + AV), goes to the customers as the result of a price change (to their advantage if A P is

negative), the second, 2AP(F- + AF), is the allocation to the different production factors. The

left-hand side must give, therefore, the gained resources to be distributed. Masse calls the left-hand

side the firm's 'gained surplus' and the right-hand side the 'distributed surplus".

It is clear that a gained surplus can occur only if something in the firm changes. For instance,

the firm may sell more due to better marketing, to better quahty, to the introduction of a com-

pletely new product, etc. It may also have been able to increase productivity, to obtain better

interest conditions on loans, or to improve its situation in other ways. On the other hand, if all the

21
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increased turnover is accounted for by increased production costs, both sides of equation (4) will

become zero and there will be no gained surplus.

There must be driving forces which cause these effects to be positive. One of these driving

forces might be a contact with a challenging customer such as CERN who asks a firm for new

products, requires higher quality, provides a good marketing forum, and so on.

In a given year we may therefore consider a firm in two different situations.

a) The firm has no contact with CERN.

b) The firm has contact with CERN.

Using Masse's concept we can then define a surplus gained by the firm and a corresponding

distributed surplus by comparing situation (a) with situation (b) in the same way as we did in

equation (4) for the situation of the firm in two different years. If we observe a gained surplus we

can say that this surplus was caused by CERN.

It may be very difficult, if not impossible, during the limited time of an inter\'iew for an

industrial manager to provide information on CERN's influence on each different production factor

and its unit price. He may, for example, be able to estimate the hypothetical development of only

a few of the production factors. (Of course not all production factors are influenced by CERN.

For instance, CERN has practically no influence on the capital cost (interest) of a firm). It was

therefore decided to ask industrial managers to quantify only two elements contributing to the

gained surplus, namely the sales increase and the cost savings due to CERN. In any case, these are

the dominant elements and seem to be the ones which industrial managers can quantify with a rea-

sonable effort. It is therefore necessary to replace the second term of the left-hand side of equa-

tion (4) by two terms, so that this becomes

PAV-2PAF - 2P AF^ =-AP(V-(-AV) + 2AP.(F- + AF-) . (5)

p P P
c

c c
j

] J J .

where, on the left-hand side, the second term represents the change in production costs necessary to

achieve the increased turnover, and the third term represents the cost savings due to CERN.

Managers were asked to estimate the first and third terms, but were only occasionally able to

provide information concerning the second. In order to express the fact that in this case we are not

quantifying all parts of the gained surplus dueJo CERN, we call the sum of sales increases and cost

savings due to CERN the utility U defined by

U = PAV - IP^AF^ . (6)
c c

c

In order to quantify the utility caused by CERN, a mathematical model was developed. This

is described in Appendix B.

22
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APPENDIX B: THE QUANTIFICATION FORMULA.

In order to provide a general formula which allows the quantification of the utility due to

CERN, we denote the utility arising firom increased turnover as U and the utility from cost sav-

ings as U . We then rewrite equation (6) as

\J = PAV - 2P AF^ = U + U . (7)prep \ /

In order to arrive at a simple quantification formula for U and U , we need a simple model of

the mechanism of utility creation.

Taking a simplified view of the mechanisms which determine the success or failure of a firm,

we assume that there are certain basic activities, such as launching new products, marketing,

research and development, management procedures, manufacturing techniques, quality control,

pricing, etc. The efforts devoted to these different activities, which we shall call "Economic Success

Activities', bring about the economic results of the firm. Managers usually know the relative effect

(not necessarily in money terms) which each activity has on turnover, production costs, etc.

He may say, for instance, that 15% of the firm's turnover Nl is due to their marketing activi-

ties. We then call the value 0.15 the marketing success factor for turnover. Such factors, by which

we multiply the total turnover to obtain that part of the turnover caused by the corresponding suc-

cess activities, we call "Economic Success Factors for Turnover". It is clear that the sum of all

possible economic success factors for turnover must be 1, since all the success activities together

cause the total turnover M,.

In the same way, we define "Economic Success Factors for Cost Savings", which give the rela-

tive effects on cost savings M . Once again the sum of these factors must equal 1.

We denote the economic success factors by E and E . The first index a indicates the

success activity, while the second indicates sales s or cost savings c.

Using the economic success factors, we can quantify the parts of the total turnover IVL and

the cost savings M which are due to the corresponding economic success activities. In order to

quantify the utilities U and U due to CERN, managers have to quantify the influence that

CERN has had on the different success activities of the firm. Here a manager has to compare the

two different situations mentioned in Appendix A: (a) the firm in contact with CERN (real situ-

ation), and (b) the firm not in contact with CERN (hypothetical situation). If, for instance, a

manager finds that CERN's contribution to launching new products was 30%, and if E is the

new product success factor for turnover, then the product 0.3*E "M, gives the firm's turnover

caused by CERN resulting from new products, and represents a sales utility due to CERN. We
call the factor 0.3 the CERN influenco factor on the new product success activity for turnover.

Such factors, by which we multiply the corresponding economic success factor to obtain CERN's

contribution to the corresponding success activity, will be called the "CERN Influence Factors on a

Success Activity". Unlike the Economic Success Factors, the sum of which must equal I, the

CERN Influence Factors can take any value between and 1. If all CERN influence factors are

zero, CERN has no positive effect on the firm and there is no positive utility. We denote the

CERN influence factors by C and C , where the indices are the same as those used for the•'as ac '

success factors.

The quantification equations for U and U therefore become:

U^ = (CE)^ ' M^ , (8)
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^c = (CE)^ • M^
,

(9)

with

(CE)3 = 2 C^3 • E^^
,

(10)

a

(CE) =2C -E^^. (11)

where the index a on the right-hand side of equations (10) and (11) covers all economic success

activities.

Some corrections have still to be made to equations (8) and (9) so that they apply to all cases.

In equation (8) we have to take into account the fact that CERN usually influences only part of a

firm. To illustrate this, consider a firm making transformers, electric motors and household appli-

ances. Suppose that this firm has made electromagnets for CERN, and that this has subsequently

led to improvements in the manufacture of their transformers and motors, but that there was no

CERN influence on the household appliance business. The total turnover M^ of the firm in equa-

tion (8) must therefore be multiplied by a factor C^ < 1, which gives the fraction of total turnover

in transformers and motors, influenced by CERN. We call C^* M^ the "CERN Relevant Turn-

over" and C. the "CERN Relevant Factor" of the total turnover. Since the CERN relevant turn-

over still includes sales to CERN M^ , we have to subtract M^ from the CERN relevant turnover,

since direct sales to CERN are not sales increases due to CERN's influence on the firm's economic

success activities.

In addition, the resources used to produce the items sold to CERN could have been employed

for other customers. We call these sales which would have been made elsewhere "Opportunity

Cost" M , and this must also be subtracted from the sales utility given by equation (8).

Taking these points into consideration, the sales utility is given by

U3 = (CE)^(Cj»M^-M^)-M^. (12)

Equation (9) must be expanded to take account of any investment costs M- which were necessary

in order to produce the cost savings, and we obtain

U^ = (CE)^*M^-Mi. (13)

Combining equations (12) and (13) and taking into account any losses Mj which may have

occurred due to CERN gives the final quantification equation

U = (CE)3(C^* M^-M^) - M^ + (CE)^* M^- M- - Mj ,
(14)

which, together with equations (10) and (11), is the basis for the quantification of the utility due to

CERN. When applying equation (14), we have to take into account the fact that, in principle, all

quantities are time-dependent. Therefore, the utility is calculated on a yeai -by-year basis, and is

later expressed in fixed prices referring to a reference year, so that the utilities of different years can

be added to give the total utility of a firm.

24



300

THE MATTER IN THE NATURE, INCLUDING HUMAN BODY

It is made of atoms which consists of electrons, protons and
neutrons. Tlieir sizes are extremely small; an atom is about 1/100

million cm and other three about l/5trillion cm. What is the force

which bounds them together? How do they behave? Nature of

the micro-world is not fuUy understood. Many elementary [>articles

with Aort life-times, have been discovo-ed. Investigations continue

in search of particles yet to be discovered and in understanding the

propoty of the known.

About 150 elementary particles are known today and .some of

them can be classiHed according to their characteristics. Physicists

are searching for more basic building blocks of the elementary

particles.

Method to Investigate the Micro-World

Bamtaiy Panicl*
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HISTORY
May 1962: The Science Council of Japan advised the govern-

ment a construction of large accelerator.

Apr. 1964: A basic study for the accelerator began.

Aug. 1969: The Science Council of MONBUSHO (Ministry of

Education, Science and Culture) advised the

Minister to establish an Institute of Elementary

Particles.

Apr. 1971: National Laboratory for High Energy Physics

(KEK) was established as the first Inter-university

Research Institute.

Mar. 1976: Protons accelerated to 8 GeV as designed.

Dec. 1976: Acceleration to 12 GeV achieved.

May 1977: High energy physics research at KEK began.

Apr. 1978: Constructions of the Photon Factory and the

Booster Synchrotron Utilization Facility approv-

ed.

Jul. 1980: The collaborative researches using the Booster

Synchrotron Utilization FacUity began.

Apr. 1981: The TRISTAN project approved.

Mar. 1982: The Photon Factory was completed.

Jun. 1983: The collaborative researches using Synchrotron

Radiation began.

Nov. 1983: Electrons accelerated to 4 GeV at TRISTAN Ac-

cumulation Ring.

OBJECTIVES OF THE LABORATORY

KEK was established for experimental researches in the elementa-

ry particle physics and other related studies. It is an inter-university

research institute directly under the MONBUSHO. Its principal

accelerators are 12 GeV proton synchrotron, 2.5 GeV electron ac-

celerator and 30 GeV electron-positron collider (TRISTAN) In

addition to high energy physics, extensives studies of material and

life science are executed with these accelerators.

GOVERNING STRUCTURE OF THE LABORATORY
The Board of Councilors, the Advisory Council for Scientific

Policy and Management (PS & TRISTAN) and the Advisory CouncU

for Photon Factory advise the Director General on matters related

the administration and scientific programs of the laboratory.

for Mt T^ukub*

MAP OF THE TSUKUBA SCIENCE CITY

NATIONAL LABORATORY FOR HIGH ENERGY PHYSICS

TELEX NO 3652-S34

Organization Chart

Budget 1 million yen Staff Members
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HIGH ENERGY PHYSICS

To examine crystals and molecules, one must use shorter wave

length light (X-rays and high energy photon) instead of visible light

To study more basic structure-elementary particles, particles with

high energy are needed. Physicists study formation and decay of the

particles by colliding high energy particles. The goal of high energy

physics is in understanding the structure of the elemenury particles,

the laws which governs them and, ultimately, the fundamental

principle of the nature.

MEANING OF THE HIGH ENERGY RESEARCH

Man has been searching for an answer to the riddle of the nature

since Greek era. The quest of "the origin of the matter" was

pursued through all the ages. Along with its conceptual develop-

ment, new technology and research field have been opened. Basic

research has contributed to the furtherance of the civilization.

Japan has made many brilliant contributions in the progress of

the theoretical physics to date. Now the high energy accelerator in

Japan is expected to play an important role in the experimental

study of the particle physics and intenutional collaboration in this

field.

The effect of having this high energy accelerator extends beyond

the study of elementary particles. The accelerator and the technolo-

gy associated with it will, as seen in the case of the Booster

Synchrotron Utilization Facility and the Photon Factory, extend its

spinoffs to basic and applied researches in wide ranges of studies in

physics, chemistry, biology, engineering and technology, agriculture,

HIGH ENERGY ACCELERATORS AND EXPERIMENTAL APPA-

RATUS used in the high energy physics research are the crystalliza-

tion of advanced science and technology. Its largeness in scale and

refinedness in nature make a heavy demand, and in turn a strong

encouragement, on a development of new technology; Thus

contributing to the advancement of industrial arts of all kind;

Electronics, computer, high vacuum, electric, machinery, and

materials, naming a few.

Qecttco Accdeiatoc & Proton Accelarator

Bactron Storage Uaq
9 »W«7% ol Ll^l Sp^dl

Booitn Syncbratron UtUUatlen FadlitT

IUaRlii9(D: lOSm)
(99.7X o< Ljqtat Spa«d)

PHOTON FACTORY

Synchrotron Radiation

A high-energy electron traversing a circular orbit under high

magnetic field emits an intense radiation. This is called synchrotron

radiation, and its spectrum constitutes a smooth continuum

extended from radio-waves to X-rays. It is unrivalled light source in

extreme ultraviolet and X-rays where lasers are not yet practically

available, and it is expected to give a profound effect on many

disciplines of science and technology in which the use of short-wave

light is of crucial importance.

Electron Accelerator as Synchrotron Radiation Source

.The construction of the electron accelerators of the Photon

Factory started in 1978 and was completed in March 1982 on the

schedule. The accelerator consists of an electron linac and a storage

ring. Electrons are accelerated to 2.5 GeV by the electron linac and

injected into the storage ring. Dectrons emit synchrotron radiation

tangentially all along the circular orbit while traversing gaps of

bending magnets. Energy lost by emitting radiation is soon

recovered from the RF power fed into the resonant cavities. The

electron beam accordingly suys within the ultrahigh vacuum path

and keeps emitting over a long time.

Research Activities with Synchrotron Radiation

Research programs over a variety of fields in materials science

and life science are being carried out by researchers from universi-

ties, national laboratories, and private industries. The range of

disciplines extends from the fundamental research in physics, in

which structures and properties of matter from atoms to protein

crystals are studied, to industrial applications such as microanalysis,

real time observations of defects in materials, developments of

catalysts, lithographic production and studies of VLSI; or medical

and physiological applications such as real time observations of

structures in living organism like muscles, for instance, and

diagnosis of cancers and heart deseases, and many others.

BOOSTER SYNCHROTRON UTILIZATION FACILITY

The booster synchrotron, the injector to 12 GeV PS, accelerates

protons to 500 MeV, 20 times per second. Three quarters of 500

MeV protons are suppUed to the Booster Synchrotron Utilization

Facility. In addition to the researches in neutron physics and solid

state study, these protons will be used for diagnosis and treatment

of cancer. The facility is opening a new horizon in the research of

solid state and nuclear structure, with its high intensity pulsed (50

nsec.) beams.

1) Solid Sute Research Using Neutrons

The facility for neutron scattering (KENS) opened its operation

in June 1980. Here the thermal, epithermal and cold neutrons are

produced from metal spallation target. The studies are centered

around on the structure of matter in non-equilibrium state, the

magnetic momentum of materials, and the structures of organisms

and macro-molecules.

2) Atomic Nuclei and Solid State Researches Using Pi-mesons and

Muons
Meson Science Laboratory (BOOM-a branch of University of

Tokyo) started its operation in July 1980. Pi-mesons from

Beryllium, decay in flight through the superconducting solenoid,

and become an intense muon beam. The study of solid state by

muon spin resonance is internationally acclaimed for its uniqueness.

3) Application for Medicine and Biology

Particle Radiation Medical Research Center (a branch of Univer-

sity of Tsukuba) started in 1980. The center is being used for

diagnosis and treatment of cancer with protons and neutrons from

the facility.
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RADIATION AND SAFETY CONTROL MAIN CONTROL ROOM PREINJECTOR (COCKCROFTWAL
"Hie radiation monitor station in the The central control station for 12 TON TYPE)

main control room. The radiation from GeV PS accelerator complex from pre- Protons, obtained from gaseous hy-

die accelerator in operation is carefully injector to main ring. A computer sys- drogen, are electrostatically accelerated

monitored and controlled. tern and other electronic devices are used to 750 keV (4% of the light speed) and

here. are fed to LINAC.

THE CENTRAL COMPUTER
Three HITACM-200H computers with

40 Mbyte of memory units. With its

unique on-line system and KEKOPEN
system (an open batch processing sys-

tem), it provides an essential support to

high energy phyacs experiments.

LOW TEMPERATURE FACILITY
Produces liquid helium and carry out

researches in the superconducting phe-

nomena. The photo shows the helium

liquefier with a capacity of 120 liter/

hour.

WORK SHOP
Modem machining facilities to fabri-

cate special parts for the accelerators and

experiments.

USERS FACILITY MEDIUM ENERGY KAON BEAM LINE TRISTAN MAIN RING TUNNEL
Since KEK is the inter-university re- Secondary particles produced by ac- TRISTAN MR tunnel has a circumfer-

search center, many scientists from all celerated proton beam are led to the ence of about 3 km and the floor level is

over Japan and foreign countries come experimental set up through a number of 1 1 .5 m below the ground level. It accom-

here for their researches. The photo magnets and electro-static mass separat- modates 700 electromagnets,

shows a dormitory for visiting scientists, ors. Photo shows the K2 beam channel

branching to the left.
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LINAC (LINEAR ACCELERATOR) BOOSTER SYNCHROTROU
Accelerates protons to 20 MoV (20% A rapjd cycling proton

THE MAIN RING NEUTRON SPECTROMETER-MAX
hrotron The proton synchrouon with 108ni in A wide angle spectroineler •- •'

-„ ^., — ^„„ „ ,.^„ ,.,uu,v p.o.on syncnrotron ine proton synchrouon with lOSm in A wide angle speci
of Ae b,ht speetll and :.nd, liem to with 12ll. in ring diameter Protons are diameter. Ther» are « bendin, and 56 thatnal and epilhermal neutron i;au"of

^rr To'n
*;"" "

, T'
""^ eccelerated to 500 MeV (75% of l^h, focussin, magnets. P,otot» circle about the Booster Synchrotron Utiliz.Uon Fa-consuls of 90 accelerate, electrodes. ..^ed) 20 times per second and a quarter 700 thousand Dmes around the rin? cUtty for the studies of high enerm,

of which are, then, transferred to th.e whde being accalersted to 12GeV199 7 exciuuon of materials
"'h ""9 % of light speed).

PARTICLE RADIATION MEDICAL
SCIENCE CENTER
The center operated by Univ of

Tsukuba performs medica! research and
cancer therapy using 500 MeV protons
from the Booster Synchrotron.

ELECTRON LINAC. THE INJECTOR
OF PHOTON FACTORY AND TRI.
STAN

The second largest electron linac in

the v/orld. Electron* ate accelerated up
2 5 GeV through the accelerator tubes

400 r long.

ELECTRON STORAGE RING, THE
UGHT SOURCE OF PHOTON FACTO-
RY

Nine beam lines for synchrotron radia-

tion from bending ougnets, a super-

conducting wiggier maqoei and a perma-
nent magnet undulator «i« now ptmid-
ed

™-?.™,!^*^'™"^T!ONRING TRISTAN EXPERIMENTAL HALL EXPERIMENTAL HALL OF PHOTON AN EXAMPLE OF SYNCHROTRON^= uev electror.s/positrons from 'Fuji" FACTORY RADIATION APPLICATION - x Rflvelectron linac are accelerated up to 6 One of the tour expenmental halls of Synchrotron radiaoon is led by beam- TOPOGRAPHY

'Itrft'to ^rTOTsTA^M
'"'«*""

J'*'^'''^,
'"'

r'L"'"''
*• ^"^ """' P"«'«''"9 ^'"^>' *e shieldui. Real time observation of dislocabons

TaIc r,*:„^ !!?." l,?Tl
i-ctor 'tis a building with two storuis waU to the etper^ental haU. Experi- ui a sdicn single oystal has becomeThe AccumuJauon Ring b available for above and four under the ground

experiments on charm and boHom
particles.

ngle irysi*! has become
menu) studies using synchrotron radii- feasable by X ray TV camera without
uon from vacuum ultraviolet through image accumulation.
X-rays are being carried oui at mora than

25 stations.
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TRISTAN PROJECT

The TRISTAN (Transposable Ring Intersecting STorage Acceler-

ator in N^pon) complex is under construction in the northern

half of the KEK site- The accelerator with 3 kilo-meters in circum-

ferance is for electron-positron colliding experiments.

TRISTAN is designed to accelerate electrons and positrons to 30

GeV, and to make them collide head-on to each other. Contrary to

the conventional method of striking stationally target with a

projectile, where a major part of the beam energy is consumed in

moving the combined mass forward, this new colliding beam

method enables us to use entire beam energy for the reaction. With

the total energy of 60 GeV, which is released in the pure form of

electro-magnetic energy when they collide and annihilate, many

new exciting phenomena outlined below can be studied.

TRISTAN requires many innovations in the technology such as a

superconducting magnet, a superconducting radio frequency cavity

and the super high vacuum. This accelerator project will bring out a

dramatic progress in technology beyond what we have now.

PRINCIPAL ACCELERATORS IN TOE WORLD

Labontonr
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NATIONAL LABORATORY FOR
HIGH ENERGY PHYSICS
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1. GENERAL INTRODUCTION

National Laboratory for High Energy Physics ( KEK ) was established on April I,

1971, as a national center of high energy physics open to users from universi-

ties and other institutions. KEK is the first institute of eleven so called

"Inter-University Research Institutes", which is a new type of institute es-

tablished and supervised by MONBUSHO ( Ministry of Education, Science and Cul-

ture ). KEK is located at the northern boundary of Tsukuba Science City, in

which about 40 research laboratories and two universities have been established,

and the area of KEK site is 205 ha.

KEK constructed a 12 GeV proton synchrotron as the first major facility,

which was completed in 1976 and has been used for physics experiments for these

six years. For the. construction a capital budget of 13 BY ( billion yen ) was

allocated for five years starting in 1971 and about 300 staff members partici-

pated. The proton synchrotron played an important role to raise the level of

high energy physics experiments in Japan and eventually has become a milestone

to the next step of high energy physics program of KEK, i.e., TRISTAN. The

TRISTAN, a 30 GtV electron-positron colliding beam accelerator, was approved by

the Government and the ground breaking took place in November 1981. The con-

struction of TRISTAN is well along the schedule and we expect colliding beam

experiments in the fail 1986. The TRISTAN e e collider is open to the inter-

national community of high energy physicists and international participation in

its experimental program are expected.
Now, with ten years' of history with us, KEK has a new aspect of research

activities in addition to research into the fundamental nature of elementary

particles. In 1978, two new facilities were established, i.e., the Photon

Factory (PF) and the Booster (Synchrotron) Utilization Facility (BUF) in order

to cover various fields of experimental studies with the use of high energy ac-

celerators. BUF activities, which makes use of the beam from 500 heV booster of

the proton synchrotron, includes studies on neutron diffraction, pion and muon
physics and cancer therapy. The Photon Factory is for research with synchrotron

radiations. A complex of 2.5 GeV electron linac and a storage ring was con-

structed as the second major facility of KEK for four years starting in 1978

with a construction budget of 21 BY.

In FY 1983 the total annual budget of KEK is about 30 BY and the total

number of staffs is A80 including 40 part-time secretaries.
In addition to be a national center, KEK is playing an important role in

international cooperations. KEK has made two modes of international

cooperations: (1) exchange of scientists and (2) cooperative projects with

participation of university groups. The most of exchange program of scientists

have been executed under the sponsorship of MONBUSHO and JSPS (Japan Society

for the Promotion of Science). Making use of these two programs, KEK invited a

number of scientists from USA ana Western Europe from the very beginning of the

history of KEK. They stayed three months or longer at KEK and made joint

efforts in construction, physics experiments ana R&D work. The number of

visiting scientists on these programs is 20 in average every year. Besides

them, the number of scientists participating in physics experiments with the

support of their own institutions is gradually increasing and now 15 20 foreign

scientists stay and work at KEK in this categoly. On the other hand, the

number of KEK scientists who participated research activities at foreign
laboratories is about 30 every year including short visits for workshops or

seminars

.

KEK is also a key laboratory for many cooperative prograus between
university groups in Japan and foreign institutions. Most of them are being
executed under a certain formal arrangements or memorandum between both
Governments or institutions. In most of these cooperations, KEK is responsible
for funding or coodination of these programs.
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2. ORGANIZATION

The organization of KEK is shown in Fig.l. It has two covering structures

appointed by the Minister of MONBUSHO.

Board of Councilors (Table 1) is an advisory council for the laboratory

director and consists of fifteen members, who are presidents of universities,

directors of other institutes in this field and eminent scholars. The Board of

Councilors to the director with respect to the policy of KEK and also nominates

the director of KEK.

Advisory Council for Scientific Policy and Management (Table 2) is for dis-

cussing the scientific policy and management of KEK. It consists of twenty-one

scientists, who are formally appointed by the Minister of MONBUSHO under the

recommendation of the director. Half of the members are scientific staffs of

KEK and the other half are elected from the user's group. The Council summa-

rizes and represents opinions of high energy physicists with respect to the

scientific program and management of KEK, and also gives recommendations to the

director on employment and promotion of scientific staffs of KEK.

Now that research activities at KEK has involved experiments at Photon

Factory which are entirely different from high energy physics experiments. Ad-

visory Council for the Photon Factory (Table 3) was established to discuss

scientific programs and management of the Photon Factory and Advisory Council

for Scientific Policy and Management is responsible for high energy physics

programs and the common part of the Laboratory.
Both of these Advisory Councils have their own Program Advisory Committees

t-o examine experimental proposals with respect to their scientific aspects and

technical feasibilities.

Table I Board of Councilors

( *: Chairman

EBASHI, Setsuro

ESAKI, Leo
FUKUI, Ken'ichi

KINOSITA, Koreo
**KITAGAKI, Toshio

KUBO, Ryogo
MAKI, Ziro

MIYAKE, Saburo

*MUKAIBO, Takashi
NAKAJIMA, Sadao

NISHIJIMA, Kazuhiko
SLTv'A, Shigeki
TSUCHIDA, Naoshige

YAMAGUCHI, Yoshio

YAMAKURA, Yuichi

** : Vice-chairman )

(Professor, Institute for Physiological
Sciences)
(Director, IBM Research Center)
(President, Kyoto Universitj' of Industrial
Arts and Textile Fibers)
(President, Gakushuin University)
(Professor, Tohoku University, Physics)

(Professor, Keio University, Physics)

(Director, Research Institute for

Fundamental Physics, Kyoto University,
Physics)
(Director, Cosmic Ray Laboratory, University

of Tokyo, Physics)
(Professor Emeritus , University of Tokyo)

(Director, The Institute for Solid State

Physics, University of Tokyo, Physics)

(Professor, University of Tokyo, Physics)

(Professor, University of Tsukuba, Physics)

(Director-General, National Museum of

Japanese History)
(Director, Institute for Nuclear Study,

University of Tokyo)
(President, Osada University, Medical"
Science)

3 -
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Table 2 Advisory Council for Scientific Policy and Management

( * : Chairman

FUJII, Tadao
HIRABAYASHI, Hiromi

HORIKOSHI, Gen'ichi

ISHIKAWA, Yoshikazu
KAMEI, Tohru
KATO, Sadayuki
KATOH, Kazuaki
KIMUtlA, 'Yoshitaka

KOJIMA, Yuzo
MASUKAWA, Toshihide

MIYAKE, Kozo
MORI, Shigeki
NAGASHIMA, Yorikiyo
NAMIKI, Mikio
NIU, Kiyoshi
OZAKI, Satoshi
SUGAWARA, Hirotaka
TAKAHASHI, Hidechika
TAKAHASHI, Kasuke
YAGI, Kohsuke
YAMASAKI, Toshimitsu

** : Vice-chairman)

(University of Tokyo)

(KEK, Experimental Planning & Program

Coordination) '

(KEK, TRISTAN Project)

(Tohoku University)

(KEK, Accelerator Department)

(INS, University of Tokyo)

(KEK, Eng. Res. and Sci. Support Dep.)

(KEK, TRISTAN Project)

(KEK, Eng. Res. and Sci. Support Dep.)

(Research Institute for Fundamental

Physics, Kyoto University)

(Kyoto University)
(University of Tsukuba)

(Osaka University)
(Waseda University)
(Nagoya University)
(KEK, TRISTAN Project)

(KEK, Physics Department)

(KEK, Eng. Res. and Sci. Support Dep.)

(KEK, TRISTAN Project)
(University of Tsukuba)
(University of Tokyo)

Table 3

Chairman

Advisory Council for Photon Factory

** : Vice-chairman)

AKIMOTO, Syun-iti

ANDO, Masami
ASAMI, Akira
HUKE, Kazuo
IITAKA, Yoichi
INOKUCHI, Hiroo
ISHII, Takehiko

ITO, Takashi
KATO, Norio
KIHARA. Motohiro
KURODA, Haruo
MITSUI, Toshio
NAMIOKA, Takeshi

SAGAWA, Takashi
SATO, Isamu
SHIBATA, Shinkichi
TANAKA, Jiro
TOKONAMI, Ma saya su
YAMAKAWA, Tatsuya

(Institute for Solid State Physics,

University of Tokyo)

(KEK-PF, Instrumentation Department)

(KEK-PF, Injector Linac Department)

(KEK-PF, Light Source Department)

(University of Tokyo)
(Institute for Molecular Science)

(Institute for Solid State Physics,

University of Tokyo)

(University of Tokyo)

(Nagoya University)
(KEK-PF, Light Source Department)

(University of Tokyo)

(Osaka University)
(Res. Inst, for Sci. Measurements,

Tohoku University)
(Tohoku University)
(KEK-PF, Injector Linac Department)

(KEK-PF, Light Source Department)

(KEK-PF, Injector Linac Department )

(University of Tokyo)

(KEK-PF, Light Source Department)
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3. 12 GeV PROTON SYNCHROTRON

The KEK proton synchrotron consists of four stages of accelerators, i.e.

750 KeV Cockcrof t-Walton preinjector
20 MeV Linac
500 MeV Fast-cvcling Booster
12 GeV Main Synchrotron

as is illustrated in Fig. 2. This scheme was adopted, after nany discussions,
;in order to increase the hfam intensity and also to give a possibility of using
the booster for various researches such as intermediate nuclear physics or neu-
tron diffraction experiments. The parameters and performance of KEK PS is given
in Table 4.

PREINJECTOR

Two sets of 750 kV Cockcrof t-VJalton high voltage generators are used as preln-
jectors. One of these was constructed and has been used tc accelerate protons.
In normal operation, this preinjector injects a 200 mA proton beam to the linac
with the pulse duration of 10 ms . The other Cockcrof t-Walton generator was re-
cently constructed to accelerate H ion beam and a polarii:ed proton beam. Foi
this system a new type of polarized ion source called APOLON was developed.

LINAC

The linac was de-
signed to provide a

100 mA proton beam
with 20 MeV. It .is

a Alvare;' type linac
witli a 15.5 m long
single tank opera tec
by 200 MHz RF with a

peak power of 3 hfW.

The maximum catching
efficiency for the
incident 750 keV
beam is 55 % with
the use of pre-
buncher. The maxi-
mum intensity a-
chieved is 200 xnA,

and in the normal
operation it pro-
duces a beam current
of about 140 mA.
To install another
tank at the down-
stream of the pre-
sent tank is being
considered to in-
crease the linac
energy to 40 MeV
and to increase the
'>eara intensity.

5 -
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Table 4 Parameters of 12 GeV Proton Synchrotron

Main Ring Construction started
First beam obtained

Maximum energy
Injection energy
Maximum beam intensity
Repetition rate
Ring diameter
Injector
Focusing type
Focusing order
Betatron frequency
Bending field
Number of rf cavities
Harmonic number
RF range

Booster ( Also used for the Booster
Construction started
First beam obtained
Maximum energy
Maximum beam intensity
Repetition rate

Ring diameter
Focusing type
Focusing order
Betatron frequency
Bending field

Linac Construction started
First beam obtained
Maximum energy
Injection energy
Maximum beam current
Ion source
Injector
Total length
Number of tanks
Repetition rate
Rf frequency

April 1971

March 1976 (8 GeV)

Deceiver 1976 (12 GeV)

12 GeV
500 MeV
4.4 x 10'^ protons per pulse
-v- 0.5 Hz

108 m
20 MeV Linac + 500 MeV Booster
AG, Separated
FOOO

VH = 7.1 , vv = 6.2

0.15 T (injection), 1.75 (maximum)

4

9

6.02 % 7.93 MHz

Synchrotron Utilization Facility )

April 1971

December 1974
500 MeV
6 x 10'' protons per Dulse

20 Hz

12 m
AG, Combined
FDFO

^H 2.2, V\; 2.3
0.197 T (injection), 1.1 T (maximum)

April 1971

August 1974
20 MeV

750 keV
200 mA
Modified duoolasmatron
Open-type Cockcroft-Walton
15.5 m
1

20 Hz

201 MHz

Fig. 2 Schematic Diagram of KEK 12 GeV Proton Synchrotron

S1ow_^Extracted Seam EP2 nu

Booste"- Svncnrotron

Utilization Facility

- 6 -
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BOOSTER

The booster is n 500 MeV AG (alternate-gradient) synchrotron which consists of 4

eight magnets of combined-function type. The mean radius is 6 m, which is one—

«

nineth of the radius of the main ring, and in one cycle of main ring operation

nine pulses from the booster are injected into the main ring. The booster is

operated at the repetition rate of 20 Hz. In each cycle, about 6 x 10^^ protons

( 100 mA with pulse width of 10 us ) are injected into the booster by a multi-

turn injection. Immediately after each injection, about f> turns of circulating

protons ( 1.2 x 10^^ protons ) are observed. Due to the loss of beam during the

acceleration^ the achieved maximum intensity of the 500 ^leV beam is 6.4 >^ 10^^

ppp. With H injection into the booster, the intensity is expectpd to increase

by a factor of two or three. An additional RF station was installed in 1977

for the purpose of stable and efficient operation. The extraction of the beam

from the booster is performed by the use of a fast kicker ( pulse-magnet ) and

a septum magnet. The main ring is able to accomodate nine pulses of the booster

beam in its circumference so that remaining pulses are switched into a beam

line leading them to the booster synchrotron utilizaticp facility.
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MAIN RING

The separated-function type with a FODO structure was aoopted for the main ring.

The number of superperiod is four, each period consisting of five normal cells

and two cells from which one of the two bending magnets is omitted; one normal
cell involves two bending magnets and two quadrupole magnets. Four straight
sections are provided for beam injection, fast extraction to the bubble chamber,

slow extraction' to the counter experimental hall and the RF accelerating station.
Nine pulses from the booster are injected into the mam ring during the injec-
tion period of 0.7 s. The acceleration is performed for the following 0.5 - 0.8

s depending on tiie maximum energy and 0.5 s flat top is used for high energy
physics experiments. The magnetic field is 1.5 KG at the injection and 17.5 KG
at 12 GeV. The high magnetic field with a good property was achieved, even in

C-type magnet, by the virtue of the oriented low carbon steel.

The designed frequency of betatron oscillations is v = v = 7.25. However, it

turned out after an (;xtensive survey on tune diagram "that the best operating
poii'.t is V =7.10 and v =6.18 with correction of the octupole magnets. The
maximum beam intensity we have achieved so far is 4.07 x 10 PPP, and in re-

cent runs the average beam intensity is 3.5 x 10^^ PPP- Data on KEK 12 GeV PS

are summarized in the following tables and figures. The operation statistics
of KEK 12 GeV PS is given in Table 5 and Fig. 3. One should note that the
whole accelerator has worked with great reliability and stability so that the

accelerator failure is less than 5 %.
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Table 5 Operation Summary of 12 GeV PS in FY 1982

Total operation hour

Beam uti lity
Slow extraction
Internal tarqet
BSUF

Accelerator study
Accelerator failure
Accelerator tuning
Others

3652 hrs

2948
2837
2769
3003

374
107
144
79

Average beam intensity
Main Ring 3.5 x 10'^ ppo
Booster 5.5 x 10" ppp

celerator system down
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4. PHYSICS EXPERIMENTS WITH 12 GeV PROTON SYNCHROTRON

Three beam lines have been used for physics experiments as shown in Fig.

2. A fast extracted beam line was provided for the KEK-lm hydrogen

bubble chamber, which was shut-down in 1981 after taking about five

millions of pictures. Two beams are being used for electronics experiments,

i.e., an internal-target beam(iT2&Tl) and a slow extracted beam EP2. The

slow extracted beam is split into several branches for providing direct
proton beams, pion beams, enriched kaon beams, anti-proton beams and

hyperon beams. Principal characteristics of these beam lines are given

in Table 6.

Counter (electronics) experiments with the slow extracted beam have
been actively carried out by many inhouse and outside groups since

September 1978. An emphasis of the high energy physics experiments has

been Jaid on the study of exotic quark states like baryonium, dibaryon
and Z". In particular, the polarized proton and deuteron targets with

a dilution refrigerating system have been used for the latter purpose.

Some experiments, such as rare decay of kaons or direct lepton production,

have been made concerning weak or electromagnetic interactions. Another
recent experiment of interest is an investigation of monochromatic \i ,

e associated with heavy neutrinos in K -»
(j + v and e + v decays. In

addition the number of experiments using nuclear targets for the study

of nuclear physics has been increasing in recent years.

Table 6 Summary of Beam Lines of KEK PS

Beam Line Momentum Particles Intensity/Pulse
(GeV/c)

Internal Target Beam
172 1 - A. 3 TT /tt" 2 X loVlO^ at 3 GeV/c

Tl 0.5-2.3 v'^/-n~ 5 x lO^/i, x lo" at IGeV/c

Slow Extracted Beam EP2

K2 1-2 k'/k 5 X lOVlO'' at 2 GeV/c
1.7 X 10^/1.5 X 10"

2.2 X 10^/1.5 X 10'

K3 0.5 - 1.0 k"^/k~ 4.2 X loVlO" at 0.55 GeV/c
7 X 10^3.5 X 10^

5 X 10^5 X 10^

Try 0.1 - 1.0 it" 1.2 x lo^ at 0.25 GeV/c

TTl 4-8 tt"*"/!?" 2 X 10^/6 X 10^ at 8 GeV/c

12 1.0 - 6.0 71+ lO" at 4 GeV/c

K4 0.4 - 0.8 p 700 at 600 MeV/c

- 10 -

1-2
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Table 7 List of Approved Experiments

NO. SPOKES^L\N

EXPER. GROUP

EG 6

tlO

Ell

R. Sugawara
(KEK-Tokyo-Osaka
City-Kinki)

Y. Nagashima
(KEK-Tokyo-Waseda)

TITLE BEAM STATUS
TECHNIQUE

Study of Pion Nucleoli Inelastic
Scattering in the Intermediate
Energy Region ,

Study of Rare Decay K -» tt vv

Study of ir-p Three-Body
(Tokyo Metro. -Tokyo Reactions with Emphasis oii

Univ. A and E) Diffraction Dissociation

Kl Completion
BC

K3 Completion
Counter

K) Completion
DC

E)9 K. Miyake
(Kyoto-KEK.)

Eil R. Kajikawa
(Kagoya-Hiroshima-
Osaka-Kyoto-KEK)

Measurements of Differential
Cross Sections and Pcl«rizations
for TT~p -»• Ti°n in 1.8 - 3.0 GeV/c

Measurements of Differential
Cross Sections and Polarizations
for Ti p elastic scattering at
2-4 GeV/c

7i2 Completion
(Fl)

Counter

t:2 Completion
(F2)

Counter

H. Itoh Disintegrations of Nuclei by

(Saga-Kyushu-Kyoto) Stopping w

E26 K. Otozai
(Osaka-lCyoto-
Tokyo Metro.)

E33 T. karnae

(Tokyo-Hiroshima)

E34 F. Takasaki
(KEK-Saga-Tokyo-
Tokyo U of A and
E-Kyoto)

E45 S. MikiiDiO

(KEK-Osaka City-
Tokyo-Kyoto-Saitama
-Tokyo Metro.)

E49 K. Kondo
(Tsukuba-KEK)

E50 T. Kitagaki
(Tohoku-Nara-
Women-Tohoku-KEK)

E53

Radiochemical Studies of Nuclear
Reactions induced by Protons
and Pions

Measurement of p-p total cross
sections from 400 tc 700 MeV/c
?ange

Studies of K^nt -» K n. K°p

Direct Lepton Production by

Protons

Study on Asymmetry ir A° -* pev,

ppv decay by using liyperon Beam

Direct Electrons in pp
Interactions at 8 GeV/c

S. Kaneko
(Hiroshima)

Studies of it Nucleus Inter-
actions at 5 GeV/c in Bubble
Chamber

Tl Completion
Counter

TI Completion
Counter

K3 Completion
Counter

K2 Completion
Counter

EP2-B Completion
Count ei

EP2-A Analysis
Counter

Kl Completiuii

BC

Kl Completion
BC

11
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E57 S. S. Yamamoto
(Tokyo)

E62 Y. Yoshimura
(KEK-Nara-Hiroshima
-Tokyo-Osaka City)

E63 K. Miyake
(Kyoto-KEK)

E6A T. Tsuru
(KEK-Kyoto-Tokyo)

E65 K. Nakai
(Tokyo-Kyoto-Osaka)

E66 M. Koshiba
(Tokyo)

E67_ H. Yoshinaga
(Kyushu)

E68 M. Kobayashi

E71

E72

E73

E74

E75

E79

t«0

E81

K. Nakai
(Tokyo)

T. Yamazaki
(Tokyo)

H. Yoshinaga
(Kyushu)

K. Nakamura
(Tokyo)

K. Ogawa
(KEK-Saga-Kyoto
-Tokyo)

T. Kitagaki
(Tohoku-KEK
-liara Women)

F. Sai
(Tokyo)

J. Igo
A. Masaike
vUCLA-KEK-INS
Tokyo)

Studies of p-p Interactions in

the Range of 0.8 - 2.0 GeV/c

Study of Exotic States in pp
Reactions at 3 - 5 GeV/c

Measurements of Differential
'Cross Sections and Polarizations

for iT~p - n°n in 3.5 - 4.0 GeV/c

Study of 2ti, 3tr state in n-p

Charge-exchange Reactions

Measurements of Neutrons and

Gammas from ii or p capture in

nuclei

Measurements of Tr°, n, (i)(<p) and

Detection of X°(2820) at high p^.

Preliminary study of tt beam for

Medical Applications

Detection of y and t.
° from pp

Annihilation at Rest

Space-Time Structure and Corre-

lation in Particle Production in

Hadron-Kucleus Interaction

Huon Spin Phenomena

Fundamental Investigation on

TT-meson Therapy

Baryonium in pp Reactions below

1 GeV/c

Kl
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5. TRISTAN
"" -

The TRISTAJi project was proposed In 1973 as the future plan of KEK.

Originally, the nickname "TRISTAN" came from "Tri-Ring Intersecting

STorage Accelerators in Nippon" which aimed at super high-energy colliding

beam experiments of various types such as pp , e~p, e e and pp by

choosing a set of intersecting storage rings. The original plan was

composed of three rings installed in the same tunnel; two of them being
superconducting and the remaining one being conventional. The circumference
of these rings was assumed to be six times that of the main ring of 12

GeV PS. The 12 GeV protons were to be accelerated up to 50 GeV by the

conventional ring before being injected into the superconducting rings.

The two superconducting intersecting rings were to be used for experiments
of pp collisions with the maximum center-of-mass energy of about 350

GeV. In addition one could carry out electron-proton and electron-
positron colliding beam experiments by a set of conventional and super-
conducting rings. Anong these various possibilities, the first priority
of the original TRISTAN plan was put on ep collisions during 1970' s.

More recently, however, the TRISTAN plan was extended to higher
energies for it is ascertained that achieving a momentum transfer larger
than lOOGeV/c was highly desired to investigate strong and weak interactions.
The new version of the TRISTAN was designed so as to have the possible
largest ring that the KEK site could accomodate. This makes it possible
to accelerate electrons up to 25 "^ 30 GeV and protons to more than 300
GeV. At the same time, the entire TRISTAN plan has been divided into

phases. In Phase I, a conventional ring will be constructed with the

accelerator enclosure which can accomodate the future extended plans.
This conventional ring enables us to perform electron-positron colliding
beam experiments at the center-df-mass energies of 50 "^ 60 GeV which is

able to challenge a number of interesting topics of elementary particle
physics. The TRIST.AN Phase I project was approved by the Japanese
Government as a five-years program starting in 19S1 and the ground
breaking ceremony was held on November 19, 1981. Taking account of the

fact that the TRISTAN Phase II has not been fixed, the origin of the

nickname of TRISTAN was modified to "Transposable Ring " as the
more flexible plans could come into consideration.

t- -tAif Cii.

Construction of the

TRISTAN experimental

hall " Fuji ", named

because this hall is

located in the direc-

tion of Mount Fuji

when viewed from the

center of the rinq

This hall will house

the VENUS detector

15
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ELECTRON-POSITRON COLLIDING ACCELERATOR

colliding accelerator) consists of threeThe TRISTAN Phase I (e e

accelerator units:
2.5 GeV
6 '^' 8 GeV
30 GeV

Electron (Positron) Linac
Accumulation Ring (AR)

Main Ring (MR)

The 2.5 GeV electron linac, which was primarily constructed for the

Photon Factory, is used as the injector to the Accumulation Ring.

Positrons are produced by a new 200 MeV electron linac and accelerated

up to 200 MeV by another linac before being injected into the 2.5 GeV

linac. The Accumulation Ring stores positrons and electrons and accelerates

them up to 8 GeV. This ring is also used to perform e e colliding beam

experiments at about 2x6 GeV. The large Main Ring has a fourfold

symmetry with four long straight sections which is used to perform

colliding beam experiments and to install long RF cavity systems needed

to compensate radiation loss of circulating particles. Two of four

experimental halls, i.e., North-East (Tsukuba) and South-West (Fuj i)

halls, will have an extra length in the beam direction so as to accomodate

ep colliding beams in the future plan. The parameters of AR and MR are

summarized in Tables 8a and 8b. The total budget of construction of

TRISTAN e e complex is estimated to be about 85 BY (Accelerator , 37 BY;

Experimental Facility for two detectors, VENUS and TOPAZ, lOBY; Building

38 BY) .

Fiq.6 Layout of TRISTAN

1. 12 GeV Proton Synchrotron

2. TRISTAN Main Ring

3. Experimental Areas

Fuji (South-West)

Tsukuba (North-East)

Nikko (North-West)

Oho (South-East)

4. 2.5 GeV Electron/Positron
Linac

5. Electron Storage Ring
for Photon Factory

6. TRISTAN Accumulation Ring

7. Electron Linac for
Positron Generation

- 16 -
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Table 8a Basic Parameters of the TRISTAN Phase I

Main Ring Accumulation Ring

Circumference 3018.1 m 377.0 m
Average Radius of Curved Section 346.7 m 47.7 m
Long Straight Sections 4 x 194.4 m 2 x {19.5 m + 19.1 m)

Total Length of RF Sections 509.4 m 38.1 m
RF Frequency 508.6 MHz 508.6 MHz
Injection Energy 6 - 8 GeV 2.5-3 GeV
Maximum Energy 25 - 30 GeV 6-8 GeV
Number of Interaction Regions 4 2

Maximum Design Luminosity 8 x 10^' cm'^-s"' 2 x 10^' cra-^.s"'

Table 8b Design Parameters of the TRISTAN Phase I

Main Ring

Average Machine Radius 480.34 ra

Bending Radius 246.53 m
Normal Cells 116 x 16.12 n

Dispersion Suppressing Cells 20 x 15.42 m

RF Cells 40 x 14.15 m
Experimental Insertions 4 x 6 m

Number of Bending Magnets 272

Number of Cell Quadrupoles 344

Number of Insertion Quadrupoles 48
Revolution Frequency 99.33 KHz

RF Frequency 508.58 MHz

Total Length of RF Cavities 320 m

Total Length of Higher Mode Cavities 65 m
Beam Energy 30 GeV

Bending Field 0.406 T

Strength of Cell Quadrupoles 16.1 T/m

Betatron Tune (vx/vy) 37.15/39.10

Momentum Compaction Factor 1.493 x 10"'

Radiation Loss per Turn 290 MeV

Natural Energy Spread (.a^/Z) 1.639 x lO"'

Natural Horizontal Emittance
'

1.785 x lO"'' m-r

RF Peak Voltage 382 MV

Synchrotron Oscillation Frequency 9.95 KHz

Natural Bunch Length (a,) 1.17 cm

Betatron Function at Colliding Point (sJ/By) 1.12 m/0.07 m

Beam Size at Colliding Point (oj/aj) 0.434 mtn/0.027 mm

Accumulation Ring

Average Machine Radius 60.0 m

Bending Radius 23. 17 m

Normal Cells in Arc 28 x 8.8 m

Number of Bending Magnets 56

Number of Quadrupoles 86

Revolution Frequency 0.795 MHz

RF Frequency 508.58 MHz

Total Length of RF Cavities 29.6 m

Beam Energy 6 GeV

Bending Field 0.86 T

Betatron Tune in Arc (vi/ui) 7/7

Momentum Compaction Factor 0.013

Radiation Loss per Turn 4.9 MeV

Natural Energy Spread {of/E) 1-1 x 10''

Natural Horizontal Emittance 2.7 x 10'' m-r

- 17
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ELECTRON-POSITORN COLLIDING BEAM EXPERIMENTS

The TRISTAN Phase I-e e colliding beam accelerator-aims at search for

new particles such as toponiums. Higgs bosons, heavy leptons and free

quarks and to study electroweak interactions, quartum chromo-dynamics,

etc, in the new energy domain beyond that reached by PEP(SLAC) and

PETRA(DESY). The discovery of topnium, the bound state of t quark and

its antiparticle, is one of the most exciting of these topics. If the

mass of the toponium is about 50 GeV , one can expects 500 toponiura

events produced per week with an average luminosity of 5 x 10 cm 'sec

that we anticipate to achieve. Following the determination of the mass,

spectroscopic study in decay of the toponium is also of great interest,

including a decay into the Higgs scalar or strong-and weak decays which

will give valubale data for QCD.

To date three proposals for TRISTAN experiments have heen approved;

the TOPAZ the VENUS and the AMY collaborations. The both of TOPAZ and

VENUS detectors are general purpose detectors and are similar in basic

configuration. They will be installed in the Fuji and Tsukuba areas

respectively. The third experiment, the A>rf project has been approved

recently. This compact detector will be built by a joint US/Japnese

team for installation in the Oho(Suth-East) hall. Basic componnents of

these detectors are shown in Table 9.

TRISTAN Accumulation Ring with the positron injection line on the

rigjit Accumulation Ring accelerated electrons to 4 2 GeV on 18

November 1983, just two years after the groundbreaking ceremony

on 19 November 1981

18 -
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Table 9 Outline of the TOPAZ, VENUS and AMY Detectors

Component TOPAZ

Inner Chamber

Central Tracking
Chamber

Time-of-flight

Magnet Coil

Magnetic Field Volume

Barrel Drift Chamber

Barrel Electromagnetic
calorimeter

Huon Detectors

End Cap Drift Chamber

End Cap Electromagnetic
calorimeter

Luminosity Monitor

Cylindrical Drift
Chamber
(Cathode Strip
Readout)

TPC with dE/dx

(4 atn)

ID = 70 cm

OD = 250 cm
(v 12000 Readout
Channels)

64 elements
(13 cm X 4.5 cm)

Superconducting
Solenoid B = 1.2 T

2.72 mo X 5.08 m

Conductive Plastic
Tube
(Cathode Strip
Readout)

Lead Glass, Cylindri-
cal Array 4320 Units
(120 X, Long)

Coverage 35° - 145°

3 Iron Slab Layers

8 Drift Chamber
Layers

Conductive Plastic

Tubes
(Cathode Strip
Readout)

Lead Plates PWC Tube

Layers

Lead-scintillator

Cylindrical PWC

(Cathode Pad Readout)

Cylindrical Drift
Chamber
ID = 50 cm

OD = 252 cm
(•v. 7000 Readout
Channels)

96 elements
(10.5 cm X 5 cm)

Superconducting
Solenoid B = 0.5 T

3.4 m$ X 5.8 m

Limited Streamer
Tube
(Charge Division
Readout)

Lead Glass, Radial

Array 5280 Units

(20 X„ Long)

Coverage 37° - 143°

2 Iron Slab Layers
Limited Streamer
Tubes

Limited Streamer
Drift Tubes
(Cathode Readout
for Trigger)

Liquid Argon Shower
Detector
(4000 Readout
Channels)

PWC and Lead-
scintillator

Cylindrical Drift

Chamber
ID = 30 cm

00 = 135 cm
(-v, 11520 Readout
Channels)

None

Superconducting
Solenoid B = 3.0 T

2.22 mo X 2.2 m

None

Lead Sheet-conductive
Plastic Samol ing

Calorimeter
(9846 Readout Channels)

(15 X„ Long)

Coverage 37° - 143°

1.3m Return Yoke Iron

One X-Y Coordinate
Measurement by Drift

Tubes

None

Drift Tubes and Lead

Collaborating Group LBL, Univ. of Calif.

Nagoya Univ.

Nara Women's Univ.

Nat'l Lab. for High
Energy Phys. (KEK)

Osaka City Univ.

Tokyo Univ. of Agric.
& Tech.

Inst, for Nucl .

Study, Univ. of

Tokyo
Univ. of Tokyo

Fukui Univ.

Hiroshima Univ.

KEK
Kobe Univ.
Kyoto Univ.

Osaka Univ.

Rikkyo Univ.

Tokyo Univ. of Agric.

i Tech.

Tohoku Gakuin Univ.

Tohoku Univ.

Tokyo Metropolitan
Univ.

The Univ. of Tsukuba

Wakayama Med. College

KEK
Korea Univ.

Niigata Univ.

Ohio State Univ.

Saga Univ.

Saitama Univ.

Tokyo Inst, of Tech.

Univ. of Rochester
Virginia Polytechnic

Inst.
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6. BOOSTER SYNCHROTRON UTILIZATION FACILITY

The Booster Synchrotron Utilization Facility (BSUF) was founded in 1977

to make use of 500 MeV protons extracted from the booster of the 12 GeV

PS. Under the current operation condition of the proton synchrotron

about a quarter of 500 MeV booster beam is injected into the 12 GeV main

ring so that the remaining three quarters of the booster beam is used in

BSUF. Since the booster produces 20 pulses of about 6 x 10 ' protons

per second, the proton intensity available for BSUF is 9 x 10 protons/s.

BUSF consists of three experimental areas : the neutron experiment

area(KENS), the pion and muon experiment area(BOOM), and the medical

research area. The neutron project has been mainly promoted by Tohoku

University group that designed and constructed a pulsed spallation

neutron source and cold neutron channels, which was completed in 1979,

and experiments started in 1980. The pion and muon facility is affiliated

with the Meson Science Laboratory, the University of Tokyo. The muon

channel including a long superconducting solenoid worked successfully in

June 1980 and the muon yield was found to be 10^ muons/pulse. The

medical research area for cancer diagnosis and therapy is affiliated

with Particle Radiation Medical Science Center (FARMS) , the University of

Tsukuba, and started its activity at the beginning of FY 1982.

Counting Room for

nu Experintent
~

Counting Room for

Neutron Experiment -

Power Supply for

Beam Line S

Compressor for

Helium Refrigerate

Neutron

Irradiation— [
(loom

Fiq.7 Layout of Booster Synchrotron Utilization Facility (BSUF)

20
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mM^
^ "'T

^old neutron channels installed in the neutron experimental area,

Muon channel with a superconductinq solenoid
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7. PHOTON FACTORY

The Photon Factory is a national synchrotron radiation research facility

affiliated with KEK. Originally this project was planned to establish

an independent institution, however, after a heated discussion, it was

finally established as a part of KEK. The construction of the Photon

Factory was approved as a four years program starting in 1978. The

accelerator consists of a 2.5 GeV electron linac and an electron storage

ring and is able to yield a number of intense pencil beams of photons in

a wide range of wavelength, which can be used for studies in physics,

chemistry, biology, medical science, pharmacology, geology, lithography,

etc.

The ground breaking ceremony was held on January 25, 1979. The

first 2.5 GeV beam was obtained in early February, 1982, and the first

turn in the storage ring was observed on February 18 and the beam accumulation

reached to 6 mA on March 11.

Thus the constuction was completed in FY 1982 on schedule at a

total cost of about 18.5 BY, in which 10 BY is for the accelerator and

experimental facilities, and 8.5 BY for buildings, the electric power

station and the water cooling plant.

The Photon Factory is open for users from universities and other

institutions such as research institutes under other Ministry of the

Government. Applications from private companies are also admitted for

appropriate objects of research.

Fiq.8

- 22 -
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2.5 GeV electron linac of Photon Factory. The photo shows 400 m long
accelerating tube. This linac is used as the injector of TRISTAN.

2.5 GeV electron storage ring of Photon Factory The photo shows the
injection section

-<^^

- 23 -
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Table 10 General Parameters and Operation Statistics of PF Accelerator

Electron Linac
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As can be seen in Fig 8, nine main beam lines have been constructed till

the end of September, 1983. Th6y are as follows:

X-ray lines

VUV lines
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8. THE US/JAPAN COOPERATION ON HIGH ENERGY PHYSICS

The US /JAPAN cooperation on high energy has been executed under the
Implementing Arrangement between the U.S. Department of Energy and the
MONBUSHO (Minis try of Education, Science and Culture) of Japan on Cooper-
ation in the Field of High Energy Physics, which falls under Agreement
in Research and Development in Energy and Related Fields signed on May
2, 1979. The US/JAPAN Committee on High Energy Physics, consisting of
six members from each side, was formed after the signing ceremony of the
Implementing Arrangement at SLAC on November 11, 1979, and has been held
once a year in the U.S. and Japan alternately to coordinate and moniter
cooperative programs. Dr. J. Leiss, DOE, and Dr. T. Nishikawa, KEK,
have been co-chairmen for the five Committee meetings for 1979-1983:

1st meeting Nov. 12, 1979, at SLAC
2nd meeting May 19-20, 1980, at KEK
3rd meeting May 26-27, 1981, at FNAL
4th meeting May 2A-25, 1982, at Fuji
5th meeting May 24-25, 1983, at BNL

For the first five year period of cooperation, thirteen projects.
Table 11, have been executed according to the guideline for the allocation
of budget:

(a) 60% for physics experiments at US facilities which are compli-
mentary to KEK

(b) 20% for kind of physics experiments similar to KEK program
(c) 10% for research and development of accelerator technology
(d) 10% for research and development of detector technology

The total amount of Japanese funding to this program for 1979-1983
is about 6.4 BY and about 90 Japanese scientists have participated in

cooperative activities at U.S. laboratories. The collaboration under
the Implementing Arrangement has been so successful and of high quality
that it has already contributed significantly to progress in high energy
physics. As a result of this excellent cooperation, already more than
hundred papers and presentations have been published including notable
results on charm decays, neutrino interactions and hadron spectroscopy.
In this period, the UCLA group made experiments with KEK 12 GeV proton
synchrotron. Now that the TRISTAN project is under way at KEK, partici-
pation of U.S. groups in the TRISTAN experiments is being realized. The
US/JAPAN Committee on High Energy Physics discussed the cooperative
programs in the second five year, period, and approved the following four
general programs, including the last two of which are new initiatives:

Program A Joint use of existing and new high energy physics
accelerator facilities in the U.S. and Japan

Program B Joint program of high energy accelerator and detector '

instumentation research and development
Program C Joint participation in design studies leading to the

possible construction and subsequent use of new forefrout
facilities for high energy physics

Program D Collaborative studies of paiticle physics which do not
depend on beam generated by accelerators

26
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Table 13 FY 1982 Budget
(in thousands ol Yon)

Operation Capital Total

Personnel
Administration
PS Accelerator & Beams

Experimental Equipments
Experiments

TRISTAN Accelerator
Detectors

PF Linac S Storage Ring
Experimental Equipments
Experiments

Booster Utilization Facility
Central Computer
Radiation & Safety
Cryogenic Services
Workshop
Electricity
Electric & Water Plant
Site & Buildings
Specific Projects
JAPAN/US Collaboration
Auxiliaries

185,851
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Map of the Tsukuba Science City

Education

Civil Engineering

Engineering S Technology

Biology S Agriculture

Residential Area

Parks

University of Tsukuba

University of Library &

Information Science

Natl Education Center Anne

Tsukuba Botanical Garden

Natl Research Center for
Disaster Prevention

Tsukuba Telecormunication
Construction Engineering
Develooment Center

Buildinq Research Institute

Public Works Res. Inst.

Geograohical Survey Inst.

Natl Research Institute
for Metals

Natl Institute for Res.

In Inorganic Materials

Tsukuba Space Center NASDA

Natl Res. Lab. of Meteorology

Mechanical Engineerinij Lab.

Natl Chemistry Laboratory
for Industry

Fermentation Res. Institute

Research Institute for
Polymer and Textiles

Geolooical Survey of Jaoan

Electrotechnical Laboratory

Industrial Products Res. Inst.

Natl Research Institute for
Pollution and Resources

Meteorological Res. Institute

Aerological Observatory

Natl Institute for
Environmental Studies

Tsukuba Center for Institutes

~ KUKISAK
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0. PS Control Room
1. PS Preinjector
2. PS Linac
3. PS Booster
4. PS Main Ring

5. PS Counter Experimental Hall

6. Bubble Chamber
7. Booster Utilization Facility (BSUF)

8. Cooling Water Plant

9. Workshop
10. Helium Liquefier
11. Accelerator Department
12. Accelerator Department &

TRISTAN Project Office
13. Physics Department
14. Cryogenic & Vacuum Experimental Hall

15. Radiation Control Center &

Chemical Waste Processing

16. Central Computer

17. Administration & Facility Department

18. Electron Linac

19. Electron Storage Ring for Photon Factory

20. Photon Factory Office

21. Cooling Water Plant for PF

22. Cafeteria
23. Staffs & User's Club

24. Guest House (rooms)

25. Guest House (apartments)

26. TRISTAN Control Room

27. TRISTAN AR Experimental Hall

28. Assebly Hall for TRISTAN .v

29. BSUF Laboratory for Preparation of

Experiments
30. TRISTAN MR Experimental HAll (Fuji)

31. TRISTAN MR Exparimental Hall (Oho)

32. TRISTAN MR Tunnel
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PREFACE

At KEK, this year marked the third year of TRISTAN project which features a large storage ring, roughly 3 km
in circumference, for e* e" collisions at 60 GeV in cm. energy with a conventional RF System. Construction of the

main accelerator enclosure, including four large experimental areas, is underway, rather a head of the original sche-

dule. The target date for the first collision is fall of 1986. The Accumulation Ring, construction of which was

started in 1981, has been in operation since November 1983. A substantial effort of the accelerator group has been

devoted to the RF design and to development of thirty klystrons of I MW and a 320 m-long cavity system. In addi-

tion, an extensive R&D program for a superconducting cavity is in progress that could raise the maximum attain-

able energy of the large ring. The TRISTAN Physics Program Advisory Committee (TPAC) held its third and

fourth meetings in March and November of 1983, and recommended approval of three major experimental under-

takings, i.e. the proposals submitted by the TOPAZ and VENUS Collaborations, both of which are primarily na-

tional teams, and the AMY Collaboration, a US based team. These experimental groups have been engaged in the

practical design and construction of their detector systems so as to start experiments at t = of the main-ring opera-

tion. It should be noted that all of these experiments use large superconducting solenoids.

The TRISTAN main tunnel will cross a part of the present 12 GeV proton synchrotron complex at about 5 m
underneath the existing facilities. The underpinning work will start April, 1984. Before a one year shut down of the

12 GeV PS for this purpose, many active experiments with this machine have been carried out, both in the field of

high-energy physics and in intermediate-energy nuclear physics, in particular, with the use of well-separated low en-

ergy p and K beams and with the multiparticle spectrometer using a superconducting beam line. Utilization of the

booster beam for pulsed neutron scattering experiments, muon science, and cancer therapy and diagnosis has also

yielded a large number of important scientific results, including the first trial of medical treatment of patients, in co-

operation with the medical group at the University of Tsukuba.

Applications of a high energy accelerator for various fields of science have made great progress at the Photon

Factory of KEK. One of the notable features of experiments at the Photon Factory is their interdisciplinary cooper-

ative nature. Many scientists from different fields have collaborated in various types of experiments using the in-

tense beam of X rays and VUV light provided from 9 main beam lines, one of which was constructed with funds

from the Nippon Telegram and Telephone Public Cooperation, particularly for the VLSI development. More than

700 users have been registered during this year; 60% of them come from about 50 universities, 30 % from national

laboratories, and 10 % from private industry.

As symbolized by the notable discovery of the W and Z particles at CERN this year, which verifies the pred-

ictions of the unified theory of electromagnetic and weak forces, it is clear that progress in this field results in

deeper understanding of nature at its most fundamental level. In addition, it is clearly shown, through the activities

of KEK that engineering and technical development associated with high energy accelerators and detectors culti-

vates the new age of human technology, culture and industry. We will do our best to promote research in basic sci-

ence and in the frontier technology of Japan with an international and interdisciplinary outlook.

Finally, beginning this year. I have been asked to continue the laboratory director-ship for the next three year

term. As a result of this, some changes in administration framework have been made : Prof K. Kikuchi will be the

General Research Coordinator. Prof. S. Ozaki will be the Chief Director of the TRISTAN Project, and Mr. S.

Ueda will be the Director of the Administration Department. It should also be noted that Prof. T. Mukaibo, the

Ibrmer President of the University of Tokyo, was nominated as the Chairman of the Board of Councilors to suc-

ceed Prof K. Husimi who had been the Chairman since 1974 and was returned to the House of Councilors in Ja-

n.in. Al the end of this fibcal year, three distinguished professors. Profs. K. Kohra. A. Kusumegi and S Yasumi
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retired. On behalf of the laboratory, I would like to express our deepest thanks to these outstanding scientists who

really shaped the history and development of KEK since its inception.

cyii\^ I wu^

Tetsuji Nishikawa

Director General
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Topics in FY 1983

Kir M Setoyama Ministry of Education. Science and
Culture visits t^Er'^

Dr C. Rubbia visits KEK and reports on tne discovery ol

W* and Z^ particles in the UAl experiment at C£RN

Novemoer 4 5. 1983

Ttje 1st Photon Factory SYmposrum is held at TsuHuba

Center lor Institutes Dr I Lndau. associate director at

SSRL. IS discussing at the poster session.

November 18 1983

re/S'JV Acer,
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Outline of KEK
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General Introduction

National Labortory for High Energy Physics (KEK) was established on April 1, 1971, as a national center of

high energy physics open to users from universities and other institutions. The Laboratory is the first institute of

eleven "Interuniversity Research Institutes" supervised by the Ministry of Education, Science and Culture (MON-

BUSHO). It is located at the northern boundary of Tsukuba science city and the site is an approximate rectangle of

1 km X 2 km.

KEK was origninally established for the purpose of promoting experimental studies on elementary particles and

12 GeV proton synchrotron was constructed as the first major faciUty. For this new project a capital budget of 13

BY was allocated from FY 1971 to FY 1975. The first 8 GeV (original design value) beam was obtained in March

1976 and physics experiments started in May 1977. The TRISTAN project, a 30 GeV electron-positron colliding

accelerator, was approved by the Government as a five-year construction program and the ground was broken in

November 1981.

In addition to research into the fundamental aspects of particle physics, in 1978 were established the Photon

Factory and the Booster Synchrotron Utilization Facility in order to cover various fields of research activities with

the use of high energy accelerators. The Booster Synchrotron Utilization Facility, which makes use of 500 MeV

booster beam of the proton synchrotron, includes studies on neutron diffraction, pion and muon physics and cancer

therapy. The Photon Factory is for research with synchrotron radiations, and a 2.5 GeV electron linac and a stor-

age ring were constructed for four years from 1978 with a budget of 20 BY.

The organization of KEK is shown in Fig. 1 . It has two covering structures appointed by the Minister of MON-

BUSHO. Board of Councilors is an advisory council for the laboratory director and consists of fifteen members,

who are presidents of universities, directors of other laboratories in the related fields and other eminent scholars,

and gives advices to the director with respect to the policy of KEK and nominates the director of KEK. Advisory

Council for Scientific Policy and Management is for discussing scientific policy and management of KEK and con-

sists of twenty-one scientists. Eleven of the members are scientific staffs of KEK and the other half are elected from

user's group. The Council summarizes and represents opinions of high energy physicists with respect to the scientific

program and operation of KEK, and gives the recommendation to the director on employment and promotion of

scientific staff members of KEK.

The original KEK started with four departments; i.e., Accelerator Department, Physics Department, Engineer-

ing Research and Scientific Support Department and Administration Department. In April 1977, a reorganization

of the laboratory created the Program Coordmator's Office for the coordination of experimental program and a

new department. Engineering and Technical Service Department grouping all engineers and technicians working in

cooperation with other research departments. In 1978 the Booster Synchrotron Utilization Facility and the Photon

Factory consisting of three departments; Injector Linac Department, Light Source Department and Instrumentation

Department, were established.

In Table 1 is shown the budget of KEK in FY 1983 and Fig. 2 illustrates the annual trend of the budget. In Ta-

ble 2 and 3 are shown the number of staffs of KEK and number of users in FY 1983 respectively.
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History

May. 1962 The Science Council of Japan recommended the Government to promote future pro-

grams of high energy and nuclear physics which included construction of a high energv

proton accelerator.

September. 1963 The Government decided to construct a new science city in Tsukuba district with an

area of about 4000 ha and ordered the Japan Housing Agency to buy the land.

.\pnl. 1964 The Government allocated a budget for basic studies of the high energy accelerator, and

a working group was organized in the Institute for Nuclear Study, University of Tokyo.

For this new project a total amount of 140 MY was funded for the period of 1964-1969.

May. 1968 The site of the new institute for high energy physics was decided.

August. 1969 The Science Council of MONBUSHO advised the Minister to establish a new institute

of elementary particle physics with a proton accelerator with a quarter of the budget of

the original plan.

\pril. 1970 MONBUSHO started the construction of the pre-injector housing of the accelerator.

\pril. 1971 National Laboratory for High Energy Physics (KEK) was established as the first Interu-

niversity Research Institute. Dr. S. Suwa was appointed as the Director General.

\ugust. 1974 The injector linac accelerated protons to 20 MeV.

December. 1974 The booster synchrotron accelerated protons to 500 MeV.

Vlarch, 1976 The main synchrotron (main ring) accelerated protons to 8 GeV as designed.

December. 1976 The main ring accelerated protons to 1 1.8 GeV.

April. 1977 Dr. T. Nishikawa was appointed at the Director General.

May. 1977 Physics Experiments of proton synchrotron started with an internal target beam for

counter experiments and a fast extracted beam for bubble chamber.

Apnl. 1978 Booster Synchrotron Utilization Facility and Photon Factory were established. Counter

expenments with the slow extracted beam started.

October. 1978 Continuous 12 GeV run started and kaon beam lines became available.

April. 1979 A working group was organized for the future plan of K.EK. TRISTAN.

November. 1979 An Implementing Arrangement for the JAPAN'US Cooperation in the Field of High

Energy Physics was signed at SLAC between MONBUSHO and the US Department of

Energy.

October. 1980 Experiments with pulsed neutrons and pulsed muons started at the Booster Utilization

Faiclity.

April. 1981 The TRISTAN project was approved by the Government and the construction started.

February. 1982 The 2.5 GeV electron linac and the storage succeeded in operation and

test experiments started.

October, 1982 Experiments with synchrotron radiations started.

November. 1983 The TRISTAN Accumulation Ring accelerated electrons to 4.5 GeV.
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Board of
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i
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Tahle I. FY 1983 Budgel

Personnel

Adminisiralion

Proton Synchrotron Accelerator & Beams

Experimenial Equipments

Experiments

TRISTAN Accelerator

Detectors

Photon Factory Linac & Storage Ring

Experimental Equipments

Experiments

Booster Synchrotron Utilization Facility

Central Computer

Radiation & Safety

Cryogenic Services

Workshop

Electricity & Water

Electric & Water Plant

Site& Buildings

Specific Projects

JAPAN/US Cooperation

Auxiliaries

(in thousands of Yen)

1,924.537
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Tabic 2. Number of staffs in 1938

( ) Numbers in 1982

Ass.

Prof.

Director

General Res. Coordinator

Physics

E.P.P.C.

Accelerator

E.R.S.S.

Photon Factory

TRISTAN
Booster Ulil. Facility

Eng. & Tech. Service

Administration

1

1(1)

31(27)

4(7)

61(67)

22(21)

54(55)

39(23)

8(7)

95(91)

131(120)

Total 447(420)

Res. Ass.

Tech.

Research Associate

Technical

Visiting Scientist

E.P.P.C.

E.R.S.S.

Experimental Planning & Program Coordination

Engineering Research & Scientific Support

Table 3. Number of i
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Buildings

Administration Department
Facil ity Department
Central Computer
Helium Liquefier
Work Shop
Accelerator Department
Physics Department
PS Control Room
PS Preinjector
PS Injector Linac
PS Booster
PS Main Ring
PS Counter Experimental Hall

Booster Synchrotron
Util ization Facility
Radiation Safety Control Office

PF Electron Linac

PF Electron Storage Ring and

Experimental Hall

TRISTAN Control Room
Accumulation Ring

Electron-Positron Colliding Ring

TRISTAN Experimental Halls
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Accelerator Department

Cockciolt Preiniecior lor polarized H ' beam
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The KEK 12 GeV Proton Synchrotron Complex (Injector. Booster and Main Ring) was operated for 3300 hours

with low failure rate 3 % in FY 1983. It fed 1.2 x 70" protons to the various scientific programs-elementary particle

and nuclear physics and more than 6.1 x /O" protons from the Booster to applied nuclear physics, material science

and medicine.

Various studies were done for improvements of the PS performances. The RFQ cavity is being fabricated and a per-

manent quadrupole magnet has been installed in the drift tube at' high energy end of the Linac cavity. Design study of

the additional Linac cavity increasing energy from 20 Me V to 40 Me V has been executed with the half size model cav-

ity and this energy increase is very desireable for charge exchange injection to the Booster. The first trial of charge ex-

change injection to the Booster were made and in spite of low injection energy 20 MeV the injected beam was stacked

for more than one hundred turns. Acceleration of the polarized protons in the Linac and the Booster was testedfor the

first lime and the polarizations of the Linac and Booster beam were measured. One depolarization resonance in the

Booster was observed besides two strong resonances that were anticipated and studies showed depolarization due to the

third resonance could be reduced by installation of a pulsed quadrupole magnet in the Booster.
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Accelerator Operation

The proton synchrotron (PS) was operated for

about 6.5 months (thirteen cycles) in total, and the re-

gular cycle was ten-day operation for every two
weeks. Besides the regular cycle, the PS was operated

for the study of the charge exchange injection and the

acceleration of the polarized protons for three cycles

in September and October. Moreover a half cycle op-

eration in January was dedicated for the medical use

of the Booster Synchrotron Utilization FaciUty (BSF).

As about half of the PS staffs have collaborated

with the TRISTAN construction, the maintenance

and the improvement of the PS are performed by the

rest, and the operation duty is equally shared by

them.

The machine operation statistics are given in Table

1 and Fig. 1, and the statistics from FY 1977 to FT
1983 are reviewed in Fig. 2. In the same manner as in

the previous year, the machine down time concerning
the Booster occupied more than a half of the total due
to its full rate operation (20 Hz) for the BSF. The to-

tal of accelerated protons in the Booster and in the

Main Ring was 60.7 x lO" particles and 11.5 x 10'*

particles respectively.

Total operation hour

Beam Utility

Slow Extraction

Internal Target

BSF (Including parasite)

Accelerator Study

Accelerator Failure

Accelerator Tuning

Others

Average Intensity

Main Ring

Booster

3315 hrs

2509 hrs

2509 hrs

2491 hrs

271 1 hrs

374 hrs

94 hrs

167 hrs

171 hrs

3.3 X 10" ppp
5.3xlO"ppp

Others 171 3hr (5 Tl.)

Ace Failure

93 9hr(2 6*/.)

Controls 5hr(2)

RF 07hr(7)

Oth»rs 6 hr(ll)

( ) IS the numter ol tailuc^e limes

. Utility (oilure IS not included

Fig. I. Operation slalislio in FY 1983.
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(hr)

4000

//
'/

'/'/ 51» hr ^^vV^
r'

Ace Study
& Tuning

Physics
Expriment

1977 1978

Fig. 2. Review operation statistics siiKe 1977.

1963 (Fiscol year)

Injector

The beam transport line for 750 keV polarized

beams was connected to the old beam transport line.

Thus it became possible to inject polarized or ordi-

nary beams to Proton Linac.

Polanty of Cockcroft Preinjector was reversed for

a month to test charge-exchange injection of H ~ to

Booster Synchrotron. Based on the result, conversion

from protons to H" was finally decided. It is well

known that higher injection energies are favorable for

the charge-exchange injection because of both lower

energy loss and smaller multiple scattering in a

charge-stripping foil. Then, an additional Unac tank

was designed to increase the injection energy from the

present 20 MeV to 40 MeV. It is a 13 m long Alvarez

linac with 35 cells. The computer codes are SUPER-

FISH and PARMILA. To fix design of post couplers,

which stabilize field distribution against perturbation,

a 400 MHz model cavity of 15 cells was made. It was

verified'that the post couplers work well. As the H"
current is 10 ^ 20 % of the present proton current.

beam loading will decrease in the Linac tank. 20 MeV

Proton Linac has been excited by two TH516 high

power RF systems. Its excitation power is 1 MW
whereas the beam power is 2.5 ~ 3 MW for the pro-

ton beam and 0.6 MW or less for the H~ beam. Thus

one high power RF system is enough for driving the

20 MeV Linac and the other can be used for the addi-

tional tank. The new tank will be excited by two-feed

system as the 20 MeV Linac tank. Each RF high

power will be divided by a power splitter, transferred

through circulators with dummy loads and coupled to

the tank.

Drift tubes will be equipped with permanent Q
magnets. Although the ALNICO magnet is not so

strong as the REC magnet, it can yield the maximum

design field gradient of 2.2 kG/cm in a Q magnet of

35 mm aperture. It can be magnetized or demagne-

tized in the linac tank. This is advantageous for as-

sembling the drift tubes and aligning them in the tank.

An ALNICO Q magnet was installed to the last drift

tube of the 20 MeV Linac tank. It has worked already

for a half year without trouble.
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As the first step of the RF system renewal pro-

gram, the power supply of the buncher was replaced.

It has three RCA 7651 amplifiers, one for the de-

buncher and the others for the prebuncher. They are

carefully shielded to reduce RF leakage.

An radiofrequency quadrupole linac (RFQ) is be-

ing made. Its injection and final energies are 50 and

750 keV. It is to be used as the third injector of Pro-

ton Linac.

Fig. 3. 400 MHz. IS cell model Alvarez linac cavity. Field distributioa

is being measured by standard bead perturbation method.

H Charge-Exchange Injection

Charge-exchange injection of H" is an attractive

method to increase beam intensity in a proton syn-

chrotron with lower beam loss at injection. To apply

it to Booster Synchrotron, a multicusp H ion source

was developed and installed directly to the high gradi-

ent accelerating column for the conventional duoplas-

matron. It has a molybdenum converter with cesium

layer. When its cathode filament was heated by an al-

ternating-current of 50 Hz, beam intensities scattered

from pulse to pulse and life of tungsten filament was

unexpectedly short. These were eliminated by direct-

current heating. After suitable preparation of the con-

verter, a 20 raA H^ beam was extracted from the

source and accelerated to 750 keV. It was very stable.

Its normalized emittance was 0.17 it cm-mrad at the

entrance of Proton Linac. As the beam width should

be extended from 5 us of protons to 100 us of H'

ions, the RF system of Proton Linac was slightly

modified and adjusted. 8.5 mA H" out of the injected

beam was accelerated to 20 MeV.

The first test experiment on the H charge-ex-

change injection at Booster Synchrotron was carried

out during three weeks from the end of September

1983. The system for the multi-turn injection by pro-

tons was replaced by an H " charge-exchange injection

system, which consists of four orbit bump pulsed

magnets, a septum magnet, a set of profile monitors, a

charge stripper foil holder and a new-foil magazine.

H ~ ion beam delivered from the 20 MeV injector li-

nac ranged from several hundred nA to several mA,

and reached 8 mA at the end of the test period. In or-

der to understand the accumulation process of proton

beam in Booster, measurements were done on various

kinds of items; emittance of the 20 MeV H~ ion

beam, beam size of stacked beam, energy loss of

stacked beam in traversing the stripping foil, injected

beam pulse width- and intensity-dependence of stack-

ing efficiency, etc. Particularly, the measurement of

the energy loss of the stacked beam in traversing a

120 ng/cm' thick stripping foil offered an information

that the hitting probability of circulating proton beam

on the foil was unexpectedly low, namely, the protons

hit the foil every four revolutions. This fact in combi-

nation with the experimental results of the stacking

efficiency led to a conclusion that a large injection er-

ror took place and the betatron oscillation amplitude

induced by this error was estimated to be 10 mm to

37 mm which should be compared with the effective

horizontal semi-aperture of 40 mm in Booster. It was

also found that the stacking efficiency started to de-

crease with the increase of stacked protons at the in-

tensity level of about 1.3 x lO'^ protons. While the

stacked beam by the multi-turn injection with proton

is at around 1.4 x lO'^ protons in the typical opera-

tion, the maximum stacked beam intensity of 2.1 x

10'^ protons was attained with a 8 mA 100 )js wide

H" ion beam. In spite of a beam loss during acceler-

ation due to an accidental trouble in the RF accelerat-

ing system, the maximum output intensity of 7.1 x

lO" protons per pulse was recorded as shown in Fig

5 at the end of the test period, which is a new record

in Booster Synchrotron. The charge-exchange in-

jection has never been tried with such low injection

energy as 20 MeV. However, the test experiment has

proved this injection method appears to be quite
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promising for increasing the beam intensity of Booster

Synchrotron.

Fig. 4. Multicusp H ion source ready to mount to the high gradient

accelerating column, it delivered stable 20 mA H ~ beam.

Fig. 5. Accelerated proton beam at the achievement of the intensity re-

cord in Booster Synchrotroc. Horizontal scale; 5 ms/div., ver-

tical scale: 2 X lO'* protons/div.

Acceleration of Polarized Proton Beam

The optically pumped polarized ion source has

been developed for high intensity polarized H~
beams. It consists of four parts, a 16.5 GHz ECR pro-

ton source, a Na cell and lasers which polarize valence

electrons of sodium atoms, ordinary zero-crossing

magnetic fields and the other Na cell for production

of negative ions. It was already installed in the high

voltage terminal of 750 kV Preinjector in FY 1982.

The source has been improved further as follows. A
single hole extracting electrode of the ECR source was

replaced by a set of three electrodes with multi-slits.

The ECR source itself was equipped with multicusp

magnetic field. A recycling system was introduced to

the Na cells for longer term operation. A closed loop

was made for stable operation of the laser. It includes

a single frequency dye laser, a wave meter and a per-

sonal computer. It almost removed frequency shifts

caused by mode hop of the laser. A 40 m beam line

was assembled. It guides the polarized beam from the

Wien filter, which follows the accelerating column, to

20 MeV Proton Linac. It was tuned to 750 keV H^
ions by computer (ECRIPS S-140) system. The ion

source is controlled by the same system through op-

tical fibers. High gain current transformers (5 (lA/V)

and sensitive beam profile monitors were developed

satisfactorily. Figure 6 shows dependence of the polar-

ization and beam intensities on beam sizes.

The first acceleration test of polarized protons was

performed in KEK Proton Synchrotron. Since the

study time, about three weeks, was not enough to in-

vestigate depolarizations both in Booster and Main

Ring, depolarization in 500 MeV Booster Synchrotron

was investigated as the first step of this program. The

polarized H ~ beam accelerated by 20 MeV Proton Li-

nac is injected into Booster Synchrotron with a

charge-exchange injection. The polarized proton was

accelerated up to 500 MeV in Booster and then in-

jected to Main Ring. The polarization of the Linac

beam was measured by the 20 MeV polarimeter which

was installed in the beam transport line from Linac to

Booster. In order to investigate depolarization, an in-

ternal polarimeter is installed in the long straight sec-

tion II-2F of Main Ring. Depolarization in Booster

was investigated by measuring beam polarization at

500 MeV with the coasting beam in Main Ring.

The intensities of polarized proton beam at vari-

ous stages of the accelerator were as follows:

ION SOURCE (H- T, 750 keV) 5-lOnA (pulse

duration 75 |is),

(H~T, -OMeV) 0.5-lnA (pulse

duration 75jis)

(pT, 500 MeV) 1-3 x 10" p/bunch

(pT, 500 MeV) 1-2 x 10 p/bunch.

LINAC

BOOSTER
MR
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We have not installed any equipment to reduce depo-

larization in Booster because spin-flip is expected for

the two strong resonances at yG = 2 {108 MeV) and

yG = Vj (~ 260 MeV). The polarizations of the po-

larized beam were

LINAC p(LINAC, 20 MeV) = 47 ± 6-56 ± 8 %
MR p(MR, 500 MeV) = 12 + 2-15 ± 2%.

About 25 % of the Linac beam polarization was kept

in Main Ring at 500 MeV. In order to investigate the

resonance strengths, the beam polarization was meas-

ured by varying the vertical beam size using the fast

rotating-beam-scraper and by varying the vertical

closed orbit distortion (COD) using a pulsed dipole

magnet (vertical deflector) in Booster.

CM1 IM1
3

2 <
4.

2 3 4 5 6 7

beam radius (mm)

Fig. 6. Dependence of polarization and beam curreDts on beam sizes at

tbe optically pumped polarized ion source. IMl shows tbe cur-

rent just after 7S0 kV acceleration Khercas CMI is 20 MeV
Linac beam. Polarization is ratbcr oniform over the radius.

Figure 7 is the dependence of the beam- polariza-

tion at 500 MeV on the vertical beam size in Booster.

The polarization is positive if the polarization flips on

passing through two strong resonances in Booster.

This result shows that the resonance strength of the

intrinsic resonance yG = v, is strong enough for spin-

flip since the beam polarization flips on crossing this

resonance until the vertical beam emittance decreases

to about 1/100 of usual one.

SCRAPER POSITION FROM
GEOMETRICAL CENTER ( mm

)

Fig. 7. Dependence of SOO MeV beam polarization on Ike trnical

beam size in Booster Synchrotron. Polarization waa measured

in Main Ring with the coasting bean at the injection energy of

SOO MeV. Beam size was varied by adjuatlnt the loaertioo of

the rotating-beam-scraper into the beam ia Booster.

Figure 8 is the dependence of the polan/alion on

the excuation current of the vertical dellcctor. The im-

perfection resonance yG = 2 in Booster is also strong

enough for spin-flip. At the excitation current of 169

A, the resonance strength of the imperfection reso-

nance became weak and polarization reversed since

the vertical COD was reduced at this current.

In order to investigate the large depolarization in

the booster, we changed the vertical tune y, by excit-

ing the correction quadrupole magnet above 250

MeV. Figure 9 shows the dependence of the polariza-

tion on the excitation current of this magnet. About

40 % of the Linac beam polarization was kept in

Main Ring at 500 MeV at the excitation current of 60

A. It is expected from this result that other weak res-

onances, for example the yG = 5 - v^ resonance due

to the symmetry breaking of the machine or the reso-

nances due to the sextupole field, cause large depolari-

zation. In order to reduce depolarization by such

resonances, we are planning to install the pulsed qua-

drupole magnet in Booster in 1984. Moreover, we
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have to develope the beam monitoring system for RF

control of Main Ring to accelerate the low intensity

beam of < lO' p/bunch stably since S/N ratio of the

presnt beam monitonng system is not enough for RF

control.

15

10 -

5 -

:,'•
20 40 60 80 100

QUADRUPOLE MAG. CURRENT (A)

Fig. 8. Dcpendeon or 500 MeV beam polarization on the excilaUon

nirreot of the vertical deflector which generates the vertical

dosed orbit distortion in Booster.

-ISO -100 -50 50 100 150 200 250

VERTICAL DEFLECTOR (DIPOLE MAG) CURRENT (A)

Fig. 9. Dependence of SOO MeV beam polarization on the excitation

current of the correction quadrupole magnet in Booster which

was excited in the energy region above ^ 250 MeV.

Superconductive Energy Storage

Optimization of Superconductive Magnetic Energy Sto-

rage (SMES) Svstem

The capital cost of the SMES system depends on

many kinds of factors. The main contnbuted factors

to the cost are superconductor, supporting structure

for magnetic force, construction in rock and a site,

and related to a parameter of aspect ratio which is

defined as the ratio of the height to the diameter of

the solenoid. Then the capital cost of the system is a

function of the aspect ratio. The study revealed the

optimum value of the aspect ratio as shown in Fig.

10.

.01 .02 .05 .1 .2

aspect ratio

Fig. 10. Relative capiul cost of SMES vs. aspect ratio.

Study of protection of superconductive coils

Superconductive coils quench when thermal or me-

chanical disturbances result in forcing the coils unsta-

ble. In some cases, the quenched coils have been

damaged by thermal stresses or electrical breakdown.

The simulation has been performed for protecting

coils from damage caused by the quench. Such quench

mechanism and protection methods will be investi-

gated by using the model magnet which has been built

according to the results of the simulation.
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TRISTAN Project

Pro/ S L Olsen presemed me A,VY pioposal lor the mud TRISTAN expertweni m ihe fPAC meeting m November

1983

T'
Mm 'i>,ii-M^^K 1

Tuning work tor ine first beam in Accumulation Ring
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The TRISTAN project has been put under ci new project organization scheme since April I. 1983. in order to pro-

vide more cohesive execution of the project and to establish a clear line of responsibility
.
Although the project has con-

tinued to he carried out in close cotlaborativn with other departments at the laboratory, (particularly of the

Accelerator Department and the Physics Department) the Accumulation Ring Department, the .Main Ring Department,

and the Colliding Beam Detector Department became the centers of activity for construction of the accelerators and

detectors, respectively, under the project directors/tip. Thus, starling with this topic, activities related to the TRISTAN

project will be summarized in subsequent sections, each under its own heading.

With substantial increase in budget and man power, the construction of the TRISTAN accelerators and detectors

has shown a major step forward. Highlights of the progress on the project for this year include the commissioning of

the Accumulation Ring on November 18. 1983. E.xactly two years from the date of ground breaking for this ring, con-

struction of the Accumulation Ring complex was completed and an acceleration of electrons to 4.2 GeV was success-

fully achieved, establishing a world record for the construction speed of an accelerator of this magnitude. In the area of

the Main Ring, two of the four experimental halls, and the west tunnel are taking shape and the civil construction on

the rest of the experimental halls and tunnels began. By the end of the fiscal year, the shape of the entire Main Ring

complex became visible. Regrettably, however, construction of the south tunnel compelled the 12 GeV Proton Synchro-

tron to be shut down, stopping all research activities with this complex, since the tunnel has to be dug under the exist-

ing structure of this accelerator. A major portion of the Main Ring magnets has been delivered, tested, and stored in an

assembly hall, waiting fur installation in the tunnel. The 6000 square meter assembly hall was completed during this

jiscal year as a staging area for the TRISTAN accelerators and experiments. A building to house a 200 MeV Linac for

positron generation is almost complete at the upstream end of the 2.5 GeV electron Linac.

With extension of the capabilities of TRISTAN in mind, an intensive development program for superconducting RF

cavities has continued and another program for superconducting quadrupole magnets was initiated. The cavity wdt en-

hance TRISTAN'S energy capability and the quadrupole will enable us to use mini, or micro beta optics for higher lu-

minosity.

In the area of detector development, we have started to receive deliveries of equipment from manufacturers. The

first major item received was the shell structure of the central drift chamber for VENUS, which measures 2.5 meters in

diameter and is 3.0 meters in length.

The fourth meeting of TPAC was held on November 8-10, 1983. and recommended approval of a proposal presented

to it by Prof S. Olsen of Rochester University, U.S.A.. for the AMY collaboration. The AMY program is to be sup-

ported under the cooperation of the U.S.A. and Japan.

The project as a whole, including the civil construction offacilities and the preparation of technical components for

the Main Ring and detectors, is progressing steadily and well. The detailed progress made in each area of the project

will be presented in the reports which follow.
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ACCELERATORS

Overview of the Project

The TRISTAN project as currently envisaged is to

construct an electron-positron colliding beam acceler-

ator with the center of mass energy in the range of 60

GeV. The project was approved by the Government

and began in April 1981 as a five-year program.

The accelerator complex consists of four acceler-

ator uniU. Electrons and positrons are accelerated to

2.5 - 3 GeV in an electron linac which is currently

used for the Photon Factory and injected into the Ac-

cumulation Ring. Positrons are produced by a high

intensity electron linac of 200 MeV, which is being

constructed with the target date of completion in FY

1984. The Accumulation Ring (AR) is a storage accel-

erator of 377 m in circumference and accelerates elec-

trons and positrons to 8 GeV prior to injection into

the main electron-positron colliding beam ring. The

Main Ring (MR) has a circumference of 3 km. Four

arcs of 347 m in average radius are joined by four

long straight sections of 194 m in length. Two elec-

tron and two positron bunches circulating in the op-

posite direction will make collisions to each other at

the middle of four straight sections. A major part of

each straight section will be filled with rf accelerating

cavities, leaving relatively short section to install a

colliding beam detector. The Accumulation Ring is in

operation. The civil construction of accelerator tun-

nels, associated facilities, and experimental halls as

well as the fabrication of accelerator technical compo-

nents and detectors are in progress.

TlMc I. Design paramtlen of iIh TRISTAN MR ind AR

A site layout of the TRISTAN complex is shown

in Fig. 1. Design parameters of the AR. MR are listed

in Table 1

.
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Accumulation Ring

The TRISTAN Accumulation Ring. AR. came

into operation for beam test in October 1983. The

beam commissioning took place as follows.

Oct. 19 and 26

Transport of a 2.5 GeV electron beam from the injec-

tor linac to the AR injection point. The operational

parameters of the beam transport line were settled.

Nov. 9 and II

Tuning of the injection and main lattice elements for

a full beam turn in AR. The beam was observed to

survive for about 500 (isec after injection with no rf

acceleration.

Nov. 16 and 18

Accumulation and acceleration of the beam were tried

with an. rf acceleration. An accumulated beam of

about 0.5 mA was successfully accelerated to 4.2 GeV.

which was limited by a capability of the rf system in-

stalled. Figure 2 shows a synchrotron light spot of the

circulating beam seen on a TV screen.

Fig. 2. SynchrotroQ light spot of the AR circulating beam :

plotted on the graphic display. All the control func-

tions are executed through the touch panels as shown

below the display.

After the commissioning. AR had been operated

about 50 hours for every week till the end of March

1984. The operating time was put in accelerator stu-

dies and preparation of two internal target beam lines

to provide high energy electrons for calibration of

lead glass counters.

The results of accelerator studies are summarized

as follows.

Ma.ximum energy

An acceleration to higher energies was still restricted

by the rf system. The beam energy of 5.2 GeV was

achieved in Dec. 1983 with use of two disc and washer

type cavities fed by a 500 MHz klystron of 1 MW de-

sign power. Total length and shunt impedance of the

cavities are about 10 m and 250 MQ. respectively.

The maximum rf power which the klystron can deliver

remains to be about 250 kW due to various technical

problems.

Maximum current

A single bunch beam current up to 66 mA could be

accumulated at 2.5 GeV. What limited the current

was a large pressure increase in the cavities which

tripped the rf power. As the average vacuum deteri-

orated considerably due to the effect of the synchro-

tron light generated by the beam, the single beam

lifetime was still very short, about half an hour.

Lattice parameters

After surveying several tune parameters for better in-

jection efficiency and beam stability, the horizontal

and vertical betatron tune were chosen ^ be v, =

10.17 and Vy = 10.24. A very good agreement be-

tween the measured tunes and the predicted ones

proved that the absolute strengths of the lattice mag-

net system were well calibrated.

Through the initial operation, it was proved that

the whole AR system worked duly as designed. Espe-

cially such a smooth beam commissioning was ena-

bled by the wholly computerized control system which

had newly been developed. Figure 3 shows an exam-

ple of the control panel. Horizontal and vertical beta-

tron functions ((3,. (3^.) and dispersion function (nj are

Closed orbit distortions

Displacements of the closed orbit from the central

axis of the lattice quadrupole magnets were measured

by use of 83 electrostatic type position monitors dis-

posed around the ring. Average displacements ob-

tained were about 4 mm and 1.6 mm in the horizontal

and vertical direction, respectively, and consistent
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Fig. 3. An example of the TRISTAN control patwi. A graphic display showing betatron functions ()},, P^) and

dispersion functiuQ (if^). and loiKh panels to execute the control functions.

with what were c.npectcd from the alignment errors of

the lattice magnets. Those orbit errors were corrected

^y 66 horizontal and 44 vertical steenng magnets. A
typical example of the corrected closed orbit dis-

tortions is shown in Fig. 4. It is seen that the average

distortions are reduced to a few tenth of a millimeter.

Seam mstabiliua

Several t\pes ol beam instabilities were obsened. and

have been under the detailed studies. A strong head-

tail instability of the lowest order was encountered at

the beam current of a few tenths of a milliampere.

This could easily be cured by making the chroinaticity

positive with use of a sextupole correction magnet sys-

tem. Another transverse and longitudinal instabilities

were found to be avoidable by adjusting the rf accel-

erating voltage and the cavity tuning.

.At die end of the AR operation in this (iscal year, a

^^BBsa
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Fig. 4. Ao example of (be closed orbit distortions in AR. ohich i after corrected by use of the steering magnets.

three-cell 500 MHz superconducting cavity was in-

stalled in the ring and submitted to various kinds of

operational tests without beams. Then, it is planned to

accelerate beam with this cavity at the beginning of

the next series of the AR operation starting from May
1984.

Main Ring

Based on the very successful results in AR. the con-

struction of accelerator elements of the TRISTAN

Main Ring. MR. is duly in progress.

Most of the MR main bending and quadrupole

magnets have been fabricaled and delivered to KEK.

After beinu submitted to the magnetic lield measure-

ment, the magnets are stocked in an assembly hall as

shown in Fig. 5. Figure 6 illustrates geometrical aper-

tures of the magnets together with cross sections of

the vacuum tubes. Installation of the magnets in the

MR tunnel. Fig. 7. is scheduled to start in September

1984.

The present bending magnet system is designed to

be operative at beam energies as high as 40 GeV.

While the working energy of the quadrupole magnet

system will be limited at about 35 GeV. To go beyond

this, it might be needed to replace some of the qua-

drupole magnets with superconducting ones.

As already known, the highest attainable beam en-

ergy of MR IS determined by an available accelerating
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A^-'" I

Fit!. 5. TKISTAN-MR main magneB which are ready for inslallation

in the tunnel.

I OUADRUPOLC HAGNt

Fit;. 6. Geometrical apertures of the TRISTAN-MR bending and qu

drupole magnet. .\lso shown are cross-sections of the vacuu

tubes.

rl voltage. For instance, a peak rf voltage of about

383 MV will be required at 30 GeV. In the case of the

conventional room temperature cavity, the cavity wall

loss is a significant part of the rf power consumption.

Then, a cavity of higher shunt impedance is desirable

for generating larger accelerating voltage within a lim-

ited power. However, it should be noted that a laree

Fig. 7. Cross-section of the TRISTAN-MR tunnel in the arc.

impedance also implies a strong coupling between the

beam and cavity, and may cause a serious beam insta-

bility. After extensive development works, we have de-

cided to adopt the alternating periodic structure, APS,

for the MR accelerating cavity APS is a confluent

type, in which the TMqi mode has a finite group ve-

locity at the accelerating frequency, and has wide

mode separations compared with ordinary slot-cou-

pled cavities. One of the most desirable of the present

APS is that it has a perfect axial symmetric structure

and is expected to behave in accordance with com-

puter calculations. A unit of the MR rf cavity is a

9-cell APS, the cell unit of which has dimensions as

shown in Fig. 8. The shunt impedance of the cavity

thus designed is calculated to be 28.2 MfJ/m with use

of the computer code SUPERFISH, and that of the

practical one is expected to be not less than 80 % of

this figure. The cavity body will be made of a low

carbon steel. A copper layer of about 0.2 mm thick is

electroplated on the inner surface in a pyrophosph-

rous acid bath. Figure 9 shows a picture of the 9-cell

.^PS test cavity under fabrication.

In parallel with the conventional room temperature

cavity, extensive works are going on to develop a 500

MHz superconducting cavity for practical use in

TRISTAN. As described below, recently a three cell

cavity has been fabricated to make an acceleration ex-

periment in AR. The preliminary test of the cavity at
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Fig. 8. Unit <xU strucoin of tkc TRISTAN APS type rf cavity.

Hf. •». A 9-cell APS test cavity under rabrication.

4.2 K in a vertical cryostat has proved that an attain-

able accelerating field might exceed 5 MV/m. and has

strongly encouraged a possible extension of the MR
beam energy to considerably higher values than the

originally designed.

In building the MR rf system, we are going to pro-

ceed on the I'ollowing plan. As the first stage, we will

fill three long rf sections. Fuji. Oho. and Tsukuba
side, with 104 units of the room temperature 9-cell

.\I*S caMtu-s. .ind the remaining one. Nikko side, with
M) units i>l the .s-ccll superconducting cavities. The
construction ol the room temperature cavity system is

scheduled lo take .ibom two and a half years, and it

will lake at least one more year to complete the super-

conducting caxitv svstem. The highest MR beam en-

ergy attainable with this lirst stage rf svstem is

estimated to be about 33 GeV. provided that the

9-cell APS cavity unit is operated at the largest avail-

able input rf power of 150 kW. corresponding to a

field strength of 1.1 MV/m. and the 5-cell supercon-

ducting cavity unit produces a field strength of 4.3

MV/m at the highest. To reach higher beam energies,

we intend to replace the room temperature cavities

with the superconducting ones successively in the later

stage.

As shown in Fig. 10. a room temperature cavity

composed of 9-cell APS cavity units is installed in an

rf straight section between the lattice quadrupole mag-

nets. An output of a I MW klystron will be delivered

to four 9-cell APS cavity units, after being fed

through a circulator and equally divided into four by

magic tees. Figure 1 1 shows construction work for

one of the MR long straight sections to install rf cavi-

ties.

Fig. 10. Setup or the TRISTAN-MR rf system for the APS cavities.
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Construction work for (

install rf cavities.

: of the MR long straight sections to

Development of Superconducting Cavities

Since 1979 we have been worldng on 500 MHz nio-

bium single cavities. Typical results were Qo at low

field of 4.2 X 10' and accelerating field gradient of

6.5 MV/m at 4.2 K. In FY' 1983, a three-cell 508

MHz structure has been built and pretested. The

structure has an input rf coupler ports on the center

cell, two higher mode coupler ports on each cell as

shown in Fig. 12. Fabrication and surface treatment

techniques were similar to those for the previous sin-

Fig. 12. Three-cell 50« MHi

gle cells. Prior to assemble the three-cell structure,

each cell was tested as the single cell with beam tube.

Accelerating gradient has been improved by successive

grinding and surface treatment after each test of the

single cell. After assembled to the three-cell structure,

it has been tested at first in a vertical cryostat with all

coupler ports blanked off. Qo at low field of 1.3 x 10'

and accelerating gradient of E^^ > 5.2 MV/m were

obtained at 4.2 K. Maximum E^^ was limited by

available rf power.

The three-cell structure has been assembled with

the input coupler, three higher mode couplers and a

frequency tuning mechanism in a horizontal cryostat

05

Fig. 13. The cross^sectionsl *iew of the cryostat.
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and installed in the TRISTAN accumulation tunnel to

do the beam test. Figure 13 shows the cross-sectional

view of the cryostat.

Superconducting Insertion Quadrupole
Magnet for the TRISTAN Main Ring

In order to increase the luminosity for e*e~ colli-

sions in the TRISTAN Main Ring, superconducting

low P insertion quadrupole magnet was designed. The

main parameters of the quadrupoles are given in Ta-

ble 2 and the cross-sectional structure is shown in Fig.

14.

Due to the high field gradient and the large coil

innner diameter (I.D.), the required ampere-turns per

pole are very large. On the other hand, the coil outer

diameter (O.D.) is restricted by the requirements of

the colliding beam detectors. These situations imply

that the coil current density must be as high as possi-

ble.

In FY 1983, an excellent high current density

NbTi/Cu superconducting cable was developed for

these quadrupoles. The superconductor to copper ra-

tio of the cable is I to l.I. Twenty-seven NbTi/Cu

strands are compacted into a keystoned Rutherford

cable. The average current density in the cable is 609

A/mm^ at 6 T and 4.2 K.

The construction of a prototype quadrupole mag-

net will start in FY 1984.

Table 2. Main Parameters of Superconducting
Insertion Quadrupole Magnet

Field gradient

Coil current

Magnetic length

Turns per pole

Coil I.D

Coil O.D.

Stored energy

70 T/m
3480 A

Fig. 14. Cross-sectional of insertion quadrupole magnet.

PHYSICS

At the end of March. 1983, the laboratory gave full

approval to the VENUS(TE-OOI) and

TOPAZ(TE-002) proposals, following the recommen-

dation of TPAC (the TRISTAN physics program ad-

visory committee). With this authorization, the

VENUS and TOPAZ collaborations have been work-

ing with enthusiastic efforts to construct their detec-

tors and to make them ready for operation beginning

from the first day (t = 0) of TRISTAN e" e collider

operation.

In general, construction work for the TRISTAN
experimental halls (FUJI, TSUKUBA, OHO and

NIKKO) as well as for VENUS and TOPAZ detec-

tor components has been earned out quite smoothly

In the March TPAC meeting, in reviewing the recent

progress in the CERN SppS collider experiments, in
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particular the discovery of the long awaited W— and

Z" bosons, it was suggested that preparations should

be made for unexpected physics results. Among other

things, it was emphasized that the TRISTAN energy

should be as high as possible, with additional efforts

to employ superconducting cavities in the Main Ring.

Low beta superconducting quads in the interaction re-

gions were also strongly recommended from the point

of view of improving luminosities. This may add even

wider capability to the physics potential of TRIS-

TAN, as we discussed in the 1982 annual report. E.x-

tensive efforts have been underway for developing

these cryogenic facilities.

Following the recommendation made in a tentative

approval at the March TPAC meeting, the TPAC met

again in November, 1983 in order to review the full

proposals of AMY and HRS, both of which are col-

laborations between United States and Japanese

groups, submitted to the laboratory after further ef-

forts in refining their experimental plans and in

strengthening their physics capabilities. The HRS col-

laboration with its currently-working detector featur-

ing a very high resolution spectrometer, aimed to be

the first t = detector in the TRISTAN collider, in

order to explore toponium physics. The AMY collab-

oration, proposing a new detector with a very interest-

ing concept for making a rather compact but very

capable detector, had as experimental objectives the

study of various toponium physics as well as interfer-

ence phenomena around the hitherto totally unex-

plored energy region 50 < ^ < 70 GeV, just below

the threshold of Z" production. Following the TPAC
recommendation to the Director General, the Labora-

tory gave the AMY collaboration full approval, but

deferred a decision for the HRS detector. Having been

fully approved by the laboratory and having received

confirmation of DOE support in the United States,

the AMY (TE-003) collaboration started work to con-

struct their detector with hopes to make it ready for

operation at t = 0.

The November TPAC meeting recognized that the

construction of various components for the VENUS
and TOPAZ detectors has made excellent progress

Recognizing this success in the detector construction

work, the TPAC concured with the Laboratory Direc-

torate that both collaborations should continue efforts

to construct these two detectors in parallel, without

any specific priority being assigned Although there

Fig. 15. Tti" TPAC meeting in Nov. 1983.

are still problems to be solved, the construction work

on these TOPAZ and VENUS detectors is going well,

as is described in subsequent sections of this report.

Since detector components, such as lead glass Cer-

enkov counters for electromagnetic shower calorime-

ters in the TOPAZ and VENUS detectors, are in full

production, an extensive calibration program is an im-

mediate order of business. With successful operation

of the electron beam at the Accumulation Ring, which

came into operation in November, 1983, preparation

of two bremsstrahlung beam lines from internal tar-

gets was made for producing electron/positron beams

for various detector calibration tests. The beam lines,

called IT- 1 and IT-4, are now completed and ready

for tests. Another test beam line, producing electrons

and hadrons for TRISTAN detectors, was also con-

structed, in the counter experimental hall at the 12

GeV proton synchrotron beam area.

Construction work on FUJI, TSUKUBA, OHO
and NIKKO experimental halls on the Main Ring,

has also been going quite smoothly. The FUJI hall,

which accommodates the VENUS detector, will be the

first to be completed, in the middle of FY- 1 984, fol-

lowed by TSUKUBA for the TOPAZ detector, only 2

- 3 months thereafter. The construction of OHO and

NIKKO is also underway in order to be ready at least

a year or so in advance of the first day for beam colli-

sion. The OHO hall is to accommodate the AMY de-

tector and is the smallest hall among the four. In

addition to the two experimental halls at the Accumu-

lation Ring, which are being used for detector compo-
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nent tests, a large assembly hall was completed. This

hall is being used for assembling and testing various

detector components.

One of the most important support activities for

TRISTAN experiments is the On-Line Data Acquisi-

tion and Electronics System Group. As we discussed

in the 1982 annual report, procurement of two

VAX- 1 1/780 and one VAX-1 1/750 systems, was made,

and a wide variety of activities has been carried out

for on-line data handUng for TRISTAN expenments.

Extensive FASTBUS and front-end electronics devel-

opment has also been underway. These activities are

outlined in a separate part of this report, under Phys-

ics Department, in the section on instrumentation in

counter experiments.

In addition to the on-line data acquisition system.

it is clear that a large and capable off-line computing

facility is an absolute necessity. This will enable exper-

imenters to carry out off-line analysis on the large

amount of data produced each day at the TRISTAN
experiments. A preparatory working group has been

established in order to make the necessary

specifications for this off-line data analysis facility.

Plans for procurement of a new off-line computing fa-

cility, that is to be used solely for TRISTAN physics

analysis, is in progress. This TRISTAN off-line com-

puting system, which is tentatively called the "B

system", relative to the "A system" at the KEK cen-

tral computer for all common users at KEK. will be

installed sometime in fiscal year 1985.

Development and maintenance of cryogenic facili-

ties, such as He refrigerators and associated systems,

will become an essential part of support activities for

the TRISTAN experiments. With three superconduct-

ing magnets to be operated in the three (VENUS. TO-

PAZ and AMY) detectors at the TRISTAN Main

Ring, efforts have been taken to organize and extend

the capabilities of the Cryogenic Operations Group in

the Physics Department. Construction work on He re-

frigerators for the VENUS and the TOPAZ detectors

IS now underway by this group, with the participation

of both experimental groups. A conceptual design for

the cryogenic system for the AMY 3 Tesla supercon-

ducting magnet is also in progress. With these three

cryogenic facilities on the Main Ring, a concept for

centralized operation of these three facilities has been

developed. A centralized control system for these

cryogemc facilities is now partially under con-

struction.

In conclusion, the construction work on TRISTAN
experimental facilities has become very wide and di-

verse in every sense, and has shown substantial pro-

gress and developed considerable momentum during

fiscal year of 1983 It is hoped that this activity, with

its momentum, will continue to be as strong in the

forthcoming years as it has been in the past.

TRISTAN Experimental Area

There are four expenmental halls FUJI. NIKKO.
TSUKUBA and OHO to be built on the TRISTAN
Main Ring, as is shown in Fig. 16. Dunng fiscal year

1983, extensive construction work on the FUJI and

the TSUKUBA experimental halls has been carried

out. These two halls are of almost the same design.

The FUJI hall, where the VENUS detector will be in-

stalled, is scheduled to be completed in October. 1984.

although a temporary air conditioning system will be

used at the beginning. The TSUKUBA hall, which

will accommodate the TOPAZ detector, will follow

the FUJI hall about two months later. Construction

of the NIKKO and OHO halls was started in Febru-

ary and April 1984. respectively. The OHO hall is to

accommodate the AMY detector.

Figure 17(a) shows a floor plan of the FUJI hall at

its bottom level (B4). Cryogenics for all expenmental

halls will be controlled at the central control room in

the FUJI hall (B2), which is shown in Fig. 17(b). Fig-

ures 18(a). 18(b) and 18(c) show elevation views from

each side of the hall. The floor of the hall has a width

of 27 m along the e* e" beams and is 53 m long. It is

composed of a beam collision area and an assembly

area which are separated by radiation shield walls.

The beam level is 5.7 m off the hall floor, which is

16.3 m below ground level. A compressor room for

the cryogenic system of the detector, gas storage yards

for the cryogenics and chamber gases, and a yard for

reservoir tanks of liquid nitrogen and other fluids will

be prepared outside the hall.

The hall is provided with a drop hatch that is to be

used for bnnging heavy components of the detector

into the hall. The hatch room, which is. equipped with

a 50 ton crane, is 9.5 m wide and 7.5 m long. The hall

has a 70 ton crane with auxiliary hooks of 15 tons

and 4,5 tons, which cover both the collision and the
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Fig. 16. Locations of the four experimental halls at each straight sec-

tion of the TRISTAN Main Ring. The halls are nameil after

IHO mounlaiits, a temple and a town. Mounts Fuji and Tsu-

kuba, the temple at Nikko and the town of Oho are aligned

geographically in the background of the respective hall when

viewed from the center of the main ring.

Fig. 17(a). A floor plan of the Fuji halt at the assembly and the colli-

sion areas level (B4). Rooms at the sides of the hall are

used for a small machine shop, welding room and other

shops. A truck of SO tons capacity will connect the drop

hatch and the assembly hall.

Fig. IT(b). A floor plan of the side gallery of the Fuji hall at ;he first

basement (Bl). On one side, a central control room for the

cryogenic system will be installed and on the other side, a

room for electronic work is planned.

assembly areas. A speed regulator enables the crane

hook to go up-down at any speed between 7.0 and

0.35 m/min. The control accuracy of crane operation

is expected to be of the order of 0.5 mm with full

load.

The hall floors are designed to support detector

loads as large as 3,000 tons. The floor is flat to ± 1

ram over 20 m along the rail structures which will be

used for moving the detectors between the collision

and the assembly areas.

Floor sizes of the NIKKO and the OHO halls are

smaller than those of the FUJI and the TSUKUBA
halls, which accommodate rather large general pur-

pose detectors; the VENUS and TOPAZ detectors.

The NIKKO and OHO halls will be completed in the

summer of 1985.

Two experimental halls in the Accumulation Ring

were also completed in FY 1983, and can be used for

possible future experiments.

An assembly hall, which is used for assembly and

testing of various accelerator and detector compo-

nents, was completed in October 1983. The hall has a

floor size of 1 20 m long by 50 m wide.

Photographs, Fig. 19 and .Fig. 20, show the recent

status of construction work on the experimental halls.
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Fig. 18. Side views from each side of ihe hall, a) Side view along the

beams. The beam collision point is shown by a cross, b) Colli-

sion area viewed perpendicular lo Ihe beams. Accelerator tun-

nels and radiation shield walls are shown. The beam collisioo

point is indicated by a cross. c» Assembly hall and its side

rooms. The assembly hall and si\-stor> side galleries (four

stories linder ground and two stories above ground) are shown.

A computer and terminals for Ihe data acquisition svsteiD arc

installed ai B3 and B2.

Inside tiew of Ihe Fuji hall. Radiation shield wall (at right), walk wavs <at left) and 70-ion bridge cran

are seen. The beam collision p^tint is at Ihe center of photograph {5.1 m above Ihe floor). (April I9H4)
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Fig. 20. The accelerator tunnel at the north area looking at the straight section and i

an external wall of the Tsukuba hall. (April 1984)
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FY 1983 was a year in which fabrication of major

detector elements for VENUS, such as the supercon-

ducting solenoid, return yokes, the central drift cham-

ber and the barrel calorimeter, was started using the

final designs developed after a year of R & D effort.

Construction has progressed rather smoothly. Fabri-

cation of superconducting wire and some parts of the

cryostat for the solenoid have been completed and a

I'rame for the central drift chamber was delivered to

KEK for stringging wires. Several hundred subassem-

blies for the lead glass Cerenkov counter in the barrel

calorimeter have also arrived at KEK to be tested at

the IT-4 test beam facility. Figure 21 shows a perspec-

tive view of the VENUS detector. In the following,

progress in construction of detector elements will be

described.

VEPJJS OCT^CTOR

Fig. 21. .\ perspective view of the VF.NL'S detector.

Supercnntiuctins Solenoid and its Cooling System

Based on the experience gained during construction

of the R&D solenoid and cryostat. the final desi{!ii
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Field (Tesia)

Fig. 23. Critical current (Ic) cKaracteristics and a cross section view of

the superconducting cable. The operation point will be 4100 A
at 0.75 Tesla.

Fig. 22. A view of the CFRP cryostat which will be used for the super-

conducting solenoid magnet.

for the VENUS magnet was worked out. It uses Car-

bon Fiber Reinforced Plastic (CFRP) for the outer

wall of the cryostat. The use of CFRP, instead of alu-

minum, reduces the radiation thickness of the solenoid

from about 0.65 rad. length to 0.55. Figure 22 shows

the CFRP cylinder which was fabricated by Mitsubi-

shi Electric Co.

An aluminum-stabilized suf)erconducting wire was

developed and the fabrication of about 10 Km of the

wire has now been successfully completed. Using a

short sample, a current of about 10000 A at I Tesla

can be supplied with this wire as shown in Fig. 23; a

value that is far beyond the value needed for normal

operation, namely 4100 A at 0.75 Tesla. In Fig. 23, a

cross section view of the wire is also shown. The mag-

net yoke and mounting frame, shown in Fig. 24, were

fabricated by Kawasaki Heavy Industries Ltd. They

will be installed at KEK in the fall of 1984.

A refrigerator which can supply 150 f of liquid he-

lium per hour at 4.4 K was constructed by Teisan

K.K.. Construction of a liquid nitrogen supply and

helium and nitrogen gas compressors will complete

the cooling system for the VENUS solenoid.

Central Drift Chamber

The end plates for the central drift chamber were

brought into the former bubble chamber building and

the stringing of wires was carried out in a dust-free

room. As shown in Fig. 25 about 40% of the total

28316 wires were already strung, by the end of the FV
1983. This chamber uses CFRP for the inner and

outer walls. The CFRP was fabricated and stress tests

with the two end plates were successfully earned out

by Kawasaki Heavy Industries Ltd.

The prototyping of the preamplifier was finished. It

was used in a performance study of a prototype cham-

ber in a magnetic field. Prototype TDC modules on

FASTBUS boards were designed by the KEK elec-



376

Fig, 24. A view of the return yoke and mounting frame.

ironies group.

Barrel Calorimeter

During FY 1983. great progress was made in the

mass production of the lead glass Cerenkov counters

which will be used for the barrel calorimter. Out of

5160 lead glass counters needed for the calonmeter,

about 800 were fabricated using lead glass DF6 from

Nippon Kogaku K.K. and with H1911 photomultipli-

ers from Hamamatsu Photonics K.K.

The effects of different light-guide materials on the

performance of the lead glass counter were e.xamined.

using light-guides made of acrylite plastic. BK-7, and

DF6 glass. The acrylite light-guide, with a cut-off

wavelength of 420 nm, showed the best hadron sup-

pression factor among the light-guides given above, as

shown in Fig. 26. A monitonng system using a Xe-

lamp and quartz fibers was made for the tests. The re-

producibility of the pulse response of the monitonng

5\stem at the connector was found to be better than

99%. Using the monitor system, the long term stabil-

ity of the pholomultipliers was tested; the criterion be-

ing that the PMT's should have a stability of better

than 2% over a period of 10 days.

The supporting frames for the lead glass counters

were fabricated at the KEK workshop and by Mitsu-

bishi Heavy Industnes Ltd. These support frames

have been used for gain calibration of the lead glass

using the electron beam at beam line IT4 of the Accu-

mulation Ring.

Endcap Calorimeter

A 3 X 3 array of prototype liquid argon shower

counters was built and their performance was studied.

Figure 27 shows an energy deposit spectrum for 2

GeV/c electrons. The energy resolution was found to

be about 10%,'yE. The hadron suppression factor was

about I 300 for a known particle momentum, after a

longitudinal and lateral cut of the spread of the

shower data was made.
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Fig. 27. Energy deposit spectnim for a 3 X 3 array of prototype liq.

Argon counters for 2 GeV elections. This measarement shows

an energy resolution of IO*/»/.yE.

Conclusion

Construction of most of the urgent components,

the central drift chamber, the barrel calonmeter and
the superconducting solenoid, is scheduled to continue

into FY 1984. Although delayed by one year for

financial reasons, the construction of other elements

will start in FY 1984. In spite of the very tight mo-
mentary situation, major detector elements are ex-

pected to be ready for the experiment from the first

day. T = 0. of TRISTAN operation namely, in the

fall 1986.

TOPAZ Collaboration
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Tig. 29. A ptnftctire mw ot the TOPAZ detector.

cell configuration was therefore followed by extensive

prototype work on the optimization of delay line pa-

rameters and the development of readout electronics.

Spatial resolutions observed with a test beam are 110

H by the drift method and 4 mm on the delay lines (35

li impedance and 5.9 ns/cm speed). Figure 30 shows

two cathode cylinders equipped with the delay lines.

Aluminum end plates for the chamber have been

drilled.

The decision was made to construct the TPC pres-

sure vessel with Glass-Fiber-Reinforced Plastic

(GFRP) since its electrical and mechanical properties

have been substantially improved by vacuum impreg-

nation techniques. For example, a volume resistivity

of 6 X lo" n-cm (at 1 min.) and a Young's modulus

of 3600 Kg/mm^ are obtained. Both outer and inner

cylinders have been constructed with GFRP as shown

in Fig. 31.

High voltage insulation problems are eased by us-

ing coarse field shaping on the inner surfaces of the

cylinders. Fine shaping of the drift field is then per-

formed with conductive fins, regularly spaced on

GFRP boards (Fig. 32). Equi-potential rings to pro-

duce a uniform electric field of 380 V/cm are formed

by 8 such boards attached to each cylinder.

A big effort was undertaken to develop TPC sec-

tors. It included the fabrication of a 1/5 portion to

verify its intricate design, including production of

large, high-quality G-iO boards with fine glass fibers

Fig. 30. Honeycomb cathode cylinden for the TOPAZ inner drift

chamber. Zig-zag delay lines are printed on Kapton sheets for

the second coordinate readout.

and precision etching of a full cathode pad pattern.

Having confirmed the technical feasibility of the key

parts, actual production is planned to start in 1984.

For the TPC readout electronics, FY 1983 was a

period for design and prototype work. Significant

quantities of preamplifiers and CCD digitizers were

produced. They will be soon tested to prepare for

mass production. Figure 33 shows the CCD perform-

ance; a test pulse was sampled at 10 MHz and the

base line shift due to leakage (typically 0.06 %/ms of

full dynamic range) was subtracted.

36
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Outer Drift Chambers

Both the barrel and the end-cap drift chamber, cov-

ering the entrance to the calorimeters, are single-wire

conductive plastic tube counters operated in the lim-

ited streamer mode. Basic performance was examined

for individual counters and then 8 counter-planes were

exposed to a beam. The average position resolution

was 1 10 (ira in each counter and this performance was

maintained for an instantaneous rate of up to 5 KHz

per cm of wire.

The muon detector consists of a large number of

single-wire drift counters made of extruded Al tubes,

each 5 X 10 cm' in cross section and 6 m in length.

Various tests were carried out with full-scale counters

to optimize operating parameters and to check per-

formance stability against any changes in environ-

ment. Position resolution measured for cosmic rays

with 6 layers of counters was 0.7 mm without any cor-

rection for nonlinearities. Charge division was also

tested as an optional readout method and a resolution

of 1.2 cm was achieved with 50 nm nichrome anode

wires (3 kCl in total resistivity).

each, with the total depth (18 radiation length) elec-

trically subdivided into .1 sections. The energy resol-

ution observed in a test beam was 21 %:\.'E. the

spatial resolution 6 mm. and the pion suppression fac-

tor 1000 at 4 GeV when 95% of electron signals were

accepted. An improved mechanical design is under-

way, with the basic structure unaltered.

Calorimeters

Extensive tests were performed on lead glass and

pholomultiplier until April 1983 and following this,

the barrel calonmeter went into mass production. A
3-inch proximity focussing photomultiplier is attached

via a 6 era long lead-glass light pipe to a 34 cm long

(20 radiation length) SF6W lead glass radiator. This

allows a n-metal shield to be used against the leakage

field of the superconducting coil and also minimizes

the light intensity generated by noninteracting charged

pions. The mechanical structure at the rear end of

each counter accommodates an optical fiber which de-

livers standard light pulses from a common Xenon

lamp for monitoring the gains of photomultipliers.

720 counters purchased in FY 1983 are being assem-

bled into support modules as shown in Fig. 34. All

the counters are to be calibrated with a secondary

electron beam from the Accumulation Ring, and test

facilities have been prepared.

The end-cap calorimeter is a sandwich of propor-

tional counters and lead sheets. A prototype calorime-

ter was constructed with conductive-plastic-tube

counters 1.0 x 1.5 cm- each in cross section. The sig-

nal was taken from cathode pads of 9 x 9 cm" area

Fig. 34. Mass-produced TOPAZ lead-glass counters and their support

modules. The counters are being assembled into the support ill

units of 60 counters.

Superconducting Magnet

Having gained confidence in the construction tech-

niques through various tests and practice trials in

1982, the magnet construction came into full swing.

The Al-stabilized Nb-Ti/Cu superconductor was suc-

cessfully wound by the internal winding method. This

coil, 288 cm in inner diameter and 510 cm in length,

passed mechanical as well as electrical tests. It was

then encased in the cryostat structure for cool-down

tests scheduled in 1984. Figure 35 shows the outer cyl-

inder into which the coil was wound. It should be

mentioned here that, immediately after the report on

the PEP-4 magnet trouble, an improved and extensive

analysis was repeated again on the mechanical stabil-

ity of our coil against a large electromagnetic force to

confirm the safety figure in our design

Construction has also begun for the cryogenics and

its automatic control system, and the return yokes

have been machined on schedule.

51-563 0-86-13
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Fig. 35. TOPAZ supefcoodocting thin solenoid. The coil is alUched lo

the inner surface of this aluminum cylinder with liquid helium

pipes seen outside.

Conclusion

Immediately after the completion of the exper-

imental hall TSUKUBA in Oct. 1984, the cryogenic

system for the magnet and the iron structure will be

assembled. Installation of the solenoid and then its

field measurement will follow. Major elements of the

mechanical structure are under construction in accord-

ance with this schedule. As an example. Fig. 36 shows

octagonal end frames being fitted together

The detector construction should keep pace with

this schedule. The progress made in 198.'' has. in tact,

ensured the successful start of mass production in the

next year.

TRISTAIM-EXP 003 / AMY Collaboration
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Tokyo Institute of Technology. Japan
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AMY, a high resolution lepton detector for TRIS-

TAN, was approved in December 1983. This exper-

iment is. unlike the other TRISTAN experiments, an

international collaboration between US, Korean and

Japanese universities and research institutes.

The detector is schematically shown in Fig. 37.

Fig. 36. TOPA7. octagonal end frames being fitted together. Muon
detectors will be inserted into the spectrometer through the

openings seen on the frames.

Fig. 37. A perspective view of the AMY detector.

With a 3 Tesla superconducting magnet 2.4 m in di-

ameter and 1.5 m in length, the overall size of the de-

tector is much smaller than that of the other two,

while keeping characteristic high momentum resol-

ution for charged track measurements. The central
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tracking chamber is a high resolution drift chamber 65

cm in diameter, and has about 8000 sense wires. The

shower counter is a sandwich construction of lead

sheet and wire chambers, and will be accommodated

inside the solenoid magnet. This leaves only 75 cm for

hadrons to travel before being absorbed in the shower

counter and muon absorber. Due to this rather com-

pact geometry, the decay probability of an emitted

pion is only 0.5% at 5 GeV/c. Outside steel absorbers,

1.3 meter in thickness, there comes an x-y pair of

muon chambers made of aluminum extrusion tubes.

Each plane, x or y, consists of 2 identical planes of

tubes staggered by a half cell. In order to improve the

electron identification capability, an X-ray detector

will be installed between the central drift chamber and

the shower counter, and will detect synchrotron X-

rays radiated by electrons in the strong magnetic field.

The X-ray detector is a dnft chamber of the Jet-

Chamber type filled with Xenon gas. Another charac-

teristic of the AMY detector is the possibility of a

high luminosity configuration with micro-beta quadru-

poles close to the interaction point. This configuration

of quads is possible because of the absence of bulky

detectors at the ends of the AMY detector.

Since the approval of the experiment in December

1983, the group has been involved in reviewing the

construction work, designing the major components

and strengthening the collaboration. Actual and ex-

tensitive construction will take place in FY 1984.
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Major activity of physics department is related to TRISTAN project. But this wilt he covered independently in the

section of TRISTAN project except for the activities of supporting groups, cryogenic group, electronics group and ad-

vanced technology group. E.xperimenlal researches using 12 GeV proton synchrotron remain active with almost a dozen

themes explored. Non accelerator physics such as the measurement of neutrino mass using electron capture in Ho or

underground proton decay experiment has also been continued.

R and D activity includes that of BGO. BSO. Helicon. TRD. Lasertron etc. etc.

Theoretical studies cover broad area of physics: gravity, lattice gauge, nuclear physics etc.

Following pages will briefly summarize these activities.
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EXPERIMENTS WITH 12 GEV PROTON SYNCHROTRON

During the FY 1983 (April 1982 ~ March 1983),

ihe Proton Synchrotron was operated for 13 cycles

.'.nd 311 shifts (about 25(X) hours) were assigned to 9

physics experiments and 3 detector test experiments.

All the experiments have completed the data-taking,

ncluding E113(ND) and E121(jiI II) experiments,

V. hich were approved by the program advisory com-

mittee in the FY 1983.

The program advisory committee met three times

CSlh; Apr. 20, 29th; Oct. 31, 30th; Feb. 17 and 18)

iiiid examined 19 experimental proposals (El 12

^ E130). 5 proposals were approved and, E114(SKY),

r.l 17(Hy) and E125(dd) proposals are scheduled to be

carried out after the PS operation shutdown of FY
W84. The approval of E119(pn), E126(7tAX III) and

IM27(H) were deferred untill the next meeting. These

proposals and the experiments running and analyzing

in FY 1983 are listed in Table 1.

Experiment 49 (A)

I 'tnluclion of Polarized A Particles

The polarization of A's in the p + A -« A+ X re-

iiction, in which A stands for Be. Cu and W. was

measured by 12 GeV/c protons at production angles

of 3.5°, 6.5° and 9.5°, and the results were already

published (F. Abe et al.. Phys. Rev. Lett 50, 1102

(1983) and J. Phys. Soc. Jpn. 52, 4107 (1983)). Figure

I shows an example of the results at the production

angle of 6.5°. Cross sections for p + p -» A+ X are

extracted from ones for CH, and C targets and the re-

sults are shown in Fig. 2, in comparison with previous

data, which were measured with hydrogen bubble

chambers.

Cross section analyses in terms of the A-depen-

dence, the Feynman scaling, and tnple-Regge have

been completed for A "s and the results are in prepa-

ration for publication.
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Table I. LisI of experimenl al the KF.K 12 GeV PS

Exp. No.

(Approved)

Spokesman

(Group)
Bea,m Deteciors

Amount of Run Status

(at March 1984) (al March 1984)

E49(A)

(78/3/10)
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Experiment 62 ( ppBC)

Study of Exotic Stales in pp Reactions at 3-5 GeV/c

After the analysis for the inclusive production of

K°. Ks° K°, K*(890) and A in p p interactions, the re-

action p + Ta -» V° + X (V°; K?, A,A) at 4 GeV/c

has been studied with pictures taken by the KEK 1 m
Hydrogen Bubble Chamber in which two. 4.4 nam

thick Ta plates were installed. The production cross

•ections are summarized in Table 2, together with

those in pp at 4 GeV/c. If the strange particles are

produced only at the primary interaction, the cross

^ections for p-Ta should be 32.0 times larger than

those for the pp interactions due to A-dependence.

The ratio for the inelastic cross section is nearly the

v.ilue. But the measured ratios for A.Aand Ks are

.'64 ±41. 8.9 ±4.2 and 43.2 ±3.5, respectively. It is

not easy to explain only by K' that the A production

IS surprisingly enhanced.

10^

10 r

10'

'.

<



389

ready been completed, but analyses are still under way

for the other reactions. Figure 10 shows the differen-

tial cross sections of the reaction pp -• nn. The results

are compared with the predictions of some NN poten-

tial models. None of these models completely explains

the behavior of the data. This indicates the necessity

for fme-tuning of the parameters involved in the mod-

els.

41

..•ii:

..'n*^

Fig. 10. The differential cross sections of the pp
—

* nn reaction. The

predictions of the Nijmegen model, boundary-condition model,

Paris model are shown by the solid curves, dashed curves, and

dotted curves, respectively.

Experiment 80 (dpBC)

Measuremenls of dp Reactions at 2.0 - 4.0 GeV/c

Approximately 5,000 frames per each incident mo-

mentum have been doubly scanned for all events.

55,000 scanned events were measured and spatially re-

constructed in a standard way. Thefi these events were

fitted to various kinematic hypotheses.

We have selected forward elastic scattering events

whose chi-square of kinematical fit was less than 50

and cosOfM ^ OO- Using these elastic events, the an-

gular distributions of forward elastic scattering and

the slope parameters were obtained at 10 incident mo-

menta. We then calculated the total elastic scattering

cross sections using these slope parameters and the to-

tal cross sections.

We have investigated dp -> ppn 'non-spectator"

breakup reaction. An event was accepted as belonging

to the breakup hypothesis, if the chi-square probabil-

ity of the fit was greater than 1%. and the missing

mass was between 0.91 and 0.97 GeV. On the con-

trary to the results of Warsaw-Dubna collaboration,

no enhancement is observed in the pn mass distrib-

utions from the charge retention breakup reaction,

and in the pp mass distribution from the charge ex-

change breakup reaction. Here the charge exchange

reaction is defined as a reaction in which the neutron

momentum is the highest among the three nucleon

momenta in the deuteron CM system, and the rest is

defined as the charge retention reaction.

Experiment 81 (KDEL)

Asymmelry in the K* d and n' d Elastic Scattering by

Polarized Deuterium near 1.5 OeVjc

Resonances like behaviors of Pu, Poi and D03

waves in the phase shift of K * N by the previous po-

larization data at KEK. suggested the importance of

the measurement of the K* d elastic vector polariza-

tion. Measurement of the vector polarization of the

It* d elastic scattering by the polarized deuterium is

useful to search for the effect of dibaryon resonances

and that of the non-resonant amplitude from the

Glauber approximation.

Q-

TT^d -^7r*d 740
(very preliminary)
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panediol (D-8). Multi-wire proportional chambers and

drift chambers were installed around the spectrometer

magnet, in order to measure the momenta of the scat-

tered and recoil particles.

Preliminary results of the Jt^ d elastic scattering at

0.74 GeV/c are shown in Fig. 11. The solid line in the

Figure is a prediction of the Glauber approximation

without contribution from dibaryon resonances. The

experimental results are consistent with the prediction

of Glauber model, contrary to the differential cross

section of Jtd elastic scattering which was measured by

Hiroshima group (E-83).

Experiment 83 (nD)

Measurement of Differential Cross Sections for the

Processes n rf -> ji
"
</ and n* d ^ pp in Dibaryon Res-

onance Region
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Fig. 14. Etent observed by the FANCY spectrometer.

source moving with a velocity of Pq. The spectra

showed an excess in a high energy region when fitted

with single moving source. But they are fitted well

with two .moving sources as shown in Fig. 15. Param-

eters of a slowly moving source are consistent with

our previous results dedued from low-energy spectra

only (T.A. Shibala et al., Nucl. Phys. A408 (1983)

525). Moving-source parameters are shown in Fig. 16

as a function of charged-particle multiplicities in the

target region. Parameters of slowly moving source are

almost independent of the multiplicity, while those of

fast moving source depend strongly on the

multiplicity.

200 400 600 BOO

ENERGY (MeVI

Fig. 15. lovariaot cross sections for production of protons (A) and

pions (B) at angles 4S. 60. 75 and 85 degrees form 4 GeV/c

protons on a Pb target.

From studies of correlation between particles in

the backward and ones m forward directions, we have

learned so far that ( 1 ) momentum distributions of for-

warding protons shift toward lower side as a multi-

plicity in the backward increases, (2) the fast

250

_200
>

I 150

O
UJ 100

lOCeV/t 0*1^1' (4GeV/c p*Pbl

4: + ±£
L -+- -H — ^

OB : 4- _»_

„ 06:
-f + i+ +

H*i:

+

Chorgea Muilip'icity

Fig. 16. The Eq and
{

particles.

Chorgea MulfiDI'Cily

> multiplicity of all charged

component of proton spectra in the backward is

significantly suppressed when tagged with high mo-

mentum leading protons, and (3) a clear signature

from A panicles could be seen in p-Jt invariant mass

spectra.

Other subjects such as A' and A-productions in

projectile-fragmentation region (the HB-T effect) are

also being analyzed to investigate general nature of

high-energy hadron-nucleus reations.

Experiment 92 (I)

Measurement of the Asymmetry Parameter in the i

- pTT Decay

This experiment was performed to measure a par-

ity violating amplitude for a I* -• PY decay. The as-

ymmetry parameter a for the decay had been

measured twice in the past both with bubble chamber

experiments. The average value obtained was a =

-0.70 ±Si!,. It has been shown theoretically that the

asymmetry parameter a should be zero in the SU(3)

limit with the certain fundamental assumptions such

as the time reversal invanance for the interaction. The

present experiment was planned to improve the statis-

tical accuracy by factor ~2 using counter experiment

techniques. The data taking was started from June

1983, and finished in February 1984. Off-line analysis

is currently in progress.

In order to produce polarized I'^'s in this expef'

iment. a reaction n^p -• K* I* was employed. A I'
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GeV/c It
^ beam from K2 beam line at KEK was in-

jected into a 30 cm long liquid hydrogen target, and

scattered kaons and decayed protons were identified

with aerogel Cerenkov counters (AC) and with a ho-

doscope of time-of-llight counters (TOF). There were

two identical tracking arms, each of which consisted

of 4 sets of multiwire proportional chambers (MWPC)

and a set of drift chambers (DC).

missing mass o( right orm K-mass fix

350
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calorimeters. In such a sense, we can also call this

type of calorimeter "pure" liquid argon calorimeter.

Figure 21 is a cross-sectional side view of the calorim-

eter consisting of an inner and outer stainless steel cy-

lindrical vessels. The space between both vessels is

evacuated during experiment for thermal insulation.

The sensitive volume in the inner vessel is 2.0 m x

0.93 m". The inner vessel was filled with liquid argon

directly supplied from a tank rully carrying liquid ar-

uon.

subtracting the constant term can be expressed by the

curve of 2.4 yE + 0.2%, where E is expressed by

GeV. This gives the best energy resolution for elec-

trons around I GeV/c, except for that of Nal(Tl)

crystal calorimeter, and is one expected from the for-

mula for the energy resolution of the calorimeter pre-

viously derived by Hoshi, Masuda and Doke (Y.

Hoshi, K. Masuda and T. Doke, Jpn. J. Appl. Phy.

21 (1982) 1086).

Energy (GeV )

Fig. 22. The en*rgy resoluti<

fig. 21. A side view of (be liquid argoo calorimeter.

The experiments were done in the T-1 beam chan-

nel by using the electron beams from the internal tar-

get in the proton synchrotron in KEK. The

saturation of ionization pulse height was considerably

good. This shows that the punty of liquid argon used

in the experiment is high. Figure 22 shows the van-

ation of the energy resolution versus electron energy.

The upper plots show the raw data and the lower

plots are obtained by subtracting the electronic noise

dunng expenment from the raw data. Thus obtained

curve of resolution versus electron energy is not ex-

actly proportional to 1/y'E , where E is the energy of

incident electrons, but includes a constant term due to

the momentum spread of electron beam (1.9 +

0.2%). The intrinsic energy resolution obtained by

Experiment 108 (nAXII)

Measurements of Piimic X Rays

The mesonic X rays (pionic-, muonic-, Kaonic X

rays) are emitted from exotic atoms which capture ne-

gative mesons (ti", ji , K") through the interaction

between these mesons and orbital electrons of chemi-

cal substances.

The pionic X rays were measured with some com-

pounds of multivalence atoms such as Be„ B„, As^, 0„

and Mn„ 0„ and the intensity are compared with one

of the X rays from the atoms in mixtures of the same

components. Some experimental data are shown in

Fig 23. These results seems to support the absumption

of molecular orbital interaction between electrons and

pions in the first stage of pion capture in atoms.

53
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ers and have thin (lOOn SUS) front end. Proton

detectors consist of two lines of plastic scintillators. A

preliminary data analysis was performed for the inci-

dent energy of 70 MeV. Angular correlations of high

energy (Ep , £„ < 30 MeV) nucleons show a peak at

the angle corresponding to two-nucleon absorption.

The angular distributions deduced for two-nucleon

part of the (n, pn) reaction are shown in Fig. 25.

these figures show clear asymmetry about 90°, and the

shape of the angular distribution of (n", pn) reactions

are very similar to that of the {n* , pn) reaction.

Fig. 23. (a) Inleosity ratios of pionic \-rays vs. elemental abundaace

of B in Be-B. (b) Intensity ratios of As pionic X-rays for

each transitions of As-O compounds.

Experiment 110 (nNUCL)

Study of Particle Correlation in Pion Absorption

In the previous experiment (E9I), we measured the

ratios (R) of pion absorption probability of a p-n nu-

cleon pair to that of a p-p(n-n) nucleon pair in nuclei,

and found that R was about 4.0 for light nuclei.

At the present experiment, we study in detail the

process of absorption on P-wave nucleon pairs using

''Li and 'Li targets. Angular correlation of the (it — .

pp) and (Jt —
, pn) reactions were measured at the

beam energy between 70 MeV and 160 MeV. Figure

24 shows the experimental arrangement. Neutron de-

tectors are 6"0 x 6" NE213 liquid scintillation count-

It*, pnl
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ihe neutron spectra can be expressed in tertns of for-

mation of highly excited local moving spot and three

stages of nuclear emission from the spots. In high en-

ergy nuclear reaction, it is interesting to know the

neutron spectra of wide angular range and different

incident energy with the heavy targets.

Neutrons were measured by 8 counter telescopes

which consist of a liquid scintillator and a thin plastic

scintillator are placed from 15° to 160° in plane for 4

GeV/c, 2.5 GeV/c and 1.5 GeV/c protons beam. Pre-

liminary results shown in Fig. 26 indii-ate that the

spectra seems to be expressed by intra nuclear cascade

calculation except low energy part, (improved

MECC7, evaporation is not included in the calcu-

lation)
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NON-ACCELERATOR PHYSICS

Measurement of the Mass of the Electron

Neutrino using Electron Capture in '"Ho

( KEK-Osaka- Tohoku- Tsukuba-Kyoto- TIT-INS- Tnkyo

Collaboration I

Our iTive -studies are now going on well, along the

lines described in our talk at the Brighton Conference

(S. Yasumi, Proc. of Int. Europhys. Conf. High En-

ergy Physics, Brighton. 1983. 391). We have already

obtained a relationship between mye and the Q-value

of '"Ho using the value of T*^ y^ and the nuclear ma-

trix element relevant to the transition

'*^Ho -• '"Dy. We are now trying to improve the

precision of the mye value, as determined from the

Q-value, by reducing experimental uncertainties both

in the total number measurement for '"Ho atoms in

the sources and in the M X-ray intensity measure-

ment. For the former, we are measuring the total

number of '"Ho atoms in the sources using Isotope

Dilution Mass Spectrometry as well as the PIXE

method. Further, in order to remove the uncertainty

m the thickness of the beryllium window in the Si(Li)

detector used to measure M X-rays from '"Ho, a

windowless Si(Li) detector has been purchased from

HORIBA Company Ltd. With this device, we have

succeeded in obtaining a very beautiful M X-ray spec-

trum from a '"Ho source.

If the Q-value of "^Ho is determined independ-

ently, mye can be obtained from the mye -Q relation-

ship mentioned above.

On the other hand, in order to determine both myg

and the Q-value simultaneously, we are domg studies

of the M shell in dysprosium using monochromatic

photons from the 2.5 GeV Electron Storage Ring in

our Photon Factory.

The experimental setup is shown schematically in

Fig. 27. Undulater radiations from the BL-2 line of

the Light Source Ring are monochromated through a

double-reflection monochromator made of beryl crys-

tal and impinge upon a Dy target. Incident photon

beams are monitored with a photon detector. We use

beams with five different energies. E^. E^. E^. Ej. and

E, where E^ > Emi > E^ > £„, > E^ > E^,, > E,,

> En,4 > E5 > Ems. and Ey, (i = 1 ~ 5) stands for the

binding energy of the Mi subshell as indicated in Fig.

28. The energy widths of these photon beams are a

few eV and sharp enough to remain distinct from each

subshell level. M X-rays emitted by dysprosium atoms

excited by the incident photon beams, are measured

with two Si(Li) detectors, one of which is set in the di-

rection of the polanzation of the photon beams (hori-

zonal) and the other is set at an angle of 90° to the

direction of the polarization of the photon beams

(vertical), as shown in Fig. 27. If Sg^ denotes the M
X-ray fluorescence spectrum from Dy atoms excited

by monochromatic photons having an energy Eq

(a = a-^e), 8^,, is represented by the following

equation;

= Nm-Sofa-Smi (i=1^5) (1)

where

S\,, : M X-ray spectrum in the case where there is

one vacancy in the M, subshell only,

CT ^a: photo electric cross section of the M, subshell

for a photon of an energy E^,

N : total number of incident photons per second,

m : number of dysprosium atoms in a target per

cm".

Rewriting equation (1) in detail, we have

Si;3 = Nm(of^-SM,+af=-S^„+of^-S„3+oi-^-SM,+of' -Sm,]

S,, = Nm
(

of^-S^^^of^-S^M^-S^M'-^*}

Skc = Nm
(

oJ'-SM3+o^''^-SM4+ap-SM5)

Shd = Nm
(

a^-'-SM.+as^-SMj)

S, , = Nm
(

of'-Sv. i

If o,''a is known, one can obtain S^, (i = 5~l) '')

turns using the above live equations. Smi and Sm; '

Fig 28 are theoretical spectra which were calculate"

by T. Mukoyama.
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Vacuum Boi"

(I2-P2"' x(dnM,/d.))/pM2=v
(3)

where P,"' and P.^' stand for counterparu in Sm,
for peaks 1 and 2 in Sp'""" respectively, and P^^^
stands for a counterpan in Sm2 for peak 2 in S '"">

in Fig. 28.
*"

Fig. 27. ExperimeiitaJ wlup for stuim of tiK M shcU in dysprosium
using monochromatic ptiotons from tte 2.5 G«V Electron Slo-
rtgc Ring of the Pliotoa Factory in KEK.

If Sp "° Stands for a photon spectrum from
" Ho, where the number of photons per atom per sec-

ond is plotted as a function of the energy of the pho-
tons, as shown in Fig. 28, we then have

^P" "° ^
N^ ~dr ^^mi''^mi+Smj-Nm2)

^ d ,_

d,
<^Mi"nMi+SMj-nn,2)

= SM,-(dnM,/dt)+S„j-(dnM,/dt)

^p'""°= ^MrSMi+V'SM2 (2)

where

Nm, (i= 1,2): number of vacancies produced in the

Mj subshell in the decay '"Ho l£Ji^Dy,

nM|(i=I,2): Nm,/N„ ,

Nq
: total number of '"Ho atoms in the source,

Vi ('= '.2) : partial Mi-capture decay constant.

Equation (2) tells us that when we reconstruct S
'""°

Ho using spectra Sm, and S^,, these coefficients of
Sm, and Svi2 correspond X^, and X^^2 respectively.

An alternative way to get X^,, and X^j is the fol-

lowing which is based on the fact that peak 1 in Fig. 2

comes from the M, subshell only and peak 2 in Fig.

28 comes from the M| and M, subshells;

If the intensities of peak 1 and peak 2 in S
"'^^°

are denoted by I, and I, respectively, we have ''

Level scheme
of Dy

keV
Ml(2047) —
M2(l 841 ) —
M3(l 676)

M4(l 332) —
M5(l 294) —

Photons

per atom

per sec

Photons

per

Vocancy

in Ml

Photons

per

Vacancy

in M2

Incident X-roys

— Eb±AEb— Ec*AEc
— Ed*AEd— Ee*AEe
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2.799x(Q-2.047)-V(0-2.047)2^m»,^10-'2

per sec,

Sm5 Spectrum of Dy

j^^^ = 0.1368x(Q- 1.841)V(Q- 1.841)= -m^^lO'^

per sec. - (4)

where mye and Q are given in KeV.

Using Xmi and Xfj,2 as determined experimentally

(equations (2) and (3)), both mve and the Q-value can

be obtained from equations(4).

Some preliminary results has been recently ob-

tained by us. As an example of Se„ spectra exper-

imentally measured, figure 29 shows a spectrum Sg^

together with the corresponding theoretical one where

E, =2.147 KeV. Spectrum S^s is shown in Fig. 30.

which was reduced from experimental spectrum Sg^

mentioned above. In the figure the corresponding the-

oretical spectrum is also shown.

0.5 10 I 5 2

X-ray Energy (keV)

• ^' Spectrum S1V15. A solid curve represents the correspondiiig

'••M^Jtical spectrum slightly modified so as to Bl both
Sp "o spectrum and S^^g spectrum in dysprosium.

X-ray Spectrum from '*'Ho

X-ray Spectrum of Oy at Ea -2 147 keV
X„i • 6494 xlO'"

Xy2 • 00666 I 10"'^

X-roy Energy (keV)

Fig. 29. Spectrum S(;, where Ea - 2,147 KeV. A soUd curve repres-
ents the corresponding theoretical spectrum nhich itas calcu-
lated usin^^^eoretical spectra Sim slightly modifted so as to
fit both Sp Ho spectrum and 8^,5 spectrum in dysprosium.

Fig. 31. Reconstruction of Sp "° spectrum using S^j and Sm:. *
dashed curve and a dot-dashed curve correspond X^ii •S.mi
and A-n^, '5^2 respectively. A solid curve represents Xmi
Smi ''"'-M2 Sm2.

Due to lack of the statistics, we tentatively ana-

lysed the data as follows: At first the theoretical spec-

tra for Sv4, has been slightly modified so as to fit both

bp spectrum and S^j spectrum m dysprosium.

Then, using the modified theoretical spectra for S^^,

and Sv,2 thus obtained. Sp "° spectrum was recon-

structed (solid curve) as shown in Fig. 31.

The coefficients used in this reconstruction are:

Xmi = (0.6494±0.1919)xl0"'^ec-',

Xm2 =(0.0666±0.0197)xl0"'^sec"'.

These two values give us the following tentative

results for mye and the Q-value:
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nve = 24S±500eV,

Q = 2.S6±0.27 KeV.

Proton Decay Experiment at KAMIOKA

The detector construction of KAMIOKA Nucleon

Decay Experiment (KAMIOKANDE) was completed

by the end of May, 1983, after about two year's con-

struction works on the cavity excavation for exper-

imental site, the 3,000 m' steel tank, a water

purification system, a preparation of more than, 1,000

large 20' photomultiplier tubes and an associated elec-

ironic system. For final assembling the 1.000 photo-

tubes in the tank, it took almost two months to mslall

.ill of them, while filling the 3,000 m' water-tank with

,1 pure water. Electronics and data acquisition system

were also .prepared and tested in parallel at the nearby

electronics hut. After these preparatory works

inished. the KAMIOKANDE detector finally became

lully sensitive and started its operation at July, 6,

1983. The detector has been running very excellently

Mnce then, with a hvetime efficiency of about 80%.

By the beginning of April, 1984, we have total 201

days of Hvetime, which means the sensitivity of 485

ion-years or 2.9 x 10^- nucleon years, with a normal

'iducial volume of 880 tons for nominal nucleon decay

events. The detector, thanks for its large photosensi-

tive area of about 20% of its total area, has a very

good energy resolution and an excellent pattern recog-

nition capability. Thus, event scanning and analysis

goes very smoothly with a week or so delay after tak-

ing data on the magnetic tapes.

So far we have obtained 80 events with event-ver-

tices contained in the fiducial volume. Out of these 80

events, 59 events have a single Cerenkov ring and 21

events with two or more rings. Comparisons have

been made with a detailed Monte Carlo program to

simulate cosmic ray v interactions, and it is seen that

the most of events can be explained as v-induced

events. Two events still remain as a possible candi-

date for nucleon decay with a conceivable decay

mode, the one with p -•H*i1°(-'YY). -• !»* K°(7i°7t°),

or n-» e*p" and the other with p-» e*a)° or n -»

e*p^ with (rtYyY)-four nng structure. The detector is

continuing its steady non-stop operation with the pre-

sent water transparency of more than 35 meter. For

detailed information of the experiment and the per-

formance, a reader is referred to the reports published

elsewhere; (K. Takahashi; Proc. of the Third Work-

shop on Grand Unification, Univ. of North Carolina,

N.C. U.S.A. in KEK Prepnnt 82-4, (1982), M. Ko-

shiba; Proc. of 21 st. Int. Conf. on H.E. Physics, Paris

1982, Prepnnt UTLICEPP-82-04 (1982), M. Koshiba;

Talk at the 1983 Int'l Symposium on Lepton and

Photon Interactions at HE. Cornell Univ. N.Y., Au-

gust, 1983, and K. Takahashi, Proc. of the Mini-Con-

ference on Low Energy Tests of Conservation Lows in

Particle Physics, Virginia Polytech. Inst, and S.U.,

Virginia, September, 1983, Y. Totsuka; A talk given

at the XIX th Rencontre de Morionde, La Plagne,

Feb 26 - March 4, 1984.)

BEAM CHANNELS AND INSTRUMENTAL FACILITIES

BEAM CHANNELS

Operation and Maintenance of Beam Lines

In FY 1983 the beam lines around the 12 GeV
Proton Synchrotron were operated for nearly three

thousand hours to perform the physics expenments

and various tests. The beam line parameters are listed

in Table 3.

As described in the previous reports, we have the

slow extracted proton beam, EP2, which is split into

three ways as shown in Fig. 32. The first split beam,

EP2-A, is hitting the production targets of the K2
beam line and the !t(i beam channel. The second split
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Table 3. Summary of KEK beam lines in FY 1983

Momemium
Range
(GeV/c)

Momemium
Bite

(±Ap/p°7o)

Production

Angle (°)
Typical Flux per Pulse

EPI
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beam. EP2-B, is irradiating the production target of

the Jtl and T2 beam lines. The third one. EP2-C, is

hitting the production target of K3 and K4 beam

hnes. K4 beam line construction is completed in the

fall of FY 1983.

The internal target beam lines, nl and Tl, are still

operating for the experiments and the detector test-

ings. The typical proton intensities of the EP2-A,

EP2-B, EP2-C and the internal target were 1.0 x

10'-. 0.8 X 10'-, 1.5 X 10'- and 1.5 x 10" ppp, re-

spectively. These intensities were strongly dependent

on the accelerated proton beam intensity and the

phase space emittance of the extracted proton beam.

The major experiments performed in FY 1983 with

the K2, Jtl, K3 and nl beam lines were E92 (I), E64,

E121 (III), E99 (Kn), E68 (ppc) and E90 (rtAC), re-

spectively. The status and results of these experiments

are given in the previous chapter.

Table 4. CharacleriNtics for K4 beam

Fig. 33. Layout of the K4 beam line.

.\ special radiation shielding concrete blocks, con-

taining high percentage of limestone (CaCO-). were

tesied in FY 1982. Although the special shielding

Momenium range
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from the primary proton shielding tunnel through

these exits.

The superconducting 8 GeV;c unseparated beam

line, itl, was operated through the year for the exper-

iments E64 (itl) and El 21 (iil-II). In this beam line

we have five conventional magnets and three super-

conducting magnets: a 2 Tesia septum bending mag-

net, two large aperture 4 Tesla bending magnets. A
large aperture superconducting spectrometer magnet

(BENKEI) was also operated together with the itl

beam line. We have operated the n\ beam line and

the BENKEI spectrometer magnet for more than ten

thousand hours in the superconducting slate so far.

The purposes of introducing superconducting magnets

in the beam hne and the spectrometer system is to

grade up the performances with high magnetic fields,

and to save energy consumption. The experience of

the construction and the operation of this system will

very helpful for the construction of more sophisticated

superconducting magnet systems in the future.

A high momentum test beam hne. T2, constructed

in FY 1982. This beam hne was very useful for vari-

ous testing of TRISTAN detector elements, such as

lead glasses, scintilators or various chambers.

A low momentum antiproton beam line. K4, was

designed and constructed for the expenmenl E68

(ppc). This beam line is a branch of the K3 beam line.

Double stage mass separation system was adopted to

get a antiproton beam with less contaminating parti-

cles. The design parameters of the K4 beam line are

given in Table 4. The layout of the beam line is shown

in Fig. 33 and the overview of the downstream part of

K4 beam line is shown in the front page of the phys-

ics department. The beam line construction is com-

pleted in the summer of FY 1983. after replacing

K3-D2 by K4-Q5 and Q6. The expenment E68( ppc)

started this fall with this new beam line.

In the EP2 tunnel, manylTV cameras are installed

to watch primary beam, target area or some beam line

elements. These cameras used to be damaged very of-

ten by a strong radioactivity in the tunnel. Semicon-

Table 5. Operalion hours i

ductors in the cameras were mainly responsible for

these damages. A camera in which some semiconduc-

tors were replaced by electronic tubes was developed.

This type of cameras will be made in FY 1984 and

will be tested in the EP2-tunnel after the long shut-

down.

In FY 1984, we have a long scheduled shutdown

of the 12 GeV Proton Synchrotron for the TRISTAN
tunnel excavating under the proton synchrotron accel-

erator facihties. During this shutdown period, beam

lines have been planned for the next generation of

physics experiments with the 12 GeV protons. Since

the beam line elements have been operated for nearly

ten years, some of them have senous damages. A part

of targets, slits, magnets and shieldings will be re-

placed by new ones.

Cryogenic Facility

The helium refrigeration system of 8 GeV/c pion

beam line was operated for the expenment of E-121.

This helium refrigeration system has started test oper-

ation in FY 1981. The total operation is approximate

1 1000 hours in Feb. 1984. The operation statistics

from FY 1981 to FY 1983 is showed in Table 5.

Hydrog-^n Targets have been used for the exper-

iments E-121, E-92 and E-68 in this year. The appen-

dix for E-68 had a large capacity that was about 3 (

and made a thin-stainless steel. So that Target was

used refngerator of large refrigeration power.

The design of cryogenic systems for VENUS and

TOPAZ superconducting solenoid magnet began in

this year. In FY 1983, it constructed cold box and

screw compressor of VENUS cryogenic system, and

then it constructed cold box and control dewar with

liquid He pump of TOPAZ cryogenic system. The

control systems have been designing on the computer

control, and it ordered distributed control systems and

mini-computers. Figure 34, 35 show a cryogenic sys-

tem flow diagram of VENUS and TOPAZ.

7l-lu'lium rtrfricfruliun \>\li'ni
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LIOUID NITROOEN STORAGE

SOLENOID MAGNET CONTROL DEWAR

Fig. 34. Cryogenic System of the VENUS solenoid magoet.

LIQUID NITRAGEN STORAGE

SOLENOID MAGNET

CONTROL DEWR

Fig. 35. Cryogenic System of the TOPAZ solenoid magnet.
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Electronics and On-line computer facilities

for High Energy Experiments

Electronics group supported standard electrotiics

for high energy experiments at 12 GeV proton syn-

chrotron Recent experiments use a number of chan-

nels of calorimeter counters and cathode readout of

wife chambers. Such experiments require many chan-

nels of ADC with 12 bit resolution. For supplying

ADCTs for these applications, home-made ADC was

developed as a CAMAC module with 16 channels per

card.

The other main activity of this group is contrib-

utions to the development of electronics system for

TRISTAN experiments. Large TDC system for

VENUS drift chamber was designed in the framework

of FASTBUS and prototyped in cooperation with

VENUS experimental group. The system consists of

23 TAC modules (32 channels per module) and I

ADC module in a FASTBUS crate. The digitized data

are corrected for linearity and pedestal subtraction,

and stored in a buffer memory which are readout

through Segment Interconnect.

The readout electronics of time of flighty counters

for both VENUS and TOPAZ detector was studied

for high accuracy in the time measurement. The pro-

totype module implemented in CAMAC in being built

for evaluation of the circuit which included two pairs

of ADC and TDC channels for a counter unit.

The linear summing amplifier was designed last

year for energy sum trigger by barrel calorimeter and

built the production version in this year. The proto-

type of pre-amplifier for drift chamber was designed

and hybridized for systematic test of signal trans-

mission from the chamber lo the TDC system.

FASTBUS is new international standard for data

acquisition system for high energy experiments. In the

TRISTAN expenments the FASTBUS has been

adopted as the standard for data gathering system to

on-line host computer VAX(DEC). In this year, the

modules of key element for the data aquisition system

have been built. These are VAX-FASTBUS Processor

Interface. Motrola 68000-FASTBUS Processor Inter-

face. FASTBUS Cable Segment. Simplex Segment In-

terconnect. FASTBUS-personal computer interface.

and ancillary logic units of Crate Segment. Individual

elements have been tested successfully. For the overall

test under the realistic condition, we have to wait the

completion of the analog readout modules untill next

year.

In this year, micro computer system Is standard-

ized by On-Line group for TRISTAN experiment with

MICRO/PDP(DEC) which are distnbuted for each

detector element. The main usages are monitoring and

tuning up of each detector, independently. These are

used separately in the phase of detector construction

and connected to the host computer VAX through

Ethernet local area network after the Installation of

all detector elements. The basic software tools for pro-

gramming of the data taking through CAMAC system

were prepared by On-Llne group.

The networking of various computers and termi-

nals is very important facility not only for efficient us-

age of computer resources. but also for

communication and information exchange between us-

ers and between machines. On-Line group supports

more than 30 low cost ASCII terminals as a full

screen terminal of VAX and M-200H through the

portselector and 941 5/E emulator in cooperation with

th? Data Handling division. The present status of the

interconnection of computers and terminals Is shown

in the figure below. The access from outside of the la-

boratory IS available through so called TRISTAN-

NET which links computers of member universities

via the packet exchange network of NTT (DDX) as

shown In the figure. The network was implemented at

five universities in this year. The other universities will

be linked in the coming years.

KEK COMPUTER NETWORK

March. 19B4

FiK. J6. KFK Computer Net»ork as of March. 1984.
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RESEARCH AND DEVELOPMENT OF
MAGNETS AND DETECTORS

Development of Superconducting

Accelerator Magnet

Although the construction of a superconducting

proton ring in the TRISTAN tunnel is deferred, we

have continued the basic study on engineering prob-

lems of the superconducting magnets. Based on the

successful experience in several short length dipole

magnets, we have constructed a five meter long proto-

type NbTi/Cu dipole magnet in FY 1982 ~ 1983.

This magnet is a 5 T NbTi/Cu accelerator dipole of

warm bore and warm iron. The coil inner diameter is

so large as 140 ram and the coil length is 5.1 m. The

other main design parameters are given in Table 6.

The coils were wound in double shell with a Key-

^loned Rutherford cable of 27 NbTi/Cu strands. The

cable is mainly insulated with Kapton tapes and small

.iinount of epoxy resin. These coils were cured in a

>et of strong jigs and then tightly clamped with 316L

^tainless steel collars by welding in a hydraulic press.

The cross-sectional structure of this dipole is similar

U) that of the Fermilab Tevatron dipole except for the

Mze.

The trainings could be reduced by application of

higher prestress at the clamping of coils. These coils

were assembled in the warm iron laminated yoke to-

gether with the honzontal cryostat. The overview of

the magnet is shown m the figure on the front page of

the physics Department. The design parameters of this

prototype dipole magnet are given in Table 6.

table 6. Main drsisn paramelers of Ihc ProloCype NbTi/Cu dipoir

Coil inner diameter

Warm bore diamclcr

Coil length

Magneln; length

Collared coil weight

Total magnet weight

(.entral lield

Current at 5 T
Stored energy

Inductanee

5.10
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lowed for the construction of the large cylindrical

TRD.
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400 500
Wovelength ( nm )

Fig. 39. The transmitunce of lactic IhaUium solutioo as a functioo of

wavelength in comparisoa with an SF 5 lead glass.

400 500
Wavelength (nm)

The traosmittaiice of barium iodide solntioa as a functioo of

wavelength in comparison with an SF 5 lead glass.

these liquids in the same way as that for the lead ace-

tate-propionate mixture (A. Kusiunegi and Y. Yoshi-

mura: Nucl. Instr. and Method, in press).

From the practical point of views of economy De-

velopment of Superconducting Accelerator Magnet of

this solution was satisfactorily good as a and toxity,

barium iodide (Bal2 ) is one attractive material for

transparent heavy liquid. The solubility of Bal2

against water is 185 g per 100 cc at IO°C and it forms

a heavy liquid of the density d = 2.14 g/cc. The cal-

culated radiation length for this solution is Xo = 5.4

cm. The measured transmission of this solution was

satisfactorily good as a Cherenkov radiator as shown

in Fig. 40 (A. Kusumegi and Y. Yoshimura: to be re-

ported). We plan to test it with the beam as soon as

PS restarted the operation in 1985.

So far no systematic investigation was made on

the structure of heavy liquid of thalliiun formate or

thallium malonate. The group of H. Ohtaki first inves-

tigated the structure and some physicochemical prop-

erties of thalhum(I) formate solutions (H. Ohtaki et

al.: to be reported to Int. Conf. of Complex Salts,

Colorado, July 1984). The structure of aqueous sol-

Fig. 41. The structure of Tt^ (HCOO)^ complex in solution.

ution of thallium(I) formate of 10.77 mol/dm^ (d =

3.189 g/cc) was determined by X-ray diffraction

method by using a 9-9 type diffractometer at 25°C.

From the analysis of the raidal distribution curve and

the structure factors of solution, it was found that

thallium(I) ions combined with formate ions to form

the tetramer, Tt4(HCOO)4, in the solution as shown

in Fig. 41 and the interatomic distances with the com-

plex were determined. The details will be published in

near future (K. Ozutsumi: Ph. D. Thesis, Tokyo Inst.

Technology (1984)).
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THEORY GROUP

People in our theory group have been engaged in a

wide variety of research activities, ranging from a nu-

merical computation of low energy hadron spectrum

to application of unified theories to cosmology. Only

a brief summary of activities is attempted here.

Quantum chromodynamics, believed by many to

be the ultimate field theory of strong interactions, is

producing interesting numerical data that can be com-

pared with experiments. The basic method is Monte

Carlo simulation on a discrete spacetime lattice (lat-

tice gauge theory). In collaboration with outside peo-

ple (Fukugita, Ukawa, Iwasaki, etc.), our group has

performed extensive calculations, using computer fa-

cilities of our laboratory. Although results are in gen-

eral encouraging, statistics of data is not enough and

a larger capability of computers is clearly called for.

Kaneko et al., for the first time, studied violation of

the OZI rule and mixing of glueballs with flavor sin-

glet mesons in the SU(2) lattice gauge theory. A be-

havior of OZI violating amplitudes is obtained for

light and charm quarks.

The SU(2) X U(l) electroweak theory is in better

shape in view of experimental confirmation of W and

Z bosons at CERN. Yet much remains to be unex-

plained in this standard theory: masses and mixing

parameters of quarks and leptons, origin of the Higgs

mechanism, etc. Sugawara, in collaboration with

Brown, Oeshpande, Pakvasa and Yamanaka, studied

CP violation, K-M matrix etc. within the framework

of a discrete symmetry (Sj) of Higgs model.

Grand unified theories gave rise to an interesting

possibility of monopole-catalyzed proton decay (Ru-

bakov effect). Kazama continued to investigate vari-

ous aspects of this problem. Mechanism of the

conservation of the electric and the color charges, de-

spite the lack of it in the boundary condition, was

clarified by extensive calculation. Kazama further ex-

amined some effects which tend to suppress the cata-

lysis process: (I) Unbalance of the weak charge in the

process was pointed out and (2) the radiative decay

rate of the fermionic state with vanishing angular mo-

mentum was calculated. Kobayashi, together with Sa-

kamoto, investigated radiative corrections in the

strong magnetic field of monopole.

Kaluza-Klein (KK) theories are an interesting at-

tempt to unify gauge interactions with gravity. Koba-

yashi and Sugamoto studied behavior of fermions in

the 5-diraensional KK monopole field and showed

that no Rubakov effect occurs in this case. Yoshimura

computed quantum effective action at finite temper-

atures in KK theories. At higher dimensions anoma-

lous behavior of induced gravity was found, which

may have a profound implication to cosmology. Saka-

moto applied Nicolai mapping to supersymmetric the-

ories.

In application to cosmology, Sakagami investi-

gated a termination of the phase transition in the new

inflationary universe, caused by dissipative processes.

Yoshimura, in collaboration with Takasugi and Fuku-

gita. discussed gravitational collapse of a cloud made

of the invisible axion which may provide the missing

mass of the universe.

Yukawa are interested in subjects relating to statis-

tical properties of finite systems. An important issue

of the problem is how the statistical behavior sets in

for an isolated, finite system. Detailed studies are

made for: (I) Landau damping in the quantum Ferrm

liquid where the elementary excitation decays without

collision term in the transport equation, (2) level sta-

tistics of the billiard problem for clarifying relation to

the classical chaos, and (3) KNO scaling as the frac-

tal.

Sakagami. together with Wadati. studied a corre-

spondence between the classical soliton and its quan-

tum field theory.

Most of these works have been published in about

17 preprints (KEK- TH series), and have been and

will be pnnted in periodical journals.
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International Collaboration

Central Hadron Calorimeter of the Colliding Detector Facility at Fermi National Accelerator Laboratory
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The USIJAPAN Cooperation on high energy physics has been executed under the Impleinenling Arrangement be-

tween the U.S. Department of Energy and MONBUSHO of Japan on Cooperation in the Field of High Energy Phys-

ics. H-hich was signed on November II. 1979. at SLAC. The VSjJAPAN Committee on High Energy Physics,

consisting of six members from each side, has been held once a year in the U.S. and Japan alternately. The Fifth Meet-

ing of the Committee was held on May 24-25. 1983 at Berkner Hall. Brookhaven National Laboratory. J. Leiss. Direc-

tor of the Office of High Energy and Nuclear Physics of the US Department of Energy, and T. Nishikawa. Director

General of KEK. were co-chairmen. Other members of the Committee who attended the Meeting were E. Hyde. L.

Lederman. W. Panofsky. N. Samios. J. Sandweiss. K. Kusahara. T. Kilagaki. T. Fujii. G. Takeda. and K. Kikuchi.

In the opening remark. T. Nishikawa stated that the collaboration has been of high quality and expressed his desire

to continue and strengthen this successful program, even beyond the period described in the agreement (1979-1988). He

added that ihe most important event in the Japanese high energy physics program for the present and next five years is

the construction of TRISTAN at KEK and that participation of US scientists in its physics program is most welcome.

He also staled that, from the Japanese point of view. US/JAPAN Collaboration on a next generation international ac-

celerator is the most practical and favorable among several cooperative possibilities, and suggested to start an explora-

tion of the possibility of a cooperative effort leading to a very large accelerator facility.

The Committee agreed that the existence of TRISTAN as a frontier colliding accelerator would tend to strengthen

and balance the US/JAPAN Cooperative Program through participation of U.S. scientists. The Committee also agreed

that it was important and most timely to initiate a cooperative effort in the R&D and design for an eventual very large

facility.

An informal meeting to propose a program of collaboration between the U.S. and Japan on accelerator R&D for the

ne.xt five years was held on February 23-24. 1984. at KEK. G. Loew, SLAC. and T. Kitagaki were co-chairmen of the

meeting. Other participants were R. Lundy (FNALL C. Pellegrini (BNL). H Hirabayashi. T. Kamei. Y. Kojima and

J. Tanaka (KEK). It was generally agreed that the topics of mutual interest fall into three main categories: (I) Topics

on which collaboration presently exists and should be continued, or for which an immediate need is mutually recog-

nized. (2) Topics which relate to new accelerators such as a 20 TeV hadron collider or a 1 TeV electron-positron colli-

der, and (3) Topics having to do with new methods of acceleration.

In FY 1983. 93 Japanese scientists participated in USIJAPAN Joint activities at U.S. laboratories and 35 stayed in

the U.S. more than six months.
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Participation in the Electron-Positron Collid-

ing Experiment (PEP-4) at SLAC-PEP and

Development of New Detection and Data

Handling Technology

dE/dx/(dE/dx)ir

08 0.9 1.0 1.1

Spokesman

JAPAN:

UNITED STATES:

Participating Groups

JAPAN:

T. Kamae, Univ. of Tokyo

D. R. Nygren. LBL. Univ. of

California

Univ. of Tokyo and INS

(Univ. of Tokyo)

UNITED STATES: LBL (Univ. of California),

UCLA. Yale, UC Riverside,

Johns Hopkins and others.

The PEP-4 TPC detector is unique in that it can

identify particles produced in hadronic jets. Charged

particles are detected by the time projection chamber

(TPC). The initial checkout of the detector was com-

pleted in the spring of 1982. This was followed in the

fall of 1982 and the spnng 1983 by the regular data

taking runs, which allowed us to accumulate 29000

e"e^ hadronic annihilation events (corresponding to

an integrated lummosity of 77 pb"'). We report here

about performance of the two major detector compo-

nents. TPC and the hexagonal calorimeter and physics

results that have been completed m Japanese FY

1983.

The TPC identifies charged particles by the ioniza-

tion loss (dE/dx). The momentum resolution is

(dP/P)- = (0.06)- -I- (0.035P)- (P in GeV) in a 4 kC

axial magnetic field. We have achieved the dE/dx re-

solution of about 4 %, which is almost the "Proposal"

value. In the low momentum region, the pion. kaon

and proton bands are well separated. Above 1 GeV/c

the resolution is comparable to the differences in

dE/dx for the various particle types. At 5 GeV/c, the

separation is 3.8 s.d. (standard deviation) for pion-

kaon, and 1.9 s.d. for kaon-proton (Fig.l).

The HEX consists of six modules located outside

the magnet coil. Each module is 10 r.l. deep and con-

tains 40 layers of a lead-fiberglass-aluminum laminate

alternating with gas sampling layers with a Geiger

mode discharge. Electromagnetic showers are recon-

structed by radially-aligned half-degree wide channels

in three stereo views. The typical energy and angular

resolutions are 16 % and 8 mrad at I GeV/c. respec-

Momanium (GeV/c)

i momentum for tracks inhadronic events.

tively.

We have measured the inclusive production cross

sections and mean multiplicities of it — , K-, p and p

with very small systematic and statistical errors. The

result shows that 10.7±0.6 7i±, 1.35 + 0.13 K- and

0.60 + 0.08 p, p are contained in an annihilation event.

Combining this particle identification capability and

another unique feature of the TPC, the truly 3-dimen-

sional tracking, we have measured the production

cross sections of K", A, and S. particles. The pro-

duction cross sections of 0"s and K^'s are also ob-

tained for the first time at the present energy. There

are 0.077 + 0.020 <>'s and 0.50 ±0.1 5 K" per event in

the range 0.075 <x <0. 55. We studied charge weighted

correlations in rapidity space and observed both short

and long range strangeness compensation in K-K cor-

relations. The K-ii correlations due to heavy quark

decays, and the proton-meson, proton-antiprolon and

A- A correlations are being studied now. We also

have observed, for the first time, the polarization of

the produced A's. Using photons detected by the

HEX, the inclusive y and Jt" cross sections were ob-

tained. Figure 2 shows the invariant mass distribution

for all photon pair combination. The fractions of the
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total energy carried by photons and n "s are

0.262 + 0.025 and 0.209+0.021. respectively.

7—7 Invariant mass {UeV/c)

Fig. 2. The Y - Y invariant mass spectrum.

The other major physics topic we have been con-

centrating on is the study of heavy (c and b) quark

productions. Using the dE/dx measurement by the

TPC and the electromagnetic shower detection in the

HEX, we obtain a very clean sample of prompt elec-

trons: We have rejected hadrons by a factor of 10000

or more. Using this sample, we have determined the

semi-electronic branching fractions of c and b quarks

as (9.l±0.9±!.3)% and (I l.0± l.8± 1.0)%. respec-

tively. The b quark fragmentation function peaks at

high Z = Ehad /Ebeam With < Z^ > =0.74 ±0.05 ±0.03.

From the measured forward-backward asymmetry in

e*e" - qq, the axial couplings to the neutral current

are determined to be a^ =2.3±I.4±I.O for the c

quark and ai,
= -2.0± 1.9±0.5 for the b quark.

These values are consistent with expectations of the

standard electroweak theory. Prompt rauons are

identified by the muon detector. Using the prompt

muons. we obtain the semi-muonic branching frac-

tions of c and b quarks as 13.2 ±2.0% and

7.2±1.5%, respectively. The muon spectra imply hard

fragmentation functions for both c and b quarks, with

<z^> =0.55 ±0.08 and <z^> =0.83±0.06. respec-

tively. These results are in good agreement with the

electron results.

The excellent particle identitication by the TPC and

the HEX has led us to the first observation of the F'

meson in the decay mode of F' -• Fy. Of the four s-

F region

Conlrol I

——I Control

region 1 region 2

-j—i—

r

2,0 2_2 2.4 2.6 2.B 3.0

M (K" K- n) (GeV)

(GeV)

Fig. 3. a) Distribution of M(KK^).
b) Distribution of AM = M(KKnY>-M(KK7t).

wave ground state charmed mesons only the F meson

has not been established until now. The F meson is

identified as a peak in the invariant mass distribution

of K* K" n- where all particle species are identified

by the TPC. Photons are detected either by the HEX

or by the TPC as e*e" pairs ansing from photon

conversion. Figure 3 (a) shows the distribution of the

KKjc invariant mass. The thin solid line is for all

KKit with z>0.45. We see an enhancement around

the F mass region. Figure 3 (b) shows the distribution

of AM = M(KKjtY)-M(KKrt). The sohd hne is for

the F region (1.84< M(KKrt)<2.08GeV) and the

dashed line is the average over the control regions

1.54<M(KKn)<1.78 and 2.14< M(KKrt)<2.38

GeV). The measured AM spectrum for the F region

51-563 0-86-14
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shows a clear peak, which gives the F' - F mass dif-

ference, 154 + 9 MeV. We have also obtained for the

F mass, 1.952 + 0.028 GeV, consistent with the meas-

urement by the CLEO detector at CESR.

Proton-Antiproton Colliding Experiment

(CDF) at FNAL

Spokesmen

JAPAN: K. Kondo, Univ. of Tsukuba

UNITED STATES: L. M. Lederman, FNAL

Participating Groups

JAPAN: Univ. of Tsukuba, KEK,

INS (Univ. of Tokyo, Fukui

Univ. and Saga Univ.)

UNITED STATES: FNAL and many others from

the U.S. and Europe.

Most of the CDF detector components including

front end electronics are in the production stage. The

data aquisition system has been designed and is being

prototyped. With respect to the Japanese contrib-

utions, the scintillators and wavelength shifters for the

48 wedge modules are completed, a quarter of the end

plug electromagnetic calorimeters has been built, and

the superconducting solenoid has been constructed.

The electromagnetic calorimeters are being studied

and tested with cosmic rays and the pion and electron

beams of Fermilab.

1) Endplug Electromagnetic Calorimeter

The endplug EM calorimeter consists of four 90°

sectors of lead and resistive-tube MWPC sandwiches.

The uniformity in sensitivity better than ±3% (in ct)

per plane, +0 6% for the electromagnetic energy

measurement as estimated, has been achieved. The

chambers are stacked with lead plates at Fermilab,

and the calorimeter system is being tested at Fermilab

M-bottom beam line.

2) Central Electromagnetic Calorimeter

The scintillators and wavelength shifters for the 48

modules have been produced and cut in Japan and

sent to Fermilab. The assemble of the EM calorimeter

modules is in progress by collaboration with an ANL
group. Intensive efforts were put on improvement of

the homogeneity of the calorimeter by putting cor-

rection reflector at the back of wavelength shifter. The

overall homogeneity among equivalent towers are

aimed to be better than 0.5 % in a. The cosmic ray

tests for the all assembled modules are being made at

Fermilab. and extensive beam tests are in progress for

typical modules in the NW beam line at Fermilab.

3) Vertex Time Projection Chamber

To reinforce the tracking detection and determine

the vertex point, a TPC segmented into 14 cells along

the beam axis has been designed. The R&D is under

way by collaboration between Fermilab and the Japa-

nese group.

The Basic charactenstics were studied with a test

chamber. As a read out system. Flash ADC CAMAC
modules, which will be upgraded to FASTBUS mod-

ules, were built and used for the test.

4) Superconducting Solenoid

The construction of the superconducting solenoid

by the Tsukuba group has been completed. The coil

consists of an aluminum clad superconductive wire

supported with an aluminum cylinder. Cooling-down

is made by using liquid helium flow through the pipe

running on the outer surface of the support cylinder.

Mechanical safety was carefully checked in the design

and the production procedure.

5) Software

The general scheme of the off-line analysis is being

developed at Fermilab. The Japanese group worked

among other things on simulation of the calorimeter

modules by using the generation programs of jets. W
and Z, heavy flavors and supersymmetric particles. It

was demonstrated that by the fine granurality, a good

magnetic field configuration and hermeticity of CDF a

good electron and y identification and the missing en-

ergy measurement can be achieved.

Lepton and Hadron Pair Production near

Kinematic Limit (E605)

Spokesmen:

JAPAN: K Miyake. Kyoto Univ.

UNITED STATES: C. N. Brown. FNAL
Participating Groups

JAPAN: KEK. Kyoto Univ.

UNITED STATES: Coloumbia Univ , Fermilab.,

Stony Brook, Univ. of Wash-
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ington

EUROPE: CERN, Sacley

E605 at FNAL is an international high energy phy-

sics collaboration among scientists from Japan, Eu-

rope and the United States, and aims to study of pair

and single particle production at large masses and at

large transverse momenta with high resolution and

sensitivity for rare processes. The physics subjects rele-

vant to this experiment are such as Drell-Yan process

and its higher order processes, J/v, T, high Pt ha-

drons, vector mesons, Higgs particles production, K-

factors. n-e universality, etc.

The experiment was tuned up in spring of 1982

with primary beams of less than 10'" protons per

pulse reduced due to background rates. The data

taken over the first two weekends in June 1982 with

Be, Cu and W targets contains a few million single

hadrons with P, > 3.5 GeV/c and a few thousand

pairs with M > 8 GeV/c. These data showed expected

performances of the detection system, so that the

combination of the ring imaging Cherenkov counter

and the calorimeter enable us to separate e. ji, n. K

and P. The data were analyzed and the results on the

A-dependence of single hadron production and parti-

cle ratios such as p/it*, K*/n* and K"/7c^ at large P,

region were obtained. Because our spectrometer has

rather wide angular acceptance around 90° in the

CM. system, no angular dependence was observed for

Q.

A gain monitoring system utilizing a N, laser

source with quartz fibers was installed in spring of

1983 and showed that it is capable to monitor gains

of photomultiplier-tubes of the calorimeter with an

accuracy of less than 1%. During summer of 1983,

the magnet "SMO" was added in front of the "SMI"

magnet, so as to reduce the neutral background com-

ing from the target, and a scintillation hodoscope was

also added at down stream of the calorimeter to pro-

vide a clean trigger for muon pairs.

Since last fall, TEVATRON 11 started to operate,

the data were collected with the primary beams of 400

GeV/c and intensities of 2~4 x 10" protons per

pulse in winter of 1984. The targets used in this run

were LH,. LD., Be, Cu, and W. Numbers of events

were more than 2 millions for each targets, so that a

large number of events with Py > 10 GeV/c (x, =

0.75) for single hadron and m > 15 GeV for dimuon

are expected.

In this spnng, it is expected to collect the data with

800 GeV/c insident beam with varieties of targets.

Study of Weak Decay Lifetimes of Neutrino

Induced Particles in a Tagged Emulsion

Spectrometer at FNAL (E531) and Measuring

Charm and B Decays via Hadronic Pro-

duction in a Tagged Emulsion Spectrometer

(E653)

Spokesmen

JAPAN:

UNITED STATES:

G. Fujioka, Kobe Univ.

W. Reay, Ohio Univ.

Participating Groups

JAPAN: Kobe Univ., Okayama Univ.,

Osaka City Univ.. Nagoya

Univ., Science Education In-

stitute of Osaka, Aichi Univ.

of Education. Univ. of

Tokyo and Yokohama Na-

tional Univ.

UNITED STATES AND OTHER COUNTRIES:

FNAL, Korea Univ., McGill

Univ., Ohio State Univ.,

Univ. of Ottawa, Univ. of

Toronto., Carnegie Mellon

Univ. and Univ. of Okla-

homa.

This collaboration was formed in 1977 to perform

Fermilab Experiment 531, a search for neutrino in-

duced charm decays using a hybrid emulsion spec-

trometer. A 1979 E531 exposure is fully published and

analysis of the 1981 exposure is almost complete. A

high-statistics study of hadro-production of charm

and beauty at the Tevatron was approved in 1981 and

equipment is being installed preparatory to a June

1984 test, and a data-collection run in the first half of

1985. The following is a report of resulting physics,

current status and short-term plans for these efforts.

In the 1979 run of E531, twenty-five Hters of emul-

sions furnished by Japan were exposed to a wide-band

neutrino beam. Based on 45 found decays, production

cross-sections and lifetimes were published for D .

D*, F^ and A; charmed particles. By 1980, the abil-

ity to observe visible decay lengths was seen to have

applications beyond lifetimes — bounds were set on

beauty production and v^ -• v^ neutnno oscillations.
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A 1981 run with 35 liters of emulsion has resulted in

100 additional found decays, analysis of which will be

completed in calendar 1984. These data will be used

to improve hfetimes, further establishing F and lower

neutrino oscillation limits to 0.003 in sin' 29 and 1.5

eV- in 8 m". Further, cross sections for directly ob-

served charm will be comparable in quality to the

higher-statistics indirect Dimuon results of others.

Finally, bounds will be set ruling out all known

sources for same-sign dimuons except D^-mixing.

Fermilab Experiment 653 is a natural extension of

these efforts. A new hybrid-emulsion spectrometer will

ne used to observe 15.000 charm and perhaps 200

beauty decays resulting from exposure of 100 liters of

emulsion to 800 GeV protons. Charm and beauty

lifetime measurements will be improved and searches

will be made for new charm and beauty states.

Emphasis will be placed on observing rare decay

modes such as F - t - X, which together with beam

dump experiments is needed for establishing the

existence of the Tau neutrino. Finally, the large

fraction of neutrino-induced same sign dimuons and

the long B lifetime has heightened interest in D° and

B" mixing, both of which will be measured in E653. If

.my mixing proves large, a new window could open

for studying CP violation, a puzzle of twenty years

standing.

Though at present we are 3-4 months behind

schedule, the experiment is beginning to take shape.

All magnets, toroids, and heavy steel are in position,

and the emulsion target mover with computer controls

has arrived from Japan. The rest of the equipment has

been prototyped and is under construction. Pieces of

each system are arriving preparatory to a June 1984

test in which the beam and subset of the spectrometer

will be commissioned. A small emulsion exposure also

is planned in order to exercise the world's largest

emulsion pouring and processing facilities, now being

constructed at Fermilab by Japanese and United

States personnel. This exposure also will test the close

connection between emulsion and electronic

spectrometers essential if 10* events are to be scanned

for dacays.

Finally, because of the low percentage yield of

charm and beauty decays in hadronic interactions, a

powerful muon detection system with on-line selection

capability is being installed. About half of this muon

system will be exercised in the June test.

Fortunately, slippages in accelerator scheduling

have kept pace with delays in E653 construction. The

experiment should be ready for a 40 liter exposure

now commencing January. 1985. Two additional

exposures of 40 liters each are planned for 1986 and

1987 with apparatus improved to overcome difficulties

which may arise in the initial run.

A Measurement of the Elastic Scattering of

Neutrinos and Protons (E734)

Spokesmen

JAPAN: Y. Nagashima. Osaka Univ.

UNITED STATES. D. H. White. BNL

Participating Groups

JAPAN: KEK, Osaka Univ. and INS

(Tokyo)

UNITED STATES: BNL, Brown Univ.. Univ. of

Pennsylvania and State Univ.

of N.Y at Stony Brook

1) Data taking

We finished the data taking of approved 1500

hours successfully. The high repetition rate (1.2

seconds) and high intensity (1.3x10'^ protons on

target per burst (POT)) of the AGS provided us

4.3 X 10" POT during August-December. 1983 run.

Summary of the past data taking history is given in

Table 1.

Tablf I. Summao uf dala lakinK
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collaboration between the U.S.A. and Japan, consists

of 122 modules of main detector followed by the

gamma-catcher, which is ten modules of liquid

scintillator slabs with one radiation length of lead

between each module. Following the gamma catcher

is a magnetic spectrometer which aids in measuring v^i

contamination by v^. Each module of the main

detector has a calorimeter module of 4m x 4m,

segmented into 16 cells vertically, 3 inches of thickness

followed by two Proportional Drift Tubes (X,Y),

4m X 4m. Each PDT plane has 54 cells. Total weight

of the detector is about 200 metric tons.

3) Analysis

3-1) vjie - v^e

Clean signals were extracted from the neutrino data

taken in 1982. The number of events collected over

the energy region 210 < E < 2100 MeV was 51 ±9

above a flat background of 25 ± 3 (mainly from vN -•

vN7i°). The cross section was normalized relative to

quasi elastic events and found to be t(v^e -> Vj^e) =

1.60±0.29(stat) ± 0.26(sys)xEv (GeV) x 10"''^cm-.

Expected number of events of the entire data is given

in Table 1.

3-2) v^e -» v^e

The analysis of the v^e -» Vjic reaction is going on

in a similar manner as v^e - v^e. An extra care is

necessary to take account for smaller anti-neutrino

flux, larger v^ contamination and larger backgrounds.

Preliminary results as of February, 1984 on the data

taken in 1982 is shown in Fig. 4.

After complete analysis on both v^e and v^e, we

expect to obtain a precise value of sin- 9o) (Asin- Oco s

0.01 ~ 0.015) by taking the ratio of the cross

sections.

3-3) vjip - v^p

Topology of the reaction is a single short track

originating in the detector. Particle identification

method based on dE/dx and range to separate protons

from pions and muons has bean developed.

Momentum transfer (0-) dependance of the

crosssection is determined relative to small angle

quasi-elastic process. The result is given in Fig. 5. It

represents one tenth of all the data taken so far. The

cross section can be used to determine a precise value

of sin- tio) with given axial form factor mass, MA or

vice versa.

3-4) vgn -• e " p

30 r>

< 20F
Q<
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>
<u
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I-
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>
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1 r

(c) J
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Fig. 4. Data of neutrioo^lectron scattering taken in 1982.

Using vg component in the dominant v^ beam the

crosssection of inverse beta decay process has been

determined. Then we compared its energy spectrum

with the expectation as derived from both v^i quasi

elastic data and calculation. We expect to derive a

new limit (2-4 x 10"') on the mixing angle of v^-^vj

oscillation (Fig. 6).
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(EI 32) that established 4* and radial excited states of

K. we had holes in the acceptance at the high mass

region and only two peaks are seen in the same plot.

In EI 35 we have much improved acceptance in the

wide and forward angular region. Now detailed

angular analysis are on going and far improved

results, especially finding spin 5 K' and other

underlying radial excited states are anticipated by full

sample of this experiment. Besides the K"n" elastic

channel, effort to define the Ko), Kn branching ratio

by directly observing these final states of K', Q, L

states IS being tried.

4 -
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states. Studies are being done in V topology

(cascade) and AK. final slates. By refined vertex

hunting algorithm, we can see clean H" (1321) from

V topology events (Fig. 9) by only 10 runs. Note that

Q' has the same topology with K" instead of n'. As

a byproduct of hypercharge exchange reaction study,

/\K' and AK' final states are studied. From a

preliminary mass plot several H's are seen in the AK
channel, suggesting the possiblity to study strange

baryons from various final states.

We briefly reviewed the present status of El 35 by

introducing typical examples. By the preliminary

study on various channels, we are quite confident that

LASS performs as good as expected. We expect to

.inswer many outstanding questions on hadron

spectroscopy by the data with high quality and

extremely high statistics that we have never

experienced before.

Bubble Chamber Experiments in 200 - 1000

GeV Energy Region at FNAL

Spokesmen

JAPAN:

UNITED STATES:

Participating Groups

JAPAN:

T. Kitagaki, Tohoku Univ.

I. A. Pless, M.I.T.

Tohoku, Tohoku Gakuin,

Nara Women's

UNITED STATES and OTHER COUNTRIES:

FNAL, MIT, Brown.

Indiana, Tenessee, Oak Ridge

NL, Tel Aviv, Technion,

IHEP Beijing

1) E56S/570 hadron experiment using the 30 inch EC
hybrid system at 200 GeV energy.

90 K pictures were taken in Spring, 1981 and 675

K pictures in the spring run of 1982. Physics aims of

this experiment are the investigation of high energy

nuclear interactions, quark jets in the multiparticle

production and others. A nuclear foil target system of

Au. Ag and Mg was installed inside the 30 inch

bubble chamber, and the analysis of high energy

nuclear interaction showed interesting results on

multiplicity distnbution. The analysis of high

multiplicity events in hydrogen is in progress.

2) E636 and E745 experiments at TEVATRON
E636 is a beam dump-prompt neutrino experiment

at the TEVATRON. The primary physics aims are the

direct proof of the existence of tau-neutrino and the

study of the tau-neutrino mass. The Tohoku one

meter Freon Bubble Chamber was specially designed

and constructed for this experiment by Tohoku and

IHI The chamber construction was started in 1981.

The operation test and training of people for opera-

tion were successfully made at Tokyo in Summer,

1983. The bubble chamber, interaction trigger count-

ers and muon detecters are all at FNAL. The test of

counters and assembling of the bubble chamber and

superconducting coils on the chamber are going on in

the new experimental hall, LAB-F, built for this ex-

periment. The assembling will be completed by this

summer and the operation of whole system will fol-

low. The high resolution holography has been devel-

oped at Tohoku for finding short decays. The

acheivement of the spatial resolution of 30 tmi for the

one meter chamber volume is one of the most impor-

tant feature in this experiment. The whole holographic

system with Nd-YAG laser will be assembled by the

summer in LAB-F. The holographic reconstruction

machines are also ready

E745 is the mu-neutrino experiment at the TEVA-

TRON using those detectors developed for E636. The

E745 run is scheduled after December 1984 before

E636. Therefore this will be an important engineering

run for the beam dump experiment. The physics aims

are the new studies of charmed particles and neutrino

interactions in the high Q^ region. The e, ji

identification capability of the system and the high

spatial resolution holography will bring interesting re-

sults on di-lepton events.

Photoproduction of Charm Particles in the

SLAC Hybrid Facility

Spokesmen

JAPAN: T. Kitagaki, Tohoku Univ.

UNITED STATES: K. G. Moffeit, SLAC

Participating Groups

JAPAN: Tohoku, KEK. Nara

Women.

UNITED STATES and OTHER COUNTRIES:

SLAC. UC-Berkeley, M.I.T.,

Tuft, Brown, Duke, Florida
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State. ORNL. Tennessee. Im-

perial Coll.. Rutherford Lab.,

Birmingham. Technion, Tel-

Aviv and Weizman.

The BC 72/73/75 are 20 GeV photon experiment

using the SLAC Hybrid Facility. Picture taking of the

first pan. BC 72/73. finished m March 1982 and the

second part, BC 75, also finished in December 1983.

The numbers of pictures in BC 72/73/75 for each run

are as follows.
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High Field Superconducting Oipole Magnet

Development

Spokesmen

JAPAN: H. Hirabayashi. KEK.

UNITED STATES: A. Mclntuff. FNAL
M. Suenaga. BNL

Participating Groups

JAPAN:

UNITED STATES:

KEK, NRIM
FNAL, BNL

1) High Field dipole magnet with NbTi/Cu cables

In this year a window frame dipole magnet with

NbTi/Cu compacted strands cable was developed as

the second model for 10 T dipoles. The monolithic ca-

ble is superior to the compacted strands cable from

the view point of bearing stress. However it is difficult

to obtain a high critical current density because of the

limitation of reduction rate by an extrusion machine.

The monolithic cable is also difficult to press the coil

without damaging of insulators.

The rated current of the second dipole magnet was

designed as 6.840 A from the current carrying capac-

ity of the compacted strands. Each strand was

checked at 1.8 K and confirmed that there was no de-

gradation caused by the compaction. The cable was

composed of 27 strands of NbTi/Cu. Each strand was

0.95 mm in the diameter. The cable could carry the

current more than 7,900 A at 1.8 K and 1 1 T.

The dipole coil was composed of 8 double pan-

cakes. The median 4 pancakes were bended at their

ends to install a beam pipe and the other 4 pancakes

at the top and bottom were made in race-track shapes

as shown in Fig. 1 2.

The stress distribution in the coil and collar was

calculated with a finite element analysis method and

the prestress at room temperature was carefully meas-

ured. The collared coil was assembled in a cryostat in

which the coil could be cooled to 1 .8 K.

2) Nb3SD/Cu magnets and wire stabilization

Various tests on a single layer race-track dipole

magnet, described in the previous report, were suc-

cessfully carried out. Much data was obtained, such as

the minimum quench energy (MQE), the character-

istics of the normal zone propagation and the maxi-

mum temperature rise in the dipole. All of them

SUPERCONDUCTING
COIL "^
SUPERINSULATION

WARM SORE

Fig. 12. Schematic strucnire of NbTi/Cu high field dipole >l 1.8 K.

showed the technical feasibility and limit of Nb3Sn/Cu

magnets for the accelerators.

An attempt was made to fabricate a double shell

dipole magnet with the same technique as in the race-

track dipole magnet. The bronze-processed Nb3Sn/Cu

monolithic cable was keystoned in its cross section to

make shell type winding easy. A double shell dipole

magnet, having an I.D. of 132 mm and a length of

600 mm, was assembled in stainless steel collar lami-

nations.

Besides the development on NbjSn/Cu dipole mag-

nets, basic studies on Nb5Sn/Cu wire continued. For

instance, the influence of stabilizing copper on the

quench characteristics of Nb3Sn/Cu wires was studied

in detail. Measurements of the MQE in the bronze-

processed wires showed that the optimum cross-sec-

tional area of stabilizing copper is around 40%. In the

case of good cooling, the MQE for Nb3Sn/Cu wire at

10 T was almost the same as that for NbTi/Cu wire at

5 T. However, in the case of poor cooling the MQE
for Nb3Sn/Cu wire was approximately a factor of 3

greater than that for NbTI/Cu wire. There was a clear

correlation between the MQE and the quench propa-

gation velocity of the wire; the wire, having a large

MQE, always had a low quench propagation velocity.
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Development of Superconducting Rf Cavity

Spokesmen

JAPAN:

UNITED STATES:

Y. Kojima, KEK
G. Loew. SLAC
M. Tigner. Cornell

The structure was assembled with all couplers in a

horizontal cryostat and installed in the TRISTAN ac-

cumulation ring. The beam test is planned to take

place in May 1984.

High Power Klystron Development

Participating Groups

JAPAN: KEK
UNITED STATES: SLAC, Cornell

A three-cell 500 MHz niobium structure (Fig. 13)

has been built and tested. The shaf)e of each cell and

the technique of fabrication and surface treatment are

similar to those of single spherical cells tested before.

The structure has an input coupler on the center

cell, two higher mode couplers on each end cell and a

mechanical tuning system. Before assembled to the

three-cell structure, each cell was tested as a single cell

and the location of surface defect which causes the

quenching" was detected by observing a temperature

map of the surface. After mechanically removing the

defect and re-treated the surface. Q^ at lower field and

Ejcc""* for each cell were upgraded to ~ 3 x 10' and

4.8 ~ 5.7 MV/m at 4.2 K.

Spokesman

JAPAN: J Tanaka. KEK
UNITED STATES: G. T. Konrad, SLAC

This is the report on the 120 MW klystron research

and development. FY 1983 is the last year of this

three year R&D program. Although the first exper-

imental klystron was completed at the end of FY

1982, a vacuum leak was founded at the weld joint of

the klystron body and the test could not be per-

formed. Some attempts to seal the leak were unsuc-

cessful. After several weld joints were redesigned so as

to reduce the stress at the joints during tube bake out,

the first klystron was rebuilt and completed in June,

1983. The best performance obtained on the first klys-

tron by the end of December, 1983 is listed up in Ta-

ble 2.

Fig. 13. A lhrw-«U 500 MHz structure.

The structure was at first tested in a vertical cryos-

tat without all couplers. Q^ at lower field was 1.3 x

lO' and Ej„ reached 5.2 MV/m without quenching.

Due to the shortage of rf power, measurements at a

higher field was not performed.
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matter to be improved in the second klystron is

1

.

27t-raode double output cavity

2. Standard XK-5 window without matching posts

3. A polished focus electrode

4. Correction of the perveance

Research and Development Project on Colli-

der Detectors.

Spokesmen:

JAPAN: K. Takahashi, KEK
UNITED STATES: J. Ballam, SLAC

P. Koehler, FNAL
H. Gordon, BNL

Participating Groups

JAPAN:

UNITED STATES:

KEK, Hiroshima Univ.. Na-

goya Univ., Nara Woman's

University

BNL, FNAL. SLAC, Prince-

ton Univ., Univ. of Roches-

The project of the detector research and develop-

ment (R&D) has been undertaken since 1982, at

FNAL, SLAC and KEK, and also at BNL from 1983.

The items chosen are those that are closely related to

the technology in high energy e*e" colliders and are

mteresting to the physicists in both Japan and the

U.S. with an understanding of important application

of the outcomes to the experiments to be carried out

at TRISTAN as well as at the SLC and the Tevatron

collider. The project has since then gradually received

more attention and interest with a hope for possible

usage of new techniques in the future experiments.

The items that have been carried out during these two

years, are as follows;

1) Electro-Magnetic (E-M) calorimeter develop-

ment (SLAC/KEK),

2) A planar spark counter as a good TOF counter

and for a possible use as an E-M calorimeter

(SLAC/KEK),

3) EGO crystal development (SLAC/KEK),

4) Development of a precision vertex detector by-

using CCD-chips and related technology

(SLAC/KEK).

5) Development of FASTBUS technics in collider

experiments (FNAL/KEK) and 6) Transition

Radiation Detector Development for electron

identifier (BNL/KEK).

Following the various fruitful results and achieve-

ment obtained in the Japaneses FY-1982, more exten-

sive efforts have been made during the JFY-1983,

with an addition of the transition radiation detector,

being carried out at BNL and KEK. A new world-re-

cord value of time resolution in the TOF use of the

planar spark counter (PSC), a very excellent quality in

resolution of a lead glass (SF6) Cherenkov counter as

an E-M calorimeter, and a very good progress in de-

veloping new Cherenkov glasses and BGO crystals

are, among other things, the highlights in the various

developments made in the JFY-1983. Some of these

results are published elsewhere.

83
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Engineering Researc

and Scientific Support Department

««CH,

The new helium iiquetier (Sulzer. TCF200) has been installed in the new building of the low temperature group
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The Engineering Research and Scientific Support Department consists of four groups, i.e., Data Handling, Low

Temperature, Radiation and Safety Control, and Mechanical Engineering ( Work Shop). Radiation and Safely Control

Group has a subgroup. Chemical Safety Group. The proper staff members of the Department are twenty-one scientists.

Thirty technicians from the Technical Service Department are incorporated with them.

The Data Handling Group is responsible for the maintenance and operation of the central computer system, HITAC

M-200H X 3 and L-340, the latter is for business services and safety control. As increasing demand of the data proc-

essing is expected for the experiments of TRISTAN which will start in I9H6. the next central computer system is being

discussed.

The Low Temperature Group operates two liquid helium supply systems and their recovery systems. The liquefiers

supplied 8S.000 litres of liquid helium during FY 1983. A new liquefier has been installed and the results of test run

showed the liquefaction rate of 300 €//i.

The Radiation and Safety Control Group is responsible for radiation security of the laboratory. In addition to rou-

tine works, the group is engaged in construction of the radiation protection system around the TRISTAN accelerator

complex. The Chemical Safety subgroup is responsible for monitoring and treatment of waste fluid. A new treatment

plant of waste fluid and a new chemical laboratory have been completed in FY 1983.

The Work Shop is undertaking some new kind ofjobs, such as development of measuring machine for surface mir-

rors of the Photon Factory, the mechanical design of detectors for the TRISTAN and development of superconducting

magnets.
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DATA HANDLING

The present third-term central computer system in

KEK installed on September 1. 1981. consists of

loosely coupled three M-200H"s. The system has 40

mega-byte main memory, 15 giga-byte disk file, and

35 giga-byte mass storage system and was delivered by

HITACHI Co., Ltd.

The system has been operated satisfactorily using

KEKNET (an on-line network system which is able to

connect with 16 terminal computers) and KEKOPEN
!a center batch processing system used in a cafeteria

>tyle). The system has continuously run in a cycle of

two weeks in accordance with the operation of 12-

GeV proton synchrotron.

Not only the system has processed a lot of jobs to

analyze data generated from physics experiment using

the 12 GeV proton synchrotron and the booster facili-

ties but also it has done test run for control of TRIS-

TAN accumulator ring and computed data for the

research and development of the TRISTAN project.

And so the Scientific Advisory Committee for

Computer has researched and estimated the need of

processing data in two or three years as in the follow-

ing: (those are estimated values in case of processing

\Mth M-200H system.)

I) physics experiment with 12-GeV proton

synchrotron: 8,000 - 10.000 hours

2) experiment with booster facilities:

- 6,000 hours

3) control of TRISTAN accelerator:

~ 3,000 hours

4) theoretical calculation: ~ 10,000 hours

5) study and maintenance of computer system:

~ 500 hours

As the result of those research, the Scientific Advi-

sory Committee for Computer has estimated that the

next fourth-term central computer system will have

necessarily 1.5 ~ 2 times of data processing power

than present one. And also the Committee has

planned especially to install the vector processor for

theoretical calculation and so on.

The committee has decided to introduce the com-

puter system consisting of loosely coupled three com-

puters, HITAC M-280D with 32 mega-byte main

memory, HITAC M-280H with 16 mega-byte main

memory and HITAC S-810/10 with 128 mega-byte

main memory.

On the other hand, the computer system for TRIS-

TAN project has been planned and researched by the

Scientific Advisory Committee for Computer. Its

scale will be as large as the fourth-term central com-

... CPU IIME NUHBfR Br JOBS! I9ai.

r

uUituuii,
Fig. I. The number of monthly processed jobs and used CPL time.
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puter system with a large capacity of file, for example.

100,000 volumes of 6.250 bpi magnetic tape.

The total of processed jobs and used CPU time in

this fiscal year were 350.547 jobs and 12,633 hours in

three CPUs and distributed as follows:

lURN AROUND TIME ( 1983. 1 - I9S4. 3
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At present, this local network system is being sca-

led up in functions by its working group.

In addition to the operation of the computer sys-

tem. Data Handling Group is working for the fol-

lowings;

1) improvement and maintenance of the system

softwares and the library programs,

2) collaboration with other research departments

on design studies of data acquisition system for

physics experiments and of control system for

the accelerator in the TRISTAN project,

3) research and development of programs used by

the Work Shop,

research and development of automatic informa-

tion transfer system by telephone which will be

used to call many persons automatically for

transfering information,

research and development of local information

network system in KEK that is an easy informa-

tion-transfer system using a word processor and

CATV,

Conversion and tentative run of the Newlib and

other useful programs.

LOW TEMPERATURE

Helium Liquefier

The central cryogenic facility suppUes liquid nitro-

gen and liquid hehum to research groups in the labo-

ratory. The helium liquefier (Sulzer, Model HeL

55-2G) has been running throughout the year to pro-

duce liquid helium about 60,000 I. The liquefier has

been operated regularly since its installation in 1973.

Now it reaches a time of careful maintenance and op-

eration for a stable production of liquid, while the

consumption increased considerably in the last few

years. We introduce a new helium liquefier to over-

come these situations in this fiscal year. We will be

able to supply a sufficient amount of liquid helium

with these two liquefiers to many users in the labora-

tory.

Users and their consimiptions are summarized in

Table 1. Here, losses in handling of liquid such as

transfer and storage are not included. High energy

physics groups continued the researches, a study on

atomic hydrogen at very low temperature and R&D
studies of the TRISTAN detectors. Groups of Booster

Utilization Facility extended their studies on the po-

lanzation of epithermal neutron beam, the ultracold

neutron, and the ti-meson experiments. A supercon-

ducting wiggler magnet started the regular operation

in Photon Factory, which required a considerable

amount of liquid helium.

Table I. Amount ot liquid helium used

Users



430

its installation to avoid the influences of compressor

noise and vibration in the environment. A liquid he-

lium storage vessel, whose capacity is 3.000 f, is con-

nected to the liquefier with a long transfer tube. A
monitor of the whole system is placed in an operating

room. Owmg to a large capacity of the compressor

(2,800 Nm^ /h) and a refined liquefier design, the sys-

tem showed an excellent performance in a test run.

The liquefaction rate reached 300 t/h, which is almost

the ideal value of this system.

Refrlgerator/Liquefier

The helium refrigerator/liquefier system ("BOC

Turbocool 100", capacity 400 W at 4.4 K or 1 10 e/hr)

has been operated without any trouble for cooling the

superconducting RF cavity and the superconducting

magnets. The liquid helium supplies for SC manget

and SC RF cavity are shown in Table 2.

Table 2. Liquid helium usage

Users
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RADIATION AND SAFETY CONTROL

The Division of Radiation and Safety Control is

composed of two groups, one for radiation safety and

the other for chemical safety. At the end of March

1984, the division consists of 8 scientists, 4 technicians

and I.S secretaries. Six scientists and 3 technicians are

engaged in radiation safety works and one and one in

chemical safety.

A building mainly for chemistry safety controls was

built and set in use early autumn 1983.

Main incidents of the year to the division are sum-

marized in Table 3.

Radiation Safety Group

The -group is engaged in radiation security of the

laboratory. Radiation safety supervisor is responsible

for all radiation facilities in KEK.. which include Par-

ticle Radiation Medical Science Center (FARMS) of

the University of Tsukuba. Radiation safety supervi-

sor and members of the main (KEK) radiation control

ofBce are composed of members of the group (Fig. 6).

UdUtlon Cofitro) Offlct

Olltf K. Konde

Kt^lwul Radlttton S^rtty Officer!

t. Proton Syficnrotron H. f^rMMtSi

Z. Exptrlntnul H«n K. Kjndo

3. lOMUr mil. Fac. N. NlyaJlH

4. niotM Factory s. Ban

5. TRISTM H. HIrayMa

6. Air 1 Cooling Hator K. lonOO

7. 1(I-L«b..lUd1oact1*« H. KirMMUh
Maur Home and
th« rnl

Acflontl lUdUtlon
LUItofi Office
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Table 4. Statistics of exposure of staff members (1) and users (2)

(I) Staff members

Accel.

Depl.

Physics

Dcpl.

Sci. Supp.

Eng. Res.

Depi.

Admin.
Dept.

Booster

Util.

Facility

Photon
Factory

Undetectable
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Routine works include monitoring of radiation lev-

els in and around radiation facilities, radioactivity in

releasing air and water from the facilities, personnel

exposures: access controls to the radiation controlled

areas; managements of radioactive materials (radioiso-

topes, checking sources, nuclear fuel materials and ra-

dioactive waste); operation and maintenance of

monitonng systems; RI laboratories, plants for treat-

ing radioactive waste water, equipments for access

controls; calibration of detectors and training of radi-

ation workers. In addition to these, R&D works

such as radiation shielding calculations, designing

works of new projects, studies on countermeasures for

decreasing personal exposure, induced activities, radi-

ation damages and so on, have been done mostly as-

sertively but occasionally in response to requests.

Details of the administration works made in this year

will be published separately as a KEK internal report.

Exposure Records

Niunber of the radiation workers and semi-radia-

tion workers at the end of the year were 1,986

(15.7% up) and 264 (3.9% up). Number of am
badges issued was 7,776. The numbers of records

whose values were over 40 mrem (0.4 mSv) and 100

mrem (1.0 mSv) were 231 and 8.8, respectively. The

maximum of the monthly was 500 mrem (5.00 mSv)

and the one of the annual was 1.55 rem (15.5 mSv).

Table 4 and 5 are summaries of statistics of the expo-

sure control works to individuals. Accumulated dose

for workers from outside firms is 5.95 man-rem for y

and 12.62 man-rem for neutron, respectively.

Tabic S. Numlwn of radialion workers II98J FY)

Chemical Safety Group

Chemical safety control system has been established

in this year by construction of new buildings of chem-

istry laboratory and chemical storage, and by installa-

tion of new treatment plant for waste liquids.

Chemistry laboratory contams test rooms for analyz-

ing waste effluents, a clean room for ultratrace analy-

sis, chemical experimental rooms for users and a dark

room for developing films.

Waste liquid treatment plant was completed to

cope with the great increase in amount and variety of

waste Uquids, on the decision of Deliberative Commit-

tee on Waste Treatment Safety. The treatment system

consists of five main processes and its flow is shown in

a simphfied schematic in Fig. 7. Organic waste Uquids

are atomized with a rotary biuner and burned up in

the furnace. Heavy metals are removed from wastes

by ferrite precipitation and chelating resin adsorption.

Fluoride is removed by calciimj fluoride precipitation

and activated alumina adsorption. Cyanide is decom-

posed by the alkaline chlorine method. In addition to

these ones, hydrolysis process is also included for a

large amount of washing effluent.

The routine works have been carried out without

the serious trouble with an aid of seven technicians

from an outside firm. Monitoring of waste effluent

quality was done by chemical analysis of 170 samples

collected periodically at the various facilities. The

amounts of the treated wastes are simimarized in Ta-

ble 6.

Table 6. Total of Irealed waste liquids
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Fern e sludge

(Heavy metals) Chelating resu

Ca(OHU FeCK.NaOH

''"^[W^rai-n iiw? Purified

^— SlucSe ActivatecTcharcoal
^effluent

Activated alumina
Chelatuig resin

Fig. 7. Treatmeot system of waste liquid.

WORK SHOP

The Work Shop is responsible for designing and

manufacturing of various specific instruments which

are requested from each department and user's

groups. The Work Shop includes the following build-

ings.

Bmldil Area Compleled

No, I Work Shop

Work Shop for r.lUioacli\e

No. 2 Work Shop

IM70

1977

I9K2

An engineer and fifteen technicians are currently

engaged in the Work Shop. The engineer is in charge

of operating the Work Shop and conducting research

and development. The technicians are organized into

the groups of development, design, machining and

welding.

Major subjects of technical development in 1983

are:

1. Superconducting Magnets. A full size 5-Tesla di-

pole magnet (SD-TA-3100) and a model quadru-

pole magnet have been built. Liquid helium
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transfer line has been built and showed a good

performance.

Precise spherical surface measuring machine.

This machine is to be used for the measurement

of the curvature of concaved mirror for the Pho-

ton Factory.

Development of welding technique. Electron

beam welding technique of two different metals

has been developed.

4 Detector development for the TRISTAN exper-

iments. The Work Shop is collaborating for de-

sign and development of the detectors for

VENUS and TOPAZ groups.

In Table 7 are summarized jobs ordered to the

Work Shop in FY 1983. Number of items for the jobs

was 550. In Table 8 and 9 are given the lists for ma-

chines equipped in the Work Shop. Some of the in-

struments developed in FY 1983 are shown in the

pictures (Fig. 8 and Fig. 9).

Tabic 7. Summan' of jobs

Users

Accelerator depi

.

Physics depl.

E.R.S.S. depi.*

Photon Factory

B.S.F."

Experiments

Tristan

Hours
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Fig. 8. A precis* me«surini; machine to measure the sliape of super mirror for the Pholon Faclory. The shape .if the mirrw can be nieasorid xithiii the

( of 0.(11 Hm/IWImm.
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Booster Synchrotron

Utilization Facility

Belore ireaimeni 12 month's alter treatment

OitMcat application ol proton beam irradialron at the Particle Radiation Medical Science Center
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The Booster Synchrotron Utilization Facility has been operating successfully since commissioning in 1980. The

scientific research program is well under way in the KENS spallation neutron source facility, as well as in the pulsed

muon facility BOOM. The number of the experimental proposals is steadily increasing in these facilities. Due to in-

creasing demands on machine time, several common use instruments have been installed, and some of them are now in

operation: High resolution powder diffractometer HRP, Medium resolution powder diffractometer MRP. High resol-

ution quasi-elastic spectrometer LAM-80 in KENS, and a 37 kC superconducting Helmholz coil with a large room-

temperature access space in the pulsed muon channel of BOOM.

The recent research activities in the meson science laboratory were summarized at the conference on Muon Spin Ro-

tation and Associated Problems held at Shimoda. from April 18 to 22, gathering 117 participants from 12 countries.

The spotlight of attention was focused upon the uniqueness of this world's first pulsed muon facility . Among the many

results from neutron scattering experiments, the first neutron scattering experiments at very high Q from superfluid He

II, using an eV spectrometer RAT, caused quite a stir due to its evaluation of the fraction of the Bose-condensation,

which had seemed to be almost established, both theoretically and experimentally.

One of the highlight activities in BSFfor this fiscal year is the commencement of clinical trials for cancer treatment

using proton beams in the Particle Radiation Medical Science Center. It is an exciting fad that out of 24 patients

treated for a year. 22 cases of various kinds of cancer showed no clinical evidence of recurrence or residual disease af-

ter completion of the proton beam irradiation.

Design studies for the intense pulsed neutron and meson source GEMINI are in progress. On the other hand, the ad-

visory committee for the BSFfuture program has discussed the financial scale of the new project, the construction sche-

dule, etc. The conclusions of the discussion were reported to the committee for the Booster Synchrotron Utilization

Facililv.
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BEAM LINE

Operation

The summary of BSF operation in FY 1983 and

the average beam intensity and transmission data in

each operation period are shown in Tables 1 and 2 re-

!>f)ectively. The beam time used for BSF operation

amounts to 2789.1 hours, which corresponds to 76.0

% of the PS operation time, 3666.7 hours. This per-

centage is 12 % lower compared with that of FY

1982, because the PS operation in September and Oc-

tober was devoted to the accelerator study of H ~ in-

jection and polarized beam acceleration. From

January 10 to 13, the booster synchrotron was oper-

ated for the Particle Radiation Medical Science Cen-

ter. The beam time for medical use has increased by a

factor of 2.4 compared with that of FY 1982. To uti-

lize the booster beam more efficiently, the interlock

system was reinforced so that neutron or meson ex-

periments can be done during the time used for pre-

paring patients in the medical treatment room.

Regarding Table 2, beam intensity was measured on

the 500 MeV beam line nearest to the targets or the

energy degrader. Transmission is defined as the ratio

of the beam intensity measured this way to the

booster intensity displayed on the CATV. The beam

intensity integration system was replaced by a new

version which consists of CAMAC ADC and timing

modules and a micro-computer. This new system was

into operation beginning with the first operation cycle

in November and shows good stability.

Tabl« I. Samnury of BSF opcralions since April 1982 through February 1983

(units are "hours", unless otherwise speciTied.)

Neutron

Expcrimeni

Meson

Experimeni

Biomedical

Research

Beam utility

Beam ON
Reject

Beam line trouble

Accelerator trouble

Others

10.3

48.5

Table 2. Beam intensity anil transmission

14.8

87.5

Beam line tuning
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Channel No

Count
3Q00G

20,00Q

10,000-

forward
electron counts

backward
/forward

back\\Qrd
electron counts

18:A0 18:50 1900 19110' 19:20 TIME

Fig. 1. Test of the auto-bearo-steering systpm. Arrows show the disturbance caused when the bending angle at PHBI was intentionally changed. Chan-
nel divisiofis are 2.S mm.

The BSF beam line control room has been ex-

tended to help relieve the severe shortage of space

where the control equipment is accomodated. Simul-

taneously, a new access route to the beam dump room

was opened. By using this route, it is possible to reach

the dump room directly from the BSF control room,

without disturbing the PS operation. This will make

maintenance of the power supply easy, which is placed

beside the dump room.

Instrumentation

Small deviations of the primary proton beam in the

horizontal direction gives rise to an enormous de-

crease in the surface muon production rate and in the

secondary proton beam intensity after passing through

the small aperture energy degrader. An auto-beam-

steering system was installed in the mid-point of the

beam line to eliminate such deviations. A pair of hori-

zontal steering magnets is controlled automatically by

a micro-computer to restore the beam positions at the

corresponding beam profile monitors when the beam

center is shifted from the originally-optimized posi-

tion. Fig. I shows the results for a test of this auto-

steenng system. Beam deviation upstream was

simulated by adjusting the bending angle in the PHBI

magnet, which switches the beam pulse from the main

ring injection line to the BSF beam line. PR-5 and

PR-7 are the profile monitors which correspond to the

pair of steering magnets. PR- 12 and PR- 13 are those

nearest to the meson production target. The recovery

times for the beam positions and the surface muon

production rate are less than ten minutes, as is seen

from the figure.
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(a)

Hg. 2. Cominrisoa of At bous profile sigaals.

(a) 30 \lm tmagstea wire.

(b)

(b) a pair oT SO ^ln PreampUfier is placed 60 m away from the mooilor bead.

Preamplifiers which are placed close to the profile

monitor heads are easily damaged by the radiation

along the beam line and their maintenance is really te-

dious, work. Each mesh of 30 ^m tungsten wires on

the monitor head was replaced by a pair of 50 nm
tungsten wires to increase the S/N ratio and to thus

enable placement of the preampUfier far away from a

beam line. Fig. 2 shows a comparison of output sig-

nals from a mesh composed of single wires and that

composed of pairs of tungsten wires. In the latter

case, the preamplifier is placed in a cable pit 60 ra

away from the monitor head. The beam profile can be

clearly seen, even though the beam shape is a broad

peak. Study to replace the tungsten wires by wider

and thinner strips is now in progress.

NEUTRON SCATTERING
EXPERIMENTAL FACILITY (KENS)

Outline

The pulsed spallation neutron source KENS at

KEK has been successfully operated for three and a

half years, and is now shut-down for TRISTAN tun-

nel construction. The average beam current of 500

MeV protons has been only 1.5 ^A at the neutron-

generating target and the beam time has been very

limited, but many pioneering studies have been suc-

cessfully completed in the field of condensed matter

research with neutron scattering. Figure 3 shows the

recent status of the instrumental installation in the ex-

perimental area at KENS. Twelve instruments were in

operation and open for outside university users, and

three are under construction or development. The to-

tal number of beam tubes is thirteen, including three

cold neutron guiders. therefore, some tubes are used

by two instruments; for example. HRP utilizes the

beam through LAM-40 (see C4 beam line in Fig.3).

First generation spectrometers HIT. LAM-40.

MAX. SAN and TOP have been utilized extensively

for many scientific programs. The results are summa-

rized in the activity report (KENS Report-V).
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KENS NEUTRON SCATTERING FACILITY

Fif. 3. The recent sums of the inslrumeotal installation in the KENS experimental area.

HI -^ 119 : thermal and epithermal neatroo beam boles.

CI — C4 : cold neutron beam hole and gulders.

HI : Single crysUl difTractometer (FOX).

H2 : Thermal neutron small angle instrument (WIT), under con-

struction.

H3 : liquid and amorphous spectrometer (HIT).

H4 : Medium resolution powder difTractometer (MRP).

H5 : MuJti-anaiyzer crystal spectrometer (MAX).

H6 : MolccnUr spectrometer (LAM-D).

H7 : eV-spectrometer (RAT). Crystal spectrometer for high energy

incoherent scattering (CAT).

H8 : Polarized epithermal neutron spectrometer (PEN).

CI : Small angle instrument (SAN).

C2 : High resolution quasi-elastic spectrometer (LAM-80).
Spin echo peV spectrometer prototype (peV), under c<

struction. Ultra cold neutron generator test machine (UCN).
CJ : Polarized cold neutron spectrometer (TOP).
C4 : Medium resolution quasi-elastic spectrometer (LAM-40).
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Figure's 4 and 5 show the distribution of the beam

time in FY 1983 in various fields and for each spec-

trometer.

The KENS-I' project, which aims to realize 10 times

higher neutron intensity by improving the existing ac-

celerator and the neutron generating target, is now in

progress.

day

bea* tiae

150
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Status of New Spectrometers

A pulsed spallation neutron source with an

eV-spectrometer can enlarge the expenmentally-acccs-

sible range of momentum transfer. Q, by a factor of

more than 10. and it became possible to determine the

momentum distribution of scattering particles by me-
ans of neutron scattering at very high Q ( < 100 A" ').

One of the most exciting experiments of this kind is

the determination of the fraction of atoms in the

quantum-mechanical ground state (Bose-condensate).

and a first neutron scattering experiment at very high

(~ 150 A') from superfluid He-II has been per-

formed using the eV spectrometer RAT at KENS,
which IS based on the resonance detector. The results

are shown in Fig. 6. A distinct difference can be seen

between the two spectra for He-I and He-II. From the

difference, a Bose condensate fraction of about 35 %
was determined, which is about three times larger

than the reported values determined from measure-

ments at modest Q ( < 1 5 A '
'
).

Fig. 4. The distribution of the beam time and number of usen in FY
1983 in varions fields. B:biology. Porpolymer, Lrliquids & dis-

ordered solids, Mrmagnetic stmctore & excitations, Cicrystal

stToctnre & lattice dynamics, l%:phase tramitioRS. and

I:

^Biology. S Polyaer, D Liquids &disorder-

ed solids, @ Magnetic structure& excita-
tions ,0]| Crystal structure & lattice dynaaics,

^Phase transitions, and HI Instruaentat ion

T =
l 2K ;
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Construction of the high resolution quasielastic

spectrometer. LAM-80, was completed in October

1983. Energy resolution of this instrument is about 10

|ieV, with resonably high counting rates. This is a hi-

ghest resolution achieved by a pulsed neutron source.

The instrument is of an inverted-geometry type, which

is installed at the end of the extended C2 guide tube,

about 30 meters from the 20 K grooved soUd methane

moderator. Scattered neutrons at a fixed energy are

detected by a quasi-spherically curved analyzer mirror

consisting of 72 pieces of pyrolitic graphite (LAM

type) at quasi-back reflection angle (9^ ~ 80'). The

instrument has four movable analyzer-detector arms

which can cover the range of momentum transfer 0. 1

5

Qcr;]®
CUTTER

3AM?l£ -/^

couNTsa^

Fig. 7. High resolution quasi-«la$tic speciromefer f LAM-80).

- 1.7 A '. Figure 7 shows a photograph of LAM-80

with its schematic diagram.

A neV spectrometer prototype is under develop-

ment, intended to realize an energy resolution better

than I neV by a modified spin-echo method using

pulsed cold neutrons.

Two powder diffractometers. HRP and MRP. have

been constructed. HRP is a high resolution instrument

and Ad/d ~ 0.2 % has been attained by utilizing nar-

row pulses of thermal and epithermal neutrons from

the 20 K solid methane moderator incorporated with

a 20 m long flight path and backward counters at

about 29 = 170°. Figure 8 illustrates part of a meas-

ured time-of-flight diffraction pattern from an AN O,

sample at room temperature, with a preliminary Riet-

veld refinement. MRP is a conventional instrument

with medium resolution installed at beam hole H4

which views the room temperature moderator.

Considerable progress has been achieved in a polar-

ized epithermal neutron spectrometer. PEN. The po-

larizer is a dynamically polarized proton filter

(ethylene glycol containing few percent of Cr' com-

plex). Proton polanzation of about 85 % was

achieved with a bead type filter which was directly

cooled by liquid ^He down to 0.5 K. As a neutron po-

larizer, a slit-type filter was tested, but the proton po-

larization was only 65 %. A large size filter of bead

type, bathed in liquid ''He which is cooled to 0.5 K. by

liquid 'He. has been constructed for a neutron polar-

izer. The new filter turned out to realize higher pro-

ton polarization, i.e., higher neutron transmission.

Figure 9 shows a photograph of the PEN.

The construction of an ultra-cold neutron (UCN)

generator prototype (Fig. 10) was completed. A su-

perthermal UCN converter (Mark-280) was cooled

down to 0.55 K in February 1984 (KEK Report 84-2).

The device was designed to provide data for the plan-

ning of a larger converter (Mark-3000).
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MESON SCIENCE LABORATORY

Introduction

The highlight of early FY 1983 was the organiza-

tion of the Yamada Conference on Muon Spin Rota-

tion and Associated Problems (nSR 83 for short),

which was held at Shimoda from April 18 to 22. The

conference was sponsored by the Yamada Science

Foundation. The city of Shimoda is the historic site

where the first American consulate was established

more than a century ago, forming a "bridge" between

Japan and the West. This nSR conference, like its pre-

decessores (iSRl (Rorschach, 1978) and tiSR2 (Van-

couver, 1980), was intended to establish a similar

"bridge" between the dissimilar scientific cultures of

particle/nuclear physics and materials sciences, like

chemistry and condensed matter physics.

In this |iSR 83 conference, there were 43 Japanese

participants and 74 foreign participants from 12 other

countries (see Fig. 11). In total. 134 papers were pre-

sented dunng the conference. The main subjects were

(a) local magnetic fields and fluctuations at the interst-

itial ji* in magnetic materials, (b) quantum diffusion

and impunty-mediated trapping of n* in metals, (c)

muonium formation and behavior in semiconductors

and insulators, (d) chemistry of muonium in gas and

liquid phases, (e) hyperfine structure of muonic atoms,

and (0 electroweak interactions, etc. The conference

proceedings have already been published by J.C. Balt-

zer AG., Basel.

As for the activities at the BOOM (Booster Meson)

facility at BSF of KEK. we have enjoyed 1,300 h of

BSF beam time during FY 1983. New progress has

Fig. II Yanuula Conference pSR 83.
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been marked in the various condensed matter studies

with positive and negative muons.

Facility Development

The major installation which has been carried out

in this period is a construction of a large 37 KG Su-

perconducting Helmholz Coil (SHC) at the |j2 port of

the superconducting muon channel. The final form of

the SHC is shown in Fig. 12. It has a large room-

temperature access space to the central field: 24.5 cm
longitudinal bore all the way along the field axis plus

a transversal gap of 10 cm width and 90 cm height. In

order to support the two coils agajnst a huge attrac-

tive force, a special yoke-bobin structure was de-

signed. The construction was started in October 1983

The replacement of SLC (Superconducting Longitudi-

nal Coil set-up) with SHC was undertaken in Decem-

ber 1983. The testing of the SHC followed and a

nominal field of 37 kG was achieved in January 1984.

There are two important features in the functions

of SHC: a) decay e — from n — stopped inside the tar-

get, located at the center of SHC, is completely

confined inside the open bore of SHC. where an addi-

tional access space is available in the transverse gap

for the X-ray or neutron detectors; b) an r.f. cavity

with beam window can be installed in the transverse

gap. providing a capability of 500 MHz n -spin reso-

nance under a 37 kG longitudinal field.

Several new and important experiments will be

made possible by using this SHC set-up. Concerning

the above-mentioned feature a), the muonic X-ray

from pulsed n" stopped in carbon was successfully

observed with a Si(Li) detector in a geometry of the

decay e" confinement. The rare photon or neutron

events from muonic atoms will be measured. As for

the feature b). 16 channel ne decay telescopes were in-

stalled in both forward and backward directions to

detect decay e ±in the digital method. The 500 MHz
resonance cavity as well as 10 kW pulsed rf sources

are in preparation for n' chemical shift measure-

ments.

Several other technical developments have been

performed for other parts of the BOOM experiment:

a) Muon spin resonance experiments were applied to

the target at various temperatures from 4 K to 400 K
with the help of a specially designed cryostat and
oven; b) on-line data taking methods have been used

for the spin resonance and decoupling measurements;

c) New counter systems for \k and nSR measurements

were developed by using a complex of MWPC's.
The present layout of the expenmental hall is

shown in Fig. 13. During the long shut-down of the

whole BSF facility, expected in the coming FY 1984,

the following major modifications will be carried out;

reifai raoLiTT

Fig, 12. Superconducting Helmholz Coil set-up (SHC).

Fig. 13. The layout of experimenul hail of the Meson .Science Ubo-

ralory (March 1984).
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a I installation of a new surface )i' channel at a take-

<iir angle whjch is further backward from the existing

pion channel, b) in order to obtain slow ji , the whole

heam line of the superconducting muon channel will

be connected in common vacuum from the production

target to the experimental target, except for two thin

foils at the superconducting solenoid, c) with expecta-

tions for 10 nA operation after Fall 1985, the heavy

concrete radiation shields near to the primary line will

be replaced with iron plates.

Experimental Program

The list of experiments which have received beam
time during FY 1983 is shown in Table 3. A short de-

scription is given here for the achievements of each

active experiment.

1. Condensed Matter Studies with Pulsed n* SR
la) Zero-field Vl* SR Studies of ^* Quantum Dif-

fusion- in Cu at Very Low Temperature (M22)
The ZF (iSR experiments on ji* in Cu have

been extended to further lower temperature,

down to 69 mK. As shown in Fig. 14. the )i'

hopping takes a temperature dependence of

T"°* in the temperature range from 15 K down
to 0.5 K, from where a clear level-off behavior is

also seen. These low temperature data are clearly

demonstrating a new type of coherent n
*

dif-

fusion, which was very recently explained by the

two theoretical papers by J. Kondo and K. Ya-

mada in the light of basic mechanisms for the

muon-electron interactions in metals,

lb) Observation of Fine Structures in ZF-Reh.xaiion

Function for n' in Cu i M22)
With high statistics measurements on the lon-

gitudinal relaxation function under zero-field for

H' in Cu at 15 K. we have seen a clear oscillat-

ing behavior in the one-third recovery part, as

shown in Fig. 15. The behavior was consistently

explained by Holzschuh and Mair's theory

which emphasizes the importance of the non-

Gaussian distribution of the nuclear dipolar

fields at the n" site.

TIma l/isecl

a. 10
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Table 3. List of active expcrimenis

(April 1983 - March 1984)

EXP. Title
.

^"^ "*'"»« **^»

Number : New Proposal m2 m2
(BWD) (FWD)

M-l Construction of pulsed muon channel and beam tuning experiments

Primary Beam Tuning 11.2

Slow |i Test 35

SHC Tuning 7

n2 Tuning 166

MWPC Tuning 23

M-2 Construction of pulsed pion channel and beam tuning experiments

Surface m *
. Mu Tuning 320

M-3 Developments of ;iSR methods using pulsed muons

REAL. CMN Test 21.6

Gap Test 12

Polyacciylcnc Test 79.2 28

CoTi, etc Test 42

M-7 Knight shift measurements of /t~ >n C^K and Cj^K

M* Decoupling C,K. CmK 33.6 139

M-8 Muonium in hydrocarbons

M* and Mu in CSj, C,H,. etc. 129

M-IO Measurement of average polarization of "B in /i' capture reaction on 'K:

ft~ in "C contribution Test 21.6

M-l 1 Studies of lattice defects and phase transition by positive muons

fi* in AtMg. amorphous NiSiB 48

M-I2 HypcrHnc effect in light muonic atoms

hf conv. in 'K: and '«N 106

M-16 Negative muon spin repolarization

;i
~ Bi Tuning 26

M-20 Spin fluctuation in weak iiincranl

ZF MnSi, Double Resonance 66

M-22 Quantum diffusion of ^ ' in Cu
Z? ti* SR inCu. etc. 57 40

M-24 Studies on pulsed muon and muonium resonance

Polyacetylcnc resonance-hunt 11 98

M-25 M*SR studies on valence fluctuating systems

fL* in Sm,Se, 51

M-26 Chemical analysis by atomic fi' capture

ft' capture in organic compounds 153

M-27 It' trapping by extended defects in metals

n' in irradiated Al, etc. 119

M-28 Pulsed laser resonance sectroscopy

MU ^ NO, 38

M-29 n*SR studies on magnetism with competing ordering

fi* in Fe,CO,.xTiO, 281

M-32 fiSR studies of amorphous rare earth magnets

n
* relaxation in DyAg '"

M-33 Decoupling and resonance studies on polyacetylene and other materials

>i* in CIS. irans- {CHK and (CD), 218 20

M-34 Muonium resonance spectroscopy in gases and powder surfaces

Diamagnetic-/i * in alkali halides
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/I* IN c/s -(CH), 293K
fi* IN trans -iCH), 293

K

TIME l^sl

RADICAL CBE«TE0 e» jj.*
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Fig. 16. Relaxitioii fmictjon of |i
^ in c»- niti tram- (CH)^ observed al room Irmperalure for various applied longitudinal magoelic field. The pro-

posed pictures for tile muonium states in tbese two isomers are also shown.

10 G (130 kHz) at 293 K. This is quantitatively

explained as one-dimensional motion of the

muon-induced soliton.

Id) Muon Spin resonance Probing \i* States after

Muonium Reaction in Alkali Halides (M34)

The state of positive muons in typical alkaline

halides (NaCl, KCl and KI) were probed by the

pulsed muon spin rf resonance method with the

pulsed muon beam. Under an 0.3 T decoupling

field, which recovers n* spin polarization, a con-

siderable fraction of the injected muons has been

found as ji ' in diamagnetic species, which in-

creases with an activation-type temperature de-

pendence, as shown in Fig. 17. The origin of

these fractions, after combining experimental re-

sults of asymmetry increase pattern versus longi-

tudinal field, can be attnbuted to the products of

muonium reaction in the solid. The results are

revealing important chemical reactions of muo-

^* IN ALKALI HALIDES
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mum undertaken with the mobile paramagnetic

species produced by the injected n^ itself.

^ ' SR Studies on Spin Dynamics in a Mixed An-

liferromagnet with Competing Magnetic Aniso-

tropics Fcx Co^^x TiOj(M29)

The positive muon spin relaxation method

was applied to probe the spin dynamics in the

frustratmg magnetic systems with competing

magnetic anisotropics Fcq ^Coo 4X103, with refer-

ence to FeTi03 and CoTiO,. Below 7^, small

but significant enhancement was observed in the

relaxation rate for Feo6 C004 TiOj, which is ex-

plained by a correlation time i^ of the frustrat-

ing spins in the range of 10 ** -10* s,

consistent with the result (i^ is longer than 10"'

s) observed by Mossbauer studies. In addition,

remarkable spin dynamics was observed in both

FeTiOs and CoTi03 below Tn, which might be

explained by the n* spin relaxation due to the

influence of the spin wave excitations, etc.

2. Negative Muon Studies

2a) Anomalous Hyperfine Conversion Phenomena Ob-

serbed in \i.' '^C and ]x' '"A' Atoms f M12)

A pulsed beam of polarized negative muons

was stopped in enriched '^C powder at room

temperature and in liquid nitrogen ( '''N) at 77

K.. Transverse magnetic fields were used to pre-

cess the upper hyperfine state (F') of |i~ '^C

and ji" ''N. The slow de(>olarization rates in the

muon spin rotation pattern were observed in

both cases: 0.026 (12) (is ' for ]i ''C and

0.092 (33) jis"' for n '"N. The results for both

li'^C and n" '*N do not agree with the pre-

dicted hyperfine transition rate from F* and

F~, suggesting either an anomalously enhanced

hyperfine transition or an anomalously large dif-

ference in nuclear muon capture rates between

F* to F~ states. Probably, molecular excitation

in both the graphite network and the hquid Nj

may contribute to enhance the hyperfine transi-

tion rates.

MEDICAL RESEARCH IN THE PARTICLE
RADIATION MEDICAL SCIENCE CENTER

Investigations at the Particle Radiation Medical

Science Center of the University of Tsukuba showed

remarkable progress in 1983 with clinical application

of proton beams produced by the booster synchrotron

in KEK. The clinical study has started after a three

year preparation of facilities and techniques, and has

yielded many successes. Details of the research activ-

ities are described in this report.

Clinical application of proton beam
irradiation

Proton beam therapy has started at the Particle

Radiation Medical Science Center (PARMS) of the

University of the Tsukuba with cooperation from the

National Laboratory for High Energy Physics in

Apnl. 1983. The energy of the proton beam was ad-

justed down from 500 MeV to 250 MeV for medical

use and the beam was supplied for four hours every

day for use by the multifraction daily irradiation

method. Cancer lesions in 24 cases were irradiated

through a single fixed field using a bolus designed for

each individual case. The treatment for 22 cases out

of those was performed on schedule.

Clinical results of the cases are as follows:

1. Cancer lesions of the skin in 4 cases responded

well to the proton beam irradiation and melted

away. There were no clinical evidences of recur-

rence and no definite tissue damages due to the

irradiation 12 months after completion of the

treatment (see figures in the cover page of this

chapter).

2. Two tongue cancer cases showed disappearance
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of the lesions and no evidences of local recur-

rences were detected on a clinical basis 6 months

later (see figures in the cover page of this chap-

ter).

Three cases with a tumor lesion in the H & N
region also showed remarkable improvement

with no clinical signs of residual disease three

months after completion of the irradiation.

One case with carcinoma of the uterine cervix in

a clinical stage Ulb had proton beam irradiation

to the primary lesion and Co-60 y ray treatment

to the intrapelvic lymphnode chains. She is do-

ing well, without any evidence of disease six

months later. These clinical results and tumor

responses on the proton beam irradiation seemed

to be similar to the conventional Co-60 y ray Ir-

radiation. Therefore, it was noted that the pro-

ton beams could be used in cancer therapy for

radical purposes, using cUnical experience in

conventional radiation therapy.

Two cases with hepatoma, one case with retro-

peritoneal tumor, nine cases of brain tumors,

also underwent the treatment in the past series.

All of the cases are doing well to date, except

one brain case which did not show sufficient im-

provement of symptoms and was reoperated af-

ter the proton beam treatment. They are to be

followed on an out patient basis. In view of the

clinical successes, the proton beam treatment is

to be continued and more cancer cases in wider

ranges, especially for cancers in deep-seated or-

gans, including lung, stomach, rectum etc.. will

be treated as the candidates of this study.

Fig. 18. Depth dose distribution for the proton beam of 250 MeV ini-

tial energy and for those degraded by the oil bath with 3 cm
steps of oil thickness; density of oil being 1.05.

a scatterer and ring collimator assembly. The scat-

terer thickness will be reduced to meet the dose rate

requirement for the case of smaller field irradiation. A

semiempirical study was needed to determine the opti-

mum geometry and position for setting this assembly.

A treatment planning system based on X-ray CT

has been developed with the aid of a VAX 11/750

computer with a graphic display. CT images are ob-

tained with a CE-CT scanner at the Tsukuba Univer-

sity Hospital and transfered to PARMS by magnetic

tape. The treatment planning for 10 slices can be

achieved in about 2 hours, including data outputs for

the bolus fabrication.

Proton Beam Line

Newly designed beam control and treatment

planning system

A newly designed fine degrader has been installed

in the vertical proton beam. Proton energy is de-

graded by passing through an oil bath at the central

concavity, with a variable thickness for the beam in-

let. The proton beam range in water can be remotely

controlled within + 0.5 mm with this fine degrader.

which has not practically affected the shape of (he

Bragg peak. The moving velocity of the concavity

part is quick enough to vary the full range within a

few seconds after remote presetting (Fig. 18).

A large uniform field has been formed by the use of

In the 1983 fiscal year, the proton beam line was

of)erated for a total of 416 hours in full beam mode

and 772 hours in the parasitic mode. About 90 per-

cent of the full beam time was dedicated for proton

radiotherapy and others for biological experiments

and R and D for the proton CT. The total down time

due to the trouble in the beam line was less than a

few hours and the beam line operated very well. In or-

der to use the booster beam efficiently, beam sharing

with the meson or neutron facility was introduced at

the time of proton radiotherapy. Data from the SEC

profile monitors can be read into a computer through

a CAMAC interface. Interlock release boxes for the

shield doors were installed at the front of the two pro-
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um irradiation rooms, to make it possible for the

medical doctor to enter into the radiotherapy room as

soon as possible at the time of an emergency with the

patient. Safety is guaranteed by stopping the beam

and by switching ofT the first beam line magnet when

the interlock release button is pushed.

Proton Computed Tomography

Equipments for proton computed tomography were

constructed and installed in the horizontal irradiation

room (see Fig. 19). The equipment includes a mechan-

ical chopper with rotating chair, three spectrometer

magnets with vacuum chambers and the position de-

tector at the image plane of the spectrometer. The me-

chanical chopper is a beam scanning device to

generate and scan about twenty pencil beams colli-

mated from the broad and parallel beam and to cut

the scattered beam in the object. It consists of two

sets of pairs of slits, one of which defines the sliced

beam and the other produces the multi-pencil beam

from the sliced beam. These slits are driven by a servo

system, using high-pressure oil, to scan the multi-pen-

Fig. 19. Equipmcot for the proton CT.

cil beam. The precision of the position was found to

be less than 50 microns, which met our requirement.

The magnetic spectrometer is of the QDQ double-

image type and was tuned with the proton beam. First

we determined the absolute value of the average en-

ergy of the proton beam with a dE/dx counter plus an

aluminum degrader of variable thickness. Using the

beam, the beam optics of the spectrometer was tuned

with an image detector (X-ray film) near the focus

point of the spectrometer. The spectrometer was

found to resolve at least dp/p = 0.12 %, which corre-

sponded to the integrated CT number of 3. A sche-

matic diagram of a unit of the detector for the center

of gravity of the multi-pencil beam is shown in Fig.

20. It is an array of plastic scintillator of size (430 mm
X 10 mm X 2 mm) combined with a filter on the top,

the transmission ratio of which varies linearly with co-

ordinate in the direction of momentum dispersion.

Two photomutipliers viewed the scintillator from ei-

ther side, to monitor the intensity of the beam pulse.

Another photomultiplier viewed through a light fiber

the scintillation light transmitted through the linear

filter placed at the top of the scintillator. The filter

output (V). divided by the sum of the beam intensity

monitors (A + B) was considered as a signal indicating

the center of gravity of the beam. The performance of

the detector was examined with beam and was found

to have some difficulties in normalization and in pre-

cision.

'•/)(l(x)[t(//](R)^ *- Cantar of Gk»dty of Distribution l(x)

Li^itFibar

Photomultlpliarj

(NDvmalization)

SekitUtator ^^^
I(«)

Fig. 20. Schematic diagram of a unit of the position detector.

The signal from the position detector was con-

verted using ADC's and read into the memory of a

microcomputer. Microhandler. The Microhandler has

a 16-channel digital I/O port. 32-channel 12 bit ana-

log-to-digital converter, and a pulse motor controller.

113
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It controls all of the CT device, takes CT data, and

sends the data to a host computer. VAX- 11/750 by

commands sent from a host computer through

RS-232C. We developed a data acqusition program

for the proton CT. The program resides in two parts:

the one resides in the host computer, the other in th?

microcomputer. The host computer is always master

and the microcomputer is always the slave. The digital

I/O port was used to monitor the status of the me-

chanical chopper, beam ON/OFF and the moving ta-

ble of the detector and to control the mechanical

chopper and the beam interlock etc. We prepared a

set of commands in the Microhandler so that control

of the Microhandler can be made from the host com-

puter. By sending these command strings from the

master to the slave, we control all the devices related

to the proton CT and take data. This program was

found to work well in a lest run.

A data analysis and display program was developed

to extract the integrated electron density along the

beam path from the raw data , to reconstruct the im-

age from the collection of the projection data and to

display the reconstructed image on the image display.

The operator interactively sets the window level and

width with a trackball.

As a whole, all the element of the proton CT, ex-

cept the detector of the center of gravity of the beam,

were found to work well. We will concentrate our ef-

forts on improving the performance of the position

detector.

FUTURE PROGRAM OF BSF

Design studies on a proton synchrotron GEMINI

for use as an intense pulsed neutron and meson source

is in progress. In addition to a more detailed design of

each accelerator component, R & D for some techiu-

cal problems is under way;

1) Production of prototype permanent quadrupole

magnets for the drift tube of the injector linac.

2) Design of a chopper for the preinjector beam for

minimizing the injection beam loss in the syn-

chrotron.

3) Model tests on the dual resonant-frequency

mode operation of the synchrotron magnet for

reducing the RF accelerating voltage.

4) Development of a stranded cable with a water-

cooHng pipe for a rapid-cycling synchrotron

magnet coil.

5) Construction of a model of the power amplifier

system for the RF acceleration, etc.

And also, experiments such as the test of beam bunch

shortening, which is very important to the pulsed nSR

expenments, were carried out by practical use of the

existing accelerator and experimental facilities.

On the other hand, the advisory committee for the

BSF future program has discussed the financial scale

of the new project, the layout of the facility, the lo-

cation of the facility in the KEK site, the construction

time schedule, the possible future extension of the ac-

celerator GEMINI, etc. The conclusions of the dis-

cussion were reported to the committee for Booster

Synchrotron Utilization Facility after being presented

and discussed at the third meeting of the BSF future

program held on March 1984.

Fig. 21 shows the proposed layout of the new facil-

ity.
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GEMINI

eOOMeV Synchrotron

to the 2nd Accelerotor

for Future Extension

Neutron Scattering Exp HoH

Fig. 21. Proposed layoot of a new intense poised oeutroo and meson source.
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Photon Factory

A i/iew o/ ihe nevilY conslrucled beam lines BL 1 and 2 m the Photon factory exoenmental hati
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The Photon Faclory ran steadily throughout FY 1983 and provided abundant photons, from ultraviolet through hard

X-ravs. for users from universities, research laboratories and industries. They enjoyed stable operation of the light

source for most of the beam-time, and a lot of excitement in scientific achievement was experienced, thus making peo-

ple more and more convinced that the capabilities of synchrotron radiation research are really remarkable.

The entire facility has been opened to qualified users since the beginning of FY 1983, and by the end March 84, 103

proposals have been accepted for use of beam-time. Beam-time assigned to private industries was 686 station-hours for

21 proposals, which corresponds to 3% of the totally available time.

The linear accelerator, serving as the injector of the Photon Factory light source, ran perfectly, without any inter-

ruption or any appreciable beam losses, at 2.5 GeV, 50 mA, with one pulse per second.

The linac has also been supplying electron beams to the newly completed 6 GeV Accumulator Ring of TRISTAN

since October 83. and a positron injector for TRISTAN is under construction.

The storage ring, the 2.5 GeV light source, ran 2047 hours, or 157 ampere-hours in FY 83, of which about two

thirds was made open to users. The rest of the lime was spent for tune-up of the machine and for accelerator studies.

During that period we have been able to overcome quite a number of different types of instabilities, and as a conse-

quence we achieved a great improvement both in lifetime and in the position stability of the beam. Nevertheless, the sto-

rage ring is not yet completely free from instabilities, so that continued efforts in this respect are required.

The most significant developments in this fiscal year were the successful commissioning of the superconducting verti-

cal wiggler and of a 120-pole permanent magnet undulator. Preliminary but exciting experiments on angiography of liv-

ing specimens and topography of GaAs crystals were performed at the wiggler line (BL-14), and angle-resolved

inner-shell photoionization studies of atoms and molecules, and determination of the electron neutrino mass were under-

taken using soft X-rays from the undulator. All these experiments demonstrated fantastic extension in the technical fea-

sibility associated with these insertion devices.

Scientific achievements obtained since the first beam-time in June 1982 were summarized in our first publication, the

Photon Factory Activity Report 82/83. published in March 1984 and the first annual users' meeting was held in Novem-

ber 1983. Photon Factory News, a regular communication journal intended for prompt correspondence between the in-

house staff and users is being published since.June 83.

Developments in collaboration between the Photon Factory and private industry research institutions have been a

significant feature in FY 83. NTT (Nippon Telegram and Telephone Public Corporation) beam line (BL-1) has been

completed so that studies on soft X-ray lithography and associated research activities were started. Four other collabo-

rational research programs have also been contracted between KEK and five companies.
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INJECTOR LINAC DEPARTMENT

Operation of the 2.5 GeV injector electron linac

has continued without any serious trouble during FY
1983. Injection of the 2.5 GeV electron beam into the

TRISTAN Accumulation Ring was started in October

1983. Total operation time of the linac during FY
1983 was over 2,100 hours.

The PF ring has been operated in a multi-bunch

mode since its initial operation. Consequently, for the

PF ring injection the beam pulse is wide in the micro-

second range. However in the TRISTAN Accumu-

lation Ring single-bunch mode operation is normal.

For injection it requires a very short ( < 2 ns) beam

synchronized with the ring rf Also the short pulse

beam is occasionally required for testing the single

bunch mode operation of the PF ring. To provide

long and/or short pulse beams for both rings a special

injection system was developed.

Since PF injection requires only several minutes

and lifetime of the stored beam has been increased to

more than 10 hours, PF injection is normally done ev-

ery 8 hours. During the remaining time between PF

injections, the linac beam is used for the TRISTAN
Accumulation Ring.

Although the routine operation of the PF ring is

multi-bunch mode, if the stored beam fills up all of

the rf buckets (312 buckets) it can cause an instabihty

due to ion-trapping. To reduce the instability, a

partial-fill-mode (filling 2/3 of the buckets) operation

is often effective. For such an operation, synchronized

injection is also important.

The linac beam is stable. However, the beam is in-

terrupted for a few minutes whenever a fault in the

high power klystrons takes place. As a result of ad-

vancements and improvements in the klystrons, the

fault rate was reduced to about 30 % compared with

FY 1982.

The tunnel and klystron gallery for the (>ositron

generator were completed by the end of FY 1982. Six

klystron modulators, a gun modulator, about half of

the accelerator guides and other components were

procured, and their installation and assembling are

started at the begmnmg of FY 1984.

PF Linac Developments

1. Accelerator guides

All of the 40 acceleration units have been operated

without any serious trouble during FY 1983. The total

operation time of ion pumps exceeds 25,(X)0 hours.

Recently, the evacuation ability of the small ion

pumps (50 t/s) becomes poor gradually.

A trial fabrication of 4 m long accelerator guide

was performed. The guide was made by joining two 2

en long electroplated accelerator guides in series. This

long guide was installed into the acceleration unit 5 -

7 (the 7th of sector 5) of the linac, and the test has

been continued since October 1983. The result of the

test is satisfactory.

Improvement was made in the structure of SiC

dimimy loads so as to cool the SiC by pure water di-

rectly (shown in Fig. 1). Four sets of the improved

dummy loads were mounted in the acceleration unit 5

- 6 and were tested. Up to the present, no trouble has

been found.

Fig. 1. Improved diuniny load. The SiC rf al»orber b cooled directly

by pure water.

In January 1984. a beam slit was installed into an

energy analyzer system located in the beam switch

yard to improve the resolution of analyzer. This new

system enabled accurate measurements of character-

istics of the accelerated beam, such as relation be-

tween energy and pulse duration (Fig. 2).

119
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Fig. 3. Block diagram of ttie rf pliasiog system.

Fig. 2. Time variatioo of beam energy spectra within a pulse.

2. Microwave source

In FY 1983 the rf system on the whole has been

run stably with the total operation time of 2,500 h (in-

cluding high power processing of main klystrons and

accelerator guides).

The rf drive system has operated satisfactorily ex-

cept a few troubles. A main-booster klystron and a

sub-booster klystron were replaced because of failure

for the former and instability for the latter. Five rf

phasmg units which adjust the klystron rf phases to

the beam bunchs have been developed. Figure 3 shows

its block diagram.

The major problem of the rf system is the high

power klystron failure. In FY 1983, 11 klystrons were

replaced by new ones. Main cause of these failures are

due to internal arcing in the electron gun region. In-

tense improvements of the klystrons have been done

and mean ages of the klystrons are increasing re-

cently. Table 1 shows the mean age and MTBF
(Mean Time between Failures) of the klystrons during

FY 1983 and the cumulative.

The average fault rate of the modulators due to

klystron arcing was decreased to about 1.37 times

/day/klystron, which corresponds to one time /0.43 h

for the 41 klystrons.

3. Control

In May 1983 an rf synchronizing trigger system

was built for partially filled multi-bunch mode opera-

tion of the Photon Factory (PF) storage ring and for

single bunch operation of the TRISTAN Accumu-

lation Ring (AR). A master trigger pulse generated by

dividing a 476 MHz signal from a master oscillator is

synchronized with the accelerating frequency of the

PF ring (500 MHz) or that of AR (508 MHz), and is

transmitted to a gun trigger system and five sub-trig-

ger delay units for klystron pulse modulators. The sys-
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tem block diagram is shown in Fig. 4.
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Fig. 4. Block dilgram of the trigger system. A trigger puke is syn-

clironized with the cceleration frequency 500 MHz for the PF
ring or 508 MHz for the AR.

Prior to the start of injection into the AR in Octo-

ber 1983, a beam interlock and switching system was

installed for unified handling of the safety interlock

and beam request signals from the PF ring and AR.

Figure 5 shows a display panel for this system.

Fig. 5. Display panel of the beam interlock and switching system.

At the beginning of FY 1983, two sets of low-cost

personal computers were introduced into the main

operator's console to display detailed status of klys-

tron modulators and beam transport system. A klys-

tron status picture can be changed into other pictures

by a transparent touch panel mounted on a 20' color

CRT. A light-pen is temporarily used for status dis-

play of the beam transport system.

At the end of FY 1983, the display panel for the

safety interlock system in the main control room was

replaced with a new one which was designed to cover

both the PF injector linac and the positron generator

under construction.

4. Injector

A short pulse grid pulser for the electron gun and

its trigger pulse transmission imit using optical fiber

cable have been developed to satisfy the requirement

for single bunch operation for both of the TRISTAN

Accumulation Ring and the PF ring. The electron gun

generates electron beam pulses of about two hundred

milliamperes with a duration of 1.5 nanoseconds (Fig.

6). A time jitter less than 30 picoseconds was obtained

with the optical trigger pulse transmission unit which

consists of a photo-transmitter module, a receiver mo-

dule and a 30 m long optical fiber cable.

To provide long and/or short pulse beams for both

of the PF ring and the Accumulation Ring, an easy

and smooth switchover of the beam pulse width is re-

quired. The microsecond grid pulser which has been

used so far, and the new nanosecond grid pulser are

connected to the gun grid in parallel. Therefore ji-sec

and n-sec pulses can easily be selected remotely by

switching the trigger signal.

Since the high voltage gun pulse modulator used so

far was just one modified temporarily from an ordi-

nary klystron modulator, a new modulator for the

gun was constructed and tested at full voltage with

the gun load during this FY.

Beam Characteristics Investigation and

Improvement

Electron beam used for the AR injection has a

pulse width of 1.5 nsec with a peak current of 100 to

150 mA, whereas that for the PF ring has a width of

several hundred nsec with a current of 30 to 40 mA.

The beam energy spread is strongly dependent on the

buncher and prebuncher rf phases, so that this de-

pendence was studied to find out optimum phase val-

ues for both rings. As a result, the parameter of the

121
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linac to be adjusted is the last high power klystron rf

phase only, which corrects the energy difference be-

tween both beams arising inevitably from the differ-

ence in pulse duration. It takes only a few minutes to

tune the linac and to switch over trigger signals to the

gun pulsers (described before).

A current monitor for a short pulse beam has been

developed. This is of a wall-current detection type, in

which a cylindrical solid resister is surrounded by an

annular ferite core and covered by a metal shield. It

has a fast response with an excellent S/N ratio. Figure

6 shows current wave form with this monitor.

BBSS
liir

Bassfaaii—
Fig. 6. Typicml short patac beam at tbe end of the linac.

Another improvement made in beam handling is an

installation of a beam delay circuit in the trigger sys-

tem, it is variable up to 350 nsec in 50 nsec steps, and

enables fine tailoring the shape of partially filled

bunches by varying the delay during the beam in-

jection into the PF ring.

Beam characteristics were investigated under vari-

ous conditions. Energy spread was measured at the

end of the injection system at various beam currents.

The result is shown in Fig. 7. The peak energy de-

creases linearly with the increase of injection current

and the energy spread for low current of less than 100

mA IS about 2%. However, for high current the

spread increases up to 3 ^ 4%. The bunch width for

various injection currents was measured with the re-

sult of I ~ 2° for low currents and 3 ~ 4° for high

currents. This suggests that a space charge effect be-

comes significant above a beam current of hundreds

Fig. 7. Energy spectra for various injectioa currenls in the jojectioo

system.

In general, an energy spectrum of the electron linac

beam is spread due to electrons accelerated in the

transient state which have higher energies than the

electrons in the stationary state. Therefore, if sup-

pression of energy is made for these higher energy

electrons, it can serve to improve the energy spread.

This suppression is made by accelerating those elec-

trons with the rising part of rf pulse. An example is

shown in Fig. 8; it has much narrower spread than

that shown in Fig. 2.

Fig. 8. Time variatioa of energy spectra within the energy compea-

sated beam poise.

Concerning high current acceleration characteristics

the beam blow up expenment has been continued.

Three groups of the blow-up mode frequencies were

found; 3.80 ~ 3.90 GHz. 4.20 ~ 4.25 GHz. and 4 33

^ 4 38 GHz. The latter two are theoretically expected



462

but the fonner is not, and the reason is not clear at

present.

Positron Generator Construction

1. Accelerator guide

The accelerator guide system for the positron gen-

erator consists of 6 acceleration units, each of which is

composed of 2 accelerator guides, rectangular wave-

guides with a hybrid power divider, 3 dummy loads,

vacuum manifolds and supporting stands.

The units 2, 3 and 6 have all the same structure as

shown in Fig. 9. The unit 1 is an injector unit, consist-

ing of a prebuncher, a buncher, a 2 m guide and a 4

m guide. The unit 4 is the first unit for positron accel-

eration, consisting of a 4 m guide surrounded by

strong solenoid coils, and two 2 m guides connected

in series by a waveguide. The unit 5 consists of two 2

m guides similar to unit 4, and a 4 m guide. The units

2, 3 and 6 and the unit 5 were fabricated in this fiscal

year.

Beam focusing system was designed on the basis of

the beam envelope calculation. All of the quadrupole

magnets and their power supplies were fabricated.

These power supplies were already installed into the

racks located in the klystron gallery.

tested with a dummy load in the klystron gallery for

the positron generator (Fig. 10).

Four high power klystrons, 8 pulse transformer as-

semblies and tanks were also delivered.

^
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4. Injector

Basically, the injection system for the positron gen-

erator is almost the same as that of the 2.5 GeV linac.

However, since a much higher electron beam current

was required, the injection system was newly designed.

To accelerate sufficient beam current, a high injection

voltage more than 150 kV and a high current more
than a few amperes are required. A 150 kV pulse mo-
dulator and a high voltage station with a grid pulser

were procured and installed. In addition, a special

bunching system is also required for such a high beam
cuirent; consequently, a new injection system includ-

ing a sub-harmonic buncher, a prebuncher and a

buncher was designed, and the beam tracing was com-

pleted.

COrVTMICATION

Fig. II. Block diagnun of the subcooirol system.

LIGHT SOURCE DEPARTMENT

Storage Ring Operations

In FY 1983 the Storage Ring was operated for 23

weeks; 6 weeks in May to July 1983, 9 weeks in Octo-

ber to December 1983 and 8 weeks in January to

March 1984. In a normal operation week the Storage

Ring starts at 9 o'clock on Tuesday and ends at 9

o'clock on Saturday. During 96 hours operation, 64

hours are dedicated to user's expenments, 24 hours

are used for accelerator study and 8 hours for ma-

chine tuning-up.

The total operatmg time has mcreased year by

year, as Table 2 shows, and the user's time has be-

come beyond two thirds of the total operating time in

FY 1983. It is a remarkable thing that, while the

user's time was just twice of that in FY 1982, the inte-

grated stored current in the user's run which is equiv-

alent to available photons for users was 2.7 times

larger than that in FY 1982. This mainly attributes to

improvement in the beam lifetime and, as a matter of

fact, the beam Ufetime has become longer and longer

as the vacuum pressure has been improved through

this year.



464

Table 2. Opcralion slalislics Table 3. Slalislics of user lime in KV 1983

Fiscal year

Scheduled beam time (hrs)

Alloiied user time (hrs)

Stored current integration (A-hr)

1982

661

1983

2047

1357

57.7 157.0

As illustrated in Fig. 12, the average stored current

has grown up in FY 1983, although the initial stored

current was still hmited to 150 mA because of a ther-

mal reason. At the end of FY 1983, the Ufetime of the

stored beam was 10 hours at 150 mA and 20 hours at

80 mA. Consequently, time interval between injections

became longer, and at the end of FY 1983 the in-

jection took place once every eight hours.

120

F 100
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heen operated in the user's time in parallel with other

beam lines.

The power supplies of the wiggler are composed of

a main power supply and two auxiliary power supplies

connected to two outer coils. The closed orbit during

excitation is corrected by applying appropriate cor-

rection currents on two outer coils, so as to keep the

position of electron orbit unchanged, which is ob-

served by the beam profile monitor. The reproducibil-

ity of the beam position was confirmed by

observations at several experimental stations and has

been turned out to be satisfactory.

Since the betatron frequencies change with the ex-

citing current of the wiggler, they are corrected auto-

matically, by the aid of a control computer, by

changing currents of ring quadrupoles QF and QD. It

has been turned out that the beam lifetime as well as

beam loss during excitation is sensitive to choice of

operating tunes, so that reproducibility of operating

tunes is important in the operation of the wiggler.

This is because higher order resonances become

stronger with excitation and a stable region becomes

small. As a result of suitable correction, the beam life-

time became satisfactory as shown in Fig. 13.
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Fig. 13. Beam lifetime ami ring average pressure during the wigglei

operation.

Liquid helium were supplied by the central cryo-

genic facility of the low temperature group. Helium

were transferred every four hours to the wiggler cryos-

tat through a 12 meters long transfer line from a con-

tainer which was placed in the service area of the

storage ring building. Consumption of liquid helium

is 4 liters per hour, and transfer loss is about 50 % of

2. Single bunch operatian

Single bunch operation is strongly expected by us-

ers who are interested in the experiments such as the

molecular or the nuclear fluorescence experiments. In

the machine physics, the operation in the single bunch

mode is suited to study the properties of the ring im-

pedance.

The Linac produces a short pulse of electron beams

with duration of 1.8 ns. This pulse is precisely syn-

chronized to the storage ring revolution frequency

which IS produced from the RF acceleration frequency

divided by the harmonic number.

In the single bunch operation, injection took place

every second and charging rate was typically 0.03

mA/sec. The maximum stored current was 20 mA,

which was limited by vacuum problem. This is be-

cause induced fields inside gate valves agitated sealing

material (viton) and extraordinary outgassing took

place. The vacuum pressure got worse to untolerable

value at the location of the gate valves above the

beam current of 20 mA.

Figure 14 shows a single bunch signal obtained

from a pick-up electrode for beam position monitor-

ing. We have observed the head-tail instability caused

by the broad band impedance of the vacuum cham-

ber, and the stored current was limited to 1 mA, when

the chromaticity was not corrected. The chromaticity

is the quantity representing the fractional dependence

of the betatron frequency on the beam energy, which

is defined by ^ = Av/(AE/E). The natural chromatic-

ity of the ring is — 5.4 and — 5.0 in the horizontal and

the vertical planes, respectively.

zero or slightly positive values. We have measured

that threshold current of the instability as a function

of chromaticity. As seen in Fig. 15, the threshold of

Chromalicities can be corrected with sextupole

magnets. It has been recognized that the head-tail in-

stability can be cured by correcting chromaticities to

the vertical case is approximately three times lower

than the horizontal one. This can be interpreted by

the difference of the horizontal and vertical impe-

dances arising from the cross sectional shape of the

vacuum chamber.
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Fig. 14. Single bmicli signal obtained form a beam pmition monitor.

Fig. 15. Thrcslwld currents of the head-tail instability, (p) i^y -depend-

ence (4, = 0). (b) ^,-depen4ence (^- - 0).

3. Vacuum and beam lifetime

In spring shutdown of 1981. new controllers for

BA-gauges were developed and installed. Then, data

on vacuum pressure from 48 gauges could be taken by

the aid of a micro-computer, with which a spatial dis-

tribution of the pressure and a time variation of aver-

age pressure as well as the stored current and the

beam lifetime could be read on a visual display termi-

nal.

As shown in Fig. 16. beam-cleaning of vacuum

chambers has progressed with increase in the inte-

grated stored current which is equivalent to the irradi-

ated dose on vacuum chamber wails. Consequently,

the improvement of beam lifetime has been progressed

steadily, as seen in Fig. 17. In these figures, circles re-

present data in the spring run (May to July 1983).

squares in' the autumn run (October to December

1983) and triangles in the winter run (January to

March 1984). Filled triangles correspond to the opera-

tion of the wiggler magnet.

Q> -8

22GeV ?35iv-

DIP full

'Meg PotentialY
on Wire/

Integroted stored current log Ajdt (Ahr)

Fig. 16. Beam cleaning efTecl of tbe ring vacuum chamber.

In the latter half of the winter run, however, the

lifetime was rather deteriorated because of bad vac-

uum condition in RF cavities, which was turned out

to be due to very slow leak from one of the cavities.

In addition, when the vertical wiggler magnet was in

operation, the pressure rose up to 1 x 10"
* Torr lo-

cally, while it was kept below 1 x 10"' Torr in the

other part of the ring. This is because intense X-rays

irradiated absorbers on the top and bottom of the

downstream vacuum chamber, which were virgin sur-

faces to photon irradiations.
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Fig. 20. Dependence of die vertical instability on the vertical betatron

tone and chromaticity.

5. Cure for the instabilities

If the operating temperature of the accelerating

cavities is changed by means of varying the dissi-

pation power in the cavities or the temperature of

cooling water, the resonant frequencies of the higher

order modes of the cavity shift, while the accelerating

mode is tuned correctly by the tuning plunger.

We have observed two coupled bunch instabilities

which are caused by the higher order mode resonances

of the cavity; the longitudinal coupled bunch instabil-

ity by the TMOl l-like mode (758 MHz) and the hori-

zontal coupled bunch instability by the TMlll-Uke

mode (1070 MHz). Frequency dependences of the

threshold current of these instabilities were already in-

vestigated at a standard cavity temperature, which is

given by cooling water temperature of 25°C, and cav-

ity dissipation power of 22 kW in each cavity.

For the vertical wiggler operation, we have to in-

crease the cavity dissipation power by 30 % to insure

a sufficient quantum hfetime. This causes the cavity

temperature rise, which leads to shift of unstable re-

gions. Therefore, we have lowered the cooling water

temperature by 5°C to avoid the unstable region of

the horizontal coupled bunch instability, because this

causes beam loss. At present, however, we still have

the longitudinal coupled bunch oscillation, which

causes no beam loss but accompanies the horizontal

beam size modulation with frequency of about 200

Hz. Present regulation of water temperature has an

error of 1°C. As a result, horizontal beam size

changes in accordance with water temperature, be-

cause the threshold of the longitudinal instability

fluctuates with the cavity temperature. This sometimes

causes decrease of the beam lifetime at the operation

of the vertical wiggler, in which the beam-stay-clear is

narrow horizontally. For cure of the instabilities, we

are planning to construct a new regulation system for

the water temperature and also to insert higher order

mode dampers to the cavities. We already finished

fundamental test of the damping antenna with the low

RF power. For the high power test, two damping an-

tennae were built and test with RF power of 40 kW is

progressing.

6. Beam channel development

In the spring shutdown of FT 1983. the front ends

of four beam Hues (BL-1, BL-2, BL-4 and BL-14)

were installed. BL-1, intended for studies of microli-

thography and photochemical reactions, was con-

structed as a joint work between the Photon Factory

and the Electrical Communication Laboratory, Nip-

pon Telegraph and Telephone Public Corporation.

BL-4 is the third X-ray beam line from a normal

bending magnet. Three double beryllium window as-

semblies with horizontal apertures of 4.5, 6 and 6

mrad are connected at the downstream termination of

the front end. Unlike previously constructed BL-10

and BL-1 5, branch beam shutters as well as the front

end are installed inside the shielding wall, which has

the advantage that a shielding hutch enclosing the

branch beam shutters is unnecessary anymore. In con-

sequence, experimental hutches could be set closer by

a few meters to the shielding wall than in the other

beam lines.

BL-2 is a beam fine for a permanent magnet undu-

lator installed in the long straight section between

bending magnets Bl and B2. This line was designed to

provide highly collimated undulator radiation for a

single experimental station through a differential

pumping section with small slits of I mm in diameter

just outside the shielding wall. BL-14 is a beam line

for a superconducting vertical wiggler installed in the

medium straight section between bending magnets

B13 and B14. A double beryUium window assembly

transmits intense wiggler radiation to experimental

stations. The window area is 16 mm in width and 90

mm in height and each beryllium foil is 0.3 mm in



469

thickness. In order to reduce the large thermal load

produced by wiggler radiation, a 1 mm thick beryl-

lium plate attached to a water cooled copper holder is

placed in front of the window assembly.

INSTRUMENTATION DEPARTMENT

By the end of FY 1982, 15 experimental stations

were made open to general users. These include sta-

tions for spectroscopic studies in the VUV and soft

X-rays, EXAFS, X-ray topography, crystal structure

analyses, small angle X-ray scattering and several

kinds of diffraction studies in the hard X-ray region.

In FY 1983, major efforts were made to: (I) com-

pletion of beam lines and improvements in the exper-

imental stations, and (2) full exploitation of all the

operational stations.

In addition to the above-mentioned 15 stations,

three new stations, which supply only white X-ray

photons (BL-4), were made available in May, 1983.

Performance tests of some newly-built monochroma-

tors were also carried out in FY 1983. These include.

1) a monochromator designed to achieve a very high

resolution in the VUV region (BL-12B), 2) two kinds

of monochromator which cover a wide soft X-ray en-

ergy region, one with a grating (BL-12C) and another

with crystals (BL-I IB), 3) a monochromator to obtain

a point-focused beam with high photon flux (BL-llC),

4) two double crystal monochromators for hard X-

rays (BL-4C and BL14A). They were almost ready for

use by the end of FY 1983.

Successful operation of the vertical wiggler with

high current and reasonable lifetime enabled us to use

intense hard x-ray photons. The wiggler beam line

(BL-14), with three branch stations, was constructed,

and several prehminary experiments, such as X-ray

imaging for diagnosis (X-ray angiography), diffraction

topography of GaAs crystals, and so on, were per-

formed at these stations.

In FY 1983, the Photon Factory Program Advisory

Committee approved 103 proposals from users associ-

ated with universities and national institutes. The

number of registered users in FY 1983 was 704. which

is almost double that of the last fiscal vear, 1356

hours were available in FY 1983 for users' exper-

iments which are reported in the following sections.

Development of Beam Lines and Exper-

imental Stations

I. X-ray beam lines

Installation and alignment of beam line compo-

nents for BL-4 were made in April and May, 1983.

This beam line is divided into three branch-lines, each

Intended initially as white X-ray stations. Approxi-

mately 15 experiments were carried out on these white

beam stations.

A new monochromator was designed and built for

BL-4C by March 1984. This monochromator will

have a bent second crystal which sagittally focuses the

beam horizontally.

Fundamental components of the vertical wiggler

beam line had been installed and aligned by the end

of October, 1983. The X-ray beam from the vertical

wiggler was led into this beam line for the first time in

December, 1983. An X-ray beam having 9 mrad verti-

cal divergence is extracted from this beam line. This

beam line Is divided Into three branch lines.

BL-I4A Is equipped with a double crystal monoch-

romator, followed by a bent cylindrical mirror. This

monochromator has three Independent motions, i.e., a

rotation of the first crystal and a rotation and trans-

lation of the second crystal. These three motions are

synchronously controlled by a computer so that the

monochromatlzed beam position Is kept constant

while the wavelength of the beam Is scanned. The sep-

aration between the Incident beam and the succes-

sively reflected beam is designed to be 45 cm. In order

to have enough space for Installing a four-circle dif-

fractometer in the experimental hutch at the end of

130
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this branch line. The four-circle diffractometer will be

used mainly for protein crystallography.

For BL-14B, a double-crystal monochromator is

being designed. This branch line will be used for pre-

cision diffraction experiments, such as standing-wave

experiments and measurement of magnetic scattering.

BL-14C is used mainly for experiments of topogra-

phy and X-ray angiography.

2. VUV and soft X-ray beam lines

Installation of a 6.65 m off plane Eagle type nor-

mal incidence monochromator (BL-12B) was com-

pleted at the end of FY 1982. This was designed to

achieve the highest possible resolution for the VUV
region (8 eV ~ 30 eV) and is composed of a predis-

persion system and an off-plane Eagle mount main

monochromator. Optical and mechanical adjustments

and several preliminary absorption measurements of

simple gases were performed during FY 1983. Special

care was taken to reduce the vibration and temper-

ature changes during the measurement. After a strug-

gle of adjustments, we obtained almost satisfactory

absorption spectnun of O2 gas. Figure 21 shows the

absorption spectrum of the On Schuman-Runge band

near 1800 A, photographed on an SWR plate. It is

found through this spectrum that the resolving power

is almost 200,000, which is comparable with the high-

est previous value in the world.

., Fi In—
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cration group has carried out preliminary experiments

for X-ray lithography at their own beam line (BL-1)

and proved that synchrotron radiation is a promising

light source for fabricating very large scale integrated

(VLSI) circuits. A typical result is shown in Fig. 22.

Experimental Programs

On already-existing and newly-developed exper-

imental stations, approximately 80 kinds of exper-

iments have been carried out in FY 1983. Most of

these experiments would not have been realized if syn-

chrotron radiation were not available. Only a limited

nimibeT of examples are described here:

1. Dynamic stmctural study of materials

Since synchrotron radiation is very intense, the

time required for data collection can be shortened by

many orders of magnitude, if an appropriate data col-

lecting system is available. This opens up the possibil-

ity of time-resolved or dynamic study of structural or

chemical changes in materials upon some excitation or

stimulation of the sample.

(a) Time-resolved small angle X-ray diffraction exper-

imentsfrom rmiscle

During the contraction of muscle, the periodic

structure of fibers constituting the muscle changes

with time. By observing the time dependence of a

small angle X-ray diffraction pattern from this peri-

odic structure, we can understand the molecular me-

chanism of muscle contraction. Such time-resolved

measurements have been done, to a some extent, with

high brightness rotating-anode X-ray sources.

Recently, in order to obtain a better understanding

of the mechanism of muscle contraction, a more de-

tailed time-resolved study of weaker reflections was

proposed. However, for these weak reflections, time-

resolved observations had been impossible. A group

from Osaka Univ., Teikyo Univ. and the Photon Fac-

tory succeeded in making time-resolved measurement

of such a weak reflection using the Small Angle X-

Ray Scattering instrument on BL-I5A. They observed

meridional reflections from thin filaments of frog mus-

cle, which are one order of magnitude weaker than

those from thick filaments (Fig. 23). This small angle

scattering instrument can of course be used for mate-

rials studies also, and several groups have made stu-

dies of amorphous materials, or metal samples.
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Fig. 23. Time dependefit variatioa of small angle X-ray difTraction pat-

tern (the weak meridional reflection) from a flog-muscic after

a stimulus is given.

(b) Dynamic observation of chemical reactions by X-

ray absorption spectroscopy

In a conventional method of measuring the X-ray

absorption spectrum, each data point is taken succes-

sively in a point-by-point mode by changing the en-

ergy of the X-ray beam. Hence, the data collection

time is usually 20 - 30 minutes, even with synchrotron

radiation. Most has therefore been limited to static

samples. In an energy dispersive mode, where conver-

gent X-ray beams have a one-to-one correspondence

between energy and the converging angle of each

beam, the entire spectnmi can be taken simultane-

ously in less than 0.1 seconds. A group from the Pho-

ton Factory, the Electrotechnical Laboratory, and

Jichi Medical School has recently made dynamic ob-

servation of the reaction of two aqueous solutions

mixed using a stopped-flow method. They mixed sol-

utions of Fe(N03)3 with Na2 S2 O3, and observed the

time-dependent shift of the Fe K absorption edge due

to the transition from Fe''*^ to Fe^*, as shown in Fig.

24. Such a method can be applied to various dynamic

systems.

2. Structural study under high pressure and high tem-

perature

A large group of high pressure physicists con-

structed a diffractometer which is capable of perform-

ing diffraction experiments under high pressure (up to

200 Kbar) and high temperature (up to I500°C), in

132
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X -ray energy

(arbitrary scale)

Fig. 24. Time dependent shift of Fe K absorption edge after mixing

two solutions of Fe (N03)3 and N82 S2 O3 by stopped flow-

method.

Diamond p~6GPa ,
20=20.0'

20
Energy I keVi

Fig. 25. X-ray difTraction profiles in the course of graphite to diamond

transformation. G denotes the peaks of graphite and D de-

notes those of diamond.

to 60,000 atmospheric pressures, then the temperature

was slowly elevated. At about 1450°C, the intensity of

diffraction peaks for graphite suddenly decreased and

new peaks corresponding to the formation of diamond

appeared. It was also found that peaks due to the for-

mation of Fej C were found. Even though this study

is in its early phase, such in-situ observation were

made for the first time.

the energy dispersive mode. Because the sample cell

has to be relatively thick and strong to keep the sam-

ple under such high pressure and high temperature,

the X-ray diffraction experiment has been relatively

difficult owing to the absorption of X-rays by the

sample cell materials. With intense synchrotron radi-

ation, however, such measurements became much eas-

ier, and new categories of experiments have been

started. Approximately 10 subjects were studied using

this high pressure high temperature instrument. An

example is the in-situ observation of the transition

from graphite to diamond, as shown in Fig. 25.

In this experiment, first, the pressure was raised up

3. Detection of impurity atoms of ppb order

X-ray Suorescence analysis has long been used as a

non-destructive method of element analysis. The sen-

sitivity has been relatively, however, compared with

other destructive methods, such as atomic absorption

spectroscopy and neutron activation analysis. How-

ever, with use of synchrotron radiation, several orders

of magnitude improvement has been attained in the

detection limit of the fluorescence method. Now, at

the Photon Factory, a detection limit of ppb order in

a relative scale or several pico grams in an absolute

scale has been attained. In order to obtain such a high

sensitivity, special care was taken to reduce the back-
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ground. The sample is supported on an optically-flat

substrate, by which the external total reflection of the

incident X-ray beam occurs. With such an arrange-

ment, the background intensity is reduced by a few

orders of magnitudes compared with the conventional

arrangement where the incident beam is incident on

the sample at an angle of about 45°.

The types of samples studied hitherto were rather

diverse: metal impurities in an Si02 insulating film on

a silicon wafer, implanted ions in a silicon wafer, me-

tal elements in human hair, metal impurities in water.

metal elements in a rat-organs.

4. X-ny topographic in-sitn observation of crystal-melt

interface of Gallimn Atesenide single crystal

GalUum arsenide is expected to be a next gener-

ation material for semiconductor industry because of

its large electron mobility, so that production of very

perfect crystal is anticipated. For growing good crys-

tals, understanding of defect creation at the crystal-

melt interface is very important. With X-ray

topographic method utilizing X-ray sensitive TV<am-
era, in-situ observation of creation of defects at the

crystal-melt interface was made on BL-15B. Figure 26

shows topographic images of a GsAs crystal at room

temperature, 1245°C and 1260°C. It is known that

perfection of GaAs crystal depens on the As-pressure

during crystal growth. In-situ X-ray topographic

method will be very useful for getting further under-

standing of the mechanism of growth of perfect crys-

tal.

5. Medical imagiiig osiog monochromatic synchrotron

X-radiation

A development program has been initiated during

FY 1983 to develop medical imaging techniques using

monochromatic synchrotron radiation. Monochro-

matic radiation is useful in enhancing the contrast of

images formed by blood vessels and organs into which

contrast material (Iodine) is introduced. By obtaining

two images, with X-ray energies below and above the

K-absorption edge of Iodine, and by subtracting one

image from the other, unwanted images by the rest of

the body, such as bones, can be eliminated. Figure 27

shows X-ray pictures of rat kidney and blood vessel

into which Iodine is injected. It is clearly seen that the

image of bone disappeared in the subtracted image. If

the present technique is successfully developed, the ne-

Fig. 26. Real-time X-r«y topographic images of GaAs single crystal

obtained by X-rav sensiti\e T\-camera. The black parts in

the center of the crystal in (b| and (c) are melt part of the

crystal. White contrast at the crystal-melt interface reflects

creation of lattice defects.
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( a ) 80 eV below Iodine K edge

(b) 80 eV above Iodine K edge

( c ) Subtracted image

Fig. 27. X-ray images of rat kidney and blood vessel into which Iodine

is injecled as a contrast material. Unwanted images by bones

and other organs almost disappear in the subtracted image.

cessity to use unpleasant catherters in injecting iodine

into heart is eliminated. Thus the examination would

become much easier and less expensive.

6. Measurement of the mass of the electron oeutrioo

It has been an earnest desire of physicists to deter-

mine an accurate value of the electron neutrino mass,

ra^j. A joint group, consisting of members from the

Physics Department and Photon Factory of KEK,
Tohoku Univ. and 5 other universities have chal-

lenged this problem by studying the electron capture

in'^Ho. In determination of both m^^ and Q value si-

multaneously, it is essential to measure the exciting

photon energy dependence of the M4,5 fluorescence

yields of Dysprosium.

Such an experiment was performed using monoch-

romatized soft X-rays at the undulator beam line

(BL-2). The resulting values of mye and Q are 245 +

500 eV and 2.56 + 0.27 keV, respectively.

7. Atomic structure of the interface between silicon and

nickel silicide

In this example, the usefulness of the standing wave

formed near the surface of a perfect crystal upon

Bragg reflection is shown. Determination of the

atomic structure of the interface between two crystal-

line materials by X-ray techniques has been an inter-

esting but relatively-difficult problem. With a new

analysis technique, called the Standing Wave Method,

a great technical improvement has been made. The

method makes use of the X-ray standing wave formed

near the surface of a perfect crystal upon Bragg

reflection. The [jeriod of the standing wave along the

normal to the diffracting lattice plane is equal to that

of the lattice plane. The phase of the standing wave

can be varied from to Jt by changing the deviation

angle of the incident X-ray beam, so that the

fluorescence yield from an atomic element of interest

becomes a maximum when the anti-node of the stand-

ing wave coincides with the position of the element.

By measuring the angle dependence of such a

fluorescence yield and by comparing the experimental

curve with calculated ones based on model structures

of the interface, we can determine the atomic struc-

ture of the interface. Figure 28 shows the fluorescence

yield from nickel in nickel silicide on a silicon single

crystal substrate. Curves "I" and "11" are derived

from two model structures "I" and "11" for the inter-



475

face. As can be seen in the figure, the agreement be-

tween the experimental curve and curve "I" is very

satisfactory, resulting in the conclusion that the model

structure "I" is a realistic structure.

8. Electronic strvctures of metal vapors

In general, electronic structures of atoms in the gas

phase are entirely different from those in the solid me-

tal phase. We developed a special furnace to produce

metal vapors, and measured absorption spectra of Cs

and Ba as well as Xe around 3d threshold, using the

Grasshopper monochromator. The broad 3d -> e ab-

sorption bands of Xe change into sharp 3d -• 4.5 ab-

sorption lines for atomic Ba (see Fig. 29), clearly

manifesting the collapse of the f-symmetric final-state

wave function for 3d excited Ba.

Relative photoionization cross section of Ca
around the 3p threshold was also measured at the

Seya-Namioka station (BL-I2A) by use of the same

furnace. Comparison with the photoabsorption data

shows a good correspondence in the peak structure

between the absorption resonance and the Ca^* yield

for photon energies above the lowest 3p ionization

limit. This indicates an enhancement of double pho-

toionization by two-step autoionization mediated via

Ca * 3p hole states.

780 790 800 810

Photon energy (eV )

Pif. 2*. Flnorcsceoce >ield from nickel io nickel stlicide on a sili^n

siagle C17SU] substrate fa) and two model structures for the

interface (b). Calculated curve based on tbe model (I) agrees

wdl with tW experimeot.

Fig. 29. Experimental absorption cross section (full curve) of atomic

Xe, Cs and Ba at the 3d threshold. For Xe, results of calcu-

lations in the one-electron HF approximation (broken curve)

and in the generalised RPAE approxioution (dotted curve)

are included.
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ISHIMOTO. Shigeni

KOBAYASHI. Makoio

KOBAYASHI. Masaaki

KATO, Yoji

KAZAMA. Youichi

KODAMA. Hideyo

KOHRIKI. Takashi

KONDO. Takahiko

MAKl. Akihiro

MASAIKE, Akira

MIKAMO. Shoji

MISHINA. Masanon
MITO, Toshiyuki

MURAKAMI, Takeshi

NAKAMURA, Seiichi

OGAWA. Kazuo

OHAMA. Taro

OHSKA. Tokio Kennelh (84 1
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SAITO, Masatoshi

SAKAI. Nor.suke

SATO. Takahiro

SHIMAZAKl. Shoichi

SUGAHARA. Ryuhei

SUGAMOTO. Ak[0

SUZUKI. Shoji

SUZUKI, Yoshihiro
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TAINO. M.lsuhiko

TAKAMATSU. Kunio

TAKASAKI. Fum.hiko
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TSUCHIYA. Kiyosumi
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YAMAMOTO. Akira
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YASUMI, Shinjiro

YUKAWA. Telsuyuki

YOSHIMURA. Moiohiko

YOSHIMURA. Yoshio

Visiting Scientists

ARAFUNE. Jiro

(ISAS. University of Tokyo)

KUMAHARA. Tadasi

(Japan Atomic Energy

Research Institute)

OKUNO. Hideki

(University of Tokyo)

YAMAZAKI, Toshimilsu

(Universiiy of Tokyo)

YAZAKI. Koichi

(University of Tokyo)

Accelerator Department
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KUDO. Kikuo

KUMADA. Masayuki

KUMAGAI, Nontaka

KUROSAWA. Toshitake

MASUDA. Masayoshi

MATSUMOTO, Saloru

MIKAWA, Katsuhiko
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NAKANISHI. Hiroshi
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NINOMIYA, Shigeshi

NOGUCHI, Shuichi

OIDE. Katsunori

SAKAI. Izumi

SAKAMOTO. Yulaka

SASAKI. Hiroshi

SATO. Hikaru
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SUENO, Takeshi

SUETAKE. Masaaki
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TAKAGI, Akira

TAKANO. Susumu
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TAKATA, Koji
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Visiting Scientists
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(University of Tokyo)

NAKANO. Michio

(Tokyo Inslilulc of Technolog

TANABE. Kohsai

(Saitama Universiiy)

WAKUTA. Yoshihisa

(Kyushu University)
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Engineering Research and Scientifc Support Department

Director

KOJIMA. Yu20

ABE. Mmoru
AJIMA. Yasuo

BAN. Syuichi

BANNO. Yoshiaki

HAMADA. Osamu
HIGASHI, Norio

HIGASHI. Yasuo

HI RAYAMA. Hideo

HIROSE, Hiloshi

HONGO. Toshio

HOSOYAMA. Kenji

HOZUMl. KenichI

INOUE. Hiloshi

IWAI. Masaaki

KABE, Seiji

KAK.1HARA. Harumi

KANDA. Yukio

KARITA. Yukio

KATOH, Kazuaki

KAWAMATA.Hiroshi
KOBAYASHI, Mineo

KOBAYASHI. Yoshiha

KONDO. Kenjiro

KOSUGA. Koei

KUDO. Noboru

MAWATARI. Hiroshi

MIURA. Shigeyuki

MIURA. Yasuko

MIYAJIMA. Mitsuhiro

MORIMOTO. Kimio

MURAKAMI. Hiroshi

MURAMATSU. Hisakazu

OHKUBO. Ryuji

SAKAKIBARA. Yukinori

SATO. Kiyoshi

SATO, Masalaka.

SATO. Nobuhiko

SHIBUYA. Yoshikazu

SUGAWARA. Shigekalsu

SUZUKI. Kaisuhiro

SUZUKI. Toshikazu

TAKAHASHI. Hidechika

TAKAHASHI. Junji

TAKAHARA. Shinichi

TERASHIMA. Teruo

WAKE. Masayoshi

YAMAGUCHI. Chiri

YASHIRO. Shigeo

YOSHIKI. Hajime

Chief Director

OZAKI. Satoshi

TRISTAN Project

Injector Ring Department

Director

HORIKOSHl. Gen'ichi

EGAWA. Kazumi

FURUYA. Takaaki

HIGO. Toshiyasu

KATOH. Tadahiko

KIKUCHI, MiUuo
KIKUTANI. Eiji

MOMOSE. Takashi

NAKAYAMA. Hisayoshi

Main Ring Department

Director

KIMURA. Yoshitaka

ISAGAWA. Shigeru

KANAZAWA. Kenichi

KUROKAWA. Shinichi

MITSUNOBU, Shinji

NAKAJIMA. Kazuhisa

OGATA. Alsushi

ONO. Masaaki

SHINTAKE. Tsutnoni

TAKATA. Koji

TAKAYAMA. Ken

URAKAWA. Junji

Director

TAKAHASHI. Kasuke

IWATA. Seigi

IWASAKl. Hiroyuki

KAWABATA. Selsuya

Colliding Beam Department

KICHIMI. Hiromichi

MATSUDA. Takeshi

OCHIAI. Fumio

ODAKA. Shigeru

SUMIYOSHI. Takayuki

TERAMOTO. Yoshiki

TANIGUCHI. Takashi

TAUCHI. Toshiaki

WATANABE. Yasushi

Visiting Scientists

MATSUMOTO, Yoshiji

(University of Tokyo)

SUGIMOTO. Shojiro

(Osaka University)

TOZUKA, Yoji

(University of Tokyo)

Chief Director

KOHRA. Kazuuke

Photon Factory

P.F. Injector Linac Department

Director

TANAKA. Jiro

ABE. Isamu

ANAMI. Shozo

ASAMI. Akira

ENOMOTO, Atsushi

FUKUDA. Shigeki

HOMMA. Hiroyuki

HANAKI. Hirofumi

MATSUMOTO. Hiroshi

NAKAHARA. Kazuo

NAKAO. Katsumi

OHSAWA. Satoshi

OHTAKE. Yuji

SAITO. Yoshio

SATO. Isamu

SHIDARA. Tetsuo

TEKEDA. Kiyoshi

URANO. Takao
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P.F. Light Source Department

Director

HUKE. Kauzo

ARAKI. Akira

BOKU. Akthiko

IGARASHI. Tsutomu

K.AMIYA, Yukihide

KANAYA. Noriichi

KATSURA. Tomouro
KIHARA. Molohiro

KITAMURA, Hideo

KOBAYAKAWA, Hisashi

KOBAYASHI, Masanon
KOIDE. Tsuneharu

KOSUGE. Takashi

MISHINA. Atsushi

SATO. Shigeru

SHIBATA. Shinkichi

SHIOYA. Talsuo

TAKIYAMA, Yoichi

TOKUMOTO, Shuichi

YAMAKAWA, Tatsuya

YAMAZAKl. Yoshishige

P.F. Instrumentation Department

Director

SASAKI. Taizo

AMEMIYA. Yoshiyuki

ANDO. Masami

ISHIKAWA. Telsuya

ITO. Kcnji

KATO. Hiroo

KAWADA. Hiroshi

MAEZAWA, Hideki

MATSUSHITA. Tadashi

MIKUNI. Akira

MIYAHARA. Tsuneaki

NAKAJIMA, Tetsuo

NOMURA, Masahani

OHTA. Toshiaki

SASAKI. Satoshi

SATO. Yoshinori

YAGISHITA. Akira

Visiting Scientists

ANNAKA, Shoichi

(Tokyo University of

Mercantile Manne)
HASEGAWA, Kenichi

(University of Tokyo)

HOSHIMIYA. Nozomu
(Tohoku University)

ISHII, Takehiko

(University of Tsukuba)

KIKUTA. Seishi

(University of Tokyo)

KURIKI. Shinya

(Hokkaido University)

KURODA, Haruo
(University of Tokyo)

MINAMI, Shigeo

(Osaka University)

NAMIOKA, Takeshi

(Tohoku University)

OYAMADA. Masayuki

(Tohoku University)

SUGAWARA Hidenao

(Gumma University)

UEKI, Talsuo

(Osaka University)

YAMADA. Takeshi

(National Institute of

Radiological Sciences)

Booster Synchrotron Utilization Facility

Director

SASAKI. Hiroshi

ADACHI. Toshikazu

IKEDA. Susumu

IRIE, Yoshiro

KANEKO. Nobukatsu

MASUDA. Yasuhiro

MIKI. Masayuki

MISAWA. Masakalsu

SATOH, Setsuo

WATANABE. Noboru

YANO. Yoshiharu

Visiting Scientists

ISHIKAWA. Yoshikazu

(Tohoku University)

KUMADA. Toshiaki

(Hokkaido University)

Administration Department

Director

HAGA. Katsuyoshi

(~83.7)

UEDA.Shiro(83.8~)

General Affair Division

MORI. Yasuhiro (Head)

Research Cooperation Division

HATA. Kalsuaki (Head)

Budget Planning Division

ARAI, Terulaka (Head)

Contracts & Accounting Division

SHIMIZU, Toshiyuki (Head)

Technical Information Office

AKABANE. Noboru (Head)

Facility Department

Director

AWAYA, Shingo

Plant Engmeenng Division

AOITA. Kuniyuki (He

Electric & Water Plant Division

KIJIMA. Shoichi (Head)

Foreign Visitors

BOERNER H.

(Univ. of Boon)

BRUYAhTT. F.

(CERN)
CHANG. N.P

(City College of Ne* York)

GLUCKSTERN. R.L.

(Univ. of Marylaod)

GROBNER. O.

(CERN)

HEINRICHS, H
(Univ. of WupperUl)

LECOQ. P.

(CERN)
OLSEN. S L

(Rochsler Univ.)

PAKVASA. S.

(Univ. of Hawaii)

RAUH. H
(Univ ofWurzburg)

SCHNETZER. S.R

(LBL)

SONNTAG. B F

(Univ of Hamburg)

SPIEKER, PR
(Univ of Dortmund)

STEFAN. P.M.

(Stanford Univ.)

WADA W.

(Ohio Sute Univ )

WADIA. S.R

(Tata Inst- of Fundamental

Research)

WU. Y Z.

(Insl. of High Energy Physics.

Beijing)
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1 984 existiert das Deutsche Elektronen-
Synchrotron in Hamburg 25 Jahre ; das
genaue Griindungsdatum ist der 18. Dezem-

ber 1959. Aus diesem AnlaB veranstaltete
DESY vom 24. bis 29. September eine Eest-

und Informationswoche. In Anwesenheit des
Bundesprasidenten wurde sie mit einem
Festakt eingeleitet; Personlichkeiten aus

Politik und Wissenschaft feierten dieses

Jubilaum zusammen mit der DESY-Beleg-
schaft, den Gastwissenschaf tlern und vie-

len anderen, die an der Geschichte DESYs

mitgewirkt haben. Unter ihnen waren auch

die vier Vorsitzenden des DESY-Direkto-
riums der vergangenen 25 Jahre: Das Ti-
telbild zeigt von links nach rechts
Willibald Jentschke, Wolfgang Paul, Her-
wig Schopper und Volker Soergel

.

1984 is the year of the 25th anniver-
sary of the Deutsches Elektronen-Synchro-
tron DESY in Hamburg; the exact founding

day was the 18th December 1959. On this

occasion DESY arranged a celebration and
information week, 24th to 29th September

.

It was started in the presence of the

Bundesprasident. Personalities from poli-
tics and science celebrated this anniver-
sary together with the DESY staff, the

guest scientists and many others, who

contributed to the history of DESY, among

them the four chairmen of the DESY Direc-
torate from the past 25 years. The cover
picture shows (from left to right) Willi-

bald Jentschke, Wolfgang Paul, Herwig
Schopper and Volker Soergel

.

Foto D[Sy JOrge Hi (37900/15)
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Festveranstaltung Celebration

BegruBung durch

Prof. Volker Soergel

Vorsitzender des DESY-Direktoriums

Welcome from

Prof. Volker Soergel

Chairman of the DESY Directorate

Herr Bundesprasident,
Herr Prasident der Burgerschaf t,

Herr Burgermeister

,

Exzellenz,
verehrte Gaste

,

liebe Mitarbeiterinnen, liebe Mitarbeiter!

Ich begruBe Sie alle sehr herzlich zu

unserer heutigen Feier , bei der wir das

25jahrige Bestehen von DESY begehen

woUen. Vor 25 Jahren , und zwar genau am

18. Dezember 1959, wurde hier in Hamburg,

im Rathaus , der Vertrag zur Griindung der

Stiftung "Deutsches Elektronen-Synchro-

tron" feierlich unterzeichnet . Stifter

waren die Bundesrepublik Deutschland and

die Freie und Hansestadt Hamburg , und sie

waren damals vertreten durch den Bundes-

minister fur Atximenergie und Wasser-

wirtschaft, Siegfried Balke, und Biirger-

meister Max Brauer.
Dieses fiir DESY so wichtige Ereignis

wollen wir heute gemeinsam begehen. Es

ist fiir uns eine hohe Ehre und eine groBe

Freude, daB wir Sie, Herr Bundesprasi-

dent, heute bei uns begrtiSen durfen, daB

Sie gekommen sind, um mit uns dieses

festliche Ereignis zu begehen und zu uns

zu sprechen. Ich begriifle Sie herzlich zu

diesem Ihrem ersten Besuch bei DESY, und

wir danken Ihnen alle sehr fux Ihr

Kommen

.

Mein besonderer GruB gilt Herrn Prof.

Panofsky, der heute aus Kalifornien zu

uns gekommen ist, um den Festvortrag zu

halten. Wir sind sehr glucklich, Sie hier

bei DESY heute wieder einmal begruBen zu

konnen

.

Im ubrigen bitte ich um Entschuldi-

gung, wenn ich die BegruBung jetzt summa-

risch halte, well wir etwas im Verzug

sind mit der Zeit. Ich freue mich, daB

viele unserer Einladung gefolgt sind,

heute rait uns zu feiern. Ich heiBe Sie

alle herzlich willkommen.
Ich bitte nun den Herrn

denten , zu uns zu sprechen

!

Bundesprasi-

Herr Bundesprasident,
Herr Prasident der Burgerschaf t

,

Herr Burgermeister,
Your Excellency,
Honoured Guests,

Dear Colleagues!

I welcome you all to our celebration

of the 25th anniversary of DESY today. 25

years ago, on the 18th December 1959 to

be exact, the contract to found the in-

stitute "DESY, Deutsches Elektronen-

Synchrotron" was ceremonially signed in

the Hamburg Rathaus. The sponsors were

the Federal Republic of Germany and the

Freie und Hansestadt Hamburg, and they

were represented on that occasion by the

Minister of Atomic Energy and hater

Supply, Siegfried Balke, and the Hamburg

Burgermeister, Max Brauer.

Today we want to celebrate together

this most important occasion for DESY. It

is a great honour for us and a great

pleasure to welcome you here, Herr Bun-

desprasident, to celebrate this event

with us and to address us. I heartily

welcome you to this, your first visit to

DESY and we all thank you that you have

come.

A special greeting must also go to

Prof. Panofsky, who arrived here today

from California to hold the celebratory

lecture. We are very happy to welcome you

here once again.

I apologize if I stop my welcome now,

because we are somewhat behind with the

time. I am very pleased that so many

people have accepted our invitation to

celebrate with us today. You are all very

welcome.

Now I ask the Bundesprasident to

address us.
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' FeBtveranstaltung
Celebration

Gruflansprache von Address from

Bundesprasident Dr. Richard v. Weizsacker Bundesprasident Dr. Richard v. Weizsacker

Herr Vorsitzender

,

Herr Burgermeister

,

meine Damen und Herren

1

Ich bin ein PQnktlichkeitsfctnatiker

.

Un so hSrter trif ft es mich , daB ich

,

obwohl piinktlich uber Hamburg angekommen

,

doch nicht rechtzeitig landen konnte. Wir
sind 45 Minuten uber Hamburg gekreist.

Das war schon - aber Sie muBten warten

,

und ich bitte Sie dafiir vielmals um

Entschuldigung. Im ubrigen ist es ja

irgendwo auch ein Stuck ausgleichender
Gerechtigkeit oder innerer Beruhigung,
dafl man sich anschickt, in das Herzstuck
der Grundlagenf orschung vorzustoBen, um

herausz'uf inden, was die Welt im Innersten
zusammenhalt, aber an einem kleinen
watteahnlichen Nebel scheitert, wenn man
piinktlich landen will.

DESY ist wie ijnmer seiner Zeit voraus

,

es hat uns etwas verfruht zu seinem 25.

Geburtstag eingeladen . Ich bin gern ge-
kommen , nicht um zu wurdigen, was hier

geleistet worden ist und geleistet werden
wird - das steht mir nicht zu. Das Prin-

zip der Arbeitsteilung , das Sie in der
Hochenergiephysik kennen, gibt es auch
unter Brudern - und um iiber Ihre Arbeit

zu urteilen, haben Sie den falschen
Bruder gewahlt. Ich bin aber gekommen, um

mich zu informieren , um DESY besser
kennenzulernen und um mich den Gedanken
uber den Rang der Grundlagenforschung zu

stellen, die mich, die uns alle zutiefst
etwas angeht.

Es ist ja nicht uncharakteristisch fur
die tiefgreifenden geistigen Veranderun-
gen in unserer Zeit, dafl der Mensch, den
man etwas pauschal und ungenau gebildet
nennt, wesentliche Erkenntnisse der
Naturwissenschaft heute nicht mehr ohne
weiteres in seinen Fundus, in seine von

ihm selbst kritisch uberprilfbare Ansamm-
lung von Wissen und Weltsicht integrieren
kann. Er steht nicht mehr vor bloBen

Mr. Chairman,
Herr Burgermeister,
Ladies and Gentlemen

!

I am a punctuality fanatic. It there-

fore pains me particularly that although
I arrived punctually over Hamburg, it was

not possible to land on time. We circled
over Hamburg for 45 minutes. That was

very nice - but you had to wait - and I

apologize for that. It seems to be

perhaps poetic justice or at least inner
reassurance, that one comes to penetrate
into the heart of basic research, to find
out what holds the world together, and is

thwarted by a small bit of cottonwool-
like fog when one wants to land punc-
tually.

DESY is always somewhat ahead of i,ts

time; it has invited us somewhat too

early to its 25th birthday. I am glad to

have come, not to appreciate the value of

what has been and will be achieved here

-I'm not qualified for that. The prin-
ciple of division of labour that you know
in high energy physics also exists be-

tween brothers - and in order to be able

to judge your work here, you have chosen

the wrong brother. Rather I have come to

inform myself, to get to know DESY
better, and to prompt thoughts about the

rank of basic research, which deeply
affects us all to a certain extent.

It is not uncharacteristic of the deep
mental changes in our time, that a human

being, who one somewhat arbitrarily calls
educated , cannot obtain a significant
appreciation of science within his criti-
cally self-imposed collection of know-
ledge and perspective. He doesn't stand
in front of simple gaps in his knowledge,
which he could reasonably fill with the

conventional method of learning, rather
in front of areas which, at least that 's

what his feelings say to him, are shut

off in principle to him. That which is
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Wissenslucken, die er gewissermeiflen mit
den konventionellen Mitteln des Nachler-
nens fiillen konnte, sondern vor Berei-

chen, die ihm, so sagt es ihm jedenfalls
sein Gefuhl, prinzipiell verschlossen zu

sein scheinen. Was sich ihm verschlieBt -

das, was diese Wissenschaft an Erkenntnis
hervorbringt , wozu sie nutzt - aber
empfindet er als unheimlich. Er sieht

sich kaum in der Lage, dies kritisch
nachzuvollziehen. MuB er es also den
Wissenschaf tlern , den Sachverstandigen
glauben? Das tut er naturlich auch
ungern, ziimal er weiB, daB es sich nicht
urn Glaubensdinge handelt.

Ich bevaindere klare Kopfe mit gesundem
Menschenverstand. Aber reicht das, um den
Weg der Grundlagenforschung zu deuten?
Viele von Ihnen kennen den Versuch von

Sebastian Haffner, dies zu tun. Er hat

liber CERN geschrieben und geurteilt
sehr anregend und verdienstvoll , wie ich

finde, mit dem Ziel, daB man sich mit der
Grundlagenforschung auseinandersetzt , sie

nicht einfach hinnimmt oder den Zustand

hinnimmt, sie doch nicht mehr verstehen
zu konnen. Aber weiB er damit, was Ihr

Ziel, was das Ziel der Hochenergiephysik
ist, fiir das Sie arbeiten? Kann man mit
gesundem Menschenverstand und klarem Kopf

sagen, daB es sich hier um Ziele handelt,
die unerreichbar waren , vielleicht sogar

gar nicht existent? Ich weiB es nicht.

Ich will daruber auch nicht spekulieren,
das ist nicht meines Amtes . Was ich aber
zu sehen glaube , mochte ich so formu-
lieren

:

rolo OES»-P« floria

shut off from him - the knowledge of this

science and what it can be used for -

gives him a sinister feeling. He does not

see himself in a position to critically
judge it. Does he therefore have to be-

lieve the scientists, the experts? Natu-

rally he is not too keen to do that,

particularly as it is not just a matter
of faith.

Grundlagenforschung, so scheint es

mir, ist ihrem Wesen nach zunachst nicht
in der Lage , vorab uber Nutzen und Anwen-
dung moglicher Ergebnisse Auskunf t - zu

geben. Die bisherige Geschichte solcher
Forschungen weist sowohl lohnende als
auch vertane Arbeit auf und zu allermeist
Oberraschung. Das hat die Menschen nie
daran gehindert , und es wird sie auch in

Zukunft nicht daran hindern, weiter neu-
gierig zu forschen , zweckfrei und wert-
frei. Es ist sinnlos und entspricht weder
dem Wesen der Wissenschaft noch dem Wesen
des Menschen uberhaupt, Grundlagenfor-
schung prinzipiell mit dem Argument zu
bekampfen, ihr Ziel ware unerreichbar

I admire clear heads with common
sense. But is that sufficient to inter-

pret basic research ? Many of you know of

the attempt of Sebastian Haffner to do

this. He wrote about and judged CERN,

which I found to be very stimulating and

worthy. The aim was to grapple with basic
research, not just to accept it, or to

accept the situation that one can't

understand it. But does he know what the

target of high energy physics is which

you are working towards? Can one say,

with just common sense and a clear head,

whether this target is unreachable, or

perhaps doesn't even exist? I don't know
and I don't want to speculate about it.
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Oder vielleicht nicht existent oder die

Menschen konnten moglicherweise mit den

Ergebnissen nichts anfangen.

Ergebnisse der Grundlagenf orschung

sind zunachst wertfrei . Sie konnen , wenn

sie zutage treten, dem Menschen entweder

nutzen oder schaden. Dies ist auch ein

wissenschaf tliches Problem und zwar inso-

fern, als Wissenschaf tier , auch Grundla-

genforscher, hier nicht einfach sagen

diirfen, daB sie fur die moralischen und

die politischen Folgen nicht mehr zustan-

dig seien. Sie, die Wissenschaf tier

,

tragen in wachsendem, in hohem MaB ethi-

sche Mitverantwortung gerade fur die

Folgen der Wissenschaf t. Mit Macht und

mit Recht wird die Frage nach den ethi-

schen Kriterien fur Verwendung und Folgen

wissenschaf tlicher Leistungen immer

lauter

.

Nicht iiber den Sinn von solcher Grund-

lagenforschung also lohnt es sich zu

streiten. Aber es ist unvermeidlich, iiber

Kosten und iiber Prioritaten des Einsatzes

offentlicher Mittel zu reden , dies um so

mehr dann, wenn die offentlichen Ressour-

cen bis an ihre Grenzen beansprucht
werden . Die Verantwortlichen von DESY

wissen das ganz genau . Sie wissen, da6

sie das Vertrauen der Gesellschaft brau-

chen. Man erhalt dieses Vertrauen durch
Leistungsnachweise und durch die per-
sonliche Qualif ikation derer , die diese

Leistungen offentlich vertreten . Unsere

Gesellschaft mag in ihrer Breite nicht

mehr in der Lage sein, schwierige wissen-
schaftliche Erkenntnisse nachzuvoll-

ziehen. Sie wird aber sehr wohl dieje-

nigen beurteilen, die dies tun. Sie wird

ihr Urteil auch danach ausrichten, wie

die Wissenschaf tier die gesellschaf t-

lichen Folgen und die ethische Integra-

tion ihres Tuns ,zu reflektieren vermogen

und verstandlich machen konnen.

Dieser Vormittag und das ganze Jubi-

laum wird die Of fentlichkeit mit neuen
Informationen iiber bisherige Ergebnisse
sowohl bei DESY als auch prinzipiell in

der Grundlagenf orschung ausstatten. Der

Zwang zur Begriindung , die Anstrengung um

Verstandnis in der Of f entlichkeit ist

notwendig und heilsam. Niemand wird die

that is not ray function. I would like to

formulate my observations as follows:

It seems to me that basic research is,

in principle, not able to predict the

uses and applications of possible re-

sults. The history of such research shows

much worthwhile as well as worthless work,

and most of all surprises. That never

has, and never will stop man from re-

searching with curiosity and free of

practical applications. It is nonsense

and goes against the essence of science

and humanity to argue against basic re-

search on the principle that its aims are

unreachable, or perhaps don't exist, or

that one cannot do anything with the

results anyway.

The results from basic research are

first of all without application. The

applications can, when they become evi-

dent, either be of use or harm to man.

This is also a scientific problem to the

extent that as scientists, fundamental

researchers cannot simply say that they

are no longer responsible for the moral

and political conseguences. They, the

scientists, carry a large and growing

ethical responsibility for the conse-

guences of science. Questions on the

ethical criteria for the uses and conse-
guences of scientific achievements are,

powerfully and correctly , becoming louder
and louder.

It is therefore not worth arguing over

the point of basic research. However, it

is impossible not to discuss the priori-

ties and costs for the use of public
means; even more so when the public

resources are strained to their limits.

Those responsible at DESY know this. They

know that they need the trust of society.

One obtains this trust through the proof

of achievements and from the personal

gualifications of those who publish these

results. Our society as a whole can per-

haps no longer fully understand difficult

scientific results. However, they will

judge those who do this. They will also

base their judgement on how well the

scientists publish and make under-

standable the conseguences for society

and the ethical integration of - their

results.
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wissenschaftlich Verantwortlichen von

diesem Zwang befreien wollen. Aber ich

denke, die verantwortlichen Wissenschaf-

tler selbst warden dies auch gar nicht

wollen. Sie werden selbst darauf beste-

hen, diese Anstrengungen zu leisten.

Neben der Seele des Geschaftes, um das es

hier geht , der Suche nach fundamentalen

Prinzipien und Symmetrien in der Natur,

stehen wesentliche Merkmale im Vorder-

grund, wenn wir an DESY denken und den

25 . Geburstag feiern :

- die positive Breitenwirkung der Ausbil-
dungsfunktion der Hochenergiephysik auf

den gesamten Ausbildungsstand unserer
Wissenschaf tier und damit ihre Schritt-

macherf unktion fur unsere geistige und

unsere materielle Lebenskraft;

- die enge Internationale Zusairanenarbeit

und Arbeitsteilung, die in der Grundla-
genforschung , zumal hier, in vorbild-

licher Weise geleistet wird

;

- die enge Zusairanenarbeit zwischen Hoch-

schulen und Grofiforschungsanlagen , auf

die, wie wir wissen, beide angewiesen

sind

;

- der Zuwachs an technischer Erfahrung,
der durch die Anf orderungen der Hoch-

energiephysik formlich erzwungen und

vielleicht starker vorangetrieben wird

,

als auf alien anderen Gebieten ; damit
also die Zusammenarbeit von Grundlagen-
forschung, Technxk und Industrie viber-

haupt in einem zentralen Bereich;

- und bei alledem schlieBlich die Team-

arbeit, die interdisziplinare Zusammen-
arbeit als solche, die wir weit fiber

die Wissenschaft und die Grundlagenfor-
schung hinaus in unserer Gesellschaft
brauchen.

This occasion and the whole anniver-
sary will provide new information for the

public on results obtained at DESY and

from basic research in general. The obli-

gation to give reasons for basic re-

search, the effort to make it under-

standable to the public is necessary and

wholesome. No one wants to free those

responsible scientists from this obliga-

tion. But I think the scientists them-

selves would not want this either. They

will insist on making this effort them-

selves. In addition to the heart of the

research here into the fundamental
principles and symmetries of nature,

there are other significant features in

the foreground when we think of DESY and

celebrate its 25th birthday:

- the broadening of training with which

high energy physics benefits the educa-

tion of all our scientists and with it

gives impulses to our spiritual and

material vitality

;

- the close international cooperation and

division of labour which is demonstrated

beautifully here in basic research;

- the close cooperation between national

research centres and universities on

which both are dependent, as we all know;

- the expansion of technical experience,

brought by the demands of high energy

physics and perhaps even more forcefully

required here than in any other area;

included in this is the cooperation be-

tween basic research , technology and

industry in one central area;

- last bat not least, the teamwork and

the interdisciplinary cooperation which

our society needs not only in science and

basic research.

Theoretisches Wissen und technisches
Konnen, wie es hier von vielen Mitarbei-
tern aller Sparten gefordert wird, hat

einen wesentlichen EinfluS darauf,
welchen Platz unser Land einnimmt und
welchen Beitrag wir zur Losung der Pro-
bleme der Welt leisten konnen. Dafiir gilt
es, heute alien Mitarbeitem von DESY und

alien Beratern und Freunden in der Welt

r/ieoreticai knowledge and technical

ability which is demanded from many col-

leagues here from many branches , .has a

significant influence on the position our

country holds and what contribution we

are able to make to solving the problems

in the world. Therefore we must thank all

the staff at DESY, all the advisors and
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aufrichtig zu danken. Moge DESY mit

DORIS, PETRA iind spater HERA eine erfolg-

reiche Zukunft beschieden sein - eine

Zukunft, die uns mit tieferer Einsicht

und groBerem Konnen unsere gemeinsame
Verantwortung fur die Erde begreifen

laSt, die wir bewohnen und die wir unbe-

schadigt einer nachfolgenden Generation

ubergeben wollen.

friends throughout the world. Let us hope

that DESY together with DORIS, PETRA and,

in the next few years, HERA be granted a

successful future - one that allows us

with deeper understanding and increased

ability to comprehend our common respon-

sibility for the earth on which we live

and which we want to leave undamaged for

the next generation.

Foto OEST JOrgeo Schaldt (57896/53)

DESY Journal 84-3/4 DESY Journal 84-3/4



501

Festveranstaltung Celebration

Grufiansprache von

Dr. Klaus von Dohnanyi
Erster Burgenneister der Stadt Hamburg

Address from

Dr. Klaus von Dohnanyi
First Mayor of Hamburg

Herr Bundesprasident,
Herr Prof . Soergel

,

Herr Prasident der Burgerschaft,
meine sehr verehrten Damen und Herren

I

Herr Bundesprasident

,

Prof. Soergel,
Herr Prasident der Burgerschaf t

,

Ladies and Gentlemen

!

Ich mochte Ihnen im Namen des Senats
der Freien und Hansestadt Hamburg herzli-
che Gluckwunsche zu diesem 25. Geburtstag
uberbringen. Und ich mochte bei der Gele-
genheit noch einmal unsere ganz besondere
Freude daruber ausdrucken , da6 Sie, Herr
Bundesprasident, in einem Zeitraum von
vierzehn Tagen zum zweiten Mai nach Ham-
burg gekonmen sind. Fruher, in kaiser-
lichen Zeiten , ware es sehr wohl moglich
gewesen, daB die Stadt ihre Tore zugehal-
ten und gesagt hatte, der soil mal ein
paar Stunden warten. Aber wir haben Sie
wirklich herzlich erwartet , Herr Bundes-
prasident. Es war der Nebel . Das Hambur-
ger Wetter ist, wie ich Ihnen bei Ihrem
letzten Besuch nachgewiesen habe und auch
heute gegen Mittag wieder nachweisen
kann, sehr viel besser als sein Ruf , aber
gegen den Nebel konnten naturlich auch
die vielen DESY-Schilder in der Stadt
nichts tun.

Ich begrufle Sie, Herr Botschafter
Ferraris, sehr herzlich hier unter uns
und unterstreiche, daB unsere Beziehungen
zu Ihrem Land unverandert die sind, die
wir immer gehabt haben

.

Ich freue mich auch, daB friihere

Kollegen von mir unter uns sind. Insbe-
sondere mochte ich herzlich den Kollegen
Rembser aus dem Bundesministerium fur
Forschung begruBen, mit dem ich viele
Jahre zusammengearbeitet habe und der
hier heute die Worte fur den Bundesmi-
nister spricht. GruBen Sie den Herrn
Bundesminister aus Hamburg. Wir freuen
uns immer, wenn die Beziehungen zwischen
Ihnen und uns fruchtbar sind.

Ich mochte auch ganz herzlich Herrn
Professor Panofsky begruBen. Herr Profes-

On behalf of the senate of the Freien
und Hansestadt Hamburg I would like to
congratulate you on the occasion of your
25th birthday. I would also like to take
the opportunity to thank you, Herr Bun-
desprasident, for visiting Hamburg for
the second time in fourteen days. In

earlier imperial days it would have been
possible that the city would have closed
its doors and said you should wait for a

few hours. However, we have sincerely
looked forward to seeing you Herr Bun-
desprasident. It was the fog. Hamburg
weather is, as proven to you last time
and this time around noon, much better
than its reputation. However, even the
many DESY signs around the town could do
nothing against the fog.

I welcome you Ambassador Ferraris , to

us here and underline that our relations
with your country are the same as they
always have been.

I am also pleased that former collea-
gues of mine are here today. In parti-
cular I would like to welcome colleague
Rembser from the research ministry, with
whom I worked for many years and who will

talk on behalf of the minister today.
Best regards from Hamburg to the minister
in Bonn. We are always very happy when
the relations between you and us are
fruitful.

I would also like to welcome sincerely
Professor Panofsky . Professor Panofsky,
you are one of the great names in phy-
sics, but the name of your family also
counts a great deal in Hamburg, and
therefore I especially appreciate that
you have come from the U.S.A. to DESY.

Ladies and gentlemen, there is nothing
that has occupied man more than the
guestion how did the world begin, what is
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sor Panofsky, Sie haben sich selbst einen

groBen Namen in der Physik gemacht ; aber

auch der Name Ihrer Familie zahlt sehr

viel in Hamburg , und ich begrufle es des-
halb ganz besonders, daB Sie aus den
Vereinigten Staaten zu uns gekommen sind.

Meine Damen und Herren, nichts hat die

Menschen so beschaftigt wie die Frage

nach dem Entstehen der Welt; was ist

Materie, woraus ist die Welt gemacht? Und

auch in einer Zeit, in der die Wissen-
schaf tsskepsis offenkundig zunimmt,

mussen wir, und der Bundesprasident hat

das eben unterstrichen , die Notwendigkeit

der Grundlagenf orschung als ein elemen-
tares Element des menschlichen Seins

unterstreichen . Ich weiB, welche Debatten
um GroBbeschleuniger cxjer ahnliche Ein-

richtungen ausgelost werden konnen.

Einige sind hier unter uns, die noch

wissen, . wie Anfang der siebziger, Ende

der sechziger Jahre die Debatte um Stan-

ford lief und um die Konkurrenz mit CERN.

Das alles hat uns damals sehr beschaf-

tigt. Ich werde nie vergessen, mit

wieviel skeptischen Worten , das sage ich

hier einmal offen, mein damaliger Berater

und ich will sagen , fast Freund , Werner

Heisenberg, dem damaligen Ansinnen neuer
GroBunternehmen entgegenstand

.

Trotzdem ist das, was Sie hier tun und

was Sie mit einem nachsten Schritt mit
HERA ja noch weiter vertiefen wollen und

konnen , so hof fe ich , ein ganz entschei-

dender Beitrag zum Wissen uber unsere

Welt. Mir scheint, es ist kein Argument,

allein auf wirtschaf tliche Moglichkeiten
hinzuweisen. Wir diirfen ja auf die Dauer

nicht in die Lage kommen , daB wir in der

Bundesrepublik nur noch etwas tun, weil

wir fiirchten, wenn wir es nicht tun, tun

es die Japaner ; und die fiirchten ihrer-

seits, wenn sie es nicht tun, tun es die

Deutschen.

Diese Art von Argumentation mussen wir

verlassen, und dennoch mussen wir wissen,

daB es naturlich auch einen wirtschaft-
lichen Bezug gibt. Aber dieser ist nicht

das Hauptargument , auch nicht hier an

dieser Stelle, wenn man auf die letzten

- folo Olil Jurjen Schmidt 07899/0)

matter and what is the world made of?

Also in times when scepticism about

science is on the increase we must, and

the Bundesprasident has just emphasized

this, underline the necessity of funda-

mental research as a basic element of

human life. I know the sorts of debates

that are provoked by accelerators and

other similar installations. There are

some of you who remember the discussions

at the end of the sixties and beginning

of the seventies about Stanford and the

competition with CERN. That occupied us a

great deal at that time. I will never

forget the sceptical words with which, I

say openly, my advisor at that time and I

want to say almost friend, Werner Heisen-

berg, greeted the plans for the new large
scale projects.

Despite that, what you do here and

what you, with the next step, want to

further develop with HERA can, I hope,

make a decisive contribution to our

knowledge of our world. It appears to me

that it is no argument just to point at
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25 Jahre UDd auf die nachsten 25 Jahre
schaut. Es gibt einen alten Satz , der
helBt: "Irren ist menschlich". Ich meine,
man sollte eigentlich sagen : "Wissen ist
menschlich". Was den Menschen vom Tier
unterscheidet , die Suche nach Erkenntnis,
das Wissen und Grundlagenforschung , ist
der Kern dieses Versuchs , dieses Suchens
nach Wissen.

Sicherlich, Herr Bundesprasident , Sie
haben eben auch darauf hingewiesen

,

mussen wir Prioritaten setzen. Oberall
da, wo wir mit offentlichen Mitteln For-
schung fordem, treffen wir auch Ent-
scheidungen uber Forschungsrichtungen.
Die Frage nach der Freiheit von Forschung
und Lehre ist iitiner auch eine Frage nach
der Anwendung von Mitteln , und jeder , der
Haushalte macht, mufl das wissen. Und ich
sage Ihnen, ich habe seit neun Minuten
die Haushaltsberatungen des Senats
laufen , deswegen mochte ich Sie auch
bitten, daB Sie mich nach meiner Rede
freundlich entlassen. Jede Minute kann
dort viel Geld kosten, und ich mochte das
Geld gezTie in die richtige Richtung
bringen

.

Dabei will ich hier einen Grundsatz
sagen, meine Damen und Herren, Hamburg
ist eine Stadt von nur 1 ,6 Millionen
Einwohnern, nach West-Berlin die grofite

in der Bundesrepublik, aber ein Stadt-
staat mit engen Grenzen. Die einzige
Weise, wie wir unsere Position auf die
Dauer hier halten konnen, ist, daB wir
unsere begrenzten Mittel auf die fur die
Stadt und fur die Burger wirklich wich-
tigen Fragen konzentrieren und daB wir
dann dort, wo wir arbeiten, Qualitat zum
ersten Mafistab machen. Es sollte nichts
MittelmaBiges geben. Lieber weniger an
einer Stelle, dafur aber das Richtige.
Der QualitatsmaBstab wird auch zahlen

,

wenn wir im Bereich von Forschung und
Wissenschaft in Hamburg den Versuch
machen, die immer zu knappen Mittel zu
verteilen. Denn was im Freistaat Bayer

n

der Steuerzahler in Passau auch leistet
fur die Kultur in Munchen, das mussen die
Hamburger Burgerinnen und Burger sich
selbst erwirtschaften und sich auch
selbst bezahlen.

the economic possibilities . We cannot in
the

.
long run come to the point where we

only do something, because we fear that
if we don 't do it the Japanese will and
they fear that if they don 't do it the
Germans will.

We must forget this sort of argument,
but we must also know that there are, of
course, economic aspects. However, this
is not the main argument, particularly
when one looks from here over the past
and future 25 years. There's an old
saying that goes: "Error is human." I
think one should really say: "Knowledge
is human." The thing that separates man
from animals is the search for understan-
ding. Knowledge and fundamental research
are the core of this effort, of this
search for understanding

.

We must of course, as you have just
indicated Herr Bundesprasident, set prio-
orities. Everywhere where research is
financed by public money we have to
decide on the direction of the research.
The question of freedom of research and
teaching is always a question of the
application of means and everyone who
plans a budget should know that. I should
mention that the budget planning in the
senate started nine minutes ago and
therefore I ask that you permit me to

leave at the end of my speech. Every
minute can cost a lot of money there and
I would like to direct the money in the
right direction.

I would like to mention a principle
here, ladies and gentlemen. Hamburg is a

city with only 1.6 million inhabitants,
the largest in the Federal Republic of
Germany after West Berlin; but it is a

city-state with tight boundaries. The
only way in which we can maintain our
position here in the long run is to con-
centrate our limited means on those
questions khich are important for the

city and for its citizens. We must make
quality the first measure of where we

work. There should be no mediocrity.
Rather a iittie less on one place, but
then in the right one. This measure of
quality will also apply when we try to

divide the always too limited means in

the area of research and science. What
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Ich mochte am Ende noch einmal meine
herzlichen Gluckwiinsche aussprechen und

den Mitarbeiterinnen und Mitarbeitem
danken fur das, was hier fur die Wissen-
schaft in der Welt, fur die Wissenschaft
in der Bundesrepublik und in unserer

Stadt geleistet wird.

Ich habe ein kleines Gastgeschenk
mitgebracht, Herr Professor Soergel', das

ich Ihnen gerne libergeben wurde. Es ist

ein englischer Kupferstich aus dem Jahre

1791, der den Titel "Magnetism" tragt. Es

sind zwar keine Supraleiter, die hier
vorgestellt sind, meine Damen und Herren,

aber es sind doch Dinge, die gewisser-
maSen der Geschichte der Wissenschaft die

Wege vorgezeichnet haben, auf denen Sie

heute hier so erfolgreich gehen. Noch

einmal herzlichen Gliickwunsch und alles

Gute fQr DESY und Ihre Arbeit.

the free state of Bavaria affords for

culture in Munich is also paid for by the

taxpayer in Passau; however, the citizens

of Hamburg must earn that for themselves
and pay for it themselves.

To finish I would like to heartily
congratulate you all again and to thank

the employees here for what they achieved

for science in the world, in the Federal
Republic and in our city.

I have brought a small present with

me. Professor Soergel, which I would like

to give to you. It is an English copper
engraving from the year 1791 with the

title "magnetism". It is not a supercon-
ductor, which is presented here, ladies

and gentlemen, but there are particular
things that have guided the history of

science, and which you have so success-

fully followed here. Once again congratu-

lations and best wishes for DESY and its

work.

Foto OlSr-PH Flo
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GniBadresse von

Dr. Josef Rembser
Vorsitzender des DESY-Verwaltungsrates

Greeting from

Dr. Josef Rembser
Chairman of the DESY Administration Board

Sehr verehrter Herr Bundesprasident,
sehr geehrter Herr Burgermeister ,.

lieber Professor Soergel

,

meine sehr geehrten Damen und Herren

!

Fur die Bundesregierung in Bonn, beson-

ders aber im Auftrag von Bundesfor-
schungsminister Dr. Riesenhuber, uber-

bringe ich herzliche GruBe und Wunsche

zur 25-Jahrfeier . Das gesamte Bundesfor-

schungsministerium schlieBt sich an.

Die GruBe und Wunsche gelten alien,

die fur DESY in dem Viertel jahrhundert

seit 1959 an zahllosen Orten und Platzen

geplant, gearbeitet und sich eingesetzt
haben, die in wissenschaftliche Forschun-

gen,' in neue Techniken, in die Experi-

mente und Anlagen des L.aboratoriunis ihre

Hoffnungen und ihr Engagement einbrach-

ten, deren Erwartungen und Traume sich

vielleicht nicht immer erfullten, in der

Bilanz der Ergebnisse aber die reiche

Frucht neuen Wissens und technischen

Konnens brachten

.

"DESY ist", so sagte Bundesforschungs-

minister Riesenhuber bei der kiirzlichen

Unterzeichnung des Finanzabkommens zwi-

schen der Freien und Hansestadt Hamburg

und dem Bund fur die neue Speicherringan-

lage HERA am 6. April dieses Jahres in

der groBen Experimentierhalle zwischen

dem Crystal Ball- und dem ARGUS-Experi-

ment, "DESY ist fur unser Land als natur-
wissenschaftliche Nation eines der Flagg-

schiffe, die sich auszeichnen durch Ex-

zellenz, aber auch ... durch eine her-

vorragende Technik, durch eine solide

Hardware, durch vernunftige, ir.genieur-

maBige Kenntnis ... (DESY und mit ihm)

HERA werden in diesem Jahrzehnt eines der
ganz groBen Experimente der Grundlagen-
forschung in Deutschland sein".

Ein Flaggschiff, meine sehr verehrten

Damen und Herren, ist der Ort der Fuhrung

eines Verbandes von Schiffen, bildlich
etwa bestehend aus unseren GroBfor-
schungszentren auBerhalb der Universi-

The Honorable Herr Bundesprasident,

The Honorable Herr Burgermeister,

Herr Soergel,
Ladies and Gentlemen

!

On behalf of the Federal government in

Bonn and in particular the Minister of

Research Dr. Riesenhuber, I bring gree-

tings and congratulations for the 25th

anniversary celebrations. The whole of

the Research Ministry is also included in

these wishes.

The greetings are for all who have

planned, worked and made efforts for DESY
at countless places in the 25 years since

1959, and for all who brought hopes and

commitment to scientific research, new

technology , experiments and machines in

the laboratory. It's possible that their

expectations and dreams did not always

come true, but overall their results

brought a plentiful fruit of new know-

ledge and technical know-how.

As the Minister of Research, Dr. Rie-

senhuber, said at the recent signing of

the financial contract between the Freien

und Hansestadt Hamburg and the State for

the building of HERA on April 6th this

year, held in the large experimental hall

between the Crystal Ball and the ARGUS

experiments: "DESY is one of the flag-

ships of our country as a scientific

nation, which is noted by its excellence,

but also with its excellent techno-

logy and solid hardware, its sensible

engineering knowledge ... (DESY and with

it) HERA will be one of the important

basic research experiments in Germany in

this decade. "

A flagship, ladies and gentlemen, is

the place for the control of a formation

of ships. In a figurative sense it con-

sists of the national research centres

outside the universites. DESY also is a

flagship of a formation of research

collaborations and basic research insti-
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taten. DESY ist aber auch Flaggschiff
einer Flottille aus Forschungsteams und

Forschungsinstituten der Grundlagenfor-
schung und Hochenergiephysik aus vielen

Nationen, die wissenschaf tliches Neuland

ansteuern , und bei denen jeder im hohen

Topmast seines Schiffes im friedlichen
Wettstreit mit den Kollegen nach den

ersten Anzeichen und nach den GewiSheiten

neuer Ufer Ausschau halt.

DESY ist von Anfang an ein Ort der
Zusammenarbeit zwischen Wissenschaf tlern

und Ingenieuren aus vielen Landern der
Welt gewesen.

Es hat bex seinem Aufbau in den 60er

Jahren aus den Erfahrungen der Beschleu-
nigertechnik und Hochenergiephysik in den

USA gelernt. Mit den Fachkollegen und
Schwesterlaboratorien der europaischen
Staaten bestehen iiber die 25 Jahre Ge-

schichte hinweg , die wir feiern, freund-
schaftliche und wertvolle Kontakte. Das

europaische Hochenergiephysik-Laborato-
rium CERN in Genf , vergangene Woche 30

Jahre alt geworden , war Vorbild und

Heifer, ist seit langem aber schon Spar-

ringspartner und friedlicher Konkurrent
zugleich.

Wir sind stolz, daB DESY of fen ist fur

]edes qualif izierte Experiment, fur jede

Wissenschaf tlergruppe - ohne Ansehen der
Herkunft, ausgewiesen durch die Qualitat

ihrer Erfahrungen, die Kreativitat ihrer

Ideen, die Originalitat und Zielsetzung

ihrer Experimentiervorschlage. Dies sind

allein die "Eintritts-Tickets" , die

gefordert werden.

Wir wissen zu schatzen, daS das Ange-
bot , bei DESY zu experimentieren und uber

die Ergebnisse nachzudenken , .von vielen
auslandischen Freunden angenommen worden
ist und in wachsendem MaBe weiter ange-

nommen wird. Wir sind besonders dankbar

,

dafl Laboratorien und Regierungen aus

anderen Landern mit Personal und wertvol-
len Komponenten zum Bau der neuen Spei-
cherringanlage HERA beitragen. Dieses
Engagement unserer auslandischen Freunde
war mit entscheidend fiir den BaubeschluS.

tutes for high energy physics around the

world, which select the course of scien-
tific new land. In peaceful competition
with his colleagues , he looks out for the

first signs and proof of new shores from

the top of the mast of his ship.

Since the beginning DESY has been a

place of cooperation between scientists
and engineers from many countries.

During its build up in the sixties a

lot was learnt on accelerator technology
and high energy physics from the U.S.A.

For longer than the 25 years which we are

celebrating today, we have also had

friendly and fruitful contacts with

experts and our sister laboratories in

Europe. The European high energy physics
laboratory, CERN in Geneva, which had its

30th birthday last week, was an example
and helper, and has long been a sparring
partner and friendly competitor.

Wer in die Labors, in die Werkstatten,
die Computer- und Kontrollraume, in

We are proud that DESY is open for

every qualified experiment and scientific
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die Experimentierhallen von DESY und

seine Abteilungen fur die einzelnen Expe-

rimente hineinschaut , wird beeindruckt

sein von dem Untereinander-Verstehen , von

der gemeinsamen Arbeit und auch von den
Freundschaf ten , die dort zwischen vielen

in der Wissenschaft begeisterten jungen

Menschen unterschiedlicher Sprache wach-

sen. Dies sind die wichtigsten Investi-
tionen der Vergangenheit und der Zukunft
hier in Hamburg-Bahrenfeld.

DESYaner zu sein, kommt dem Besitz

eines "internationalen Forscherausweises"
gleich, uber dessen Einfiihrung gerade
heute vor einer Woche die Forschungsmmi-
ster der Mitgliedstaaten des EUROPARATES
in Paris berieten. Die Zahl der interna-
tionalen Einladungen fur DESYaner , uber
die Resultate der Hochenergie- und
Synchrotronstrahlungs-Experimente an DO-
RIS und PETRA zu berichten , Rat und Ex-

pertise zur Verfugung zu stellen, ist

Legion. Mit alien Mitarbeiterinnen und

Mitarbeitern von DESY freuen wir uns

heute unbeschwert uber das hohe Ansehen
des Laboratoriums , und wir wollen alien
DESYanern - von den ehemaligen Mitglie-
dern des Wissenschaf tlichen Rates und des
Direktoriums angefangen bis hin zur ge-
genwartig aktiven Mannschaft - fur ihre

Arbeit und ihre Beitrage danken.

Die Bundesregierung und das Bundes-
ministerium fur Forschung und Technologie
werden auch kunftig dem Deutschen Elek-
tronen-Synchrotron DESY ihre Sympathie
und ihre Forderung geben.

team, whatever their origin, depending

only on the quality of their knowledge,

the creativity of their ideas and the

originality and aims of their experimen-

tal proposals . These are the "entrance

tickets" required here.

We are well aware that the offer from

DBSY on experimentation and reflection on

the results of experiments has been taken

up by an increasing number of foreign
friends. Me are particularly grateful

that laboratories and governments from
other countries will contribute experts
and components for the building of the

HERA storage rings. This commitment from

our foreign friends was an important
point in the decision to build HERA.

If you take a look into the various
laboratories and workshops , the computer
and control rooms, in the experimental
halls and the sections for each experi-
ment, you will always be impressed by the

understanding , the team work and the

friendships of the many young science
enthusiasts with different languages
which grow there. These are the most
important investments in Hamburg-Bahren-
feld both for the past and for the future.

To be a member of the DESY staff is

the same as to own an "international

research identity card". By the way, the

research ministers of the member states

of the Council of Europe conferred about

such an identity card in Paris just one

week ago. There are a great number of

international invitations to DESYaner to

talk about the results of high energy and

synchrotron radiation experiments at

DORIS and PETRA, and to make available
expertise and advice. All the workers at

DESY enjoy the respect in which DESY is

held tremendously and we would like to

thank all DESYaner - beginning with the

earlier members of the Scientific Council

and the directorate and including the

present staff - for their work and con-

tributions.

The Federal government and the Mini-

stry for Research and Technology will in

future continue to demonstrate their

sympathy and support for DESY..

folo OtSl Jurgen Sch.idt (57899/15)
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GruSadresse von

Prof. Joachim Treusch
Prasident der Dt. Physikal. Gesellschaft

Greeting from

Prof. Joachim Treusch
President of the German Physical Society

Verehrter Herr Bundesprasident

,

liebe DESYaner

,

verehrte Gaste

!

Werr Bundesprasident,
DESYaner,
Hounered Guests!

DESY steht im Mittelpunkt des Inter-
esses, zum dritten Mai in diesem Jahr:
die Unterzeichnung eines Vertrages im
April, der Abdruck eines Artikels im
Spiegel, die Feier des Geburtstags im
September; was ist zu sagen?

Nun, es ist seit je ein Problem gewe-
sen fiir die Physiker, im offentlichen
Ansehen die Rollen von Faust und Mephisto
gleichzeitig zu spielen. Man sieht sie
allein verantwortlich fur Transistor und
Bombe, 'fixiert auf das enge Verstandnis
des Denk- und Machbaren , selbst da noch
begrenzt

.

Die Frage "Grundlagenforschung - Fluch
Oder Segen?" ist gestelit und muB beant-
wortet werden. Ich kann und will Herrn
Panofsky nicht vorgreifen, eines aber
scheint mir sicher: Der publizistische
Tanz eines Londoner Studenten urn den
vermeintlichen Tod einer Konigin birgt
keine Antwort . Zudem kann jeder sehen

,

daa sich DESY und die Damen ihres Hof-
staats , alien voran DORIS und PETRA,
bester Gesundheit erfreuen.

Was uber diesen Augenschein hinaus
bewegt die Physiker und insbesondere die
Deutsche Physikalische Gesellschaft, hier
und heute Dank zu sagen , DESY of f entlich
Gluck zu wiinschen

.

Ich will nicht von "Charm", "Tau" und
"Ypsilon" reden, das werden Berufenere
tun. HASYLABs Erfolge zu ruhmen, von
denen ich mehr verstehe, fehlt mir die
Zeit, nicht der Wille. Lassen Sie mich
ein paar allgemeinere Begriindungen geben.

Bei DESY scheint mir
zum Fall der bemannten

im Gegensatz
Raumstation -

DESY is at the centre of interest for
the third time this year: the signing of
the HERA contract in April, an inconside-
rate article in "Der Spiegel" in August,
and its birthday celebrations in Septem-
ber. What should one say about it all

?

It has always been a problem for phy-
sicists to simultaneously play the roles
of Faust and Mephisto in public. They are
seen as being responsible for the tran-
sistor and for the bomb, fixed on the
understanding of the imaginable and the
possible and even there very specialised.

The question "Basic Research - Curse
or Blessing?" has been put and must be
answered . I cannot and do not want to
anticipate Wolfgang Panofsky, but one
thing appears to me to be certain: The
public dance of a London student over the
supposed "Death of a Queen" does not
contain an answer. Everyone can see that
DESY and the ladies of her household, in
particular DORIS and PETRA, are in the
best of health.

This over and above just the appear-
ance, moves the physicists and especially
the German Physical Society, to thank and
publicly congratulate DESY. I don't want
to talk on "charm", "t'aus" or "upsilons".
There are other, more qualified, people
here for that. Praising HASYLAB's succes-
ses, which I understand more about, would
be more appropriate, but I lack the time.
Let me give a few general reasons.

It appears to me that at DESY - in
contrast to the manned space station - it
is proved that the scientific uses are in
good proportion to the effort made. We
feel the effect of this large scale re-
search institute working at the bounda-
ries of knowledge in the scientific trai-
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erwiesen, daB der wissenschaftliche
Nutzen in gutem Verhaltnis zum Aufwand

steht:

Wir spiiren die Ausstrahlung dieser an

den Grenzen der Erkenntnis arbeitenden
GroBforschungsanlage fur den wissen-
schaftlichen Nachwuchs . Wir erleben , daS
Hamburg zum Anziehungspunkt fur die
internationale Fachwelt wird. Wir wissen,

daB die Zusammenarbeit DESYs mit den
Universitaten - nicht nuar gefordert,
sondern hier zum Wohle beider immer

gefordert - der wesentliche Antrieb fur

25 Jahre lebendiger, erfolgreicher For-

schung war und weiter sein wird. Wir sind

uberzeugt, daB diese Forschung mit ihren

Ergebnissen auch fCir das Selbstverstand-

nis einer Kulturnation ihren Preis wert

ist.

Spuren sind gefunden worden , Spuren
warden bleiben im sich andernden Bild der
Welt, zu der wir gehoren . Deifiir danken
wir, dazu begluckwunschen wir die Mitar-
beiter von DESY, dazu gratuliere ich

Ihnen, lieber Herr Soergel

.

Im Namen der Deutschen Physikalischen
Gesellschaft wunsche ich DESY fur seine

reiferen Jahre Weisheit bei der Planung
und Partnerwahl, Kraft bei der Durchfiih-

rung ihrer Forschungsaufgaben und Erfolg

bei der weiteren Suche nach Erkenntnis.

fol Jurgen Sc idt (37899/5)

nees. We see that Hamburg has become a

centre of attraction for international
experts. We know that the cooperation of
DESY with the universities - not only de-
manded, but also improved to the benefit

of both sides - was a significant force

in 25 years of lively and successful
research and will continue to be so. We

are convinced that this research together
with its results is worth its price, also

for the conception of a culture nation.

Tracks have been found, tracks will

remain in our changing picture of the

world to which we belong. Therefore we

thank you DESYaner and congratulate you

Herr Soergel

.

In the name of the German Physical

Society I wish DESY for the next years

wisdom in its planning and choosing of

partners, strength in the execution of

its research tasks and success in the

further search for knowledge. _

dt CJ7898/32)
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GruBadresse von

Dr. Peter Fischer-Appelt
Prasident der Universitat Hamburg

Greeting from

Dr. Peter Fischer-Appelt
President of the University of Hamburg

Sehr verehrter Herr Bundesprasident

,

Herr Prasident der Burgerschaft

,

lieber Herr Soergel,

meine Damen und Herren

!

"Das Deutsche Elektronen-Synchrotron

in Hamburg-Bahrenfeld ist ohne Zweifel

als ein Glanzpunkt der Hamburger Physik

zu bezeichnen". Das schrieb 1969 kein Ge-

ringerer als Pascual Jordan . Heute , 1

5

Jahre spater, ist dieses Urteil weit uber

Hamburg hinaus auf die ganze Bundesrepu-

blik auszudehnen.
Ich freue raich ganz besonders, da6 ich

heute stellvertretend fiir alle Mitglieder

der Hamburger Universitat zusammen mit

Ihnen, 'meine Damen und Herren, die Sie

bei DESY arbeiten, das 25jahrige Jubilaum

Ihres gro3artigen wissenschaftlichen

Unternehmens begehen kann. Ich uberbringe

Ihnen im Zeichen tiefer Verbundenheit die

GruBe und die besten Wunsche der Univer-

sitat Hamburg zu diesem Jubilaum.

DESY, meine Damen und Herren, wurde es

vielleicht nicht hier in Hamburg geben

,

wenn es in Hamburg nicht zuvor eine be-

deutende Tradition physikalischer For-

schung gegeben hatte. Aus ihr sind mehre-

re Nobelpreistrager hervorgegangen , die

in den zwanziger Jahren in der damals

noch ]ungen hamburgischen Universitat

gewirkt haben. Otto Stern, der 1943 den

Nobelpreis fiir Physik erhielt, hatte

bereits vor seiner Berufung nach Hamburg

auf den Lehrstuhl fiir physikalische

Chemie im Jahre 1923 die fiir die Quanten-

physik bahnbrechende Entdeckung des

Stern-Gerlach-Effektes ganacht. Er, wie

viele andere Mitglieder unserer Hoch-

schule, muSte 1933 Land und Universitat

verlassen. Ihrer zu gedenken , ist heute

eine besondere Pflicht und ein tiefes

Anliegen des Herzens.

Ein anderer, der hier zu nennen ist,

war Wolfgang Pauli, das sprichwortliche

Gewissen der deutschen Physik in der Zeit

des groBten Aufbruches in diesem Jahrhun-

Herr Bundesprasident,
President of the Burgerschaf t,

Herr Soergel,
Ladies and Gentlemen!

"The German Electron Synchrotron in

Hamburg-Bahrenfeld is, without dout, one

of the high points of physics in Ham-

burg". That was written in 1969 by no

less a person than Pascual Jordan. Today,

15 years iater, this judgement has to be

extended throughout the whole of the

Federal Republic.

I am particularly pleased that I, on

behalf of all members of the University

of Hamburg, can take part in the 25th

anniversary of this great iiscientific

institute together with you, ladies and

gentlemen who work at DESY. I convey to

you, as a sign of our deep collaboration,

greetings and best wishes from the Uni-

versity of Hamburg for this anniversary.

It is possible, ladies and gentlemen,

that DESY would not exist in Hamburg, if

there hadn't already been a tradition of

physics research here. It goes back to

severai Nobel prize winners, who worked

here in the twenties in the newly founded

university. Otto Stern, who received the

Nobel prize for physics in 1943, had made

the pioneering discovery for guantum

physics of the Stern-Gerlach effect be-

fore his appointment as Professor of

physical chemistry in Hamburg in 1923.

He, in common with many others from our

university, had to leave the country and

university in 1933 and it is with a spe-

cial responsibility and a heartfelt wish

that we remember them.

Another, who should be named here, is

Wolfgang Pauli, the proverbial conscience

of German physics during the time of

greatest uprise in this country. He

discovered the famous equivalence theorem

on the Rothenbaumchaussee and received

the Nobel prize for it later. Isaac

Isidor Rabi and Hans Jensen, also -Nobel

prize winners, have come from their
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dert, der auf der Rothenbaumchaussee das

beruhmte Aquivalenz-Verbot entdeckte und

spater den Nobelpreis dafur erhielt.

Isaac Isidor Rabi und Hans Jensen , zwei

weitere Laureaten, sind aus ihrer Schule

hervorgegangen. Es ist, meine ich, keine

geringe Sache, dafl eina junge Universitat

in einem so wesentlichen Forschungsgebiet
unseres Jahrhunderts wie der Physik so

frijh bahnbrechende Entdeckungen aufzuwei-

sen hat, und deswegen, meine Damen und

Herren , ist es sicher auch der Genius-

loci gewesen, der in dan neuen Anlauf

,

die alten Erkenntnisse der theoretischen

Physik experimentell zu verif izieren , in

Hamburg zum Zuge gekommen ist.

DESY ist heute eine Internationale

Einrichtung. Seine Direktoren Jentschke,

Paul , Schopper und Soergel , von denen

drei Professoren der Hamburger Univer-

sitat sind, haben mit ihren Mitarbeitern

ganz wesentlich dazu beigetragen, da6 der
auslandische Vorsprung in der Elementar-

teilchenphysik in den letzten 25 Jahren

eingeholt worden ist und die deutsche und

europaische Teilchenphysik wieder Welt-

geltung zuriickgewonnen hat.

Diese Erfolge sind auch auf eine nahe-

zu symbiotische Zusammenarbeit zweier auf

diesem Gelande gelegener Institute der

Hamburger Universitat mit DESY zuriickzu-

fuhren, vor allem aber auf Weitblick,
Wagemut und Kooperation und den spezifi-

schen Charme der Wegbereiter dieses Un-

ternehmens, die heute zu unserer Freude

alle unter uns sind. Ein Charme, der uns

nie hat vergessen lassen, deiB die gigan-
tischen Anlagen, die hier errichtet

worden sind und noch werden, den Blick

nicht verstellen gegeniiber der Mensch-

lichkeit des forschenden Geistes, der

hier am Werke ist. Moge zu der bevnande—

rungswiird igen Anstrengung des Fragens das

Quantchen Cluck hinzutreten, das richtige

Antworten gewahrt, und moge im Umgang mit

solchen langersehnten Antworten und neu-

gestellten Fragen die Besonnenheit erhal-

ten bleiben , die uns, zumal an den

letzten Grenzen der Erkenntnis , vonnoten

ist.

school. It is perhaps no small thing that

such a young university has made such

pioneering discoveries in an important

field like physics. Therefore ladies and

gentlemen, it was certainly the genius

loci that in the new beginning Hamburg

was one of the places where the old know-

ledge from theoretical physics was expe-

rimentally verified.
Today DESY is Sn international insti-

tute, and its directors Jentschke,

Faul, Schopper and Soergel, three of

which are professors at the Hamburg uni-

versity, and its staff have significantly

contributed to the fact that the foreign

lead in elementary particle physics has

been caught up and German and European

particle physics has won back inter-

national recognition over the past

25 years.
These successes can be traced back to

an almost symbiotic cooperation between

the two institutes from the University of

Hamburg and DESY, and most importantly to

the vision, daring, cooperation and spe-

cific charm of the pioneers of this un-

dertaking, who are happily all here

today. This charm has never let us forget

human side of research here, despite the

huge instruments which have been and will

be built. Let's hope that the admirable

questioning drive receives its necessary

quantum of luck to find the right

answers, and let 's hope that in dealing

with these long searched for answers the

thoughtfulness is retained, which is

necessary at the limits of our knowledge.

Ich entbiete Ihnen alien den herzlichen
Gliickwunsch der Hamburger Universitat.

I bring you all the heartiest congra-

tulations from the University of Hamburg.
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"Grundlagenforschung - Fluch oder Segen?"

Festvortrag von
Prof- Wolfgang K. H. Panofsky

"Basic Research - Curse or Blessing?"

Celebratory Lecture from
Prof. Wolfgang K. H. Panofsky

Sehr geehrter Herr Bundesprasident

,

lieber Herr Soergel,
liebe Freunde und Kollegen!

Wir haben uns hier versammelt, um das
25jahrige Jubilaum von DESY zu feiern. Es
freut mich sehr, daB ich an diesem Fest
mitwirken kann, und zwar aus mehreren
Griinden. Erstens ist DESY ein Schwester-
institut des Stanford Linear Accelerator
Center, kurz SLAC, das zur Stanford-
Universitat in Kalifornien gehort und wo
ich seit 34 Jahren arbeite. SLAC und DESY
arbeiten auf ahnlichen Gebieten , wir
betreiben beide Elektronenbeschleuniger
und Elektron-Positron-Speicherringe

,

unsere 'institute haben ahnliche GroBe

,

wir haben beide ungefahr die gleiche Zahl
von Mitarbeitern und wir fangen beide
jetzt an, Kollisionsmaschinen neuer Art
zu bauen. Zum anderen bin ich sehr gerne
hier , um DESY zu den groBen Fortschritten
der Wissenschaft zu gratulieren, die von
hier in Bewegung gesetzt werden . Und
schlieBlich ist dies fur mich ein senti-
mentaler Besuch. Von 1919 bei 1934 lebte
ich als Kind in Hamburg; ich wurde an der
Gelehrtenschule des Johanneums erzogen,
und mein Vater lehrte an der Universitat
Han.burg

.

Die Arbeit von DESY ist Teil der weltum-
spannenden Unternehmung , die zum Ziel
hat , die Geheimnisse der Natur zu ent-
hiillen. Sie wissen alle, dafl seit der
Zeit der alten Griechen der Mensch wissen
wollte, aus welchen Bausteinen seine Welt
konstruiert sei . Der kleinste Teil der
Materie der selbst noch "derselbe" ist,
wurde von den Griechen "atomos" d.h.
"unteilbar" genannt. Inzwischen wissen
wir, dafl das Atom nicht unteilbar ist.
Wir wissen, dafl es einen Durchmesser von
ungefahr 10"^ cm hat; das bedeutet , dafl

ein Schnitt durch das menschliche Haeir

etwa eine Million Atome durchquert . Heute
sind die Physiker zu dem ziemlich unvor-
stellbar kleinen Abstand von 10"^^ cm

Honoured Herr Bundesprasident,
Dear Herr Soergel

,

Dear Friends and Colleagues

!

We are gathered here in order to cele-
brate the 25th Anniversary of DESY. I am
particularly pleased to participate in
this celebration for several reasons.
First, DESY is a sister institute to the
Stanford Linear Accelerator Center - SLAC
for short,

.
which is a part of Stanford

University in California, which has been
my place of work for the last 34 years.
SLAC and DESY work on similar topics - we
both operate electron accelerators and
electron-positron storage rings. Our
institutes are of similar ^ize and we
have about the same number of staff
members. We both are now starting to
build colliding beam machines using new
principles.

Secondly , I am pleased to be here in
order to congratulate DESY on the great
progress in science which has been set in
motion from here. But in addition this
visit is for me a sentimental occasion . I
lived in Hamburg as a child from t919
until 1934. I was educated at the Gelehr-
tenschule des Johanneums and my father
taught at the University of Hamburg.

DESY's work is a part of the worldwide
effort whose goal is to discover the
secrets of nature. We all know that since
the time of the ancient Greeks it has
been a human aspiration to know from
which building blocks the world is
constructed. The smallest part of matter
which in itself is still "the same" was
called by the Greeks "atom" or "indivi-
sible". Today we know that the atom has
approximately a diameter of tO~^ cm; this
means that a cut through a human hair
crosses approximately one million atoms.
Today physicists have advanced to the
unimaginably small distance of 10'^^ cm =

)0~^ X 10'^ cm. DESY has contributed a

great deal to this progress . We can now
resolve items which are smaller than the
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10"^ X 10"^ cm vorgedrungen . Dies ist ein

Fortschritt, zu detn DESY recht viel bei-

getragen hat. Sie konnen jetzt Dinge

auflosen, die urn den gleichen Faktor

kleiner als ein Atom sind, uiti den ein

Atom kleiner als ein Zentiraeter ist.

Die moderne Wissenschaft dringt gleich-

zeitig sowohl zur "Grenze des Kleinen"

als auch zur "Grenze des GroBen" vor,

einmal durch die Elementarteilchenphysik,
zum anderen durch Kosmologie und Welt-

raumforschung. Es ist besonders bemer-

kenswert, daB sich diese Gebiete in den

letzten Jahren gegenseitig stutzen - um

die Ereignisse un Weltall zu verstehen,

braucht man die Resultate der Teilchen-

physik. Beide Gebiete, Raumforschung und

Teilchenphysik , brauchen groBe Appeiratu-

ren. Um kleine Dimensionen zu erforschen

,

mu6 man den Probeteilchen eine sehr groBe

Energie erteilen; dies folgt aus dem

Unsicherheitsprinzip von Heisenberg, nach

dem 'eine kleine Dimension nur festgelegt

werden kann , wenn man sie mit Teilchen

von hoher Energie untersucht. Deshalb

bezeichnen heute Hochenergiephysik und

Teilchenphysik dasselbe Gebiet . In dem

Mafle, wie die Energie unserer Beschleuni-

ger und Speicherringe wachst, konnen wir

immer kleinere Dimensionen erf orschen.

Aber dies ist nicht alles. Nicht nur

ist die Physik der hochsten Energien und

die Physik der kleinsten Teilchen die-

selbe, sondern auch unsere Erforschung

des Weltalls stiitzt sich mehr und mehr

auf die Ergebnisse der Teilchphysik. Die

Regeln, die die Energieerzeugung in den

fernen Regionen des Kosmos bestimmen

,

beruhen auf Resultaten, deren Ursprung in

Laboratorien wie DESY zu suchen ist. So

sehen wir, daB die Teilchenphysik die

Rolle des groBen Vereinigers der ver-

schiedenen Gebiete der Naturwissenschaf

t

angenommen hat. Es ist ja nicht sehr

iiberraschend , daB dann, wenn man die

fundamentalen Bausteine der Materie und

die Krafte, die diese Bausteine zusammen-

halten, etwas besser versteht, auch viele

andere Gebiete der Natur verstandlich

werden.

Daruber hinaus ist die Teilchenphysik

aber auch ein Vereiniger von Menschen.

Folo ntSI Jurgen Sch«idt (57899/7)

size of an atom by the same factor by

which the atom is smaller than 1 centi-

meter.
Modern science attacks simultaneously

the "limits of the small" through elemen-

tary particle physics and the "limits of

the large" through cosmology and space

exploration. It is particularly worth

emphasizing that during the last years

these two have been mutually reinforcing
- in order to understand the phenomena in

outer space one needs the results of

particle physics. Both topics of research,

space exploration and particle physics,

require large apparatus. In order to

explore small dimensions one must give

very high energy to the particle probes;

this follows from the Uncertainty Prin-

ciple of Heisenberg which states that a

small dimension can be determined only if

it is probed with particles of very high

energy. For this reason today high energy

physics and particle physics designate

the same topic of research. As the energy

of our accelerators and storage rings

grows we can explore smaller and smaller

dimensions in proportion. But this is not

all. Not only is the physics of the

highest energies and the physics of the

smallest particle the same thing, but so

does the exploration of the cosmos rest

more and more on the results of particle

physics. The rules which determine the

generation of energy in the faj- regions

of space derive from the results which
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Physiker und andere Wissenschaftier , die

in der ganzen Welt auf diesem Gebiet

arbeiten, kennen und respektieren sich

gegenseitig. Es gibt keine Geheimnisse in

der Teilchenphysik. Alle neuen Resultate

werden prompt publiziert. Wo sich Teil-

chenphysiker treffen, hort man alle Spra-

chen. Wissenschaf tliche Vortrage werden

in vielen Landern ublicherweise in einer

Sprache - Englisch - gehalten, unabhangig

von der National! tat des Sprechers oder

des Ortes. Ich halte diese Rede in

Deutsch, denn unsere Horer hier sind ja

nicht alle Naturwissenschaftier und

Techniker! Es ist sehr wichtig, daB die

Rolle der Teilchenphysik nicht nur von

Spezialisten anerkannt wird , sondern da6

auch alien Staatsbiirgern , die das notige

Interesse aufbringen, die Gelegenheit

gegeben wird, dieses Each zu verstehen.

Denn wir miissen ]a alle gemeinsam fiir die

Kosten aufkommen, die erforderlich sind,

um weiterhin Teilchenphysik betreiben zu

konnen.

have originated in laboratories such as

DESY. We see, therefore, that the results

of particle physics have assumed the role

of the great unifier of different parts

of natural science. It is not very

surprising that the improved under-

standing of the fundamental building

blocks of matter and of the forces which

link these building blocks leads also to

improved understanding of many other

phenomena in nature.
We see that particle physics is a

great unifier of different topics of

science. However, particle physics is

also a unifier of people. Physicists and

other scientists who throughout the world

work on this subject know one another and

share a mutual respect. There are no

secrets in particle physics. All new

results are published promptly . At

meetings of physicists dealing with this

topic one hears all languages. Technical

lectures in many countries are generally

delivered in only one language - English-

Bild1

[QMtLL

CESI c*>|- I'l 1971

OtSYIIUMIUIH

onis >'•€- ii< VI im
n\u I*, t- n • 21 i97»

MU f't 30 -UO 1990

rmii

eCPC t'o' M«2.l I9tl

imiinToi

lEI P n 197(

msiii r>t-]0>]0 1917

DESY Journal 84-3/4 DESY Journal 84-3/4



515

Festveranstaltung Celebration

In beinahe alien Landem der Welt gibt
es Hochenergie-Laboratorien. Das erste
Bild zeigt auf einer Weltkarte die Stand-
orte samtlicher Maschinen , mit denen
Teilchen auf Energien von mehr als einer
Miliiarde Elektronenvolt beschleunigt
werden konnen , die entweder bereits im
Betrieb oder noch im Bau sind. Diese
Laboratorien betreiben Anlagen verschie-
dener Art: Beschleuniger oder Speicher-
ringe, Elektronen- oder Protonen-Maschi-
nen , schwache Strahlen oder intensive
Strahlen. Jede Maschine ist besonders
leistungsfahig in ihrem Spezialgebiet

.

Die ideale Maschine fiir alle Zwecke ist
noch nicht erfunden und ist auch nicht
erfindbar, eine "beste Maschine der Welt"
fur die Teilchenphysik gibt es nicht. Ich
betone dies, um Ihnen zu veranschauli-
chen, daS die internationale Zusammen-
arbeit in diesem Gebiet nicht nur der
internationalen Kultur und dem interna-
tionalen Frieden und der Verstandigung
dient, sondern auch rein wissenschaf tlich
notwendig ist.

Lassen Sie mich drei Beispiele erwah-
nen: Fiir die Untersuchung der Struktur
des Protons mit hochster Auflosung wird
zweifellos HERA hier in Hamburg die beste
Maschine sein. Mit dem Speicherring LEP,
der jetzt im CERN gebaut wird, wird es
raoglich sem, die so erfolgreiche Methods
der Elektronen-Positronen-Kollisionen auf
hochste Energien auszudehnen . Um die
langst entdeckten ZO-Teilchen reichlich
und verhaltnismaBig billig zu erzeugen
und um gleichzeitig eine neue Kollisions-
technik zu demonstrieren , ist der Stan-
ford Linear Collider bei uns in Kalifor-
nien die am besten geeignete Maschine.

Das Ziel der Teilchenphysik ist die"
Grundlagenforschung an der Materie. Aus
der Geschichte wissen wir, daB die
Grundlagenforschung immer zu Anwendungen
gefuhrt hat. In welchem Gebiet die Teil-
chenphysik Anwendung finden wird oder ob
ihre Resultate iiberhaupt zu einer Anwen-
dung fiihren, wissen wir natiirlich nicht.
Aber wir miissen uns daran erinnern , daS
beispielsweise die Kernphysiker in den
30er Jahren auch nicht an praktische
Anwendungen dachten. Der groBe englische
Physiker Ernest Rutherford, der Entdecker

independent of the nationality of the
speaker or the locale of the lecture. I
am delivering this talk in German since
our auditors are not all technical
people! It is particularly important that
the role of particle physics is not only
recognized by specialists but that all
citizens who share the required interest
have the opportunity to understand this
subject. After all, we are all paying the
bill for the necessary costs to carry on
work on this topic.

Laboratories which are active in this
field exist in almost all countries of
the world. The first figure indicates on
a map of the world the location of all
machines which are either in operation or
still under construction which accelerate
atomic particles to energies in excess of
one billion electron volts (GeV) . There
is not such a thing as "the best machine
in the world" for particle physics. These
laboratories operate installations of
many kinds: accelerators or storage
rings, electron or proton machines, weak
beams or intensive beams. Each machine is
particularly effective in exploring a

special topic; the ideal machine for all
purposes has not been invented and is not
mventable . I am emphasizing these facts
in order to convince you that internatio-
nal collaboration in this field does not
only serve international culture and
international peace and understanding but
is also necessary for purely scientific
reasons.

I would like to give three current
examples of the above. In that region of
research in which one wishes to under-
stand the structure of the proton at the
highest level of detail HERA here in
Hamburg will be without doubt the most
effective machine. In order to extend the
technique of elementary particle colli-
sions (which has been so successful ) to
the highest energy the LEP storage ring
in Geneva which is now being built at
CERN is without question the best tool.
In order to produce the recently dis-
covered ZO particles in large quantity
and relatively cheaply and in order to
demonstrate simultaneously a new techno-
logy for colliders, the SLC (Stanford
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des Atomkems, erklarte einmal : "Wer

sagt, daS die Kernenergie ausgebeutet

werden kann, der redet Unsinn." Aber

heute haben wir Nukleeurmedizin, Kernreak-

toren, Kemkraf twerke - und Atombomben!

Der Beitrag der Kernphysik zur Medizin

ist zweifellos zum Besten der Menschheit.

Ich personlich glaube, daB dies auch fur

die Kernkraftwerke gilt, obgleich es

daruber viel Streit gibt. Die Kernwaffen

aber sind eine Last, die die Menschheit

jetzt zu tragen hat. Aber trotzdem - oder

vielleicht gerade wegen der Abschreckung

durch die Bomben - hat es seit 39 Jahren

keinen Weltkrieg gegeben - das ist viel

langer als der kurze Frieden zwischen dem

Ersten und dem Zweiten Weltkrieg. Schul-

den wir den Kernwaffen also Dank fiir

diesen langen, aber doch irgendwie er-

zwungenen Frieden? Sind die Resultate der

Kernphysik Fluch oder Segen? Werden die

zukunftigen Resultate der Teilchenphysik

von DESY und anderen Instituten der
Grundla^enforschung Fluch oder Segen

sein? Es gibt wenige Fragen, die wichti-

ger fur die Zukunft der Welt sind, als

diese.

Fur den Staatsbiirger , der sich iiber

die Bedrohung durch die Kernwaffen oder

. tiber die Verschmutzung der Umwelt be-

klagt, ist es einfach, die Verantwortung

auf die Wissenschaft abzuwalzen . Das ist

beguem, aber falsch. Die Gesetze der

Natur existieren, gleichgultig ob der

Mensch sie heute, morgen oder iibermorgen

entdeckt. - Zum Beispiel wissen wir

heute, dafl der erste Kernreaktor nicht

von Fermi und seinen Mitarbeitern in

Chicago 1943, wahrend des Krieges , gebaut

wurde , sondern daB bereits vor zwei Mil-

liarden Jahren eine Explosion aufgrund

von Kernspaltung von der Natur in Gabun

an der Westkuste Afrxkas ausgelost wurde!

Das wurde vor zwolf Jahren durch die

Analyse des Erzes in einem Uranbergwerk
entdeckt. - Der Menschheit einfach das

Wissen zu versagen, ist keine Antwort auf

diese schwierigen Fragen.

Die Obergange von der reinen Grundla-

genforschung zur technischen Nutzanwen-

dung und von da zur Massenproduktion
bilden eine lange Kette. Ihre Glieder

sind: Experimentelle und theoretische

Linear Collider) which we are building in

California is the most suitable device.

The goal of particle physics is basic

research on the nature of matter. Histo-

rically we know that basic research has

always led to applications. We do not

know, of course, in which direction par-

ticle physics will find application, or

in fact whether the results of the

physics of elementary particles will find

any application. But we must remind our-

selves that the nuclear physicists in the

1930 decade did not think about practical

applications. The great British physicist

Ernest Rutherford, the discoverer of the

nucleus, declared "Who says that nuclear

energy can be practically used speaks

moonshine." But today we have nuclear

matter from nuclear reactors and nuclear

power plants - and nuclear bombs! The

contribution of nuclear physics to medi-

cine is without question a boon to man-

kind; I believe personally that these is

also the case for nuclear power plants,

although this is a controversial matter.

Nuclear weapons, however, are a burden

which humanity now has to carry. But in

spite of this, or maybe through the

threat of bombs, there has not been a

world war for 39 years - much longer than

the short period between the first and

second world wars. Do we owe thanks to

nuciear weapons for this long but somehow

coerced peace

?

Are the results of nuclear physics a

curse or a blessing? Are the future

results of particle physics generated by

DESY or other fundamental research insti-

tutes a curse or a blessing? There are

few questions which are more important

for the future of the world then these.

It is very simple for the citizen who

is lamenting the threat of nuclear

weapons or the degradation of the envi-

ronment to place the responsibility on

science. This is simple but wrong. The

laws of nature exist irrespective of

whether man discovers them today, tomor-

row, or the day after tomorrow. For

example, we know today that the first

nuclear reactor was not produced by Fermi

and his collaborators in Chicago during
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Grundlagenforschung - Synthese von Resul-
taten - Erfindung einer Anwendung - Ent-
wicklung eines Produktes - Test eines
Prototypen - Auswertung - und dann end-
lich Produktion und Verteilung.

Nur das erste Glied dieser Kette be-

trifft die Entdeckung der Eigenschaften
der Natur - Eigenschaften, die ohne
unser Zutun sowieso existieren und ein

leil unserer Umwelt sind, egal ob wir sie

erforschen und verstehen oder nicht. Die

weiteren Glieder der Kette, angefangen
mit einem Vorschlag zur Anwendung bis zur

Produktion und Verteilung, sind unter der
Kontrolle des Menschen: Wenn der Mensch
ein Produkt nicht entwickelt, gibt es

dieses Produkt eben nicht. Die groSe
Frage ist deshalb: Sind die organisierten
Institutionen der Menschheit und die
individuelle Starke des Einzelnen fahig,

bezuglich dieses Anwendungspf ads weise
Entscheidungen zu treffen? Meine Oberzeu-
gung- ist, da3 die Menschen und ihre
Institutionen im Durchschnitt bessere und
sicherere Entscheidungen uber die Anwen-

dung eines Naturgesetzes treffen werden,

wenn sie die Grundlagen dieses Naturge-
setzes verstehen

.

the war in 1943, but that a nuclear
fission explosion was released by nature
in Gabon on the west coast of Africa two
billion years ago! This fact was dis-
covered 12 years ago by analyzing the ore

produced in a uranium mine at that loca-
tion. To deny knowledge to humanity is no
answer to these difficult questions.

The transition from basic science to

useful technical application and finally
to mass production constitutes a long
chain. The links of this chain are:
- experimental and theoretical basic
research - synthesis of results - inven-
tion of an application - development of a

product - tests on a prototype - evalua-
tion - production and distribution.

Only the first link in this chain is

dedicated to the discovery of the proper-
ties of nature - these properties exist
without our participation at any account;

they are a part of our environment
whether we explore them or understand
them or whether we do not. The further
links of this chain, starting with the

proposal for an application and ending
with production and distribution, are

foto Otsr Jilrgen Schaidt (37897/19)

DESY Journal 84-3/4 DBSY Journal 84-3/4



518

Festveranstaltung Celebration

Es ist sehr leicht, zu beklagen, wie
gewisse Einflusse der Technik das Leben
kompliziert haben. Man mufi solche Nach-

teile aber gegen die der Katastrophe
abwagen, die sich entwickeln wOrde, wenn
man versuchte , die existierende und zu-

kunftige Weltbevolkerung ohne weitere
technische Entwicklungen zu ernahren , zu

bekleiden, ihr Wohnungen zu geben, sie zu

transportieren und zu beschiitzen

!

Die Technologie hat den Austausch von

Nachrichten zwischen den Menschen aller
Lander erleichtert. Ein Reseultat ist,

daB Geheimnisse viel schwieriger geheim
zu halten sind , sowohi im privaten wie im

offentlichen Leben. Obgleich dies im

Privatleben gelegentlich recht unbequem
sein mag, mufl mcin zugeben , daS interna-
tional gesehen dieser Umstand ein wichti-

ger Schritt zum Frieden sein kann . Die

Satelliten, die jetzt die Erde umkreisen,
haben viele Geheimnisschranken beseitigt.

Rustung in aller Welt zu kontrollieren,
ist ube'rhaupt nur vorstellbar, weil die
Satelliten und Radaranlagen beispiels-
weise auch uber oder durch den Eisernen
Vorhang beobachten konnen . Das Resultat

all dieser technischen Entwicklungen ist,

dafl wir jetzt in einer viel offeneren
Welt leben als im letzten Jahrhundert.

Die Zukunft der Zivilisation ist zum

groBen Teil vom Fortschritt der Technolo-
gie abhangig; der wiederum hangt vom

Fortschritt der Grundlagenforschung ab.

Deshalb gibt es in der Welt, in der wir
leben, keine Alternative zur gesell-
schaftlichen Pflicht, die wissenschaif t-

liche Forschung intensiv zu betreiben.
Die einzige Fragc ist: Wie intensiv?

Die Grundlagenforschung kostet Geld
und Arbeit. Wenn Landwirtschaf t oder
Industrie in Schwierigkeiten sind , hort
man oft die Frage: "Ja konnen wir uns die
Grundlagenforschung denn iiberhaupt

leisten?" Die Antwort lautet, daB wir
ohne Grundlagenforschung keine gesunde
Technik und Okonomie betreiben konnen

!

Dies ware ein Baum ohne Wurzeln , der
nicht lange gedeihen konnte. Wenn das
Geld knapp ist, erscheint es immer als
einfachste Losung, alles zu verschieben

,

was nur der weiteren Zukunft gewidmet
ist. Aber wer so handelt, verpfandet die
Zukunft.

under the control of humanity: If man

does not develop such a product then this
product does not exist. The great
question is therefore: Are the organized
institutions of humanity and the indivi-
dual strength of mankind capable of
making wise decisions about this path
towards application? My conviction is

that mankind and its institutions on the

average make better and more certain
decisions concerning the application of a

natural law when they understand the

basis of such a law of nature.

It is very easy to complain that

certain influences of technology have

complicated life. One must, however,

compare such aggravations with the cata-
strophe which would arise if one attemp-

ted to feed, to clothe, to house, to

transport and to protect the existing and

future population of the world without
further technical developments

!

Technology has eased the exchange of

information among people of all coun-
tries. A result is that secrets are more
difficult to keep secret both in private
and in public life. Although this becomes
rather uncomfortable in private affairs,

one must admit that internationally this

circumstance can be an important step

towards peace. The satellites which now
encircle the earth have removed many
secrecy barriers. The control of weapons
in the world is imaginable because the

satellites and radar can accomplish their
observations above and through the Iron

Curtain. The result of all these

technical developments is that we now
live in a much more open world than in

the previous century.

The future of civilization is to a

large extent dependent on progress in

technology. In turn, the progress of

technology depends on progress in basic
research. Therefore throughout the world
in which we live there is no alternative
to the duty of human society to carry out

scientific research intensively - the

only question is how intensively.
Basic research requires money and

work. When the economy or industry, are in

difficulty one often hears the question.
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Bild 2 zeigt schematisch, wie sich die
Kosten langs der Entwicklungskette von

der Grxindlagenforschunng bis zui- endgul-
tigen Herstellung verteilen. Man sieht,

daB die Grundlagenforschung nur einen
winzigen Bruchteil der Gesamtentwick-
lungskosten verursacht. Auf der anderen
Seite aber gibt es ohne die Grundlagen-
forschung das technische Endprodukt liber-

haupt nicht: Die Grundlagenforschung ist

der Samen fiir alle technische Weiterent-
wicklung. Ein Beispiel hierzu: Das Prin-
zip des Lineeirbeschleunigers wurde vor
dem Zweiten Weltkrieg entdeckt und mit
einem Forschungsaufwand von ungefahr
feiner Million DM in die Wirklichkeit
umgesetzt. Diese Entwicklung hat zu einem
ganzen Industriezweig gefiihrt , der Line-
arbeschleuniger zur Krebsbestrahlung her-
stellt. Der Gesamtpreis der bisher an

Krankenhauser gelieferten Linearbeschleu-
niger betragt 10 Milliarden DM.

Durch theoretische und experimentelle
Grundlagenforschung, dera ersten Glied
unserer Entwicklungskette , werden sicher-
lich auch in der Zukunft neue Wahrheiten
fiber die Natur entdeckt. Deshalb mu6 die
Antwort auf die Frage "Grundlagenfor-
schung - Fluch Oder Segen?" Probleme der
Moral und der Politik berucksichtigen und
in Rechung stellen, wie die Gesellschaft
auf Entdeckungen aus der Grundlagenfor-
schung reagiert. Kann der Mensch die
Resultate der Forschung in konstruktive
Richtungen lenken und gleichzeitig die
zerstorenden Folgen vermeiden?

Nirgends ist die Frage wichtiger als

in der Militarpolitik. Die Natur hat uns
die Mittel gegeben, die Zivilisation auf
der Erde zu vernichten . Ich sage "die
Natur", nicht "die Wissenschaft", denn
ich bin uberzeugt , daB sich jedes Geheim-
nis der Natur eines Tages offen zeigen
wird . Die Kraft der Kernwaffen ist die-
selbe wie die, welche die Sonne und die
Sterne mit Brennstoff versorgt.

Zur Zeit gibt es ungefahr 50 000

Nuklearsprengkorper in der Welt, ungefahr
gleichmaBig verteilt zwischen der NATO
und dem Warschauer Pakt. Diese Menge ist
viel zu groB, als dafl sie im Kriegsfall
eingesetzt werden konnte, ohne die Fort-
setzung der Zivilisation aufs Spiel zu

Celebration

Produkiion und Veftciltfig

"Yes, but can we afford basic research?"
The answer is that without basic research
or technology the economy cannot be
healthy. This would be a tree without
roots which cannot thrive for any length
of time. If money is short it often
appears to be the simplest solution to

defer everything which only serves the

long-range future. However, whoever
chooses such a course mortgages the

future.

Figure 2 shows schematically how costs
are distributed along the development
chain starting from basic research to

eventual realization. One sees from
Figure 2 that the costs of basic research
are only a tiny fraction of the total
cost of development. Yet without basic
research the technical end product would
not even exist; basic research is the

seed for all further technical develop-
ment.

Let me give an example. The principle
of the linear accelerator was discovered
before the Second World War and was re-
duced to practice at a research cost of
about one million DM. This development
has led to an industry which develops
linear accelerators for cancer therapy at

hospitals. The total price of linear
accelerators developed for this purpose
to date is roughly 10 billion DM. The

first link of our development chain, that
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setzen. Die Zahl der Sprengkorper ist

viel groBer als daB sie sich mit dem

Argument der Abschreckung rechtfertigen

lieBe. Wir wissen das, die flmerikaner

wissen das, und die Russen wissen das.

Trotzdan ist die Zahl der Atombomben in

diese unvorstellbare Hohe gestiegen. Wie

konnte das geschehen? Daruber ist viel

geschrieben worden. Der Hauptgrund ist,

daB sich die Staaten bei der Anschaffung

und Produktion neuer Waffen vor allem

politisch und nicht wissenschaftlich

rechtf ertigen. Bild 3 zeigt als Beispiel

die Ost-West-Jagd nach immer mehr Nu-

klearsprengkorpern, die von den Amerika-

nern beziehungsweise den Sowjets mit

langreichweitigen Cstrategischen) Waffen-

systemen abgeschossen werden konnen

.

Solch ein Wettlauf laBt sich nur recht-

fertigen, wenn die Waffen Symbole der

Starke geworden sind , ohne Bezug auf die

Realitat ihres militarischen Nutzens . Wir

Wissenschaftier haben die ernste Plicht,

den Polltikern immer wieder die physische

Realitat der Kernwaffen vor Augen zu

halten. Wenn im politischen Entschei-

dungsprozeB die wissenschaftliche Reali-

tat der Waffen vergessen wird , dann laBt

sich die verhangnisvolle Frage "Wann ist

genug?" gar nicht beantworten. In diesem

Sinne kann die Wissenschaft ein Segen

sein, wenn es ihr gelingt, die Politiker

und die Of fentlichkeit davon zu uberzeu-

gen, daB die physikalische Realitat der

Kernwaffen, namlich ihre zerstorende

Kraft, so verheerend ist, deiB sich fvir

das Ziel einer wirksamen Abschreckung nur

eine sehr kleine Zahl rechtf ertigen laBt.

Im allgemeinen wird das Handeln der Poli-

tiker durch Vorstellungen und nicht durch

Realitat bestimmt, der Naturwissenschaf t-

ler dagegen versucht , die Wahrheit der

Natur, das heiBt die objektive Realitat,

zu erkennen

.

Man kann leicht viele andere Beispiele

finden, die belegen, daB die Anwendung

der Wissenschaft auf die Technologie

entweder gutartig oder schadlich ist. Was

letzlich herauskommt, hangt davon ab, ob

im gesellschaftlichen EntscheidungsprozeB

Zusammenhange klar erkannt sind und ob

darauf logisch reagiert wird oder ob sie

in diesem ProzeB in den Hintergrund

geruckt werden.

is theoretical and experimental basic

research, will surely, although in the

future, uncover new truth about nature.

Therefore the answer to the question

"Basic Research - Curse or Blessing?"

deals with problems of morality and the

politics of society as to how it will

react to these discoveries. Can mankind

direct the results of research into con-

structive directions and avoid simul-

taneously the destructive consequences?

Nowhere is this question more impor-

tant than in military policy. Nature has

given us the means to destroy civiliza-

tion on earth. I am saying here "nature"

and not "science" since I am persuaded

that the secrets of nature will exhibit

themselves openly sooner or later. The

source of energy for nuclear weapons is

the same which furnishes fuel to the sun

and the stars.

At this time there exist roughly

50,000 nuclear weapons in the world,

roughly evenly divided between NATO and

Warsaw Pact. This number is much too

large to be applicable in any way in case

of war without threatening the future of

civilization. The number of nuclear ex-

plosives is much larger then can be

justified for deterrence of war. We know

this, the Americans know this and the

Russians know this. Nevertheless, the

number of atomic bombs has risen to this

unimaginable figure. How did it happen?

Much has been written about this. The

principal reason is that states, whenever

they acquire new weapons, justify the

need, above all politically and not

scientifically . Figure 3 shows as an

example the mutual competition in increa-

sing the number of nuclear weapons which

can be delivered with long-range stra-

tegic weapons systems between the Ameri-

cans and the Soviets. Such a competition

can only be justified when weapons have

become symbols of strength without refe-

rence to the reality of their military

usefulness. We scientists have the

earnest duty to repeatedly draw the

attention of politicians to the physical

realities of nuclear weapons. If in the

political process the scientific reality

of weapons is forgotten, then the fateful
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Wir mQsRen lernen, dafl sich die
Gesetze der Natur nicht durch Staatsbe-
schiasse erzwingen lassen; der Mensch
kann die Fundamentalgesetze der Natur
weder andem noch verbergen. Wir kennen
viele Beispiele in der Geschichte , wo
eine staatliche oder religiSse Macht
beschlofi, ein Naturgesetz sei unbequem.
Das Resultat war im allgemeinen tragisch.

Im Mittelalter war Galilei aufgrund
seiner astronomischen Beobachtungen uber-
zeugt, daB die Erde urn die Sonne lauft
und nicht das Zentrum der Welt ist. Doch
muBte er diese Meinung unter Drohung von
Folter und Tod widerrufen. In der Sowjet-
union wurden die unsinnigen Theorien des
Pseudobiologen Lysenko zum Staatsdiktum
erhoht, um eine unselige Agrarpolitik
zu rechtfertigen. Nur nach einem mutigen
Kampf der Sowjetischen Akademie der
Wissenschaften war es schlieBlich wieder
erlaubt, in der Sowjetunion Biologic und
Genetik ' im wissenschaftlichen Sinn zu
lehren

.

Zwischen 1933 und 1945 war es in

Deutschland strengstens verboten, Ein-
steins Relativitatstheorie zu lehren

.

Heute bildet die Relativitatstheorie die
Basis fur viele Gebiete der Technik; ohne
Relativitatstheorie gabe es keine
Hochleistungselektronenrohren , keine in-
tensive Rontgenstrahlung, keine Hochener-
giebeschleuniger und deshalb kein DESY!

Und der verbrecherische BeschluS des
Staates , im Widerspruch zur Wissenschaf

t

einer menschlichen Rasse eine fundamen-
tale Oberlegenheit zuzuschreiben , fuhrte
zu der groBten Tragodie des deutschen
Volkes und der Menschheit.

Heute zittert die Menschheit vor der
drohenden Macht der vielen Tausenden von
Kemwaffen. Trotzdem hat der Prasident
der Vereinigten Staaten vorgeschlagen

,

daB ein neuer Verteidigungsschirm die
existierenden Kernwaffen "uberholt und
wirkungslos" (obsolete and impotent)
machen sollte, obwohl die ungeheure Wir-
kung der heutigen Kemwaffen der An-
griffsmacht einen gewaltigen Vorsprung
gegenuber der sich verteidigenden Macht
gibt. Was die Wissenschaf t erfunden hat,
kann nicht durch offiziellen BeschluB
unerfunden gemacht werden

!

question "When is enough enough?" cannot
be answered. In this sense science can be
a blessing if it succeeds in convincing
politicians and the public that the phy-
sical realities of nuclear weapons, that
is their destructive power, is so over-
whelming that for the goal of deterrence
only a very small number can be justi-
fied. Generally the actions of politi-
cians are determined by perceptions and
not by reality. The scientist attempts to

single out the truth in nature, that is
the objective reality.

One can easily find many other examp-
les where the application of science to

technoiogy is either beneficial or
damaging; what actually results depends
on whether the human decision process
recognizes clearly the scientific circum-
stances and reacts logically to them, or
whether the process pushes the scientific
facts into the background.

We must learn that the forces of
nature cannot be coerced by the state;
man can neither change nor hide the fun-
damental laws of nature. We know many
examples of history when a governmental
or religious power decided that a law of
nature was uncomfortable: The result in

general turned out to be tragic. In the

Middle Ages Galilei became convinced
through preceding astronomical observa-
tions that the earth orbits around the

sun and was not the center of the world.
However he had to recant this opinion
under threat of torture and death. In the

Soviet Union the senseless theories of
the pseudo-biologist Lysenko were

elevated to an edict of the state in

order to justify the ill-advised agricul-
tural policy of the state. Only after a

courageous fight on the part of the

Soviet Academy of Sciences was it again

permitted to teach biology and genetics

in Russia in the scientific sense.

Between 1933 and 1945 it was rigidly

forbidden to teach in Germany the Theory

of Relativity of Einstein. Today the

Theory of Relativity forms the basis for

many fields of technology. Without the

Theory of Relativity there would be no

high-powered electron tubes, no intensive
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So ahnlich ist es beim Umweltschutz.

Es ist sinnlos, Wissenschaft und Techno-

logic als Urubel der Verschmutzung der

Natur anzuklagen ; die Ursache ist in

unklugen Entscheidungen der menschlichen
Gesellschaft zu suchen. Wir brauchen die
Wissenschaft - sowohl die Grundlagenfor-
schung als auch die Entwicklxing von

spezifischen MaSnahmen -, um unsere Um-

welt wieder sauberer zu machen

.

Mit all diesen Beispielen wollte ich

zeigen, da6 nur mit Grundlagenforschung,
die zum besseren Verstandnis der Natur

fiihrt, die wachsende Zahl von Menschen

ohne groBe Leiden und Katastrophen auf

diesem Planeten uberhaupt leben kann. Die

Grundlagenforschung ist deshalb absolut
notwendig fiir die Zukunft unserer Zivili-
sation. Mit Hilfe der Wissenschaft ist es

moglich, dafl wir wenigstens in Harmonie
mit unserer natiirlichen Umwelt leben

konnen. Aber dies kann nur Realitat
werden, wenn unsere Staatsbiirger den Rat

der Wissenschaft kritisch aufnehmen . Im

fundamentalen Sinn ist die Wissenschaft
kein Fluch, aber sie kann nur zum Segen
werden, wenn sie sorgfaltig gepflegt und

ausgenutzt wird . Leider versuchen viele

Politiker und weite Teile der Gesell-
schaft, nur auf die grofien Moglichkeiten
der Wissenschaft zur industriellen
Nutzung hinzuweisen, aber gleichzeitig
die Aussagen derselben Wissenschaft iiber

die Grenzen des Wachstums und die Not-

wendigkeit der Beschrankung der militari-
schen Macht zu ignorieren. Die Wahrheit

der Naturgesetze ist aber unteilbar: Der

Mensch kann sich nicht die bequemen
Naturgesetze herauspicken und die unbe-
quemen ignorieren

.

In den vorangehenden Bemerkungen haben
wir die Rolle der Wissenschaft als eln

zweischneidiges Schwert beschrieben. Wir
haben den SchluB gezogen , daB die For-

schung einschlieBlich der Grundlagenfor-
schung eine Notwendigkeit der modernen
Gesellschaft ist und die Verbesserung der
Lebensqualitat der ganzen Welt ermog-
licht, aber nicht sichert. DESY kann
stolz sein , dabei eine sehr wichtige
Rolle zu spielen. Diese Aussage gilt
nicht nur fiir die Vergangenheit , sondern
auch fiir die Zukunft. Die neue Maschine

X-rays, no high energy accelerators and
therefore no DESY. And the criminal deci-
sion by the State, in contradiction to

science, to attribute to one human race a

fundamental superiority led to the

greatest tragedy of the German people and
humanity

,

Today humanity trembles before the

threatening might of many thousands of

atomic weapons. Nevertheless the Presi-
dent of the United States has proposed
that a new defensive umbrella should make
the existing nuclear weapons "obsolete

and impotent". This proposal was made,

notwithstanding the fact that the immense
power of today's nuclear weapons has
given the offensive power an enormous
advantage against defensive measures.

What science has invented cannot be unin-
vented through offical decree.

The situation is similar in respect to

environmental protection. It is senseless
to accuse science and technology as the

basic root of the pollution of nature;

one should look for the cause in unwise
decisions of human society. We need
science, both basic research and the

development of specific remedies, in

order to clean up our environment.
With all these examples I am trying to

demonstrate that without basic research
which leads to a better understanding of
nature the growing number' of people can-

not be accommodated on this planet with-

out great suffering and catastrophe.

Basic research is therefore absolutely
necessary for the future of civilization.
With science it is at least possible that

we can live in harmony with the natural

world. However, this can only become
reality when our citizens listen criti-
cally to scientific advice. In a funda-
mental sense science is not a curse but

it can only become a blessing if it is

treated and explored carefully . Unfor-

tunately many politicians and many parts

of society attempt to exploit only the

great possibilities .
of science for

industrial application and they hide
simultaneously the results of the same
science for the limits of growth and for
the necessity of restricting military
might. The truth of the laws nature is

inseparable: Man cannot pick out those
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HERA wird DESY eine einzigartige Gelegen-
heit schaffen, neue Fundamentalresultate

in der Teilchenphysik zu finden. HERA ist

die einzige Kollisionsmaschine der Welt

fur Elektronen und Protonen.

Mit diesem Appeirat kann die Struktur
des Protons in hochster Prazision er-
forscht werden , da die Struktur und die
Wechselwirkung des Elektrons wohlbekannt
ist. Es ist interessant festzustellen

,

daB die drei groBen europaischen Kolli-

sionsmaschinen - HERA, die Proton-Anti-
proton-Anlage SPS im CERN und die erste

Stufe von LEP im CERN - alle dieselbe
Kollisionsenergie haben, wenn mar> die
maximale Energie der am StoB t>eteiligten

Grundbausteine (Leptonen und Quarks)
betrachtet (siehe Bild 4).

laws of nature with which he feels com-

fortable and ignore those which he consi-
ders uncomfortable.

In the foregoing remarks we have
described the role of science as a two-

edged sword. We have drawn the conclusion
that research including basic research is

a necessity of modern society and that it

makes possible the improvement of the
quality of life within the whole world

but it does not assure such improvement.

DESY can be proud to have played a very

important role in this undertaking. This
statement applies not only to the past

but also to the future. The new machine
HERA will provide a unique opportunity to

DESY to find new fundamental results in

particle physics. HERA is the only col-
lider in the world in which electrons and

protons meet.

ino

10^«^
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Die Zukunft von Laboratorien wie DESY
und meinem Heimatinstitut SLAC hangt von
der kontinuierlichen Selbsterneuerung ab.

Als DESY vor 25 Jahren gegriindet wurde

,

konnte sich niemand die Zukunft mit
DORIS, PETRA und HERA vorstellen. Wie
Bild 5 illustriert , wird der Fortschritt
der Hochenergiephysik durch Eirfindungen

neuer Beschleunigerverf ahren bestimmt.
Jede neue Methode der Beschleunigung von
Elementarteilchen macht es moglich, die
Obergrenze der erreichbaren Energie
weiter zu verschieben. Doch kann mit
jeder Methode nur ein gewisser Fort-
schritt bewirkt werden, ehe sie zu teuer

With this apparatus the structure of
protons can be explored with highest
precision since the structure and inter-
action of electrons are well-known. It is

interesting that the three large European
colliders - HERA, the CERN proton-anti-
proton adaptation of the supercollider
(SPS), and the first step of the LEP
machine at CERN all lead to the same
collision energies if one measures the
energy with which the fundamental buil-
ding blocks (leptons, quarks) collide.
This is illustrated in Figure 4.

The future of laboratories, like DESY
and my own institution SLAC depends on
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wird, und wieder eine neue Technik erfun-
den und eingefiihrt werden mu6. DESY hat
an mehreren dieser technischen Spriinge

mitgearbeitet und ich bin uberzeugt , daB
DESY auch zu den nachsten Sprungen bei-
tragen wird. Ich weise darauf hin , daB
die Systematik dieser Entwicklungen
zeigt, wie die Grundlagenforschung dem
Fortschritt der Technik dient, wie aber
auch umgekehrt die Technik zum Fort-
schritt der Wissenschaft notig ist. Wis-
senschaft und Technik stehen in einer
wechselseitigen, symbiotischen Verbin-
dung.

Ich mochte schlieBen mit einem Gluck-
wunsch an DESY, ein Laboratorium, das ein
ganzes Viertel jahrhundert hindurch eine
groBartige Rolle in diesem groBartigen
Abenteuer unserer Zeit gespielt hat.

continuing renewal. When DESY was founded
25 years ago no one could imagine the
future with DORIS, PETRA and HERA. As is
illustrated in Figure 5, the progress of
high energy physics is paced by inven-
tions of new means of acceleration. Each
new method of acceleration of elementary
particles makes it possible to raise the
attainable energy limit. Yet each one
method can only lead to a certain pro-
gress until it becomes too expensive;
then a new technology has to be invented
and introduced. DESY has contributed to
many of these jumps; I believe that DESY
will also contribute to the subsequent
advances.

I am pointing out these facts to
demonstrate the systematics of these
developments which show how basic
research leads to progress of technology,
but also how, conversely, that ' new
technology is necessary for the progress
of research. Science and technology have
mutually reinforcing symbiotic connec-
tion.

I would like to conclude with congra-
tulations to DESY, a laboratory which has
played such a large role through a quar-
ter century in this great adventure of
our time.

^i^. i n. ^
rota OCS( JUrgen Schaidt (37898/20)
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Historischer ROckblick

von Prof. Willibald Jentschke

Historical Review from

Prof. Willibald Jentschke

Herr Bundesprasident,
Herr Prasident der Burgerschaft

,

meine Herren Senatoren,
sehr geehrte Damen und Herren,

liebe Freundei

Ich mochte hier keinen umfassenden
historischen Ruckblick auf DESY geben.
Ich mochte nur einige Worte zur Grundung
von DESY sagen.

Vom 11. bis 23. Juni 1956 fand in Genf

ein intemationales Symposium fur Hoch-

energiephysik und Hochenergiebeschleu-
niger statt. Aus der Bundesrepublik
Deufcschland nahmen daran folgende Experi-

mentalphysiker teil: Wolfgang Centner,

Wolfgang Paul, Wolfgang Riezler, Chri-

stoph Schmelzer, Arnold Schoch und Wil-

helm Walcher. Ich selbst kam direkt aus

den USA, um nach dieser Konferenz meine
Tatigkeit am physikalischen Institut der
Universitat Hamburg aufzunehmen. Wir

haben damals die unbefriedigende Lage der

Hochenergiephysik in der Bundesrepublik
erortert. Zur Verbesserung der Situation
beschlossen wir, die Errichtung eines 6-

GeV-Elektronen-Synchrotrons vorzuschla-

gen. Dieser Bau sollte in Anlehnung an

ein ahnliches Projekt durchgefuhrt wer-

den, das in den USA von den beiden For-

schungszentren Massachusetts Institute

of Technology und Harvard University
unter der Leitung von Stanley Livingston
gerade begonnen worden war. Diese Wahl

ermoglichte es , im Prinzip an die Vor-

front der Forschung vorzustoBen . Sie war

neu in Europa und sicherte uns die notige
Hilfe durch die enge Zusammenarbeit mit
der Livingston-Gruppe.

Die Weiterentwicklung dieses Vorschla-
ges fuhrte drei Jahre spater zur Grvin-

dung der Stiftung "DESY, Deutsches Elek-
tronen-Synchrotron" . Diese Entwicklung
war nur dadurch moglich, dafl sich Person-

Herr Bundesprasident,
Herr Prasident der Burgerschaft,
Herr Senator,
Ladies and Gentlemen,
Dear Friends!

I don't want to give a comprehensive
historical review here. I just say a few
words on the founding of DESY.

From the Uth to the 23rd July 1956 an

international symposium for high energy
physics and high energy accelerators was

held in Geneva. The following experimen-

tal physicists took part from the Federal

Republic of Germany: Wolfgang Centner,

Wolfgang Paul, Wolfgang Riezler, Chri-
stoph Schmelzer, Arnold Schoch, and
Wilhelm Walcher. I came directly from the

U.S.A. to take up my post at the Physics

Institute of the University of Hamburg
after the conference. We discussed the

unsatisfactory situation in the Federal

Republic with regard to high energy phy-
sics. To improve this we decided to

propose a 6 GeV electron synchrotron.
The project was assisted by a similar one

which had just been started in the U.S.A.

by the Massachusetts Institute of

Technology and Harvard University under

the leadership of Stanley Livingston.
This choice made it possible in principle
to venture to the front rank of tesearch.

It was new in Europe, and guaranteed the

necessary support through the close
cooperation with Livingston's group.

Further development of this proposal

led three years later to the establish-

ment of the foundation "DESY, Deutsches
Elektronen-Synchrotron". This was only

possible, because various people in poli-
tics, management and science were coura-
geous enough to pursue the project with-
out being hindered by bureaucracy. With-

out this readiness to help us in all

situations we would never have reached

our goal . This confidence in our propo-
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lichkeiten aus Politik, Verwaltung und

Wissenschaft fanden, die sich mutig und

ohne Biirokratismus fur die Durchfuhrung

dieses Projektes einsetzten. Ohne diese

aufgeschlossene Bereitwilligkeit , uns in

jeder Situation zu helfen, waren wir nie

ans Ziel gekommen . Denn dieses Vertrauen

in unsere Vorschlage war keineswegs

selbstverstandlich, lagen doch damals in

Deutschland wirklich kaum Kenntnisse iiber

den Bau eines solchen CroBbeschleunigers

vor .

Ich mochte deshalb im Namen von DESY

noch einmal meinen Dank aussprechen , zu-

nachst dem Senat der Freien und Hanse-

stadt Hamburg und ihrer Biirgerschaf t, dem

friiheren Bundesministerium fiir Atomener-

gie und Wasserwirtschaft - dem jetzigen

Bundesministerium fiir Forschung und

Technologic -, dem Parlament mit seinen

Ausschussen, den Landesregierungen una

den Landerparlamenten, dem Verwaltungsrat

von DESY mit seinen Mitgliedern von Bun-

des- und Landesseite. Ich mochte aber

auch sehr herzlich der alten mathema-

tisch-naturwissenschaft lichen Fakultat

danken, dem Fachbereich Physik und auch

dem fruheren Rektor der Universitat, der

uns damals sehr geholfen hat, und dem

jetzigen Universitatsprasidium. Ich danke

auch der Deutschen Physikalischen Gesell-

schaft, deren friihzeitige Unterstutzung

wesentlich zu dem Gelingen des Projektes

beigetragen hat. Ich mochte aber auch den

verschiedenen Behorden des Stadtstaates

Hamburg und des Bundes danken, welche die

Bedingungen geschaffen hatten , die das

Entstehen dieses Forschungszentrums zu-

lieBen.

Fur den Erfolg von DESY war die unei-

gennutzige Hilfe, die DESY von Livingston

und seiner Gruppe erfuhr, wesentlich. Da-

neben sei ebenfalls der Unterstutzung

durch Panofsky und Hofstadter von der

Stanford University gedacht. Auch mit

CERN war von Anfang an ein reger Aus-

tausch vorhanden. In diesem Zusammenhang

mochte ich die Namen John Adams, Mervin

Mine, Arnold Schoch, Christoph Schmelzer

und Wolfgang Schnell an Stelle von vielen

anderen nennen.

lolo OtS< Jurgen ScdniiiH (57899/21)

sals was certainly not self-evident, as

at that time there was hardly any know-

ledge in Germany on the building of such

a large accelerator

.

Therefore, in the name of DESY, I

would once again like to thank the Senate

of the Freie und Hansestadt Hamburg and

the City Parliament, the former Ministry

of Atomic Energy and Water Supply, the

present Ministry of Research and Techno-

logy, the State Parliament and its com-

mittees, the governments and parliaments

of the different States, and the Admini-

stration Board of DESY with its members

from the Federal Republic and from Ham-

burg. I would also like to thank heartily

the old science faculty, the Fachbereich

Physik and the former rector of the

university, who helped us a great deal at

that time, and the present presidency. I

also thank the German Physical Society

whose early support contributed signifi-

cally to the success of the project. I

would also like to thank the various

authorities of the city of Hamburg and

the Federal government who created the

necessary conditions , which allowed the

emergence of this research centre.
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Lassen sie mich zum AbschluB drei
Bilder zeigen.

Das erste gibt die Unterzeichnung des
Staatsvertrags zur Griindung der Stiftung
"DESY, Deutsches Elektronen-Synchrotron"
wider, die am 18. Dezember 1959 durch den
Ersten Burgermeister der Freien und
Hansestadt Hamburg, Max Brauer (rechts)

und den Minister fur Atomenergie und
Wasserwirtschaf t, Professor Siegfried
Balke (links) im Hamburger Rathaus er-
folgte. In dem Vertrag wurde die Finan-
zierung des Baus dieses Hochenergie-
Beschleunigers und der dazu gehorenden
Laboratorien von DESY bis zu einer Summe
von 60 Millionen DM geregelt.

For the success of DESY the unselfish
help from Livingston and his group was
essential . The support of Panofsky and
Hofstadter must also be mentioned . Be-
sides that we had close contact with CERN
and in this connection I would like to
mention the names John Adams, Mervin
Mine, Arnold Schoch, Christoph Schmelzer
and Wolfgang Schnell among many others.

To close let me show three pictures.
The first one shows the signing of the
treaty setting up the foundation "DESY,
Deutsches Elektronen-Synchrotron" . It was
done on 18th December 1959 by the Hamburg
Mayor Max Brauer (right) and the Federal
German Atomic Energy Minister Siegfried
Balke (left) in the Hamburg Rathaus. In

this contract the financing of the buil-
ding of this high energy accelerator and
the necessary laboratories at DESY was
regulated up to a total of 60 million DM.
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Das zweite Bild stellt das ursprung-
liche Gelande in Hamburg-Bahrenfeld dar

,

vor dem Bau des Bauschleunigers . Es han-
delt sich um einen ehemaligen Militar-
und spateren Sportf lugplatz. Das Gelande
wurde 1 957 von den Bundesministerien f iir

Verteidigung und Finanzen der Hansestadt
Hamburg fur den Bau des Beschleunigers
zur Verfiigung gestellt. Die Aufnahme
enstand wahrend einer Sportveranstaltung
"FlugtAg Altona" zwischen 1929 und 1933.

The second picture shows the original

site in Hamburg-Bahrenfeld before the

construction of the accelerator. It was a

former military and a later sports flying
aerodrome . The area was made available
for Hamburg in 1957 by the Federal German
Defence and Finance Ministries. This pic-
ture was taken during the sports meeting
"Flugtag Altona" between 1929 and 1933.
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Das dritte Bild zeigt DESY in seiner
derzeitigen Ausbaustufe. Zu dem kreisfor-
migen Elektronen -Synchrotron sind die
beiden Elektron-Positron-Speicherringe
DORIS und PETRA hinzugekontmen, an denen
insgesamt sechs Gruppen mit jeweils
80 bis 100 Physikern parallel experimen-
tieren. Der PETRA-Ring von 2,3 km Umfang
umschlieSt das DESY-Gelande , wahrend der
Tunnel fur die Elektron-Proton-Anlage
HERA nur zu etwa 20% unter DESY-eigenem
Territorium verlaufen wird . AuBerdem
werden in zwei Hallen Experimente mit der
Synchrotronstrahlung aus den unterschied-
lichsten Forschungsgebieten durchgefuhrt

.

The third picture shows the present
state of DESY. In addition to the circu-
lar electron synchrotron there are the
two electron-positron storage rings,
DORIS and PETRA. Six groups work on them,
each with between 80 and 100 experimental
physicists. While the PETRA ring with a

circumference of 2.3 km almost encloses
the DESY site, the tunnel for the HERA
electron-proton collider will run under
the DESY area for only about 20% of its
length. Besides that in two halls many
groups from different research fields
carry out experiments with synchrotron
radiation.

Ich glaube, da6 keiner der Physiker,
die im Jahr 1 956 in Genf den Bau des
Elektronen-Synchrotrons vorschlugen, auch
nur im Entf erntesten ahnten , was aus DESY
nach 25 Jahren werden wurde.

I think that none of the physicists
who proposed the construction of the
electron synchrotron in 1956, would have
imagined in their wildest dreams, how DESY
would develop over its 25 years history.
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Schlu6wort von

Prof . Volker Soergel
Vorsitzender des DESY-Direktoriums

Closing Address from

Prof. Volker Soergel
Chairman of the DESY Directorate

Herr Bundesprasident,
verehrte Anwesende

!

Es bleibt mir zunachst der Dank an
alle, die heute zu uns gesprochen haben,
fiir die vielen guten Wunsche und die
vielen Gedanken , die wir mitbekcmmen
haben bei dieser Geburtstagsfeier

.

Wir feiern heute das 25jahrige Beste-
hen von DESY. An diesem Tag wollen wir
uns naturlich auch an das erinnern, was
bei DESY erreicht worden ist, an das, was
die Erfolge dieses Laboratoriums gewesen
sind, die Erfolge der Wissenschaf tier und
al ler Mitarbeiter, die hier geforscht und
gearbeitet haben. Heute nachmittag wird
im Rahmen eines wissenschaf tlichen Kollo-
quiums Gelegenheit sein, sich iiber diese
Erfolge Rechenschaft zu geben. Ich be-
griiBe hier die Vortragenden dieses Kollo-
quiums : Herr Prof . Sands aus Santa Cruz
wird iiber Beschleuniger reden, Herr
Prof. Meyer aus Wuppertal uber die Ergeb-
nisse der Hochenergiephysik an den DESY-
Beschleunigern , Herr Prof . Steinmann aus
Miinchen iiber Ergebnisse der Forschung mit
Synchrotronstrahlung und Herr Prof

.

Fritzsch aus Miinchen iiber die theoreti-
schen Vorstellungen der Elementarteil-
chenphysik.

An einem solchen Tag wie heute soil
man aber auch iiber die Zukunft etwas
sagen : Wie geht es weiter nach den ersten
25 Jahren? Nun, fiir die Elementarteil-
chenphysik bei DESY kann man wohl sagen,
dafl die Zukunft bereits begonnen hat.
Seit Mai bauen wir HERA. Wir sind froh
und dankbar, da6 die Bundesregierung und
der Hamburger Senat ihre Zustimmung zum
Bau dieses groBen Projekts hier in Ham-
burg gegeben haben. Am 6. April haben
Herr Minister Riesenhuber und Herr Sena-
tor Sinn ( Ich begruQe Herrn Sinn . heute
sehr herzlich bei uns.) bei DESY in einer
Feierstunde die HERA-Vereinbarung zwi-
schen Bonn und Hamburg unterzeichnet.

Herr Bundesprasident

,

Ladies and Gentlmen!

I must first of all thank all those
who have addressed us today, for the many
good wishes and the thoughts which we
have recieved at our birthday celebra-
tion.

We are celebrating the 25th anniver-
sary of DESY today. We should, of course,
remember what has already been achieved
at DESY, what have been the successes of
this laboratory , the successes of the
scientists and staff who have researched
and worked here. This afternoon in the
framework of a scientific colloquium
there will be an opportunity to give an
account of these successes. I welcome the
lecturers at this colloquium: Prof. Sands
from Santa Cruz will talk about accelera-
tors; Prof. Meyer from Wuppertal on the
high energy physics results from the DESY
accelerators; Prof. Steinmann from Munich
on the synchrotron radiation results and
Prof. Fritzsch from Munich on the theo-
retical ideas in elementary particle
physics.

However, on an occation such as this
one should also say something about the
future: How are we going to continue
after the first 25 years? For elementary
particle physics at DESY one can say
that the future has already begun. We
have been building HERA since May. We are
glad and thankful that the Federal
government and the Hamburg senate have
given their approval for the building of
this large project here in Hamburg. On
the 6th April Minister Riesenhuber and
Senator Sinn (I welcome Herrn Sinn hear-
tily here today.) signed the HERA con-
tract between Bonn and Hamburg during a

ceremony held here at DESY.

The building of this large accelerator
project will need all the available
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Der Bau dieses groSen Beschleuniger-
Projekts wird in den komnienden Jahren
alle Krafte bei DESY beanspruchen . Wenn
HERA fertiggestellt ist, dann stehen uns
und den Physikern aus Deutschland und aus
aller Welt, die hier gemeinsam forschen
werden, viele Jahre interessanter For-
schungsarbeit bevor. Herr Panofsky hat
schon erwahnt, wie einmalig die Maschine
HERA sein wird

.

Mit HERA betreten wir Neuland in ver-
schiedener Beziehung: physikalisches Neu-
lemd, wie es Herr Panofsky ausgefuhrt
hat, technologisches Neuland dadurch, da6
wir die Supraleitung groBtechnisch in
Dimensionen einsetzen, in denen sie bis-
her in Europa nicht eingesetzt wurde.
Dieser Einsatz der Supraleitung bei dem
Protonen-Ring auf seiner vollen Lange von
6 km erfordert eine intensive und gute
Entwicklungsarbeit, die wir gemeinsam mit
der Industrie leisten mussen.

Wir betreten auch Neuland beziiglich

der intemationalen Zusammenarbeit. Wir
wollen namlich versuchen, zum ersten Mai
einen groBen Beschleuniger in der Weise
zu bauen, wie man bisher Experimente
gebaut hat, und zwar in der Weise, daB
Partner miteinander die Maschine bauen,
ihre Teile, ihre Kbmponenten zu Hause
fertigen und dann nach Hamburg liefern,
um sie in das gemeinsame Projekt einzu-
bringen. HERA wird uberwiegend von der
Bundesrepublik Deutschland und von
Hamburg finanziert. Aber es sind namhafte
Beitrage zu Komponenten von auslandischen
Instituten und Forschungsorganisationen
fest eingeplant.

Ein ganz besonders bedeutender Beitrag
zu der HERA-Maschine ist von Italien, von
dem Istituto Nationale di Fisica Nucle-
are, in Aussicht gestellt worden. Ich
freue mich deswegen besonders , daB seine
Exzellenz, der Botschafter von Italien,
Prof. Ferraris, heute bei uns ist und uns
mit seiner Anwesenheit zeigt, welche
Bedeutung der HERA-Beitrag fur seine
Regierung und in seinem Land hat.

Wir betreten noch in einer anderen
Hinsicht Neuland. In der Abbildung sehen
Sie das Synchrotron DESY, dessen Bau vor

folo OESV-PR flor

Strength at DESY in the coming years.
When it is finished we and physicists
from Germany and from the whole world who
will research together here, will have
many years of interesting research in
front of them. Herr Panofsky has already
mentioned the uniqueness of HERA.

With HERA we are treading new ground
in different areas: new ground in physics
as Herr Panofsky has outlined, new ground
in technology as we will be using super-
conductivity in large dimensions, such as
has not been employed in Europe before.
This use of superconductivity in the
proton ring for the whole of the 6 km
length demands intensive and good deve-
lopment work together with industry

.

We are also breaking new ground for
international cooperation . We want to
try, for the first time, to build an
accelerator in the same way as one has
built experiments up to now.__ Partners
will build the machine together, con-
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25 Jahren beschlossen worden ist, und den

Speicherring PETRA, der jetzt betrieben

wird und der ungefahr die Grenze des

DESY-Gelandes bildet. Der HERA-Speicher-
ring reicht weit fiber die Grenzen von

DESY hinaus und in das Stadtgebiet von

Hamburg hinein. Wir betreten hier also

dadurch Neuland, da6 wir eine Anlage der

Art und der GroBe von HERA mitten in

einer groBen Stadt bauen, deren Experi-

mentierhallen mitten in der Stadt liegen

und deren Tunnel auch unter bewohnten

Gebieten verlauft.

Wir sind sehr dankbar daf iir , dafl es

die Stadt Hamburg und ihre politischen
Institutionen ermoglicht haben, daB wir
HERA hier in Hamburg bauen und somit auch

hier mitten in der Stadt experimentieren
konnen . Das hat auch einen ganz prakti-
schen und wirtschaftlichen Nutzen ; auf

structing their components at home and

then delivering them to Hamburg to add

them to the common project. HERA will be

predominantly financed from the Federal

Republic of Germany and Hamburg, but

significant contributions to components

from foreign institutes and research
organizations are firmly planned.

A particularly significant contribu-

tion to the HERA machine from Italy, the

Istituto Nationale di Fisica Nucleare, is

in prospect. I am therefore very glad

that His Excellency, the ambassador from

Italy, Prof. Ferraris is here today, and

through his presence he shows the impor-
tance which his government attaches to

the HERA construction in his country.

We are also breaking new ground in

another aspect: In the figure you see the
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diese Weise konnen wir namlich die exi-
stierenden Beschleuniger , zum Beispiel
PETRA, als EinschuB-Maschinen benutzen
und dies Potential fruherer Investi-
tionen, das hier bei DESY zur Verfugung
steht, vollstandig fiir die neue Anlage
einsetzen . Mit HERA werden wir in Europa

,

wie schon jetzt, so auch im kommenden
Jahrzehnt zwei Hochenergiezentren haben

,

CERN in Genf und DESY in Hamburg , und
somit konnen wir komplementar Forschung
betreiben, wie es Herr Panofsky vorhin
beschrieben hat. Soweit zur Zukunft der
Elementarteilchenphysik bei DESY.

Lassen Sie itiich noch ein kurzes Wort
sagen zur Zukunft unseres zweiten wichti-
gen Forschungsgebiets , der Arbeit mit der
Synchrotronstrahlung am DORIS-Speicher-
ring. DORIS ist heute eine der besten
Rontgenquellen, eine der besten Synchro-
tronstrahlungsquellen der Welt. Wir haben
hier ein hervorragend ausgestattetes La-
boratorium, das insbesondere fiir die
Rontgenphysik genutzt wird . Seit Erof f

-

nung des Hamburger Synchrotronstrahlungs-
laboratoriums im Jahr 1 981 hat die Zahl

der Nutzer einige hundert Wissenschaftier
aus Deutschlamd, die meisten von deut-
schen Universitaten, erreicht und der
Bedarf an und die Nachfrage nach dieser
wertvollen Strahlungsquelle nehmen lau-
fend zu.

DESY hat nun ein Ausbauprogramm in
Angriff genommen, das die Qualitat der
Strahlen durch den Einbau sogenannter
Wigglermagnete und die Zahl der Experi-
mentierplatze vergroBert, urn so auch fur
die nachste Dekade ein gutes Laboratorium
zur Verfugung zu stellen. Wir sind froh,
dafl unsere Stifter und unsere Geldgeber,
die Regierung in Bonn und der Hamburger
Senat, in den kommenden Jahren einem
Personalausbau zugestimmt haben , um
dieses Ausbauprogramm moglich zu machen.

Die langerfristige Zukunft der Syn-
chrotronstrahlung wird von verschiedenen
Faktoren beeinfluBt. Zum einen wird sie
davon abhangen, ob und wo eine europa-
ische Rontgenquelle gebaut wird, zum
anderen, wie lange DORIS noch in dem MaBe
wie heute von den Elementarteilchenphysi-
kem gefragt ist. Jetzt wird die Maschine
ja gemeinsam von den Experimentatoren,

sync/irotron, DESY, the building of which
was agreed to 25 years ago, and the
storage ring PETRA, which is. now being
operated here, and roughly forms the
boundary of the DESY site. The HERA
storage rings stretch well beyond the
limits of DESY into the city of Hamburg.
That we are building an apparatus of the
type and size of HERA, whose experimental
halls lie in the middle of a large city
and whose tunnel runs under inhabited
areas, is also breaking new ground.

We are also very thankful that the
city of Hamburg and its political insti-
tutions have made it possible to build
HERA in Hamburg and that we can experi-
ment in the middle of the city. That has
a practicle and economic advantage; we
can use the existing accelerators , for
example PETRA, as injection machines, and
therefore exploit to the full the invest-
ment which has already been made at DESY
for the new apparatus. With HERA we will
have in the next decade, as we have now,
two high energy physics centres in

Europe: CERN in Geneva and DESY in Ham-
burg which can undertake complementary
research, as Prof. Panofsky has already
described. So much for the future of
elementary particle physics at DESY.

Let me briefly mention the future of
our second important area, the synchro-
tron radiation work at the DORIS storage
ring. Today DORIS is one of the best
X-ray and synchrotron radiation sources
in the world. We have an excellently
equipped laboratory here, which is mainly
used for X-ray physics. Since the opening
of the Hamburg Synchrotron Radiation
Laboratory in 1981, the number of users
has reached several hundred scientists
from Germany, predominantly from univer-
sities, and the demand for this valuable
radiation source is steadily increasing.

DESY has now started a development
program to improve the quality of
radiation by the installation of so-
called wiggler magnets and to increase
the number of experimental areas, so that
a good laboratory will also be available
in the next decade. We are glad that our
sponsors and financiers, the Federal
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die mit der Synchrotronstrahlung arbei-
ten, und von den Hochenergiephysikern
genutzt.

DESY feiert 25. Geburtstag und im

allgemeinen freut man sich iiber Geburts-
tagsgeschenke an so einem Tag . Es

scheint, da6 die Natur uns eine Uberra-
schung zvim Geburstag beschert hat. Bei
DORIS wurden im Crystal Ball-Detektor

,

der von Stanford nach Hamburg kam, urn am
DORIS-Speicherring gemeinsam von amerika-
nischen und europaischen Physikern be-
trieben zu werden, Anzeichen fur ein sehr
uberraschendes Elementarteilchen gefun-
den, das etwa die achtfache Masse eines
Wasserstoffatoms besitzt und dessen Exi-
stenz und Eigenschaf ten mit unseren bis-
herigen theoretischen Vorstellungen vom
Aufbau der Natur nicht erklarbar erschei-
nen. Es ist sicherlich kein Teilchen, da6
etwas mit Quarks Oder Gluonen oder Lepto-
nen zu tun hat, sondern etwas vollig
anderes .'

Wir mussen diese ersten Anzeichen noch
sorgfaltig priifen, bevor wir sagen
konnen, da6 es wirklich eine Entdeckung
ist. Und gegenwartig arbeiten die Physi-
ker bei DORIS daran , dieses Ergebnis,
wenn moglich, zu erharten. Sollte es
sich bestatigen, dann ist es allerdings
sehr aufregend, dann ist es eine echte
Entdeckung, die uns einen wichtigen
Schritt weiterbringen konnte in der Er-
kenntnis, wie die Natur im Innersten
funktioniert. Vielleicht gelingt die Auf-
klarung bis zum richtigen Geburtstag am
18. Dezember.

Ich will nun am Ende meines SchluSwor-
tes im Namen aller Mitarbeiter von DESY
und aller Physiker und Wissenschaf tier
aus Deutschland und aus dem Ausland, die
hier bei DESY arbeiten und forschen
konnen, den Dank an die Stifter ausspre-
chen fiir die Grundung von DESY und fvir

die dauernde und vertrauensvolle Unter-
stiitzung unseres Laboratoriums iiber 25
Jahre hinweg und mit dem Wunsch
schlieBen, daB unsere Arbeit bei DESY in
den jetzt beginnenden 25 Jahren ebenso
erfolgreich sein moge wie in der jetzt zu
Ende gehenden Periode.

government and the Hamburg senate have
agreed to an increase in our personnel,
to make this development possible

.

The long term future of synchrotron
radiation depends on a number of factors.
On the one hand it depends on whether and
where a European X-ray source is built
and on the other hand how much longer
DORIS is demanded on its present scale
for high energy physics. At the moment
the machine runs jointly for synchrotron
radiation and high energy experiments

.

DESY celebrates its 25th birthday
today and normally one looks forward to
birthday presents on such a day. It

appears that nature has prepared a sur-
prise for us. At DORIS, the Crystal Ball
detector, which came to DORIS from
Stanford U.S.A. to be run jointly by
American and European physicists, has
seen indications for a very surprising
elementary particle. It has about eight
times the mass of a hydrogen atom and its
existence and properties are not
compatible with our present understanding
of nature. It is certainly not a particle
that has anything to do with normal
quarks, gluons or leptons, rather some-
thing completely different

.

We still have to check carefully these
indications before it can definitely be
said that it is a discovery . Physicists
at DORIS are presently working on trying
to strengthen the result. Should it be
confirmed, it would be very exciting,
because it is a discovery which could
bring us a step further in our knowledge
of how nature works. Perhaps an explana-
tion will be available before our true
birthday on 18th December.

At the end of my closing address, on
behalf of all the staff at DESY, the
physicists and scientists from Germany
and abroad who can work and research
here, I would like to thank the sponsors
for founding DESY and for their continued
and trusting support over the last
25 years. We hope that our work at DESY
in the next 25 years will be just as
successful as that in the last 25 years.
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Der schon zur Tradition gewordene DESY
Theorie-Workshop fand in diesem Jahr wah-

rend der Fest- und Informationswoche an-

laBlich des 25jahrigen Jubilaums von DESY

statt. Er wurde am Nachmittag des "24.

Septembers mit einem wissenschaf tlichen
Kolloquium eingeleitet, auf dem in vier
Vortragen ein Ruckblick auf die Elemen-
tarteilchenphysik und die Experimente mit
der Synchrotronstrahlung gegeben wurde.

M. Sands (Santa Cruz) sprach uber "High

Energy Machines - DESY and the World",

H. Meyer (Wuppertal) iiber "High Energy

Physics at the DESY Accelerators",
H. Steinmann (Munchen) uber "Highlights

in Synchrotron Radiation Research" und

H. Fritzsch (Munchen) uber "Facts and

Visions in Subnuclear Physics."

Schwerpunktthemen des Workshops waren
schwache Wechselwirkungen von schweren
Quarks, Erweiterungen des Standard-Mo-
dells, zum Beispiel das "Comopsite-
Modell", Modelle der schwachen Wechsel-
wirkung und ein Bericht iiber die Fort-
schritte bei Gittereichtheorien mit
Fermionen. Das Organisations-Komitee
(H. Fritzsch, F. Gutbrod, D. Haidt,
H. Lehmann, D. Schildknecht ) hatte 11

Vortragende eingeladen , zu diesen Gebie-
ten iiber experimentelle und theoretische
Ei-gebnisse und Vorstellungen zu refe-
rieren. Auflerdera gab es Kurzvortrage, die
interessante Anregungen brachten.

E. H. Thorndike (Rochester) berichtete
iiber die neuesten Ergebnisse vom CESR

Speicherring in Cornell. Die Messungen
oberhalb des Y(4S)-Zustands zeigten
Strukturen mit zwei neuen Resonanzen. Die

Untersuchungen von semileptonischen Zer-

fallen der B-Mesonen liefern im Zusammen-
hang mit den gemessenen Lebensdauern
wichtige Informationen iiber die Parameter
der Kobayashi-Maskawa-Matrix.

The traditional DESY Theory Workshop
was held during the "Fest- und Informa-

tionswoche" which marked the 25th anni-

versary of DESY. It started with a scien-

tific colloquium with four review talks

on the history of elementary particle

physics and experiments with synchrotron

radiation in the afternoon of September
24th. The lecturers were M. Sands (Santa

Cruz) on "High Energy Machines - DESY and

the World", H. Meyer (Wuppertal ) on "High

Energy Physics at the DESY Accelerators",

H. Steinmann (Munchen) on "Highlights in

Synchrotron Radiation Research" and

H. Fritzsch (Munchen) on "Facts and

Visions in Subnuclear Physics".

The workshop concentrated on weak

interactions of heavy quarks, on non-

standard, e.g. composite models for weak

interactions, together with a progress

report on lattice gauge theories with

fermions. The organizing committee

(H. Fritzsch, F. Gutbrod, D. Haidt, H.

Lehmann, D. Schildknecht) had invited
eleven lecturers to present experimental

and theoretical ideas in these fields.

Short communications also contributed
interesting material

.

E. H. Thorndike (Rochester) reported
on recent results from the CESR storage

ring at Cornell. The energy scan in the

region above the Y(4S) -state showed

structures with two new resonances . The

study of semileptonic decays of B-mesons,
when combined with the B-lifetime re-

sults, leads to important information on

the parameters of the Kobayashi-Maskawa
matrix.

K. Hayes (SLAC) explained the art of

extracting the tiny offset of the decay
vertex of heavy mesons produced in elec-
tron-positron annihilations. It was gra-

tifying to see how consistently five
experiments came up with a B-ldfetime
of around one picosecond.
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K. Hayes (SLAC) beschrieb die Kunst,

den winzigen Abstand des Zerf allsspunktes

von schweren Mesonen zu bestimmen, die

in Elektron-Positron-Vernichtung erzeug-

ten wurden. Erfreulicherweise konnten

fijnf Experimente die Lebensdauer des B-

Mesons ubereinstiiranmend zu etwa einer

Pikosekunde angeben.

C. Jarlskog (Bergen/Stockholm) gab

einen umfassenden Oberblick zum gegenwar-

tigen Stand des "family mixings". Die

Art des Quark-Mixings konnte ziemlich eng

eingegrenzt werden. Wahrend die Mischung

der ersten und der zweiten Generation

durch den Sinus des Cabibbo-Winkels
(= 0,23) gegeben ist, ist die Mischung

der zweiten und dritten von der GroSen-

ordnung seines Quadrates und die der

ersten und dritten Generation hochstens

so groS wie seine dritte Potenz

.

Die schwachen Zerfalle sind eii>

wertvolles Filter fiir schwere Quarks in

Elektron-Positron-Jets , besonders wenn

diverse Jet-Parameter im Zusammenhang

untersucht werden. Wie R. Marshall

(Rutherford Lab.) darlegte, hat sich fur

die Fragmentation schwerer Quarks ein

einheitliches Bild ergeben. Die Axial

-

ladung des b-Quarks kann sehr gut durch

die asymmetrische Winkelverteilung beziig-

lich der Strahlrichtung gemessen werden.

Sie stimmt mit den Vorhersagen des Stan-

dard-Modells iiberein.

C. Jarlskog (Bergen/Stockholm) gave a

comprehensive review of our present know-

ledge on the question of family mixing.

The pattern of quark mixing has been

pinned down tightly. While the mixing of

the first and second family is given by

the sine of the Cabibbo angle (= .23),

the mixing between the second and third

family is of the order of its square and

the mixing between the first and the

third generation is at most of the order

of its cube.

The weak decays provide a valuable

filter for heavy quarks in electron-

positron jets, especially when several

jet variables are analysed in conjunc-

tion. As R. Marshall (Rutherford Lab.)

showed, a consistent picture for heavy

quark fragmentation has emerged. The

axial charge of the b-quark can be well

measured due to the asymmetric angular

distribution with respect to the beam

axis. It agrees with the standard model

predictions.

The ARGUS-Collaboration, working at

DORIS II was represented by J. Stiewe

(Heidelberg) . He showed, among many other

results, evidence for the F* at a mass of

2114 MeV. Also five good candidates for

antideuterons have been observed, the

rate being qualitatively in .. acordance

with thermodynamic expectations.
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Fiir die ARGUS-Kollaboration , die an

DORIS II arbeitet, berichtete J. Stiewe
(Heidelberg). Neben vielen anderen Resul-
taten zeigte er Hinweise fiir das F* bei

einer Masse von 2114 MeV. AuBerdem wurden
fiinf sichere Kandidaten fiir Antideutero-
nen beobachtet, deren Erzeugungsrate
qualitativ tnit den thermodynamischen
Erwartungen tibereinstimmt.

B. Stech (Heidelberg) widmete den
groBten Teil seines Vortrags den schwa-
chen Zerfalien von schweren Mesonen. Er

stiitzte sich auf eine effektive Hamilton-
Funktion, die die Mehrzahl der nicht-
leptonischen Zwei-Korper-Zerfalle er-

folgreich beschreibt.

S. Nussinov (Tel-Aviv) trug verschie-
dene Methoden zur Herleitung von Massen-
Ungleichungen vor . Zum Beispiel veranlaBt
durch potential -ahnliche Modelle hat man
viele Massen-Ungleichungen in der Gitter-
QCD erhalten (sowohl im Hamiltonschen als

auch im Euklidischen Formalismus )

.

Obwohl das Standard-Modell fiir die
elektroschwache Wechselwirkung anschei-
nend ausgezeichnet funktioniert , gibt es

gute Griinde , es zu erweitern, wie D.

Schildknecht (Bielefeld) erklarte. Eine

Moglichkeit besteht darin, die W- und Z-

Bosonen als zusammengesetzt anzunehmen,
was dann zu Abweichungen vom Standard-
Modell fiihren wurde. Dadurch erhalt man

Folo BtSI Jurgen Schmidt C57911/6)

J. von Krogh G. Heinzelmann J. Heintze

B. Stech (Heidelberg) devoted the mam
part of his talk to weak decays of heavy

mesons. He worked with af effective
Hamiltonian which successfully describes

the bulk of non-leptonic two-body decay
data.

S. Nussinov (Tel-Aviv) reviewed vari-
ous methods to derive mass inequalities.

Partially motivated by potential-like
models, many mass inequalities have been

obtained in lattice QCD (both in its

Hamiltonian and Euclidean formulation )

.

Although the standard electroweak
model seems to work beautifully , there

are good reasons to go beyond it, as

D. Schildknecht (Bielefeld) emphasized.

One way of is to consider W's and Z's as

composites, which leads to departures
from the standard model. These ideas
predict a rich spectrum of heavy partic-
les in the 200 GeV range, and consequent-
ly many unusual events in collider
physics

.

J. Kogut (Urbana) reported on the

attempts to put fermions on the lattice.
There are still the limitations posed by

the No-Co theorem in connection with

species doubling and chiral symmetry . But

progress has been made in understanding
the nature of the finite temperature
deconfining transition which also re-

stores chiral symmetry

.
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' rheorie-Workshop Theory Workshop

Vorhersagen fiir ein umfangreiches Spek-

trum an schweren Teilchen im Bereich von

200 GeV und folglich eine Reihe von unge-

wohnlichen Ereignissen an Collider-Expe-

rimenten

.

J. Kogut (Urbana) berichtete uber die

Bemuhungen, Gittereichtheorien fiir Fermi

-

onen zu formulieren. Dabei sind noch die

Probleme zu klaren, die vom No-Go-Theorem

beziiglich der Artenverdopplung (species

doubling) und chiralen Symmetrie aufge-

worfen werden. Aber es wurden Fortschrit-

te gemacht im Verstadnis der Natur des

Deconf inement-Phasenubergangs bei end-

licher Tenperatur, der gleichzeitig die

chirale Symmetrie wieder herstellt.

Von T. Walsh (Minnesota) wurden zum

Thema "Exotische Teilchen" (unterhalb

1 TeV) einige unerwartete experimentelle

Entdeckungen vorgestellt, speziell elek-

tromagnetische Zerfalle des ZO , anomale

Jets bei Proton-Antiproton-Vernichtung

und das CELLO-Ereignis . Die theoretischen

Versuche , diese Ereignisse zu interpre-

tieren , basieren auf Compositness und

Supersymmetrie

.

Im abschlieBenden Vortrag beschrieb

M. Peskin (SLAC) die augenblicklichen

Konzepte bei der Suche nach dem Higgs-

Teilchen. Diverse Oberlegungen fuhren zu

Grenzen oder Bereichen fur seine Masse,

und so muB man auch mehrere Moglichkeiten

bei der experimentellen Suche beriicksich-

tigen. Es hat sich herausgestellt , da6

das (spater nicht bestatigte) Zeta(8320)-

Teilchen nicht so leicht an die Vorhersa-

gen fiir ein Higgs-Teilchen angepaSt

werden kann. Wahrscheinlich mul3 man noch

eine Weile auf die Entdeckung des Higgs-

Teilchens warten , das eine zentrale Rolle

bei der Erzeugung von Massen spielt.

roto DCS* Jilrg dt (57911/17)

Several unexpected experimental fin-

dings were presented by T. Walsh (Min-

nesota) in his talk on "Exotic Particles"

(with masses below 1 TeV), in particular

radiative ZO decays, anomalous jets from

the proton-antiproton collider and the

CELLO event. Theoretical attempts to

interpret these events are based on com-

positeness or supersymmetry

.

In the concluding lecture M. Peskin

(SLAC) explained the present concepts how

to pursue the Higgs particle. Several

ideas give limits or suggest ranges for

its mass, and correspondingly one has to'

consider many options for the experimen-

tal search. It became clear that the (no

longer healthy) Zeta(8320) particle did

not fit easily into the expectations for

a Higgs particle. Perhaps we will have to

wait a bit longer for the discovery of

the Higgs particle, with its central role

for mass generation.

Frau H. Laudien und Frau I. Schwartz

haben viel zu der angenehmen Atmosphare

des Workshops beigetragen und waren fiir

die Teilnehmer und Organisatoren eine

wertvolle Hilfe.
F . Gutbrod/H . Lehmann

Mrs. H. Laudien and Mrs. I. Schwartz

provided most valuable help to the parti-

cipants and organizers and contributed to

the pleasant atmosphere of the workshop.

F. Gutbrod/H. Lehmann
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Betriebsfest Works Festival

Viel SpaB bei der internen
Geburtstagsfeier

Lots of Fun at the
Internal Birthday Party

Das DESY-Betriebsfest fand ebenfalls
in der Jubilauinswoche statt und gestal-
tete sich zu einer echten Geburtstags-
party. Unter der Leitung von Rolf Pampe-
rin und Hannelore Grabe stellte das Fest-
komitee fiir die DESY-Mitarbeiter , ihre
Familien und Freunde ein buntes Frogramm
zusammen , bei dem Spiel , SpaB und Unter-
haltung groB geschrieben waren. Viele der
Darbietungen wurden von "hauseigenen"
Kiinstlern arrangiert, zum Beispiel die
Pantomime, das Zaubern , Kabarett, Tanz-
und Disco-Musik.

Der Erlos dieses Festes sollte fur
einen guten Zweck gespendet werden ; er
wurde zu einem groSen Teil wahrend einer
Sammelaktion erzielt, tatkraftig unter-
stiitzt von einer Drehorgel . Am Ende
konnten einer Behinderten-Sonderschule in

der Nachbarschaf t 4420 DM uberreicht
werden

.

The DESY Works Festival was also held
in the jubilee week - it turned out to a

real birthday party! Under the chair of
Rolf Pamperin and Hannelore Grabe the
festival committee arranged a colourful
programm for the DESYaner , their families
and friends with a variety of games, fun,

and entertainment. Many of the presenta-
tions were done by DESY artists, e.g. the
mime show, the magic show, the cabaret,
the dancing and disco-music.

The proceeds of the festival were
intended to be contributed to a chari-
table cause. The money was mainly given
during a collection vigorously supported
by a barrel-organ. Finally an amount of

4420 DM could be donated to a School for
Disabled Persons in the DESY neighbour-
hood.

FotO DESf ManfriH UinkaJlle
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Betriebsfest Works Festival
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Works Festival
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Betriebsfest Works Festival

folos S[:i-?« dorian 3e
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Tag der Offenen Tor Open Day

GroBes Interesse an DESY Great Interest in DESY

Es kann nicht nur am schonen Wetter
gelegen haben, dafl der letzte Tag der
Fest- und Information swoche auf solches
Interesse gestoBen ist. Knapp 10.000
Besucher kamen zu DESY, um sich vor Ort
(iber die Hochenergiephysik im allgemeinen
und die DESY-Beschleuniger und -Experi-
mente zu informieren

.

Stundliche Einfuhrungsvortrage berei-
teten die Besucher auf die drei Rundkurse
vor, von denen der langste zwei Stunden
dauerte. Die FuBmiiden hatten Gelegenheit,
in die Elektrobahn oder in Busse zu
steigen. Neben den Hauptanlauf stellen
(Beschleuniger-Kontrollraum und -Tunnel,
Hochenergieexperimente und HASYLAB)
stieBen aber auch die Abstecher zum
Rechenzentrum, den Werkstatten, Spezial-
labors und zur HERA-Baustelle West auf
groBes Interesse

.

Nearly 10,000 came to visit DESY on
the last day of the "Fest- und Informa-
tionswoche". They were not only attracted
by the wonderful weather, but showed
special interest m learning about high
energy physics in general and the DESY
accelerators and experiments.

Introductory talks were held every
hour to prepare the visitors for the
three circular tours, the longest of
which took two hours. An electric train
and busses transported those who were
tired.

Main points of the tours were the
accelerator' control room and tiunnels, the
high energy experiments and HASYLAB, but
the visitors showed the same great in-
terest in the computer centre, the work-
shops, the special laboratories and the
HERA West building site.

Foto OtSV-PD lUrUn eg
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rag der Offenen TClr Open Day

fotos D[Sl-f« rur
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Tag der Offonen Tflr
Open Day
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raa der Offenan Ttlr
Open Day
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Tag der Offenen Tur Open Day

(olo Dl'.l Jur^en Schniai li79U;iO iolo DCSl-1'8 f lo
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foto DESY JOrgen Schmidt (57911/Z5)

Gemeinsam mit Willibald Jentschke und

Volker Soergel feiern 34 DESYaner ihr

personliches 25jahriges DESY-Jubilaum,
wobei Erinnerungen an die Anfange ausge-

tauscht wurden. Besonders deutlich hatten
einige noch ihren ersten Arbeitsplatz vor
Augen: eine DachgeschoBwohnung im physi-

kali schen Ins ti tut der Hamburger Univer-
sitat mit Blick auf den Innenhof des
Untersuchungsgef angnisses

.

Together with Willibald Jentschke und

Volker Soergel 34 DESYaner celebrated
their personal 25th DESY-anniversary.
They exchanged reminiscences on the be-

ginning of DESY and a few of them could
still remember very well their first
offices in an attic in the Physics In-

stitute of the University of Hamburg with

a view into the inner courtyard of the

prison.
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HERA - A Super-Electron Micro-

scope for Studying the Smallest

Building Blocks of Matter

From 1984 to 1989 the Hadron-Electron-Ring-

Accelerator HERA, a large instrument for funda-

mental reserarch is to be built at the Deutsches

Elektronen-Synchrotron DESY in Hamburg. With

HERA research into the smallest structures of the

microscopic world will take a decisive step forward.

In HERA, electrons and the 2000 times heavier pro-

tons will circulate in a vacuum in two separate

"storage rings" mounted on top of each other in a

6.3 kilometre underground tunnel. The particles

travel in-opposite directions at almost the speed of

light, guided by magnetic fields. They are allowed

to collide with each other in four separate interac-

tion points. The collisions are observed in complex
"detectors". Accurate measurements of these pro-

cesses will provide information on the smallest

structures of matter down to dimensions of

0.000 000 000 000 000 1 millimetres.

A great deal of advanced technology is needed to

build HERA. This includes superconducting mag-
nets for the proton ring, large cryogenic installa-

tions for liquid helium, ultra-high vacuum systems,

high power radio frequency equipment and an ad-

vanced computer network for controlling the whole

system.

HERA will be built with international participation.

The foreign partners will supply components which
they will develop and build in their own countries.

Continuing in what is a tradition at DESY, scientists

from all overthe wortd will be able to work on HERA.

HERA will be the first, and probably for many years

the only electron-proton storage ring in the worid.

This puts DESY into a unique position as a leading

laboratory for the study of the structure of matter.
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The Mystery of Matter

Man has only a very restricted view of the wrorld in

which he lives due to the limited ability of the eye to

resolve either small or far away objects. However,

this obstacle does not exist for his mind and for ma-
ny centuries he has tried to overcome his natural li-

mitations with technical aids in order to gain insight

into the macro- and microsomic world.

The first technical aids were glass lenses, from

which first the telescope and then the microscope

were developed. Exciting discoveries in astronomy
were made which led to a deeper knowledge of our

world. They also created a strong demand for better

and better telescopes. The latest developments in

this venture are the large radio telescopes and vari-

ous instruments born by satellites to observe dis-

tant objects in space.

No less exciting has been the step by step unravel-

ling of the worid of the small, eventually down to ex-

ploring the nature of matter itself. With the miro-

scope it was possible to see that matter was made
of smaller structures: for example, a living organism
is made of single cells. About 100 years ago the

next stage was reached: matter was found to be
made of molecules which in turn are made of

atoms. The tremendous variety in which matter

appears was thereby reduced to less than 100

different types of atoms: the chemical elements.

At the beginning of this century it was recognized

that atoms were not the indivisible elementary par-

ticles they were originally thought to be. Instead,

they are like miniature planetary systems with a po-

sitively charged nucleus at the centre and nega-

tively charged electrons circulating around it. The
nuclei, which contain almost all the mass of the

atoms, are in turn made from other particles, the

protons and the neutrons. Atoms can therefore be
described as being made of three "elementary"

constituents, the proton, the neutron and the elec-

tron.

Are these particles correctly termed "elementary"?
In studies of the radiation coming from the sun and
from space, and since the fifties also in experi-

ments at accelerators, many new short-lived par-

ticles were discovered which merit the term "ele-

mentary" equally well. They are related to the nuc-
lear constituents and with them, form the family of

"hadrons". Relatives of the electron were also

found which together with the electron, form the

family of "leptons".

Given this multitude of different particles one be-

gan to suspect that they were not really the ultimate

elementary building blocks of matter. Experiments

with very energetic electrons from accelerators (for

example the DESY synchrotron) enabled the inner

structure of the proton to be "Illuminated". Further

research, for example on the storage rings DORIS
and PETRA at DESY, showed that the hadrons are

made of substractures named quarks. The proton

and the neutron are each made of three quarks.

However, the electron shows no structure, it still

appears to be pointlike and elementary.

According to our present understanding there are

six kinds of leptons and six kinds of quarks. Five of

the quarks have so far been discovered and the

sixth is being searched for at the large accelera-

tors. All the matter around us, is composed of only

two varieties of quarks, the "d" and the "u", together

with the electron. The other quarks and leptons

played an important role in the creation of matter. In

the earty stages of the universe they were trans-

formed into the forms of matter we now see.

Are these quarks and leptons really the ultimate in-

divisible building blocks of matter? Why then are

there just two times six kinds of particles? Many
physicists doubt that the secrets of matter have
really been unravelled as long as no statisfactory

explanation for this scheme has been found. They
suspect that at a deeper level, true "elementary"

particles exist which combine to make the quarks

and leptons. The quarks and leptons would then be
expected to have structure, and not to be pointlike

as they appear to be at the present level of experi-

mental precision. Accelerators of a new generation

are therefore planned in many parts of the worid, in

order to research into these and many other open
questions on the nature of matter, of which only a

few could be touched upon here.

Among these new accelerators are HERA in Ham-
burg, LEP in Geneva, as well as other large projects

in the U.S.A., U.S.S.R. and Japan. As a result of

woridwide coordination it has been achieved that
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each of these large installations is optimized for a

particular kind of research, avoiding duplication of

effort and cost.

HERA in this context, has the particularly interest-

ing task of becoming an electron microscope for

the quarks.

Apart from those kinds of quarks and teptons which make up stable matter there are additionai types, some of which occur in the cosmic radiation. They
have played an important role in the creaction of matter. They transformed into the known forms of matter in the early stages of the universe. It has been
possible to re-create them (with the exception of the t quark) with particle accelerators.

QUARKS LEPTONS

ELECTRON

e-NEUTRINO

'^\ MUON #

/i-NEUTRINO

b r ^ TAU

• • r-NEUTRINO
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HERA - A Super-Microscope

HERA will open a new dimension In the search into

the nature of matter. Questions like

- How elementary are the quarks?
- Do they have an inner structure?

- Which principles has nature used to build the

quarks?

can be investigated with HERA.

The power of HERA can best be illustrated by a

comparison: To the naked eye the planet Mars ap-

pears as an bright point in the night sky. With the te-

lescope it was possible to oberserve its shape.

Modern instruments reveal in increasing detail

what it looks like on Mars. If one had an instrument

for planetary observation that is as powerful as
HERA will be for the microcosm, then pointing it to

Mars one could detect objects of microscopic size

on its surface!

How does a super-microscope like HERA work? For

every microscope the size of the smallest object

which can be seen or "resolved", is determined by
the fineness of the probe which illuminates the ob-
ject. For a normal microscope the probe is visible

light and its wavelength of about 0.000 5 milli-

metres fixes the limit of the resolution. For finer

probes one turns to X-rays or energetic electrons

which are used for example in the electron micro-

scope. With these probes one can resolve details

up to 10 000 times smaller than that visible by light.

X-rays or electron beams are more energetic than
light. In general, the higher the energy of the probe
the finer the structure one can resolve.

In order to study the interior of protons, HERA uses
electrons which are accelerated to a very high

energy of 30 GeV (30 billion electron volts). In this

way, one is able to resolve structures down to

0.000 000 000 000 000 1 millimetres, one ten

thousandth of the diameter of a proton, or one bil-

lionth of the diameter of a hydrogen atom. In order

to fully exploit the energy of the electrons in prob-
ing the protons, they are met by protons flying in

the opposite direction, at an energy of 820 GeV.

The protons are made of three quarks, and these

From a grain of sand to the quarks: Steps in exploring ttie structure of our world.
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are the objects that one really wants to study at

HERA. It has not been possible to produce single

quarks on their own, but the electrons will pene-

trate into the proton and expose the quarks. At a

later date other atomic nuclei which have different

combinations of quarks may also be studied. Thus,

HERA is a super-electron microscope for studying

quarks.

The high energy accelerators in the 1980's and 1990's

f *'':TiiJ''v*'
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Helium lines for cooling

Proton ring

Ducting for housing 3^"^
cables and supply

Electron ring

The HERA tunnel measures 3,20 metres in diameter

ELECTRONS
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HERA - A Storage Ring

In HERA, tightly packed bunches of some 100 bil-

lion electrons and protons will cross each other.

Occasionally an electron will collide with a proton;

however, t>ecause of the tiny dimensions of the

particles this does not occur very often. Therefore

the particle bunches pass through one another

without any large disturt)ance. Using a trick it is

possible to collide the same bunches about one
billion times with each other and so increase the

numt>er of collisions: They are guided round a ring

by magnetic fields and keep returning to the same

point where they meet again and again. In HERA the

particles will circulate 50 000 times a second. They
are held in an orbit in the ring, and therefore such

an apparatus Is called a 'storage ring'. The colli-

sions of the stored particles are observed and
measured. After a few hours the storage rings must
be refilled with particles, a process which will iake

about half an hour.

Already in the past, storage rings have played a
crucial role in studying the structure of matter. The
investigation of electron-positron collisions in stor-

age rings has proved very fruitful (positrons are the

positively charged antiparticles of the electrons).

PETRA at DESY is at present the largest (2.3 km cir-

cumference) and most powerful electron-positron

storage ring in the worid. The discoveries at PETRA
have made a significant contribution to our present

level of understanding the structure of matter. A
much larger machine of this type, LEP (Uirge Elec-

tron-Positron Project), is now being built at the Eu-

ropean Research Centre, CERN. At CERN there is

also a pr6ton-antiproton storage ring, at which the

heavy bosons W and Z° were discovered in 1983.

Owing to the different masses of the two types of

stored particles in HERA (the proton is 2000 times

havier than the electron), two separate rings are ne-

cessary which differ in construction. Therefore

The electron and proton
tMams cross at four

Interaction regions



565

HERA consists of two storage rings in which the

electron and proton bunches travel in opposite di-

rections. The rings are mounted one above the

other in a 6.3 km long underground tunnel. They
cross at four interaction regions where the electron

and proton bunches collide. Large detectors to re-

gister the collisions surround the interaction

points. At these points the tunnel is enlarged

into underground halls.

TTie most important components of the HERA stor-

age rings are:

-The magnet system. This consists of bending

magnets which guide the particles on their orbit,

and of focussing magnets which direct stray par-

ticles back to the centre of the vacuum pipe.

Each of the rings has about 1000 electromagnets.

In order to reach the required magnetic field

strength the coils of the magnets for the proton

ring are made of superconducting material.

-The vacuum pipes in which the particles travel.

They must be evacuated to ultra-high vacuum to

give the particles a free path with the fewest pos-
sible collisions with gas molecules. The particle

bunches will be stored in the rings for many hours
and in that time travel about a hundred times the

distance from the earth to the sun. Collisons with

gas molecules on this long path, which throw the

particles from their orbit, must be minimized In or-

der to keep this loss as low as possible. Therefore

the ultrahigh vacuum is essential.

- The high frequency accelerating system. This has
to accelerate the particles up to high energies

after injection into the storage ring.

The high frequency system must also continually

supply energy to the stored electrons to compen-
sate for the losses due to the so-called synchro-
tron light which they radiate during the bending in

the magnets.

Owing to the greater proton mass synchrotron
light is no problem with protons.

- The control system. This comprises a large num-
t>er of electronic measuring devices and compu-
ters.

-The injection system for pre-accelerating the

electrons and protons before they can be injected

into the HERA rings.

All the present DESY accelerators with the excep-
tion of DORIS, will be needed for pre-acceleration

and injection. In addition, a proton linear accelera-

tor must be built and PETRA must be modified to

serve as a pre-accelerator for electrons and pro-

tons.

DESVs smaller electron-proton storage ring,

DORIS, will continue to be used after the comple-
tion of HERA for special studies in electron-posi-

tron physics and as a synchrotron radiation source
for atomic, molecular and solid state physics and
also for medical and biological research.

With the running of HERA the amount of electricity

used annually at DESY will only increase slightly: A
yeariy consumption of about 250 millions kilowatt

hours is expected with HERA operating for 5000
hours. For comparison, 221 million kilowatt hours
were used in 1983.

A special boring machine equipped with a driving shield
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Construction and Operation of

HERA will not Affect the

Environment

The HERA tunnel will be 10 to 20 metres below the

earth's surface. Four-fitths of it are outside the

DESY site, mostly under state-owned large green

areas (the Hamburg Volkspark). Three of the four

experimental halls are also outside DESY.

Test bores have shown that the tunnel will lie in a

large sand basin and half of it will be under the

water table. The tunnel will be drilled using a

special boring machine equipped with a dnving

shield, a method extensively used in Hamburg

which causes no problems in sand. The tunnel's

route crosses partly under developed areas,

including private homes. At a depth of more than 15

metres, however, damage to buildings can be

practically ruled out.

The only structures for which excavation will have

to be done, are the four multi-story underground

halls, 42 metres long and 25 metres wide. After

their completion only small entrance buildings will

be visible on the surface and with suitable stylmg

and landscaping they will hardly be noticeable. The

only evidence of HERA outside DESY will be these

entrance buildings and a survey tower.

The construction work will start with the excavation

of one of the halls. After that the tunnel will be

bored. For the construction the Hamburg civil

engineering authority has taken the responsibility.

Does HERA produce dangerous radiation? As long

as the electrons and protons are travelling in the

beam pipes no radiation at all is leaving the tunnel.

Only those few particles which happen to leave

their orbit and hit walls of the vacuum pipe can

produce penetrating radiation. As the tunnel is be-

tween 10 and 20 metres below the earth's surface

the escaping radiation is greatly reduced through

the shielding by the overlaying material.

How large is the radiation dose on the surface due

to the operation of HERA? To answer this question

the electrons and protons must be considered

separately.

The radiation from the electrons is so effectively

shielded by the material above the tunnel that the

operation of the electron ring will not increase the

radiation level beyond that already present from the

earth and from cosmic rays by more than one part

in a thousand. This assertion is based on measure-

ments with high energy electron beams at the

DESY synchrotron and other electron accelerators

as well as at the PETRA storage ring, where high

energy electrons are also stored, i.e. where similar

conditions occur as in HERA.

The radiation from the protons depends on the

depth of the tunnel below the surface, but it is

everywhere less than 3 % of the natural radiation

level. Quantitatively: the average natural radiation

level in Hamburg is 100 millirems per year and a

maximum of 3 millirems per year can come from

HERA. In the regions where the tunnel njns under

residential areas the radiation level at the earth's

surface is less than 1 millirem per year, i.e. less than

one hundredth of the natural radiation in Hamburg.

This information comes from measurements at the

European Research Centre, CERN, in Geneva.

The operation of HERA therefore will produce only

very little radiation, negligible compared to the

natural radiation level.

What will happen in case of a breakdown or an

emergency? All the stored particles will then be

immediately lost. The electrons hit the wall of the

beam pipe but due to the thickness of soil no

detectable radiation can emerge to the surface. The

protons will run into a special radiation absorber

which is shielded so well that the radiation emer-

ging at the surface is not stronger than during

normal operation. After the loss of the particles

HERA is empty and will produce no more radiation.

A storage ring like HERA can therefore without any

risk be operated in an inhabited area.
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Research with HERA

HERA will have four Interaction points at wtiich the

electron-proton collisions will be registered and
precisely measured with the help of large detec-

tors. At DESVs electron-positron storage ring

PETRA four large detectors are operating which
can give an idea of the size and complexity of these
installations.

The conditions under which the particles collide

and under which one detects their collisions have
to be modified in many ways when one wants to in-

vestigate the properties and behaviour of the smal-

lest particles. One talks therefore of experiments
which are carried out using the detectors. These
detectors will t>e built and operated by international

collat>orations, as successfully demonstrated at

PETT^A. Scientists from many different countries

will work together on the design, construction and
running of the experiments.

At present, research groups from 14 German uni-

versities and research institutes and from 32 for-

eign scientific institutions from four continents are

woridng on high energy experiments at the PETRA
and DORIS storage rings. This international colla-

boration will be continued and probably expanded
at HERA.

Each storage ring experiment sets out to answer a
numkjer of scientific questions. Many young scien-

tists take this unique opportunity to do their Ph.D.

thesis research at the very frontiers of their field;

about 200 of them, from many different countries,

are presently working on the PETRA and DORIS ex-
periments.

The high energy physics experiments are a particu-

lariy good example for an active collaboration be-
tween university professors and students for the
teaching through collaboration in research. Thus
HERA will provide the next generation of scientists

the possibility to continue with the fascinating re-

search into the microcosmic worid. In 1990, when
the experiments at HERA will begin, the students
who enter the universities in 1984 will just begin
their post graduate research!

A 'physical' event. Evidence for a quark, antiquark and
gluon in a detector at the storage ring PETRA at OESY. The
gtuon is the 'glue' that holds the quarks together in matter,

and which has been made 'visible" at PETRA The picture

shows the reconstructed trajectories of single hadrons
which were created by the fragmentation of the three tiny

particles. The quark, antiquark and gluon in turn were crea-

ted from the (invisible) collision of an electron and a posi-

tron in the middle of the picture. From exact measurements
of the three "jets' the direction and speed of the quarft-an-

tiquark and gluon during their 10'^*^ mm flight path can t>e

reconstructed. Similar pictures will also be produced by the
detectors at HERA.
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Picture right; Assembly o* a detector at PETRA
One of the complicated pieces of equipment is

being installed in the detector. It enables

evidence for particular decays of quarks to be

obtamed.

Picture below: A Korean PhD student from the

U.S.A . a laboratory assislent from Hamburg, an

Indonesian engineer, a physics professor from

Moscow, a German enigneer and a German lechni-

cian working together dunng the cabling of the

5940 signal wires at one of the detectors at DORIS.
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HERA - Operational in 1990

Plans for an electron-proton storage ring have al-

ready been discussed at DESY at the beginning of

the 1970's. In 1979 the main parameters for HERA
were fixed in a joint study from DESY and ECFA, the

European Committee for Future Accelerators. A
technical proposal for HERA has been worked out
on this basis by a colloboration of 50 physicists

and accelerator specialists from many countries in

1981.

To assess the various large projects for basic re-

search in the 1980's, the Federal Minister for Re-
search andTechnology called a special committee.
It reported in spring 1981 and recommended that in

principle, HERA should be built. In December 1983
the committee recommended to begin with the

construction of HERA in the near future. With its ori-

ginal recommendation the committee proposed
that In view of the large investment of 654 million

DM (at 31st December 1980 prices) and the use of

the machine by physicists from all over the worid,

HEFiA should be built in international collaboration

with contributions from other countries.

After thorough discussions and negotiations, vari-

ous laboratories and research organisations in Ca-
nada, France, Great Britain, Holland, Israel and Italy

have declared that they are prepared to make signi-

ficant contributions in form of components to be
developed and built by the participating institutes

in collaboration with industry.

Such a collaborative building of a large accelerator

at a national research centre is without prece-
dence. The willingness of the foreign partners to

participate in the building of the accelerator once
more demonstrates the high expectations the phy-
sics worid has for HERA.

Industry in Germany and the other participating

countries expect that their involvement in high
technology work for HERA will give them an impor-
tant boost to their technical capability. This is parti-

culariy true for the areas of superconductivity,

cryogenics, radio frequency- and control systems
as well as the large diversity of electrical supply
equipment. Experience from the building of PETRA
has shown that many firms in the Hamburg area
have the potential to build important components.
It can therefore be expected that the building of

HERA will have a significant economical effect on
parts of the Hamburg industry.

DESY ist jointly supported by the Federal Republic
of Germany and the State of Hamburg. Building of

HERA therefore requires an approval by both part-

ners.

The Bundestag and the Senate of the City of Ham-
burg approved first funds for the HERA construc-
tion in the 1984 DESY-budget which will be avail-

able from the date of final approval. A law control-

ling the use of the land in Hamburg-Bahrenfeld, the
area where DESY is located, in which the HERA
construction is foreseen, was voted by the Ham-
burg State Pariiament, the Burgerschaft, in spring

1982. This provides the legal basis for the construc-
tion of the tunnel and the experimental halls.

Rnal approval of the project is expected in spring
1984. The construction work is planned to start by
end of May 1984 and should be finished by end of

1987. From middle 1986 onwards the storage ring

components will be installed; installation should be
completed by end of 1989. The research at HERA is

then expected to begin in 1990.

.^-^^^:^ :^.-^«^^:. 1984 1985 1986 1987 1988 1989

^ERA- Tunnel and Halls

^HERA- Electron Ring

nHERA- Proton Ring - v
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Deutsches Elekfronen-Synchrotron DESY
NotkestraBe 85
D-2000 Hamburg 52

Phone; 49-40-89980. Telex: 215124

March 1984
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The HETtA storage ring in HamOurg-Bahrenteld
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Due to the fast printing some misprints escaped our attention for which we ask
the excuse of the reader. Please correct the following:

page 'i, paragraph 1, line 7: microcosmic - para. 5, 1. 5: micro-scope - para. 6, 1. 9: substructures

p. 6, para. 2, I. 5: as a bright - 1. ft: observe

p. 10, picture top: Ducts^ for housing - caption: measures 5 metres

p. 12, para, 't, 1. 7: Collisi_ons - 1. 11: ultra-high - para. 9, I. 1: electron-positron

p. 15, para, 't, 1. 9: correct ion

p. 16, para. 5, 1. 2: example of_ an - 1. 5: students i_n teaching - 1. 5: provide for the

p. 18, para. 1, 1. \: study by DESV - para. ^, 1. 5: precedent^ - para. 5, 1. "i: boost in their

- 1. 12: economic - para. 8, 1. 2: The civil engineering work
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1

The European Organization for Nuclear
Research, more commonly known as
CERN (from the French title of the origi-

nal body, Conseil europ^en pour la re-

cherche nucleaire') is established at

Geneva in Switzerland. Its laboratory

extends across the Franco-Swiss
frontier to the north-west of the city of

Geneva.
CERN is a European organization

with twelve Member States all of

whom participate in a collaborative
programme of physics research within
a framework defined by a special Con-
vention.

The work of the Organization is fi-

nanced entirely through contributions
from the governments of the Member
States:

Austria
Belgium
Denmark
Federal Republic

of Germany
France
Greece
Italy

Netherlands
Norway
Sweden
Switzerland
United Kingdom

Three other countries, Poland,
Turkey and Yugoslavia, have the sta-

tus of observer.

The prime function of CERN is to

provide the physicists of Europe with
particle physics research facilities of

world class which could not be ob-
tained within the resources of indi-

vidual countries. This makes CERN
the principal European centre for fun-

damental research into the structure

of matter.

The research at the CERN Labora-
tory is largely undertaken by teams of

visiting scientists who remain based
at their parent university or research

centre In Europe. Over 1500 physi-

cists depend upon CERN for all or part

of their research material. Visitors

from over 600 different universities

and institutes in Member States and
elsewhere have participated in the

CERN experimental programme.

In general the CERN staff is drawn
from the Member States but scien-
tists of any country may be invited to

spend a limited period at CERN. Many
scientists from the USA work at the
Laboratory and there is a formal agree-
ment for collaboration with Labora-
tories in the USSR.

The field of research Is variously
known as 'particle physics' (since it is

the study of the behaviour of the smal-
lest particles of matter!, subnuclear
physics' (since the particles involved
are on a smaller scale than the atomic
nucleus) or high energy physics'

(since high energies are needed to per-

form the research). It is pure research'
and is not concerned with the develop-
ment of nuclear power or weapons.

Research is carried out with the aid

of four large machines. Three of these
are particle accelerators: a synchro-
cyclotron of 600 MeV* (the SC), a pro-

ton synchrotron of 28GeV* (the PS)
and a proton synchrotron of 400 GeV*
(the SPS). The fourth, the Intersecting

Storage Rings (ISR). is a system for

producing collisions between two
stored beams of high energy protons
from the PS. Experiments are set up
around the collision regions in the ISR
and in experimental halls which re-

ceive high energy beams from the ac-
celerators.

The development at CERN of new
techniques for controlling particle
beams has opened up new possibili-

ties. This is exploited in the antiproton
scheme in which intense beams of
antiprotons are built up. fed into the
ISR and the SPS and made to collide
with protons.

In parallel with the physics re-

search, development work goes on
continuously to improve the accelera-
tors, detection systems, computing
facilities and other auxiliary installa-

tions and the range of equipment avail-

able at CERN is among the finest as-
sembled for physics research at any
site in the world.

•I PaMicle energy Mpfessed in MeV (million ele(
volts) and GeV (thousand million electronvolts)
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Experimenls at CERN are frequently carried out by

collaborations of scientists from different institu-

tions and from different countries- Seen here is tfie

apparatus constructed in the North Area of the 400
GeV Super Proton Synchrotron tSPSI by the European

Muon Collaboration This is a team of more than J 20
physicists from over a dozen institutions in seven

countries—a truly international organization in itself.

This large detecting system monitors what happens

when high energy muons strike a target.

IPhotoCEf<Nt64 4 781

The research carried out at CERN is

known as particle physics' because it

studies the properties of the basic

particles of which all matter is com-
posed. Since these studies require the

high energies available from particle

accelerators, the research is also

known as 'high energy physics'.

It is the third stage in the investiga-

tion of the nature of matter which has

taken place in the course of this cen-

tury. In the first stage, atomic

physics', the characteristics of the

electron cloud which surrounds the

nucleus of the atom were studied. The
understanding which this brought ex-

plains almost all of the features of

matter as they are encountered in our

daily life. The second stage, nuclear

physics', went deeper into matter and
studied the characteristics of the

atomic nucleus. The gross features of

these composite nuclei are now un-

derstood and the investigation has

moved to a third stage, particle phy-

sics', which studies the behaviour of

the constituent particles of matter.

In the course of this research, it has

been found that several hundred dif-

ferent particles exist, in addition to the

more familiar particles which make up
the atom. Most of the newly dis-

covered particles live only a short time

after they have been created by the

accelerators, and break up into other

particles. By studying them, scientists

can find out about the microscopic

properties of all matter and about the

basic laws of the three forces which
govern this small-scale behaviour.

Particle physics has led to great ad-

vances in our understanding of the

three basic forces—the electromag-

netic force', which controls all electric

and magnetic phenomena, the strong

force', which acts between the parti-

cles inside the nucleus, and the weak
force' of radioactive decay, much less

powerful than the electromagnetic

force, but which appears to be related

to it in a profound way. (A fourth force

in Nature, the gravitational force' is re-

latively insignificant on the scale of

individual particles.)

The particles can be classified ac-

cording to their susceptibility to the

forces. Those which feel the strong

force are called hadrons: those which
do not feel the strong force are called

leptons. Both hadrons and leptons can

have electromagnetic properties.

Research in recent years has re-

vealed that the large numbers of had-

rons contain smaller objects called

'quarks'. Although no quark has been

detected in isolation outside a hadron,

there are strong indications that

hadrons are built from quarks—of

which it seems that at least five types

exist. The different possible combina-
tions of these quarks produce the

multiplicity of hadrons.
CERN makes available to the physi-

cists of Europe a range of large accele-

rators and detection systems for parti-

cle physics research. The experiments

using this equipment, and the ac-

companying developments in theoreti-

cal understanding have made major
contributions to this important field of

basic science.

To select a few examples; a series

of experiments studying the particle

known as the muon, together with

some refined theoretical calculations,

have confirmed the validity of the theo-

ry of electromagnetism with very great

accuracy.

In the study of the strong interac-

tion, experiments at CERN have con-

tributed a vast amount of detailed in-

formation on the behaviour of hadrons.

Many new particles have been identif-

ied and their properties measured. In-

vestigations in the energy range co-

vered uniquely at the Intersecting

Storage Rings have revealed new as-

pects of the structure of the proton.

Experiments with beams of the type

of lepton called the neutrino have been

a very fruitful source of information on

the weak force. A new way in which
the force can operate (the neutral cur-

rent interaction) was discovered at

CERN. It has many implications rang-

ing from atomic physics to the theory

of stellar evolution. It gives strong

support to the theoretical attempts to

find a unified picture of the electro-

magnetic and of the weak force.

Research at lower energies, particu-

larly at the CERN synchro-cyclotron, is

concerned mainly with investigations

in nuclear physics. An on-line isotope

separator at the SC has provided a

wealth of knowledge on the properties

of highly unstable nuclei.

1
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History of the Organization

December 1 95

1

UNESCO called together an inter-

governmental conference of European
states to consider the creation of an

international research institution

equipped on a scale beyond the indi-

vidual means of the potential member
nations.

February 1952
A second similar meeting held in

Geneva ended with the signing of a

Convention establishing a provisional

organization, finally called the Conseil

europ6en pour la recherche nucleaire

(CERN).
Eleven governments signed the

Convention : Belgium. Denmark, Fede-

ral Republic of Germany, France,

Greece, Italy, Netherlands, Norway,
Sweden, Switzerland, Yugoslavia. The
United Kingdom held the status of ob-
server.

May 1952
The first session of the Council was

held in Paris. The statutes of the pro-

visional organization were adopted
and Professor Amaldi was appointed

Secretary-General.

October 1952
At the 3rd Council meeting the de-

cision was taken to establish the pro-

posed laboratory of the organization at

Geneva.

July 1953
The Convention establishing the Eu-

ropean Organization for Nuclear Re-

search was signed at the 6th meeting
of the Council.

September 1954
The provisional' CERN was dis-

solved with the ratification of the Con-
vention by a sufficient number of

States to ensure 75% of the neces-

sary financial commitment.

February 1955
The 1 2th European state ratified the

Convention. The founder Member Sta-

tes were: Belgium, Denmark, Federal

Republic of Germany, France, Greece,

Italy, Netherlands, Norway, Sweden,
Switzerland, United Kingdom, Yugos-
lavia.

June 1955
An agreement was signed by the

Swiss Government and CERN covering

the legal status of CERN in Switzer-

land.

July 1959
Austria joined.

January 1961
Spain joined.

June 1961
Turkey was granted observer sta-

tus.

December 1961
Yugoslavia ceased to be a member

but retained the status of observer.

June 1963
Poland was granted observer sta-

tus.

September 1965
An agreement was signed leasing

to CERN an area of land on neighbour-
ing territory in France. The extended
site straddles the Franco-Swiss fron-

tier.

December 1965
Council approved the programme

for the construction of the Intersecting

Storage Rings (ISR) on the new part of

the site.

July 1967
An agreement was signed with the

USSR State Committee for the Utiliza-

tion of Atomic Energy concerning a

common programme of scientific and
technical research on the 76 GeV ac-

celerator at Serpukhov.

December 1967
Council approved a series of

amendments to the Convention to per-

mit the establishment of a second la-

boratory with a larger accelerator.

December 1968
Spain withdrew from the Organiza-

tion for financial reasons.

January 1971
All 12 Member States having ra-

tified the amendments to the Conven-
tion agreed in December 1967, the re-

vised Convention came into force.

February 1971
Ten Member States agreed to es-

tablish a second laboratory (Labora-

tory II) adjoining the extended original

site (Laboratory I) in France and Swit-

zerland for the construction of a new
super proton synchrotron (the

400 GeV SPS), and voted the first

budget of the 8-year programme. The
States were Austria, Belgium, France,

Germany, Italy, Netherlands, Norway,
Sweden, Switzerland, United King-

dom.

June 1972
Signature of the agreement be-

tween France and CERN revising the

1965 agreement concerning the legal

status of the Organization in France.

December 1 972
The lease agreement for the new

land in France was signed and the

1 965 lease agreement amended.

December 1974
The contrat de superficie' with the

Swiss authorities was signed.

July 1975
A protocol was signed extending

the 1,967 agreement for collaboration

between CERN and the high energy

physics centres in the USSR, so that

Soviet teams can participate in ex-

periments at CERN.

January 1976
The two CERN laboratories were

united. Management of the unified la-

boratory was entrusted to an Execu-
tive Director-General and a Research
Director-General appointed by Council.

1979
Official Celebrations of 25th An-

niversary of CERN.
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The Convention

The original Convention establishing

CERN entered into force on 29 Sep-

tember 1954. Twelve European States

ratified the Convention between 30
December 1953 and 24 February

1955.
Council agreed amendments to this

Convention in December 1967 to

permit the establishment of a second

laboratory. The amended Convention

came into force on 17 January 1971,

thirty days after the 12th Member
State had informed the Organization

that ratification had been completed.

The Convention sets out the aims of

the Organization and defines the pro-

grammes of activities

:

(a) operation of the 28 GeV proton

synchrotron (PS) and the 600 MeV
synchro-cyclotron (SO:

(b) the construction and operation of

the Intersecting Storage Rings

(ISR) coupled to the PS:

(c) the construction and operation of

a proton synchrotron for energies

of about 300 GeV (now the 400
GeVSPS).

The Convention (Article II) de-

scribes the aims of CERN as follows;

The Organization shall provide for col-

laboration among European States in

nuclear research of a pure scientific

and fundamental character, and in re-

search essentially related thereto. The
Organization shall have no concern

with work for military requirements

and the results of its experimental and
theoretical work shall be published or

otherwise made generally available.

Member States have equal voting

rights and, in general terms, decisions

are taken by simple majority. Two
thirds majorities are, however, re-

quired for certain matters, for

example; the annual budgets, the ap-

pointment of the Directors-General,

collaboration agreements with other

organizations and the establishment

of the scale of financial contributions.

This last would largely be formal, as it

is based on the net national revenues

of Member States, were it not that

Council may make special conces-

sions to individual Members. If the

long term commitments of a State are

also involved, such as the financial

ceiling of a given programme, there

must be no dissenting participant.

Where the long-term relationship with

the Organization is in question this can

only take place if no Member State

votes to the contrary.

The Convention is essentially a lib-

eral document designed to encourage
collaboration on a wide basis and to

give flexibility in the organization of the

research so that it can meet the evolv-

ing challenge of the subject. As CERN
has developed, so the collaboration

between the Laboratory and the re-

search centres and Universities inside

Europe has been strengthened. At the

same time the collaboration with la-

boratories in the same field outside

Europe has increased to the point

where communication is at a truly glo-

bal level.

The flags of the twelve Member Stales and of t

Canton of Geneva near the main entrance to the I

boralory.

(Photo CCRfil 57 1. S.78I
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Council and its Committees

Al the CeRN Council session in June 1981. left.

Director-General Herwig Schopper with President of

CouncilJean Teillac.

IPholoCCRN570 6S1l.

Council

The Council is the supreme body
governing the affairs of CERN. It is

made up of two delegates from each

IVIember State, who may be accom-
panied by advisers. The Council

Members and their advisers, together

with the members of the Council

Committees, form the links with the

authorities in the Member States.

It is for the Council to agree upon
the broad lines of research policy and

match these with adequate resources

in money and manpower. It is charged

by the Convention with adopting the

budget, reviewing expenditure,

publishing the audited accounts of the

Organization and issuing an Annual

Report. The Council must also approve
the Staff Rules, the Financial Rules and
the Rules of the Pension Fund, which

provide the main framework of ad-

ministrative policy.

Heading the Council is the President

who is elected along with two Vice-

Presidents for one year but may serve

for a maximum of three consecutive

years.

The Council meets as often as is

necessary but at least twice per year,

in June and December. At both meet-
ings progress reports are presented

by the Director-General and at the

December meeting the budget is fixed

for the following year. These meetings

are, in general, taken in open session

but some discussions may be held in

private. Council documents are pre-

pared in English and in French with a

summary in German.
The voting requirements for impor-

tant decisions are laid down in the

Convention. Delegates from the Mem-
ber States are of equal standing and
have the same rights. The relationship

with the administration of the Labora-

tory is based on mutual trust and con-

fidence and many delegates have been
representing their country on the

Council for many years. There is a

long-standing tradition that difficult

issues are settled by seeking a

consensus of opinion which all dele-

gates can then support.

The presidents of Council since the

creation of CERN have been as

follows

;

1954-1957 SirBenLockspeiser(UK)
1958-1960 Mr. FrangoisdeRoselF)
1961-1963 Mr.J.Willems(B)
1964-1966 Mr.J.H. Bannier(NL)
1967-1969 Dr.G. Funke(S)
1970-1971 Prof. E. Amaldi(l)

1972-1974 Prof. W. Centner (D)

1975-1977 Mr. P.Levaux(B)
1978- Prof. J. Teillac (F)

(In 1977, the President-elect, Prof. B.

Gregory (F), died before taking office.)

Apart from the Committee of Coun-
cil there are two permanent commit-
tees which give specialist advice to

the Council ; the Scientific Policy Com-
mittee and the Finance Committee.

Committee of Council

The Committee of Council consists

of one representative per State to-

gether with the Chairmen of the Scien-

tific Policy Committee, the Finance

Committee and the European Commit-
tee for Future Accelerators.

The Committee of Council meets in

private at more frequent intervals than

the Council and makes the necessary

preparations for the full Council meet-

ings. It is an informal forum where
Member States can present their

viewpoints and delegates can freely

discuss any matter.

Scientific Policy

Committee

The Scientific Policy Committee
(SPC) is made up of eminent scien-

tists, chosen in their own right rather

than as representatives of a specific

State. Its prime activity is to provide

Council with the best possible advice

on scientific developments and their

implications for the Organization.

Ex-officio members of the SPC are

the Chairmen of the Experiments Com-
mittees and the European Committee
for Future Accelerators, while the

President of Council and Chairman of

the Finance Committee also partici-

pate.

Finance Committee

The Finance Committee, which in-

cludes delegates from all the Member
States, receives the CERN budgets
and reports on them to Council, whilst

at the same time it decides on the form
in which CERNs accounts should be
rendered. In day-to-day affairs it must
be notified of any significant transfer

of funds within the budgets and given

prior notice of any operations which
would involve overspending them.

The Finance Committee is given

advance warning of CERNs require-

ments for important equipment or

services and its approval is required

for important contracts.

Experiments
Committees

Three committees, chaired by

scientists from outside CERN, study

the proposals made by physicists in

the Member States for experiments to

be carried out on the CERN machines.

Their recommendations are then sub-
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Location of the Laboratory

Aerial view of CERN looking over Geneva airpon

towards the city and Lac Liman. The underground

SPS ring with associatedbeam lines is shown white.

(Photo Swissair}.

mitted to the Research Board of CERN
which is chaired by the Director-

General and includes the Chairmen of

the Experiments Committees, mem-
bers of the Directorate and appropriate

CERN Division Leaders. This Board es-

tablishes the programme of experi-

mental particle physics research at

CERN.

ECFA and ICFA

The European Committee for Future

Accelerators (ECFA) was set up in

January 1963, jointly by the Director-

General and the Chairman of the

Scientific Policy Committee following

the recommendation of the Council of

the previous month. ECFA is an in-

dependent body, composed of Euro-

pean high energy physicists, which
advises the Director-General and the

Scientific Policy Committee.
ECFA produced two important re-

ports in 1963 and 1967 which were
submitted to the CERN Council. They
recommended the building of the ISR

and a 300 GeV accelerator (now the

400 GeV SPS). In 1977 ECFA recom-
mended the construction of a large

electron-positron colliding beam ma-
chine, LEP, as the next major accelera-

tor project for Europe.

In 1976 an Interregional Committee
for Future Accelerators (ICFA) was set

up by the Commission for Particles

and Fields of the International Union
for Pure and Applied Physics to study

large-scale collaborations between
the various regions of the world en-

gaged in high energy physics re-

search.

The original laboratory site at Meyrin,

Switzerland, was selected in 1952. Its

entrance is situated some 8 km from

the centre of Geneva on the route de
Meyrin which joins the N84 through

Saint-Genis in France.

The site was extended in 1965
{known was Laboratory I from 1971 to

1975) and covers an area of approxi-

mately 80 ha, of which 40.5 ha are in

the Swiss Canton of Geneva and 39.5
ha in the French Communes of

Prevessin and Saint-Genis-Pouilly in

the Department of Ain.

The adjoining land under which the

400 GeV accelerator (SPS) has been
built (known as Laboratory II during

the first years of the project) covers

480 ha, of which 412 ha are in France

and 68 ha in Switzerland. In addition a

further 572 ha (509 ha in France) are

reserved for possible future develop-

ments. With the machine and most of

the experimental beamlines below

ground, disturbance of the surround-

ing environment has been minimized

and the site has retained its pleasant

rural appearance.
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Personnel Finances and Purchasing

On 31 December J 980. thefive-year term of office of

Executive Director Generaljotin Adams (leftl andRe-

searctt Director Generaf Leor} Van Hove fright) came
to an end. Tfiey handed over to Herwig Schopper

tcentrel.
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Responsibility for the activities of the

Organization is vested by Council in a

Director-General. In 1971, a second
Director-General was nominated to

head the 300 GeV Programme (La-

boratory II) in addition to the Director-

General of the then existing laboratory

(Laboratory I). From the merging of the

Laboratories in 1976 until 1980 CERN
was headed by an Executive Director-

General and a Research Director-

General.

From its very beginning CERN has
been led by scientists:

F.BIoch(CH) 1954-55:

C.J. Bakker(NL) 1955-60;

J.B. Adams (GB) 1960-61:

V.F.Weisskopf (USA) 1961-65:

B.P.Gregon/{F) 1966-70:

W.K.Jentschke(A)Lab.l 1971-75;

J.B.Adams (GB) Lab. II 1971-75 and
Executive D.G. 1976-80;

L. Van Hove (B) Research D.G.

1976-80:
H. Schopper (D)1981-.

The staff is almost completely com-
posed of nationals from the Member
States where all but the most junior

posts are advertised through the

press and by notifications to govern-

ment departments and research cen-

tres. All staff is on a common grading

system and each post has a grade as-

sociated with it. The grading runs from

1 to 14 and although there is no strict

allocation of posts in proportion to a

country's contribution, above grade 8
the distribution by country corres-

ponds roughly to country population.

The lower graded posts are recruited

from the local region, the majority from
the Pays de Gex in France.

The total number of people for

whom the Organization was respon-
sible in 1981 (excluding contracted la-

bour and contractors' employees) is

about 6000. About 3600 are staff

members working at CERN under con-
tract, the remainder being visitors.

These include fellows and paid as-

sociates invited by CERN to spend
some time with the Organization, to-

gether with a substantial number of

unpaid associates' who remain on the

payroll of another Laboratory while

working at CERN.

Each Member State pays a fixed con-

tribution to the capital and operating

costs of the CERN programme accord-

ing to a scale established every three

years on the basis of the net national

income figures for the previous three

years supplied by the United Nations.

However, no single State can be re-

quired to pay a contribution in excess

of 25% of the programme.
The relevant percentage contribu-

tions to the budget were last fixed as

follows

:

Austria 2.53

Belgium 4 66

Denmark 2.49

France 21.70

Germany 25.00

Greece 0.36

Italy 12.73

Netherlands .... 6.18

Norway 179
Sweden 4.30

Switzerland .... 4.13

U.K. 14.13

Budgets

The financial year runs from Janu-

ary 1 to December 31 and the budget

is drawn up in Swiss Francs.

The Director-General submits to the

Finance Committee the budget pro-

posals which are then transmitted to

the Council with the report of the Com-
mittee. The budget procedure is nor-

mally based upon a four-year rolling

system known as the Bannier Pro-

cedure. In December of each year, the

Council votes the budgets for the fol-

lowing year and makes firm estimates

(at current prices) of the budgets tor

the year after; at the same time it gives

a provisional estimate of the sums
that can be expected in the following

two years.

Some significant figures (in units of

million Swiss Francs)

:

1981 Budget 610
Cost of 28 GeV PS ('59 prices) 120
Cost of ISR ('65 prices) 326
SPS programme ('70 prices) 1089

Contracts and Services

On average about 50% of the funds

of CERN are spent on salaries. The re-

mainder is spent on the purchase of

equipment and the payment for suppl-

ies and services.

The acquisition of important items

of equipment and the provision of ma-
jor services is normally the result of

competitive tendering. Whenever pos-

sible, invitations to bid are addressed

only to companies established in the

Member States. The contract is nor-

mally awarded to the lowest bidder

who can fulfil the necessary technical

requirements and delivery time. It is

the responsibility of the Finance Com-
mittee to see that these conditions are

met in placing the contract.

Prior agreement is needed from the

Finance Committee for all contracts

with a value of more than 750 000
Swiss Francs and for any contract in

excess of 200 000 Swiss Francs

where it is proposed to go direct to a

supplier without calling for bids.

CERN is not required to pay cus-

toms duty on the equipment and ma-
terial it buys and local taxes which
have been added are reimbursed by

the host countries.
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High Energy Machines

Schematic diagram showing the location of the high

energy machines on the CERN site and the beam
lines that link them-

At CERN, a complex of particle accele-

rators provides the high energy par-

ticles for research.

The principal parameter of an ac-

celerator is the maximum energy to

which it can accelerate the particle

beams. This energy is expressed in

units of electronvolts, eV (the energy
given to a particle carrying unit charge
when it crosses a potential difference

of one volt). The CERN machines in-

clude a synchro-cyclotron (SO of ener-

gy 600 MeV (million electronvolts) and
a proton synchrotron (PS) of energy 28
GeV (thousand million electronvolts).

A super proton synchrotron (SPS) of

400 GeV was commissioned in 1976.
Other parameters of significance

are the intensity of the pulses of pro-

tons produced and the rate at which
the machine can be pulsed. For the ex-

perimenter, the energy spread of the

beam, the ejection efficiency and the

length of time the beam can be held in

the machine whilst a fraction is con-

tinuously extracted are also important

factors.

The PS feeds Intersecting Storage

Rings (ISR) which are not primarily ac-

celerators but a pair of interlaced

annular chambers in which particles,

previously accelerated in the PS, are

stored, circulating continuously round
the rings in opposite directions. The
two beam currents collide almost
head-on at eight intersection points

distributed symmetrically round the

circumference.

In the antiproton scheme, antipro-

tons are stored in the Antiproton Ac-
cumulator (AA), and fed to the PS for

initial acceleration before being
passed to the SPS for final accelera-

tion to 270 GeV. In the SPS, proton and
antiproton beams are accelerated in

opposite directions and made to col-

lide together at two points in the ring.

Protons and antiprotons also collide in

the ISR.

For the future, construction is en-

visaged of a large (27 km circumfer-

ence) electron-positron colliding beam
machine, LEP.

Synchro-Cyclotron (SO

The 600 MeV synchro-cyclotron,

the SC, was first commissioned in
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The new control room at the PS 28 GeV proton syn-

chrotron.

IPhoio C£RN225 rt 801

derground area served by the extract-

ed beam, where a special short-lived

isotope production and analysis unit

named ISOLDE is installed.

Proton Synchrotron (PS)

The 28 GeV proton synchrotron was
commissioned in 1959 when it be-

came the first machine in the world to

accelerate intense proton beams to

energies in this range. It was also the

first proton machine to be completed
using the 'alternating-gradient' or

'strong focusing' principle. It is, and
will remain for many years, the main
source of accelerated protons for par-

ticle physics research in West Europe.

For protons, the present main tasks of

the PS are to supply accelerated parti-

cles to the 400 GeV SPS, to the ISR

colliding beam machine, to provide

particle beams for experiments in the

20 GeV range, and to supply a proton

beam to produce the antiprotons used
in the Antiproton Accumulator (AA).

This requires a wide variety of proton

beams. In addition, the PS also accele-

rates antiprotons for the SPS and the

ISR (see page 10).

More than 10" protons in 20 bun-

ches are accelerated around a circular

path 200 metres in diameter once ev-

ery few seconds, the intensity and cy-

cle time depending on the use to which
the machine is being put. The protons

are obtained from hydrogen gas, taken

to 750 keV by an electrostatic genera-

tor and then fed into a linear accelera-

tor (Linac) which takes them to 50
MeV. At this energy the proton beam
enters the Booster, a synchrotron

comprising four 50 m diameter super-

posed rings, which accelerates the

protons to 800 MeV before injection

into the main ring of the PS. The four

Booster rings are filled in turn from the

linac (the variation of intensity is ob-

tained by varying the number of turns

injected): then the beam energy is

raised by radio-frequency (r.f.) cavities

of very compact design, with guidance

and focusing around the machine
being assured by 32 four-channel

bending and 48 four-channel quad-
rupole magnets. The four rings are

then emptied in turn into the PS.

In the main ring of the PS the pro-

tons are accelerated by 1 1 r.f. cavities

with a frequency range of about 3 to 1

MHz, and they travel in an annular va-

cuum vessel of elliptical cross-section

(14.5 X 7 cm) held at a pressure of

about 2 X 10'° torr. The protons are

maintained in orbit in the ring by a

magnetic field rising to 1 .4 T and pro-

duced by 100 magnets, each 30 tons
in weight. The proton velocity reaches

about 99.94% of the speed of light in

about half a million orbits, and at maxi-
mum energy the proton mass be-

comes about 30 times greater than its

rest mass.
The PS works a flexible schedule,

often operating continuously for 32
days followed by 3 days for mainten-
ance and modifications. During one
supercycle of about 10 seconds, the

required types of particle beam can be
supplied, each at the required level of

intensity and with the proper beam
characteristics. The main task of the

PS is to act as the injector for the SPS,
which has 1 1 times the circumference
of the PS, providing protons at an ener-

gy of 10 GeV. For this purpose the

beam is bunched at 200 MHz (the r.f.

frequency of the SPS), then a method
of continuous transfer is used in

which protons are peeled off from the

beam circulating in the PS during 1 0, 5
or 3 turns depending whether the pro-

cess is repeated once or more times
during a supercycle (multibatch filling).

The PS also has to fill the two rings of

the ISR with protons of the required

energy and supply protons for anti-

proton production. There is also a

programme of physics research direct-

ly with PS protons.

For this latter purpose the protons

can either be ejected from the ring, us-

ing one of the two available ejection

systems, or directed to a target

mounted inside the vacuum chamber
itself. The ejected proton and second-
ary particle beams (beams of different

types of particle produced in the high

energy collisions which take place in

targets) are sorted and guided by
electrostatic and magnetic fields as

they are directed towards detection

equipment in the experimental areas. It

is, for instance, possible to have a

number of bunches extracted rapidly

and a certain fraction of the beam at in-

8
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Intersection 8 of the Intersecting Storage Rings, with

the superconducting magnets of the low-beta inser-

tion which increases the available luminosity.

IPhotoCeRN397 10 801

termediate energies led to an internal

target during the acceleration phase.

Once top energy has been attained,

beam is debunched before slow ex-

traction.

Intersecting Storage Rings (ISR)

The ISR consist of two interlaced

rings of magnets (similar to those in

the PS), 300 metres in diameter. The-

se magnets guide and focus the pro-

tons through vacuum tubes which in-

tersect at eight positions round the

circumference. Proton beams, accele-

rated in the synchrotron to energies up
to 26 GeV, are injected into the two
rings in such a way that they travel in

opposite directions relative to each

other. The beams can be further ac-

celerated up to 31.4 GeV and brought

into almost head-on collision in the in-

tersecting regions. Big experimental

halls have been constructed over two
of these regions and five others are

also available for experiments.

With colliding beams, almost the

whole of the kinetic energy given to the

protons can go into the creation of new
particles or the transformation of the

protons, whereas when bombarding
stationary targets, most of the energy

goes into the recoil of the particles.

From this point of view, the ISR are

equivalent to a conventional accelera-

tor of almost 2000 GeV. In addition to

protons, the rings can hold other par-

ticles provided by the Linac-PS com-
plex. So far proton, antiproton (see

page 10), deuteron and alpha particle

interactions have been observed.

The rate of interaction is propor-

tional to the product of the two beam
Intensities and if this is to be of an ac-

ceptable value, many pulses from the

PS must be stacked together.

In building the ISR, extremely high

precision has been required in all the

main components. The magnet guid-

ance and focusing system must be of

exceptional stability and precision.

The radio-frequency (r.f.) system
has to produce very stable accelerat-

ing voltages and be immune from

beam loading problems. To achieve

maximum beam stability, it must at

the same time offer very low imped-
ance to the circulating beams.

Crucial to the ultimate performance
attainable is the quality of the vacuum.
In the two kilometres of vacuum tube

in which there are some 10000 de-

mountable joints, the mean pressure

is about 3 X 10''^torr.

The commissioning of the machine
was several months ahead of sched-

ule and on 27 January 1971 two
beams were made to collide for the

first time.

Since that time performance has

been steadily improved and currents

of over 50 A have been successfully

stacked. Luminosities now achieved

(over 3 X 10" cm"' s"', and over 10"
using a superconducting low-beta in-

sertion at intersection region 18) are

many times the design figure and once
filled, the rings can run continuously

for over 70 hours without excessive

deterioration ofjhe beam quality. Ope-
ration is now mostly at 3 1 GeV.

Experiments are clustered around
six of the intersection regions. The two
most massive installations are in in-

tersections 14 and 18. In the former a

1000 ton split field magnet has been
installed which creates a field of op-

posite sign on the two sides of the in-

tersection point. The magnet aperture

is filled with particle detectors called

multiwire proportional chambers and
the magnet can be surrounded by a

large number of scintillation counters

for simultaneous use by several ex-

perimental groups. The Axial Field

Spectrometer at intersection 18 uses a

specially-constructed 300 ton magnet
and detecting apparatus including a

200 ton uranium calorimeter.

400 GeV Super Proton Synchrotron
(SPS)

The 400 GeV proton synchrotron

was commissioned in 1976 and then

became the worlds largest accelera-

tor. Protons are injected at 10 GeV
from CERNs original 28 GeV proton

synchrotron (PS) and are accelerated

to 400 GeV In the SPS before being

extracted for use in physics experi-

ments In the West and North experi-

mental areas.

The SPS is capable of operating at

450 GeV when required and a record

9



An arc of the SPS ring showing bending and focusing

magnets in place.

(PhotoCEfiN210I1 76)
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500 GeV was attained in December
1978. The beam intensity in each
1 2-second pulse rose past the design
figure of 1 protons before the end of

1976. and reached a record of 2.7 x

1 0" in 1 980 at the end of the first four

years of operation.

In 1980-81 the SPS stopped ope-
ration during 10 months for conver-
sion into a proton-antiproton collider

(see page 10). This involved major civil

engineering changes to provide tw/o

large collision regions for experi-

ments, and to allow for the injection

and acceleration of antiprotons. The
counter-rotating bunches of protons
and antiprotons are injected at 26 GeV
and subsequently accelerated to 270
GeV where they are held on collision

orbits for 24 hours whilst the experi-

ments in the two collision areas take
data. First proton-antiproton collisions

were seen inJuly 1981. The operation
of the SPS is divided between this col-

lider mode (about 30% of the time) and
fixed target physics in the West and
North Areas (about 70% of the time).

The SPS is built underground in an
annular tunnel of 2.2 km diameter and

10

4 m internal diameter. This tunnel is at

a depth varying from 23 m to 65 m de-
pending on the ground surface profile.

The surface area covers 480 ha, of

which approximately 1/7 is in Swit-
zerland and the rest, including the

main laboratory buildings, assembly
hall, and experimental areas, are in

France. Only about 100 ha are en-
closed, the remainer of the area con-
tinuing as farmland and woods as be-
fore.

Although nearly circular, the ring

contains six long straight sections

each with an access pit and associat-

ed surface buildings for auxiliary

equipment. Four of these pits are in

France and two in Switzerland. Two of

the long straight sections are used as

proton-antiproton collision points, in

underground halls, which house the

experimental equipment. One straight

section is used to house the 200 MHz
r.f. cavities for accelerating the parti-

cles, one for proton injection and beam
dumping, one is used for extraction to

the North experimental area, and one
for extraction to the West experimen-
tal area. The latter is also used for in-

jection of the antiprotons in the same
channel but in the opposite direction.

The particles are guided round the
ring by 744 bending magnets each
6 m long and are focused by 2 1 6 quad-
rupoles distributed regularly round the
ring. The positioning of these magnets
is very important and required precise

surveying. They are in fact positioned
to within about 0.1 mm. The tunnel
was dug by a full-face boring machine
which completed its 7 km-long cir-

cumference within centimetres of the
planned path.

The power for the magnets is pro-

vided by solid-state rectifiers fed from
a special 380 kV power line which
connects the SPS complex to the EOF
generating station at Genissiat. The
average power consumption of the
magnet is about 35 MW with a peak
instantaneous load of 1 60 MW. Cool-
ing is through a closed circuit water
system which is, in turn, cooled by a

special supply from Lac Leman. After

refrigeration in cooling towers this wa-
ter passes into a local stream and
subsequently into the Rhone,

The purpose of the magnets is to

bend and focus the particles into a

beam a few centimetres across, and to

keep it well within the walls of the

7 km-long vacuum chamber which
goes through the middle of all the
magnets and varies in cross-section
from a 9 cm diameter cylinder to a 16
by 5 cm ellipse. To keep the beam
within this chamber requires close tol-

erances on the magnet fields, plus a
measurement and correction system
based on 216 pick-up electrodes and
low field correction magnets.

Antiproton Scheme

In 1978, experiments at CERN
showed how beams could be tightly

controlled using new cooling' tech-
niques, thus enabling new types of

particle beams, such as antiprotons,
to be accelerated and stored. This
opened the door to an ambitious en-
largement of CERNs research facili-

ties. In this new scheme, antiprotons
are brought into head-on collision with
high energy protons. This provides
very high collision energies and
probes new areas of physics.
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Above, the magnet ring of the Antiproton Accumula-

tor, heart of the CERN antiproton project.

IPhotoS82 10 801.

Antiprotons are produced by bom-
barding a target with protons from the

PS. The low energy antiparticles are

fed into a specially-built accumulator
ring (AA) where cooling is applied to

produce a well-defined beam. Once a

sufficient level of antiprotons has

been built up in the accumulator, they

are fed back to the PS for acceleration

ready for injection into the SPS or the

ISR. The PS also supplies the ne-

cessary protons to the SPS and the

ISR. Protons and antiprotons are in-

jected into the SPS at 26 GeV instead

of the 1 GeV used for producing pro-

tons for fixed target experiments.

Once in the SPS. the proton and an-

tiproton beams circulate in opposite

directions and are accelerated to 270
GeV, finally being brought into head-on
collision. Special detecting equipment
set up at two places in the ring moni-
tors the results of these interactions.

The collision energy is far in excess of

anything attainable with other existing

machines, being equivalent to that

produced by a fixed target accelerator

producing 1 50,000 GeV protons.

Antiprotons can also be decelerated

in the PS to feed a Low Energy Anti-

proton Ring (LEAR), catering for a ran-

ge of new low energy experiments.

LEP

For several decades proton ma-
chines have been the sources of the

highest energy phenomena. It is easier

to accelerate protons than electrons

because electrons give off energy
(known as synchrotron radiation) as

they orbit a ring and the acceleration

system has then to replace this ener-

gy, as well as providing for further ac-

celeration, in order to increase the

energy of electrons.

However the realization that the pro-

ton itself has a structure also implies

that collisions between protons are

collisions between composite sys-

tems and their effects can therefore be
complicated to analyse. Collisions

between electrons are, to the best of

our present knowledge, collisions

between point-like' objects with no
structure and are less complicated to

analyse. Moreover, since beams of

positrons (the antimatter equivalent of
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Detectors

the electrons), are readily available,

electrons and positrons can be accele-

rated and stored in the same ring and
can annihilate into pure energy when
they collide, which also simplifies the

analysis of what is happening.
Up to now, the highest energy which

has been reached in electron-positron

storage rings is around 20 GeV per

beam. The LEP project aims to take

this to 50 GeV in a first phase with the

potential to raise this above 1 00 GeV
later. This new high energy range is re-

quired in order to test definite theoreti-

cal predictions emerging from our pre-

sent understanding of matter. Also in

the new energy range, phenomena
traditionally associated with the ef-

fects of the weak force should have
grown to be equally as powerful as
those traditionally associated with the

electromagnetic force. What happens
when this occurs has never been in-

vestigated before.

As proposed, the LEP project would
consist of a single ring with a continu-

ous vacuum tube, a few centimetres in

diameter and about 27 kilometres in

circumference, in which electrons and
positrons would circulate in opposite
directions. The tube would be sur-

rounded by magnets to direct the par-

ticles around the ring and to keep the

electrons and positrons focused in

narrow beams. Radio-frequency ac-

celerating cavities would accelerate

the particles and replace energy lost

by synchrotron radiation.

The ring would be housed in a tun

nel of 4 metres diameter excavated
deep underground adjacent to the pre-

sent CERN site. Electrons and po-
sitrons would be injected into LEP
after preliminary acceleration in the
existing synchrotrons. Thus the exist-

ing machines and LEP would be linked

which is one of the reasons in favour

of building LEP at CERN. Initially

enough equipment would be installed

to accelerate the particles to 50 GeV.
LEP would be built in such a way

that its peak energy could be taken as
high as 130 GeV if appropriate super-
conducting acceleration systems be-
come available. Also the link with the

existing proton synchrotrons opens
up the possibility later of electron-

proton collisions or of the acceleration

of protons in the LEP tunnel.

In its bare essentials every experi-

ment comprises an incident beam of

particles, a target (which can be an-
other beam) and a series of detectors

for determining the electric charge,

mass, energy and angular distribution

of incident and emergent particles.

Magnetic fields curve the trajectories

of charged particles according to their

charge, mass and speed, and the an-

gular distribution is given by the coor-
dinates of their tracks. From these da-
ta, the behaviour of the particles during
the process can be inferred.

The particles are very small (of the
order of 10"'^ cm) and their lifetimes

can be very short (as low as 1
0""

s). It

is therefore not the particles them-
selves that are observed but the ef-

fects they produce. The majority of

these depend upon the ionization that

is caused by a charged particle tra-

versing a medium, be this solid, liquid

or gas. Two main types may be iden-

tified—electronic detectors and bub-
ble chambers. In neither will a neutral

particle produce a direct effect.

Electronic detectors and bubble
chambers are increasingly being used

together in hybrid' detecting systems.
At CERN, the large BEBC bubble cham-
ber has been equipped with auxiliary

electronic counters to provide addi-

tional information. A major new pro-

ject—the European Hybrid Spectro-
meter—incorporates both bubble
chamber and electronic detection

equipment. This incorporates a spe-
cially-built rapid cycling bubble cham-
ber, capable of taking photographs at a

rate of up to 25 exposures per second.

Electronic Detectors

The majority of experiments in the

CERN experimental programme use
electronic detectors in which arrays of

counters are set up around a target on-
to which the beams are directed. The
beams may be of protons or second-
ary particles produced by the interac-

tion of the primary beam and a target

further up the line.

The Split Field Magnet tSFM) at Intersectic

ISR surrounded by detectors.

IPhotoCFRN325.ll.77h

[
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Assembly of the huge detector of the UA 1 experi-

ment for the C€RN antiproton pro/eel.

(PhotoCeRN224.1 Bll

There are several types of counter in

use. The scintillation counter is con-

structed of a scintillating material

which records the passage of a

charged particle as a tiny flash of light.

This is converted by a photomultiplier

to an electronic signal which is ampli-

fied and passed to the data-collection

system. The scintillation counter

enables very precise measurements
of the time of passage of a charged

particle to be made and its very rapid

response leads to its use in trig-

gering' other slower detectors.

In the Cherenkov counter the pas-

sage of a charged particle at a velocity

higher than the speed of light in the

counter material emits a shock wave
of light at an angle which is related to

the velocity of the particle. These
counters are also used in conjunction

with photomultipliers and have the

particular advantage that they can be

arranged to pick out only particles of a

certain velocity range, and thus, in con-

junction with information on the par-

ticle momentum, enable the particle to

be identified.

Chambers using gas discharges

have been developed in a variety of

forms. They record the position of a

charged particle usually by detecting

the electrical disturbance between
parallel planes of conductors. Initially

these planes were of foil and the par-

ticle location could be seen and pho-

tographed as a spark.

In modern chambers the conduc-

tors consist of fine stretched wires,

the direction of which changes from

plane to plane so that a coordinate

system of spark location can be used

with a purely electronic read-out. In

variants of these, the streamer cham-
ber, the multiwire proportional cham-
ber, and the drift chamber, the spark is

not allowed to develop fully, which
decreases the time during which the

chamber is insensitive to the passage
of further particles. Detection systems
based on these units can locate a par-

ticle track to a fraction of a millimetre

and identify the time of passage to a

nanosecond.
As well as being used in individual

experiments, electronic detectors are

also widely used in general-purpose

spectrometers serving a range of dif-

ferent experiments.

One such spectrometer is the Ome-
ga installation in which the central

electronic counters are operated in the

aperture of a high field superconduct-

ing magnet. Different configurations of

the detectors in the magnet are pos-

sible. The assembled data are handled

directly by a computer, and events can

be visually reconstructed afterwards

to give help in the analysis.

Other large-scale electronic detec-

tors include the equipment built for

muon experiments in the North Area of

the SPS 400 GeV proton synchrotron.

the detectors in the West Area for

neutrino experiments and the detec-

tion systems installed at the SPS to

observe proton-antiproton collisions.

Bubble Chambers

Bubble chambers have the advant-

age of recording all tne charged pro-

ducts of the particle interactions (apart

from the limitations imposed by the

finite size of the bubble chamber).

The operating principle is to retain a

13



588

Above, the mighty 3.7 m Big European Bubble Cham-
bof fBSBC) is now almost surrounded by a shield of

additional electronic equipment to detect muons.

BEBC's superconducting magnet is the largest single

store otittductive energy in the world.

IPholoCeBN374 1.77).

Below photograph (left! and explanation of the pro-

i/uction and subsequent decay of a charmed baryon

in M neutrino interaction in the BE8C bubble chamber.

volume of liquid at a temperature and
pressure such that it is on the point of

boiling. When the pressure is abruptly

reduced the liquid boils preferentially

along the tracks of charged particles

forming lines of bubbles where ioniza-

tion has taken place.

These tracks are usually photo-
graphed by several cameras (to build

up a three-dimensional picture for ana-
lysis) before the volume is recom-
pressed to prevent general boiling of

the liquid. The chamber is usually lo-

cated in a high magnetic field so that

the trajectories of the charged par-

ticles are curved and measurements
of the curvature yield information on
the sign of the electric charge and on
the momenta of the particles.

The liquid in the chamber may be hy-

drogen, which presents the simplest

target (a proton), or deuterium (proton

plus neutron) which gives the nearest

approach to a free neutron target, or a

heavy liquid (such as propane or

freon).

The big chamber in use at CERN is a

3.7 m liquid hydrogen bubble chamber
called BEBC (Big European Bubble
Chamber), built under a tripartite

agreement between CERN, France and
Germany. The chamber body is a

domed stainless steel vessel termi-

nating in a cylinder in which a large pis-

ton operates. The inside of the cham-
ber is covered with Scotchlite to give

bright field illumination and the volume
is viewed by four cameras mounted in

portholes in the dome and surrounded
by annular flash tubes. The chamber is

surrounded by a superconducting
magnet which can generate a field of

up to 5 T. The chamber, which came in-

to routine operation in 1975 for ex-

periments on the PS, can be used with
hadron and neutrino beams from the

SPS. It can be supplemented with a

track sensitive target, a plastic-walled

tank usually filled with liquid hydrogen
and immersed in a denser liquid such
as a neon-hydrogen mixture to ensure
more events within the chamber.

Other much smaller bubble cham-
bers are used together with electronic

detectors in specially-developed hy-

brid systems. In the bubble chamber
field, increasing use is also being

made of new techniques such as holo-

graphy.
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Data Handling and Computing

The main computer centre at CERN, housing a power-
fularray ofprocessors.

{Photo CERN 186. 12.80).

m^^JUim*- : 4f l-n II

Over the past 25 years, progress in ex-

perimental high energy physics has
continually made full use of the most
recent developments in electronic

computers and related fields. In a typi-

cal experiment, hundreds of thou-
sands, or even millions, of particle in-

teractions have to be sifted to obtain

results of interest. If the detecting ap-
paratus is not to become swamped,
fast and powerful on-line data hand-
ling is required. Off-line, the analysis of

the stored data often involves long and
complex calculations. This require-

ment for fast on-line data handling
coupled with a large off-line process-
ing load is one of the most distinctive

features of CERN's computing.

On-line data handling

There are over 250 computers in-

stalled at CERN, of which the majority

are used in physics experiments for

data acquisition and/or equipment mo-
nitoring and testing. Larger experi-

ments are increasingly turning to

32-bit minicomputers, powerful
enough to carry out off-line data ana-
lysis. As far as possible, equipment is

now standardized, using minicom-
puters manufactured by Norsk Data

and Digital Equipment. The standard

CAMAC electronics interface is widely

used, although faster systems are

being developed to cater for new requi-

rements at higher data-taking rates.

Increasing use is also being made of

microprocessors. Recent advances in

microcircuitry have provided fast, in-

expensive logic units which can be

15
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The application of microprocessors at CERN is i

creasing. Seen here Irightl is the 168IE which c

provide a signific

(Photo C£RNSa6.3.B1).

used to build powerful processors for

data acquisition and filtering to sup-
plement traditional hardwired electron-

ics.

The Computer Centre

The central computer service is

based on two distinct systems, one
from Control Data Corp, consisting of a

CDC 7600 front-ended' by a Cyber
170-720 and a Cyber 1 70-730, and
the other containing IBM (or IBM com-
patible) equipment, including an IBM
3081 processor.

The 7600 is a large and extremely
fast 60-bit word-length computer well

suited for precision calculations. At
CERN, it runs only batch jobs and has
no peripherals other than its disks. In-

put and output of work and data for the

7600 are handled by the two Cyber
front-end machines. For batch mode,
the system is accessed through RIOS
(Remote Input/Output Stations)

across the site. The CDC system also

supports on-line terminals. The IBM
machines are accessed primarily

through terminals working under a

timesharing system.

Communications

In addition to a large increase in the

number of computers in use at CERN,
there has also been a general transi-

tion towards accessing these compu-
ters from remote terminals. Data com-
munications thus play an increasingly

important role.

The large INDEX switched private

cable network allows over 600 termi-

nals to access over 40 host compu-
ters. In addition, some external institu-

tes are connected to INDEX through

dedicated telephone lines. SUPER-
MUX supports up to 70 display termi-

nals accessing the central CDC com-
puters. The CERMET packet-switched
communications network allows data

to be sent between users' computers,
including the central CDC and IBM ma-
chines. In this way the power and faci-

lities of the central computers can
supplement an experiments own on-
line computer. CERNET is also being

linked to national data networks. Ex-

periments have been carried out to in-

vestigate the feasibility of very high

speed (megabit per second) data
transmission between CERN and
other national centres using the Euro-

pean Space Agency's experimental
communications satellite OTS.

Other applications

Besides data handling and proces-
sing for physics experiments, there

are many other uses of computers at

CERN. The PS, ISR and SPS all have
computer-based control systems. The
SPS uses some 40 Norsk Data mini-

computers distributed around the ring

and its beamlines. The PS was origi-

nally controlled manually, but now
uses a system of Nord-IOs modelled
on that developed for the SPS. The
original ISR computer control system,

based on a pair of Ferranti Argus 500
computers, has now been extended
using Nord-IOs.
An important specialized applica-

tion is in the analysis of the many
thousands of photographs of particle

interactions from bubble chamber film.

An additional computing load comes
from administrative tasks at CERN,
which are being handled more and
more by the central computers. An
IBM 4331 is used for payroll, budget-
ing and planning.

16
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Foreword

It has been a most gratifying year in which to conclude my mandate as President of the CERN Council

because the highest accolade of the scientific community, the Nobel Prize for Physics, has been awarded to two

of CERN's most distinguished staff. This was in recognition of the success of the proton-antiproton collider and

of the discoveries of the W and Z particles. Through this award the work of the whole Laboratory has been

honoured.

Far from resting on these laurels, the determination to ensure that CERN remains at the forefront of particle

physics has been sustained throughout 1984. Many fine results came from the present experimental programme,

the coUider performance was significantly improved, and a start was made on its improvement programme. The

construction of the large electron-positron collider (LEP), despite some problems in the first half of the year,

remained on schedule, and the preparations for the four mighty LEP experimental faciUties were most impres-

sive. With these investments for the future, we have good reason to hope that CERN can retain a leading position

for many years to come.

In September we celebrated the thirtieth anniversary of the creation of CERN with a ceremony which was

honoured by the presence of King Juan Carlos of Spain. This was a most appropriate way to mark the welcome

return of Spain to the Organization. We also had a closing ceremony for the Intersecting Storage Rings, with

regrets at their premature demise to make way for LEP, but also with the knowledge that their remarkable per-

formance has shown the way for hadron colliders.

The vitality of the CERN Laboratory stems from the abihties and the enthusiasm of its staff. It has therefore

been very satisfying to see the positive evolution of the relationships between the staff, the CERN management,

and the representatives of the CERN Member States during the past few years. The channels for communication

and discussion are now more soUdly in place and I have every hope that, with a constructive attitude on all sides,

the remarkable spirit, which has always prevailed at CERN, will continue to flourish.

1 have greatly enjoyed my participation in the work of this outstanding Laboratory. It has been an honour to

lead the Council, and I have had the privilege and good fortune to hold this office at a time when CERN has

reached new peaks of scientific and technical prowess. I am convinced that further exciting physics Ues ahead in

which CERN will play its fuU part. I rejoice also in the wonderful spirit of co-operation in which scientific

resources from thirteen nations are pooled at CERN. May this continue to serve as an example of what may be

achieved when nations work together, united in a common aim.

i'UynvK^

Sir Alec Merrison

President of Council
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History

The Organization shallprovidefw collaboration

among European Slates in nuclear

research ofa pure scientific andfiitidamental
character, and in research

essentially related thereto. The Organization shall

have no concern with workfor military

requirements and the results of its experimental

and theoretical work shall be published. .

.

Ejnract from tbe Convention for tbe establishment of a

European Organization for Nuclear Research.

Article II— Purposes.

By the late 1940's, nuclear physicists in Europe

had realized that further advances in pure research on

a par with those taking place in the United States

could only come through the construction of particle

accelerators of a size and cost beyond the means of

individual nations. Under the stimulus of a number of

leading scientists, UNESCO sponsored an intergo-

vernmental meeting in December 1951 to consider the

practicability of a joint European nuclear laboratory.

At a second meeting in February 1952, 1 1 nations

signed the Agreement which estabUshed an interim

body which was to be known as the "Conseil europeen

pour la recherche nucleaire". So the acronym CERN
came into being and has remained ever since the name
by which the Organization is best known. Over the

next 12 months, the structure and programme of the

permanent organization was worked out, and, be-

tween July and December 1953, the Convention was

signed by 12 States which established the European

Organization for Nuclear Research. The founding

States were Belgium, Denmark, France, Germany
(Fed. Rep.), Greece, Italy, the Netherlands, Norway,

Sweden, Switzerland, the United Kingdom, and

Yugoslavia. With the entry into force of the Conven-

tion on 29 September 1954, the new CERN formally

came into being.

Subsequently, Austria joined the Organization

in July 1959 but, at the end of 1%1, Yugoslavia had

to withdraw for financial reasons. Turkey became an

observer State in June 1961, and was joined by Yugo-

slavia in 1962 and one year later by Poland.

Spain entered the Organization in January 1%1,

but financial pressures forced her withdrawal at the

end of 1968.

As early as October 1952, the Council had agreed

on Geneva as the centre for the Laboratory, which

was then confirmed in the Convention. The founda-

tion stone was laid on 10 June 1955 at Meyrin, and the

next day the Headquarters Agreement was signed with

the Swiss Federal Council. At that time, the Labora-

tory comprised 40 hectares in the Canton of Geneva,

upon which began construction of the two accelerators

stipulated in the Convention, Article II, 3(a), namely:

i) a proton synchrotron for energies above ten giga-

electronvolts (!&" eV);

ii) a synchro-cyclotron capable of accelerating pro-

tons up to approximately 600 million electronvolts

(6x llfeV).

Meanwhile, the design and construction of the

600 MeV Synchro-cyclotron (SC) went ahead, and a

first proton beam was produced on 1 August 1957.

The Synchro-cyclotron has since supported a very

vigorous programme of research in particle physics

and nuclear physics. A major experimental facility for

the study of short-hved nuclei (ISOLDE: Isotope

Separator On-Line DEtector) was completed in 1967.

The first circuits of the Synchrotron by a proton

beam were made on 16 September 1959, and full ener-

gy was achieved on 24 November. Since then the Pro-

ton Synchrotron (PS), operating at energies up to

28 GeV, has been a mainstay of the high-energy

physics programme of Europe.

The decision by the Council to build intersecting

storage rings associated with the Proton Synchrotron

for research with coUiding beams necessitated the ex-

tension of the Laboratory and, following approval by

the Council in June 1965, an Agreement was signed on

13 September with the Government of France, to-

gether with a Lease Agreement putting at the disposal

of the Organization a further 40 hectares of land in the

communes of Prevessin and St. Genis-Pouilly adjoin-

ing the existing site. On 27 January 1971 the first pro-

ton-proton collisions in the Intersecting Storage Rings

(ISR) were observed. A lively physics programme was

immediately mounted at this machine, which was

unique in the world.

Collaboration with non-member States has been

actively pursued, and an Agreement was signed on

4 July 1967 with the State Committee of the USSR for

the Utilization of Atomic Energy for a joint scientific

and technical programme at the 76 GeV proton
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synchrotron at the Serpukhov Institute of High-

Energy Physics. The Agreement was extended in 1975

and again in 1983 by a Protocol which opened the

possibility for Soviet teams to participate in experi-

ments at CERN.
The setting up of a new Laboratory to house a

proton synchrotron of 300 GeV energy, first discussed

by the Council in 1%3, required modifications to the

original Convention. The Council, in December 1967,

recommended to Member States the acceptance of the

necessary amendments, and on 17 January 1971 the

amended Convention came into force.

On 19 February 1971, 10 European States

(Austria, Belgium, France, Germany (Fed. Rep.),

Italy, the Netherlands, Norway, Sweden, Switzerland

and the United Kingdom) decided to participate in the

300 GeV Programme. They were joined in 1972 by

Denmark.
It was agreed that the accelerator and the new

experimental area in the north of the site should be

built by CERN Laboratory II on land adjoining the

existing Laboratory designated Laboratory I. A total

of 412 hectares in France and 68 hectares in Switzer-

land was leased to the Organization, and building res-

trictions have been imposed on a further 509 hectares

in France and 63 hectares in Switzerland.

The very large area involved and the open nature

of the site— the accelerator has been built deep under-

ground and only the few surface buildings are

enclosed— required that the Agreement covering the

legal status of the Organization in France be revised.

The amendments were agreed by the Council in June

1972 and signed immediately afterwards on 16 June.

The Lease Agreement for the new land in France was

signed on 9 December 1972, as well as amendments to

the first Lease Agreement (signed in 1%5), so as to

bring the two into concordance with each other. The

"Contrat de superficie" for the new land in Switzer-

land was signed on 16 December 1974.

The eight-year long 3(X) GeV Programme was

centred upon the construction of a proton synchrotron

in a ring of 2.2 km major diameter. In June 1973, the

Council approved a proposal that the ring should be

filled with iron-cored magnets and that the construc-

tion schedule should be adjusted to allow the accelera-

tor to reach a full energy of 400 GeV during the sixth

year of the Programme so that research could begin at

the end of that same year in the West Area.

Tlie two CERN Laboratories were united into a

single Laboratory on 1 January 1976.

The new 400 GeV accelerator, now called the SPS
(Super Proton Synchrotron), reached its design energy

for the first time in June 1976. The year 1977 was the

first full year of operation of the SPS for experimental

research, and its performance came fully up to expec-

tations. The official Inauguration of the SPS took

place on 7 May 1977.

The Twenty-Fifth Anniversary of the entry into

force of the Convention was formally celebrated on

23 June 1979.

In 1980 a technique known as "beam cooling",

invented at CERN, was used to produce high-intensity

antiproton beams, and in 1981 intense antiproton

beams were collided with proton beams, both in the

SPS and the ISR, for the first time.

At the Council sessions of 25 June and 30 Octo-

ber 1981, all Member States voted in favour of the

construction of Phase 1 of a large electron-positron

colliding beam machine known as LEP with a design

energy of 100 GeV per beam. The machine was to

have a circumference of about 30 km, and the initial

energy was fixed at 50 GeV per beam.

In 1983 Spain rejoined the Organization after an

absence of 14 years.

On 13 September 1983 a ground-breaking cere-

mony marked the formal start of the civil engineering

work for LEP. Also in 1983, a low energy antiproton

ring (LEAR) was brought into operation providing

antiproton beams of much greater intensity and better

quality than ever available before.

In 1984 the Intersecting Storage Rings were closed

down to liberate financial and manpower resources

for the construction of LEP.
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Internal organization as at 31 December 1984
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Introductory Review

H. Schopper

The discovery of the W and Z" produced in pro-

ton-antiproton collisions made 1983 an outstanding

year in the annals of CERN. In 1984 the far-reaching

importance of that discovery received recognition

through the award of the Nobel Prize in Physics to

two leading scientists at CERN. This highest honour
in the world of science was bestowed on both Carlo

Rubbia, who made the crucial proposal and was the

leader of the decisive experiment, and on Simon van

der Meer, who invented the technique and planned the

source of antiprotons which was essential to produce

proton-antiproton collisions at the highest energies

ever achieved in a laboratory.

The Nobel citation for the first time explicitly re-

cognizes the growing importance of 'big science' by
stating that the award was made 'for their decisive

contributions to the large project which led to the dis-

covery'. Thus the honour is shared also by the tejun

who prepared and ran the complex experiment, by the

dedicated persotmel who ensured the consistently high

levels of machine performance and, in a wider sense,

by the whole of CERN.
What better way of crowning the 30 years of the

Organization's existence celebrated in September
1984! The 30th Anniversary of the ratiflcation of the

CERN Convention was attended by many personali-

ties who had played an important role in the creation

of a laboratory whose size and stature in 1984 they

could not have imagined in the pioneering days of the

fifties. The ceremony was honoured by the presence of

Figure I— Carlo Rubbia (left) and Simon van der Meer, awarded the

1984 Nobel Prize for Physics, acknowledge the cheers of their col-

leagues. (CERN-52}. 10.84)

Figure 2— At the ceremony on 21 September marking the 30th
Anniversary of CERN, H.M. King Juan Carlos of Spain (centre/

listens to the Nobel Laureate I.I. Rabi who in 1950 launched the crea-

tion of CERN. With him are (left to right): P. Auben, Swiss Federal

Councillor: Sir Alec Merrison, CERN Council President;

H. Schopper, CERN Director-General: H. Curien, French Minister

for Research and Technology: and P. Brooks, UK Under-Secretary of
Statefor Education and Science. (CERN-69I.09.84)
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the King and Queen of Spain, a most welcome visit

and a symbobc gesture marking the re-entry of Spain

into the Orgemization.

A Rich and Varied Research Programme

According to its tradition CERN is serving a large

community of scientists predominantly from its 13

Member States. Because of the uniqueness of some of

its facilities CERN is attracting ever more scientists

from all over the world, e.g. from the USA, USSR,

Japan, Israel, Canada and China. These researchers,

in total about 2500, came from 195 universities or na-

tional laboratories and they work peacefully together

in collaborations usually comprising several nationali-

ties. Although the main emphasis of the research pro-

gramme is on elementary particle physics at high

energies, a considerable effort is made to support a

varied research programme covering also nuclear

physics, spectroscopy and even some ancillary activi-

ties in chemistry, medical applications and detection

of gravitational waves.

About 350 physicists are catered for by the SPS in

its proton-antiproton coUider (SppS) mode, whereas

somewhat fewer than a thousand were engaged in

fixed-target experiments when the SPS functioned as a

proton accelerator. The available operating hours of

the SPS per year are shared almost equally between

these two operating modes. The complexity of the ex-

periments has the consequence that the effort needed

to analyse the data turns out to be nearly as important

a limitation for the experiments than beam time.

LEAR, the Low Energy Antiproton Ring, serves 16

experiments with 325 participants while the very first

of the CERN accelerators, the SC, supplies the parti-

cle beams to the ISOLDE isotope separator, and to

groups working on muon spin rotation (jiSR) spec-

trometry and ion interactions, totalling over 150 ex-

perimentalists. Several hundred of these physicists al-

ready engaged at CERN can also be found among the

1000 now preparing very actively the four large ex-

periments for the future LEP Collider.

This research programme together with necessary

improvements of some faciUties and the construction

of the LEP project are carried out with an essentially

constant staff and budget. This demonstrates that ele-

mentary particle physics is not consuming ever larger

resources, as is often asserted in public, but on the

other hand it implies, that very sharp selection criteria

have to be applied and difficult choices have to be

made when estabhshing the programme. This requires

cotisiderable flexibility, motivation and cooperation

both from the staff of the laboratory and the outside

users. But it also implies that the field is full of vigour

and vitality, and the continuation of activities merely

because of inertia cannot be tolerated.

Performance Records Beaten

A sound experimental programme can only be

founded on a consistently high level of accelerator and

equipment performance. Beam time is, of course, al-

ways in great demand by the physicists, and therefore

the periods allotted for machine development neces-

sary to improve the characteristics of machine opera-

tion had to be kept to a minimum. Nevertheless it be-

came possible to beat past records, for instance, by

raising the SPS beam intensity from 2.6 to 3.2 x 10"

protons per pulse, mainly by increasing from 10 to

14 GeV the energy of particles transferred to the SPS
from the PS. The latter has to undergo a continuous

process of rejuvenation in order to assure its reliability

and to improve its operational efficiency.

Examples are a new computer-operated control

system and a new pre-injector in which the conven-

tional Cockcroft-Walton generator has been replaced

by a RF quadrupole system which not only focuses,

but also accelerates the particle beam. The exploita-

tion of the PS/SPS complex has been rendered much
more efficient thanks to the adoption of only one

period per year in either its fixed-target mode of ope-

ration or as SppS Collider. The hours scheduled for

physics in 1984— 5966 for the PS complex, 2757 for

the SPS fixed-target experiments, 1974 for the SppS

and 3932 for the SC— are proof of an unequalled deg-

ree of utiUzation of facilities to cover a wide range of

research.

The improvement programme of the SppS, ap-

proved in 1983, is well under way. It should be recall-

ed that the Antiproton Accumulator (AA) originally

conceived for an annual 1000 hours of operation is

now required for 5000 hours per year to supply the

antiproton needs of the Collider and of LEAR. By a

number of steps already accomplished, the number of

available antiprotons was increased and the energy of

colliding particles raised from 540 to 630 GeV. In con-

junction with other measures this produced a record

number of pp collisions in terms of the total integrated

14
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Figure 3— The ASTERIX detector at the LEAR Low Energy Ami-
proton Ring, successfully used for the study of proton-antiproton

interactions at rest in a hydrogen gas target. (CERN-399A . 09. 83)

luminosity. During the period of SppS operation be-

tween September £md the end of 1984 the figure reach-

ed 395 nb"' as against 153 nb"' for the 1983 runs.

The improvement programme will culminate in 1987

with the completion of an additional antiproton col-

lector ring, ACOL, surrounding the existing AA ring

and capable of increasing the intensity by about an or-

der of magnitude.

The suggestion of operating the Collider at the

SPS maximimi of 450 GeV per beam has been put to

the test. The limitations imposed by power supplies

and cooling necessitate pulsed operation, so that par-

ticles collide periodically at 450 GeV and then descend

to 100 GeV. Preliminary trials with protons have been

successful, giving a beam lifetime of several hours, so

that such a complex mode of working may become
feasible.

The operation of the LEAR storage ring which

provides very pure and intense antiproton beams at

very low energies could be considerably improved. It

has become possible to run LEAR for 24 hours instead

of only 12 hours per day, and a way has been found of

syphoning off a small amount of antiprotons from the

bulk of them stacked in AA and destined for the SppS

Collider, in order that LEAR may be run in parallel

with the CoUider. These improvements will help to

meet the demands for more beam time by the users of

this youngest of CERN facilities, which is unique and

has proved to be very reUable in its first full physics

runs at 300, 600 and 1500 MeV/c with finely control-

led spills of about an hour's duration.

A Fruitful Year for Physics

It is obvious that, following the discoveries in

1983, interest remains very great in the new results ob-

tained at the Collider during the last quarter of 1984

since here a so far unexplored energy range is being

15
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investigated. The 'express analysis' of what may be

tenned 'simple' events, such as the production of W
and Z° bosons, by experiments UAl and UA2 has

already yielded nearly I SO W decays as against the six

or so at the time their discovery was confirmed. Twen-
ty new Z" decays into electron pairs were found. For

other forms of decay and the more complex events the

analysis will take somewhat longer. The t quark with a

mass of around 40 GeV has again made an appearance

in the UAl data. Particularly interesting is a type of

event in which hadron showers are produced in one di-

rection and the corresponding 'missing' energy is car-

ried in the opposite direction by an invisible particle, a

neutrino, perhaps, or one as yet unknown, manifest-

ing 'supersymmetry', a theoretical concept unifying

the families of fermions and bosons. More time will be

needed for a proper evaluation of the significance of

such events in the new data samples.

It is clear that CERN will remain fully competi-

tive in pp physics until the end of the present decade

with detectors duly upgraded to match the increased

intensities resulting from the addition of ACOL.
From the wide range of results obtained by

fixed-target experiments I can just mention the work
of the European Muon Collaboration (EMC). Their

systematic investigations of muon scattering from pro-

tons and nuclei have revealed a phenomenon now
known as the EMC effect. A pronounced difference

exists between scattering from free protons and that

from protons bound in nuclei. This effect has been

confirmed and additional information could be ob-

tained by investigating specific reaction channels, e.g.

those involving the production of J/^ particles. Such
investigations are greatly helping to clarify our under-

standing of the nucleus.

It is not only through massive experimental ap-

paratus run by large groups that very useful results

can be obtained. A few people backed by little, but

specific, technical effort and much ingenuity can be

quite successful too. A small multinational team has

directly measured neutral-pion lifetime— of the order

of 10"'* s—to an accuracy greater than previously

considered possible. Their inspired use of synchrotron

radiation to eliminate unwanted electron background
signals and the development of a small mechanical

device built to the highest standards of the watch-

maker's art were instrumental in keeping the measure-

ment errors so low.

Many interesting results have also come from the

low-energy end of the spectrum. The new faciUty

LEAR has opened a mine of information, for instance

through the study of antiprotonic atoms, a means of

atomic spectroscopy of the highest quality. The im-

portant role of the SC, the first accelerator of CERN,
in serving a very enthusiastic and enterprising com-
munity of physicists should not be forgotten. The
quite unique isotope separator JSOLDE, which has al-

ready helped to reveal many unfamiliar features of nu-

clear structure, is becoming even more versatile with

the aid of laser beams used for the creation of excited

atomic states. A new version, ISOLDE 3, now under

construction, will go into action in 1986. In parallel

with this almost traditional research at the SC, a num-
ber of small groups are carrying out a novel pro-

gramme of spectroscopy based on the effect of muon
spin rotation. The technique has proved very powerful

in several domains of physics and chemistry, such as

the investigation of magnetic properties, isotope ef-

fects, radiation damage, with particular attention also

to substances of biological interest. This activity will

be continued at CERN where the technological

expertise on the requisite low temperatures, high

pressures £md refined detectors is available.

LEP Construction and Experiments

The project ofconstructing LEP has clearly passed

the phase when paperwork predominated and has en-

tered the 'hardware' stage when buildings old and new
on the CERN site are being readied to receive a rising

tide of manufactured components. All technical chal-

lenges so far have been met, many of the prototypes of

the machine components have passed their tests with

flying colours and series production has commenced
in several instances.

As regards the LEP injector system, the buildings

to house the linacs (LIL) and the Electron Positron

Accumulator (EPA) are ready, and sections of the

Unac are being installed. Next in line, the necessary

modifications to the PS and SPS have reached the test-

ing stage of some of the components specially de-

veloped for the purpose. The design of the shielding

against synchrotron radiation is proceeding and that

of the transfer Unes to LEP has been largely complet-

ed. It will be possible to re-use a considerable number
of ISR magnets for the new tasks.

As for the LEP main ring, series production of

the laminations and dipole magnet cores is well under

way. Getting on to 2(X) cores have been cast and deli-

vered to CERN, and tests on the first batches have

16



603

Figure 4— The 16 coupled-cavity test string being installed using the

first of the ambient temperature, copper, accelerating and storage cavi-

ties manufactured by European Industry. (CERN-x534.0l.85)

Figure S— The body of one of the tunnelling machines on the site prior

to being lowered down an 82 m deep shaft before starting to bore the

3. 76 m diameter tunnel of LEP. the Large Electron-Positron ring now
under construction. (CERN-459.01.85)

proved satisfactory. With regard to the RF accelerat-

ing system, series production of the klystrons and of

several other components has started and a number of

complete coupled-cavity assemblies have been finished.

The planning has been sufficiently flexible to co-

pe with certain delays in some civil engineering opera-

tions so that the aim of completing the project by the

end of 1988 stands. After having committed about 2/3

of the total cost of the project, it is gratifying to state

that the expenditure on materials and components re-

mains well within the Umits of the original estimates.

Progress in the preparation of the four approved

experiments has been truly impressive. These opera-

tions are carried out in over 100 institutes and involve

some 900 physicists in the Member States and about

200 elsewhere, backed as they are by numerous tech-

nicians in their various workshops. Much has already

been accomplished on the basis of prototype develop-

ment and testing, and several of the development

'milestones', set by the LEP Experiments Committee
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Figure 6— Full-size mock-up of one quadrant of the detector for

ALEPH, one of the four major experiments being prepared for LEP.
ICERN-0S3.03.85)

(LEPC) which assesses technical progress, have been

met by the collaborations. The actual performance

has, in some cases, turned out to be even better than

envisaged in the original proposal. In the meantime

many of the final components have been ordered or

are being manufactured. The fact that the total cost of

these experiments approximates 340 MSF, with a

CERN contribution of 60 MSF and about 1/3 of the

total cost from non-Member States, illustrates the

novel character of these experimental ventures of the

future, which calls for quite a new form of coordina-

tion and control. Thus the progress of expenditure by

the various groups and laboratories is monitored by fi-

nancial review committees for each experiment.

The LEP design has been optimized for beam
energies of about 100 GeV, well above the Z" produc-

tion peak, and the bending magnets are capable of

handling energies up to 125 GeV.
To push the initial energy of 50 GeV per beam to

the design energy it will be necessary to upgrade the

accelerating RF system which has, above all, to com-
pensate the losses due to synchrotron radiation. It is

planned to realize this upgrading with superconduct-

ing cavities instead of the normal copper cavities. A
vigorous development programme for this new tech-

nology is carried out at CERN and very encouraging

results have recently been obtained. It is foreseen to

have a few of these cavities in the LEP beam at

tum-on in order to gain experience about their behavi-

our in an operating accelerator.

In order to exploit in the most efficient way the

large investments being put into the civil engineering

and the infrastructure existing at CERN, the possibili-

ty of placing a second ring (e.g. for protons and/or

antiprotons) into the LEP tunnel had been considered

already at the time of project approval. Since accord-

ing to experience lead-times are very long and new
magnet technologies might have to be developed, pre-

liminary studies for various options of such a hadron

collider in the LEP tunnel were started in collabora-

tion with ECFA.

Organizational and
Administrative Matters

Since staff is the most valuable asset of a labora-

tory and since some important problems concerning

personnel policy became apparent, more attention has

been and will be devoted to staff policy. Indeed the

coming years will be decisive for long-term personnel

poUcy. First of all, the number of retirements each

year will rise rapidly in some four or five years from
now. Careful planning will be required in order to

have a smooth transition from the present situation of

very few retirements. Then the whole question of em-

ployment conditions and recruitment policy will need

to be carefully examined and reviewed in the light of

the changing overall economic situation. Associated

with these topics are a number of problems related to

the pension fund, including the need to find substan-

tial sums of money from 1990 onwsu-ds to pay the Or-

ganization's share of the four steps of the comple-

mentary pensions scheme. Then the whole question of

the relations of CERN with industry will have to be

critically examined, leading perhaps to a change in

policy whereby much more work, including design

work, is contracted out to industry. This will probably

imply a reduction and/or restructuring of some of the

basic CERN services. Lastly, the change-over from the

construction phase of LEP to the operational phase

will also bring problems, and a re-adjustment of the

staff structure may well be necessary.

To attack all these questions, one needs the pro-

per instruments. In this respect 1984 was an important

year when two essential advances were made on the

personnel front. First of all, for the first time a formal

tripartite committee (with representatives of the Mem-
ber States, the Management and the Staff Association)

was set up, reporting directly to Council, namely the

18



605

Consultative Committee on Employment Conditions

(CCEC). Its value was immediately made evident by

the agreement in principle reached by Council in

October on the Fourth Step of the Complementary

Pensions Scheme.

Secondly, an internal Staff PoUcy Group was es-

tablished. The group has already tackled such topics

as staff appraisal and career paths as well as looking

into some organizational aspects of personnel matters.

Further steps will be taken during 1985 to

strengthen other aspects of personnel management in

the Organization in order to make the best and most

efficient useofthe human resources of the Laboratory.

Outlook

CERN is presently in a very successful phase.

With the pp improvement programme, with LEP
(initial stage and upgrading) and later options in the

LEP tunnel, CERN has all prospects from the imme-

diate to the more distant future to remain in the fore-

front of world high energy physics. Of course, the

production of excellent scientific results will remain

the main aim of the laboratory.

However, one should not forget some other bene-

fits which emerge from the activities of CERN. Inter-

national collaboration has been an essential element

during the history of CERN, right from the beginning.

With the preparations for the LEP experiments this

cooperation has reached a new quaUty, embracing the

whole globe, and will certainly continue to contribute

to a better mutual understanding of scientists from

different countries and different social and poUtical

systems.

For quite some time it has been accepted that

CERN is a centre of advanced technology giving many
incentives to industry. This has recently been con-

firmed by a study of the economic utility of contracts

adjudicated by CERN to industry.

Last but not least, it is more and more recognized

that CERN offers excellent opportunities for training,

not only to scientists but also to technicians. As a con-

sequence some of the training programmes have been

intensified, sometimes on the basis of bilateral agree-

ments with Member States.

CERN will endeavour to continue to render its

service to the Member States and to society in general,

in the form of scientific, cultural, human and tech-

nological contributions.
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Theoretical Physics Division

The November telephone hst of the CERN
Theory Division had 105 names— the August list had

140. In addition there were, as always, many visitors

not staying long enough (at least one month) to be so

listed. There are only 21 Staff physicists.

During the year, 292 preprints were produced

in the Division. They were spread over the whole

range of elementary particle theory, and even a little

further, but only a few main themes will be mentioned

below.

Unified Theories

Theoretical physicists are increasingly optimistic

about the possible production of a theory unifying the

strong, electromagnetic, weak, and gravitational inter-

actions. The most promising candidates at this time

are supergravity and Kaluza-Klein theories.

The excessively high degree of symmetry shown

by such theories has somehow to be spontaneously

broken. In this connection, supergravity models with

'flat potentials', introduced at CERN last year, were

further developed. A remarkable intuitive explanation

was found for the existence of non-compact global

symmetries in extended supergravities, as required for

the flat potential. The construction of the full N = 2

Yang-Mills supergravity Lagrangian and the study of

its mathematical and physical impUcations were vigor-

ously attacked. Some versions of N = 2 are of particu-

lar interest in that the desired flatness of the potential

emerges automatically. The possibility of 'no-scale'

models, in which all scales other than the Planck mass

are determined by the dynamics, was further explored,

with encouraging results. The possibility of decoup-

ling local and global SUSY-breaking scales may prove

to be important. One such model, with almost mass-

less gravitinos, gives a natural resolution of the strong

CP problem, with 0qcd dynamically relaxed to zero.

As regards weak CP violation, the standard model

seems to have difficulty with the observed bottom-

quark lifetime and top-quark mass around 40 GeV.

The supersymmetric version was worked out in great

detail; it was found to be problem free, and to have

interesting consequences for experiments in prepara-

tion at CERN and elsewhere.

The study of supersymmetric theories at finite

temperature raised the possibility of symmetry not

being restored at very high temperature, which would

have implications for the early Universe.

In Kaluza-Klein theories, space is initially given

extra dimensions. They are supposed to curl up some-

how to have very small extension, and so appear

phenomenologically as internal rather than external

degrees of freedom of particles. The extra components

of the gravitational field then appear as the gauge

and other fields of elementary particle physics. Consi-

derable progress was made in seeing how the

4-dimensional N = 8 supergravity is embedded in the

11 -dimensional theory. And new results on sponta-

neous symmetry breaking were obtained.

Cosmology

There is now a strong interaction between ele-

mentary particle physics and cosmology. In particular,

scenarios for the very hot early Universe bring into

play the high-energy features of unified theories, pro-

viding a critical testing ground for such theories.

In this connection the 'fiat-potential no-scale'

supergravity models proved especially interesting.

They produce naturally, at tree level, one of the out-

standing unexplained features of cosmology— the

vanishing cosmological constant. A flat zero scalar

potential is obtained at tree level. Radiative correc-

tions produce a minimum, determining dynamically

the breakdown scale mw of the Glashow-Salam-

Weinberg symmetry. A value of the cosmological
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constant of order mwthen appears, unfortunately not

zero but much smaller than the otherwise natural

value mwmp. These models have been extended to pro-

duce the early exponential inflation which is at present

thought to account for the subsequent large-scale

homogeneity and isotropy of the Universe. This infla-

tion also serves to reduce the density of monopoles,

which would otherwise be a problem. Even with infla-

tion the gravitinos, with mass of order mw, regene-

rated during the 'reheating' phase, tend to provide an

excessive energy density. But this is avoided in a sub-

class of these models in which the scale of super-

symmetry breaking is related to the mass, not of gra-

vitinos, but of gauginos (supersymmetric partners of

gauge bosons).

Some work wjis also done on the emergence of

large-scale features— galaxies and clusters— as pos-

sibly triggered by unstable neutrinos. And experimen-

tal ways were suggested for the detection, in cosmic

rays and in the Earth's crust, of the strange matter of

Witten, containing about as many s quarks as u and d,

that might be left over from the confining transition.

Collider Physics

Much of the work of the Division centred on the

physics produced by present and future CERN col-

liders.

The theory of W and Z production in present and

future colliders was worked out in great detail— the

most thorough analysis yet made. The formalism was

checked against ISR data on lepton pair production,

with full agreement. Within the accuracy of the data

no intrinsic quark transverse momentum was re-

quired, leaving the QCD scale A as the only para-

meter. In connection with the transverse momentum
distribution of W and Z at the CERN pp Collider,

conjectures about the summation of leading logs were

established, and the resulting theory was shown to

agree well with the data. A theory of hadron activity

associated with W and Z production did not suggest

notably stronger activity for Z than for W, despite

hints from preliminary, low-statistics data that this

might be so experimentally.

Preliminary indications for diffractive t-quark

production in UAl led to a theoretical analysis of this

process. In connection with UA2 data, the theory of

probability distribution over jet number was devel-

oped, with the aim of extracting the QCD coupling

constant. In connection with the ISR gas jet experi-

ment, in which antiprotons collide with hydrogen

atoms, a detailed analysis was made of the formation

and decay of charmonium states, which will be of

great value in the final analysis of the experiment. The
possible production and detection of supersymmetric

particles at the CERN Collider received particular

consideration.

Much attention was given to the surprising

one-jet events and hard photon decays of Z seen in the

UAl and UA2 experiments. Theories involving excited

composite quarks, and others involving supersymme-

try, were advanced. An interpretation of the 'mono-

jet' events as involving squark-antisquark pair pro-

duction seems very promising, with a mass of some
40 GeV for the squark— the supersymmetric partner

of the quark. This would be the first phenomenologi-

cal manifestation of supersymmetry.

A model was proposed for the expansion and

hadronization of droplets of quark gluon plasma that

might be produced in high-energy collision of hadrons

and especially of nuclei. Comparison with existing ex-

perimental data was encouraging for a systematic

search. The model has implications also for the quark-

gluon-plasma to hadron-gas transition in the early

Universe.

Many members of the Division participated in the

study of the proposal to install a large hadron collider

(LHC) in the LEP tunnel, and in the conference on

this subject, which took place in Lausanne and at

CERN in March. If supersymmetry is good, a flood of

new particles should appear. Compositeness of quarks

and leptons might show up. In particular, it was

pointed out that the device, copiously producing

charmed particles, would be a surprisingly powerful

source of leptons, including muons and neutrinos, and

maybe of the hypothetical photinos of supersymme-

try. If leptons and protons are collided, the evolution

of structure functions to much higher q^ can be fol-

lowed. Predictions for proton-proton and proton-

antiproton elastic scattering in future higher-energy

colliders were made.

Quantum Field Theory

Quantum field theory is the foundation for the

whole of elementary particle physics. As well as appli-

cations to would-be realistic schemes, there is a con-

tinual effort to deepen understanding of the theory.
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Anomalies— failures in higher order of symme-

tries holding in lowest order— were studied in space-

times of arbitrary dimension. It has become important

to do so because of the current interest in Kaluza-

Klein theories, and because of relations between

anomalies in different numbers of dimensions. A sys-

tematic classification in terms of group topology has

been achieved.

In non-linear sigma models with hidden gauge

symmetries, it was found that anomalies, at the quan-

tum level, force reconsideration of the dynamical

generation of gauge bosons.

The question of chiral symmetry-breaking in

the supersymmetric extension of the Nambu-
Jona-Lasinio model was analysed. Supersymmetry

protects chiral symmetry, but with soft supersym-

metry-breaking, spontaneous chiral symmetry-break-

ing appears, together with composite Goldstone

bosons, for strong enough coupling.

It was investigated how in supersymmetric gauge

theories the non-perturbative effects are able to

generate non-trivial vacuum properties otherwise for-

bidden by perturbative non-renormalization theorems.

The unconstrained instanton method emerged as a

powerful and self-consistent approach.

For supersymmetric theories, a systematic

method for the identification of stochastic variables

(Nicolai mapping) was devised.

An argument was given for the equivalence of

stochastic and microcanonical quantization in

Euclidean field theory.

An analysis of gauge theory monopoles suggested

that they can have fractional spin and intermediate

statistics.

In connection with string theory, progress was

made with the irreducible representations of the Vira-

soro algebra, and their applications for constructing

new string models. And the construction and analysis

of Liouville field theory suggested a whole new class

of statistical models. It was established that the

S-matrix of the Liouville field theory is trivial in the

context of the D'Hoker-Freedman-Jackiw quantiza-

tion.

Lattice Gauge Theory

Substantial effort was again devoted to the direct

numerical simulation of gauge theories. This is greatly

impeded by the limitations of present computers.

Much insight and analysis are required in order to

interpret the prehminary results.

In this connection the Monte Carlo renorma-

lization group (the numerical approach to the real

space renormalization group) was intensively studied.

It permits the approach to the continuum limit to be

handled in an economical fashion. The resulting beta

function explained the unexpected scaling of the

deconfinement temperature in pure SU(3) gauge

theory. In that theory, definitive results for string ten-

sion were obtained.

The incorporation of quarks into the calculations

remains at an exploratory stage. Comparison between

Kogut-Susskind and Wilson fermions, in quenched

approximation, showed disagreement by a factor of 2

for quark masses.

A definition of topological susceptibility in lattice

QCD was shown to be perturbatively zero, and there-

fore suitable for Monte Carlo simulation. A practical

definition for an integer-valued topological charge

was proposed. One-loop perturbative calculations of

Wilson loop expectation values were performed, giv-

ing the possibiUty of constructing improved variables

that are less sensitive to lattice artefacts. By introduc-

ing appropriate collective coordinates, difficulties in

applying perturbation theory to 0(N) lattice sigma

models were resolved.

Ideas have been put forward for a specialized

computer which would be faster, and very much chea-

per, than commercially available alternatives. A fea-

sibility study is starting in collaboration with groups in

the Member States.

Composite Systems

Hadrons are held to be composites of quarks, and

it is speculated that quarks, leptons, and gauge bo-

sons, might themselves be composite. So the dynamics

of binding is of continuing importance.

The Shifman - Vainshtein - Zakharov sum rule

technique was apphed in a systematic way to quarko-

nia and gluonia. For the charmonium system it was ar-

gued that the large correction found for the Q^ =

version of the method would be greatly reduced in the

large Q^ version. The SVZ method was apphed also to

hypothetically composite quarks, leptons, and gauge

bosons. For composite weak bosons, a serious dif-

ficulty emerged— that of too strong coupling to

quarks.
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In the potential model, new bounds on energies

and wave functions were presented. And a very ele-

gant theorem on the ordering of levels in potentials

was given. Comparison with the Coulomb case shows

the Laplacian of the potential to be the controlling

feature. The theorem has appUcations in nuclear and

atomic, as well as in subnuclear physics.

Stimulated by evidence for the top-quark at UAl,
a detailed study was made of the production and de-

cay of toponium. If the mass is indeed about 82 GeV,
toponium produced at LEP will be almost completely

polarized, which will help in its identification.

Corrections to pion low-energy theorems were

evaluated in a systematic one-loop chiral perturbation

theory; the improved theorems agreed very well with

experiment.

Other Activities

The main roles of TH Division were, as always,

original research and collaboration with the experi-

menters. Only a fraction of the year's research pro-

duction has been mentioned above. The collaboration

with experimenters seemed to us to go very well. The
Division also has an educative role. Many members
gave lecture courses— in the Division, in the CERN
Academic Training Programme, at summer schools

and winter schools, and at workshops— and a large

number of individual talks were delivered, both in

Europe and abroad. The Division also contributed, as

usual, to the management of CERN, participating in

the work of the various committees.
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Experimental Physics Division

Computer display o/tm event observed in the UA i experiment.

This may t>e interpreted in terms of ¥r productitjn

with subsequent decay oftheW~ — tb

^Jet
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Experimental Physics Division

Figure I— Mass spectrum of identified 2? -* e*e decays together with

lower mass e*e~ candidates. The curve is the estimated background

<UA2).

Introduction

The pp collider and the experiments around it

have again operated successfully in 1984. Due to in-

creased luminosity they have had more than twice as

many pp interactions to investigate as in 1983.

Two exciting new observations have come from

UAl: the finding of events with missing transverse

energy exceeding 40 GeV accompanied by a single jet

or single electromagnetic cluster. These cannot be well

accounted for by known processes, and may herald

the observation of totally new phenomena. Analysis

of the data (and theoretical speculations) are proceed-

ing vigorously.

A class of events has been observed that fits well

with the expected characteristics of particles contain-

ing the yet undiscovered 'top' quark. If this explana-

tion is confirmed it will estabUsh the mass of the top

quark to be in the range 30 to 50 GeV.
The p accimiulator has also continued to act as a

unique high-intensity source of low energy antiprotons

for the low energy antiproton ring LEAR. Data have

been accumulated on a wide variety of processes. To
quote one with 'far-reaching' consequences— the

measurement of the reaction p ''He -• 'He + X has

shed light on the antiproton abundance in the early

eras of our universe!

At the lower energy end of the spectrum of

CERN's experimental programme the ISOLDE faci-

lity has discovered two new cases of the exotic radio-

active decay mode giving the emission of "C nuclei.

This report describes many of the other results

obtained in processes in the energy range of 540 GeV
(pp collisions) to 0.01 eV (muon spin rotation). Brief

mention is made of some of the technical activities on

which this experimental programme depends.

Proton-Antiproton Collider

Intermediate vector bosons

The analysis of data provided by the 1982 and

1983 runs of the Collider (-20 and 120 nb"' inte-

grated luminosity respectively) continues with the

emergence of important new results from the two large

collaborations, namely Aachen - Amsterdam -

Annecy- Birmingham - CERN - Harvard - Helsinki

-

Kiel - London (QMC) - Padua - Paris (CdF) - River-

side - Rome - Rutherford - Saclay - Vienna -

Wisconsin (UAl) and Bern-CERN -Copenhagen -

Heidelberg - Orsay (LAL) - Pavia - Perugia - Pisa -

Saclay (UA2).

Mass values obtained from leptonic decays of the

W* and Z° have been refined, and are in good agree-

ment with the expectations of the standard model. The
width of the Z" is related to the total number of quark

and lepton families; the width value obtained from a

careful analysis of the few Z" -> e*e" events available

(Fig.l) and the ratio of the Z and W cross section al-

low UA2 to claim that with 90% confidence the addi-

tional number of neutrino generations beyond the

three of the standard model is smaller than 17.

Search for new physics

Small samples of events from the UAl and UA2
Collaborations have intriguing features which may be

indications of exciting new physics. New data from the

1984 run are awaited to provide confirmation and un-

derstanding of the true nature of these effects.

For example the UAl Collaboration have report-

ed the observation of events where a missing trans-

verse energy greater than 40 GeV is associated with a

single jet or a single electromagnetic cluster. The
transverse masses for these events are larger than those

expected for W and Z" decays. An example of such

"5 «
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Figure 2—Example of UA 1 'monojet ': (a) a missing transverse energy

of59 GeVis balanced by a high energy Jet (bf observed transverse ener-

gy/low.

'monojet' events is shown in Fig. 2. Interpretations of

these events in terms of some new particle (e.g. the

photino of supersymmetric theories) carrying away the

niissing energy are being entertained.

A search for the t-quark (top) needed to complete

the third generation of quarks and leptons is being

carried out by the UAl Collaboration. They look for

decays of a single W* orW into a top and a bottom

quark where the top quark (mi > 22 GeV/c^) has a

subsequent semileptonic decay, viz.:

W* -» tB t - £* vb 1 = (electron, muon)

,

or W" -» tb F -* £">;b.

The signature for these events would be: two jets

(b and B fragmentation) and an isolated lepton. At

present six possible candidates have been identified,

one of them is shown in the frontispiece. They are

found to be consistent with the W* -» tb (or W~ -

tb) decay. If this is indeed the case, then the mass of

the top quark lies between 30 and 50 GeV/c^. How-
ever more data are needed to confirm these conclu-

sions.

The UAl Collaboration have in addition to five

muonic decays of the Z", several other interesting di-

muon events which may indicate evidence for heavy

flavour semi-leptonic decay. The most intriguing,

shown in Fig. 3, has two lone muons with the same

charge having large transverse momenta.

Radiative decays of the Z° (Z" -» tl'y, £* being

an electron or a muon) have been observed both by

UAl and UA2. Their observation has triggered much
interest since their yield seemed larger than that ex-

pected from inner brerasstrahlung processes.

Another intriguing result comes from the UA2
Collaboration which have found three unexpected

events out of a sample of 190 events containing an

electron candidate. In these possibly anomalous events

a system of jets and an electron are observed in as-

nuN = 71S7. EVT
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Figure 3— UAl event containing two positive muons with large

transverse momenta. It is hard to interpret this event in terms of
conventional processes.

Figure 4— Cross sections for inclusive jet and ii° production. The

curves are the predictedjet cross section at tj fpseudorapidityj = (-.-)

and tt" cross section at ri
= 0(")andati] = 1.4 f—}fUA2).

sociation with a large missing transverse momentum.

These events are consistent with the production of

massive ev pairs associated with jets of large transver-

se energy. A possible interpretation is the associated

production ofW and jets.

Jet production

CoUider data are a rich source of final states con-

taining hadron jets from quark-quark, quark-gluon

and gluon-gluon scattering. Their analysis has given a

number of interesting results which have contributed

to our understanding of QCD. They concern the pro-

ton structure functions, the nature of the parton-

parton interaction and the fragmentation properties of

hadron jets. An example, from the UA2 Collabora-

tion, of the agreement between QCD-based calcula-

tions and the inclusive cross section both for jets and

jr^'s is given in Fig. 4.

(<• Pt = 11.3GeV/c

Elastic scattering and total

cross section

The Amsterdam - CERN - Genoa - Naples - Pisa

Collaboration (UA4), have analyzed the data on elast-

ic pp scattering and total cross sections collected dur-

ing the 1983 special high-/3 run. The data show a

change in slope of the elastic scattering t-distribution

around |t| = 0.14 GeV^ (Fig. 5). The total pp cross

section at Vs = 546GeV is61.9 ± 1.5 mb, i.e. ~ 50%
higher than that found at the ISR. This rise is consis-

tent with a (log s)^ behaviour which is the fastest ener-

gy dependence allowed by general principles. The ratio

of elastic to total cross section is also significantly lar-

ger than at ISR energies. These observations indicate

that at collider energies the proton has a larger size

than at ISR energies and is more absorbing in the cen-

trjil core.

Streamer chamber studies

The Bonn - Brussels (Free University) - Cam-
bridge - CERN - Stockhohn Collaboration (UA5)

continue the study of inelastic pp interactions using a

large streamer chamber. They have studied the pro-

duction of charged and neutral kaons and made a

detailed study of charged particle muhiplicities. The

cascade decay E* -• A^tt" , followed by A" -» p7r"

,

10' '°
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Figure 5 —Differential cross action of proton^ntiproton elastic

scattering at -Js = 546 GeV. The lines drawn are the results of simple

exponential fits expfbt) (VA4).

Figure 6—An example of the cascade decay H
observed in the UA5 streamer chamber.

lO'
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Figure 7— The cross section for e*e pairs above the T at ^ = 62.3

GeVfrom RUO compared to Fermilab results.

Figure 9— Residual y/r'* ratio, after background subtraction, versus

transverse momentum for proton-proton and proton-antiproton

interactions. The two curves are predictions for pp (solid line) and pp
(dashed line) collisions (R808J.

Figure 8— Observed dependence of the relative proton and antiproton

yields at fixed pj on the polar angle (R416/R4I9). The curves are

predictions of models with and without diquark scattering and
fragmentation. The antiproton fractions are well reproduced by all

models while diquarks (model 1, 2, 3) seem necessary to describe the

proton fractions.

10-

"
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Figure 10— The ratio ofe* /i* oj afunction o/pr- Also shown are cal-

culated contributions to the signalfrom known sources (R80S).

Figure ll—K'/Ci' mass spectrum from the (mainly) dif/raclive reac-

tion pp - ppIC°K*r' . Clear signals are present in the D(12SS) and in

the E/iota regions (R608).
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An attempt has also been made to measure the

ratio between the abundances of two and three-jet

events and hence the strength of the QCD coupUng

which is estimated to be as = 0.17 ± 0.02 ± 0.05.

Another AFS Experiment, by the Athens -Bonn

-

Brookhaven - CERN - Moscow (LPl + EPI) - Novo-

sibirsk - Pisa Collaboration (R808), have presented

data on direct photon production in pp and pp colli-

sions. A significant prompt photon signal is observed

in the pr region between 3-6 GeV/c (Fig. 9). The same

Collaboration have also studied the inclusive produc-

tion of electrons down to 100 MeV/c transverse mo-

mentum. An excess of low pi electrons is observed

(Fig. 10), which is not explained by known processes.

The CERN - Clermont-Ferrand - Saclay - UCLA
Collaboration (R608) are studying the K°K*t'' sys-

tem produced in the reaction pp -• pp K°K* ir' . Two
clear peaks (Fig. 1 1) are observed at the D(1285) mass

and in the E/iota (1430) mass region. A spin parity an-

alysis is being performed to find out whether the sig-

nal in the E/iota region is due to the E meson (j"" =

1*), which is considered to be a qq state, or to the

J*" = 0" gluonium candidate observed in pp anni-

hilation and in the radiative decay of the J/^. Other

results obtained by the Collaboration are a compari-

son of elastic scattering cross sections in pp and pp
reactions, and a determination of the inclusive A* po-

larization.

The CERN - Naples - Pisa - Stony Brook Colla-

boration (R210) have completed the analysis of the

700
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o
d
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u 300

'^^t

Mass(K°K*T')
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Figun 12—Excilalion function (R704) of the xi ond xj statesfrom the

decay x "• -//^ + 7. J^^ "• ^*^~

total cross section data for pp and pp at v/F = 30.6,

52.8 and 62.7 GeV. A simultaneous fit of pp and pp
data indicates a flog s)^ behaviour of the two cross-

sections.

The Bologna - CERN - Frascati Collaboration

(R421), using the SFM continue the study of low pr

multiparticle final states in pp reactions, using the

method of removing leading protons to define the ef-

fective energy available for particle production. The

charged particle multipUcity distributions at ISR

energies are found to scale with the effective energy. A
comparison with e*e" data shows that the multiplicity

distribution measured in e*e" interactions is narrower.

Extrapolation to collider energies gives good agree-

ment with the charged multiplicities measured by

UA5. The same collaboration is now processing the

data from Experiment R422 to study the associated

production of heavy flavour states using the SFM.
The Annecy - CERN - Genoa - Lyon - Oslo -

Rome - Turin Collaboration {R704) are studying the

formation of charmonium states in the collision of

antiprotons with a hydrogen-gas jet target in the ISR

ring. The experiment has detected the radiative decay

of the charmonium states xi. X2, (Fig. 12) and t|c

formed in the pp collision and has made a search for

the yet unobserved 'Pi (S = 0, L = 1) charmonium

state. The analysis of these data is in progress.

Light ion interactions

The analysis of data from the past a-a, d-d and

p-a runs is being carried out by several collaborations.

The BNL - CERN - Michigan State - Oxford -

Rockefeller Collaboration (RllO) have measured the

total neutral energy spectra in the central region of

aa, dd and pp interactions at Vsnn = 31 GeV. The

sha(>e of the aa spectrum up to 17 GeV is explained by

representing an aa collision as a superposition of four

independent nucleon-nucleon collisions. Beyond 17

35
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FiguK 13— The aa elastic differenlial cross section (R807). The dashed

curve is a guide for the eye. Also shown for comparison are results

from earlier experiments.

Figure 14— The interference structure function xGjIx). The solid line

represents the structure function FJx) measured by the same

experiment (NA4) multiplied by 9/5. The dashed curve shows the effect

due to higher-order weak and electromagnetic processes for which the

-data are corrected.
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Figure IS— World data on the energy variation of the cross-section per

single nucleon for inclusive production of J/^ on Fe and on Hi and

D, targets (EMC).

Figure 16— Values of neutral coupling constants of the electron girand

gj obtainedfrom the CHARM Collaboration. The limitsfrom the mea-

surements of the forward-backward asymmetry in the reaction e*e~ -*

tr at PETRA and PEP and of i,e scattering cross sections select a

unique solution.

per nucleon in iron is larger thsin that in hydrogen

since the J/^ yield is thought to be proportional to the

gluon density in the target. In addition, new results

have been obtained on the production of forward pro-

tons and antiprotons in muon-nucleon scattering and

several studies of quark and diquark fragmentation

have been made.

Neutrino experiments

The CHARM CoUaboration, CERN- Hamburg

-

Amsterdam - Rome - Moscow (WA18), have made a

new measurement of the cross sections for c, and P,

scattering on electrons. The final value of sin^Sw ob-

tained in these purely leptonic processes is sin^fiw =

0.215 ± 0.032 (Stat) ± 0.012 (syst). The values ob-

tained for the neutral current couplings gA and gv are

shown in Fig. 16 together with limits obtained from

other experiments which select the unique solution

gX = -0.54 ± 0.05 (Stat) ± 0.06 (syst).

gv -0.08 ± 0.07 (Stat) ± 0.03 (syst).

A value gA = - 1/2 is predicted by the standard

model, in agreement with the experiment. The

CHARM II Collaboration. Brussels IIHE - CERN -

Hamburg - Moscow - Naples - Rome, are preparing a

new detector to repeat these measurements with higher

precision.

The CHARM Collaboration have also studied the

nucleon longitudinal structure function Fl in charged

current v and v interactions. The results show a clear

deviation from the Callan-Gross relation, interpreted

as being due to the finite transverse momenta of par-

tons in the nucleon.

The CDHS Collaboration, CERN - Dortmund -

Heidelberg - Saclay - Warsaw, are analyzing the high

statistics exposures of the WAl apparatus to v, and 5,

narrowband and wideband beams which resulted in

~ 10* recorded neutrino interactions. The WAl/2
Experiment took data during 1984 in a high-fiux ver-

sion of the narrowband beam. The data are being ana-

lyzed and the measurement of the neutral to charged

current ratio should give a value of sin^dw with an ex-

perimental precision of ±0.005, similar to the preci-

sion aimed at by the CHARM II Collaboration. This

precision, in conjunction with the value of sin^flw ob-

tained from the Z° mass, should give a meaningful test

of the higher-order electroweak radiative correction.
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Figure 17— Limits on the mixing matrix elements \Uiu\' as a function of
the neutrino mass m* derived from the WA66 experiment (full line)

andfrom r -* nv and K -* /ip decays (dashed lines).
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Beam dump experiments

The analysis of data from the 1982 CERN ex-

periments, to investigate the properties of neutrinos

produced by 400 GeV protons hitting massive copper

beam dumps, continues. The CDHS Collaboration

CWA68) give a ratio of prompt v^ to prompt v, of

0.88 ± 0.17, which is consistent with vt and iv pro-

duction being equal as expected if they come from

semileptonic decays of charmed particles produced in

the dump.
The Aachen - Athens - Bonn - CERN - London

(IC) - Munich (MPI) - Oxford - Saclay - Stockholm

Collaboration (WA66) are refining the smsdysis of

their beam dump exf)eriment which used BEBC as a

neutrino detector. Prompt muon and electron event

rates are compatible with being equal. A small ratio

(0.21 ± 0.06) of e* to e" event rates is observed indi-

cating a difference between the vc and it fluxes; this

asymmetry is interpreted as a consequence of the fact

that charmed baryons, giving vt, have a larger momen-
tum than the associated charmed meson giving Pe.

The same Collaboration have made a search for

the decay of heavy neutrinos into n'e* nc. From the

absence of low mass two-prong events indicating such

decay, limits have been obtained on their mixing with

muon-neutrinos (Fig. 17).

The other BEBC Experiments WA21, Birming-

ham - Bonn - CERN - London (IC + UC) - Munich
(MPI) - Oxford Collaboration, WA25, Amsterdam -

Bergen - Bologna - Padua - Pisa - Saclay - Turin Col-

laboration and WA59, Athens - Bari - Birmingham -

Brussels - CERN - London (IC-i-UC) - Munich

(MPI) - Oxford - Palaiseau - Rutherford - Saclay

Collaboration, are continuing the data analysis to stu-

dy structure functions and neutral current processes.

Search for fractionally charged particles

The CHARM Collaboration have performed a

new search for charge 1/3 and 2/3 particles produced

in proton-nucleus and neutrino-nucleus collisions.

They give hmits of a few times 10"
' per neutrino inter-

actions and 10"^° cm^ for proton-nucleus interactions.

The Bologna (Univ. + INFN) - CERN-Frascati-

Rome Collaboration CWA44) are analyzing data from

a search for quarks produced in high-energy neutrino

interactions. The search is based on the measurement

of the track ionization in an avalanche chamber. Ex-

tensive studies are being made of all sources of system-

atic effects which could simulate low ionizing tracks in

their apparatus.

Prompt photon and muon pair production

Single photons with large transverse momenta are

expected to be produced mainly via QCD Compton
(quark + gluon -» quark -i- photon) and annihilation

(quark + antiquark - gluon -i- photon) processes. In

particular, the cross section difference

(Kt'N - 7 -t- X) - a(ir*N - 7 -I- X)

is determined by the contribution of the annihilation

graph only. Preliminary results obtained by the Bari -

Freiburg - Moscow (ITEP) - Munich ^MPI) Colla-

boration (NA24) from 300 GeV/c ir~ p, ir* p, and pp
interactions (Fig. 18) seem to indicate some discrep-

ancy with the QCD predictions.

38
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Figure 18— The (NA24) preliminary results on the (t~ p "* 7 + X^/

(w* p ~* 7 + X) ratio as calculated from the measured y/r^ cross-

sections ratio in r'p and r* p collisions. For comparison a QCD pre-

diction is shown.

Another prompt photon experiment is being car-

ried out by the Geneva -Glasgow -Liverpool -Milan -

Neuchatel Collaboration (WA70) using a fine-grained

sampling photon calorimeter covering a large solid an-

gle and the Q' magnetic spectrometer. The calorimeter

is based on a new technique using liquid scintillators

contained in teflon tubes, which behave as optical

fibers. The data acquisition has started and the ana-

lysis is in progress.

The Athens - CERN - London (IC) - Orsay

(LAL) - Palaiseau (EP) - Paris (CdF) - Saclay (CEN
DPhPE -I- DPhN) - Southampton - Strasbourg - War-

saw Collaboration (NAM) are studying high pr pho-

ton production using an incident photon beam. The
data processing is nearly completed. A clear excess of

prompt photons is observed at transverse momenta
> 2.5 GeV/c which is interpreted in terms of QED
quark-photon scattering with appropriate QCD cor-

rections.

Direct production of soft photons in hadronic

processes is instead expected to be due to QED
bremsstrahlung processes associated to the production

of charged hadrons. The CERN - Brussels - Mons -

Nijmegen - Serpukhov Collaboration (WA27) investi-

gated the production of soft gamma production in

K'^p interactions at 70 GeV/c in BEBC. An excess of

gammas is found at low pr ( < 60 MeV/c) which is not

accounted for by radiative decay of hadrons neither by

the expected QED bremsstrahlung and may indicate

the existence of other, as yet unknown, sources of soft

photons.

Muon pair production by incident hadrons is an

important testing ground of QCD. The CERN - Orsay

(LAL) - Palaiseau (EP) - Paris (CdF) - Pisa - Saclay

Collaboration (NA3) have presented an analysis of

30000 high mass dimuons (H, > 4.5 GeV/c^). They

determine the K factor (a experimental/a predicted in

the leading log approximation) for different values of

the Feynman-x and of the mass of the pair.

The CERN - Naples - Palaiseau (EP) - Stras-

bourg - Zurich (ETH) Collaboration (NAIO) have

presented results from their 194 GeV/c jr" run. A
study of the Drell-Yan continuum indicates an un-

expected scaling violation for muon pair masses above

the T. Data taking is continuing in order to under-

stand the nature of this violation. In addition evidence

hsis been obtained that QCD higher twist effects are

needed to describe the angular distribution of the /iV

continuum. Finally, a study of a sample of 2000 T
events shows that their xf and pr distributions are si-

milar to those of Drell-Yan pairs.

-
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Figure 19—if and D' decaysfrom the NA32 experiment (~ lOVt of
T~ data).

Figure 20—First observation by WA62 of the charmed strange baryon

A * decaying into AK~ » * t *

.
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not have the same Ufetime. Results have also been ob-

tained on chann-chann correlations, allowing a test of

various models of hadronic charm production. While

the bulk of the data can be interpreted in terms of cen-

tral production, a clear leading particle effect is ob-

served. This last effect is not fully understood in terms

of QCD-based models.

The ACCMOR Collaboration, Amsterdam -

Bristol - CERN - Cracow - Munich (MP!) -

Rutherford (NA32), are pursuing a systematic study

of charm production and decay in hadronic interac-

tions using the ACCMOR spectrometer and a high re-

solution Si (i-strip vertex detector. In 1984 the physics

goal was to collect a high statistics sample of charged

and neutral D-mesons, to study their production with

different incoming particles (ir~ , K" , p), and to deter-

mine their lifetime with a precision of better than

10%. So far a small sample of data has been analyzed

yielding 30 fully reconstructed D" and D* decays in

the decay modes K*ir*x*T* (Fig. 19). A previous da-

ta sample, obtained by triggering in part on 0-mesons

and in part on semi-leptonic charm decays, has been

analyzed yielding 25 Cabibbo suppressed D* - K*K"
T* decays and a few Ac -» pKx candidates.

The Bristol - Geneva - Heidelberg - Lausanne -

London (QMQ - Rutherford Collaboration (WA42
and WA62) continue the analysis of data collected in

the SPS hyperon beam up to 1982. The lifetime of the

charmed strange hyperon A* observed for the first

time in this experiment (Fig. 20) has been determined

to be

TA- =4.8*M X 10" '^s.

The same collaboration have obtained first evi-

dence for the T" bjuyon in the decay to E"K"x*t*
with a mass of (2740 ± 25) MeV/c^

The NAM Collaboration are prepsuing and test-

ing an experiment to study the photoproduction of
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Figure 21— A^/f*x' mass spectrum from the reaction (%* /pfp
-*

(r ' /p) X°p; X° - K'lC n' at 85 GeV/c (WA 76). Clear peaks are pre-

sent at mass values corresponding to the Dfl285) and the E(l420f.

heavy flavours using the NA14 spectrometer and a Si

/i-strip vertex detector.

The Bonn - CERN - Lancaster - Manchester -

Rutherford- Sheffield Collaboration (WA69) are stu-

dying the photoproduction of high mass states frag-

menting into multiparticle fmal states. They use the

Q' spectrometer, its downstream electromagnetic

calorimeter (built by WA70) and a Ring Imaging

CHerenkov (RICH) detector built by the British part

of the collaboration. The data taking and the analysis

have started.

Two collaborations have taken data to study ha-

droproduction of beauty in nuclear emulsion. The
CERN - Genoa - Milan - Moscow - Paris - Rome -

Santander - Valencia Collaboration (WA71) use the

Q' spectrometer, its downstream RICH detector and
electromagnetic calorimeter. The Bari - Brussels -

CERN - Dublin - Japan - London (UC) - Rome -

Turin Collaboration (WA75), use a downstream muon
detector. Both experiments incorporate a Si /i-strip

vertex detector.

Another Collaboration, Bari - Brussels - CERN -

London (UC) - Rome - Turin CWA78), have started a

search for pairs of particles carrying beauty by dump-
ing a Tr~ beam on a target calorimeter and detecting

the muon signals coming from the bS semileptonic

decay chain.

Other SPS Experiments

The Athens - Bari - Birmingham - CERN Colla-

boration (WA76) are studying the mesons produced in

the central rapidity region in exclusive reactions whe-

re, to date, little data exists. One aim of the experi-

ment is to look for the so-called glueball meson states.

The experiment was performed in the Q' spectrometer,

the beam being composed of i" and protons of

85 GeV/c. The channel (r* /p)p - (r* / p)X"p, X" -^

KSk^t* has been analyzed in detail. The K^K*t*
mass spectrum (Fig. 21) shows two peaks at mass va-

lues corresponding to the D and E/iota mesons. Ana-
lysis of the spin-parity of the states showed that both

have J'' = 1*
. Thus, if the J*" = 0" value found for

the iota-meson at SLAC in the reaction ^ -» yiota is

confirmed, it appears there exist two mesons with the

same decay mode and similar masses but different spin

parities.

Both D and E states have also been observed

(Fig. 22) in the reaction ir"p - M"n, M" - i/t^x" -
6 7 at 100 GeV/c by the Aimecy - Belgium - Los Ala-

mos - Serpukhov Collaboration (NA12). This experi-

ment makes use of a 4000 cell Cerenkov hodoscope

(GAMS), which allows the measurement of the mo-
mentum vector of each gamma in a multi-ganmia

event. The spin parity assigtmient J*" = 1
* seems fa-

voured for the peak in the E/iota region.

The Athens - Bari - Birmingham - CERN - Paris

(Uni VI-HCdF) CoUaboration (WA77), using the Q'

Spectrometer, have started a search for high pr direct

production of resonances amongst which direct pro-

duction of gluonium states can be expected.

Another Q' Experiment (WA74), by the CERN -

Lisbon - NeuchStel - Paris VI Collaboration, has

studied the forward inclusive production of A°'s in

K"p interactions at 12 and 16 GeV/c. In the forward

direction, the A" polarization is found to be large and

to have a strong pr dependence.

The Annecy - CERN - Copenhagen (NBI) -

Genoa - London (UC) - Oslo Collaboration (WA7),

using a two-arm spectrometer, have measived elastic

41
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Figure 22— iir°r° -' 67 moss spectrum from the reaction t~ p — Sfn,

M* -. i^xV at 100 GeV/c (NAI2). Clear signals are present at mass

values corresponding to the ri' fa) and to the D(I285) and E(l420j (b).

Figure 23 —Antiproton-prolon differential cross section at 30 and

SO GeV/c (WA 7), compared with data at lower energies.

600 -

200 -



626

Figure 24— The 90% confidence limits on neutrino oscillations obtain-

ed by experiment PSI8I together with thosefrom other experiments:

fa)from the appearance Vp -* nt experiment;

(b)from the v, — v, experiment.

The regions to the right of the curves are excluded.
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Figure 25— Limils (90% CLj obtained by the neulnno decay experi-

ment PS191 on the mixing parameters— elements of the Kobayashi-

Maskawo matrix— as a function of the mass of hypothetical neutrinos.
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assembled and tested just before the run in the first

half of 1984, is a simple one. It consists of a decay vol-

ume 1 2 m long and 6 x 3 m^ surface filled with helium

in which seven equally spaced planes of flash tubes

define the tracks of charged particles. It is followed by

an electromagnetic calorimeter— 7 radiation lengths

equivalent— composed of 20 planes of flash tubes

between each of which 6 mm thick Fe plates were in-

serted. A scintillator hodoscope, placed inside the ca-

lorimeter after the first two radiation lengths, was

used as trigger.

It is estimated that about 10'* v's passed through

the detector. No decay was observed and it can be esti-

mated, see Fig. 25, that, for example, the coupling

strength measuring the overlap between a heavy neut-

rino mass between 100 and 400 MeV and a c^ dr ve

neutrino is smaller than 10" 'and 10"*, respectively.

LEAR Experiments

The very successful operation of LEAR and the

extensive physics runs made in 1984 at different p
energies have allowed many of the experiments steuled

in 1983 to accumulate statistics that, although gene-

rally still far from those estimated necessary to accom-

pUsh their goals, allow them to study in detail the

performance of their equipment and analysis pro-

grammes. In so doing, preliminary results on the more

prominent phenomena occurring have been obtained.

They are summarized in the following paragraphs.

X-rays

X-rays are emitted in radiative transitions to the

lowest states of antiprotonic atoms preceding pN an-

nihilation at rest. Their yields and energies provide im-

portant information about the atomic cascade process

and the strong pN interaction at threshold which broa-

dens and shifts the levels with respect to their Q.E.D.

values. The studies require gaseous targets since the

antiprotonic atoms formed in liquid targets

annihilate— due to collisional Stark mixing— from

high nS states without X-ray emission. The very high p
fluxes now available at LEAR compensate the poor

stopping power of gas targets.

Two experiments have thus observed for the first

time X-ray transitions to the Is ground state of the pp
atom.

One, CERN- Mainz- Munich -Orsay (LAL) -

Vancouver - Victoria - Zurich Collaboration (PS171),

stop antiprotons in a hydrogen target located inside a

large magnetic spectrometer. The target is surrounded

by a cylindrical projection chamber measuring the

energy (precision 1100 eV F.W.H.M. at 5.5 keV) and

the conversion point of the X-rays as well as the tracks

of charged annihilation products. The X-ray energy

spectrum, shown in Fig. 26, has been obtained in a 6

44
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Figure 26— The X-ray energy spectrum observed by experiment PS17

1

from antiproton-proton atoms which subsequently annihilated at rest

into neutral particles only. Weak but significant production of K-lines

is observed.

Figure 27— The X-ray energy spectrum from antiprotonic '""Pb

observed by experiment PSl 76. The fine structure of the lines from
transitions from the level with principal quantum number n = 10 to n

= 9 andfrom n = 1 1 to n = 10 is clearly seen.

hour run requiring only neutral annihilation products

to suppress background from inner bremsstrahlung.

L-series X-rays are contained in the large peak be-

tween 1.4 and 3.6 keV, while the K-series appears as a

broad structure between 8 and 1 1 keV. The relative

yield of K to L X-rays is (2 ± 1 ) • 1
" ^ due to the large

annihilation width of the 2p level. A fit based on two

gaussian contributions from Ka and Kg lines with fix-

ed Q.E.D. separation and the experimental resolution

gives a repulsive shift of the Is level AE(ls) = -0.5 ±
0.3 keV. The total L-series yield has been determined

to be 0.13 ± 0.02 per stopping p from a study of an-

nihilations into charged particles.

The other experiment, a Collaboration of Bir-

mingham - Rutherford Appleton Laboratory - Col-

lege of William and Mary (U.S.A.) - NIKHEF (Am-
sterdam), (PS 174), stop p's in a large aluminium flask

containing gas at atmospheric pressure and main-

tained at temperatures from 30 K to 300 K. The X-rays

are detected in a 300 mm^ x 5 mm SiLi detector. Al-

though still limited by statistics, they also observe

K-series transitions and give preliminary values for the

shift and width of the Is state: AEu = -0.75 ± 0.19

keV and Tu = 1.14 ± 0.24 keV, respectively. p'He

spectra were used to test and calibrate the apparatus.

As a by-product strong interaction effects were mea-

sured with the following results: AE(2p) = -7.4 ±
3.5 eV, r(2p) = 35 ± 15 eV and T^ii^ = 2.4 ± 0.5

meV.
X-ray spectra of antiprotonic atoms and 7-rays

spectra from residual nuclei after p absorption are

being studied by the Basel - Karlsruhe - Strasbourg -

Thessalonica Collaboration (PS176). The spectra of

oxygen isotopes have been studied to disentangle the

p n from the pp interactions. The cascade is observed

to stop at the principal quantum number n = 3, where

the strong interaction effects should be observed. By
comparing the displacement and width of the line

from the n = 4 to the n = 3 level observed in '^O and

"O relative to those observed in '*0, the zero energy p
n scattering length can be determined under simple but

reasonable assumptions. The g-parameter (ratio of the

real to the imaginary part of the forward scattering

amplitude) deduced from it is found to be g = - 0.73

± 0.13, a value which present theoretical models

would indicate to correspond to the existence of a

bound state close to threshold.

p ^"'Pb X-rays have also been studied by the same
Collaboration, Fig. 27. The fine structure splitting of

the lines from n = 10 to n = 9 and from n = 11 to

n = 10 have been measured: 2.2 keV and 1.2 keV,
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Figure 28— The background subtracted inclusive momentum spectrum

of T°'s observed by experiment PSIS2 in aniiproton-prolon annihila-

tions at rest. Besides strong production of the channel pp -* r^f ut/Qi

indicationsfor pp -» t*'^, t°Ai and r^Eare observed.

respectively. From these values a determination of the

p magnetic moment is being calculated.

Search for Narrow Resonances

Potential models of the NN interaction and, mo-

re generally, Q.CD.-inspired models predict the exist-

ence of resonances other than the classical (qq) ones.

Different experiments at LEAR are searching for

them. The results obtained so far come from studies

of inclusive reactions where, if produced in quasi two-

body reactions, the resonances would manifest them-

selves through the appearance of Unes in the momen-
tum spectrum of the recoiling pions (charged or ney-

tral), 7-rays or a narrow resonance hke the 7; or ij'.

Narrow resonances would give nearly monochromatic

lines and their observation in inclusive spectra should

be favoured.

The Athens - U.C. Irvine - New Mexico - Penn-

sylvania State - Temple Collaboration (PS 183) have

stopped - 10'° antiprotons in a liquid hydrogen tar-

get and measured the momentum spectrum of charged

particles entering a magnetic spectrometer placed on

one side of the target. At the ia level no evidence was

found for narrow states with frequencies greater than

6 X 10~* per pp annihilation.

The CERN - Mainz - Munich - Orsay (LAL) -

Vzmcouver - Victoria - Zurich Collaboration (PS171),

using a spectrometer covering a soUd angle of

~ 0.6 X 4ir around a hydrogen gas target, have ex-

amined the spectrum of - 7 x 10' charged pions

coming from events fully reconstructed in the target.

At the 5a level they set an upper limit of 2 x 10"
' per

annihilation for the production of narrow states in the

mass range 1 100 to 1670 MeV. Contrary to other ex-

periments, the large solid angle covered by the spec-

trometer of this Collaboration allows the study of

many completely determined annihilation channels.

Analyses now in progress are extending the search for

resonances to multibody final states. Detection of

Ki - 7r*ir- decays in pp -» KiKi and KgK? annihila-

tions and, through the use of dE/dx information pro-

vided by the X-ray detector, of reactions hke pp -•

K'^K" ir*7r" have been reported. Channels containing

KK pairs as well as pions are thus becoming available

for investigation.

PS 182 (Basel - Stockholm - Thessalonica Colla-

boration) is designed to measure the energy of y's,

5r"'s and »;'s produced in pp annihilations at rest in

Uquid hydrogen. The apparatus consists of one lead-

glass matrix covering an azimuthal angle of 150° and

two small BGO systems that can be rotated around the

target relative to each other and to the lead-glass wall.

The analysis of the single 7-energy is still in progress.

The reconstructed t" momentum spectrum shows.

Fig. 28, a strong contribution of the channel pp -» t"

+ (e and oj) and indications for the existence of an-

nihilation channels: pp -* x°<t>, -k^Az and tt^E. The ij

momentum spectrum shows strong production of the
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Figure 29— Values of the q parameter (ratio of (he real to the imagin-

ary part of the forward antiproton-proton scattering amplitude) mea-

sured by Experiment PSI 73 (black dots) together with those obtained in

other experiments.

Figure 30— Momentum distributions obtained with a trigger requiring

two hadrons (left) or two electrons (right) in the detector ofExperiment
PSI 70, The top histograms show the raw data while for those at the

bottom a collinearity cut has been applied.

Evenis 10 MeV/c
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tions at rest, where so far, 300 e*e events have been

obtained. The resulting branching fraction is: pp -
e* e"/pp - total = (4.8 ± 0.7)- 10"' giving for the

form factor a value of 0.62 ± 0.06, assuming |GeI =

|Gm|. Analysis at 600 MeV/c is in progress and 30 e*e"

events have already been selected.

pp -• AA Annihilatioii

The PS 185 Experiment (Carnegie-Mellon -

CERN - Erlangen-Nuremberg - Freiburg - Los Ala-

mos - Saclay - Uppsala - Vienna Collaboration) stu-

dying this annihilation had its first run in 1984 at in-

cident momenta 1.48 and 1.51 GeV/c, which cor-

respond to energies of 16 and 26 MeV above thres-

hold. Several hundred fully reconstructed events have

been obtained at each momentum proving that the ap-

paratus performs as well as expected. The preliminju^

results show that there are important amplitudes with

orbital momentum ( > in the production process.

p-Nndeas Interactioiis

The results of PS 184 (Grenoble - Saclay - Stras-

bourg - Tel Aviv Collaboration) on p-f'^C elastic

scattering at 310 MeV/c were given in last year's

Report. They have now been extended at 310 and

600 MeV/c to '^C, '^Ca and ^"'Pb. An optical model

analysis of the data shows the results to be well ex-

plained with a strongly absorptive (imagineuy) poten-

tial together with a weaker real attractive potential.

pp reactions on '^C, *'Cu and ^""Bi have been

studied at 600 MeV/c in a search for nuclear-bound or

resonant states formed by antiprotons and nuclei. The
suggested mechanism would consist in the incident p
transferring its momentum to a proton and getting

thereby trapped in the nucleus. An enhancement

would then appear in the energy spectrum of the

knocked-out proton. No evidence for this is found,

the gross features of the spectra being explained rea-

sonably well by the intranuclear cascade model.

Experiment PS 179 (Dubna - Frascati - Padua -

Pavia - Turin Collaboration) have reported prelimin-

ary results on p'He and pNe interactions at 200, 300

and 600 MeV/c incident momenta. A self-shunted

streamer chamber placed in a magnetic field of 0.8 T is

used as detector.

Reaction cross-sections have been determined and

found to agree with the general trend observed at

higher momenta for different nuclei. Comparison of

the results with those obtained elsewhere at equivalent

energies shows the reaction cross-section to follow an

A^ law from hydrogen to lead.

The results on the cross-section p + *He -*

^He -I- X at 600 MeV/c appear to be of particular

interest. Using the presently observed abundsmces of

'He and ^He these may be used to place an upper limit

of ~ 10"
' on the ratio of p to p in the early stages of

our universe.

Channelling Radiation

The studies of channelling radiation by the Aar-

hus - CERN - Strasbourg Collaboration (PS 188) have

continued in 1984. A new position-sensitive photon

detector (consisting of 100 CdTe soUd-state detectors)

was used to demonstrate the possibility of obtaining

monoenergetic photon beams. The photons are located

with an accuracy of 0.8 mm giving an angular resolu-

tion of ±40^ad.
Positrons are sent into an Si crystal where they

oscillate between the crystal planes and emit radiation.

The e* beam is then deflected in a magnetic field and

the radiation detected in the CdTe array through the

conversion of the photon into an e*e" pair. The
energy of the pair is determined by stopping them in a

big scintillator. A strong, monoenergetic photon beam
is obtained in the forward direction over a relatively

small background.

SC Programme

ISOLDE

Over more than four years the coUinear fast-beam

laser spectroscopy experiments at ISOLDE have

yielded a lot of systematic information about nuclear

moments, radii and deformations, of which the most

recent highlight is the further evidence for shape-

asymmetric (octupole-deformed) nuclear ground

states in the heavy radium isotopes.

One experiment is now focusing on a particuljtf

nucleus which plays a key r6le in the understanding of

nuclear magnetic moments. ^"'TI is the only known
nucleus with a single Si/2 panicle or hole and a doubly-

magic core (^"'Pb). It thus constitutes a unique test

case for theory, because of its relatively simple struc-
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Figure 31— Photomicrographs showing head-on views of an etched

track of a 30 MeV"C nucleus emitted in a radioactive decay of a '"Ra

nucleus. The diameter and depth of c track (dark circular feature) give

its charge and energy; lighter background features are due to recoil

atoms struck by alpha particles. Branching ratios as low as - 10 "for

'^C emission relative to a emission have been seen. To appreciate the

extraordinary signal to noise ratio of the techniqtie, note that 2 y. lOr

alpha particles struck the area on the left and 5 x Itf alpha particles

struck that on the right.

ture, and because the orbital part of the magnetic

moment— usually strongly affected by meson ex-

change currents— is expected to be zero. The remain-

ing deviation from the single particle Schmidt value

should be explained by core-polarization effects.

ISOLDE can provide strong beams of ^"^Tl (half-

life = 4.77 m) because of the lucky chance of three

successive rapid a-decays from the mother ^"Fr which

is strongly produced by spallation of thorium. The

magnetic moment has been determined by relating the

optica] hyperfme structure of "'Tl to those of the

stable isotopes, ^"'Tl and ^"'Tl. The future will show

whether a similar experiment can be performed in the

1.3 s isomer ^"'""Tl. This hii/2 state would be a spin-

orbit partner to the hst^ ground state of ^"'Bi, and by a

combination of their magnetic moments one could iso-

late the complementary information about meson ex-

change contributions to the orbital part.

The intense sources of Fr and Ra nuclei which can

be provided by ISOLDE allow a systematic study of

the exotic "C decay-mode, recently discovered in

^^'Ra by Rose and Jones from Oxford.

In a first exposure of polycarbonate track-record-

ing films, see figure 31, to the ISOLDE sources, two

new cases of '*C decay were discovered in ^^^Ra and

^"Ra. The observed branching ratios, as low as 10" "

for "C emission relative to alpha emission, might tell

us about the validity of intranucleus clustering con-

cepts and provide us with improved knowledge of in-

ternucleus potentials and extremely asynmietric fission

phenomena.

Muon Spin Rotation (/iSR) Experiments

The /tSR techniques developed at the SC have

achieved a high degree of sophistication and are pro-

viding very interesting results with muons probing not

only local or hyperfine fields and, generally, magnetic

properties of materials but also giving information

^ f
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Figure 32— Spin interactions of the ji* with paramagnetic compounds

of the type REAli. Then' is here situated in a tetrahedron formed by

2RE and 2 At atoms (SC65 Experiment).
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Strasbourg -Turin (SC90) and Darmstadt- Frankfurt

-

Heidelberg - Stony Brook (SC92), have studied pion

production at incident energies well below the free NN
threshold. Substantial cross-sections are observed far

above a level that could be explained by taking into ac-

count the internal momenta of nucleons in the collid-

ing nuclei. They would indicate a cooperative action

of clusters of nucleons in the nuclei. A conclusion that

is supported by the angular dependence of the pion

yield and the apparent source velocity.

The emission of medium heavy fragments (hea-

vier than typical evaporation products and lighter than

fission fragments) has been studied by the Darmstadt-

Heidelberg-Munster Collaboration (SC85). A sugges-

tion that a liquid-gas phase transition in nuclear mat-

ter might be observed has stimulated interest in the

production mechanism. The velocities of the light

fragments (A g 3) are centered at about half the beam
velocity (~ 0.4 c) and the temperature in the region

10-20 MeV. This would be expected for the emission

from the hot region where projectile and target over-

lap. For the medium heavy fragments (A g 6) both
the velocity and temperature show a smooth decrease

with mass. From the results obtained with different

targets, this behaviour may be explained by a direct

momentum and energy transfer to a prefragment

formed during the early stage of the collision.

Technical Developments

Electronics

An appreciable amount of the effort of the Elec-

tronics Research and Development Group was de-

voted to the UAl collaboration. The electronic

digitizers of the central detector have been equipped
with double event buffering. The memory controllers

are based on a large-scale integrated circuit, designed

by the group. Other work for UAl has been the

design, production and commissioning of complex
recording memories and interface modules (REMUS-
VME-VMX). Within the VME-based buffering and
processing system the MACVEE system has been de-

veloped together with the software team of UA 1.

MACVEE is based on an Apple Macintosh personal

computer connected to additional hardware in the

VME crate via a private bus.

A close collaboration has been established with

the LEP experiments on FASTBUS support and

developments. As a result of this collaboration the

development of a number of general-purpose modules
has been started. The design of a basic FASTBUS sys-

tem hardware and software has been completed and
the range of devices produced by industry is gradually

increasing.

The development of a read-out system for the

Time Projection Chambers (ALEPH and DELPHI),
in collaboration with outside laboratories, is progress-

ing. The system is based on Flash Analogue to Digital

Converters and is housed in FASTBUS. To cover the

requirements of six detectors in DELPHI a high reso-

lution (ns), wide range (jis) and high multiplicity time

digitizer in FASTBUS is under development together

with outside laboratories. A variety of devices has

been designed for the uranium calorimeter and the

transition radiation detector at NA34.
More design, production, commissioning and

maintenance work has been given, as usual, to most of

the experiments presently setting up or running.

In collaboration with European manufacturers
the Test and Instrumentation Group developed new
switching power supplies for CAMAC. This project is

being continued in view of a possible application to

FASTBUS. A number of new electronics modules
have been tested and standardized for the EP-Elec-

tronics Pool. This pool consists presently of about

38000 units and is used by CERN groups and visiting

teams. In order to cope with the ever-increasing work-
load for maintenance and bookkeeping, more and
more automation is applied.

Magnets and Mechanical Engineering

Ca;reful technical planning and realization has

been the basis of success for many experiments.

Therefore the experience and ability of the technical

groups are used extensively. Good sharing of the work
between these groups, and between divisions, ensures

efficiency. The spectrum of activities of these few

groups is considerable.

The Magnets and Beams Group (MB) has built

and tested the 3 GHz modulator of experiment PS
189. Its precision spectrometer (Fig. 33) is near com-
pletion. The assembly of the 400 ton glass target of
WA 79 has been studied and is now in progress

(Fig. 34). Most of the group effort however went into

the preparation of LEP experiments. Parts of the me-
chanical structure of the Time Projection Chamber
(TPC) for ALEPH have been designed. The iron
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Figure 33— The PS 189 spectrometer magnet during field mapping. Figure 35— Full scale model of US of the ALEPH experiment made

(CERN-435. 02. 85) for the study of cabling and piping. (CERN-288, 02. 85)

Figure 34— Application of adhesive during the construction of the

3.7 X 3.7 m^ multilayer glass target of WA 79 experiment.

tCERN-l36.ll.84)

52



636

Figure 36— Design study ofthe OPAL detector.

yokes of both ALEPH and DELPHI have been

designed and most of the components are already

ordered. Since there is a lack of computer programmes

to calculate the magnetic field in 3 dimensions from

the complicated boundary condition of these experi-

ments, detailed field measurements on a scaled-down

model have been made. The complicated infrastruc-

ture of the LEP experiments is studied and model

work is pursued as well (Fig. 35).

Some of these projects were carried out in very

close collaboration with the Mechanical Engineering

Group (ME). This group is executing the designs of

the iron structures and the moving equipment of the

LEP experiments (Fig. 36). Computer aided design

(CAD) is used extensively for these studies. When a

design is finished the group often follows up the pro-

jects to the end, by either making the object or study-

ing fabrication procedures and dealing with outside

firms. After manufacturing a test coil for the OPAL
experiment, the tooUng for the real coil is now being

prepared. Among other experiments the ME group

has been involved in WA 79, ISOLDE, LEAR, UA 1,

and especially UA 6 constructing a calorimeter and the

transition radiation detectors. The group is also en-

gaged to maintain the 130 EP gas distribution systems

for wire chambers.

The Technical Assistance Group (TA) is involved

in experiment NA 31 building wire chambers and the

big He-tank. A prototype RICH (Ring Imaging

CHerenkov Detector) has been built for the RICH
group to be used in UA 2. The TA-group is studying

together with outside laboratories the RICH chambers

for the endcaps and the paraboUc mirrors for the bar-

rel RICH of DELPHI. A major effort has been made
to build the Mini Vertex Detector for UA 1 (Fig. 37).

The group has done fabrication tests for the Central

Electrode of the ALEPH-TPC and is preparing the

manufacture of the field cages for the same detector.

The winding of Polyester foils for the insulator of

these cages has been the subject of extensive tests.
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figure 37— Stretching the wires of the Mini-Vertex-Detector of UAI.

(CERN-543.0S.84)

Figure 38— The 2 1 polarized target ofNA 2. fCERN-589. 02. 8S)

Polarized Target Group

The largest polarized target in the world (2 litres

of irradiated ammonia) developed by this group was

set up at the experiment NA2 (Fig. 38) and ran

successfully at a polarization of 80%. Another small

polarized target was installed and running at LEAR.
Final tests with a polarized beam source based on sta-

ble atomic hydrogen resulted in a 'record' stabilization

rate of 10" atoms/s, without any indication of

vacuum-problems. In collaboration with the Univer-

sity of Rome the basic problems of the cryogenic lay-

out and suspension of a gravitational antenna were

studied. Also the design of the dilution refrigerator for

the antenna was started. Some work for a cold silicon

single-crystal calorimeter showed promising results.

Preparation of LEP Experiments

The preparation of the four LEP experiments has

absorbed an increasing fraction of the resources of the

HP and EF Divisions. To avoid duplication, most of

this activity is reported in the EF section.

The building of these giant detectors has required

an extensive programme of prototype investigation in

addition to the construction of the final detectors.

Most of this work has been carried out in test

beams from the PS and SPS machines. Some of the

beam tests have rivalled full-scale SPS experiments in

their size and complexity.

Here mention is made of just one major proto-

type investigation by each of the four experiments.

The ALEPH Collaboration has made detailed

studies on the performance of a 90 cm long prototype

Time Projection Chamber (TPC) to ensure that the

full-scale chamber will give the best possible perform-

ance. They have succeeded in realizing their design

goals with this prototype.

The DELPHI Collaboration has built and tested

prototypes of their gas and liquid Ring Imaging

CHerenkov (RICH) counters. They have succeeded in

bringing their novel designs into operation.

The OPAL Collaboration has tested a full-size

prototype section of their JET chamber, demonstrat-

ing that they can obtain the required spatial resolu-

tion.

The L3 Collaboration has tested two different

arrays (5x5 and 3 x 3) of Bismuth Germanate

(BGO) counters to determine their spatial and energy

resolution.
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SC EXPERIMENTS IN 1984

Collaboration

ISOLDE

IS 10

IS20

1S30

1S40

IS60

IS70

IS80

IS8I

IS82

IS90

ISlOO

ISUO

SC65

SC68

SC76

SC81

SC82

SC83

SC85

SC86

SC87

SC88

SC92

SC93

SC95

SC96

ISOLDE programme

Determination of the mass of the electron-neutrino from

experiments on electron capture beta-decay (EC)

Mossbauer studies of implanted impurities in solids

PAC experiments at ISOLDE

ABMR experiments at ISOLDE

Continuation of mass determinations through

a double focusing mass spectrometer on

line with ISOLDE

Continuation of atomic spectroscopy on alkali isotopes

at ISOLDE

Study of nuclear moments and mean-square charge

radii by collinear fast-beam laser spectroscopy

Laser spectroscopy at Z = 50

Multiphoton ionization detection in

collinear laser spectroscopy of

ISOLDE beams

Study of doubly-closed shell nucleus '^^Sn

and its valence nuclei

Studies of stable octupole deformations

in the radium region

Nuclear orientation studies and measurements

of magnetic moments of radon isotopes

Local magnetic Tields in ferromagnetics studied by

positive muon precession

Muonic chemistry in condensed matter

Impurity trapping of positive muons in metals

Formation and interaction of muonic in insulators and

semiconductors

liSK in organic and free radical chemistry

Study of particle production in '^C induced

heavy ion reactions at 86 MeV/N

Element distribution and multiplicity of heavy fragments

Study of nuclear collisions of 86 MeV/N "C with

heavy targets by collection of the heavy recoil nuclei

Study of target fragmentation in the interaction of 86 MeV/N
'^C with tantalum, bismuth, and uraniimi

Study of reaction mechanism in the interaction

86 MeV/N '^C with heavy targets

Subthreshold production of neutral pions in

heavy ion collisions

;iSR measurements under high pressure

and at low temperatures

Muons and muonium in molecular physics

600 MeV simulation of the production of cosmogenic

nuclides in meteorites by galactic protons

ISOLDE

Aarhus-CERN-Lund-Roskilde

Aarhus-CERN

Berhn-CERN

Goteborg-CERN

Orsay

CERN-Orsay

Goteborg-Mainz-CERN

CERN-Darmstadt -Mainz

CERN-Mainz

Bergen-CERN -Darmstadt -Goteborg-

Jiilich-Kingston -Stockholm

Bergen-Chalmers -Mainz-Warsaw

CERN-Pnnceton

CERN-Grenoble -Uppsala

Parma

CERN-Geneva -JuUch-Uppsala

Parma -Rutherford

CERN-Parma -Rutherford

CERN -Copenhagen -Grenoble-Lund-

Saclay

Darmstadt -Heidelberg -Miinster

Bordeaux

Berkeley-Oregon -Studsvik

Grenoble-Lyons

Darmstadt -Frankfurt -Heidelberg-

Stony Brook

Grenoble-Munich -Uppsala

CERN-Leicester -Rutherford

Ahmedabad -Bordeaux -Cologne-Jiilich-

Mainz-Zurich

Data-taking

Data-taking

Data-taking

Data-taking

Data-taking

Data-taking

Data-taking

Data-taking

Preparation

Preparation

Completed
Nov. 1984

Preparation

Data-taking

Data-taking

Data-taking

Data-taking

Completed

March 1984

Completed

March 1984

Completed

March 1984

Completed
March 1984

Completed
March 1984

Completed

Dec. 1984
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ISR EXPERIMENTS IN 1984

Channonium spectroscopy at the ISR using an antiproton Annecy-CERN-Genoa-Lyons-
beam and a hydrogen jet target Oslo-Rome-Turin

Completed
18.6.I9S4

LEP EXPERIMENTS in preparation in 1984

The ALEPH Detector

OPAL Collaboration

Athens - Ban - Beijing - CERN - Clermont-Ferrand - Copenhagen - Dortmund - Edinburgh - Egham -

Frascati - Glasgow - Heidelberg - Lancaster - London - Marseilles - Munich - Orsay - Palaiseau - Pisa -

Rulherford - Saclay - Sheffield -Siegen - Trieste - Wisconsin

Birmingham - Bologna - Bonn - Cambridge - Carleton - CERN - Chicago - Freiburg - Heidelberg - Israel -

London (Birkbeck + QMC + UC) - Manchester - Maryland - Ottawa - Rehovot (Weizmann Inst.) -

Rutherford - Saclay - Tel-Aviv - Tokyo

Aachen (I + III) - Amsterdam - Annecy - Beijing - Bombay - Budapest - CALTEC - Carnegie-Mellon -

CERN - Florence - Frascati - Geneva - Harvard - Hawaii - Hofei- John Hopkins Univ. - Lausanne - Lund -

Lyons - Madrid - Michigan - MIT - Moscow - Munich - Naples - Northeastern - Ohio State Univ. -

Oklahoma Univ. - Princeton - Rome - Rutgers - Siegen - Yjile - Zeuthen - Zurich

Ames - Amsterdam (NIKHEF) - Athens (Univ. + Nat.Tech.Univ.) - Belgium - Bergen - Bologna - CERN -

Copenhagen - Cracow - Dubna - Genova - Helsinki - Karlsruhe - Liverpool - Lund - Milan - Orsay - Oslo

Oxford - Padoua - Paris (Coll. de France + LPNHE) - Rome - Rutherford - Saclay - Santander -

Serpukhov - Stockholm - Strasbourg - Trieste - Turin - Uppsala - Valencia - Vienna - Warsaw - Wuppertal
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Experimental Physics Facilities Division

Introduction

The year 1984 was marked at CERN by the award

of the Nobel prize in physics for the discovery in 1983

of the W and Z particles, the carriers of the weak for-

ce. Technical support groups from EF Division have

participated in all phases of the design, construction

and operation of the two large experiments concerned,

UAl and UA2, including the successful programme of

operations in 1984, and will continue to play their part

in the improvement programmes during the next

years. The division is also involved in the preparation

of experiments UA4 and UA5, scheduled for data-

taking in 1985 with the SPS collider operating in a new

pulsed mode at 450 + 450 GeV.

Another important aspect of 1984 was the termi-

nation of the CERN bubble chamber experiments pro-

gramme, an important concern of this division for the

past 25 years. During the summer the last two bubble

chamber runs took place, as the small high resolution

chamber LEBC operating as vertex detector in the

EHS spectrometer completed the final run of a charm

decay experiment, and the last picture taken in BEBC
terminated the neutrino oscillation experiment in the

PS neutrino beam.

Thus with the increasing support to LEP projects,

1984 has been a year of transition for EF. Although

support for fixed-target experiments has continued,

greater emphasis has been appUed to the design and

the construction work of the four LEP experiments

ALEPH, DELPHI, L3 and OPAL and additional

help given in the preparation of the LEP accelerator.

A special effort went into the development of super-

conducting accelerating cavities.

In the fixed-target field, EF ran the Omega spec-

trometer and the superconducting magnets in the West

Area and North Area beam lines. Construction pro-

ceeded of the Uquid argon photon calorimeter for the

new CP violation experiment and a new group, work-

ing with a corresponding EP Division team, made a

start on the detector for the new lepton production ex-

periment.

Work has started on the improved neutrino wide-

band beam for the CHARM II experiment and on the

new neutrino detector for this experiment. In colla-

boration with EP Division, development work has

continued on silicon microstrip telescopes and has

started on a novel scintillating-fibre detector.

The former ISR experiment support group joined

EF Division in order to prepare the infrastructure of

the experimental areas for the four LEP experiments.

In close collaboration with corresponding groups in

EP Division and in outside laboratories, LEP detector

groups in EF have completed the design work on these

four LEP experiments. Construction of major compo-

nents has begun and a series of 'milestone' prototypes

were successfully tested. At the same time the develop-

ment of radio-frequency superconducting accelerating

cavities for the LEP accelerator progressed in an

encouraging fashion and prototypes of 350 MHz cavi-

ties for LEP are being tested.

EF is also involved in various aspects of the

construction programme of the LEP machine, for

example in the vacuum system, in bending magnet

measurement and quality control and in developing

special instruments for the geodetic survey work.

Detectors for Fixed-Target

Experiments

The three large detector systems BEBC, Euro-

pean Hybrid Spectrometer (EHS) and Omega were

employed in fixed-target physics in 1984. BEBC, in

completing the neutrino oscillation experiment has

come to the end of its physics programme and has now

been shut down, while EHS with experiment NA27
has completed its last run with a bubble chamber as

vertex detector.

Meanwhile, work continued on the liquid argon

photon calorimeter for the CP violation experiment

NA31, on various components for the newly-approved

experiment NA34 currently being set up in the former

NA3 area, and on the evaluation of data of experi-

ment WA44, the search for free quarks.

BEBC

During the summer months the Big European

Bubble Chamber BEBC (volume 35 m', with a

3.5 tesla superconducting magnet) completed the sec-

ond and final part of the neutrino oscillation experi-

ment PS 180. BEBC was filled with a 73 mole per cent

neon-hydrogen mixture, and took 567000 neutrino

pictures together with 95000 cosmic ray calibration

pictures. With the 19 GeV PS beam it was possible to

estabUsh a record chamber expansion rate greater than

one expansion every three seconds averaged over the

whole run, an impressive performance for so big a

bubble chamber.
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Figure I—A lale WA2I photograph taken in BEBC filled with

hydrogen and exposed to the wide-band neutrino beam. This event,

analysed on ERASME, is one of the first showing unambiguously

charm production by a neutrino. fCERN-68647)

AACHEN- BONN-CERN-MUNICH-OXFORD COLLABORATION

WA 21
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The completion of this experiment signalled the

end of the BEBC scientific programme. Originally de-

signed for neutrino physics at PS energies by a

France— West Germany—CERN collaboration start-

ing work in late 1965, and financed equally by these

partners, BEBC took its first photographs in PS
hadron beams in March 1973. After the SPS start-up

BEBC was exposed from early 1977 until the end of

1983 to SPS hadron and neutrino beams at much
higher energies (up to 450 GeV). The addition of the

External Muon Identifier (EMI), the Internal Picket

Fence (IPF), the External Particle Identifier (EPI) and
a Track-Sensitive Target (TST) converted BEBC into a

hybrid detector. In addition, during tests of holo-

graphic techniques, tracks were recorded for the first

time in a large detector.

In all with some 13 million expansions BEBC
furnished 6.3 million pictures for 22 experiments,

mostly with four or five separate views on the BEBC
70 mm film, of which 3000 km were used.

The superconducting magnet, storing more mag-
netic energy than any other magnet in the world, was

cold for 86500 hours (that is almost 10 years total

time), and was operational at full current for 25000
hours, being energized for the last time on the occa-

sion of the 1984 CERN Open Day. During a total ope-

rating time of about 38 m.onths the chamber was run

with liquid hydrogen, deuterium, and with neon-

hydrogen mixtures of various proportions.

Almost 50 laboratories all over the world have

participated in the analysis of BEBC film. Not count-

ing contributions to conferences or theses, 108 papers

have so far been published in scientific journals; since

not all BEBC film has yet been scanned and analysed,

more are expected. At least 550 researchers have par-

ticipated in experiments using BEBC, a number to be

compared with the 2000 or so physicists currently

making use of the CERN research facilities.

Dismantling of BEBC is under way and will be

finished during 1985.
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Omega Spectrometer

The Omega spectrometer is made up of a set of

wire and drift chambers in and around the 1.8 tesla

field of a superconducting magnet, and of Cherenkov

counters and counter hodoscopes, all backed up by

powerful software for event reconstruction. Various

experiments use the basic detector system, differing in

the choice of beam (hadrons up to 450 GeV; photons

up to 200 GeV), in the trigger system for event selec-

tion and in 'private' detectors of the different colla-

borations, which complement the basic system. These

private detectors usually remain at Omega and are

used later by other experiments. The new RICH (Ring

Imaging CHerenkov counter), constructed by the

Rutherford-Appleton Laboratory, is an example of

such a private detector. It will in future be operated by

EF Division and the Omega group is carrying out

some improvements on the electronics and on the gas

system.

Having made a start the previous year in setting

up, the four new experiments

WA69 photo-production in the energy range 70-200

GeV
WA70 study of direct photon events in hadronic

collisions

WA71 an experiment to study beauty production

and lifetime

WA77 search for the direct production of gluonium

states

have taken much data in optimized experimental con-

ditions. In particular, WA70 and WA77 successfully

selected interesting events from more than one million

interactions per second. At such a rate when each in-

teraction generates thousands of data words, the time

necessary for event selection and for event recording

(dead time) becomes a problem. New developments in

event selection electronics and the use of a

MICE— MlCro-programme Engine (a fast PDPll
emulator developed by DD Division) helped in keep-

ing the dead time at an acceptable level.

Chamber (LEBC), sometimes also referred to as

HOLEBC, HO standing for High Optical resolution.

In Spring, EHS completed the charm experiment

NA27, taking in this third run 1.64 million pictures of

proton-proton interactions at 400 GeV, complemented

by spectrometer data. Totals of 0.98 million pictures

of pion-proton interactions, corresponding to a sensi-

tivity of 15.8 events per microbarn, and 2.4 million

pictures of proton-proton interactions, corresponding

to 60 events per microbarn, have been gathered.

Completion of experiment NA27 marked the end

of operation of LEBC at CERN. In total, this bubble

chamber has, in the past years, accumulated nearly 5

million pictures for experiments NA13, NA16 and

NA27. In summer, the chamber and its ancillary

equipment were dismantled and prepared for ship-

ment to the Fermi National Accelerator Laboratory

(Fermilab) in the USA, where it will serve in another

charm experiment (E743) with 800 to 1000 GeV proton

beams supplied by the Tevatron.

Planning was started for adapting the configura-

tion of EHS for the oxygen-ion experiment NA36,

scheduled for 1986.

Detectors for Proton-Antiproton

Collider Experiments

The proton-antiproton collider experiments

UAl, UA2, UA4 and UA5 have been taking data,

from time to time, since the second half of 1981

.

New physics results from proton-antiproton col-

hder experiments are described in the EP chapter of

this Annual Report, while some aspects of the new ac-

celerator technique are presented in the PS chapter.

Having in the past been involved in the design,

construction and operation of the detectors, EF Divi-

sion is now participating in the respective upgrading

programmes of experiments UAl and UA2, and in

some improvements to UA4 and UA5.

European Hybrid Spectrometer

with the Bubble Chamber LEBC

The European Hybrid Spectrometer (EHS) com-

prises a wide range of detectors for identification and

momentum measurement of charged particles and for

the determination of the energy of the neutrals. In

1984, EHS was operated with the LExan Bubble

Experiment UAl

The central detector of experiment UAl is a cy-

lindrical drift chamber in a magnetic field of 0.7 tesla,

around which is a scintillator calorimeter for elec-

tromagnetic shower detection ('gondolas'). Hadron

calorimetry is integrated into the magnet yoke and

there are also muon chambers and other equipment.
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Detector improvements carried out in the first

part of the year were principally the incorporation of

new walls of magnetized iron, equipped with larocci

tubes, for additional filtering of muons, and the in-

stallation of complementary muon chambers in the

forward direction. The central detector electronic sys-

tem has been equipped with a double buffer permit-

ting parallel read-out, to allow the detector to operate

efficiently at the increasing luminosity of the collider.

A microvertex chamber, a pressurized cylindrical drift

chamber directly surrounding the beam tube of the ac-

celerator, is in preparation. Other development work

in hand concerns the envisaged replacement of the pre-

sent electromagnetic shower detector by a calorimeter

incorporating uranium-238 ('depleted uranium') as the

predominant conversion material.

Experiment UA2

The detector of experiment UA2 consists of a

vertex detector (4 proportional and 2 drift chambers

and a pre-shower counter for track pattern recognition

and ionization measurements), a highly-segmented

electromagnetic calorimeter (lead glass) without mag-

netic field, hadron calorimeters in the central region,

and magnetic spectrometers (toroids) in the forward

and backward cones.

The improvement progranmie, approved in 1984

by the Research Board, mainly envisages the closure

of the calorimeters in the forward direction. Thus the

forward spectrometers will be replaced by segmented

end-cap calorimeters Oead-scintiUator and iron-scintil-

lator sandwiches for electromagnetic and hadronic

showers). The design of these calorimeters has been

completed.

Tests have been carried out in view of the planned

incorporation, in 1985, of a silicon pad counter in the

vertex detector. A new beam tube of reduced diame-

ter, in beryllium, will be provided by SPS Division.

A scintillating-fibre detector for the upgraded

vertex detector appears to be feasible (see paragraph

Detector Developments). Further improvements

planned for the start-up of the new antiproton ac-

cumulator ACOL in 1987 are a microvertex chamber,

a cylindrical transition radiation detector, and end^ap

pre-shower chambers.

A Ring Imaging CHerenkov detector (RICH) has

been installed in one sector (1/12 of the acceptance) of

the magnetic spectrometers, to explore the experimen-

tal possibilities of this new detector system.

Experiments UA4 and UA5

Experiments UA4 and UA5 are situated along

with UA2 at intersection point 4 of the SPS collider. A
small amount of technical support has been provided

to experiment UA4 (elastic scattering) which will make

use of wire chambers and silicon microstrip devices in

the Roman Pots adjacent to the UA2 area.

The deteaor of experiment UA5 consists essen-

tially of two large streamer chambers (each 6 m x

1.25 m X 0.5 m), a set of trigger hodoscopes, and six

stereoscopic cameras which take pictures of the cham-

bers via image intensifiers. Its salient feature is the po-

tential for a rapid visual survey of complex events.

The detector has already been used for prcton-

antiproton physics at 270 + 270 GeV.

It is intended to extend these investigations to

much higher energies, 450 + 450 GeV, with the SPS

collider operating in a new pulsed mode. Data taking

for this second-generation experiment, UA5/2, will

start in March 1985. The detector has been revised for

this run: a new lead converter has been installed

between the beam tube of the accelerator and the up-

per streamer chamber, replacing the former lead-glass

converter located inside the chamber.

LEP Experiments

In November 1982, the Research Board, follow-

ing the recommendation of the LEP Experiments

Committee, approved four experiments for LEP:

ALEPH (Apparatus for LEp PHysics),

OPAL (Omni-Purpose Apparatus for Lep),

L3 (Letter of intent number 3), and

DELPHI (DEtector with Lepton, Photon and

Hadron Identification).

ALEPH and OPAL are sometimes referred to as

classical experiments, because their layout conforms

to some extent with trends at existing colliders.

ALEPH plans to use a time-projection chamber as the

central detector and a lead and wire-chamber sand-

wich calorimeter as the electromagnetic shower coun-

ter, the two surrounded by the superconducting coil of

the magnet, whose iron yoke is equipped with larocci

tubes and which doubles as a hadron calorimeter. In

OPAL, the central detector will be a cylindrical drift

chamber and the electromagnetic shower counter a

lead-glass calorimeter, with the coil of the magnet in

the annular space between them.
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Figure 2— Track reconstruction of a 2 jet 'Monte-Carlo' event in the

TPC. This reconstruction requires one second on an IBM-16S computer

L3 emphasises accurate tracking and high preci-

sion in energy measurement of leptons, aiming at a

mass resolution better than 2% in dilepton final states.

Notable features of the experiment are the enormous

size of the magnet and the muon detectors, and the en-

visaged use of a calorimeter incorporating 12000 Bis-

muth Germanium Oxide (BGO) crystals for elec-

tromagnetic shower detection.

DELPHI proposes to employ the novel technique

of Ring Imaging CHerenkov counters (RICH) for bet-

ter hadron identification. The RICH detectors will be

installed around the central detector, a time-projec-

tion chamber. A High-density Projection Chamber

(HPC) will serve for electromagnetic calorimetry. All

these detectors are mounted inside the superconduct-

ing magnet coil.

EF Division is, together with EP Division, in-

volved in all four experiments, and the two divisions

are jointly developing and constructing particular

components. EF Division is, in particular, providing

general technical support, such as co-ordination of de-

tector design, preparation of the CERN infrastruc-

ture, elaboration of the installation programme, study

of safety questions, and so on. A LEP interface group

was formed in EF early in 1984 with particular res-

ponsibility for all installation problems concerning

these experiments.

Experiment ALEPH

EF Division is involved in work on the cryogenic

system for the superconducting magnet (together with

CEN Saclay) and with EP Division and many of the

laboratories of the collaboration in development work

on the iron yoke for the magnet and on the prototype

Time-Projection Chamber (TPC) of the central detec-

tor. A particular EF interest is the electrostatic field

cage which establishes an extremely uniform elec-

trostatic field over the volume of the TPC.

The coil and the magnet yoke have been ordered

as have tools and materials for the construction at

CERN in 1985 of the field cage; all other important

components of the detector are in the tooling-up stage

for the massive construction effort in the laboratories

of the collaboration.

A substantial effort was devoted to prototype

tests. Two examples may illustrate this.

A key problem is discriminating between hadrons

and electrons. Beam tests show that by comparing the

energies deposited in a prototype module of the elec-

tromagnetic calorimeter with the momentum measured

in the TPC, rejection ratios of 1/10(X) are possible

thanks to the exceptionally fine granularity of this

device.

Another key problem concerns the systematic

error of a TPC. In a TPC, particle tracks are measured

by drifting the electrons produced by the track parti-

cles in a gas over a distance of up to 2 m to a receptor

plate at the end of the chamber, where the positions

and arrival times of the electrons are measured, per-

mitting reconstruction of the track in space. Along the

drift path, distortions are introduced by irregularities

in the electric and magnetic fields, which must be ac-

curately known to arrive at the desired precision of

better than 0.1 mm. The drifting was studied extensi-

vely in a TPC prototype (known as TPC 90) with very

good results. Since the original TPC (a chamber used

at SLAC, USA) experienced some drifting problems,

these results are important and reassuring.

A calibration system for the TPC, making use of

three light beams derived from a single laser beam, is

being developed.

A large effort is engaged in the very complex elec-

tronics and computing problems posed by the large

number of data channels of ALEPH. Several mono-

Uthic circuits are under development. The on-line elec-

tronics, which must monitor the apparatus and con-

trol the flow of data, is absorbing a big effort, as is the

development of the off-line software which must re-

duce the raw data of lO' bytes per event to the ultima-
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Figure 3—Assembly of the full size prototype of the OPAL Jel

Chamber. (CERN-127.07.84)

tely relevant quantities, for example the momentum of

a particle observed.

A full-size model of one-eighth of ALEPH has

been constructed, largely to study the problem of ac-

commodating some 12000 cables totalling 355 km.

Experiment OPAL

In preparing the OPAL experiment the activities

of EP and EF Divisions concern mainly the magnet,

the central detector and the support structure for the

lead-glass barrel calorimeter.

The complete iron yoke for the magnet (weighing

about 2400 tons) has been ordered, and the design of

the coil has been completed.

After tendering, the component parts of the lead-

glass calorimeter have been partially ordered.

Concerning the central detector, two 'milestones'

set by the LEP Experiments Committee have been

passed. First a prototype Z chamber (which measures

the axial z co-ordinates of tracks) has worked very sa-

tisfactorily in a magnetic fieldofupto 1 tesla. Secondly

a full-size prototype of two complete sectors of the Jet

chambei (which measures radial and azimuthal co-

ordinates) has been built. The successful operation of

this prototype has proven that the design of the OPAL
Jet chamber with a wire length of 4 m is technically

sound. In a preliminary analysis, tracking accuracies

between 100 and 150 micrometers for drift distances

up to 16 cm have been obtained and the relative z reso-

lution is of the order of I°7o. Particles are identified by

samphng their ionization up to 160 times. A resolution

in dE/dx of 3 to 4% has been obtained. A detailed

analysis of the shape of the chamber pulses, yielding a

double track resolution of 2 mm, is achieved by using

FADC's (Flash Analogue-Digital Converters). Micro-

processors working in parallel have been shown able

to cope with the enormous data flow produced by this

technique.
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Figure 4— L3 coilfactory in Hall 86 7 of the Privessir\ site. In the fore-

ground 6 cm thick. 90 cm wide aluminium plates are Joined by electron-

beam welding to form octogonal half turns. At the work stations in the

background the weldings are checked and cooling pipes connected.

(CERN-037.il.84)

In conclusion all results obtained so far are well

in accordance with the expected values, and the con-

struction phase of the central detector has started.

Experiment L3

In 1984 the design of most of the L3 detectors was

finalized. Construction of the L3 magnet coil started

and major orders were placed for the magnet poles. In

addition, 4 cranes and 4000 of the 12000 BGO crystals

were ordered. The assembly and installation sequence

of the detector was studied in detail and solutions

adopted for many infrastructure problems.

A detailed stress analysis and discussion with po-

tential manufacturers of the 35 m long, 4.4 m wide de-

tector support tube, led to a simplified design combin-

ing cheaper construction and faster installation with

smaller deflections under the weights of the detectors.

At the same time the mechanical design and installa-

tion sequence of the set of detectors inside and around

the support tube were examined in order to minimize

the installation time. The EF-L3 design team also

helped to finalize the mechanical structure of the bar-

rel part of the hadron calorimeter, which will consist

of 144 stainless steel housings, arranged in 9 rings

around the BGO electromagnetic shower counter.

Each module will contain 58 uranium plates 5 mm
thick, shielded on both sides by I mm of copper.

Read-out is by wire chamber planes grouped into more

than 20000 electronic 'towers'.

The infrastructure design work concentrated on

the final definition of civil engineering parameters for

the underground experimental area and surface build-

ings. A l/20th-scale wooden model was built to better

understand space requirements for services and shield-

ing problems. In particular, shielded counting houses

situated at both ends of the experimental cavern with

independently shielded accesses were developed. The

final arrangements of the cranes in the experimental
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Figure 5— Barrel RICH for DELPHI. Rings produced by a pion from

a liquid radiator (large ring) and a gaseous radiator in the same drift

chamber detector filled with methane-isobutane with some photosensi-

tive TMAE admixture.

Figure 6— Two full-size prototypes of sub-units for the DELPHI elec-

tromagnetic barrel calorimeter have been built along HPC lines. The

converter is madefrom lead wires glued to both sides of thin fibre-glass

strips and folded in a concertina-like fashion. Each wire thus defines a

plane through the converter and can be connected to a fixed potential.

If this potential is stepped up from wire to wire, the resulting electric

field extracts ionization charges from electromagnetic showers or

hadrons onto a single-plane multi- wire proportional chamber,

(CERN'I7I.07.84)
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area and surface halls were defined and a purchase

agreement for these cranes was established between

the L3 collaboration and CERN.
The coil of the L3 magnet is a water-cooled,

octagonal solenoid of 168 windings which will be ope-

rated at a current of 30000 A. The coil is manufac-

tured at CERN from 6 cm thick and 90 cm wide alumi-

nium plates by electron-beam welding. For transport

reasons, only half turns are produced as a first step.

By the end of 1984, 92 out of a total 336 half-turns

were completed.

The magnet coil will be housed in a 90 cm thick

iron casing for increased field strength, better homo-

geneity and reduced stray field. This casing will consist

of an assembly of precisely-made pole elements (1 100

tons); it will be filled with simple iron bars and plates

(5500 tons). The poles incorporate huge swinging

doors for access to the muon chamber volume. The

first 300 tons of steel, supplied by the Soviet Union,

were received by the end of the year. The design of the

pole structure was finalized, the strength calculations

were reviewed by outside experts, and a manufacturer

was selected after world-wide tendering.

Experiment DELPHI

EF Division is working on die 'end-cap' sectors of

the Time-Projection Chamber tTPC) which will serve

as the DELPHI central c^etector, on thf cylindrical

part ('barrel') of the RICH and on the cylindrical part

('barrel') of the electromagnetic calorimeter, a

High-density Projection Chamber (HPC). The divi-

sion is also involved in the cryogenic system for the

superconducting magnet.

Work on the TPC embraced beam tests of a

half-scale prototype, high-voltage tests of a full-scale

plate sector in EF Division, improvement of the

efficiency near the edges, further studies of fabrica-

tion details, digitizer comparisons, and trigger system

design.

Beam tests and simulation studies led to a new

circular arrangement for the cathode read-out pads;

this geometry provides a spatial resolution similar to

that offered by the standard rectilinear geometry,

while avoiding cumbersome wire pulse-height correc-

tions. Design details were frozen and production is be-

ing prepared.

In the matter of digitizers, a detailed comparison

was carried out, in collaboration with CEN Saclay,

between CCD ('Charge-Coupled Device') and 8-bit

FADC ('Flash Analogue-Digital Converter') systems.

CCD systems digitize fast analogue signals by tempo-

rarily storing them in an analogue buffer register (the

CCD), whence subsequent digital read-out can take

place by sampling at reduced speed. The FADC
achieves its high speed by carrying out simultaneous

comparisons of the signal amplitude with a large num-
ber of stored reference signals, thus avoiding the need

to store the analogue signal.
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Figure 7—Four metre long hydraulic press for lead-cladding of quad-
rupole vacuum chambersfor the LEP accelerator.

(Photo Bleiwerk Goslar)

In collaboration with EP and DD Divisions, a

crate controller and a memory module for the new
FASTBUS data transmission system were developed.

Standard modules were purchased and tested. A
370/E emulator supplied by the Rutherford-Appleton

Laboratory (RAL) has been installed and is under

evaluation for both on-line and off-line applications.

The prototype of the barrel RICH— containing

three full-length drift modules— has produced, in a

test beam, first ring images from both liquid and gase-

ous radiators. Numerous studies were carried out in

parallel with the beam tests. For some of these, a full-

length test system was constructed and operated suc-

cessfully with 200 kV drift voltage. Single electrons

were produced by a laser beam and detected both on
anode wires and cathode strips with full efficiency.

Other apparatus has been realized to investigate the

flow of the TMAE (tetrakis-dimethylamino-ethylene)

vapour used in the Ring Imaging CHerenkov coun-

ters, outgassing of materials and reactions with

TMAE.
Tests of full-size prototype sub-units of the elec-

tromagnetic barrel converter have been carried out in

particle beams at DESY and CERN.
Many details of the infrastructure for the

experimental area have been studied, and full-scale

models constructed for detector and cable layout. De-

tails of the cryogenic system for the solenoid have
been defined in collaboration with RAL.

DELPHI contains an unprecedented number of

different detector components and therefore gas sys-

tems. Standardization and high reliability are manda-
tory. The design principle for a standard gas system

and its microprocessor control has been worked out.

Technical Support for the

Construction of the LEP Machine

EF Division participates in various technical

activities related to the construction of the LEP
machine, for example in the vacuum programme
(development of lead shielding techniques for the

vacuum chamber and tests of various kinds), the mag-
net programme (magnetic field measurements), and
the geodetic survey programme. A major effort goes

into the development of superconducting RF cavities;

these may allow the beam energy of LEP to be increas-

ed considerably in later phases of the project.

Lead Cladding of LEP Vacuum Chambers

The LEP beam tube is to be encased in lead

cladding to absorb the synchrotron radiation emitted

by the electron and positron beams.

EF Division has continued to participate in the

development of the cladding technology. Based upon
the experience gained earUer with a 12 m long pro-
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Figure 8—A utomatic LEP Bending Magnetfield Mapper.
(CERN-408.01.85)

Figure 9—Gyro-lheodotite. In the centre is seen the gyroscope rotor

case, with the microprocessor mounted above. fCE/iN-135. 02.85)

totype hydraulic press for dipole chambers, a 4 m long

hydraulic press for quadrupole chambers of improved

design was constructed. This press is suitable for pro-

duction work, and a number of quadrupole chambers

was satisfactorily clad with it. The successful tenderer

for the cladding of all the LEP vacuum chambers deci-

ded to purchase it from CERN, for use as a produc-

tion tool for the lead cladding of all the quadrupole

chambers. The same company is now constructing two

12 m long hydraulic presses, using the same basic tech-

nology, for the cladding of the dipole chambers.

Field Mapping of LEP Dipole Magnets

The Division carries out magnetic field measure-

ments as part of general quality control during fabri-

cation of the bending magnets of the LEP accelerator.

The construction of the automatic measuring

machine was finished on schedule in July, and the

measurement rate reached its full value of 2.5 magnets

per week measured with satisfactory precision by
November.

Automation of surveying instruments

A mixed EF/LEP team is working on the auto-

mation and improvement of several surveying

instruments intended for use in constructing and
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Figure 10— Four-cell, 350 MHz superconducting cavity for LEP with

coupling pons located at beam tubes.

equipping the LEP accelerator tunnels and

experimental areas.

DISTINVAR, the first instrument to be fully

developed, able to measure distances from 0.4 to

50 m with a resolution of 2 micrometres, is now in

series production with private industry. Early produc-

tion models are entirely satisfactory.

Two prototypes of a gyro-theodolite able to indi-

cate true North with a precision of 10 centesimal

seconds of arc (about 16 microradians) in less than a

quarter of an hour are performing correctly. The
production of a series of instruments by European
industry will start shortly.

An instrument for measuring differences in level

between two points up to 50 m apart with a precision

of 10 micrometres is under development.

The prototype for an autonomous portable data

acquisition system is nearing completion.

All the instruments mentioned above use the same
ultra-compact microprocessor card which consumes
very little power and which can be programmed in

BASIC; this card is now produced industrially.

Superconducting RF Accelerating Cavities

The development of superconducting RF accele-

rating cavities for LEP continued throughout 1984.

A five-cell, 500 MHz cavity previously tested at

the PETRA storage ring at DESY, Hamburg, where it

reached a field of 2.8 MV/m, was given its first com-
plete chemical polishing, whereupon a field of

5 MV/m with a quality factor ('Q-vjdue') of
10' was obtained. This test confirmed that the field li-

mitations previously observed were due only to imper-

fections in the chemical treatment process and not to

specific problems of the multi-cell configuration.

In single-cell 500 MHz cavities manufactured

from niobium sheet material of increased thermal

conductivity, accelerating fields greater than

9 MV/m (up to 13 MV/m) were repeatedly achieved.

The results indicate that the achievable fields scale ap-

proximately with the square root of the thermal con-

ductivity.

Efforts were then concentrated on larger cavities,

operating at 350 MHz, the LEP frequency. In a single-

cell 350 MHz cavity, an accelerating field of

JO. 3 MV/m was reached, with a Q-value of 4 x 10' at

low field and 1.8 x lO' at maximum field.

In view of the beneficial influence of a high ther-

mal conductivity of the wall material on the perform-

ance of the cavity, the development of copper cavities

sputtered with a thin layer of niobium was actively

pursued. In a single-cell 500 MHz cavity, fields up to

10 MV/m were reached without any sign of thermal

breakdown. Present studies are concerned with the ob-

served degradation of the Q-value at such high fields.

The design of a cavity for LEP, with all couplers

located at the beam tube, has been finalized. Design

work on fundamental mode couplers, higher-order
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mode couplers and tuning systems is in hand. Hori-

zontal test cryostats for multi-cell cavities with a sim-

plified layout matched to the requirements of LEP are

under construction.

Study contracts placed with industry for the

development of compact helium refrigerators suitable

for installation in an accelerator tunnel have led to

very satisfactory results.

A one-week Workshop on RF-Superconductivity

was organized in July at CERN by the EF/RF Group.

Cryogenics

Cryogenic activities in EF Division are very wi-

despread, covering operation of cryogenic detectors

such as bubble chambers (BEBC and LEBC) and of

superconducting detector magnets (Omega, experi-

ments WA75/78 et NA3), cooling of polarized targets,

development of cooling systems for LEP detector

magnets, studies and technical support for the cooling

of superconducting cavities, participation in tests in-

volving cryogenic techniques of all kinds, production

and supply of cryogenic fluids and participation in

theoretical studies for future superconducting

accelerators.

A notable event in 1984 was the commissioning of

a new helium compressor. While all compressors

hitherto used at CERN are of the reciprocating-piston

type, the new machine is a screw compressor with oil

injection. Being a rotary machine, it is virtually

vibration-free and can be installed without founda-

tions. With suitable measures for sound-proofing, it

can even be located inside an experimental hall, a fea-

ture very desirable for flexibility in the layout of ex-

periments. The new compressor was in fact installed in

the West Experimental Hall, where it operated in the

cooUng system of the vertex magnet of experiments

WA75/78. CERN is principally interested in gaining

practical experience concerning long-term reliability of

the lubricating oil removal system.

Performance tests with various cold gas turbine

nozzles have been carried out on one of the North

Area refrigerators, in view of a possible adaptation of

this type of plant to the needs of the superconducting

magnets of LEP experiments.

Experience with microprocessor-based controls

for cryogenic refrigerators was very satisfactory, and

existing refrigerators are being modified to make full

use of the new technique.

Central helium liquefiers reliquefied about

150000 litres of heUum used on the Meyrin site and

160000 litres of helium used on the Prevessin site.

About 2.4 miUion litres of liquid nitrogen and 21000

Utres of liquid hydrogen were purchased from outside

suppliers and delivered to the users.

Detector Developments

This chapter summarizes a number of current

developments in particle detectors, usujilly undertaken

with a specific appHcation in view.

Tests have been carried out on a novel track de-

tector constructed as a matrix of optical fibres made
out of scintillating material. Tracks are recognised by

noting the scintillation engendered in those fibres

which the primary ionizing particle traverses. An
opto-electric system intensifies the light signals where-

upon the fibres giving rise to signals are identified

electronically. Scintillating fibre bundles both in glass,

with fibre diameters 10 micrometres, and in polysty-

rene (fibre diameters 1 mm) have been tried. Once the

feasibility of the idea had been demonstrated, effort

was concentrated on developing a detector for experi-

ment UA2, using 1 mm polystyrene fibres.

Early tests on detecting the Ught emitted along a

track in a wire chamber developed by EP division have

been undertaken, using a sensor consisting of an ob-

jective lens, an image intensifier and a light-sensitive

CCD.
A micro-vertex system for experiment WA71 in

the Omega spectrometer has been completed and suc-

cessfully used. It consists of five 'sandwiches' each

with two silicon diode microstrip detectors of 512 ac-

tive elements (26 mm x 26 mm total active area). In

view of the application of silicon detectors in col-

liding-beam experiments, long-term radiation effects

and detector reliabihty have received particular atten-

tion. A preliminary study has shown that an 'inverted'

structure is more radiation-resistant. In this arrange-

ment, the segmented pattern is made on the ohmic

contact side of the silicon wafer, instead of on the

rectifying side.

An investigation into the feasibility of a miniatur-

ized detector read-out system using a Charge-Coupled

Device (CCD) has been completed in collaboration

with industry. A computer-controlled test facility for

CCD's is used to measure the performance of pro-

totype devices.
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Figure II—Assembly of microstrip detectors and microelectronic

circuits in a small clean room facility. (CERN-I62.0I.85)

A thick-film hybridized four-channel adjustable

threshold discriminator (MSD3) has been produced in

collaboration with DD and SB Divisions. Several

thousand of these circuits have been manufactured by

industry, principally for experiment NA14.

Film Processing, Scanning, and

Measurement

The division was involved in 1984 in the proces-

sing, scanning and measurement of all film and most

nuclear emulsion from CERN track detectors.

The film-processing service treated about 1 100

km of film from bubble and streamer chambers, and

joined with EP Division in processing emulsion from

the experiments WA71 and WA75. Tests with plastic

track detectors are under way, and early work for

experiments EMUOl, EMU02 and EMU03 was under-

taken.

In 1984 the ERASME/Bessymatic system con-

tinued the analysis of film from BEBC, EHS, and the

streamer chamber of experiment UA5.
The BEBC experiment WA21 (wide-band neu-

trino and antineutrino beams; hydrogen in the bubble

chamber) had its final run in 1983. It produced a total

of 210000 pictures. CERN's share of about 40000 pic-

tures was scanned twice and about 5 000 measurements

made on ERASME. For a precise determination of the

antineutrino-proton cross-section special scans had to

be made seeking single muons originating in the cham-

ber liquid Cone-prongs'). This was achieved with the

excellent efficiency of 95% using predictions from the

EMI/IPF system to drive the Bessymatic tables to the

point on the film where the muon was predicted to

leave BEBC.
A total of 120000 pictures taken in 1983 and 1984

by the EHS experiment NA27 with the LEBC bubble

chamber was scanned twice in 1984; scanning for this

experiment will continue in 1985. The main aim is to

select events involving one or two decays of charmed

particles and 4500 candidates were found and passed

on to ERASME for high-precision measurements.

Event-finding during scanning is helped by predictions

from beam monitors which are fed through to the Bes-

symatic tables.

The analysis of film taken by experiment UA5 in

1982 was completed.

The improvements to the film/hologram scanning

and measuring machine HOLMES were completed at

the beginning of the year yielding better reUability,

fiexibility and speed. HOLMES went on to complete

the analysis of some 9000 holograms from the bubble

chamber HOBC taken in 1982 for experiment NA25.
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Data Handling Division

Introduction

The computing requirements for the LEP era are

such that CERN's computing facihties need to be

greatly extended. Based on studies which took place

during 1982 and in early 1983, an overall plan was
established in spring of this year, which covered the

necessary increase in centralized computing power as

well as the needs for data communications and for

on-line computing. This year's efforts were concen-

trated on realizing the first steps towards a substantial

increase of computing power in the Computer Centre.

After successful negotiations with mainframe manu-
facturers, in October the Finance Committee
approved the purchase of a Siemens 7890-S. This dual

processor machine has four times the capacity of the

present 7880 and will replace it early in 1985. An
agreement of principle was also reached for a similar

upgrading of the IBM machine.

Following the installation of a CYBER 170/835

and a 170/875, the CDC 7600 was definitively

powered-off in the summer, after I2V2 years of faith-

ful service. Its functions are now completely taken

over by the 875, which is delivering double the 7600

capacity on a regular basis.

The IBM/Siemens systems continued to perform

extremely well during 1984. The reliabihty of the

Siemens 7880 has been excellent, and not a single

hardware failure occurred in the machine during the

year. A new record was achieved for the number of
jobs (34000 jobs in one week).

Preparations for the introduction of an inter-

active user service on the IBM/Siemens complex
required a major effort this year. The VM/CMS
operating system was introduced on an experimental

basis for selected users. The services of VM/CMS will

be made generally available in progressive stages dur-

ing 1985.

In the data communications domain, a steady

increase of demands and of services has been
observed. CERNET connections now exceed 100;

more than 100 new terminals were installed, and
10000 calls per month are being made on the Swiss

pubhc network, to access CERN's computers via the

External Terminal Access SErvice (EXTASE). A first

ETHERNET Local Area Network was set up in the

Division and a small on-site X-25 network was esta-

blished. The General In'emetwork for File Transfer

(GIFT) project is well under way. A main node for the

European Academic and Research Network (EARN)
was installed; EARN will eventually link more than

100 European institutes together and to the American
network BITNET.

The PRIAM VAX, running the UNIX operating

system, went into full production for microprocessor

support. The complete range of cross-software for the

Motorola 68(X)0 processor is available on this ma-
chine, including compilers for FORTRAN, Modula 2,

Pascal, and C, and the M68MIL assembler. The sym-
bolic debugging monitor MoniCa is installed on a

considerable number of different hardware configu-

rations.

A new generation of interactive, relational data-

base management systems was introduced a few years

ago with the installation of ORACLE. This type of

system is now seen to have fulfilled its promise of

allowing users, who may have little or no experience in

computing, to develop applications themselves.

Personal Work Stations of the Apollo type are

becoming more widely used, and this year's efforts

were concentrated on their integration into the CERN
programming environment. Different projects for

their integration into the physics environment have

been started in collaboration with physicists from
CERN and outside institutes.

In the field of the off-line progranmiing support,

the expected shift of effort from SPS experiments to

LEP experiments took place. The accent on the type

of support given has also shifted over the recent years,

from mainly writing and testing algorithms (track

finding, track fitting, etc.) to more computer-oriented

aspects such as the design of adaptable programs, the

development of general programs for event simulation

and presentation, and the development of general

tools (especially for interactive use). The algorithms

themselves are written more and more by the physi-

cists taking part in an experiment. These developments

in fact make good use of the experience of the Divi-

sion's professionals.

The Division continued to be active in the appU-

cation of graphics to help solve physics problems.

PIONS, developed in the Division, will evolve into the

interactive, real-time 3D graphics system for the LEP
collaborations. Clearly, the success of this type of

graphics in the UAl context has had a strong impact

on LEP physicists. On the other hand, the introduc-

tion of a full implementation of the ISO Graphics

Kernel Standard (GKS) has started, which will allow

us to profit from the availability of a large spectrum

of hardware and software.

For on-Une computing, the emphasis has been on
support for 32-bit machines, and the ND-100 is now
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Figure I—A departure ... (the CDC 7600 /

leaving the site). (CERN-353. 12.84)

its crate. Just prior to Figure 2— ... and an arrival. The Siemens 7890 replaced the Siemens
7880 afew days before Christmas 1984 (CERN-341. 12.84)

lUrnl
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the only 16-bit computer where software development

is not yet entirely frozen.

The needs of the LEP experiments for on-line

software in the production environment are at present

under study.

CAMAC-to-FASTBUS interfaces have become
available, supported by a standard software package;

also, a number of VME-based test systems are in use,

mainly for the development of FASTBUS modules in

the HP Division.

Two prototypes of the 308 1/E, the new emulator

of the IBM 3081, were constructed at SLAC and at

CERN; they were debugged simultaneously and put

into operation. The construction of a small produc-

tion series of the machine has started. A pilot project

to build an emulator farm, with five machines for

off-line processing, has started. This project -should

prove that part of the additional computing power for

the LEP era can be obtained using cheap emulators.

Central Computing Services

CDC Services

After 12V2 years of service, in June the CDC 7600

reached the end of its hfe at CERN, having achieved

an availability of 96.4% and an MTBI of 38.7 hours

since the beginning of the year.

Initially used as front-ends to the CDC 7600, the

CYBER 875/835 twin system took over the whole

CDC production as of this summer, after user con-

version to NOS/BE had been successfully completed.

Availability of the 875 has been at 96.6% for the

year, with an MTBI of 50.7 hours. On the average, the

machine processed 6328 jobs per week for 199.4 hours

of user CPU (which corresponds to 712 IBM 168 equi-

valents), with records over the period of 10761 jobs

and 277.7 CPU hours (= 991 IBM 168 equivalent

hours) in a week. The rehabihty of the new systems

has been disappointing, but corrective measures taken

by CDC should bring about an improvement in 1985.

For the system software, the main emphasis was

on the implementation of required features (file table

expansion, multi-file tape staging, charging, SPY,
GEMINI), and on trouble-shooting. Work has also

started on the conversion to INTERCOM 5 in order to

replace the old CERN multiplexers for INTERCOM
with standard CDC hardware. The Program Enquiry

Office made a major effort in user conversion, giving

seminars, producing a users' guide and providing indi-

vidual help to many groups.

Migration of the full CERN Program Library

from the CDC 7600 to the NOS/BE operating system

on the CYBER 875 was completed. The appropriate

short and long write-ups were modified. Programs

were written or modified for the transfer of account-

ing functions from the CDC 7600 Scope 2.0 to the

CYBER 875/835 NOS/BE systems.
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IBM and Siemens Services VAX Services

The performance of the IBM 3081 system during

this period has been very good, with an availability of
99.4% and an MTBI of 202.4 hours. These figures are

very similar to those of the corresponding period last

year, but unfortunately more unscheduled hardware
incidents occurred.

The performance of the Siemens 7880 system has
again been excellent, with an availability of 99.7%, an
MTBI of 214 hours, and no hardware failures.

The major upgrades have been on the IBM 3081,

with the installation of an additional 8 Mbytes of
memory and 8 channels in order to provide a configu-
ration which is better balanced to cope with the day-

time load.

It should be recorded that whilst tape perform-
ance has been generally good throughout the year, the

first signs of user unrest are appearing as the work
load increases.

The average weekly work load figures show a

slight increase in the number of CPU hours achieved

(656.6 IBM 168 equivalent hours) and a big increase in

the number of jobs run (30054 jobs). The record levels

this year are 794.9 CPU hours and 34252 jobs in one
week.

On the software side the biggest achievement was
the introduction of a new version of JES2 in August.
About 14000 lines of local modifications had to be
adapted from the old release of JES2, which had been
running since February 1980. The introduction went
quite smoothly, and the few problems that appeared
were quickly resolved. The main features of the new
version are the possibility to use high-capacity disks

(600 Mbytes) for spooling, and the definition of up to

1000 nodes in the Network. The latter feature will

soon be exploited by the European Academic Re-
search Network, which will link hundreds of nodes in

Europe and the USA to CERN.
Another area of activity has been the continued

support of the MVS/WYLBUR service where there

has been a tremendous growth in the number of files

created. In fact today, 34 000 more files are supported
than was the case 12 months ago, corresponding to an
increase of more than 30%. This phenomenon creates

a high pressure around space administration where
audits and catalogues increase at an alarming rate.

WYLBUR ana MILTEN have been more or less

stabilized, and effort has instead been put into the pre
paration of the VM service which is now targeted to

begin next year.

A further three VAXes (all ll/750's) were
installed during 1984. One of these was to provide

extra computing power for the LEP data-base project

as an interim solution, one for SB Division for office

automation, and one for the GIFT project. The LEP
data base and CAD/CAM ll/780's are scheduled to

be upgraded into 11/785's before the end of the year.

The planning and preparation for the installation of
three VAX 8600's in 1985 has been a major activity

during this year.

Overall, the machines have performed well, with

availability above 99%. An area of weakness con-
tinues to be the peripheral performance. Steps are

being taken to reduce the dependency on poorly per-

forming devices.

Remote Access to Central Computers

Remote Batch Service

The CTL remote batch stations have continued to

work smoothly throughout the year. The two stations

in Building 13 were replaced by a DIGITAL 1200 1pm
printer connected to a local VAX. The ISR remote
station was replaced by an IBM 6670 laser printer.

INDEX

INDEX now provides 1300 terminals with con-
nections to 1000 computer ports. In the last 12 months
the total connect time was 760000 hours. The work
carried out during these 12 months comprises 294
INDEX 'terminal Une' installations and moves, 117

INDEX 'host interface' connections, 152 terminal

deliveries and exchanges. In addition, 29 synchronous
and special lines and 19 Modems and PAD (Packet

Assembler/Disassembler) connections were installed.

The old gateway mini-PACX (for external and X-25
traffic) became saturated and was replaced by a larger

unit. A planning for the expansion and upgrading of
the 'central' INDEX system has been established and a
first hardware order made.

Two Time Division Multiplexers have been
commissioned, offering: 22 cross-connect channels

between INDEX-4 (EF/EP) and the Computer Cen-
tre, and 12 channels via the G700 data Unk between
INDEX-3 (SPS) and the Computer Centre.
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Figure 3— Weekly central processor use of the Control Data 7600

ihiring its 12'h years of life at CERN.

CDC/7600 Weekly CPU Usage 1972-1984

Maxi = 149.52

Grand Total = 61320.97

Terminals

The terminal pool now contains 1657 units: 234

graphics terminals, 1191 alphanumeric terminals and

232 printers/printing terminals. In addition to this,

the first-line maintenance of 20 Matra work stations is

carried out regularly.

User Support Services

Program Enquiry Office

On the MVS/WYLBUR system, the emphasis has

been on maintenance work, notably in the areas of

WYLBUR Help and Tools, MSS (Massive Storage

System) support, Monte Carlo physics programs,

graphics, and microfiches.

Most development work has been in the field of

the VM/CMS system. Courses have been organized

and attended, and the foundation of a general user

service has been established. Although this has been

mainly a learning phase, many utilities have been writ-

ten, installed, and evaluated.

In the area of text processing, CERNPAPER was

put into production as the recommended fully sup-

ported SCRIPT macro system, and development has

started to support the production of more complex

documents using CERNPAPER and the APA6670
laser printer. SCRIPT support was provided for the

new phototypesetter of the DOC Department.

Program Library

The public presentation of the restructured

CERN hbraries was completed with the creation of

sets of new procedures on IBM and CDC and the

deletion of the old Hbrary files. Migration towards

FORTRAN-77 continued with the formal freezing of
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Figure4—Number ofjobs run per week on the CDC 7600.

CDC/7600 Weekly Jobs Run 1972-1984

Maxi = 17178
Grand Total = 6681378

the FORTRAN-4 version of the CERN Program Lib-

rary. A new version of the Siemens FORTRAN-77
compiler and hbrary were installed on IBM under

MVS, and a first version was installed under

VM/CMS on IBM. An evaluation of the IBM
FORTRAN-77 compiler interactive debugging pro-

duct was performed in collaboration with IBM. The

production version of KAPACK, a FORTRAN call-

able keyword access package, was released and is now

being widely used.

The Program Library documentation access

under WYLBUR was improved with the addition of

an entry point search mechanism. A first version of

on-line documentation access under the IBM
VM/CMS operating system has been prepared. The

new version of the manual, printed on the XEROX
8700, permits a paper saving of 70% of the previous

version.

Work has started on the implementation of the

CERN library under the IBM VM/CMS operating

system. It has been decided to support only

FORTRAN-77 in this system.

Mathematical Consultancy

Work in support of lattice gauge calculations has

continued. New algorithms have been explored in

order to improve efficiency of computation. The

scope of existing programs for the CDC and CRAY
computers has been broadened to confront a larger

variety of problems. A new method of I/O buffering

has been developed to cope with larger lattices. Monte

Cjtflo calculations have been performed on the

CYBER 875 computer to obtain gauge fields for lat-

tices of some 200000 nodes.

Work continued on electrostatic fields and

induced charges on strips in wire chambers. The ana-

lysis and programming of the electrostatic field of

doubly periodic infinite arrays was completed for the
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thin-wire approximation. Program testing began for

the thick-wire case, based on the use of a doubly per-

iodic multipole expansion for the potential. Usable ex-

plicit series expressions were found for certain Fourier

transforms needed in the numerical solution of the

problem of induced charges on strips.

A further investigation of the Landau and Vavi-

lov distributions has been made together with a new

version of the Library Program for the Landau dis-

tribution. This work required the installation and test-

ing of a new version of REDUCE.
In cotmection with the CERN technology study,

about 35 firms were interviewed, the statistical ana-

lysis of the data was finished, and the final report has

now been pubUshed (CERN 84-14).

Accounting

During the past 12 months about 800 new IBM
and 280 new CDC accounts have been opened. The
External Terminal Access SErvice (EXTASE) has

about 80 users, from whom must be recuperated the

SF 40000 required to pay the PTT bill.

A major effort has been put into preparations for

the introduction of the new VM/CMS service.

Tapes

Clearing-up of the tape vault is continuing, and

the ancient data base has been replaced by a new

MVS-based system. At last, systematic garbage col-

lection has been authorized and has started among the

numbered CERN tapes.

Data Communication Networks

On-Site Networks

CERNET

CERNET has continued to work reUably with an

average availability of 99.45'%. One new Modcomp
Qassic node has been added in the West Hall Area.

The support for the communications subnetwork

of the CERNET packet-switching network is now
mainly a service activity. Some 25 new connections

have been made to CERNET, whilst about 15 have

been suppressed, bringing the total number of user

connections to well over 100. The overall usage is

constantly increasing, especially in the area of the vir-

tual terminal service into WYLBUR: current figures

are around 4000 sessions per week. During busy

periods, lasting hours or days, the traffic on CERNET
averages 50 kbytes/s and more.

The current node software allows for almost

all known future connections (definite or provi-

sional), including those for interconnecting various

ETHERNETS. Modifications to this basic configura-

tion will become necessary as part of the introduction

of VM/CMS on the IBM and Siemens mainframes

next year.

The use of G700 for data transmission over

CERNET has proved to be working well; currently

two speeds have been implemented (2048 kbits/s and

8448 kbits/s). A CERNET link running at the speed of

8448 kbits/s has now been operational for about one

year between the Computer Centre and the North

Area.

Local Area Networks

A prototype ETHERNET network has been in-

stalled in Buildings 31 and 513, with the intention of

gaining experience with both the hardware and the

software. This network now has more than ten com-

puters attached, almost all of different types, and is

used as a real service by many of them. Two terminal

concentrators, of the type used at SLAC, are on loan,

and are providing a test service to several pro-

grammers.

The Division has taken an active part in the in-

stallation of various ETHERNETS around the CERN
site, and is acting as a central consultation and co-

ordination body. All CERN ETHERNET installations

are monitored and the results are reported to a co-

ordination committee known as EPIC (ETHERNET
Pilot Installation at CERN).

As a part of the development work aimed at

providing a service to interconnect Locjil Area Net-

works (LANs) via a CERN-wide backbone network,

a Flexible Reconfigurable Internetwork GATEway
(FRIGATE) has been constructed. The first service

foreseen for this unit was the interconnection of dif-

ferent ETHERNET segments via CERNET. This has

now been achieved, providing DECNET connections

over two physically different ETHERNETS in Build-

ing 2 and Buildings 31/513.
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Using the microprocessor support system

PRIAM, software was developed to run under the

RMS68K operating system. Various other software

packages are being written for the FRIGATE hard-

ware in order to offer services to any of the computers

connected on ETHERNET. Servers for assisting with

file or terminal access to other computers aiound

CERN are being developed. Studies are being carried

out to determine how to use another variant of the

FRIGATE unit to support additional services such as

X-25 connections. Investigations into the availability

of LAN technologies other than ETHERNET, with

particular reference to the ISO DP8802 draft stand-

ards, are beginning.

Higher levels of data communications software

are also under study. In the long term, ISO standards

will be used. For the interim period, and in order to

become familiar with these emerging standards, two

ad hoc working groups have issued their recom-

mendations. One, called the Datagram Definition

Group (DG2), is concerned with a site-wide inter-

network datagram format. The second, called the

Remote Procedure Call Club (RPClub), treated the

options for remote procedure call protocols. Both

reports have been widely circulated.

Off-Site Communications

EXTASE Service

The EXTASE service (two-way terminal access to

public X-25 networks) has reached a level of

- 10 000 communications per month,

- 1600 hours of connections per month,

- 150 Mbytes exchanged per month,

- 300 outside institutes or computers communicating

with CERN.

An off-line program for analysing the X-25 traf-

fic, based on the SAS (Statistical Analysfs Systems)

product, has been developed. With this it has been

possible to improve our facilities to understand this

traffic. The accounting system set up for EXTASE has

been extended to handle calls originating from the

CERN X-25 network computers. After a detailed

study of the various possibilities, it has been decided

to install, evaluate, and run the COMPRO product on

the 3705 as the only short-term solution for improving

external access to WYLBUR and VM/CMS. The
Series I approach does not offer short-term solutions.

X-25 Service for On-Site Computers EARN

Three X-25 switches from CAMTEC have been

installed to form the kernel of an on-site X-25

network. After seven X-25 connections were moved
from the RAL GEC switch to the CERN X-25

network, 16 user machines were connected. Straight-

forward X-25 access to TELEPAC, JANET, and

Saclay is available. Interworking with EXTASE, for

terminal access only, is also provided.

Miscellaneous

The CERN node of the European Academic Re-

search Network (EARN) has been installed and now
has direct leased lines operational to the Universities

of Berne, Zurich, and Geneva. With the opening up of

the first international Unk in October 1984, to GSI

Darmstadt, EARN entered its experimental operation

phase for communications between Switzerland and

Germany. The traffic has been growing impressively.

A software gateway between the WYLBUR Electronic

Mail Facility and EARN has been developed and

installed.

The Division assisted SB in the choice and in-

stallation of terminals, printers, and the related con-

nections for the various building sites for LEP. As a

result, three voice grade Modem links, one pair of

statistical multiplexers, and two baseband Modem
links were installed to permit access to the 'All-in-

1'

VAX in Building 513.

Laboratory tests to evaluate Data-Over-Voice

(DOV) are being carried out £md a field test proposal

is in preparation.

The GIFT Project

The VAX 11-750 was delivered in October 1984.

The CERNET and DECNET parts of GIFT are ready

and integrated for the access to the CERN IBM. An
experimental service is due to start in January 1985

with CERNET, DECNET, and JANET protocols.

UNINETT has announced some delay in the provision

of their part of the GIFT software.
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Electronic Mail

The COMICS (COmputer-based Message systems

Interconnect Strategy) interdivisional study group

was set up to study this question, in the first place for

CERN and then in the wider framework of the high-

energy physics community. An interim report has been

written and the final report was completed by the end

of the year. The main results so far are the emergence

of the CCITT X400-MHS standard as the recom-

mended medium, and the elaboration of an interme-

diate technical solution for intercoimecting existing

mail systems. The solution is based on a central multi-

protocol gateway machine, the principle of which is

close to the concept used for GIFT.

A project which aims at providing a gateway

between the CERN TELEX service and the central

CERN electronic mail facility has been elaborated

jointly with the PE and DG Departments.

European Networking Activities

A considerable effort was made to support the

EEC-sponsored action for the harmonization of com-

mimication protocols (in the context of ESPRIT). In

particular, CERN organized two of the meetings,

which were on Terminal Protocols (Triple X). Staff

participated actively in the ECFA Working Sub-

Group 5 activities. A leading role was played in the

setting up of a proptosal for an ESPRIT project on dis-

tributed directory services and other electroriic mail

aspects.

Specialized Computing Services

LEP Services

The activities concerning CAD/CAM for the

LEP construction and other mechanics appUcations

are reported in the LEP Division's contribution. The
Data Handling Division continues to be heavily

involved in this project. Also, the services provided

by DD and related to the use of the ORACLE Data-

Base Management System for the LEP construction

and for some SPS applications are reported by the

LEP Division. ,The DEC eledronic mail system

'All-in-r which links the SB buildings to the various

work sites around the LEP ring diuing the construc-

tion phase, and which was initially operated on the

LEP data base VAX 11/780, moved to its own VAX
11/750 in June.

Microprocessor Support

The export trade in microprocessor cross-soft-

ware has flourished this year: out of a total of 47 re-

quests treated, the majority (30 requests) has been for

Motorola 68000 support software running under VAX
VMS.

FORTRAN and C cross-compilers and run-time

libraries for the MC68000 have been obtained from

Associated Computer Experts BV, Amsterdam, and

made available on VAX computers running UNIX
and VMS.

The implementation of a dual head, single tail,

compiler for translating Modula-2 and Pascal into

68(XX) code has been completed. This compiler allows

programs written in one of the two languages to bene-

fit from improvements to facilities for the other, thus

reducing the effort required to support the two lan-

guages.

MoniCa, a monitor with facilities for interactive

symbolic debugging using the symbol tables produced

by the 680(X) Modula-2 and Pascal compilers and by

the M68MIL assembler, now runs in several 68000 sys-

tems, both at CERN and elsewhere. MoniCa's

input/output system has been adapted to run under

RMS68K, Motorola's real-time kernel.

Subroutine packages have been written for arith-

metic operations on IEEE single-precision floating-

point numbers, and for approximate eU'ithmetic on

IEEE double-precision numbers.

Personal Work Stations

During this year the work of the project has been

concentrated on the integration of Apollo work sta-

tions into the CERN environment of FORTRAN,
graphics, communications, and system management.

The two Apollo work stations owned by DD Division

were joined early in the year by a third machine, a

small DN300, which was installed in UAl and con-

nected by the Apollo Domain network to the machines

in DD. In spite of the large distance of 1 .2 km between

the machines, the network functioned perfectly. The
collaboration with UAl physicists has proved valuable

in giving us good input on how we should integrate
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work stations in the physics environment. A fast com-

munication hnk between Apollos and the main IBM
machines was established by accessing a CERNET
server via ETHERNET. The CERNET server, MEC-
GATE, handles all the complexity of accessing IBM,

CDC, and VAX computers over CERNET. The faci-

lities offered include file transfer, central printing, list-

ing of IBM catalogues and directories, job submis-

sion, and job retrieval.

As VAX computers are also extensively used for

physics, connections to Apollo have been made via

MECGATE for file transfer, and also using commer-

cial products such as ETHERNET and the ARPA-
NET protocols (TCP-IP). The ARPANET protocols

support remote log-in as well as file transfer.

UNIX mail has been implemented using the AUX
UNIX interface on Apollo. This incorporates the

Apollo into a larger CERN scheme and gives it access

to outside laboratories.

The Graphics Kernel Standard (GKS) is a library

of two-dimensional graphics routines that are

implemented on different hosts; it supports a wide

range of graphical input and output devices. An im-

plementation known as Minimal GKS, which offers

GKS-level mb functionality, has been developed on

the Apollo for use on smaller systems.

Many of the physics packages such as HBOOK,
HTV, etc., are now in use on the Apollo. A Graphics

User Interface (GUI) enables users to modify their

output by adding graphics and text. The output may
then be printed on the Versatek plotter which was

installed earlier this year.

PIONS, a three-dimensional graphics system, has

now been ported to the Apollo. The CERN library is

also being ported to the Apollo and will be officially

supported. In the meantime, experience has been

gained by adapting a selection of routines required by

the user community. The management of distributed

computing facilities is under study. This includes man-

agement of netwoik connections, introduction of new

users, installation of new hardware and software ver-

sions, libraries, problem logging, maintenance, disk

space control, documentation, contracts, program en-

quiry functions, etc. A recurring theme throughout

these studies is to balance the advantages and disad-

vantages of central support versus users taking local

responsibiUty for their system.

There is a continual evaluation of new personal

work stations. There has been experience in using the

PERQ-2, the SUN, the Symbolics 3600, the CAD-
MUS, and the Diser Modula. Presentations have been

given by a few other companies (e.g. DEC and Mass-

comp).

The PERQ-2 work stations have been used to

implement a graphics animation package and a termi-

nal emulator. The project keeps in close contact with

ICL and the SERC regarding future developments

of PERQs, and these machines will be used to

demonstrate the integration of UNIX systems using

the Newcastle Connection.

Hewlett-Packard has lent us an HP-9000, which

has been used extensively by two visiting physics

groups. The Digital Equipment Corporation has lent

us a VAX-compatible VSl work station. CERN plans

to rent a Symbolics 3600 to perform algebra manipu-

lations. The SUN-1 was demonstrated using ARPA-
NET protocols (TCP-IP) in order to communicate

with the UNIX VAX over ETHERNET.
A collaboration with IBM to study the use of the

IBM-PC in the scientific and technical environment

found at CERN came to an end. The results showed

some interesting individual developments and, since

the end of the collaboration, many IBM-PCs have

been purchased by CERN.

UNIX

The start of the year saw the introduction of the

UNIX service on the PRIAM VAX, based on the Ber-

keley 4.2 software distribution. During this start-up

phase, the connection of the VAX to CERNET was

completed, and services for file and mail transfer were

offered to users. A CERNET file manager was written

to satisfy the needs of users wanting to down-load

programs generated on the PRIAM VAX into target

microprocessor systems by CERNET file transfer.

The community of UNIX users has grown stea-

dily since the initiation of the service, with currently

over 170 registered users. The hardware configuration

of the system was enhanced in June with the addition

of two large Winchester disk drives, each of 450

Mbytes, and a further 16 terminal ports. In addition,

several new software packages have been made avail-

able to users, such as UNIX news (a bulletin-board

system) and the Notesfile system for storage and

retrieval of documents. Furthermore, connections to

other mail systems have been implemented (MLNET
and EAN, with plans to connect to EARN quite

soon).

In the networking area, the connection to the

European UNIX User's network has been upgraded to
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use the public X-25 service, and considerable experi-

ence has been gained in the use of the various pro-

tocols over ETHERNET.

Relational Data-Base Management Systems

The Data-Base Management Systems services in-

clude the testing and introduction of new versions of

the ORACLE system, and development and manage-

ment of general utiUty functions. ORACLE is now

being installed on a number of VAX computers, and it

is planned that an interactive data-base service be

provided on the IBM central computers, using the

query language SQL on which ORACLE is based,

either through ORACLE or IBM's SQL/DS, both of

which are being evaluated.

In line with the recommendations of the ECFA
Working Sub-Group 1 1 on Data Bases and Bookkeep-

ing for HEP Experiments, a bookkeeping pilot project

using ORACLE was started with the ALEPH Colla-

boration on one of their VAX 1 1/750 computers.

The CERN Experiments File, which is maintained

under INFOL, has been modified to allow for the

large number of physicists and institutes participating

in the LEP experiments.

Data Handling

Off-line Processing

General Development

Collaboration with programmers and physicists

from EP Division has been very successful, the most

outstanding examples being the programs ZEBRA and

GEANT3.
The GEANT3 program, initially developed in

the context of the OPAL Collaboration, is now being

used by several other experiments (ALEPH, L3,

CHARM II, and NA34 at CERN; SLD at SLAC; two

experiments at Fermilab; two experiments at HERA).
The European Space Agency (ESA) intends to use this

program for the simulation of cosmic rays crossing

satellites. Many physicists, in particular from L3, are

developing code for electromagnetic and hadrohic

cascades.

A Graphics User Interface (GUI) has been devel-

oped on the Apollo, and the first part of this project is

now in the completion phase. GUI is the combination

between a 'POP menu' package and a graphics and

text editor. It uses most of the graphics capabilities

available on a bit-map display.

After the decision to discontinue the development

of GEM, the ZEBRA data-structure management sys-

tem was proposed in February by members of the

EP and DD Divisions. The implementation of the

memory management package started in April and a

first release was available in September. This package

as well as the debug package developed by DD is now

under evaluation.

To get acquainted with VM/CMS and to test the

interactive debugger of IBM on that system, an early

version of the ZEBRA debug processor was developed

and debugged on VM/CMS and the IBM VS compiler

version 3. Some bugs were found and reported to

IBM.

Graphics

A considerable part of the work load for the

Graphics Section consists in giving support to the

MERLIN facility for UA1/UA2; this includes opera-

tional support, system support and programming

development. In addition, support and advice is given

to a number of outside laboratories in the UAl Colla-

boration which are running MERLIN-type installa-

tions. The number of such installations has increased

by a factor of 4 in 12 months.

At the request of UAl, effort has been devoted

to porting PIONS to Apollo for use by Saclay and

NIKHEF (Amsterdam) in Apollo/Megatek configu-

rations. This work will be completed when the neces-

sary hardware becomes available. The PIONS kernel

is operational on Apollo, and a provisional driver has

been written to make use of the Apollo work station's

inherent graphics capabilities. The PIONS precompi-

ler was adapted to make it run under VM/CMS.
Working group meetings with the LEP colla-

borations were held in order to define their graphics

needs. The ALEPH and DELPHI Collaborations

have started using PIONS on both Megatek and other

graphics displays, and PIONS is also used in produc-

tion at DESY by the TASSO experiment.

A basic-level GKS implementation (MGKS),

adhering to the ANSl-defined-level mb, was started

using FORTRAN-77 as the implementation language.

This version of GKS is intended for use by small appli-

cations, primarily on minicomputers and micros. It is
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currently running on VAX and Apollo. Porting to

MC68000 is foreseen. A number of GKS work stations

are supported, including the Tektronix 40xx series,

Versatec plotters, and Hewlett-Packard plotters. In

addition, MGKS supports the GKS Metafile. The GKS
Metafile will allow any application running on a ma-

chine other than the central IBM service, to create,

store, and ship graphics data to the Computer Centre

via CERNET.
In order to obtain a full GKS implementation for

CERN (and outside laboratories), a number of soft-

ware houses were contacted to invite offers for a

GKS source licence. It was decided to select the

PLOT-10/GKS implementation by Tektronix, which

was offered at a very substantial discount. By January

1985 it will be available on IBM VM/CMS and VAX
VMS. The GKS service will gradually be introduced

on IBM MVS, IBM-VM CMS, VAX VMS, and

ND-500 between early 1985 and mid 1985.

On-Line Processing

Pool Activities

The policy decision to shift support from 16-bit

computers to 32-bit systems had consequences for the

On-Line Computer Pool. In fact, about 10 16-bit com-

puters were withdrawn from the Pool after the shut-

down of the ISR and the end of several fixed-target

experiments, whilst the LEP experiments now have a

total of nine VAX computers supported on the site.

A considerable fraction of the On-Line Computer

Pool support activity is devoted to visiting teams that

have their own computers on-site and even off-site.

Support for about 80 CAMAC System Crates repre-

sents a heavy load. The FASTBUS Interface CFI was

added to the Pool as standard equipment and a cor-

responding support service was set up. OMNET could

be further reduced but has still to be supported, main-

ly for the European Muon Collaboration (EMC).

Many Pool configurations underwent modifica-

tions or had to be reconfigured in order to standardize

equipment or to save on maintenance costs. There was

a big demand for upgrading existing on-line computer

systems. At the EMC and NAIO, the magnetic tape

subsystems could be improved without making any

purchases. The three UA Experiment Improvement

Programmes also triggered requests for increased on-

line computing power: with nwiimun) pur<chising, two

Pool systems could be upgraded and reallocated to

UA5 and UAl, but for UA2 an additional VAX had

to be bought.

DEC Support

Substantial improvements have been made to the

VAX data-acquisition system. An upgrading pro-

gramme was agreed upon with the LEP collaborations

to cover their immediate needs in the test besuns; most

of this was completed for the 1984 fixed-target period.

The system can now deal with larger events, and has

more flexible CAMAC list facilities (permitting dia-

logue with intelligent front-end processors and with

the CFI FASTBUS interface). The efficiency of the

system has been improved in several areas, including a

faster communication mechanism between data-

acquisition and monitoring programs. Data recording

on disk is being implemented. Other improvements

have been made, in particular for the PILOT program

which organizes the monitoring programs. Effort has

gone into the methods for installing, distributing, and

updating the software.

Participation in networking activities has conti-

nued in several areas, e.g. in the EPIC (ETHERNET
Pilot Installation at CERN) project and in the

development of software to run CERNET over

ETHERNET for the FRIGATE program. Support for

users of the UK JANET network software on site, and

for users of DECNET, was provided. Participation in

the COMICS electronic mail study and help in evaluat-

ing the JANET software for connection to EARN
were also a part of these activities.

The VAX-ELN operating system, which has been

installed on a microVAX, is being evaluated. The

work necessary to reprogram those parts of the soft-

ware which use the VAX in PDP-compatibility mode
has started. In this context the Pascal version of the

WYLBUR Bridge has been brought up on the VAX.
Support for experiments has been maintained at a

high level. Use of the VAX data-acquisition system

has continued to grow as more VAXes are installed.

The LEP collaborations now have 9 VAXes on site, a

further 4 run the data-acquisition software in other

experiments, and more are on order. Use of the

data-acquisition system by groups in their home ins-

titutes has also grown: there are now at least 12 such

installations, mainly in the LEP collaborations. With

the closing down of the ISR and of some SPS experi-

ments, the number of PDP-lls in use has been some-

what reduced. Over 20 still run the standard data-

89



669

acquisition system however, and some software and

support is provided for many more.

The PDP data-acquisition software has had a

final upgrade and is now considered as frozen.

NORD Support

All ND-500 and the majority of the ND-100 sys-

tems were upgraded to the I-version of SINTRAN,
implying a non-trivial change to new memory manage-

ment hardware and software, and consequently to the

data-acquisition system (DAS). The Division has

received a small ND-500 system for software develop-

ments.

For DAS a source-file data base was developed to

ease software maintenance, version control, and dis-

tribution. A first version of DAS routines for the

ND-500 was developed and installed at UA6. A port-

able, FORTRAN-77-based version of the DAS kernel,

called MicroDAS, has been produced and successfully

tested on ND-100, VAX, Apollo, and MC68000. The

VAX version is used for data-talcing with FASTBUS
in experiment NA31.

SINTRAN work included a joint development

with Norsk Data to use, for the first time, the new

memory management hardware providing for 16 page

index tables (PITs) to overcome address space limita-

tions. Discussions with Norsk Data's development

department intensified after they had announced ma-

jor changes in their SINTRAN planning in February.

The J-release of SINTRAN will arrive at CERN with

the development ND-500, including hardware and

software for Norsk Data's new serial control-bus to be

used in the ND-500 FASTBUS interface.

A file manager for CERNET was installed on top

of the new Pascal-written portable transport manager.

ETHERNET tests with prototype interfaces started in

the spring. New tests with interfaces from a pre-

produaion series and a FORTRAN-callable datagram

package have just begun. Preparations for the instal-

lation of the CERNET protocol above ETHERNET
datagrams are being made.

CERN's standard FASTBUS software was in-

stalled on the ND-100, and the Division participated in

the development of a 'direct' FASTBUS interface to

the ND-500, allowing 32-bit parallel transfers at a

speed exceeding 10 Mbytes/s.

With the help of the French Tore Supra project, a

I>ortable conunand 43{^essor,.was developed, the

FORTRAN-77-written MiniZCEDEx'package, which

90

is now running on ND-100, ND-500, VAX, and

MC68000 at CERN.

General On-Line Development

The first official release of the Portable Interac-

tive Language System (PILS) V.1.0 was introduced in

spring and installed under VAX VMS, VAX UNIX,
VALET, and ND-100/SIII. The package includes

FASTBUS and CAMAC standard libraries. A pre-

release of PILS V.2.0 is under test. It includes a code

generator for the VAX, giving significant perform-

ance improvements.

Nine 'VALET', VME bus-based, small test sys-

tems have been assembled and delivered to users in the

DD and EP Divisions.

The VALET software development consisted of

an integration of PILS (Portable Interactive Language

System) and libraries with VME, using all the cross-

software tools recommended by the PRIAM project.

The development has helped to debug the PRIAM
tools and to provide expertise on VME, MC68(X)0,

cross-software, and debugging techniques.

CERNET has been implemented on the PRIAM
UNIX VAX by instaUing the portable PASCAL trans-

port manager in a front-end MC68000 running under

RMS68K.
A portable system generation facility for

RMS68K (Real-Time Multitasking for MC68000) was

developed and installed on several hosts (VAX UNIX,
VAX VMS, and ND-500). An integration of RMS68K
with MoniCa was defined and an exf)erimental version

implemented. The portable MicroDAS has been

installed under the experimental version of RMS68K
integrated with MoniCa.

In the context of the PRIAM project, work has

continued on the introduction of MC68000-based

VME systems, with the evaluation of hardware from

various manufacturers and the introduction of certain

standard hardware into the CERN Stores.

Much work has been done on rationalizing the

on-hne computing documentation systems on the cen-

tral IBM system under WYLBUR.
Five issues of the CERN Mini and Micro Compu-

ter Newsletter ('MMCNL') have been published

between October 1983 and October 1984. The circula-

tion of the MMCNL now amounts to some 1400

copies of each issue.

The HP and CAVIAR support continues at a fair-

ly low level, but in spite of a reduction in the nimiber
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Figure 5— One of the two prototypes of the 3081/E, art emulator of the

IBM 3081, with far more power than its predecessor, the I68/E. An
identical prototype was constructed simultaneously in collaboration

with SLACand is installed there. (CERN-2S3.08.84)

of HPs the support load is increasing owing to more

complex applications of data acquisition in test

beams. The CAMAC Booster (CAB) has been inte-

grated in PS 177 and will soon be in CHARM II.

168/E Off-Line Pool

The Pool continued in full production through-

out the year with three clusters of two processors each.

By the end of the year some 8000 jobs had been run,

representing over 7000 hours of IBM 370/168 equiva-

lent processing time. Peak usage has been 1200 equiva-

lent hours per month, which represents more than one

third of the work load of the combined IBM and Sie-

mens Centre. The main user has been the R807 experi-

ment, closely followed by the Split-Field Magnet

(SFM), with smaller amounts of time going to NA12
and other users.

168/E On-Line

The number of 168/E processors installed for

on-line filtering use at UAl has been increased to six,

and their program memory size has been doubled to

allow more powerful and complex algorithms to be

run. With increased pp luminosity, they are now
actually being used for the rejection of events. All

UAl physics results so far have come from events

selected by the 168/E filter.

As part of the upgrading of the UAl data-

acquisition system, a 4 Mbytes/s, 120 m long,

VME/VMX-to-CAMAC link has been designed and

two samples have been delivered. This allows trans-

mission of event data from their new VME-based sys-

tem to the 168/E array, whilst retaining the existing

CAMAC-based system of data routing and processor

control.

An on-line 168/E system has been delivered

to UA2, and is now coming into use in a filtering

mode similar to that at UAl. The system consists

of two 168/E processors assembled from existing

spares, along with the associated specially built

Greyhound/PAX interfaces and modified REMUS
readout. This development also involved the transpor-

tation of all the 168/E on-Une support and diagnostic

software from the Norsk Data environment at UAl to

that of the VAX at UA2. This was accomplished

thanks to the good collaboration of UA2 personnel

and welcome help from the UAl experts.

3081/E

This successor to the 168/E is being produced in a

balanced collaboration with SLAC in the USA. The

first half of the year was taken up with an intensive de-

tail design and construction effort. As well as two sets

of the CERN-designed boards, copies of all but one of

the SLAC-designed boards were built for use in the

prototype at CERN. Each board was debugged indi-

vidually as it became available, and the first prototype

was brought together at SLAC in August within three

weeks. In the meantime, the second prototype at

CERN has now been brought up to the same standard.

Detailed FORTRAN simulations of the individual

boards aided considerably in achieving correct opera-

tion. Test-bench software was developed to allow easy
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interactive debugging of the processor, and extensive

sets of stand-alone tests for the individual boards have

been written. At SLAC the translator/hnker software

which performs the conversion from IBM object code

to 308 1/E microcode was brought into operation early

enough to support the initial processor integration

tests with translated diagnostics adapted from those

developed for the 168/E. It is now coming to a level

where translation of larger examples of FORTRAN
code can be attempted.

Initial performance measurements on the pro-

cessor with translated FORTRAN code are very

encouraging, and it is clear that the design goal of at

least one IBM 370/168 equivalent has been met. The
production of five processors, using the same wire-

wrap technique as that for the prototypes, has been

started in order to satisfy the initial needs of the first

users, such as UAI, NA34, L3, and DELPHI. Empha-
sis is now being put on the associated interface work
required. The question of a FASTBUS-based router

and scheduler (FPAX) is being studied in collabora-

tion with Orsay and the University of Rome, whilst

the University of Padua is ready to collaborate on
VME interfacing. Further production commitments
will be made by the end of the year.

Off-Line Farm Pilot Project

A project to build a cluster of five 308 1/E pro-

cessors attached to an IBM 4361 host has started. The
aim is to evaluate the performance of the cluster for

the bulk off-line processing of event data. This project

has attracted collaboration from Saclay and from the

INFN in Italy. The 4361 computer is on loan from

IBM, as part of a joint IBM-CERN project on inter-

facing.

MICE

During 1984 six MICE machines were success-

fully used in a variety of applications. Since this

autumn, two experiments using MICE have come to

anend.WAl and R704.

Fast Processors: XOP

The XOP prototype was finished ahead of sche-

dule and operates according to its specifications. The

machine is made up of a set of dedicated units, each

tailored to a specific task, all working in parallel and

controlled by a 160-bit wide micro-instruction word.

In addition to the conventional instructions, special

features aimed at FASTBUS operations and effective

trigger and data reduction have been introduced. The
arithmetic logic unit executes one triple operand
instruction every 100 ns in scalar mode or every 50 ns

in vector mode.

The data memory is divided into up to 8 parallel

banks of 8 Kbytes, expandable to 16 Kbytes by chip

replacement. Each bank has its own DMA port, inter-

faced either to FASTBUS or to LeCroy 'ECLINE'.
The interface can handle 40 Mbytes/s, yielding an in-

put capacity of 320 Mbytes/s for a full eight-port sys-

tem, which is .unmatched by any known comparable

processor.

Development has been supported by a simulation

in the ISPS language, and this was steadily refined

throughout the year as work progressed.

The XOP control is done by an MC68000 micro-

processor via VME. For this, the software has been

written to load, debug, and run XOP programs from a

local terminal. Eight XOPs can be controlled from
one MC68000 system. A cross-assembler runs on IBM
or VAX. Library functions have been written, as well

as some benchmark programs. Preliminary results

show 10-40 times faster execution when compared
with an MC68000 (10 MHz clock).

The LEP experiment L3 has ordered two ma-
chines to be used for evaluation, with an option on
four more later, and is now collaborating for software

and hardware development.

FASTBUS

CERN/DD-built models of the high-performance

CERN FASTBUS interface (CFI), which allows a host

on CAMAC to access FASTBUS modules, were deli-

vered to NA31, ALEPH, DELPHI, and Saclay.

The CFI is capable of performing block transfers

on FASTBUS at 12 Mbytes/s, contains logic to exe-

cute sequences of FASTBUS operations, and can op-

tionally buffer 128 Kbytes of data. In addition, special

features include data formating, and the possibility of

externally triggering a list of operations on FASTBUS
and looping on one or several FASTBUS operations.

The CFI is now being produced and tested by a

European manufacturer. The CERN support for these

interfaces is handled within the present DD On-line
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Computer Pool framework. The flexibility of the CFI

design has been exploited by industry, which is gene-

rating both a VME to FASTBUS and a Norsk Data to

FASTBUS interface. Implementations of a direct

VAX to FASTBUS interface are under investigation.

The standard FASTBUS routines and test pro-

grams are now supported on VAX, MC68000, ND,
and PDF host machines for FIORI (FASTBUS to I/O

Register Interface), CFI, and Fast Sequencer inter-

faces and for a timing diagrams generator. The CFI

has also been successfully incorporated into the NA3

1

VAX on-line system, and their first data-taking period

was completed with only minor teething troubles. All

hardware interfaces are at present driven by CAMAC
or VME I/O registers.

Bi-weekly meetings have been held throughout

the year with end-users, particularly with those from

the LEP groups and with members of NA3 1 and the

VIRTUS (Very Intelligent Real Time Event Selector)

project. These meetings, which will continue, have

been most fruitful in assessing priorities and in encou-

raging user production of portable general-purpose

software.

Jointly with EP Division, a prototype Service Re-

quest Handler was designed and debugged. A suite of

test programs was translated from FDL (FASTBUS
Diagnostic Language) into PILS to commission stand-

ard Segment Interconnects (built at the University of

Illinois). The close association with the ESONE and

NIM FASTBUS Design Groups was continued. These

groups are currently involved in a revision of the draft

FASTBUS Software Standard for publication in 1985.

Direct Support to Experiments

LEP Experiments

ALEPH: The Division was involved in the plan-

ning of software specifications and design, and the

evaluation of software design methodologies, program

development tools, hardware/systems environyients,

and utility software.

A Monte Carlo program has been developed

using the GEANT (Generation of Events ANd Tracks)

package. The structuring, organization, and mainten-

ance are done at CERN on IBM and VAX computers.

The outside laboratories develop the software cor-

responding to the detector they have in their charge.

An intensive test of HISTORIAN has been performed

using the Monte Carlo program.

The prototype of the ADAMO (ALEPH DAta
MOdel) data definition and manipulation system is

under development. Its purpose is to define and mani-

pulate symbolically the data structures from a

FORTRAN program, without any knowledge of the

underlying representation in memory or mass storage.

DELPHI: A big effort has been made to design a

system to describe the detector. A structured data

base, satisfying the specific requirements, has been

proposed and implemented using KAPACK as the

basic package. Tools have been provided to perform

the standard data-base operations together with those

required to export/import the detector description.

All this software is being tested using the DELPHI
simulation program, and new features (3D graphics

etc.) are being implemented to make the system more

general and complete.

L3: A time expansion chamber (TEC), which

should serve as a prototype for the TEC of L3, is un-

der construction for the Mark J experiment at DESY.

For this chamber the Division has developed the elec-

tronics for reading out the track signals and their

transmission over 60 m long cables. The 168 channels

of this electronics are being constructed.

In view of a possible use of silicon microstrips as

a complement to the TEC in L3, the Division colla-

borated in a silicon microstrip subgroup of the L3 cen-

tral detector group. In collaboration with EF Division,

DD has participated in setting up a clean room for the

handling and testing of silicon microstrips and asso-

ciated electronics. For this, two systems (based on

VME and G64) for controlling the instruments were

selected.

Special amphfier circuits were developed and real-

ized using thick-film hybrid technology. For this pur-

pose the necessary instruments for the prototype con-

struction of such hybrids were installed at CERN. The

volume production of these circuits in industry was

supervised and they are now used by NA14, UA4, and

biological institutes in Paris and Heidelberg.

There were continuing discussions with industry

about the development of a CCD integrated circuit for

the parallel-to-serial conversion of detector readout.

OPAL: The main contribution to the OPAL Col-

laboration has been in the area of pattern recognition

in the central detector. For this purpose, a fairly real-

istic simulation of this detector has been developed

and used to test a new method of track finding based

on a conformal mapping of the data. The method is

still in the development stage but, already now, is

giving excellent results. It is expected that the method
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can be tested on real data from a full-size prototype in

the near future.

Collider Experiments

UAl: The software support to UAI continued

with the setting up of all on-line programs on the

ND-500, the setting up of programs in the on-line

168E processors, and the setting up of 'BOL-type'

software on the ND-500 for fast feedback to the expe-

riment. In addition, monitoring and bookkeeping

packages, together with calibration programs for the

Central Detector, were provided. Support was given

for all standard CERN packages on the ND-500.

The UAl systems were linked with Norsk Data's

local area network COSMOS, and the installation of

an additional ND-100 at UAl is in preparation,

requiring careful planning to avoid disturbing their

data-taking.

To improve the data-acquisition system, the

industry-standard VME bus with MC68000 micro-

processors is being introduced into the UAl readout,

monitoring, and supervision. As almost nothing in

terms of hardware and software existed, a big develop-

ment effort had to be made, which has led to a new set

of VME modules. The Division contributed to the

MacVEE project by developing the software for the

Macintosh computer.

UA2: All UA2 programs have now been con-

verted to FORTRAN-77. The production, Monte Car-

lo, and DST programs have been implemented on the

CDC 875, although the lack of memory still makes

serious production running on this machine out of the

question. Much effort has gone into speeding up the

programs and reducing the amount of memory used.

The UA2 on-line graphics has been converted to

use Mini-GD3. The filter program has been substan-

tially altered, now performing calorimeter pattern re-

cognition and more stringent software tests in order to

reduce the amount of data needing further processing.

SPS Experiments

North Area: For NA9 and NA28 there remains

low-level support for existing software. The new pola-

rized target experiment has very modified hardware

and this necessitated a complete rewrite of the pattern

recognition program plus major modifications to all

programs.

During spring and summer, the NA3 experiment

has taken data for a gluino search. This new activity

has required modifications in the software, mainly in

the momentum calculation.

The final DST for the NA27 t data was produced

by the summer, and physics papers are now begiiming

to appear. The most crucial detector for the physics

aims of NA27 (the study of short-lived decays) is the

vertex detector: the high-resolution bubble chamber
LEBC. A correspondingly substantial amount of time

has been devoted to the calibration of this device fol-

lowing the 1983 rebuild, and to tuning the vertex fit to

exploit the increased resolution now available. The
CERN ERASME on-hne program has also been up-

dated to give a higher throughput in order to finish the

experiment before the scheduled ERASME close-

down at the end of 1986.

A program was developed to analyse this year's

test-run data of the CP-violation experiment NA3 1 . In

view of next year's serious data-taking, all calibration

data as well as the geometry description are kept in a

KAPACK data base. This data base is constructed to

be portable to IBM, CDC, or VAX, using the EPIO
package.

A general Monte Carlo simulation program was

coded, allowing events to be written onto tape in the

correct on-Une EPIO format of the experiment. This

program has to be fast enough to determine the small

difference in acceptance of the Kl and Ks beams with

a small statistical error.

The Division continued to be responsible for the

maintenance of the on-line software and for the read-

out hardware which it constructed for the EHS spec-

trometer. In addition, direct support was given for the

calorimeter electronics and their associated control

software.

West Area: The neutrino experiment stopped

data-taking in September. The pattern recognition

program and the Monte Carlo program have been

much used in production.

During the course of the year an unexpectedly

high level of support has been given to the CHARM
Collaboration in the final phases of the WAI8/1
experiment. The last period of data-taking is now
complete and the detector has been dismantled.

For the new experiment of the CHARM Colla-

boration (first test runs foreseen in 1985) it was deci-

ded to rewrite the on-line software for the new
ND-100/500 system, to rewrite the off-Une analysis

program, introducing a memory manager, and to

make all monitoring tasks, display programs, and ana-
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lysis tasks use the same memory structure, thus mak-
ing them available both on- and off-line. Also the

beam-line monitoring is being changed.

For the Omega facility, work has been done on
TRIDENT to deal with high track multiplicity events.

This has led to improved methods for track Finding.

Modifications to the old Omega vertex package were
necessary in order to fit up to 30 tracks to a vertex.

Miscellaneous Activities

Maintenance of the six ERASME measuring

tables continued. Help was given to the Junta de Ener-
gia Nuclear in Madrid to revise their ERASME table.

The software package MDS from PCK for the

multiwire technology has been acquired and adapted

to the CERN environment. The system is installed on
a VAX and has been made user friendly with an
extensive command file. Plot files are sent over CER-
NET to the plotters on the mainframes in the Compu-
ter Centre. A dense VME board has been designed and
successfully manufactured using this tool. Large,

high-density boards for 308 1/E and FASTBUS are

currently being designed with this software.

An experiment to use the CMOS standard cell

design methods in a Multi-Project Chip (MPC)
environment is under way and results will soon be
available. Meanwhile, work is being done to produce
software tools to make the design and verification

work more tractable and less error prone.

The modelling program SPICE was installed on
the ERASME VAX. It will be used for developing spe-

cial analog circuits.

Divisional staff continued to dedicate time to

CERN's training efforts. Lectures were given in the

Academic Training Programme and in the Summer
Student Programme. Four staff taught in the Techni-
cal Training Programme. Special courses were
given— amongst others, on data bases, CAD, and
programming of Array Logic chips (PALs). The Divi-

sion is responsible for organizing the Computer
Seminars. The Informatics Tutorials continued to be
a success; this year, courses on UNIX, Computer
Architecture, and the C programming language were
given.

The CERN School of Computing took place

in September in Aiguablava, Spain. Besides the usual

organizational efforts, the Division provided four lec-

turers. The School was attended by 86 participants

from 10 countries. As a result of this success, it was
decided to organize the CERN Schools of Computing
on a yearly basis from 1986 onwards. The Division

also continued to collaborate with the International

Centre for Theoretical Physics in Trieste, organizing

microprocessor courses. In 1984 a course was held in

Sri Lanka.

Members of the staff also took part in the work
of international standardization committees, notably

for the new FORTRAN standard and for network
protocols.
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Proton Synchrotron Division

Introductioii

Celebrating its twenty-fifth anniversary of opera-

tion this year, the PS complex of accelerators had de-

veloped far beyond what might have been imagined

when the pioneering alternating gradient synchrotron

produced its first high energy protons in November of

1959. Early on in its career it acquired a second ex-

perimental area, the East Hall, and shortly afterwards

there began the first improvement programme to in-

crease beam intensities— by 1984, these had reached

some ten thousand times the original design figure.

There followed the highly successful antiproton pro-

gramme, culminating in a triumph for experimental

physics at CERN, based entirely upon obtaining a per-

formance from the PS complex sufficiently reliable

and efficient to make the search for rare events feasi-

ble. At the same time, the unparalleled fiexibility of

the machines and their control system enabled pro-

tons, antiprotons (and even light ions) over a wide

range of energies and intensities to be supplied to

several different users running their experiments con-

currently. Nor, in 1984, had the process of develop-

ment slowed down. Preparations were well under way

for the acceleration of electrons and positrons to

supply the new 'big brother' LEP, and a new device

under construction (ACOL) was expected to multiply

the antiproton accumulation rate by a factor of at

least ten when it came on stream in 1987. So it was

with justifiable pride that the twenty-fifth anniversary

of this unique facility was duly celebrated, and the

machines themselves had their say by creating new per-

formance records whilst the feasting was still going on.

Although perhaps not quite so rich in drama as

the preceding year, 1984 nevertheless had its triumphs.

A systematic development programme throughout the

complex resulted in a solid benefit to overall perform-

ance, so that Colhder operation in the last running

period achieved more than two-and-a-half times the

integrated luminosity of the same period in 1983.

LEAR was able to operate for a 24 hour day, and ex-

tended its range of available momenta, as well as pre-

paring further developments (including the 'energy-

scanning' mode) for 1985. The ISR were, after initial

problems with a somewhat difficult form of operation

for the PS, successfully supplied for— sadly— their

very last experiment. Likewise, the final experiments

in the long series of neutrino investigations using the

PS got a good send-off. The original PS injector,

Linac 1, underwent a renaissance, and preparations

were under way to shift the whole machine to a heal-

I9S9 - 19S4 l«78 igSS I9S2 19S6

Figure 1— 25th anniversary emblem, showing the develop-

ment of the accelerator complex; 1958: 50 MeV protons

(Linac I): 1959: protons at GeV energies (PS): 1972: injection

to PS at 800 MeV (Booster): 1978: further increase in beam
intensity (Linac II) . 1980: cooled p in production (AA):

1982: steady streams ofpure low-energy pfrom LEAR. For

the future: 1986: e* and e~ from the LEP-preinJector; 1987:

order ofmagnitude increase in p production with ACOL.

thier and more convenient location. The project for

computerization of the PS controls system was com-

pleted, although developments since the original plans

were drawn up meant that the conversion programme
continued. At the Synchro-Cyclotron a full range of

hght ions was available to experimenters for the first

time. Installations for the second on-line isotope sep-

arator (ISOLDE 3) were proceeding, and preparations

were in hand to increase the proton and helium ion

beam intensities. Both the LEP Preinjector project

and the design of the new Antiproton Collector

(ACOL) made good progress.

PROTON SYNCHROTRON

The Physics Programme

Operation

1984 saw the end of a long and fruitful associa-

tion when the ISR finally took its last supply of PS
particles. A sad day, but not entirely without its com-

pensations, for the difficult task of scheduling the

many different users was significantly simpUfied.

Another era ended when the last of the many neutrino

experiments finished its run in July. Whilst perhaps

not so spectacular as 1983, the year yielded its share of

new record performances.
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Figure 2— Overall dislribution ofprotons and aniiprotons in 1984. Figure}— Functional division of the PS year (24 hours per day).

The year began with the usual long shutdown

and, among all the other work which had accumulated

during the almost continuous operation of the pre-

vious twelve months, major changes were made to the

radiation safety and access control system. Transfer of

displays and controls to a new console in the Main

Control Room made it necessary to reconstruct the

interlock chains, and the opportunity was taken to use

more modern components and techniques, besides

generally reviewing the logic. At the same time an ad-

ditional interlock facility, intended to be a safeguard

against possible faulty procedures, was introduced on

80 doors. Some manufacturing delays by contractors,

and a few wrong cable connections (more than 18,000

points weremodified!)hindered the essential thorough

checking and testing programme required to estabUsh

a fully safe situation, and it was decided to delay the

procedure for starting up the accelerators by ten days.

To minimize the effect of the delay on the ex-

perimental programme, purely technical aspects of

|SPS

^1^1 Neutrino Oscillation Experiments

1 Machine Development

Settmgup(0.3%)

ISR (0.2%)

East Hall(O.I%)

'///////////////////y'A SPS

y//////////z\ ^'i-!^v.
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- 10 20 30 40 50 60%
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///////\ Setting up. Development,

10 20 30 40 50 60

X 10" antiprotons

5966 h: EXPERIMENTAL PHYSICS

- 264 h: MACHINE DEVELOPMENT

494 h: accelerator

faults {7.9%)

634 h: PART TESTS
(Linac, magnet, etc.)

and setting up

INSTALLATION and

MAINTENANCE,
radioactivity cooling

time, and other

scheduled closures

Starting up the accelerators were cut down to the abso-

lute essentials. Predictably, the newly-computerized

controls for beam extraction and transfer suffered

some teething troubles, and matters were not helped

by three failures of the incoming electricity supply. A
good deal of hard work was put in by all concerned

and, adopting the strategy of getting things going first

and optimizing later, no fewer than 11 different kinds

of beam were produced during the first month, includ-

ing antiprotons at 3.5 GeV/c for the last runs of the

ISR and decelerated antiprotons at 0.6 GeV/c for

LEAR. Providing antiprotons for the ISR at AA mo-

mentum, i.e. using the PS as a transfer Une, proved a

tricky process to adjust and maintain, and there were

some difficulties in getting a large enough ISR stack to

satisfy the experiments which were taking data. Since

LEAR experiments were in direct competition for the

Umited supply of antiprotons available, rather delicate

negotiations took place on a day-to-day basis to try to

ensure that everyone got their fair share. The new

possibility of supplying LEAR with only a short inter-

ruption in antiproton production, enabling that

machine to run on a 24 hours per day basis, helped

somewhat, and the reproducibiUty of the 3.5 GeV/c

transfer was eventually improved by using the same

magnet cycle as for deceleration for LEAR. Perform-

ance steadily improved, and in April the transfer

momentum of protons to the SPS was put up from 10

to 14 GeV/c, significantly increasing the overall effi-

ciency of the process.
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In May, after early difficulties once again due to

electricity supply failures, performance reached a

steady level equivalent to the best obtained in the pre-

ceding month. The 3.5 GeV/c transfers to the ISR

became quite efficient, and stored beams of 5 mA
were regularly produced. Transfer to the SPS at

14 GeV/c became routine and, supplied with 2 x 10"

protons per cycle, that machine shortly reached new

record intensities (passing the 'magic' figure of

K X 10" accelerated protons). Antiproton extraction

from LEAR at 1.5 GeV/c came into service in a re-

markably short time. Unfortunately, development

work on the machines was seriously disturbed by a

fault on the AA magnetic focusing horn. In June, ope-

ration was somewhat troubled by the effect of summer

storms on the power lines; the ISR lost their anti-

proton stack, and an unscheduled special refill had to

be provided so that experiment R704 could complete

its data and retire gracefully from the scene. Protons

once again became available for the many users of the

East Hall test beams.

Although July began well, the situation shortly

deteriorated, and there were numerous breakdowns.

The worst trouble was caused by sporadic misfunction

of two key systems, one controlhng transfer of PS

beam in all directions and the other the sequence of

parameter switching for the programmed magnet

cycles. So much time was lost that it was eventually

decided to extend the last run for the neutrino oscilla-

tions experiments by two weeks and to postpone the

scheduled machine development sessions. Towards the

end of the month the AA came back into service after

two weeks of development work and tests, with a new

pulsed target and a lithium lens to focus the proton

beam on to it. Antiproton yield was up by some 50%,

but unfortunately the target only lived for a day and a

night; the lens, however, kept going. LEAR had, as

predicted, a difficult time setting up extraction at the

new momentum of 200 MeV/c.

In August the fault rate diminished, but still

remained higher than average. There was trouble with

cooHng water systems, HT feeds to the Booster

extraction kicker and, rather more esoterically, dis-

turbances caused by unexpected effects of the ISR dis-

manthng. Computer-controlled synchronization, still

being run in, also gave some problems. However, the

run of the neutrino oscillations experiment was suc-

cessfully completed, with 8.7 x 10" protons having

been delivered to the target, and the bubble chamber

BEBC having taken more than half a million pictures.

The efficiency of utilization was enhanced by the use

of systematic supercycle changes, so that LEAR and

the East Hall got a good share of the beam available.

(N.B. For an explanation of supercycle operation, see

the Annual Report for 1983, p. 79.) At the end of

the month a week was spent, in collaboration with

the SPS, in preparing for the forthcoming important

proton-antiproton colHder operation.

Setting-up of the machines for the collider run

went rather well, and data-taking by the SPS experi-

menters began before the end of September. Overall

efficiency and beam quality reached the best levels ob-

tained in 1983 and stayed there. A short stop in order

to make adjustments to the AA stochastic cooling sys-

tems quickly paid dividends in the shape of a substan-

tial increase in the antiproton accumulation rate. With

a production beam of 1.4 x 10" protons striking the

target every 2.4 seconds, peak values of more than

6 X 10' p/hour were recorded, and after 40 days the

integrated luminosity reached in the SPS was two-and-

a-half times greater than for the equivalent period in

1983. However, the smooth running of the AA was in-

terrupted on several occasions by a mysterious

blow-up occurring in the accumulated stack. The East

Hall beams, having a relatively low priority, lost some

of their scheduled time to studies aimed at further

improving collider operation.

The fault rate in October remained low until the

end of the month, when a stop scheduled for technical

reasons had to be unexpectedly extended from two

days to five. This was due to a leak in the heat ex-

changer of the main magnet generator lubricating sys-

tem, and the unit had to be replaced. November was a

highly satisfactory month; even without its lithium

lens, the AA maintained an excellent performance,

with accumulation rates normally above 6 x 10'

p/hour and reaching a peak of 7 x 10*. Overall trans-

fer efficiency between the AA and the SPS frequently

hit 80%, and new high values of luminosity at

315 GeV/c resulted. Despite numerous schedule chan-

ges, the East Hall beams eventually got the total run-

ning time allocated. LEAR made its first tests with H"
ions (supplied by Linac 1) and, returning to protons,

tried out decelerationdown to 100 MeV/c; this worked,

but stability was inadequate.

With impeccable timing, the PS celebrated its

25th birthday on November 23rd by breaking two

records— it delivered 1.6 x lO" protons per pulse to

the production target, and the circulating beam in the

AA reached 3.87 x 10" antiprotons. Finally, in

December, the causes of the mysterious stack blow-up

in the AA were diagnosed and curative measures were
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Figure 4— Schematic diagram of the PS beams and experimental

complexes in 1984.

LINACSIASDII

Either Linac can supply the Booster, or the PS directly, with 50

MeV protons: Linac II is normally used for regular operation.

Linac I also provides a proton test beam and H~ ionsfor LEAR.

TRANSFER TUNNELS (TT)

SOUTH HALL (S)

the low energy aniiproton ring, is designed to pro-

vide pure beams of "cooled" antiprolons between

0. 1 and 2 Ge V/cfor an experimental area occupying

the remainder of the South Hall,

supplies LEAR with 50 MeV protons and H~ ions

from Linac I, or with antiprolons at 0.6 Gei^/c ex-

tractedfrom straight section 26 in the PS.

extracted beam line from LEAR fitted with equip-

ment to measure beam characteristics,

supplies the experimental areas with continuous

streams of antiprolons extracted from the LEAR
stack at a rate of about 3 x 10' p/s. The beam is

divided info three branches, each of which can be

directed info one of two paths leading to different

experimental zones. Relative intensity m the three

main branches is adjustable over a range of 20:1.

Beams mi, Ct and o can operate at up to 2 GeV/c,

and beams mi, si and si at up to about I Ge V/c.

TT6
TT70

lakes proton beams to the ISR Ring 11: a branch

7T7 (not shown) supplies the target for the "neu-

trino oscillation" experiments (PS169, 180, and

181).

takes proton beams for the ISR Ring I and for the

SPS (via TTIO, not shown). It also carries protons

for p production and for lest purposes to the Ami-

proton Accumulator (AA). and antiprolons relum-

ingfrom the AA to the PS at 3.5 Ge V/c.

supplies antiprolonsfrom the PS to ISR Ring II.

lakes antiprolons accelerated in the PS to Ihe SPS

for collider experiments: protons can be sent in the

opposite direction to check out the beam transport

line.

external dump buried in the earth outside the Ring

wall: used for setting up the beams travelling along

TTl and TT2, and also during PS machine develop-

ment sessions.

EAST HALL (E)

Slow extraction from straighl-seclion 62: theprimary beam, en, is

divided into two branches and targets in each of these provide

four secondary beams. The latter can supply intensities of about

Itf hadrons (or lO'-IO' e*e~, depending upon momentum), for

10" protons of 24 GeV/c on target, with tip/p - /%. Beams (7

aiui It can operate at up to 10 GeV/c, and tio and tu at up to 5 and

3.5 GeV/c respectively.
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Figure 5—LEAR Experimental area.

focus.

Resolution: 0.25 mm/bin

Intensity: * 10^ antiprotons/second

p: 1.5 GeV/c.

Beam profile measured at PSIS5

taken. The collider run proved to have been extremely

successful— integrated luminosity in the SPS sur-

passed the target figure by some 30%, reaching 395.4

nbam' ', or a factor of 2.6 higher than in 1983.

Experimental Areas

In the PS South Hall, entirely devoted to ex-

periments using the pure low-energy antiproton beams
provided by LEAR (q.v.), some improvements were

made to the installations during the long shutdown at

the begiiming of the year. Some vacuum chambers in-

side magnets were replaced by a more suitable material

(stainless steel instead of aluminium alloy), some of

the multiwire proportional chambers employed for

beam control were repositioned, and the computer ac-

quisition of monitor measurements was improved.

New fire and gas detection systems were installed.

From March to September the sixteen experi-

ments installed on the floor received a total of about

690 hours of experimental physics beam time. A new
operational mode had become possible, enabUng

LEAR to function 24 hours per day whilst antiproton

accumulation in the AA continued almost uninter-

rupted. The extracted beam spill duration was about

one hour, providing intensities of up to ~ lO' p/s for

the three experiments usually working simultaneously,

two splitter magnets being used to divide the beam.
Frequent changeovers were made to give all the ex-

periments a fair share. Five different momenta were

available, namely: 201, 310, 612, 1480 and 1512

MeV/c. At the lowest momentum of 201 MeV/c there

were beam stability problems both in the machine and
in the transfer lines. Nevertheless, quality was good;

for example, at 310 MeV/c the beam was focused

down to a sjwt size of around 1 mm^ (Expt. PS 177)

and an even smaller dimension was achieved at 1512

MeV/c (Expt. PS 185 - see Fig. 5).

No protons were available for the East Hall ex-

tracted beam until June. Consequently the first part of

the year could be used to complete the distribution

network for various gases and the gas and fire detec-

tion systems in the primarybeam tunnels. The approved

continuation of experiment PS 188 required some
beam and layout modifications, and in the beam line

(t?) magnet measurements and alignment checks were

made in order to resolve some discrepancies in mo-
mentum measurements. Beam transport elements were

overhauled and exchanged to provide the elements for

the new LEAR injection line (E3).

From June onwards, protons became available

for the East Hall for a part of each weekday. The
three test beams (t9, tio and tn) were extensively used

for tests of equipment for various SPS experiments

and also development work on detectors for LEP
experiments. Experiment PS 188 ('channelling') con-

tinued taking data in the t? beam.
The last run of the beam specially built (in TT7)

for the neutrino oscillations experiments took place in
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Figure 6— The new Security Console in the PS Main Control Room.

Television monitors used for access control and operational informa-

tion can be seen, and above them the interlock logic chains governing

the supply of beams to the different security zones. On the wall behind

are monitors showing information being supplied to PS and SPS users,

and a diagram of beam flow Ihroughoul the complex, indicating the

presence of obstacles such as monitoring screens, vacuum valves, etc.

(CERN-24.10.I9S4)

July. As in 1983, the target received - 1.25 x lO"

protons of 19.2 GeV/c every 1.2 seconds. The bubble

chamber BEBC completed its data-taking (PS 180),

and a new experiment (PS 191 - Search for decay of

heavy neutrinos) also took data with detectors placed

in the ISR intersection region II.

Machines and Technical Development

Linear Accelerators

Linac II, proton supplier for the whole PS com-

plex, ran reliably without any major problems. The

new cleaning technique adopted in 1983 for the 750

keV preinjector accelerating column proved its worth;

reliable high voltage operation was maintained

throughout 1984. Another innovation which justified

the effort put into it was the control system 'watch-

dog' program. This stopped the ion source trigger

whenever beam losses in the linac or transport lines

became too high, and informed the operator what had

caused the abnormahty. Several times during the year

it saved the vacuum pipe from being hit by a 50 MeV
beam which might well have holed it. Some improve-

ments were made to the machine instrumentation, and

deuteron acceleration tests were successfully per-

formed.

First steps were taken in the direction of operat-

ing both linacs (and LEAR, which shared the controls

system) from the PS Main Control Room. A link was

established between the Linac-LEAR computers and

the main PS control system, and controls for the

essential elements of the Linac II— Booster beam

transport line were incorporated into the PS controls.

This year saw a good dead of activity around

Linac I (the original PS injector). Most noticeable was

the replacement of the 500 kV EHT set, with its huge

Faraday cage, and the preinjector accelerating
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Figure 7— The decapole confinement magnet and plasma chamber of
the new volume production H' ion source for Linac I. The two vertical

bars in the picture produce a dipolar magnetic field in the plasma,
which enhances the production of H ^ ions by dissociative attachment

on highly excited hydrogen molecules. A thermionic cathode is

mounted in the aperture seen at the rear. (CERN-538. 02. 1985)

column, by the relatively inconspicuous 'RFQ', to

supply the accelerator with 500 keV particles. (For

further information on the RFQ, see 1983 Annual
Report, page 85.) An H" ion source of the 'bucket'

type was tested towards the end of the year, and re-

sulted in beam pulses of 80 /is and more than 1 mA.
Preparations for the acceleration of O'* ions were
rapidly going ahead, and a scheme was adopted which
should allow for a quick changeover between these

particles and protons or H" ions.

The considerable saving in space resulting from
the installation of the RFQ made it possible to plan an
important change for the better in the whole machine
layout in the congested area where the two linacs and
the LEAR beam transport tunnel met the PS Ring.

The shielding wall marking the boundary of the Ring
was situated half-way along Linac 1, straddling one of

the accelerating cavities (Tank 2). By shifting the

whole Linac back ^ome twelve metres, it would
become completely accessible during PS operation.

and, moreover, the rather weak shielding, in an area

crossed by high intensity extracted beams, could be

considerably reinforced. Plans were made to complete

the essential part of this scheme during the shutdown

early in 1985.

Booster Synchrotron

In order to maintain its high performance and
low failure rate over the years, the Booster has under-

gone a continuous process of rejuvenation. In 1984, it

was the turn of the ageing control circuitry of the main
magnet power supply, and the five rectifier-inverter

groups were converted to control by programmable
logic devices during the long shutdown at the begin-

ning of the year.

The record intensity of 10" protons reached in

each of two of the four Booster rings was beneficial

for antiproton production, since it enabled a high in-
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Figure S— The r.f. dipole, designed to assemble beams from the four

separate Booster rings appropriately for injection into the PS. The

structure is resonant at the bunch frequency of 8 MHz. Currents at this

frequency flowing in opposite directions in the top and bottom con-

ductors create a magnetic field providing the correct vertical deflection

to direct the bunches arriving at different times and angles from each

ring in sequence along the horizontal axis towards the PS.

(CERN-79l.il. 1983)

Figure 9— Main components of the system designed to damp oscilla-

tions occurring during antiprotnn injection into the PS at 3.5 GeV/c.

The high sensitivity pick-up is on the right and the electromagnetic de-

flector, with its power amplifiers, on the left. The damper was success-

ful in conserving transverse emittances of the AA antiproton beam for
onward transmission to the SPS at 26 GeV/c, with values as low as

10 r mm mrad horizontally and 7 x mm mrad vertically regularly

recorded. (CERN-385.9.1984)

tensity beam to be sent to the AA target without using

any lossy form of recombination prior to injection

into the PS. Talcing beam from just two Booster rings,

without the vertical addition process previously in use,

markedly reduced losses in PSB-PS transfer, and pro-

duced a beam of higher intensity with smaller dimen-

sions and emittances, resulting in more efficient

antiproton production.

A further development towards even higher in-

tensity antiproton production beams was installed and

successfully tested. This used a dipole in the transfer

line, giving a sinusoidal vertical deflection at the

bunch frequency of 8 MHz, to combine beams from
pairs of rings in somewhat the same way that a zip fas-

tener works. It was tried out in machine development

sessions, and met its specification after optimization

of various parameters. In practice, the scheme would
use the full four-ring Booster beam, trapping 20 PSB
bunches in 10 PS buckets. However, it was not put

into operational service, since the maximum intensity

that the PS could accept currently was readily availa-

ble from two of the Booster rings.

Following the previous year's very successful ope-

ration with deuterons and alpha particles (for the late

lamented ISR), development work began on the

project for accelerating very low intensity beams of

oxygen (O**) ions. With different cycles devoted to

different users, this would mean that an intensity va-

riation of five orders of magnitude between one pulse

and another would have to be handled. It was anti-

cipated that considerable effort would have to be

invested, particularly in the areas of instrumentation

and r.f. control loops.

Investigations into the feasibility of increasing the

Booster top energy to more than 800 MeV culminated

in a successful test in one ring showing that

1 GeV could be reached. This had some importance

for future developments, since space-charge limita-

tions in the PS could be eased by using a higher injec-

tion energy.

Main Proton Synchrotron

Plans were made for the rearrangement of equip-

ment in the PS straight sections to allow for the in-

stallation of equipment for injection, acceleration and

extraction of electrons and positrons; it was intended

to implement these during shutdown periods in 1985

and early 1986. The prototype Robinson wiggler mag-

net (required to stabilize electron and positron beams),

after beam optics tests with protons in the PS, went to

Orsay for further tests with a positron beam. These

confirmed the damping effect predicted by theory, so

that construction of the three magnets of this type to

be installed in the PS could go ahead.

A new quadrupole configuration was devised,

combining the existing quadrupoles in straight-

sections 5 and 25 with additional units placed in s-s 49

and s-s 65, in order to reduce the horizontal beta
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Figure W— Computerized display of comparative beam losses moni-
tored at 100 points around the PS ring. The system v/as running at high
gain, and the actual losses represent only a small fraction of the cir-

culating beam. A simple mode of operation was in use, supplying the
Aniiproton Accumulator with lO" 26 CeV/c protons per pulse. The
loss at extraction from straight-section 16 is clearly visible; the other
loss points correspond to minima in the effective aperture of the
machine. (Polaroid 07.03. 1985)

Figure II— The 'ACEM'—Aluminium Cathode Electron Multiplier-
used to monitor beam losses in the PS and the Booster.
(CERN^9I. 1 1.1984)

functions and dispersion values at the points where
protons and antiprotons are extracted (s-s 16 and s-s

58 respectively) for transfer to the SPS. It was expect-

ed that the resultant reduction in horizontal beam
dimensions would increase extraction efficiency and
also produce a kick enhancement effect, reducing the

required kicker strength by 35%.
Random steering errors of a few millimetres at in-

jection into the PS of the antiproton bunches destined
for the SPS could lead to transverse emittance
blow-up of more than 50%. It was decided to install a
damper to reduce this effect, using a very sensitive

pick-up to detect horizontal and vertical oscillations.

The resulting signals, after amplification, were fed to
an electromagnetic deflector with the correct phase
and time-delay to counteract the oscillations. The
apparatus was built in a very short time, to be ready
for the Collider run starting in September, and it per-

formed well, reducing emittance blow-up to less than
10%.

Considerable development work went into the
various systems acquiring information on beam posi-

tion, phase, etc., through pick-up electrodes. This was
necessary in order to be able to cope with the wide
range of intensities and bunch lengths encountered in

present and future operation, as well as to control the
acceleration of numerous different kinds of particle in

the machine (e.g. p, p, e" , e* , a, d, O'*).
Results of radioactivity measurements showed

that both the total and the average induced activity in

the PS Ring were 20% lower in 1983 than in 1982,
despite an increase of 10% in the number of protons
accelerated. Computer control of the beam loss moni-
toring system provided a continuous display of the
comparative losses at 100 points around the PS ring.

This system was based on the 'ACEM' detector, in

which electrons expelled from an aluminium cathode
by radiation are fed directly into a ten-stage electron
multipUer, whose gain can be readily controlled, (t

had the twin advantages of a wide dynamic range
(~ 10') and high radiation resistance. (N.B. A similar
system was also installed in the Booster.)

Antiproton Accumulator

Performance of the AA during 1984 was very sa-

tisfactory. It operated for 5800 hours, with a down-
time of no more than 13%, producing over 12 x 10'^

antiprotons. The biggest stack built held 3.87 x 10" p
-incidentally, a world record
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Figure 12— Following pioneering work at Novosibirsk, lithium lenses

fusing current flowing in the light metal to focus particle beams passing

through it), were designed and constructed at Fermilab. One of these

was brought to CERN. andfirst tested downstream of the AA target to

concentrate the antiprotons, with good results. Subsequently the pulse

transformer was rebuilt to increase its radiation resistance, and the

device was installed ahead of the target to focus protons; again the tests

were successful. In the picture the 23-turn primary of the pulse trans-

former is prominent; the lithium cylinder (20 x ISO mm) forming the

secondaryfits into the central aperture. (Photo CD. Johnson)

Modifications to the applications software made
it possible to change from the stacking mode to the ex-

traction mode in a matter of minutes. The emittance

program became able to derive values for the stack

core as well as the average through the whole stack

from the transverse Schottky signals. A scheme for au-

tomatic steering of the injected antiprotons was im-

plemented. The control signals were derived from the

electrons produced at the same time as the anti-

protons, which had a similar envelope of coherent

oscillations.

A second sextupole was installed in a dispersion-

free straight section in order to diminish the losses

of particles with large oscillation amplitudes. The
space was Uberated at the expense of a more elaborate

system of connections to the adjacent cooling kicker

electrodes. This produced a 10% increase in the stack-

ing rate.

The filter Unes for phase correction of the

1-2 GHz stack-core cooling were temperature-stabil-

ized and provided with remote control for adjust-

ments. This led to a much better transverse cooling

performance. Even with an intensity of 3 x 10" parti-

cles, transverse emittances of between 1.2 and 2.5 x
mm mrad were usually obtained, and at lower intensi-

ties emittances in both directions were below 27r mm
mrad. Core emittances during the stacking process

were also markedly improved by correcting the field

aligimient in some of the kicker modules. It was these

developments, together with improvements to the fil-

ter Unes, which essentially made LEAR operation for

24 hours per day possible. Some experiments were also

carried out on pre-cooling, but little of operational

benefit emerged.

In autumn an inexplicable transverse beam
blow-up manifested itself on many occasions, especi-

ally at the high stack intensities required for SPS col-

lider operation. Investigations, carried out under the

constraint of maintaining normal operation through-

out, eventually identified three different mechanisms.

All three resulted from inadequate clearing of positive

ions trapped in the beam at high stack intensities, indi-

cating that the clearing electrode system would need

some modifications. Further studies were devoted to

trying to identify other sources of 'heating' during the

stacking process.

The lithium lens transformer (ex Fermilab) was
rebuilt with a more radiation-resistant primary wind-

ing, and successful laboratory tests took place in May
with lens currents of up to 475 kA. The transformer-

lens assembly was then installed as a pre-focusing

element in front of the target and ran with pulsed

currents of between 290 and 350 kA. It operated suc-

cessfully for a total of 1.3 x lO' pulses in a 26 GeV/c
beam of up to 1.4 x lO" protons per pulse before

being withdrawn from service, still fully operational.

For the Antiproton Collector project (ACOL—
see Annual Report for 1983 page 93), major contracts

for the magnet system were placed. Delivery of the

first quadrupole was expected early in 1985 and of the

first dipole around the middle of the year. Design of

the vacuum system was completed and tenders were

being requested. Development of stochastic coohng

systems and solid state ampHfiers was under way with

the construction of prototypes. Building work had
begun with the auxihary building above the target

area, which was expected to reach completion in

bruary 1985.

LEAR

During two shutdown periods, one early in the

year when the PS was also not running and the second

in October, various modifications were carried out to

consolidate current modes of operation and prepare

for future developments. Among the most important

was the installation of a new injection line for negative

hydrogen ions (H~), fast pulsed dipole magnets and
special thin targets. This was intended to provide pro-

tons travelling in the opposite direction from the anti-
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protons by injecting H" into a straight section and

then stripping them of their electrons by passage

through the thin target. Suitable means of monitoring

this process, by the observation of slow secondary

emission electrons, fast electrons from stripping, hy-

drogen (H") atoms, etc., were provided. Thin windows

(35 fun) were also fitted at the ends of the straight sec-

tions as H" exits. The second r.f. cavity was installed,

and when all this work was finished the vacuum

envelope was thoroughly baked out.

Modifications were made to the dipole and quad-

rupole power supplies to improve stability when ope-

rating at low momentum, since these units had to

work over an exceptionally wide range of current. The
associated electronic control systems required special

components and air conditioning to cope with the heat

of summer. Two improvements were made to the sto-

chastic cooling systems. The horizontal deflector was

moved to a more favourable position with respect to

its detector, and a horizontal deflector was added to

the momentum cooling system to eliminate the trans-

verse blow-up effect occurring because the derivative

of the dispersion function was not zero at this loca-

tion. The stochastic extraction system was modified to

increase the noise level at the peak of the resonance

and reduce it at the edges. This considerably cut down

the (mainly 50 Hz) ripple on the extracted beam, and

enabled duty factors of 80% or higher to be achieved.

Various developments took place in the compu-

terized control system, covering machine operation,

editor programs for the function generators and tim-

ing system, extracted beam settings and beam quality

measurements.

Principal machine studies were concentrated on

using protons to develop the operational techniques

required by the experimental programme. Prepara-

tions were made for the energy scanning mode of

operation. Priority was also given to investigating be-

haviour at low momentum (around 1(X) MeV/c), parti-

cularly the combined effect of residual gas, non-linear

resonances and intra-beam scattering. Unfortunately,

the extent to which these studies could be pursued was

severely limited by various breakdowns of the LEAR
r.f. system and of Linac I which occurred towards the

end of the year.

The extraction system regularly produced stable

streams of an hour's duration, and it was shown ex-

perimentally that this could be extended lo three hours

at intermediate energies. Tests with H~ ions showed

that the charge-exchange process for proton injection

would work, and that the H" Hfetime in LEAR was

limited (at 300 MeV/c) by the vacuum obtainable; fur-

ther work awaited provision of a stable ion beam with

the new H~ source under development.

The most important feature of operation for ex-

perimental physics throughout 1984 was the ability to

run almost continuously with beam extracted for an

hour followed by fifteen minutes refill time, which

meant that more ambitious parallel running schemes

could be planned for 1985. In summer, operation at

lowmomentum (~ 2(X) MeV/c) was seriously disturbed

by the power supply problems already mentioned. The

reliabiUty of the machine was essentially very good,

most interruptions being associated with the frequent

introduction of new modes of operation. Machine

development time was restricted severely in order that

the experimental programme should suffer as little as

possible from the frequent changes in the PS schedule,

often occurring at very short notice. It became very

evident that the physics programme would greatly

benefit from longer uninterrupted periods without

changes. (See also 'Operation' and 'Experimental

Areas' above.)

Developments in Overall Perfonnance

Development continued of the beam used for an-

tiproton production, employing a PS magnetic field

cycle with a low rate of rise at injection (0.1 T s" ' in-

stead of 0.6 T s^ ') followed almost immediately by a

plateau for the low-energy controlled longitudinal ex-

pansion. Transfer between Booster and PS rapidly

showed a marked improvement, an important para-

meter being the r.f. voltage at injection, which it was

found possible to bring down to the theoretical value

for matching to the Booster bunches ( ~ 30 kV); this

considerably reduced low energy beam losses. The new

magnetic field cycle therefore remained in use for nor-

mal operation, sharing a supercycle with others having

the standard rate of rise of field at injection, which en-

tailed adjusting injection and low-energy expansion

parameters from cycle to cycie.

Using this same magnetic field cycle, a systematic

study was made of the resonances straddled by the

high intensity bunches and of their compensation. At

the same time, the poleface winding current pro-

gramme was correctly adjusted up to 26 GeV/c to

avoid crossing dangerous resonances during accelera-

tion, and the fast extraction was set up in the presence

of the strong chromaticity resulting from this pro-

gramme. The combined outcome of these various
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measures was a steady increase in beam intensity on
the AA production target together with a higher trans-

mission efficiency between Booster and PS and a

marked reduction in transverse emittance of the beam.
Thus, during SPS collider of)eration, the beam destined

for the antiproton production target had an intensity

of between 1.50 and 1.55 x 10'^ protons per pulse

(and a maximum of 1 .6 x lO") with normalized emit-

tances of 90t mm mrad (horizontal) and 60ir mm
mrad (vertical), and this high quality performance was
obtained with beam losses between Booster and PS of

no more than 1.5 x 10'^ protons per pulse.

Using once again this same magnetic field cycle,

studies were made of the behaviour of the beams from
two Booster rings when recombined by the r.f. dipole

installed at the beginning of the year. This technique

was designed to increase antiproton production beam
intensity in the future by using beam from the four

Booster rings captured at 8(X) MeV in two groups of

five r.f. buckets diametrically opposed in the PS, al-

lowing continued use of the current method of reduc-

tion to five bunches by merging longitudinally at

26 GeV/c.

The capture of two Booster bunches with an r.f.

phase separation of ±80° in a single PS bucket, re-

quired for the technique described above, was tried

out. Using a low r.f. voltage at injection, rapidly in-

creased over the first 5 ms, gave the maximum capture

efficiency. This would produce, at 26 GeV/c in the

PS, 7-7.5 X 10'^ protons per pulse for 8.5-9.5 x 10'^

ppp from two Booster rings. The best stable and re-

producible result obtained, 7 x 10'^ ppp accelerated

for 8.5 X 10'^ presented, was maintained for a varia-

tion in the phase between bunches from ±90° to

±70°.

The technique therefore appeared to be limited

neither by vertical emittance nor by capture problems.

However, increasing the Booster intensity merely

pushed up low energy beam losses, and there was scar-

cely any increase in the intensity accelerated. The
beam produced by this method would hence be less

than the 1.5 x 10'^ protons per bunch of the standard

high intensity beam, and the limitation appeared to be

due to microwave longitudinal instabilities during

threading into the r.f. bucket.

A new and different procedure was tried out for

the future production beam for the Antiproton Collec-

tor (ACOL— see elsewhere and 1983 Annual Report

p. 93). This would involve combining ten bunches into

five whilst changing the r.f. harmonic number from 20
to 10, and subsequently going back progressively'

through 12, 14, 16 and 18 to arrive at h = 20 with five

bunches occupying one quarter of the PS circumfer-

ence. The first step was tried out with a low intensity

beam (50 x 10" ppp) at 3.5 GeV/c, and functioned

correctly. A second series of tests, with the r.f. voltage

reduced by connecting pairs of accelerating cavities in

opposite phase, began the process of reducing the dis-

tance between bunches resulting from the harmonic
number changes from 10 to 12 and then 14. These
were also carried out on a 3.5 GeV/c field fiat top and
at low intensity (~ 2 x 10'^ PPP). The behaviour of

the beam was much as expected, and on the basis of

these tests construction of beam control equipment for

further work went ahead. Interest was also confirmed
in plans for local feedback on the r.f. cavities to cope
with the high intensity beam anticipated.

During a joint development session the conti-

nuous transfer extraction (supplying the beam for SPS
fixed-target operation) was set up for 14 GeV/c. The
general behaviour of the beam, observed up to an in-

tensity of 1.8 X lO" protons per pulse, was distinctly

better than at the former momentum of 10 GeV/c; the

loss of a few per cent just before extraction completely

disappeared. The beam also behaved better on the in-

jection field plateau at 14 GeV/c in the SPS, and the

overall result was a gain of some 10% in transmission

between the PS and the SPS. The new transfer mo-
mentum was therefore adopted for normal operation.

However, no systematic study had yet been carried out

on the transverse emittances and radial and longitu-

dinal instabilities of this beam, particularly their

dependence upon intensity.

New equipment was installed during the long

shutdown at the beginning of the year for beam con-

trol during acceleration with the standard r.f. harmonic
number 20. After setting up and adjustment, accele-

ration with this harmonic number became operational

over the intensity range from 10'° to 4 x lO" protons

per pulse, and for any number of bunches from one to

twenty. Two of the 200 MHz r.f. cavities were also

fitted with tuning pistons so that they could operate

on two different frequencies from one cycle to an-

other. This allowed them to be used for the controlled

longitudinal expansion required for the antiproton

production beam as well as for the recapture at 200
MHz of beam destined for the SPS.

For the single-bunch antiproton beam accelerated

with a harmonic number of 6 and sent to the SPS for

collider operation, the infiuence of the orbit deforma-
tion required for extraction at 26 GeV/c upon re-

producibiUty of the longitudinal compression down to
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4 ns before extraction was confirmed. Modifications

made during the long shutdown allowed the rise time

of the orbit deformation to be extended, and the effect

of this was to produce excellent stability in energy and

phase during the compression. After modifications to

the vacuum chamber in the extraction region, the ef-

ficiency of extraction of this single-bunch beam, with

a nominal Ap/p of ± 3 x 10"
', reached almost 100<Co.

Nevertheless, studies continued on the reduction of

the parameter up (momentum compaction factor) in

the extraction region, in order to be able in the future

to extract bunches with a greater Ap/p, thereby using

a larger fraction of the AA antiproton stack. This

modification of ap, carried out with the aid of addi-

tional quadrupoles, was tried first with a proton beam

and subsequently with antiproton extraction. The re-

sults were very encouraging, and enabled plans to be

made for installation of the elements necessary for the

extraction of beams with bigger Ap/p during the next

long shutdown.

Computer Control

The year of 1984 saw the successful completion of

the PS Controls Conversion Project, begun in 1978.

This project embraced the complete conversion of the

PS controls to a fully computerized system, using an

integrated network of NORD computers, a homoge-

neous CAMAC interface and a number of versatile

general-purpose consoles in the central Main Control

Room (MCR). The planned conversion was duly

accomplished in 1984, despite the superimposition at

an intermediate stage of the Antiproton Accumulator

(AA) and numerous significant elaborations demand-

ed by the growing needs of the experimental physics

programme. The development of the PS accelerator

complex brought further extensions, and work

continued on conversion of the PS r.f. system (not

included in the original project), controls of the LEP
Preinjector and preparations for the Antiproton Col-

lector.

Early in the year, the third and last instalment of

the original conversion project was successfully

commissioned. This comprised the controls and in-

strumentation of the various beam extraction and

transfer systems and, owing to the high degree of ver-

satility required and the arrival of antiprotons, includ-

ed an intricate timing system. The system was ready

according to plan, but, since the scheduled conmiis-

siofiing time was lost owing to delays in putting the

modified access control system into service (see 'Ope-

ration' above), each of the many modes of operation

had to be commissioned whilst actually being used for

the experimental programme. This made the whole

process much more difficult, and led to some delays in

optimizing operations.

The PS radio frequency systems, which had ear-

her for the most part been excluded from computer

control, had grown considerably over the intervening

years. Not only had a new system (200 MHz cavities)

been added, but several different harmonics of the ac-

celerating frequency were being used for 'beam gym-

nastics' operations. It was therefore decided that the

r.f. systems should be fully integrated with the other

PS computerized controls, yielding a project of the

same dimension as the other three major instalments.

Some small parts were commissioned during 1984, but

completion of the whole conversion was not plaiwed

until early in 1985. A local mobile console, fully soft-

ware-compatible with the main operator consoles, was

installed adjacent to the low-level electronics of the

r.f. systems. A further step towards integration of

controls throughout the accelerator complex was

taken before the end of the year, vsrith the commission-

ing of a dedicated data hnk between the MCR con-

soles and the Linac/LEAR controls system which had,

for historical reasons, hitherto remained completely

independent.

The controls for the LEP Preinjector (comprising

two linear accelerators and a storage ring) were de-

signed £is an extension of the PS system, but adapted

in several ways to meet the special needs of this pro-

ject. Two significant new developments were being

included. Firstly, there was the use of a much more

powerful local crate controller (SMACC) based on the

MC 68000 microprocessor, which had been adopted

as a CERN standard. This 'local intelligence' device

allowed a certain extent of stand-alone operation for

some groups of equipment, such as klystrons and

associated modulators, where this facihty would be

useful for engineering purposes. Secondly, but closely

related, was the adaptation of application software

structures, not only to take into account the extended

use of the SMACC but also to incorporate a number

of improvements suggested by experience with the new

PS controls since 1980. These aimed essentially at

greater reUability and ease of operation and improved

productivity in the field of applications software.

The intended use of the SMACC also placed a

new emphasis on the importance of user-friendly local

interaction for engineering purposes at several levels
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Figure 13—PS Division and their guesls wining and dining .

iwenly-fifih anniversary ofPS operation. (CERN-337. 1 1. 1984)

of the process interface. The advent of the Apple per-

sonal computer 'Macintosh' rapidly brought about

the extensive use of that powerful and versatile unit in

this role. At the end of the year a first demonstration

was made of the Macintosh controlling one CAMAC
crate, using the NODAL interpreter language,

through a dedicated serial driver allowing ultimately

the addressing of up to 62 crates. Also for local inter-

action, a graphics and alphanumeric software package

for NODAL was made up suitable for use in the ND
front-end computers and on the TMS 9900 and 99000

auxihary crate controllers, as well as in the Macintosh.

Two main operator consoles were under construction,

for local and MCR control. A prototype SMACC
module was under test with the systems software,

comprising an operating system, a communications

package for data exchange between SMACC and

the front-end computer and language support for

NODAL and P -I- . The adaptations required in the

applications software structures were in progress.

Layout of the process interface and definition of the

timing system were well under way.

The LEP Preinjector

Since it constitutes an important part of the LEP
project, this subject is covered in the LEP chapter of

this report. However, PS Division is responsible for

the construction of the two linear accelerators, the ac-

cumulator (EPA) and the transfer Unes which will sup-

ply electrons and positrons for initial acceleration in

the PS prior to their transfer to the SPS and finally to

LEP. Progress made this year is compatible with the

targets of first linac beam tests in 1985 and completion

of the EPA by mid- 1 986. Necessary modifications to

the PS itself are mentioned in other sections here

('Main Proton Synchrotron' and 'Computer Control'

especially).

Safety and Services

Considerable emphasis continued to be placed on
matters of safety and, in particular, in ensuring that

individuals should be aware of their responsibilities

and the resources available to provide assistance and

advice. The Safety Committee met seven times. It dis-

cussed, among other topics, safety education, general

information on CERN safety organs and problems,

results of exercises (e.g. evacuation of buildings) and

the analyses of various accidents and incidents.

Work began on the renovation of the PS access

control system. Some parts were as old as the PS it-

self, and their future reliability could not be guaran-

teed. It was intended that replacement material

should, as far as possible, be standardized with that to

be used by LEP and the modernized SPS. Compu-
ter-driven displays to help the operating crews in inter-

preting information were being introduced.
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Figure 14— The allocation of SC machine time

per day).

Over the previous few years a large amount of ad-

ministrative work had been automated, in particular

inventory control, preparation of budgets, overtime

and service contracts, travel records, etc. This enabled

the Division to manage a considerable increase in ac-

tivity without additional staff. In 1984 a NOTIS office

automation system, with a link to the Administration

Departments and DG Services for text and message

transfer, was installed. The use of text processing

equipment for the preparation of scientific reports and

internal working documents became general.

SYNCHRO-CYCLOTRON

Operation and the Experimental Programme

According to plan, the time devoted to experi-

mental physics was again reduced in 1984, in order to

provide money and manpower for the ISOLDE 3 pro-

ject (see below, and page 97 of the 1983 Annual

Report). The proportion of the available time given to

acceleration of Hght ions rose from 18% in 1983 to

30170 this year, leaving 70% for proton acceleration.

Main users were again ISOLDE, Muon Spin Rotation

OtSR) and the experiments employing beams of light

ions. Operating statistics are shown in Fig. 14 and the

experimental layout as it was at the end of the year in

Fig. 15.

During the months of January, February and

March the SC ran in the light-ion mode. This was a

highly satisfactory period for physics, since for the

first time the full range of ions was on offer— ^°Ne'*

,

^"Ne**, "O**, '^C* and '^C'* were all used at one

time or another. This had been made possible by the

installation of a multi-frequency transmission line be-

tween the Dee (accelerating electrode) and the Rotco

(rotating capacitor governing the radio frequency). A
complete catalogue of SC beams is shown.in table 1

.

In the scheduled April shutdown, three important

maintenance jobs were tackled. The main bearings of

the Rotco in use (No. 2) were replaced; it was found

that one of them had split in two, accounting for the

unusually high noise level which had been noted. An

r.f. filter in the centre of the machine was repaired,

and the primary water circuits of three heat exchan-

gers were replaced. Whilst carrying out the latter ope-

ration, it was also observed that the water system in

general was heavily corroded— hardly surprising,

since much of it was nearly thirty years old. The SC

412h: OFFICIAL HOLIDAYS
(4.7'Vi))

151h: COOLING (1. 7'('o)

-^ 338h: BREAKDOWNS (3.8%)

lOlOh: MACHINE
CONDITIONING (11 5%)

1605 h; SCHEDULED STOPS
(41.1%)
including Isolde target

changes (560 hours)

I48h: FILAMENT CHANCES

/
(1.7%)

/ I24h: TECHNICAL
/ DEVELOPMENT (14%)

'y 265h: ''C* IONS (3%)

I69h: "O'* lONSd 9%)

229h: '°Nc'* IONS (2.6%)

:^ 206h: "C" IONS (2.3%)

9h: '°Ne'* IONS(0.1%)

-^ I133h: PROTONS (SINGLE
USER) (13%)

^ 985h: PROTONS (SHARING)
(11.2%)

441 h: PARASITES (5%)
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Figure 16— In preparation for the installation of the new on-line

isotope separator, ISOLDE 3. passages for cables, etc. had to be

provided between the SC and the Proton Hall. This shows the drilling

of a hole 55 cm in diameter through some six metres of reinforced

concrete shielding. (CERN-415.6. 1984)

added protection it was planned to increase the imped-

ance of the series compensating coils, thereby reducing

the current flow. This had been shown to work for the

accelerating frequencies used for C and Ne ions, but it

was not possible to get the higher frequency range

required for 'He** without modifying the transmis-

sion line linking the Dee to the Rotco. A prototype

line was successfully tested, and the final version was

under construction.

It appeared that future SC activity would con-

centrate increasingly on proton and 'He** accelera-

tion. With this in mind, a second r.f. generator capa-

ble of producing 20 kV at a 100°/o duty cycle was con-

structed and partially tested. Its behaviour at high

power and 'He** frequencies had yet to be deter-

mined.

Construction of the second on-line isotope se-

parator (ISOLDE 3— mentioned in the Annual Re-

port for 1983, page 97) began. The production target

was to be located in the SC machine hall, and the

separated isotopes would be collected in the proton

room. Most of the building alterations were completed

during the shutdown in August and September. Vari-

ous Institutes, Universities, etc., who were members
of the ISOLDE collaboration, assisted with the pro-

ject; design of the ion source assembly, accelerating

section lenses, bending magnets and shielding were

completed and manufacture begun. An industrial

robot, similar to the one already in use at ISOLDE 2

for target handling, was on order.
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Super Proton Synchrotron Division

Introduction

Further progress has been made in the perform-

ance of the SPS as a proton-antiproton collider and

for the acceleration of protons for fixed-target

physics.

As a result of the upgrading programme for the

cooling water system and the main power supplies dur-

ing the winter shutdown, the collider energy has been

increased from 273 to 315 GeV per beam. This in-

crease in energy, the further squeezing of the inser-

tions to lower beta values, some increase in the proton

intensity per bunch and the improved Ufetime of the

antiproton beam, were the main factors which con-

tributed to the improved collider performance. The
best value of the initial luminosity of coasts has

increased from 1.6 x 10^' cm~^ s"' in 1983 to

3.6 X 10^' cm"^ s"' this year. The total integrated lu-

minosity was 395 nb"', which represents an increase

by a factor of 2.6 as compared to the result of the

previous year during a period of comparable duration.

The operation for fixed-target physics was

smooth and the SPS proved very reliable. In April the

momentum of the injected protons was raised from

10 GeV/c to 14 GeV/c, the maximum which can be

handled by the 5-turn extraction system of the CPS.
The smaller transverse beam size at 14 GeV/c led to an

improvement of the beam transmission between the

moment of injection until after acceleration to

450 GeV, from a previous 84% to a new best value of

94%. Furthermore, the threshold for collective beam
instabilities is higher at 14 GeV/c than at 10 GeV/c
enabling the accelerated beam intensity to be increased

from a previous maximum of 2.7 x 10" to a new re-

cord value of 3.4 x lO" protons per pulse, averaged

over a 15 minute period of operation.

The SPS ColUder

Machine Studies and Collider Performance

In 1984 the period of collider operation occurred

in the autumn. A few machine development sessions

earlier in the year were devoted to its preparation,

mainly to test the functioning of the machine at the in-

creased energy of 315 GeV and to commission the re-

duction of the minimum values of the betatron func-

tions at the experiments to ^A x ^v = 1 m x 0.5 m
as compared to last year's values of 1.3 m x 0.65 m.

The smaller beam size resuhing from the increased

energy and the lower beta values at the interaction

points result in an increase of the luminosity by 50%

.

In this configuration the betatron functions reach

maxima of 2500 m in the horizontal plane and 640 m
in the vertical plane. Even with the closed orbit ex-

cursions corrected to within a few millimetres, the ac-

ceptance of the machine was found to be marginal in

certain parts of the insertions. In order to provide

enough aperture, the vacuum chamber in a quadru-

pole was replaced by an enlarged one and an MBA
dipole was replaced by an MBB dipole which has a

larger gap height in each of the two insertions. With

these modifications the background rates in the ex-

periments were similar to the values of last year.

Four additional quadrupoles, which had been in-

stalled during the winter shutdown, were used to mea-

sure accurately the beating of the betatron functions in

the normal pjirt of the lattice. This proved essential

for a good matching of the insertions, and greatly

helped the tuning of the machine. The horizontal-

vertical betatron coupUng was enhanced due to the

lower values of j3*, but could be corrected with skew

quadrupoles. The increased chromaticity was satisfac-

torily corrected with the existing four families of sex-

tupoles. The residual high order aberrations are small

enough in a well-matched machine to pose no opera-

tional problems. However, the third integer stop

bands were widened and this reduces the space avail-

able in the tune diagram.

The damper is now used on an operational basis

to reduce the effect of the residual betatron injection

oscillations for each of the antiproton bunches as well

as for the protons. As a consequence the emittances

are better preserved and the losses during the fiat

bottom and early acceleration are reduced. The overall

transmission from injection up to coasting energy

varies between 85% and 92%.
The lifetime of the antiproton beam, which was

typically 40 h in 1983 has been increased to over 100 h

after a few hours of storage due to a lower noise level

in the antiproton acceleration system. The lifetime of

the proton beam, which is dominated by intrabeam

scattering, remains unchanged. Minute excitations of

the horizontal betatron oscillations were found to be

caused by high harmonics of the switching pulses from

the main power suppUes, which are able to propagate

along the magnet chain. Their amplitude has been re-

duced by better filtering, and lower growth rates of

the horizontal emittances have been recorded since

then. As a result of the reduced loss rate of anti-
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protons, and of the lower growth rate of the etnit-

tances, the luminosity lifetime, which was on average

16 h last year, has been increased to over 24 h. This

has allowed the AA to accumulate antiprotons for a

longer time between transfers, and has therefore con-

tributed to an increased peak luminosity.

In order to make use of the increased antiproton

intensity expected from ACOL, it will be necessary to

store 6 bunches of each beam in the collider. This re-

sults in twice the tune spread with respect to the pre-

sent situation and it is already known that the lifetime

will then be unacceptably low. In order to reduce the

tune spread to a tolerable level, an electrostatic sep-

cU'ation scheme has been proposed and prototype

hardware has been installed and was tested in the 1984

collider run. Two orthogonal pairs of electrostatic sep-

arators, situated in LSS4 and LSS5, provide sufficient

deflection to separate the three bunches of each beam

in all collision points except in the two experimental

areas.

Experiments have shown that the scheme works

as expected. The beam centres were separated by a dis-

tance of three times the beam diameter at the un-

wanted crossings, whereas the residual separation in

LSS4 and LSS5 was carefully minimized. The beam

lifetime was at least as good as that obtained without

separation and the results prove the feasibility of a

beam separation scheme in a proton-antiproton

collider. An experiment in which one beam moved

slowly through the other has shown that the Ufetime

of the antiproton beam is insensitive to the amount of

partial separation.

The operating energy of the collider is limited by

the average power dissipation tolerable in the main

ihagnets. Through increasing the flow rate of the cool-

ing water, it was possible to raise the operating energy

from 273 GeV to 315 GeV. To reach higher energies

under the present conditions, it is necessary to operate

the coUider in a pulsed mode. In this mode of opera-

tion the beam is decelerated after a plateau at the ma-

ximum energy and held for some time at low energy in

order not to exceed the allowed average dissipation,

whereafter the beam is accelerated again.

A first step towards such a 'pulsed collider' was

made in 1984 using protons only. A cycle of 21 .6 s du-

ration with a flat top of 3 s at 450 GeV and with a flat

bottom of_about 10 s at 100 GeV has been set up. A
dense proton bunch stored with this cycle had a life-

time of 2 to 3 hours. It is limited by the diffusion rate

in the RF buckets which is larger than in normal ope-

ration. During storage at fixed energy the RF bucket

remains stationary whereas in pulsed mode it continu-

ously shifts from stationary to accelerating or decele-

rating and vice versa. This is likely to generate addi-

tional noise and enhance particle diffusion across the

separatrix.

In order to ensure a reasonable lifetime for the

antiprotons which suffer from the space-charge effect

of the strong counter-rotating proton beam, it is ne-

cessary to limit the excursion of the tunes over the

whole cycle to ±0.005. This is sufficient to avoid the

resonances of order 10 or less which are known to re-

duce considerably the lifetime. Although this tune ex-

cursion is more than one order of magnitude larger

than what is achieved in a coast at fixed energy, it is an

order of magnitude smaller than in a normal proton

accelerating cycle for fixed-target physics.

To cope with this challenging demand new tech-

niques have been developed. Firstly, an automatic

tune measurement system is used which gives a small

kick to the beam every 60 ms and then performs a Fast

Fourier Transform of the oscillating signals to deter-

mine the tune. The results are sent directly by pro-

gramme to the computer which generates the referen-

ces for the main quadrupole power supplies in order to

correct the tunes in the desired direction. Thereafter,

the more precise continuous Q-measurement system is

used to further minimize the errors. This system ex-

cites the beam continuously through a phase-locked

Table 1— Best colliderperformances

in 1983 and 1984
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Figure 1— Integrated luminosities in 1983 and 1984.

loop and measures the frequency of the loop signal

to determine the tune in real time. In this way the re-

quired accuracy in the tune settings could be reached.

It remains now to inject antiprotons in this mode to

test whether an emtiproton lifetime of at least a few

hours can also be achieved.

SPS Collider Operation

This year, like in 1983, 13 weeks were devoted to

collider physics operation. A week of machine
development, just before the scheduled 10-day stop

for the installation of the experiments in ECX4 and 5,

provided a good preparation for proton-antiproton

operation and permitted an efficient start-up of the

SPS in the collider mode for physics at 315 GeV and
with the low beta insertions further squeezed to 0'h x

/3v = 1 m X 0.5 m. At the start of the period, the

initial luminosities were aroimd 1 x 10^' cm~ ^ s~ ' and

Integrated

Luminosity

(nb'j

I .J .. I .J .J .J., I .J ,„ I

39 40 41 42 43 44 45 46 47

Weeks,

1984 Oct. Nov.

49 SO 51

Dec.
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Table 2—SPSperformance
for proton-antiproton physics
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Figure 2— One of the two UAI hadron absorber walls installed in Ihe
experimental area ECXS. These Mails are built upfrom 80 cm thick cast

iron blocks and are about Jim high and 8 m wide, each containing

about 500 tons ofshielding. (CERN-013.03.84)

Orthogonal pair of deflectors downstream of the colli-

sion point of LSS5 and recombined by another ortho-

gonal pair upstream of the colhsion point in LSS4.
This system has been used successfully this year for

separation experiments.

It is necessary to upgrade this system to make it

operational for the separation of six bunches of pro-

tons from six bunches of antiprotons. For this pur-

pose, four additional deflector units must be built and
new, more stable high voltage generators are needed.

All major new components, such as vacuum tanks, ti-

tanium electrodes of 3 m length and their motorized

supports as well as the high voltage generators have

been ordered.

New facilities for monitoring the intensity of the

protons and the antiprotons have been commissioned.
The implementation of a pair of directional couplers

for the measurement of the beam intensity of each

bunch of protons and antiprotons allows, due to their

high directivity of 35 db, a good separation of the sig-

nals from bunches with down to 10' antiprotons per

bunch from those of bunches with up to 1.6 x 10"

protons per bunch. Through the acquisition at injec-

tion of the intensities of each proton and antiproton

bunch over each of 1000 consecutive turns, the injec-

tion losses during the first few turns are easily sepa-

rated from the RF capture losses which occur during

the first few milliseconds. A second system connected
to the same directional couplers measures the intensity

of each bunch every 30 ms during 30 seconds and gives

the beam loss at any time during the acceleration cycle

between injection at 26 GeV and beginning of coast at

315 GeV. A third system monitors the intensity of

each bunch every 15 seconds during the whole dura-

tion of the coast.

The rapid acquisition and treatment of the large

amount of data in each of the first two systems is done
in local microprocessors. The parameter and data

transmission between these microprocessors and the

SPS control system uses for the first time the concept

of a fully decentralized data module subroutine which
has moved from a control computer into the local

microprocessors. A software protocol in the computer
dispatches the data module properties via the MPX
transmission lines to the corresponding micropro-

cessor.

An aluminium-beryllium vacuum chamber as-

sembly has been made and tested for the UAI experi-

ment. This new assembly will be installed in 1985, in

replacement of the present, much less transparent

chambers of stainless steel. The new system has a cen-

tral part of beryllium with a length of 0.8 m and inner

diameter of only 50 mm. The rest of the 12 m long sys-

tem consists of a beam channel in which all tubes,

flanges and bellows are made of aluminium. The sys-

tem is joined to the SPS ring via aluminium-stainless

steel transitions. During tests the required pressure of

about 10 '" mbar was achieved after pumping and a
bakeout.

The Proton-Antiproton Experimental Areas

As part of the improvements for the UAI experi-

ment, the SPS Division designed and coordinated the

installation of a new layout for the forward/backward
muon chambers and hadron absorber walls in the ex-

perimental area ECX5. These absorber walls are 1 1 m
high and 8 m wide and consist of about 1 '000 ton of

iron shielding which became available as a result of
the recent upgrading of the SPS West Experimental

Area and the closure of the ISR. The forward muon
chambers, formerly on the mobile chariot, are now
installed between the absorber wall and the wall of
ECX5. Many cables, water pipes and the gas distribu-

tion had to be redeployed or modified and new fixed

and mobile platforms provided to accommodate the

new layout. A new mechanical system to open and
close the compensating magnets (CALCOM's) also

had to be designed and built. The muon identification

was further improved by adding mobile iron shielding

"'ill
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above the muon chambers underneath the UAl detec-

tor mounted on its platform.

Additional iron shielding was provided in LSS4
and LSS5 to protect the UAl and UA2 experiments

from background originating in the quadrupoles of

the low beta insertions.

Three special "Roman Pots" were constructed

and installed for the new small-angle scattering experi-

ment of the UA4 collaboration, which is scheduled to

run in June 1985.

The SPS Accelerator

Machine Studies and Accelerator

Performance

Until the spring of 1984, the beam was injected

into the SPS at 10 GeV/c in two successive batches,

each sliced over five turns in the CPS by the continu-

ous transfer scheme. The accelerated intensity was li-

mited to about 2.8 x 10'^ protons per pulse by a lack

of machine acceptance in the transverse planes, col-

lective instabilities and too large tune spreads which

caused the tails of the beam distribution to be lost on

non-linear resonances. These effects proved more dif-

ficult to correct than expected and the situation

became even worse when attempts were made to inject

higher intensities using three PS batches sliced over

three turns. In this case the emittances are larger and

the ratio of the peak intensity to the average intensity

around the ring also increases.

It was therefore decided to try injection at a

momentum of 14 GeV/c, while remaining with two

batches sliced over five turns. The beam size as well as

all transverse space-charge effects and instabilities are

reduced at this energy. Until recently, this possibility

was not attractive because injecting closer to the SPS
transition momentum of 21.8 GeV/c would have con-

siderably increased the beam-loading effects in the

SPS accelerating cavities, and these effects were al-

ready a limitation at 10 GeV/c. However, an RF feed-

back system was designed to reduce the effective

coupling impedance of the cavities. This greatly im-

proved the behaviour of the beam in the longitudinal

plane and it was felt possible to control these longitu-

dinal effects up to a momentum of 14 GeV/c. Injec-

tion at this momentum proved indeed to be very suc-

cessful. Although the matching in the longitudinal

plane became more difficult, as was expected, all the

transverse problems practically disappeared, allowing a

perfecttransmissionofthebeamfrom injection totran-

sition energy where a few percent of losses remained.

A peak intensity of 3.4 x 10" was accelerated, with

an overall transmission efficiency of up to 94%.

Accelerator Operation

The January-February shutdown was followed by

a scheduled technical run of the SPS during 3 weeks.

In spite of the loss of 10 days due to 'critical days', a

contractually required reduction in the electricity con-

sumption, the operation of the SPS in the collider

mode at 315 GeV could be successfully tested and the

machine was then prepared for fixed-target physics.

The fixed-target operation started with moderate

intensities to restart the physics programme and in ear-

ly April, after a machine development session, the in-

jection momentum was permanently raised from 10 to

14 GeV/c. The transmission efficiency was immediate-

ly found to have improved up to 94% with 2.5 x lO"

protons per pulse accelerated to 450 GeV compared to

at most 84% efficiency with injection at 10 GeV/c.

In periods two and three with the experiments ful-

ly operational, the intensity was gradually increased

until a peak intensity of 3.4 x 10" protons per pulse

was recorded for the highest intensity over any 15 mi-

nute period of operation.

Table 3— SPS Operationforfixed target physics
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Figure 3—Assembly of the new beam dump for the TT60 beam trans-

fer line. The water-cooled core consisting of carbon and copper is em-

bedded in a 20 ton cast iron shield. The dump can absorb fast and slow

burstsofS X 10" protons at 450 GeV. (CERN-438.1I.83)

The SPS ran for most of the year with a repetition

time of 14.4 s. which allows a flat top at 450 GeV of

2.8 s. and thus a duty cycle of the counter experiments

in the North and West Areas of about 20%. The
increased intensity performance compensated the

neutrino physics for the slower repetition time.

The overall efficiency of operation, the ratio of

actual beam time to scheduled beam time, was 82%.
The worst period was in the summer when the elec-

trostatic septa of the extraction channels were found

to suffer from the high extracted beam intensity. The
accelerated beam intensity was thereupon reduced to

3.1 X lO" protons per pulse to reduce the risk of fai-

lure of these septa.

Technical Developments of the Accelerator

In 1983 the protons were for the first time extracted

simultaneously at 450 GeV to both the North and

West experimental areas. As predicted, this resulted

in an increase of the extraction losses in LSS6 at the

electrostatic septa which are the first elements of the

extraction channels. The extraction losses increased

even further because of the higher accelerated intensit-

ies. This led to a progressive deterioration in the per-

formance of the extraction system which became sev-

erely limited by thermal deformation of the support of

the electrostatic wire septum due to radiation heating.

This deformation causes an increase in the effective

septum thickness which in turn increases again the ex-

traction losses.

An improvement project had therefore been

launched with the aim to replace the stainless steel

support of the wires by a support made of invar. At

the same time the diameter of the wires was reduced

from 100 (im to 65 ;t m since the effective thickness of

the septum would no longer be determined by the ther-

mal deformation of their support, but rather by the

thickness of the wires and their alignment.
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A first electrostatic septum unit equipped with an

invar anode was installed in July 1984 in LSS6 with

the almost dramatic effect of a reduction of the losses

by more than a factor two. As a consequence, the sep-

tum in LSS6 has become much more reliable and the

radiation doses received by staff in case of interven-

tions was considerably lower than before. Three more
invar anodes, one for LSS6 and two for LSS2 will be

installed during the 84/85 shutdown.

Measurements on the existing extraction septum

magnets have revealed that the insulation between the

laminations which had been obtained by the blue

steaming process, has considerably decreased after a

few years of operation, apparently due to frequent

bake-out of the magnets at about 150°. Since the cop-

per septum is not insulated with respect to the lamina-

tions, parallel currents have developed in the yokes of

the magnets, increasing their fringe field. Tests with a

phosphate insulation of the laminations were carried

out successfully during 1984 and a number of these la-

minations will be placed at regular intervals between

the blue steamed laminations for the new septum mag-

nets to be built, for electron extraction or as spares for

the existing magnets.

A new external beam dump which incorporates a

graphite core for better resistance against short high

intensity proton bursts, was installed and commission-

ed in the TT60 transfer line. The temperatures induced

by fast and slow extracted proton beams have been

measured and indicate that intensities of up to

3 X lO" protons per pulse can safely be dumped re-

petitively. Such a beam intensity at 450 GeV carries a

kinetic energy of 2.16 MJ.
The vertical and horizontal superdamper systems

for damping transverse coherent betatron oscillations

are now complete and have been tested with beam.

These tests have shown their capability of acting on

the beam at frequencies in the range 3 MHz to

50 MHz. The change to injection at 14 GeV/c has

modified the beam-machine characteristics so that the

strong instabilities originally observed at injection and

requiring the superdamper are no longer present.

However, towards the end of the last fixed-target run,

at the very high intensities obtained, transverse in-

stabilities on small portions of the beam were seen at

higher energies during acceleration and there was also

some evidence for instabilities of this type during ex-

traction, thus spoiling the extracted beam quality. All

these effects will be studied in detail during the fixed-

target run beginning in April 1985. The wideband na-

ture of the electronics in the pick-up chain has allowed

observation and clarification of the radial motion of

parts of the injected beam particularly around transi-

tion and associated with beam-loading in the RF cavi-

ties.

The RF feedback system, which considerably lo-

wers the effective impedance of the accelerating cavi-

ties, is one of the key items in the successful operation

of the 14 GeV/c injection. To further improve the per-

formance of this critical element, a new RF feedback

circuit with a larger bandwidth, using the technology

developed for the superdamper project, has been built

and tested on the RF cavities.

An extensive maintenance prograrrmie of the RF
power generators was necessary to maintain the re-

quired high degree of reliability. To this end a com-

plete dismantling, cleaning and re-assembly of the 68

amplifiers of one of the 200 MHz power plants was

carried out during the shutdowns.

The computer replacement programme which

started in 1979, has now been completed. The last 10

NORD-10 computers, which have been in use since

1973, have also been replaced by NORD-100 compu-

ters. Seven laboratory computers, which so far were

used in a stand-alone mode, have been linked to a new

message handling node of the SPS computer control

system. This enhances considerably their usefulness

for software development and ease of maintenance.

The computer systems have been upgraded to al-

low execution of FORTRAN-based functions. In a

number of control computers the user working areas

have been increased and facilities allowing the execu-

tion of muhiple tasks in parallel have been added. Ad-

ditional auxiliary crate controllers have been installed

for the beam monitoring systems. A new hardware in-

terface has been conceived and implemented for the

linking of local microprocessors in a G64 crate to the

existing muhiplex system. Its design has been made
compatible with the MIL 1553 standard bus in view of

its alternative'use in the LEP control system.

The Experimental Areas for

Fixed-Target Physics

During the fixed-target programmes, all seven

principal secondary beams in the North Area have

been exploited to serve a total of fifteen experiments,

of which five have been completed and three were tak-

ing data for the first time. Among the experiments

completed was NA30, the precision determination of
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Figure 4— Test facility in the West Hall for the central detector of the

LEP experiment OPAL. The tank can be laterally displaced and hori-

zontally rotated with respect to the test beam which enters from the

right. (CERN-366.08.S4)

the neutral pion lifetime, in which members of the

SPS Division have participated. The result, which is

an order of magnitude more precise than previous

measurements, has been submitted for publication.

Among the new experiments, the project to pio-

vide alternate Kl and Ks beams for a precision

measurement on CP-violation in experiment NA31
reached a first stage of preparation. The K? beam was
successfully commissioned, following the complete

installation of the decay tank, stretching over 1 10 m of

length and providing a volume of 400 m', was

evacuated to a pressure of 0.1 mbar. Counting rates

due to decays of K" from the beam in this mode of

operation were recorded in the detectors of the experi-

ment. Another major new experiment, NA34, designed

to study lepton production in detail, started testing

and calibrating the uranium calorimeter modules to be

used.

Design studies have included a proposal to estab-

lish a link between the front end of the M2 muon
beam and the Po beam serving the North Area High
Intensity Facility (NAHIF). This is intended to pro-

vide the choice of recuperating the primary beam to

NAHIF either from target station T4, as at present, or

from T6 in conjunction with the muon beam, accord-

ing to the needs of the experimental program.

Also the West Area beams were fully exploited,

serving six high energy experiments and a large num-
ber of test and calibration runs mainly for detectors of

the proton-antiproton and the LEP experiments. Elec-

trons, photons, pions and protons, including protons

from lambda decay, were provided to the four ex-

periments using Omega, either for physics runs or for

calibration purposes. In H3 the emulsion experiment

WA75 was completed and replaced by a more sensitive

beauty particle search, experiment WA78, for which

the SPS Division had to plan and modify the layout.

The three test beams, X3, X5 and X7 are derived

from the split H3 beam. A full programme of tests

and calibrations was carried out in these beams. Con-
siderable effort is required to study and execute the

installation of new detectors, of ever-increasing sizes,

in the test areas, some of which have to be installed at

short notice. During the last days of the fixed-target

programme the X5 beam was modified to be able to

transport a calibration beam to the experiment WAl
in the neutrino counter building.

Extensions of the X7 test beam to WA79
(CHARM II) have been studied. The version chosen
will have magnets installed in the former BEBC hall

and will require a further 250 m of vacuum pipe. A

study is underway to provide yet another test beam in

the West Area, which would be derived from a second

split of the H3 beam and which would be tailored to

the needs of UAl. The UAl equipment could then be

removed from X5 thus alleviating somewhat the criti-

cal situation in that beam. Further test possibilities

will also be provided in the North Area beams H2 and
H6.

Other long term studies taking place concern the

installation of 7 m diameter half rings of the LEP ex-

periment OPAL for calibrating several thousand

leadglass blocks and a calibration stage for the UAl
supergondolas.

Other Developments

The development project of a superconducting di-

pole magnet with a bore of 70 mm and a magnetic
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Figure 5— Test station of the 5.5 m long superconducting dipole Po

with, in the back, the dewar and the liquid helium pump and on the

floor the dipole with its current leads, safety valves and Joule-Thomson

expansion valves. (CERN-780. 10.84)

length of 5.3 m has been successfully completed. After

final assembly and testing of the magnet and its

complex helium cooling system, the magnet could be

cooled down in 7 days to 4.6°K at a helium flow rate

of 1.9 g s"', the total static heat loss amounting to

32 W. The magnet was then excited to 4.5 kA which

corresponds to a maximum field of 4.85 T in the wind-

ing and of 4.2 T in the bore. These values were

achieved without any training or quenching of the

magnet coil. The field integral was 22.3 T/m or 24%
above the design value of 18 T/m.

Many staff members from different groups have

contributed to the various aspects of the feasibility

study for a Large Hadron Collider, particularly on the

subjects of general accelerator physics and lattice de-

sign, the RF system, the vacuum and high field super-

conducting magnets.
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LEP Division

Introduction

At this stage of the LEP Construction Project,

eyes are turned mainly towards the civil-engineering,

not only because of the many construction sites now
dotted around the local countryside, but also because

of its importance in completing the project to

schedule. In fact, progress has been nothing less than

spectacular, even in spite of two protracted industrial

disputes at the principal contractors. Already the

Linac and Electron-Positron Accumulator (EPA)

buildings, together with the dipole magnet assembly

hall, have been constructed and several more halls will

be ready early in 1985. Ten of the eighteen access

shafts to the main ring have reached the tunnel level

and a start has been made to the tunnel itself in the

'Plaine' region. Under the Jura mountain, where rock

conditions are less favourable, the junction chamber

UJ 32 to the existing Reconnaissance Gallery has been

excavated together with the escape shaft PZ 33 and

some 800 m of the tunnel itself.

The schedule for all other machine systems is

being respected with many production prototypes and

series equipment already delivered, the remainder

being well on the way to being manufactured or order-

ed, and more than two-thirds of the total project bud-

get ^already paid or committed. That so much has been

achieved so far is a glowing tribute to the staff, not

only of LEP Division but of all the divisions who are

supporting this project.

For convenience, all the construction project

work is reported in this chapter and the contributions

both to the project and to this Annual Report from

the divisions other than LEP are gratefully acknow-

ledged.

Sadly, the final shutdown of the ISR has to be re-

ported; the very last beam being dumped at 6 a.m. on
25 June. True to form, however, the machine behaved

in an exemplary fashion right to the end so that the

last-ever ISR physics experiment could be completed

successfully. The latter, experiment R704 (direct for-

mation of charmonium states in pp annihilations),

with its very reliable and efficient hydrogen gas target,

used a circulating antiproton beam at various momen-
ta between 3.5 and 6.5 GeV/c and received a total of

30(X) nb" ' of integrated luminosity. The ISR machine

was then dismantled to create work and storage space

for LEP equipment and to permit some of the compo-
nents to be used for the LEP and other CERN pro-

jects.

Finally, the CERN Accelerator School, to which

the LEP Division plays host, deserves to be mentioned

here. In only its second year of existence, an ambitious

series of courses and seminars was successfully organ-

ized with demand for places often exceeding the num-
ber available.

The LEP Project

Injector System

The construction and development of the Linacs,

Accumulator and transfer lines, together with the

modifications of the existing PS and SPS machines re-

quired to permit their use in the LEP injection system,

are the responsibility of the PS and SPS Divisions.

Since however this system constitutes such a large and

important part of the LEP project, it is logical to

report it here.

The LEP Injector Linacs (LEL)

In the continuing collaboration with the Labora-

toire de I'Acc^Mrateur Lineaire (LAL) at Orsay, all

LIL systems have now been defined and specified,

most contracts and orders for components and sub-

systems have been placed. The overall progress is com-
patible with the aim of a first test beam towards the

end of 1985.

The injection system for the high-current linac is

still being commissioned. The gun for the low-current

linac will soon be delivered while its bunching systems,

as well as the low-power RF source and phasing sys-

tem are under construction at LAL. The low-power

RF reference line will soon be installed.

The first of a series of high-power modulators has

been tested successfully and most modulator sub-sys-

tems have already been installed. The contract for the

series high-power klystrons had been split between the

two firms who succeeded in developing acceptable

prototypes and one of them has already produced an

acceptable unit. The contract for the manufacture and

installation of the high-power RF distribution

networks has been placed. The special RF waveguides

and RF flanges are now available at the networks con-

tractor, who has completed the installation drawings

and started the production. Series production has been

approved for the high-power RF windows and loads
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Figure 1— The first accelerating structure ofLIL (LEP Injector Ltnacs)

nearing completion at the manufacturers. (CERN-574.01.85)

following satisfactory tests on the prototypes. The
first LIPS (LEP Injector Power Saver) system (RF
peak-power enhancement by pulse compression) has

been commissioned at low power with satisfactory

results.

Seven of the sixteen accelerating structures (see

Fig. 1) required, have been manufactured. They are

delivered to CERN via LAL, where they are tested,

aligned and mounted in their vacuum envelopes: one

such complete accelerating section has already been in-

stalled. After initial difficultie.^ by the different manu-
facturers of the accelerating structure components to

meet the tight dimensional tolerances, sufficient com-

ponents are now available to feed the structure pro-

duction hne.

All the magnetic elements have been ordered and

are being manufactured, although for some elements

progress has fallen behind schedule, e.g. for the

FODO quadrupoles where the manufacturer failed to

make acceptable coils. Orders have also been placed

for all specific high-power and common control parts

of the magnet power supplies and deliveries have

begun. The design and layout of all the beam monitors

has been finished, prototypes either already exist or

are near completion and installation of all the moni-

tors is scheduled for summer 1985. All the vacuum
system components were delivered, tested and accepted

during the year. A prototype electron-positron con-

verter and associated power supply has been tested as

an assembly.

LEP Pre-Injector (LPI) Controls

Both LIL and EPA will form part of the new PS
controls system. Most of the hardware interface requi-

rements have been defined and all basic CAMAC
equipment ordered, while the front-end and console

computers are ready for installation. Production pro-

totypes of a powerful CAMAC-based microprocessor

have been completed and its software package is under

development. The software specifications for the in-

dividual systems are also in preparation. A complete

and detailed proposal for the LPI timing system has

been made and its realization in terms of hardware

and software compatibility within the PS machine
complex is under study.

The Electron-Positron Accumulator

and the Transfer Lines

Progress with the design and construction is in ge-

neral compatible with the target date for completion

of the machine by April 1986.

Detailed magnetic measurements have been

completed on the prototype EPA bending magnet,

while particle tracking and optics studies have shown
that its properties are correct. The first injection and

ejection septa have been assembled and tests are in

progress. Studies and measurements on beam-equip-

ment interaction were pursued with particular atten-
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tion to the kickers where it appeared necessary to re-

duce the impedances.

Tests on a mock-up RF cavity were completed

and means found to damp the different parasitic reso-

nances. All the beam measurements that will be re-

quired have been defined and, wherever possible,

existing hardware has been adapted, e.g. SEM grids

and moving mechanisms. A prototype beam-position

monitor was also tested and its low impedance

characteristics confirmed.

The PS Modifications

Considerable effort is being devoted to the design

of the shielding to protect the insulation of the SPS
magnet coils against synchrotron radiation. Whilst

inside the magnets this radiation is absorbed in the

wall of the vacuum chamber because of the small

angle of incidence, this is not the case at some 4000

locations where the chamber cross-section changes.

Therefore, it has been decided to use a suitable com-
bination of 3 mm thick tungsten diaphragms attached

to special gaskets and mounted inside the vacuum sys-

tem, and of lead pieces clamped to the outside of the

vacuum chamber.

The prototype wiggler has been successfully

tested in the DCI ring at LAL, Orsay, France. The
design was then completed and the magnets will soon

be ordered.

The study on the pressure rise in the vacuum
chamber caused by the synchrotron radiation resulted

in a recommendation to change the chamber. Even

with this, degassing problems may still arise, but as

there is such a large number of different components

in the straight sections it has been decided to wait for

actual experience with an e" beam in the PS before

taking further action. The power amplifier for the

114 MHz RF system has been ordered and the

mechanical design of the cavity has started.

Civil Engineering of (he LPI-Complex

The civil engineering of the building complex for

LIL and EPA together with the three local equipment

buildings has been completed. However, some delays

were encountered with the installation of the air-

conditioning and utilities.

SPS Modifications

Transfer Lines and LEP Injection

The beam optics of the two transfer lines from

the SPS to LEP has been finalized and all magnetic

elements and their power supplies have been defined.

Whereas a total of about 100 magnets are needed,

only 12 new dipoles with a length of 2.8 m had to be

ordered, all the other magnets being recuperated,

mainly from the ISR and its transfer lines. All the

power supplies for the e* transfer lines were also recu-

perated from the ISR. The parameters of the steel sep-

tum magnets for injection into LEP have been deter-

mined and the tender drawings are being prepared.

Three full-aperture kicker magnets and one

kicker septum magnet are needed for each LEP injec-

tion channel. The former are single-turn, C-core, fer-

rite magnets in air, built around a ceramic vacuum
chamber. The design of these kickers has started and a

prototype of the ceramic vacuum chamber, with a

length of 1.2 m, a width of 220 mm and a height of

70 mm, has been ordered. A model of the ferrite

kicker septum magnet has been built and the measure-

ments made on it show that a ratio of less than 10"

'

between the magnetic field outside and inside the

magnet gap has been achieved.

Manufacture of the 32 single-cell standing-wave

cavities ordered in 1983 for the acceleration of e* bun-

ches in the SPS is in progress. Following the placing of

the order for the 200 MHz, 65 kW power tetrodes

early in the year, the first units are already being tested

for acceptance. The resonant amplifier enclosure

which houses each tetrode and which will be mounted
on top of each cavity has been designed and the com-
ponents are being ordered, while the first of the four

1 . 1 MW, 10 kV power supplies has been delivered.

Main Ring

Construction Work

The underground work in the plain (carried out

by an outside contractor) was held up by two long

strikes, one at the beginning of the year and the other

in the summer, resulting in a totjil loss of some five

months' work. Despite this delay, all the construction
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Figure 2— The WIRTH tunnelling machine assembled and ready to be

lowered to the bottom of shaft PM18 before starting work on the main

ring tunnel. (CERN-48l.01.8S)

Figure 3— On 10 October the junction was made between the LEP
main tunnel and the bottom of shaft PZ33. This constituted the first

geodetic connection between the surface network and some 1300 m of
gyroscopically steered tunnelling; the error in the position of the tunnel

wasfound to be less than I cm both horizontally and vertically.

(CERN-33I.J0.S4)

sites have been opened and the working platforms

have been fitted out at points PGCl, 2, 4, 6 and 8.

Ten of the fourteen shafts started at these various

points have been sunk to their final depth. The water

tables were crossed either with the aid of cast walls (at

points 2, 4 and 6, in particular, where the walls had to

be up to 40 metres deep) or by freezing the ground at

points 8 and 5 and for shaft PZ 45 at point 4. Here, a

large platform was excavated in the shelter of a cast

"peripheral wall. Two large concrete-mixing centres

Were set up at points 6 and 18 to serve the work sites.

By the end of summer, progress on the shafts had

reached the stage at which it was finally possible to un-

dertake the 'horizontal' excavations at points 1, 2, 8

and 18 using mobile-head cutting machines. Two time-

table changes have been agreed upon in order to be

able to keep to the original schedule, concerning espe-

cially the opening of the work sites at point 4 and the

introduction of the first boring machine at point 18

instead of point 8, so that octant 1-2 can be dug out

earlier with a full-face boring machine. Three of these

machines were ordered. Two of them have been deliv-

ered to the work site and are to be set to work, one at

point 18 at the end of February 1985, and the other at

point 8 in March 1985. The tunnel liners are being

made.

Regarding work beneath the Jura, the main LEP
tunnel is being excavated from the end of the explora-

tory tunnel (point 32) to the Allondon fault, near

point 4. Work is progressing on two sites:

- the main tunnel bored from the exploratory tunnel

and its access shaft (PM 32). The connecting struc-

ture between the end of the tunnel and the main tun-

nel, referred to as chamber UJ 32, of a volume of

2700 m^ has been completed, but was delayed by

several months on account of difficulties associated

with the nature of the rock.

- shaft PZ 33, 100 metres deep, was sunk during the

first half of 1984 and the first liaison between the
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Figure 4— With several shafts already excavated, such scenes were typi-

cal by the end of the year. This one shows the bottom of shaft PX 24

seenfrom the vault of experimental area UX 25. (CERN-434.0I.8S)

main tunnel passing beneath the Jura and the bot-

tom of this shaft was achieved on 10 October.

Although, partly owing to the problems with the

ground, the work on the main tunnel was held up by

some five months, it has progressed satisfactorily as

far as a point beneath the village of Crozet. Almost

800 metres, i.e. about a quarter of its full length, had

been completed by the end of the year. The pilot bor-

ings made every other week-end, gave an idea of the

ground 120 metres ahead of the workface. Up to the

end of the year, they revealed an initial region of

water-bearing faults vertically below the centre of the

village of Crozet. In order to avoid annoyance to the

local population, CERN made arrangements with the

contractor to restrict blasting to the two day shifts

but, since the quality of the rock is improving, this will

not unduly affect the overall schedule.

The last few months of 1984 saw the erection of

the first and largest LEP building located on the ring

itself and intended for the assembly of the LEP mag-

nets and their storage before they are installed in the

tunnel. The building concerned is hall SM 18, covering

an area of 7600 m^, with four bays fitted with 16 and

8 t overhead travelling cranes. The building lies close

to SPS building BA7. Provisional acceptance of the

main structure and the finishing work was notified on

15 and 29 November 1984 respectively. Despite the

poor quality of the ground encountered during work
on the foundations, the building was completed on

time.

The programme for the completion of the build-

ings and surface structures connected with the LEP
project is continuing, and includes:

- the provision of the first two buildings at point 15 at

the beginning of 1985;

- a start in the near future on the second phase of ten

buildings at points 1, 2 and 8;

- the start of work on the hall for assembling the

vacuum chambers on the Prevessin site in February

1985;

- the forthcoming issue of the call for tenders for the

third phase of twelve buildings at points 3, 4, 5, 6

and 7.

All this involves a great deal of design study and

preparatory work, undertaken with the aid of two

local architects and several outside design offices.

Applied Geodesy

Civil engineering activities during the year requir-

ed a considerable amount of topographic support such

as the preparation of plans of the shaft sites, roads,

spoil tips, underground services, and a variety of other

mapping requirements. This has led to a study being

carried out on the possibility of creating a topographic

data base for the whole of CERN and which would be

compatible with the Computer Aided Design (CAD)
system.
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Preparatory work has continued in support of the

underground civil engineering work. In the Jura sec-

tion of the tunnel, the first geodetic connection has

taken place between the surface network, measured by

a Terrameter, and 1300 m of gyroscopically steered

tunnelling. The error in closing the link was found to

be less than 1 cm in both the horizontal and vertical

planes.

An important operation in surface geodesy was

carried out at the beginning of December using the

NAVSTAR satellite system. Using the high precision

time signals emitted from an on-board atomic clock,

ground receivers calculated the vector parameters of

pairs of survey stations. A precision of a few milli-

metres is expected and should be similar to that of the

original Terrameter measurements.

Survey support has continued to be given to the

PS, ISR, SPS and the new LEAR experiments, and

the future beam line has been traced on the floor of

the LIL-EPA pre-injec'or buildings. In addition, test

beams were aligned for preparatory LEP experiments.

In the PS East Area, a Cherenkov counter was in-

stalled for DELPHI, and in the SPS West Area,

positioning was carried out for the OPAL central

detector, the Bismuth Germanium Oxide (BGO) elec-

tromagnetic calorimeter of L3, and calorimeters for

ALEPH and DELPHI.
Finally, progress was made in the instrumentation

for the metrology of the SPS. An industrially-produc-

ed version of the CERN-developed Distinvar instru-

ment was acquired in December. Two prototype au-

tomatic gyroscopes have been built and successfully

tested in the LEP tunnel. This design is now open to

tenders for industrial manufacture.

Theory and Parameters

Beam optics studies were completed for 60° pha^e

advance per cell with a nominal energy of 55 GeV. A
detailed parameter list was published. Lattices with

90° phase advance were also investigated in considera-

ble detail. The closed-orbit correction was simulated"

to assess its performance and the necessary corrector

strengths with a reduced number of monitors. Correc-

tions of the betatron functions and the phase advances

between crossing points were investigated while

tolerances of the power converters were defined and

positions and working modes of the wiggler magnets

finaUzed. The LEP lattice data base on the central

computers was expanded, and programs were written

for the automatic transfer of information to the Sur-

vey and Installation Groups.

Work on collective effects was centred on the

transverse mode-coupling instability of single bunches

which is expected to be the main limitation of beam
current in LEP. Better estimates of the transverse im-

pedance were obtained and, due to their large number,

the vacuum-chamber bellows were identified as the

main contributors even when they are shielded. Both

analytical and numerical studies were made to

improve the understanding of this problem, and new

designs with lower impedance have been derived.

Coherent synchro-betatron resonances due to v;ake

fields, found by computer simulation in 1983, can be

explained by the action of localized impedances. A
new theory of transverse mode-coupling permits cal-

culation of Landau damping due to the spread of syn-

chrotron frequencies in a bunch.

To enhance the polarization rate, an asymmetric

design of the damping wiggler has been adopted, re-

ducing the polarization time at 50 GeV from 210 min
to less than 70 min. Improvements of the spin rotator

design proposal have reduced the loss in polarization

to about 5%. Plans for implementing polarized beams

in LEP were presented at the High-Energy Spin

Physics Symposium in Marseille.

Magnets

For the cores of the LEP dipole magnets, the

steelmaker has already produced about 2800 t of steel

sheet of satisfactory magnetic quality and the punch-

ing factory has deUvered to the coremakers about

330000 laminations. Series production of the cores

was started in summer at the two coremaking plants,

one near Vienna, the other in the St. Genis Industrial

Area, and by December about 200 cores had been

cast. The cores are aged during three months at the

factories, before being painted and delivered. Mea-

surements of magnetic gap geometry and mechanical

behaviour on the first 50 cores delivered to CERN
have shown that the prescribed production tolerances

have generally been met.

Prototypes of the standard lattice quadrupoles

and of the two types of sextupoles have been received

and found to have the required field quality. Minor

modifications of the manufacturing process should

produce a further reduction of some unwanted har-

monics. Prototype correctors are expected in January

1985.

136



712

Figure S — MeasuremenI of the 'magnelk' geometry of the air gap in

the core of a LEP betiding magnet by means of a computer-controlled

carriage running inside the gap. The references are a laser beam and an

electronic level gauge. ICERN-4S8.ll.84J

Figure 6—A production prototype sextupole, SD type, on its measur-

ing bench. The output of the measuring coils is treated on-line by a

microprocessor which computes the harmonic components of the field

integral. (CERN-OI 7. 1 1 .84)

Contracts for the supply of almost all the major

components of the magnet system have now been ad-

judicated. Those of 1984 include the water-cooled

cables and the supporting jacks for the main dipoles,

the coils for the injection-region dipoles, the girders

for the straight-section groups, the busbar modules

for quadrupoles and sextupoles, and the supercon-

ducting quadrupoles for the low-beta insertions. The

specification of the latter magnets, which have to fit

into the experimental apparatus, required detailed

complex design study. The contract for the water-

cooled cables includes their installation into the LEP
tunnel by the msmufacturer.

The instnmientation for the determination of the

magnetic geometry of the dipole cores is now in regu-

lar use and the benches for the magnetic measure-

ments of the lattice lenses and those for the correcting

dipoles are ready and have been satisfactorily tested.

A data base has been prepared for collection and easy

retrieval of information concerning the thousands of

elements of the magnet system.

Radio-Frequency

After successful testing of the production pro-

totypes of the 1 MW continuous-wave klystrons, series

production was authorized and by the end of the year

two units from each of the two firms had been built

and successfully tested. The tests include one-hour

runs at 1.1 MW. Maximum conversion efficiencies of

68% were reached.

During the year much effort was devoted to

launching series production by industry of the differ-

ent components which are being assembled into the ac-

celerating structure at CERN. By the end of the year,

all these components were in production while our as-

sembly line, including the two semi-automatic con-

ditioning stands, had been brought into operation.
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Figure 7a—A getter pump being inserted into the pumping channel of

a dipole vacuum chamber prior to welding a closing plate over this

channel, the water connections to the cooling channels and the end

flange to the elliptical beam channel. (CERS-243. 12.84)

Figure 7b— The getter strip about 900 x magnification. Its granular

structure is clearly visible, this yields an active surface of

SO crrf per cm' of getter strip. (CERS-290. 02. 85

J

Eight complete coupled cavity assemblies, each one

contributing 3.1 MV peak RF voltage at 125 kW in-

put, had also been finished. In addition, all of the

rigid two-port waveguides which will be located in the

LEP accelerator tunnel have been delivered and

checked.

Studies have continued on the various aspects of

synchronization of the two pairs of LEP RF stations

and the injectors. A prototype timing unit for pico-

second bunch synchronization has been built and a

synchronization signal of 352 MHz successfully

transmitted over a 4 km sample of a monomode opti-

cal fibre.

Theoretical and hardware development work has

progressed on a reactive feedback system which main-

tains the coherent tune constant. This system may in-

crease the threshold for the transverse mode-coupUng

instability which, as already mentioned in the Theory

and Parameters section, is considered to be the most

serious beam current intensity limitation for LEP.

The development of superconducting RF cavities

continued and this work is reported more fully in the

EF chapter. With efforts concentrated on 350 MHz
units, some very encouraging results were obtained.

Accelerating fields of 10 MV/ni and quality factors of

3x10' were attained. A new cavity layout for LEP
was finalized and development of couplers, tuners,

and cryostats continued.

Vacuum

A large number of orders was placed in 1984 for

the supply of essential components of the main ring

vacuum system. Series prototypes of the extruded

tubes and the forged flanges for the standard vacuum

chambers made of aluminium were received; the

equipment for the series production of the chambers

neared completion in two firms while their lead

cladding was ordered at a third one.

Manufacture of the getter strip was started suc-

cessfully; so far about 3 km has been received and

found to be even better than specified. The strip sup-

port system has been finalized and is being produced

such that complete getter pumps are available to be

installed into the first dipole chambers (see Fig. 7).

Delivery of the sputter-ion pumps continued normally

with 75 received by the end of the year. Special efforts

went into the critical problem of corrosion resistance

of many components, in particular thin-wall bellows

and the feedthroughs needed for the getter strip and

;v'

-c*-'.

the ion pumps. The first of 20 mobile pump groups

has been received as well as the all-metal valves for

connecting them to the vacuum chambers.

In order to gain experience with a complete vacu-

um system, much effort went into testing a full length

half-cell of the standard LEP lattice (39.5 m long),

consisting of three bending magnets and a short

straight section with mock-up quadrupole and sex-

tupole magnets. Important aspects studied included
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Figure 8— Prototype of a high-voltage electrode and one of the

tanks of the beam separation system. (CERN-773. 10.84)

the fixation of the vacuum chamber in the magnet

yokes, thermal insulation to reduce temperature gra-

dients in the magnets during bakeouts of the chambers

at 150°C, the interconnection of the chambers with

flexible bellows and particularly, the aluminium gas-

kets used to obtain UHV joints leak-tight between

room temperature and ISCC. In addition, general

vacuum problems could be studied in detail such as

leak testing over a large chamber length, operation of

the getter and the ion pumps, many bakeout cycles

and measurement of the final pressure after bakeout

and several days of pumping. These tests have already

given very valuable information and are being con-

tinued. Final components are being added step by step

in order to have a half-cell identical to those to be in-

stalled in the tunnel.

Beam Instrumentation

For the beam orbit measuring system, 450 alu-

minium blocks, each machined to hold four pick-up

button electrodes, are being incorporated into the alu-

minium vacuum chambers now in production. Four

series of button prototypes, requiring aluminium-

ceramic brazing, have been received from industry and

are being tested, both for leak tightness and for their

electrical properties, on a high precision bench recent-

ly installed in the laboratory. Studies and tests are

continuing on electronic circuits to treat the button

signals and to specify the signal data acquisition

system.

An optical laboratory has been designed for

installation at the bottom of pit 1 (US 15). This will

allow polarization measurements to be made by means
of a laser and analysis of the UV synchrotron light

emitted by the electron and positron beams. A source

for the synchrotron light has been studied in detail and

will consist of two mini-wigglers located at ±60 m
from the beam crossing point. Further study of a

beam emittance measurement system based on syn-

chrotron light produced in the arcs and detected in the

tunnel has been made with the aid of Monte-Carlo

simulation.

Measurements on a new model adjustable col-

limator, including three-dimensional transition pieces

to reduce RF impedances, has allowed the design of all

collimators to be optimized. Successful tests of a wire

scanner and of a travelling-wave position monitor
operating at 3 GHz, developed for the LEP injector,

have been performed at LAL.

Electrostatic Separators

A full-size prototype separator with 4 m long

stainless steel electrodes mounted inside a 4.5 m vacu-

um tank has been constructed. Particular attention

was paid to the cooling system of the electrodes to

ensure a sufficiently uniform cooUng of their surface.

This is necessary since the electrostatic separators

form a discontinuity of the vacuum chamber cross-

section thus creating parasitic mode losses which dis-

sipate about 150 W in each electrode at the nominal

intensity of 3 mA per beam. At present, hollow elec-

trodes with £m internal structure to produce the desir-

ed distribution of the cooling liquid are being tested.

An alternative design with a single cooling channel in

the middle of the electrode is also under consideration.

The detailed design and prototype construction of

all other high-voltage components such as connectors,

resistors, distribution units and earthing switches is in

progress. The cables have been ordered and invitations

to tender have been issued for the power supplies.

Power Converters

A detailed analysis of the problems related to the

possibility of later extending the beam energy from

65 GeV to 100 GeV was completed for the power con-

verters of the magnet system. This showed that, with

only a minimal increase in the initial investment, the

139



715

same converters can be re-used together with some

additional units when the energy is increased. In this

way, the original set of converters will not be wasted

and the cost of the additional ones will be minimized.

Initial specifications were written for the main

components of the magnet system power converters

and formed the technical part of the preliminary en-

quiries sent to a very large number of firms in all the

Member States. Special attention was paid to the con-

verters feeding the superconducting quadrupoles in

the beam interaction regions. They will have to be very

compact and highly efficient in order to fit into the

restricted space at the bottom of the access shafts, and

to minimize heat transfer to the cooling system.

Numerical simulations were made of the 100 kV,

40 A klystron power converter. Specifications were

then estabUshed for a prototype and the main compo-

nents ordered for deUvery early in 1985. A 100 kV,

4 MW water-cooled dummy load was also designed

and will allow the high-voltage converters to be run at

full power during their commissioning.

A pre-series of 40 units of the 5.6 kV, 125 mA
converters for the sputter-ion pumps was built by

industry, successfully tested and installed into various

vacuum test installations.

Electrical Installation

As the principles governing the electricity dis-

tribution system have been soundly established over

the past few years and finalized in 1984, it was possi-

ble to go ahead with the orders for the distribution

switchgear. They concern the hon's share of the equip-

ment (400, 66 and 18 kV distribution systems, low-

voltage distribution switchboards, sub-station moni-

toring and protection auxiliaries and 66 and 18 kV
cables). The contract for the installations in the sur-

face buildings has been concluded and commercial

agreements have been signed with manufacturers of

cable ladders and lighting fittings in order to stan-

dardize this type of equipment. Calls for tenders are

now being drawn up so that the rest of the equipment,

except for the compensators and filters, can be order-

ed in 1985.

For communications around the LEP site, the

Time-Division Multiplex (Tp^) system (tested

in an accelerator environment) was further defined

and a preliminary enquiry was sent out to potential

European suppliers with encouraging results. Exten-

sive transmission tests were conducted over TDM sys-

tems using the proposed token-ring network. The

radio communications system in the underground

areas was defined, and tenders have been invited.

The development of prototype Process Control

Assemblies (PCAs) was continued throughout the

year, with a first version being demonstrated in July.

These use General-purpose Processing Units (CPUs)

which execute functional tasks and communicate

between themselves in message mode: two such

assemblies are currently available for software

development. PCA interfaces to the token-ring

network have been developed using the 68000 micro-

processor. The NODAL interpreter for the PCAs was

also completed, including string-handling and full-

screen editing functions.

The multidrop highway which will be used to con-

nect equipment to the PCAs, was further developed

and tested by a number of groups. Extensive effort

was applied to the definition of the communication

protocol between the PCAs and the microprocessors

residing in the equipment control crates, while the

software for the highway was developed and delivered

to several users by the end of the year.

An access control system for personnel and

material entering the LEP sites, or going underground

via the access shafts, has been defined and prototype

work started.

Cooling and Ventilation

Detailed design of the machine cooling water cir-

cuit was completed, following studies of water ham-

mer effects and economic pipe sizing. Layout draw-

ings were also made of the underground cooling plant

installations and the surface cooling tower installa-

tions, and these were the subject of a preliminary en-

quiry to industry for their supply and installation.

Preparation of tender documents for the air-

conditioning circuits was started and by the end of the

year tenders for this equipment in shaft PM 1 5 had al-

ready been received. Tenders for the remainder of

these circuits will be invited in 1985. Air pressurization

of the personnel access shafts and aspects of smoke

detection were also studied, and the layout and design

of the heating and ventilation systems for surface

buildings started.
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Figure 9— Att aboardfor a demonstration ride on the prototype of the

monorail system which will be used to transport all the equipement and
personnel in the LEP main ring tunnel. (CERN-202.09.84)

Hardware and software for control systems have

been developed and tests completed of local and auto-

nomous data acquisition, closed-loop regulation and

programmed control circuits. The hardware and soft-

ware components for the chilled water production and

air handling systems have also been optimized under

test bench conditions.

A fire and hazard protection policy was formulat-

ed and safe working practices assessed. This has in-

volved the identification of potential fire and other ha-

zards and studies of hazard detection systems, alarm

and monitoring procedures using the LEP interface

and computing facilities, as well as an assessment of

various types of fire protection systems.

Installation and Engineering

A great effort has been devoted to the conversion

of the design office staff to Computer Aided Design

(CAD) techniques. Due to their cooperation and adap-

tability, about 50% of the mechanical design and

100% of the layout drawings are already produced in

this way.

The ORACLE data base has been improved and

updated throughout the year, and simulation pro-

grams were developed for use in planning the tunnel

equipment installation logistics. In particular, the pro-

grams allow the installation sequences to be analysed

and the necessary resources to be assessed.

Some of the equipment for transporting equip-

ment has already been delivered by industry while the

remainder is either already ordered or is now being

finally defined. The monorail prototype was suc-

cessfully tested and production of the components re-

quired for installing the system in the tunnel started.

Orders were placed for the concrete modules and the

lifts of the access shafts and for the tunnel metal

framework. All the heavy cranes required will be

ordered in 1985.

^^^mmmmmmmmssi.
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On the mechanical engineering side, assistance to

other groups continued for design computations, spe-

cification drawings, prototype manufacture, testing,

etc. The section's co-ordinating role continued to be

important, particularly in helping to avoid interfer-

ence between machine elements. New techniques were

also developed for the production of ultra-thin alu-

minium-alloy vacuum chambers, for the use of beryl-

liimi and composite materials, and for the forming of

superconducting cavities.

Radiation Control

Radiation resistance tests for many of the items to

be installed in the LEP Main Ring continued through-

out the year. At the same time, calculations were made
for the shielding required for the double bending sec-

tions and for components in the main ring as well as

on the transmission of synchrotron radiation through

chicanes. Dosimetry and calibration studies for the

LEP-produced synchrotron radiation were also car-

ried out and a small project started with other insti-

tutes and industry to develop a visual indication dosi-

meter for use in high-radiation areas. In addition to

participating in the design of the LEP access system, a

radiation monitoring system for the LIL/EPA com-

plex and the LEP klystron test area has been defined

and partly installed. The development of an interface

between the different LEP radiation monitor systems

and the main control system is in progress.

Two environmental monitor stations for measur-

ing natural radiation and radioactivity, as well as O3

and NO2 have been put into operation near shafts 1

and 5. Also, in collaboration with the Swiss Commis-
sion for surveillance of radioactivity, area dose mea-

surements were initiated near shaft 8. Following dis-

cussions with the representative of the INB (Installa-

tions Nucleaires de Base) commission, the relevant

chapters of the INB report on LEP radiation protec-

tion were completed.

Computer Services

Despite hardware problems, CAD is more and

more used as a standard tool by LEP designers for me-

chanical drawings as well as electrical and hydraulic

schematics. Many technical specifications are now
issued with CAD drawings only, especially since the

new dimensioning procedure of the latest version of

EUCLID software is now available. Extensive use of

libraries of standard objects stored in the data base

(LEP components and buildings) eases considerably

layout work while upgrading of the two VAX compu-
ters at the end of the year increased the available com-
puting power for the 20 work stations. Further hard-

ware extension is planned for 1985.

The year saw a considerable increase of data in

the LEPDB data base as the applications moved from

the development to the production phase. The apph-

cations which put the system under the heaviest load

were the planning facility, POL (planning using ORA-
CLE for LEP), and the installation logistics system,

which is still in full development. Both the cable and
the magnet test systems are in constant use, as well as

the systems for handling printed-board components

and the LEP inventory. All together, seven applica-

tions were in use by the end of the year with a further

ten under development. Common dictionaries, which

include name abbreviation, location and equipment

codes, etc. are maintained for general use by all data

base apphcations. The sharing of data between groups

is becoming increasingly important. So far the project

has been hampered by the unavailability of a more
powerful VAX computer but a new machine is ex-

pected in summer 1985. To bridge the gap, a VAX
11-750 and an upgrade to the present VAX ! 1-780

have been rented and development moved to the less

powerful machine. A new version of ORACLE, the re-

lational data base management system, is expected in

the near future, a test version having shown a notable

improvement in performance.

Experimental Areas and

Background Conditions

In parallel with the remarkable progress made on
the four LEP Experiments, described elsewhere in this

report, detailed designs of the experimental areas have

been made, including main technical services, shield-

^ing, passageways and access routes. Particular impor-

tance has been attached to all safety aspects and mod-
els have been built to study these problems in detail in

the most critical zones. A certain amount of extra

work was necessary since the area allocation to ex-

periments ALEPH and DELPHI has not yet been

decided and care had to be taken to make sure that

either experiment could fit in each of the two possible

interaction areas 4 and 8. The gas storage and mixing
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Figure 10—LEP experiment L3. A model ofthe experimental a

the magnet and detector in place. (CERN-039.0I.S5)

Figure 11— The hydrogen gas-jet installation after the addition of a
third turbomotecular pump to increase the maximum target density by
50%. (CERN-120.03.S4)

plants have been designed, including their buildings

and, for the salce of standardization, all these plants

will be built out of identical modules.

Estimates of synchrotron-radiation-induced back-

grounds to be expected by the LEP experiments were

refined and used, for example, to define the necessary

aperture of the vacuum chamber. Possible distribu-

tions of beam losses in the vicinity of an experiment

were studied for different operating conditions with a

view to estimating the annual radiation dose to be ex-

pected at the experimental detectors. Finally, detailed

studies of the synchrotron radiation created at the

beam crossing points were started using the latest per-

formance estimates.

Intersecting Storage Rings

Operation for Experiment R704

In its fourteenth and final year of exploitation,

the ISR was used for 12 runs, each lasting about a

week, in a special mode to conclude experiment R704.

This experiment required a circulating antiproton

beam with a beam current of about 5 mA in collision

with a hydrogen gas target in ring 2 of the ISR. The
beam momentum varied between 3.5 and 6.5 GeV/c
and the expected luminosity at the beginning of each

run was around 2 x 10^" cm" ^ s '

.

Filling with antiprotons from the AA took place,

in principle, every Monday, followed by a data taking

period which was intended to last for 100 hours or

more. This complex and ambitious programme was in

reality perturbed by numerous problems leading to

several difficult re-scheduling discussions. Neverthe-

less, a total, stable-beam, data-taking time of 973

hours was recorded and the performance figures

quoted above were actually achieved during several of

the runs. In all, the experiment received 3000 nb" ' of

integrated luminosity.

With the closing of the ISR as a colliding beam
facility at the end of 1983, it was possible to remove

elements of ring 1 to leave more space for the hydro-

gen gas target of the final exfieriment on the direct for-

mation of charmonium states in pp annihilation. Ad-
ditional pumping could then be added to increase the

maximum target density by 50% and this modification

together with the installation of semiconductor detec-

tors inside the ISR vacuum chamber were completed
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and tested in time for the start of data taking in

March. The target assembly and special ISR vacuum
installations then performed excellently throughout

the exp)eriment with reconditioning of sublimation

pumps only necessary at the Easter stop. The monitor-

ing and control system of the target also operated

well, making a vital contribution to the reliability and
safety of the experiment.

Transverse stochastic cooling to combat beam
blow-up caused by multiple scattering in the gas target

was applied and resulted in average particle loss rates

from the coasting antiproton beams of between 0.01

and 0.015% per minute. This agreed very well with the

theoretical prediction and ensured good background
conditions for the experiment. The average length of

a run was more than 80 hours, the longest being

157 hours with a single stored antiproton beam and
with the gas jet target in continuous operation.

In order to determine accurately the masses and
widths of the charmonium particle resonances under

study, the antiproton beam momentum was scanned
in steps of a few MeV/c. This scanning was either per-

formed in discrete steps or in a continuous fashion

using the longitudinal stochastic cooling system. The
use of momentum cooling reduced the fractional mo-
mentum spread (Ap/p) of the coasting antiproton

beam to between 0.05 and 0. 1%

.

The very last ISR beam was dumped on 25 June

at 06.00, thus bringing to a definitive end the glemio-

rous career of a unique machine which will still hold

the distinction for many years to come of being the

only proton -proton and proton-antiproton collider

in the world!

During the second part of 1984, the ISR was dis-

mantled in order to make a number of its components.

and all the buildings and floor space, available to the

LEP project.

CERN Accelerator School

The activities of the CERN Accelerator School

continued to build up during the year. The proceed-

ings of the course on 'Antiprotons for Colliding Beam
Facilities' have been assembled for publication in De-

cember 1984 (CERN 84-15) and form a comprehen-

sive text book. The first 'General Accelerator Physics'

course was held at Orsay and attracted over 200 appli-

cations some of which had to be refused for space rea-

sons. In conjimction with ECFA, a workshop was or-

ganized at Frascati on the 'Generation of High Fields

for Particle Acceleration to Very High Energies'. This

meeting was again oversubscribed, but at the expense

of some overcrowding most applicants were finally ac-

cepted. In addition, a programme of 10 seminars on
specialized aspects of accelerator physics was organ-

ized. Preparations are virtually complete for a course

on 'Non-linear Dynamics', which is being organized in

Sardinia in February 1985 in collaboration with the

American Accelerator School. At the same time pre-

parations are well under way for an 'Advanced

Accelerator Physics' course to be held in Oxford in

September.

Large Hadron Collider Study

Several members of the Division participate in the

design study of a Large Hadron Collider (LHC) in the

LEP tunnel. With a dipole field of 10 T, a beam ener-

gy between 8 and 9 TeV seems feasible. The results of

the first round of these studies were presented at the

ICFA meeting in Tokyo.
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Technical Services and Buildings Division

Introduction

The very large number of negotiated departures

(totalling 80) between 1980 and 1983, together with a

few regular retirements and the transfer of personnel

to other Divisions, has made it possible, while adher-

ing to the staff ceiling set by the Directorate-General,

to recruit some younger staff. This has helped improve
the technical competence of certain teams, stabilize

the average age of the Division and improve its ability

to tackle the Division's additional workload (civil

engineering for LEP, maintenance and operation of

the site and mechanical engineering and related work).

After reaching 616, its greatest number, in 1974,

staff numbers have now stabilized at around 480,

comparable with the figure for !964; however, the

Division's workload has more than quadrupled during

the same period through the considerable extension of

the sites and the concomitant increase in the number
of buildings and general technical installations. It has

been possible to cope with this tremendous increase as

a result of better organization, albeit coupled with a

reduction in -rate of maintenance operations, the

acceptance of certain risks with regard to the reliabi-

lity and operational security of installations and,

above all, the farming out of a large niunber of meiin-

tenance, service and minor work contracts.

Some operations are therefore now completely in

the hands of outside firms, including cleaning, on-site

handling, maintenance and minor work in the build-

ings, and maintenance of the general electro-mechani-

cal installations. About 450 employees of outside

firms are now working permanently on the site. The
figure does not include the teams responsible for new
building work, which vary considerably according to

the extent of the work to be done. It is probable tfiat

in a few years' time, when the building of LEP is com-
pleted, the number of contract workers will be roughly

the same as that of the SB Division's own staff.

The Division's expenditure (personnel Emd mate-

rial) amounted to 113.5 million Swiss francs, broken
down under the following main headings:
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Figure 1— The work site cfthe new Reception Building No. 33 c

endofthe year. (PhotoJ.-L.Baldy)

Figure?— The work site of the Physicists' Building No. 32 a

ofthe year. (Photo J.-L. Baldy)
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Design Studies and Civil Engineering Work
for the LEP Project

The work for the LEP programme undertaken by

the SB/LE Department is described in detail under the

sub-heading Civil Engineering in the section of the

report dealing with the LEP Division.

Meyrin Site

A loan of slightly under ten million Swiss francs

granted by the Swiss Confederation via FlPOl (Fon-

dation des Immeubles pour les Organisations Inter-

nationales) has enabled a start to be made on erecting

two buildings: Building Z or 32, near the Administra-

tion Building, to house the steadily increasing number
of physicists from outside the Orgjuiizaticn; and
Building or 33, for various units serving visitors

from outside (physicists, contractors' staff, suppliers,

pensioners, journalists, etc.). The detailed design

studies for these two buildings have been completed,

the calls for tender have been issued and the main
contracts placed (civil engineering, electrical work,

-piping, heating, ventilation and elevators). The civil

engineering work on Building 32 began in September
and on Building 33 in November. Work is proceeding

according to schedule.

The ACOL project has made considerable altera-

tions necessary to Hall 193 (the antiproton accumula-

\l

tor hall), including civil engineering work in the target

area, changes to the electricity supply and piping, and
the construction of a 320 m^ hall adjacent to Hall 193

(civil engineering). The design studies have been

drawn up and the calls tor tender prepared for the

technical installation of this hall, and the work con-

cerned is due to begin in 1985.

A start has been made on the design studies and
works for a multi-purpose surface treatment building

located near the existing surface treatment shop and
the effluent treatment station. It is primarily intended

for the cleaning of LEP's 12 m vacuum chambers and
for treating superconducting accelerating cavities. It

will also permit the surface treatment of large items

which, with the old installations, was only possible

using temporary rigs, in conditions that were unac-

ceptable from the safety standpoint. The dimensions

of the two-storey building wiD be 25.5 x 13.5 m, and it

will house all the equipment flarge vats, a cleaning

tunnel for vacuum chambers, etc.) and technical in-

stallations needed for the work to be performed in the

greatest safety for both personnel and the environ-

ment.

Prevessin Site

The draft plan and the detailed design studies

have been drawn up and calls for tender have been

issued for a 4800 m ^ hall intended for fitting the lead
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shielding to and testing vacuum chambers for the LEP
project. Work on building the hall will start at the

beginning of 1985.

Various Alterations to Buildings

and Technical Installations

The extremely heavy increase in 1983 ( + 30 %) in

the number of requests from other Divisions for the

fitting out of buildings and work on technical installa-

tions continued in 1984 (+ 14 %). The total number

of requests, including those from within the SB Divi-

sion, rose to 2850, and the value of the work done

reached a total of 13.1 miUion Swiss francs.

This increase in the number of work requests is

essentially linked to the large number of transfers of

staff between Divisions and the preparations for the

LEP experiments.

The most extensive work included:

- the erection of a 300 m^ office and laboratory build-

ing for the LEP Division;

- the erection of two 600 m^ office and laboratory

buildings to house the personnel of the PS Divi-

sion's ACOL project;

- alterations to Hall 175, which is to house the com-

ponents of the DELPHI experiment;

- alterations to Building 173 (formerly the ICE hjill),

which is to become the LEP pre-accelerator control

room;

- the fitting-out of Building 278, which is to house

some of the LEP pre-accelerator power supplies;

- the erection of a 400 m^ hall for storing radioactive

material inside the PS Ring;

- numerous alterations to offices, laboratories and

drawing offices in Buildings 30, 112, 238 and 377

for personnel of the LEP Division;

- the preparation of a storage area on the Meyrin and

Prevessin Sites for bulky components of the LEP
experiments (ALEPH, L3);

- numerous alterations in Hall 867;

- a minor extension to Building 72 to house the Cen-

tral Workshops Quality Control Section's compu-

ter-assisted co-ordinate measuring machine;

- the demolition of the magnet supports and filling in

the pits in two octants of the ISR ring, which is

being converted into a testing and assembly shop for

the LEP machine components.

Maintenance and Operation

Site maintenance

The sums used for maintenance of the buildings

and grounds were increased to slightly more than the

figures for 1983, and amounted to 1200000 SFr. for

servicing and 450000 SFr. for major overhaul work.

These sums, which had had to be drastically

reduced in 1978 as part of the strict economy drive,

are still clearly inadequate to cover the maintenance

of over 520000 m^ of building ground-area and

350000 m^ of roads, car parks and storage areas,

which are on average more than 13 years old.

The main jobs included repairs to windows,

waterproofing of roofs and the partial resurfacing of

sections of roadways and car parks. A new main

storm drain, 600 mm in diameter, has been laid in the

central part of the Meyrin Site in order to re-balance

the systems and prevent building basements from

flooding during heavy storms.

Assessment of the present condition of the build-

ings has continued and should be completed in 1985.

Its aim is to allow maintenance of the buildings to be

computerized and to draw up a realistic maintenance

programme for the future.

Work on improving road signs and the flow of

traffic has continued, as well as the day-to-day main-

tenance programme for open spaces and green areas.

Cleaning

A CEdl for tenders for the renewal of the cleaning

contracts on both sites has been issued, and a new
contractor will be starting work in 1985.

In this field, optimum frequency has been

reached in the cleaning of offices, laboratories, work-

shops and halls, and any further savings would be

difficult to envisage.

Technical maintenance

Technical installations were serviced according to

schedule, with no major incidents.

The policy of reducing preventive maintenance in

favour of keeping equipment in working order was

continued.

Owing to operation in the pp mode, several items

of equipment were subjected to stresses that were as
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Figure 3— General overhaul of the G2 back-up diesel generator after

50.000 hours of operation. (CERN-241.04. 1972)
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Figure 4—Machining of TPC components for DELPHI using

numerically controlled milling machine. (CERN-I87.0S. 1984)

- heat recovery from the condensers of the cooling

units in Building 510.

A start was made this year on the projected earth-

ing of the 18 kV power system on the Meyrin site,

while the system for computerizing the maintenance of

the equipment under the Group's responsibihty be-

came operational.

Central Workshops

The Central Workshops Group made an active

and often unique contribution to a large number of

projects, both for the Machine Divisions and the va-

rious experimental groups.

Several major items of equipment were added

during the year to the Group's machine park (an in-

stallation for immersed ultrasonic testing of compo-
nents 4 m long and a computer-assisted co-ordinate

measuring machine). In addition, the work site for

the new Multi-purpose Surface Treatment Shop was
opened. This shop will be fitted with a 25 m machine
for the chemical cleaning of the LEP vacuum cham-
bers, which was designed and built by the Group.

Mechanical Engineering Section

This section made vacuum tanks and electrodes

for the LEP and SPS Divisions, tanks for cryostats for

the LEP superconducting cavities (EF Division), an

evaporator tank (EP Division), prototypes for various

TPC/DELPHI experimental groups (EF Division), a

stack-core cooling pick-up, and fast kicker magnets

(PS Division). One interesting activity was the manu-
facture of the components for a lithium lens.

The mechanical engineering fitters assisted in

work on the DELPHI, WA79 and NA31 experiments,

in particular.

A special milling machine had to be built to dress

the aluminium welds of the 14-metre-diameter coil for

experiment L3.

Sheet-Metalwork/Welding Section

The main jobs done by this section included:

LEP Project: A prototype electrode 4 m long,

consisting of two longitudinally welded half-sections

of 2.5 mm gauge stainless steel, without any deforma-

tion or warping, was made for the electrostatic sep-

arator. A complex system of ribs between these two
half-sections keeps the assembly rigid and permits the

welding of the many baffles which channel the internal

cooling fluid.

AA Project (improvement): An external vacuum
tank, 700 mm long and of circular cross-section, of

2 mm gauge stainless steel, manufactured to very

close tolerances, was built for stack-core cooHng at

4.8 GHz. Inside, this tank is fitted with an octagonal

shielding system ending in truncated pyramids with an

octagonal base. The specified tolerances ensure that

the shielding can be slid inside the tank without play;

the work demanded technical skills of a very high

standard.

LEAR Project (improvement): This project re-

quired the construction of magnetic shielding consist-

ing of interwoven stainless steel wires (0.5 and 1 mm in

diameter) forming a truncated conical structure with a

curved rather than a straight generatrix.
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Thin Sheet-Metalwork Section

This section's resources were widely used for the

manufacture of superconducting cavities, either of ni-

obium or of copper, these last to be subsequently coat-

ed with niobium by sputtering.

Niobium cavities: Electron-beam welding was

used to make two single-cell 352 MHz cavities and one

four-cell 352 MHz cavity.

Copper cavities: One four-cell 352 MHz cavity

was built, 3 mm thick and 755 mm in diameter, mak-

ing an assembly 2.4 m long. TIG welding was used in

its assembly. Two electron-beam welded, single-cell

500 MHz cavities, made of high conductivity copper,

were also built.

In addition to the copper cavities, the Section

built a four-cell 352 MHz, steel cavity by spinning and

TIG welding. This cavity is intended for examining the

niobium film on copper samples that may be placed at

various points inside it in order to determine the ideal

shape for the niobium cathode used in sputtering. Nio-

bium cathodes and screens were built for the same

purpose.

Work was also done on the manufacture of de-

flectors of 1 mm gauge titanium sheet for GSI

(Darmstadt) septa and for the LEAR Project (25

identical components), titanium screens for the SPS
Division and copper collars for ceramics brazing in the

SPS/LEP accelerating cavities.

An evaporation tank was also manufactured for

use in thin-film work in the Group.

Special Techniques Section

This section has several workshops and labora-

tories.

The Mechanical Engineering Support Workshop
performed a great deal of machining, often requiring

a high degree of precision and the use of several tech-

niques. The main jobs included the construction and

assembly of several beam monitors (SEM-grids) for

LEP, LEAR and the Linac, the building of thin-

walled (0.4 ± 0.02 mm), light-alloy cylindrical cham-

bers, the manufacture of 570-pin permeameter con-

nectors (LEP), special windings for magnetic field

measurements (PS), and a vacuum chamber and

miscellaneous tooling (LEP) for the Group's Thin-

Film Workshop.
The Vacuum-coating Laboratory provided a large

number of coatings, generally metalUc (aluminium.

titanium, chromium, etc.) on a variety of substrates

(mylar, glass, alumina, quartz, optical fibres, etc.). It

is worth noting the high refiective quahty (80% at

160 nm) obtained by evaporation during the manufac-

ture of prototype mirrors for the DELPHI experi-

ment. To improve the quality of the mirrors, the

Laboratory has been examining plans for a refiec-

tometer for monitoring reflectivity in the ultra-violet

and visible spectrum. A new six-cathode sputtering

machine has been made for the surface doping of

ceramics used in the r.f. cavities (LEP). A start has

been made on the manufacture of mirrors by replica-

tion; preliminary tests have shown that prospects for

series production of mirrors (DELPHI) are promising.

The Plastic Scintillator Workshop has made
hodoscopes (UA6), various types of prototype scintil-

lation counters (UA2, OPAL, DELPHI, SPS), and

calorimeter components (UAl, DELPHI, WA70).

Plastic optical fibres are becoming more and more

widespread, and the Workshop has developed small

tools suitable for this new kind of work. Methods of

optical measurement have been developed for examin-

ing problems involved in connecting fibres. Several

workshops contributed towards the construction of

the first scintillating-fibre calorimeter.

The Polymer Workshop's activities were consi-

derable and highly varied. The main jobs concerned

the manufacture of elastomer-silicone seals for vacu-

um tanks (LEP, L3), the assembly of lead-glass blocks

(OPAL), the manufacture of mouldings (connectors,

collectors, spark gaps, optical seals) (LEP, PS, SPS),

the manufacture of polyurethane components (EP,

SPS, LEP), the production of coatings (PS), and va-

rious types of vacuum impregnation (SPS, PS).

The associated techniques of scanning electron

microscopy and X-ray spectroscopy were used in the

examination of niobium surfaces on a number of sam-

ples as part of design studies for the r.f. superconduct-

ing cavities (EF), in the investigation of fissuring phe-

nomena in lithium targets (SPS), in the detection of

traces of asbestos in electric cable sheaths (TIS), in the

exjimination of the diffusion of lead in lead/tin coat-

ings (LEP), and in the analysis of numerous cases of

corrosion and the contamination of detector compo-

nents by inorganic compounds.

Surface Treatment Section

As in previous years, the range of chemical or

electrolytic treatments was very wide. It included:
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- the chemical polishing of niobium r.f. cavities (350
and 500 MHz cavities, in the form of both element-

ary half-cells and assembled single and four-cell

cavities);

- the treatment of copper r.f. cavities to be coated

with niobium;

- various selective electrolytic deposits on compo-
nents of the Uthium lens (antiproton source);

- the silver-plating of ceramic feed-throughs in the

200 MHz SWC ('Standing-Waves Cavity') (SPS);
- the application of 1(X) /un copper coatings to two

r.f. cavities (LIL);

- treatments made to three accelerating and storage

cavities (LEP Division);

- the mechanical pohshing of ZS vacuum tanks and
of titanium and aluminium-alloy electrodes (SPS
Division);

- the mechanical poUshing of a prototype ZD vacuum
tank and of stainless steel electrodes (LEP Divi-

sion).

Printed-Grcuit Board Section

The steady demand from users of conventional

printed circuits has continued. During the year, there

was a marked increase in requests for multilayer cir-

cuits, and the section made more than three different

types every week. Their complexity and definition (the

width of the conductor tracks) are also increasing. It is

not unusual to have to make six or eight-layer circuits

with holes 0.4 mm in diameter, and circuits with flex-

ible links (flexo-rigid circuits). The average delivery

time for such circuits has been eight working days.

It is becoming general practice to apply solder

masks to these circuits.

The new installations commissioned during
the year (silk-screen printing in a clean room under a
laminar-flux hood) have facilitated the successful pro-

duction of prototype hybrid circuits for ^^licro-strip

detectors (EF Division).

Chemical Laboratory Section

This laboratory performed a large number of
tests during the year as part of a study of corrosion

phenomena in cooUng circuits of septum magnets (PS
Division), quadnipole magnets (LEP Division), alumi-

nium coils (experiment L3), and heat exchangers (PS
Division and pilot greenhouse).

An investigation was made into the reasons for

surface irregularity in niobium superconducting cavi-

ties after chemical polishing, a spray diffuser for elec-

trolytic poUshing solutions was made (localized pol-

ishing), and localized treatments were performed on
500 MHz cavities using a solution specially developed

to prevent chemical attack.

Work in the field of chemical micro-machining
included the photo-engraving on aluminium-coated
silicon substrates of patterns 5 nm wide and the pro-

duction of lead grids consisting of 24 /im wires for de-

tectors. Other planned types of detector required the

tinning of ball bearings 1 mm in diameter (EP Divi-

sion).

Heat Treatment Section

This section produced some fine work for the va-

rious current projects and experiments, including:

- coaxial feed-throughs for the power supply to the

HR-SMH septum magnets operating in an ultra-

high vacuum, the corresponding septa, and the braz-

ing of couplers, stainless steel sleeves for the con-

nections of the cavity cooling cyUnders and wave-
guides (LIL-EPA);

- the manufacture of ceramic feed-throughs on power
inputs of 200 MHz storage cavities (SPS);

- technical assistance to various firms in making
brazed connections to storage and accelerating cavi-

ties, the brazing of piston tuners and copper/alu-

minium oxide/copper brazings for 100 kW coaxial

feed-throughs (LEP);
- a large number of brazed connections on stainless

steel/niobiimi components and niobium/aluminium
oxide/niobium coaxial connections for super-

conducting cavities, some of them for the Kem-
forschungsanlage project, JiiUch, and the assembly
of prototype coaxial feed-throughs for the

TEXTOR project (EF).

The section was also involved in various other

types of work with ACOL, LIL, etc.

Quality Control Section

About an equal number of working hours was
allocated to metallurgical studies and metrology. The
former included work aimed at preventing premature
failures of the LEP damping loop bellows, work on
the antiproton source, inspection of the electron beam
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Figure 5— Inspection of a vacuum chamber at the Quality Control

Section using the computer-assisted measuring device. Inspection time

was reduced by 60% with respect to manual operation and included

the writing of a programme for this single component. (Photo

C. Boudineau)

welds of the aluminium coil in experiment L3,

examination of the stainless steel for the ACOL pro-

ject, and various inspections of components for the

LEP project.

One of the section's noteworthy acquisitions is a

semi-automatic device for detecting internal faults,

using immersed ultrasonic testing on components of

any shape up to a volume of 4000 x 800 x 600 mm.
In metrology, work was done in particular on

items for the LEP project (pick-up blocks, vacuum
chambers and magnet laminations), and also on the

vacuum chamber of experiment NA31 and various

components for the ACOL project.

A high capacity (1050 x 900 x 600 mm) computer-

assisted co-ordinate measuring machine was commis-

sioned this year, greatly reducing operating times (by

20 to 80% depending on the components concerned).

The time taken to inspect magnet laminations, for

instance, has been cut from five days to one (after

writing the programme).

Services and Projects

The many design studies undertaken by the

Group's Design Office included the development of a

vertically and horizontally adjustable attachment sys-

tem for the HPC (High-density Projecting Chamber)
modules and the tooling needed to fit them in circular

array inside the vacuum tank for the DELPHI experi-

ment; the building of a weld-bead milling machine for

the coil of experiment L3, the manufacture of a guil-

lotine for detaching the weld-pool support bars, and

an elevating table for the lower vacuum chamber of

the electron-beam welding machine.

For the PS Division, two r.f. cavities were

designed and built for the ACOL and EPA projects.

All the sections of the Group have made use of

the services of this dynamic team. Thus, the Sheet-

Metalwork/Welding Section obtained a precision XY
table with buih-in turntable (modification to the small

electron beam-welding chamber).

The Multi-purpose Surface Treatment Shop, now
being built, will be fitted with a machine 25 m long for

cleaniiig the LEP vacuum chambers, entirely designed

by this office. Likewise, the 6 m long furnace salvaged

from the ISR Cleaning Shop, with its door-opening

system considerably modified, will be installed in this

new workshop. Finally, a new installation for silk-

screen printing in a clean room has been developed for

the Printed Circuit Board Section.

Sub-Contracting Section

Work in many technical fields was required of

this section, including:

- Surface treatments : Special coatings for LEP cavi-

ties and chambers, for which a large number of con-

tracts have had to be prepared;

- Mechanical engineering: for Experiment NA31, for

which very large convex bases (3 m in diameter) and

a hehum tank 27 m long and 3 m in diameter have

been built, while 180 printed circuits 2500 mm long

and 1250 mm wide have been machined and drilled;

- ACOL : Manufacture of large cavity components;

- Experiment L3: Machining of large coil compo-
nents;

- AA project : A great deal of work with short dead-

lines for the high-precision mechanical assemblies,

including the manufacture of seven vacuum tanks;

- DELPHI : Manufacture of special connectors;

- Multi-purpose Surface Treatment Shop: Construc-

tion of a machine for cleaning the LEP vacuum
chamber;

- Printed circuits : Placing of new contracts, including

one in Greece (the first contract for this country);

Numerous very large multi-layer printed circuits

have been produced forM the current projects.
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Figure 6—Handling of the shielding blocksfor LIL oulside Ihe recently

completed Building EB2. (Photo J.-L. Baldy)

Transport and Equipment Handling

At the end of the year the vehicle fleet numbered
804, including 426 passenger cars, 101 utility vehicles,

23 lorries, 13 tractors, 28 trailers, 81 fork-lift trucks, 2

cranes, 13 cross-country vehicles, 12 items of civil en-

gineering plant, 54 horticultural machines and 51 ma-
chines of various kinds *'or the Cleaning Section and
the Fire Brigade.

The distance covered inside the Organization's

grounds and in Europe by all the registered vehicles

has reached the impressive figure of 3178000 km.
The vehicle fleet also includes 319 mopeds and

346 machines specifically designed for handling equip-

ment in the accelerator tunnels (tractors, trailers,

»

bogies, etc.).

Discussions are being held with the LEP Division

installation groups and the experimental groups with

the aim of making the fullest possible use of the exist-

ing fleet, supplementing it by specific purchases of

machines for the transport, handling and installation

of the various components of the LEP machine and its

experiments.

Whilst the entire fieet of vehicles and plant is

maintained by the garage workshops of the Transport

and Equipment Handling Group, some of the routine

work is carried out under a servicing contract.

The Group provides transport for official meet-

ings at CERN, conferences, visits and journeys off the

sites; moves equipment over long and short distances

on the sites or elsewhere; operates general services

(refuse collection, the large number of removals result-

ing from staff transfers to the LEP Division, etc.);

and moves all the equipment needed in all the assem-

bly and experimental halls and in the machine tunnels.

Special activities included

:

- the transport of equipment and assistance in the

assembly work for the exhibitions in Vienna,

Munich, London and Helsinki;

- the organization of transport for the 1984 Open Day
and the 30th Anniversary of the Organization;

- the transport of the LEP pre-injector structures and

accelerating sections from CERN to Munich and
Paris and back to CERN;

- equipment handling during the machine shutdowns

in January and February, and also throughout the

, year, as scheduled;

- the dismantling of the ISR ring, and the beginning

of dismantling work on the BEBC and the neutrino

experiment;

- the start of installation work on the LEP pre-

injector.
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Introduction

The demand for the various services of the

Documentation Department was sustained at the

record levels of the previous year. It looks as if the

consequences of the vitality of the physics pro-

granmie, of the progress of LEP construction and of

the increased number of CERN Users, have estab-

lished a new regime for the Laboratory infra-struc-

ture. In some areas of work, reorganization and the

adoption of more modern technology have made it

possible to absorb most of the 50% increase of the

past two years. In others, however, the increased

demand cannot be satisfied due to limited resources.

In addition to the bulk of routine work, the

Department had many interesting tasks to accomplish

during the year. For example the events to mark the

30th Anniversary required special efforts from almost

all Sections. The Department was responsible for an

exhibition of historical documents, for the anniversary

brochure and concert programme, and for the audio-

visual equipment at the anniversary ceremony itself. It

involved fascinating literature searches in the library

and archives, imaginative work from the exhibition

team, and brochure design and production of high

quality.

There was good progress in the development of

the office automation system, NOTIS, where the

Department has worked in close collaboration with

Norsk Data to mutual benefit. The number of users

on the system doubled in the course of the year and

communications, both between these users and to

others on the site, continued to improve. The system is

having an impact on administrative efficiency and

working methods.

The Work of the Sections

The strain of the increase in demand for services

was particularly felt in the printshop where users

understandably apply a lot of pressure to have their

, work produced quickly. It was necessary to introduce

a second high-speed photocopier during the year; this

machine has automatic stapling which relieves, a little,

the assembly side of the printshop operations that has

become the bottleneck. A study has been made of

equipment which could substantially increase the ca-

pacity of the assembly line. In view of the higher

volume of work and of the anticipated increases in

Figure I—During 1984 the 25lh anniversary of the annual series of

CERN concerts was celebrated. A special programme of concerts was

arranged for this event with generous support from the Member Slates.

The concert brochure, which had this photograph on its cover, was

designed andproduced in the Documentation Department.

paper costs (up 25% in 1985), alternative ways of

financing and operating the printshop are being

studied.

There are now some sixty terminals on the Norsk

Data office automation system, NOTIS, with linked

computers serving the DG Services, PS, TIS, PE and

DOC. Communication between all these sectors is

now very easy and the Index and CERNET links to

others systems on the site have been strengthened.

There has been more emphasis on introducing new

abilities in addition to those of word processing and

communication, such as access to small data-bases, a

spread-sheet and business graphics. There has also

been effort to implement links to office automation

systems of other manufacturers. CERN has continued

to collaborate with other NOTIS users on the defini-

tion of, and response to, office automation needs via

the user group NOCUS. A faster and more versatile

phototype-setter was commissioned during the year

and a new version of the NORTEXT phototype-setting
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Figure 2— The major CERN exhibition during the year was at the pres-

tigious Deutsches Museum in Munich. This illustration shows one of
the exhibits, an enlargement of a photograph taken m the BEBC bubble

chamber, set off against a painting on the roof of the Ehrensaal where
the exhibition was located.
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software with additional features, such as the ability

to produce soft-copy on a cheap graphics terminal, is

being evaluated.

In the Library the cataloguing module of the au-

tomation system, using the ISIS software, beceime ful-

ly operational. Over 8000 entries were added to the

preprint data-base and the book data-base grew to

6600 entries with retrospective cataloguing back to

1980 and cataloguing of most of the books which are

borrowed. The periodicals data-base contains titles

and budget information on all the periodicals in the

Library. CERN publications have been in very high

demand, particularly those relating to the W and Z
discoveries, and the number of reprints distributed by
the Publications Exchange Section has increased con-

siderably.

The Study Team for CERN History issued a do-

zen reports during the year covering the period up to

the ratification of the Convention in September 1954.

A very successful seminar on this period, organized by
the CERN History Advisory Committee and the Study
Team, was held on the occasion of the 30th Anniver-

sary celebrations with the participation of a number of

the pioneers of CERN. The CERN archivists assem-

bled historical documents for an exhibition which in-

cluded the original CERN Convention and some In-

struments of Ratification, kindly loaned by UNESCO.
The volume of work in the Translation and Minu-

tes Section remained at a high level, driven by the lar-

ge number of meetings which had to be serviced. This

involved the translation of discussion documents and
minutes into French and, to a lesser extent, into

English and German. Many contract specifications,

mainly concerned with the LEP project, and other

technical and administrative documents required

translation and there were also requests for transla-

tions from other languages such as Italian and Portu-

guese.

A readership survey organized for the CERN
Courier brought a high (over 3000 replies) and very

positive response with some 95% of the readers who
replied to the questionnaire declaring their satisfaction

with the journal. The 'Images' editions of the Weekly
Bulletin appeared a record number of times during the

year and a new edition of the visitors' brochure

'Presenting CERN' was produced in French, English,

German and Italian. Amongst the documents edited

by the Scientific Reports Section were the 1983 Annual
Report, the LEP Design Report, a series of yellow

reports, many preprints, the ALEPH technical report

to the LEP Committee and the last edition of the

CERN Users'Guide. Theworkofthis Section is greatly

appreciated by the CERN scientific community.
The CERN Exhibition visited Germany during

1984 being installed for five weeks at the prestigious

Deutsches Museum in Munich. The exhibition was
inaugurated by Dr. Albert Probst, Parlamentarischer

Staatssekretar fiir Forschung und Technologic. It at-

tracted many thousands of visitors and a successful

series of lectures and a round-table with representa-

tives of German Industry were organized in parallel.

Apart from the exhibition in Munich, it had been
hoped to concentrate efforts on improving presenta-

tions on the CERN site itself. Unfortunately this

proved impossible because of demands for participa-

tion in other exhibitions in Tokyo, Bergen, Malmoe,
Berlin, London, Leipzig, Bellegarde, Oxford, Genoa
and Vienna. In addition the Visual Techniques Section

helped in many aspects of the 30th Anniversary cele-

brations.

The messenger service in the Mail Office was
transferred to service contract without perturbation.

The techniques used in the Mail Office, particularly in

the expedition of mail, were examined to search for

aspects of the work which could be automated so as to

help cope with the greatly increased throughput. The
introduction of a report collator has made a signi-

ficant saving in manhours and the first steps have been
taken to achieve addressing of envelopes in the Mail

Office using address lists held on computer at any

location on the CERN site.
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Introduction

In 1984, the workload of the Finance Department

reached an unprecedented level owing to the number
and complexity of the matters with which it had to

deal. This increased volume of activity, which affected

every service in the Department, was largely due to the

construction of LEP. However, the Department had
to come to terms with new situations arising from in-

creasing research requirements, in particular the LEP
experiments, and had to assume these new responsi-

bilities with no change in staff numbers and with a re-

duced budget. It is clear that any further reduction

will inevitably jeopardize the quality of the services

provided, especially if, as seems likely, the high level

of activity during the year is subsequently maintained

or surpassed.

Purchasing Service

Although a few improvements have still to be

made in certain areas, the introduction of the COPICS
data-processing equipment into the Purchasing Service

is now virtually complete. Wider application of the

system ensured an increasingly efficient use of the data

collected in the commercial, technical and fmancial

fields and made it possible to deal with matters more
rapidly. To optimize use of the printers and to speed

up the publication of documents, the order forms have

been redrafted in both English and French to avoid

stoppages due to the change of language.

In 1984, in view of the construction of LEP and
the development of experiments which have to be or-

ganized around the LEP machine, the activities of the

Purchasing Service reached an unprecedented level

both in terms of enquiries to potential suppliers in the

Member States and of the number of administrative

operations. Without any reduction of its day-to-day

activities, the Service issued 95 calls for tender for an

amount of more than 200 000 Swiss francs, or an aver-

age of one call for tenders every three working days,

compared to 59 in 1983. Price enquiries were also

issued for the 1912 large calls for tenders, compared to

1709 in 1983. The number of contracts concluded in-

creased from 65 in 1983 to 100 in 1984, while 27 324

orders were placed and 63 254 invoices were handled.

During the past year, 75 one-day technical and
commercial exhibitions were arranged by suppliers

from the Member States. In October, an exhibition of

British industry was held in which 36 firms took part.

In parallel with this exhibition, the exhibitors organ-

ized 1 1 technical lectures to present their products.

In the light of the rapid technical developments in

the field of optical fibres, a one-day conference was
organized to consider their use, attended by CERN
users and representatives from 12 firms. This highly

successful conference, consisting of presentations and
discussions, was followed by an exhibition of the pro-

ducts of specialized firms.

Financial and Accounting Services

The exchange rates between various currencies

and the Swiss franc were rather erratic during 1984

due to the considerable increase in the value of the US
dollar. Table 1 shows variations at certain dates.

Table 1— Rates ofexchange

Rale as at

3.1.1984



735

The 1984 budget sustained a loss of purchasing

power of some 2.5 million Swiss francs following the

decision of the Council, in December 1983, to grant a

2.51% cost variation index instead of 2.88%. Within

this total figure, the indexation of personnel expendi-

ture was reduced from 3.79% to 3.16%.

The cash position of the Organization was satis-

factory during the year as most Member States paid

their contributions earlier than in 1983.

The rates of interest available on the Swiss money
market went up during the second half of the year due

to increased rates in the USA, as shown in the Fig. 1

.

The favourable cash position and the higher interest

rates available on the Swiss franc and other currencies

enabled the Organization to increase considerably the

amount received as shown under 'Income' in this

report.

As shown in Table 2, on 31 December, the con-

tributions outstanding amounted to 25 MCHF in-

cluding a balance for 1983 from two Member States.

Compensatory income used to cover

expenditure not provided for in the

budget (taxes, services rendered

to third parties, etc. - 8.05 less

balance of heading 1 , 0.03)

Supplementary income used for the pp
improvement project as approved by

Council

To be used in 1985 and later for the

pp improvement project

Carried forwared to 1985

8.02

4.70

Expenditure

7.60

0.18

20.50

Budgets Accounts
(millions ofSwissfrancs)

701.07 713.79

Excess expenditure amounted to 12.72 MCHF
(713.79 - 701.07) and was covered by compensatory

income 8.02 MCHF + 4.70 MCHF supplementary in-

come for the pp improvement project.

Table 2— Contributions outstanding on 31. 12. 1984

Member States
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Figure I— Rales of interest 1984

rates

5
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Figure 2— Delelopment of the expenditure of the Organization

Figure 3—Development ofstock movements since 1978
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Stores Service

As part of the process of standardizing electronic

equipment, a seminar was organized on the Europa

power supply systems, attended by 39 European man-

ufacturers from eight CERN Member States and a

leading officials from the International Electrotech-

nical Commission (lEC). As a result, the Technical

Section was encouraged to play a more active role in

the lEC.

An Olivetti M40 computer and a XEROX 2700

laser printer were installed in the Distribution Section.

Its first task was to automate the procedures for im-

porting goods into Switzerland.

The entire responsibility for the work relating to

the reception of goods and their internal distribution

was transferred from SB Division to the Finance

Department. A considerable reduction in the cost of

these operations was achieved by the negotiation of a

service contract with a new firm and by the introduc-

tion of certain measures to streamline procedures.

Owing to the dismantling of the ISR, the work-

load of the Recuperation Service was much heavier

than usual.

During the year, the total value of issues of stand-

ardized equipment was 28.08 million Swiss francs, an

increase of 12'!'o over 1983. The value of items issued

via the three self-service points represented 9% of to-

tal issues. The annual rate of central stock turnover

was 2.4. The stock value (central and self-service)

varied between -5% and -i-4% of the authorized limit

of 13.6 million Swiss francs, whilst the average level

was 0.2% below the authorized stock limit.

During the year, delivery of 53 209 items was

taken and 9 427 despatches of goods were carried out

for the Organization as a whole. There were 13 221

delivery requests and orders for standardized items

and 250 422 requests for equipment were processed

and met from central stock.

As a result of decisions, 678 in all, taken by the

Standardization Groups, 264 new items were intro-

duced into stock and 414 were declared obsolete; 191

of the latter items, worth 129 700 Swiss francs, were

handed over to the Recuperation Service.

The Quality Control Service checked the con-

formity of 2029 deliveries (6.4% of the articles

ordered worth approximately 5.4 milHon Swiss

francs).

The Recuperation Service sold equipment outside

the Organization for approximately 1 .6 million Swiss

francs (this included 3154 tons of scrap metal and 289

tons of scrap paper).
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The Management Information Department has

three groups whose work clearly reflects their main
purposes.

The Forecasts and Statistics Group prepares the

Organization's budget, calculates the cost variation in-

dices and the contributions from the Member States,

draws up the short and long-term fmancial and staff

requirements, and acquires and andyses the data cha-

racterising the Organization's activities and resources.

The Data-Processing Group provides the compu-
ter services for the Laboratory's administrative units

including those located in the Research and Technical

Divisions.

The Technical Support Group is responsible for

various tasks in the fields of manpower planning,

administrative procedures and micro-data-processing

applied to management. It also makes specific studies

for the Organization's management.
The most important achievements of 1984 relate

to the following fields.

Management Facilities

The processing capacity of the central computer
was increased to provide users with facihties for de-

centralized acquisition and for the transfer of their

management data to peripheral systems, and a service

which is better suited to their working environment.

The. old system of data acquisition on cassettes

was abohshed and replaced by on-Une transactions,

thus making far easier operation and saving a great

deal of users' time.

Figure I— Meeting ofthe Ml Technical Committee.
(CERN-135.03.I9S5)
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Figure 2— CERN's first Social Report is published. This illuslrair

bilingual document gives statistics and comments on the various *'-^els

of relations between the Organization and its personnel and on the

work ofsome services, international relations, public relations and the

staffs cultural and sporting activities.

The copies software package for purchasing

management became operational and several purchas-

ing offices are now connected to it.

New facilities continue to be developed; thus LEP
contract data are periodically extracted from the

copies files and forwarded to the LEP Division.

The methods for making COPICS compatible with the

existing financial data base were defined, and a new

procedure for monitoring contracts was drawn up and

implemented with the active help of the Finance De-

partment.

The Department wjis made responsible for moni-

toring the co-ordination and appUcation of the rules

for the use of industrial support. It worked on making

procedures in this field uniform and on defining and

setting up, in close collaboration with the Finance and

Personnel Departments, a software package for

managing industrial support facilities providing for

continuous monitoring.

A computerised model for forecasting medium-

and long-term personnel costs was developed and set

up. It has already proved its usefulness in drawing up

a financial policy for these costs.

MI also set up computerised faciUties for produc-

ing:

- VAT statements of account for the French tax

authorities;

- multi-annual statements of account for the LEP
experiments;

- accounting balance sheets in the original currency.

Moreover, it takes part in the work of internal

committees relating, in particular, to:

- procedures for admission to CERN,
- the status of firms permanently on the site,

- staff policy.

The Department also technically co-ordinates the

erection of buildings 32 and 33, and is responsible for

the financial management of the Administration

Departments.

Management Information

With the help of the Departments and Divisions,

MI published the first 'CERN Social Report' provid-

ing collected information on working conditions.

While originally intended for CERN's staff and users,

it has also been distributed on request in the Member
States. Its periodic updates will thus provide a refer-

ence for the assessment of the Organization's staff

policy.

At the request of the Finance Committee, an

exsmiination has been undertaken of the methods used

to calculate the scale of contributions, the statistical

bases used and the consequences of the choices made.

Alternative scales have been investigated in order to

bring to light a number of other possible methods of

deciding on contributions under the provisions of the

Convention.

As part of the annual review of CERN's activi-

ties, a large contribution was made to the drafting of

the document on 'Scientific activities and budget esti-

mates 1985-1988' on the basis of the systems adopted

by the decision-making authorities.

The critical analysis of the use made of manage-

ment information which began in 1983, continued in

1984. It has resulted in the elimination of two compu-

terised applications and in a saving of over 100000

photocopies of computer print-out pages.
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A number of steps was taken and various projects

completed with the active assistance of the Depart-

ments/Divisions concerned with the aim of facilitating

the use of the management information provided. The
projects included:

- the adaptation of certain accounting codes to the

requirements of the construction of LEP and of the

flnancial services;

- a new layout for the Organization's monthly
management reports, which are now updated and
produced using a micro-computer.

Procedures

At the request of the Management and the audi-

tors, an examination was made of the delegation of

signature rights within the Organization, and a com-
puterised procedure for facilitating the monitoring

and updating of the list of authorized signatories was
set up.

The Department has published a document defin-

ing the procedures for access to the CERN site to be
followed by persons not belonging to the Organization

but working on the site.

In close collaboration with the Finance Depart-

ment, the procedures for registering banking and

postal data were simpUfied and a method developed
for updating them on-Une.

Developments

The first phase in the financial and budget data

base project has been completed. It is now possible to

transfer information to a data base designed for on-

line interrogation. One of the important features of
the data base is that it will continuously provide exact

statuses meeting the requirements of both the financial

services and those in charge of financial planning in

the Divisions.

Another major project is now under way: the re-

placement of the salary application and the introduc-

tion of a personnel management system for which MI
has acquired a software package designed to meet the

Laboratory's requirements.

An 'intelligent concentrator' has been ordered to

provide, via the Index network, duly authorized per-

sons with selective access to the administrative data
processing centre. Studies have begun in the field of
decision-making assistance, which should resuh in the

provision of facilities for access to data and their

processing without any special knowledge.
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Recruitment

Following the approval of the ACOL project, 32

extra staff on nxed-term contracts were appointed

during the first half of the year. Overall, some 3500

employment applications were received and processed,

and some 600 candidates were invited to 100 selection

boards. During 1984 there were 138 new starters, who
were aged between 19 and 43 (average age : 29). The

nationality distribution was as follows: Austria (1),

Belgium (7), Denmark (9), France (28), Great-Britain

(32), Italy (18), Federal Republic of Germany (12), the

Netherlands (8), Norway (2), Spain (3), Sweden (10),

Switzerland (6), non-Member States (2).

Fellowships

They increased sHghtly to 135, with the emphasis

on the promotion of accelerator research and develop-

ment. The new openings also enabled a fair number of

Fellows to be appointed from Spain. The number of

Associates paid by CERN (some 180 man-years)

remained essentially the same as in 1983.

Unpaid Associates

Their registrations continued to increase, though

at a slower rate for Member State nationals. The total

reached 3300 by the end of the year.

Technical Students

The discussions on broadening the basis of this

programme have led to a redefinition of its frame-

work, allowing for increased contacts with Member
State institutions concerned with training technicians

and engineers. The total number of Students remained

at approximately the same level as in recent years.

Housing and Installation

In order to cope with the demand of the new

members of the personnel mentioned above, accom-

modation was found on the local market for over 500

families (including the hmited number of CERN fur-

nished fiats). The continuing housing crisis in the

Geneva area prompted a study of possible projects to

satisfy the needs of CERN's users community. The

rate of occupation of the new CERN hostel exceeded

75%. Additional facihties were introduced at the

CERN hostel, notably by the provision of television

lounges, a kitchen and furniture for the terrace. Some

230 removals to and from CERN were financed by the

Organization.

Staff Review

370 posts were examined, of which 97 were clas-

sified at the next higher grade, and 7 cases of change

of category were approved by the Senior Technical

and Administrative Assistants' Committee. There

were 24 appeals concerning classification and non-

promotion, following which four promotions were

granted and in another 7 cases the posts were classified

at the next higher grade.

Consultative Committee on Employment

Conditions CCCEC)

Members of the Department made significant

contributions to the review of CERN salaries, con-

ducted by a Sub-group set up by the Standing Con-

certation Committee, and presented a report to the tri-

partite CCEC. The Department provided secretariat

services to this body and participated in the prepara-

tion of other CCEC documents concerning the pen-

sion rights of shift workers, the fourth step in the

complementary scheme of CERN pensions, and the

CERN salary index award for 1985. Progress was

made in a review of the texts of the Staff Rules and

Regulations, which will in due course also be pre-

sented to CCEC.

Social Work

The section participated in a working group to

study the policy relating to alcohol abuse that is

applied in various organizations outside CERN. Cer-

tain recommendations of the resulting report have

been adopted and will be implemented in 1985. In ad-

dition to work on individual cases, the Social Work
Section initiated legislative changes in health insurance

provisions concerning members of the family, divor-

cees and retired staff. The Section also furthered its

experience of the integration into Host State social
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Figure I— The Conference Room of the Domaine de Choully during an
Active Reading Workshop directed by Pierre Anigues. This is one of
the many courses within the Management Training and Personal Skills

Development Programme. (CERN— 074.01.1985).

security schemes of adult handicapped children and of
the transition of adult children in general from their

international status to a national one.

Staff Policy

The Director-General's Working Group respon-

sible for formulating and implementing Staff Policy

received considerable assistance from Personnel

Department in the consideration of several important

topics, including senior staff promotions, early depar-

tures, career profiles, and periodic review discussions

between supervisors and their staff.

The Second CERN Utility Study

Co-ordinated by a member of the Personnel De-
partment, the study has been completed and will be

published as a Yellow Report. The main fmdings were

that during the period 1973-1987, the 'economic utili-

ty' experienced by 160 randomly-selected European
suppUers (i.e. the increased sales and cost savings due
to CERN contracts) was estimated to be worth over

3100 miUion Swiss francs, compared to sales to CERN
amounting to some 750 million Swiss francs. These
findings complement an earlier study made ten years

ago.

Technical Training

The programme was expanded to include a num-
ber of new subjects such as 'High-power electronics';

'Laplace transform'; 'Fourier analysis'; 'Introduction

to differentia] and integral calculus' 'Local area

networks'; 'Fibre optics'; 'Introduction to numerical

control of machine tools'; 'Work contracts at CERN',
which are taught by means of technical seminars last-
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Figure 2— Monthly totals of Fellows. Associates and students with i

CERS contract in 1982. 1983 and 1984.

Figure 4— Staffmembers by age group, as at end 1984.

Figure 3— Fluctuations in the number of staff members (including

laboratory personnel). Fellows, Associates and students present at

CERNon 31 December of the last five years (1979-1984).

3700-
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ing several consecutive days. In 1984 seven such semi-

nars took place; some of them had to be repeated sev-

eral times as enrolments exceeded 300, clearly showing

the need for this new part of the programme.

September 1984 compared with the same time last

year showed an increase of 93% in English and 36% in

French. German courses were reintroduced to satisfy a

growing need for this language for work purposes.

Personal Skills and
Management Training

This programme increased to about 100 days'

training in 1984, against 60 days in 1983. Some 250

staff members attended seminars of an average length

of four days.

Apprentices

The number of apprentices, which remained at 17

during the period 1971-1981, has gradually increased

since then and has now almost reached its projected

ceiling of 28. This scheme makes a modest contribu-

tion to vocational training in the local area.

Language courses

As a consequence of the sustained efforts devoted

to international recruitment there was an unprecedent-

ed demand for language courses in the academic year

1984/1985. The number of new applications on 30

Access control

In addition to its responsibility for controlling ad-

mission to the Meyrin site, the Reception Group took

over access control for the tunnel under R.N. 84; this

assignment is handled by a team supplied by a service

contractor.
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Technical Inspection and Safety Commission

This year the TIS Commission has been operating

according to the programme of restructuration which
was defined and adopted in 1983.

Collaboration with the different groups of the

LEP Project, extending over the LEP Main Ring and
the SPS and PS Divisions, has steadily improved, and
the 'Hearings' on a diversified number of topics have
contributed to the clarification and improvement of
technical concepts in matters of safety.

The four LEP experiments involving many un-

conventional technical procedures— some of them
never tried before— created a major challenge. The
large number of contributing institutes and the fact

that most of the essential components will not be
designed or built at CERN created the need for co-

ordination of technical standards and safety concepts

in which the CERN Technical Safety Codes play an
essential part. The TIS Commission has been actively

engaged in contributing to technical discussions and,

wherever required, in helping to organize specialized

studies.

Much effort has been invested in looking into the

basic fundamentals of the existing CERN Safety

Codes. Amongst some of the more important codes,

the Electrical and Chemical Codes were revised, and a

Medical Code established with particular emphasis on
the use of international standards and norms. It is

hoped that the remaining codes will be revised in 1985.

The expansion of the CERN domain to accom-
modate the construction of LEP has triggered off an

Road distances from the Fire-Station (BIdg.

65) to some of the points on the LEP Ring. '

Lab. Prevessin
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Figure 1— Vibration curve obtainedfrom a measurement.

Figure 2—Measurement of vibration level of a compressor.

(CERN-422.0I.8S)

lulliplr FrMi Scal« by _

cations and alann systems during the critical installa-

tion phase.

On the experimental side, very close contact was

maintained with the experimental groups. The Group
assisted with the modifications being carried out to

some 15 experiments on the sites, including NA31,
LEAR and UAI. In particular, the current safety stu-

dies on the UAI experiment will be used as a reference

for those carried out on the large LEP experiments.

In this respect, very effective co-operation was
maintained between the Group Leaders in Matters of

Safety of the four experiments ALEPH, DELPHI,
OPAL, and L3 and members of the TIS Commission,

through the safety meetings attended by representa-

tives of all the groups in the experimental collabora-

tions.

Turning to more immediate matters, the SY
Group's involvement in solving personnel problems

related to ergonomic conditions at the work place in-

creased considerably. These activities, carried out in

liaison with the Medical Service, were concerned with

noise, ambient temperatures, vibration, lighting, and
sight in general (in this regard, it should be noted that

some 2000 VDU are now in use at CERN).
These problems must be given consideration in

view of their impact on the quality and efficiency of

work in all Divisions, whether scientific, technical, or

administrative.

Finally, the overall statistics of accidents reported

to the Commission for the period 1.11.1983 to

31.10.1984 are given in the following summary.

Table I— Statistics ofaccidents reported at CERNfor the period LI. 1983 au31. 10. 1984

Accidents reported on HS50
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Fire Prevention and Fire Brigade

Fire Prevention Service

There was a considerable increase in the workload

of the Fire Prevention Service. A direct correlation

was noted between the General Safety Group's reports

on conditions found and the detection of fire hazards

by the Service during its inspection of work sites, and

close co-operation between the two services was there-

fore established. The numbers of visits made and

plans examined are as follows:

- Safety inspections relating to the

prevention of fires or other hazards

- Acceptance tests for: fire-detection systems

gas-detection systems

safety equipment

emergency stops

- Fire tests (reactions of the extinguishing

substances and products of fixed devices

as part of the LEP fire prevention pro-

gramme)
- Examination of LEP plans

- Examination of plans

129

25

6

7

4

18

128

7

Fire Brigade

Organization

The programme defined in 1983 which relates in

particular to emergency calls (fire, flooding, medical

assistance, etc.) was implemented as follows:

- Purchase of new equipment: A heavy-duty fire-

fighting vehicle for LEP; A rescue cabin for the

LEP shafts; An all-terrain ambulance for the LEP
site; Various tools and other items of rescue equip-

ment.

- Occupational training: In addition to the twenty

days of practical training sessions organized for the

five teams, various treiining or advanced instruction

courses were arranged for ambulance men and dri-

vers of heavy vehicles, as well as courses in welding,

typing, and languages. In addition, two new firemen

attended the training course at the Ecole des Rec-

rues of the Geneva Fire and Rescue Service for six

months. This year particular attention was paid to

the skills required for underground rescue, such as

descending in rappels, potholing techniques, and the

use of high-volume foam extinguishers.

Emergency Calls

Following the introduction of new measures and

in particular the decision to discontinue duties not

directly associated with fire brigade activities (Security

Service, tunnel customs post duty, responsibility for

the keys and locks on the CERN site and their main-

tenance, etc.), the immediate availability of the fire-

men on duty increased.

During the year, the Fire Brigade's tasks inclu-

ded:

- Gas alarms 125

- Various alarms 72

- Fire alarms (genuine or unfounded) 415
- Fires in progress 25
- Ambulance service,

including 228 internal calls and

1 90 external calls from the Host States 4 1

8

- Pumping and handhng various spih

liquids (water, mercury, etc.) 149

- Releasing jammed lifts or goods-lifts

(including 38 calls to release trapped persons) 81

- Destruction of wasps' nests 60
- Other calls for assistance 143

TOTAL 1488

Flammable Gas and Chemistry Group

General

The Chemical Safety Code has been completely

rewritten and submitted to SAPOCO for acceptance.

Safety Instructions have been prepared for beryllium

and for polychlorinated biphenyls (PCB).

Help has continued to be given to physics and

engineering groups working with materijils presenting

certain hazards, such as lead, asbestos, trimethyla-

mine, and mercury. Once more, the waste disposal

service offered by the group continued to expand, and

about 30 tons of used solvants and more than 100 tons

of aqueous solutions of acids, alkalis, photographic

products, etc., were sent for recuperation or destruc-

tion by the appropriate authorities. Silver was re-

covered from photographic fixing solutions collected

on the site. Investigations were made into smoke
density and toxic and corrosive gas emissions from

burning plastics, with particular reference to LEP con-

ditions.
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Figure 3— Inspection of the Pisa INFN liquid-argon calorimeter for

exp. NA3I by means of the new portable X-ray apparatus.

(CERN-188.I2.I984)

Environmental Monitoring

The quality of water discharged into local rivers

was monitored, and regular visits were paid to the

rivers themselves to ensure their continued well-being.

In parallel with action by national authorities, addi-

tional inspections were made of the discharges from

the LEP work sites; this was done at the request of the

LEP Division.

On the LEP Ring the two monitoring stations for

ozone and oxides of nitrogen were brought into ser-

vice.

Personnel Monitoring

This continued to be an important part of the

work of the Group. In particular, monitoring was

carried out m cleaning shops where perchloroethylene

vapours constitute a hazard.

Ozone levels were measured when welding alu-

minium bus bars for LEP magnets, and various respi-

ratory protective masks were tested for effectiveness.

Training

The group continued to participate in the Safety

Briefing organized monthly for newcomers to CERN.
Specific courses were given in chemical and flammable

gas safety.

Mechanical Etigineering Group

The Mechanical Engineering Group has provided

technical support to the steadily growing CERN
accelerator and experimental programmes in the fol-

lowing ways:

- advice on safety, soundness of design, reliability

and economy of new equipment at the design and

specification stage;

- inspections during fabrication and acceptance tests;

- periodic inspection and testing of existing equip-

ment;
- training and licensing personnel for the use of lifting

equipment.

Oral advice and instructions have been given on nume-

rous occasions, and more than 150 assessment reports

on new projects or important modifications to existing

equipment have been prepared. Most of the assess-

ment studies concerned pressure or vacuum vessels.

i: »
cryostats, lifting equipment, electromechanically ope-

rated heavy devices, monorails, and other means of

transport and installation.

The LEP machine and infrastructure, the four

LEP experiments, and the SPS accelerator and

experiments have been the most important users of

our services in 1984. Worth mentioning are some criti-

cal components of the LEP experiments: the super-

conducting magnet cryostats for ALEPH and

DELPHI; the magnet yoke structure for L3; the cen-

tral detector vessel for OPAL.
Inspections and tests were carried out on many

pieces of apparatus, both at CERN and on the pre-

mises of the manufacturer. In particular this was done

in all cases where national inspection authorities were

unable to carry out the normal inspection and certifi-

cation activities because of the special nature and un-

usual design of the equipment. Experiment NA31 at

the SPS offers a number of typical examples of such

cases: the 400 m^ vacuum tank and its 2.4 m diameter,

0.8 mm thick, composite material window, the

liquid-argon calorimeter.

The design of a multipurpose overpressure test

facility for vacuum vessels has been started. It will

make use of recuperated components from dismantled

CERN facilities.

Table 2 shows the number of periodic inspections

which were carried out at CERN. This work is grow-

ing year after year as a result of the increasing com-

plexity of activities and equipment in the laboratory.
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Some of the existing CERN Safety Codes in the

field of mechanical engineering need to be revised and

updated. Studies have been undertaken regarding the

safety of glass windows and composite materials in

view of the imminent revision of the CERN Pressure

Vessel Code.

In the field of training, the Mechanical Engineer-

ing Group has organized a series of courses, run by

Host States authorities, on the use of cranes. These

courses became necessary owing to a number of

incidents with lifting equipment; they were attended

by 270 CERN staff and 30 persons from industrial

support labour.

Table 2—Number of routine inspections

and tests carried out in 1984

Large lifting equipment (cranes, etc.)
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Figure 4— Samples taken in the SFM inlermagnel gap /or a radioacti-

vity check before dismantling. fCERN- 195. 10.84)

Figure S— Last radiation survey before the dismantling of the ISR.

(CERN-192. 10.84)

The Service's doctors had to devote a consider-

able amount of attention and worlcing time to a num-
ber of cases of serious psychological disorders.

Lastly, it should be noted that during the year

TIS drew up and SAPOCO approved a new Medical

Code, which now awaits final approval by the

Director-General.

Radiation Protection Group

The Radiation Protection Group (RP) was much
involved in designing radiation protection systems for

new projects, in addition to coping with the important

radiation protection work at all installations on the

present CERN site. The radiation protection work for

LEP is described separately in the LEP Progress

Report.

Radiation Control of Accelerators

About half of the PS operation time was used to

produce antiprotons for pp collision experiments in

the SPS, for fixed-target physics in the ISR with anti-

protons, and for the LEAR experiments. New records

for the proton intensity on the antiproton target were

reached. The RP problems connected with target

maintenance and development and with beam dump-

ing increased accordingly. The PS section of the RP
Group was also involved in the LIL and EPA pre-

injector project for LEP and in the design of ACOL
shielding, as well as the access ways and the layout of

the new antiproton target area, and in the project for a

new PS access system and full-intensity beam dumps.

At the SC, besides the routine operation, the new
ISOLDE project was followed very closely, as open-

ings had to be made into the main SC shield.

The RP was heavily involved in the decommis-

sioning of the ISR. All equipment was checked for

radioactivity and sorted for storage and disposal ac-

cordingly. Magnets and vacuum pumps were stored in

sector 3, where ambient activity from beam-dumping
operations is the highest. Large quantities of equip-

ment were eliminated as inactive material and only

about 3-5% of the items were stored in the active stor-

age area.

The very low personal doses registered (all below

0.5 mSv/month) and the smooth and fast sorting of

material can be attributed to excellent planning and
follow-up. Radiation protection coverage of the entire

work was helped by good collaboration with the

Transport Service. Most RP activities in the West Hall

are concentrated on the LEP project or on the tests for

LEP experiments.

Radiation protection of the numerous test beams,

and special access and operational conditions, requir-

ed close control and a large number of interventions

and measurements. The same applies to the radio-
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Figure 6— Radiation control before the departure of a lorry transport-

ing radioactive waste. (CERN-196. 10.84)

Figure 7— Volume reduction ofpart of theformer PS neutrino tunnel,

the radioactivity of which is very low after many years of decay, in

order to liberate spacefor the new storage building. (CERN-34I.04.H4)

frequency test area, where klystrons and cavities are

installed in a full-size LEP layout.

The underground neutrino target area operated

for the last time with the narrow-band beam, creating

high-radiation levels in the cave. The proposed up-

grading of the area called for much attention on the

part of RP when planning and assessing the dose com-
mitment of this work in high-radiation areas.

The SPS operated until summer with fixed tar-

gets. The follow-up of the preparatory work and the

operation of the primary and the very intense second-

ary beams resulted in a lot of work for the SPS sec-

tion. Problems were encountered in controlling the

primary beam and the work iji beam areas. The radia-

tion monitor system proved indispensable for giving

warning when beams are out of control, and for esti-

mating radiation levels in unexpected situations.

The RP had to survey work on radioactive equip-

ment in the test areas, and in areas where X-ray-

producing equipment is used.

For pp operation the beam loss monitor system,

under the responsibility of RP, becomes more and
more important as a means of guaranteeing 'clean*

operation with the steadily increasing beam intensities.

Site Surveillance and Control

The volume reduction of radioactive scrap from
decommissioned areas such as the former PS neutrino

tunnel was an important part of the activities of the

SC Site section. As well as breaking up by flame cut-

ting, also a 90 t press was used for volume reduction.

The construction of a new storage building for radio-

active items started this year and preparatory work for

a further storage building is well advanced. A consid-

erable amount of slightly radioactive material result-

ing from the decommissioned ISR had to be taken

care of.
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The site survey network using thermolumines-

cence dosimeters now also includes 10 positions selec-

ted for pre-operational monitoring of the LEP site on
Swiss territory, where measurements are carried out in

collaboration with the Swiss authorities. The control

of uranium, radioactive sources, and non-ionizing

radiation (lasers, radio frequency, and microwaves)

continued.

Environmental Monitoring

Radiation levels were measured along the CERN
fences and were found to be similar to those measured

in 1983, and everywhere below the CERN reference

level of 1.5 mSv/year. These measurements, and the

results of laboratory measurements of radioactivity in

different samples of release water and aerosol, and

from samples of vegetation and mud collected at the

CERN periphery, were communicated quarterly to the

host country authorities. No significant activity was
detected.

Personnel Monitoring

Personnel exposure remained at the same level as

in the preceding year. The programme for the

implementation of a dose data-handling system with

direct access to the ND-100 computer is on schedule.

Progress was made in applying methods to suppress

fading in neutron films. Because of the promising

results, two-monthly distribution of neutron films will

be made in 1985 for some of the less exposed staff.

In 1984 the CERN film badge service was recog-

nized as a service which fulfils the new technical requi-

rements for a personnel dosimetry service in Switzer-

land.

Technical Support

Work was started to replace the electronics for

the PS and SPS radiation monitor systems, which

have been operating for almost 10 years.

A local area network has been installed in order

to connect various radiation protection equipment to

the central RP data-acquisition system. An interface

has been built to link the RP computer to the densito-

meter for personnel dosimeter evaluation (films). The
facilities for evaluation, maintenance, and calibration

of RP instruments has been improved. The NOTIS
word-processing system has been implemented on the

RP computer, with links to DOC and PS.

General Activities

The testing of materials to be used in radiation

areas continued, as well as the long-term CERN-wide
high-level dosimetry programme. Some of this work
was made in close collaboration with European indus-

try, and a number of common reports were issued.

The RP staff also participated in international work-

ing groups on endurance tests and test norms.

The development of computer codes for hadron-

meson cascades continued with the help of visitors

from European universities. The members of RP col-

laborated with and took part in international working

groups on dosimetry problems, on comparison of

measuring methods, and on non-ionizing radiation.

The Group took an active part in the Radiation

Protection Committee (topics discussed: the Anti-

proton Collector, the SPS as injector for LEP, and the

LEP Main Ring). Discussions were held with the

radiation protection authorities of the host states

about new trends in personnel dosimetry for those

who are only occasionally exposed.
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The CERN Open Day held on JS Sepiember once again proved

:o be a great success. Yaung people in paracular were

interestedm disto vering how cenoin Hems oftnjuipmeat worked.

(CERN- 234 09.1^94}
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Office and Services of the Director-General

The Office and Services of the Director-General

consist of the following units:

- Council Secretariat

- Public Relations

- Internal Audit

- Legal Service

- Relations with the Host States

- Scientific Conference Secretariat

Council Secretariat

During the year, the Council Secretariat made the

practical arrangements for 18 Committee Meetings

and 2 Council Sessions. Between 1 January and 31 De-

cember 1984, the Service co-ordinated the preparation

and distribution of 174 English, 143 French, 81 Ger-

man, and 23 bilingual documents.

The Secretariat also made the necessary arrange-

ments for four Restricted and two Plenary Meetings of

ECFA and prepared the relevant documents.

The Service provided the secretariat support for

the holding of CERN's Thirtieth Anniversary cere-

is being made to broaden, diversify, and streamline

CERN's contacts with the general pubhc and the

media.

The work of the Laboratory and the particle

physics world were in the limelight as a result of the

Thirtieth Anniversary of CERN and the award of the

Nobel Prize for Physics to two of the Organization's

physicists. As a consequence of these events and also

of the increased efforts to establish closer links with

the media in the Member States, contacts with the

general public were considerably widened. Moreover,

representatives of the local media are periodically

invited to take part in discussions with the Director-

General and the LEP Project Direction.

The number of visitors to the Laboratory con-

tinued to increase during the year and reached almost

20000, compared with 17000 in 1983. To this figure

must be added some 4000 persons who attended the

CERN Open Day held in September as part of the

Thirtieth Anniversary celebrations. Various ways of

coping with such large influxes of people and improv-

ing the arrangements for visits are being studied.

Appendix E Usts VIPs who visited CERN in 1984.

Internal Audit

Public Relations

During the year, the Information, Press, and

Visits Service was strengthened, reorganized, and re-

named the PubUc Relations Service. A sustained effort

As one of its annual tasks, the Internal Audit Ser-

vice checked the accounts of the Organization and the

Pension Fund in accordance with the programme ori-

ginally planned. However, additional checks were un-

dertaken, in particular in response to requests from

Document statistics—Council Secretariat

1 January-31 December 1984
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the Auditors. The Service carried out a more detailed

audit of the Pension Fund accounts than in the past;

this served as the basis for an assessment by the Audi-

tors, who for the first time presented a separate report

on the Pension Fund.

In accordance with an agreed programme, items

relating to particular services or day-to-day adminis-

tration were audited. In addition, on a regular basis or

by means of spot-checks, the Service monitored the

application of the official regulations and procedures

in force in different areas. Problems highlighted were

discussed with those in charge of the areas concerned

so that improvements could be introduced or correc-

tive action taken, as necessary.

The co-ordination of auditing was improved by a

certain degree of internal reorganization, which meant

that day-to-day activities and a programme of work
could be regularly monitored.

Legal Service

The Legal Service carried out its task as adviser to

the Organization. It prepared documents and gave

legal opinions on questions raised by the Director-

General and the Directorate. It also maintained the ne-

cessary contacts over legal matters with the authorities

of the Member States and the Host States and took

part in the work of the Council and its Committees.

The Service played an active role in drawing up
the documents relating to the LEP project. Inter alia,

it gave legal opinions on and participated in the draft-

ing of an agreement between CERN and the French

authorities in view of LEP's classification as a basic

nuclear installation and of documents concerning

co-operation with the European Communities and the

proposed Euro[>ean Synchrotron Radiation Facility

(ESRF)- It participated in various committees, in par-

ticular the Safety Policy Committee, working groups,

and inquiries.

In respect of litigation, it represented the Organi-

zation's interests before national courts, managed its

insurance pohcies, attended to the recovery of sums
owed to the Organization by external debtors, and
helped in the settlement of commercial disputes.

The Service also provided members of the per-

soimel, particularly the scientific Associates, with the

necessary legal guidance on such matters as legislation

concerning the family, taxation, nationality, and re-

sidence.

Relations with the Host States

The Service for Relations with the Host States

continued its task of representing the Organization's

interests before the French and Swiss authorities at lo-

cal, departmental or cantonal, and national or federal

levels. It also kept in constant touch with the French

and Swiss elected representatives at all levels and with

numerous representative organizations.

The Service's work covered problems connected

with both the LEP Project and general administrative

matters.

LEP

The following activities relating to LEP were car-

ried out:

- The Service was responsible for solving, and helped

in dealing with, the administrative problems arising

from the opening-up of fourteen LEP work sites, in

particular with regard to:

• access and road links,

• land-ownership matters,

• tips for spoil,

• geodetic and metrological measurements,

• supply and draining of liquids,

• test borings, surveying and climatological studies,

• accommodation for workers,

• protection of the water resources in the Pays de

Gex.

- Solutions were found to the social and environ-

mental problems associated with the 14 work sites,

such as disturbances caused by night work activity.

In this regard, the Service acted as the channel of

communication between the Management, the elec-

ted representatives, and various local bodies.

- The Service was actively involved in planning the

alignments of the approximately 40 km of 18/66 kV
surface power-transmission lines, and of the

machine-control system (optical fibres) from the

400 kV electricity substation and the Control Room
situated on the Prevessin Site, to the eight LEP
access points. In this regard, the Service also estab-

lished initial contacts with the relevant authorities

(EDF, PTT, SNCF, national and regional autho-

rities, and elected representatives).

- In co-operation with the appropriate authorities,

the drinking-water mains in the Pays de Gex were

interconnected to prevent disruption of supplies in
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the event of an accident resulting from the LEP
construction work.

- A substantial part of the Service's activities was

associated with the construction programmes for

the service roads to the access shafts and with super-

vision of all roadworks associated with LEP.
- The Service was responsible for the management
and development of the Saint Genis-Poailly indus-

trial zone with a view to the establishment there of

the LEP contractors.

- In association with the Commune of Gex, a caravan

site for workers was set up in Gex.

- The Service took part in initiating, drawing up, and

filing applications for building permits for the LEP
access points with the appropriate authorities, and

in following them up. The Service was also respon-

sible for ensuring that requests for amendments to

land-use and zoning regulations were submitted in

due and proper form.

General Administrative Matters

The Service continued its task of managing those

parts of the French site under agricutural use. Two

meetings were held by the Advisory Committee set up
to enable the Prefecture, locally elected representa-

tives emd representatives, of the farmers* unions to

express their views on problems arising as a result of

CERN's establishment in a rural area. The Committee

examined and approved proposals concerning wood-

land conservation, hunting, and the preservation of

cultivated areas.

Scientific Conference Secretariat

The Scientific Conference Secretariat organized

the 1984 CERN School of Physics in Lofthus,

Hardanger, Norway, and the 1984 CERN School of

Computing at Aiguablava, Spain. It also etssisted in

the organization of the Conference on 'Teaching

Modem Physics' held at CERN from 24 to 28 Sep-

tember 1984 (see Appendix D).

The Secretariat was also responsible for the

material arrangements in connection with the CERN
Colloquia, Particle Physics Seminars, and Science and

Society Seminars as shown in Appendix B.
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Appendix A CERN Publications

CERN REPORTS AND OTHER MONOGRAPHS

CERN 84-01

Kdl. E
Computer programs in accelerator physics

CERN, 8 Feb 1984. - 31 p
(Lectures given at the 1982 SLAC Summer school on physics of

high-energy particle accelerators, and in the Academic Training

Programme of CERN, 1982-1983.)

Also published in Physics of high-energy particle accelerators

:

Proceedings, 2nd Summer school on physics of high-energy particle

accelerators, Stanford, 2-13 Aug 1982/Ed. by M Month. -

AIP:New York, 1983. - (AIP Conf. proc. ; no 105). - 651-690

CERN 84-09

CERN. Geneva

Hanni, H; Schacher, i[edsl

Proceedings, 4th Topical workshop on proton-antiproton

coUider physics, Bern, 5-8 Mar 1984

CERN, 8 Aug 1984. - 580 p

ECFA 84-85 V 1 ; CERN 84-10 v 1

CERN, Geneva
Proceedings, v 1, ECFA-CERN workshop on large hadron

coUider in the LEP tunnel, Lausanne and CERN, Geneva, 21-27

Mar 1984

CERN, 5 Sep 1984. - 361 p

CERN 84-02

Fassd, A; Goebel, K; Hofert, M; Rau, G; Schonbacher, H;
Stevenson, G R; SuUivan, A H; Swanson, W P; Tuyn, J W N

Radiation problems in the design of the Large Electron-

Positron collider (LEP)

CERN, 5 Mar 1984. - 93 p

CERN 84-03

Troster, D A
BST - PINK PANTHER ; an inteUigent CAMAC crate
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CERN, 21 Mar 1984. - 37 p

CERN 84-04

Bryant, P J

Introduction to transfer lines and circular machines

CERN, 3 Apr 1984. - 60 p
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CERN 84.05

Souverain, J
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CERN, 30 Apr 1984. - 6 p

CERN 8406
Bernstein, J

Neutrino cosmology

CERN, 30 Apr 1984. - 73 p
(Lectures given in the Academic Training Programme of CERN,
1983-1984)

CERN 84-07

Bain, G; Bore, C; Coosemans, W; Dupont. J; Fabre, J P;

Gavaggio, R; Peron, F
Automatisation par micro-ordinateur d'un instnunent
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CERN, 25 Jun 1984. - 30 p

CERN 84-08

Peisert, A; Sauli, F
Drift and diffusion of electrons in gases ; a compilation with

an introduction to the use of computing programs

CERN. 13 Jul 1984. - 127 p

ECFA 84-85 v 2 ; CERN 84-10 v 2

CERN, Geneva
Proceedings, v 2, ECFA-CERN workshop on large hadron

coUider in the LEP tunnel, Lausaime and CERN, Geneva, 21-27

Mar 1984

CERN, 5 Sep 1984. - 240 p

CERN 84-11

Chattopadhyay, S

Some fundamental aspects of fluctuations and coherence in

charged-particle beams in storage rings

CERN, 8 Oct 1984. - 155 p
(Invited contribution to the Proceedings of the 1983 Summer
school on physics of high-energy particle accelerators, Upton, 6-16

Jul 1983)

CERN 84-12

Carpenter, B; CaiUiau, R
Software support for Motorola 68000 microprocessor at

CERN ; CERN convention for programming the MC68000 family

CERN, 20 Nov 1984. - 20 p

CERN 84-13

Jacob, M; Johnsen, K
A review of accelerator and particle physics at the CERN

Intersecting Storage Rings : invited talks at the last meeting of the

ISR Committee, 27 Jan 1984

CERN, 30 Nov 1984. - 81 p

CERN 84-14

Bianchi-Streit, M; Blackbume, N; Budde, R; Reitz, H; Sagnell, B;

Schmied, H; Schorr, B
Economic utiUty resulting fromCERN contracts: second study

CERN, 11 Dec 1984. - 24 p

CERN 84-15

CERN. Geneva
Bryant, P; Nevmian, Sleds]

Proceedings, CAS : CERN accelerator school - antiprotons

for coUiding beam facilities, CERN, Geneva, 1 1-21 Oct 1983

CERN, 20 Dec 1984. - 556 p

CERN 84-16

Carpenter, B E; CaiUiau, R; Cuisinier, G; Remmer, W
System software of the CERN Proton Synchrotron control

system

CERN, 20 Dec 1984. - 48 p
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CERN HERA 84-01

Flaminio, V; Moorhead, W G; Morrison, D R O
High-Energy Reactions Analysis Group

Compilation of cross-sections ; 3 , p and p induced reactions

CERN, 17 Apr 1984. - 322 p

Bergere, R; Costa, S; Schaerf, C/edy
Proceedings, International school of intermediate energy

nuclear physics, San Miniato, 19-28 Aug 1983

Singapore : World Sci., 1984. - 460 p

CERN. Geneva

Experiments at CERN in 1984

CERN, Nov 1984. - 327 p

Conmiission of the European Communities

Hine, M G N/eflf/

The Stella experiment ; final report

CEC, 29 Jul 1984. - multiple pagination (EUR 9090)

Dewitt, B S; Stora, R/edy
Relativity, groups and topology, 2 ; Proceedings, 40th

Summer school on relativity, groups and topology, Les Houches,
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Amsterdam : North Holland, 1984. - 1322 p
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Physics at LEAR with low-energy cooled antiprotons

;

Proceedings, 3rd International school of physics of exotic atoms -

workshop on physics at LEAR with low-energy cooled antiprotons,

Erice, 9-16 May 1982

New York: Plenum, 1984. - 898 p
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dynamics, Volendam, 6-1 1 Jun 1982/ Ed. by W Kittel, W Metzger

and A Stergiou. - Singapore: World Sci., 1983. - 312-325

Windey, P
Supersymmetric quantum mechanics and the Atiyah-Singer

index theorem

23rd Cracow school of theoretical physics, Zakopane, 29 May-12

Jun 1983

Ada phys. pol., B 15 (1984) 435-452

Winter, K
Beam dump results

Proceedings, International symposium on lepton and photon

interactions at high energies, Ithaca, 4-9 Aug 1983 / Ed. by D G
Cassel and D L Kreinick. - Ithaca: Cornell Univ., 1983. - 177-202

Wittgenstein, F

CERN: tris grand aimant avec enroulement d'aluminium

[Exp. no. LSI

Rev. Suisse aluminium i (1984) 16-17

Wohl, C G; Cahn, R N; Rittenberg, A; Trippe, T G; Yost, G P;

Porter, FC; Hernandez, J J; Montanet, L; Hendrick, R E;

Crawford, R L; Roos, M; Tornqvist, N A; Hohler, G;

Aguilar-Benitez, M; Shimada, T; Losty, M J; Gopal, G P;

Waick, C; Shrock, R E; Frosch, R; Roper, L D; Trower, W P;

Armstrong, B
Particle Data Group

'

'
'. > Review of particle properties

Ren. mod. phys. 56 (2pt2) (1984) S1-S304

Wormser, G
NA14 Collaboration: CERN - Coll. de France - Ecole Poly.

Palaiseau - Imperial Coll. London - Nat. Tech. Univ. Athens -

Orsay - Saclay - Southampton - Strasbourg - Warsaw

Collaboration

Results on point-Uke interactions of high energy photons

[Exp. no. NAM]
Gluons and heavy flavours : Proceedings, v 1 , 18th Rencontre de

Moriond - gluons and heavy flavours. La Plagne, 23-29 Jan 1983 /

Ed. by J Tran Thanh Van. -Gif-sur-Yvette : Ed. Frontiires, 1983. -

203-226

Wotschack, J

First results from the CDHS v oscillation experiment at

CERN [Exp. no. PSI69J

Dynamics and spectroscopy at high energy : Proceedings, 1 1th

Summer institute on particle physics, Stanford, 18-29 Jul 1983/

Ed. by P McDonough. - SLAC, 1984, - (SLAC 267; CONF
8307109). - 517-526

Wotschack, J

CERN - Dortmund - Heidelberg - Saclay - Warsaw Collaboration

Results from the CDHS v oscillation experiment at CERN
[Exp. no. PSI69J

Proceedings, 19th Rencontre de Moriond - 4th Moriond workshop

on massive neutrinos in astrophysics and in particle physics. La

Plagne, 15-21 Jan 1984/ Ed. by J Tran Thanh Van. -

Gif-sur-Yvette: Ed. Fronti^res, 1984. - 85-98

Yoneya, T
Higher derivative quantum gravity in two dimensions

Phys. leu.. B 149 (1984) 111-116

Yoneya, T
Triviality of the S-matrix in the quantum Liouville field theory

PhysletL.B 148 (1984) 111-115

Zacharov,

V

ParalleUsm and array processing

Proceedings, CERN school of computing, Zinal, 29 Aug- 1 1 Sep

1982. - CERN, 1983. - (CERN 83-03). - 66-121

Zacharov,

V

Telecommunications and computer networks

Data acquisition in high-energy physics : Proceedings, 84th

International school of physics 'Enrico Fermi', Varenna,

28 Jul-7 Aug 1981 / Ed. by G Bologna and M L Vincelli. -

Amsterdam: North Holland, 1983. - 351- 398

Zavattini, E
Muon-electron universality and PCAC in muon capture in

hydrogen

Proceedings, International school of intermediate energy nuclear

physics, San Miniate, 19-28 Aug 1983 / Ed. by R Bergere, S Costa

andCSchaerf. - Singapore: World Sci., 1984. - 385-395
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Zichichi, A
The glorious days of physics ;

professor Dirac's birthday

Gauge interactions : Proceedings, International school of

subnuclear physics, Erice, 3-14 Aug 1982 / Ed. by A Zichichi.

New York: Plenum, 1984. - 741-745

Zichichi, A
Special session on symmetries and gauge invariance

Gauge interactions : Proceedings, International school of

subnuclear physics, Erice, 3-14 Aug 1982 / Ed. by A Zichichi.

New York: Plenum, 1984. - 725-740

Zizzi, P A
A Kaluza-Klein picture of electric magnetic duality in

supersymmetry

Nucl.phys..B IVi (1983) 229-241

Zoupanos, G
Echo-quarks and dynamical symmetry breaking

Phenomenology of unified theories - from standard model to

supersymmetry : Proceedings, Topical conference on

phenomenology of unified theories, Dubrovnik, 22-28 May 1983 /

Ed. by H Gaiit, B Guberina and D Tadii . - Singapore ; World

Sci., 1984. - 275-280

Zumerle, G
LEBC - EHS Collaboration

Recent results from the experiment NA16 [Exp. no. NAI6J

The search for charm, beauty, and truth at high energies

:

Proceedings, Europhysics study conference on high-energy

physics - the search for charm, beauty, and truth at high

energies, Erice, 15-22 Nov 1981 / Ed. by G Bellini and

SCCTing. - New York: Plenum, 1984. - (Ettore Majorana

inteniational science series. Physical sciences; v 16). - 145-155.
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Appendix B
* Seminars and Colloquia

EXPERIMENTAL PHYSICS SEMINARS

M. Chemarin (Inst, de Physique Nucliaire de Lyon) (16. 1 .)

Charmonium at the ISR.

H. Nowak(CERN)(23.1.)

Production of chamed lambda baryons at low energies.

J Burger (DESY and CERN) (30.1.)

Results on hard-scattering processes in two photon interactions at

the PLUTO detector at PETRA.

G. Snow (RockefeUer University) (6.2.)

Photon diffraction dissociation in a high-pressure hydrogen

projection chamber.

P B Price (CERN and Univ. of California at Berkeley) (20.2.)

Searches for GUT monopoles at a flux below the Parker limit.

T Lohse (Dortmund University) (27.2.)

Production of high-transverse-momentum baryons and mesons in

deep inelastic hadronic interactions at the ISR.

M. Mant (SUNY, Stony Brook) (2.3.)

The DO project - Physics at 2 TeV

.

A Blondel (CERN, and ficole Polytechnique, Palaiseau) (5.3.)

Performance of a ring-imaging water Cherenkov prototype.

N.Wennes(SLAC)(12.3.) wao,,,,,
Results on glueball searches and D physics from MARK ill.

M.Heiden (CERN) (19.3.)
^ ,^ ^.^„

Study of charmed particle production at the Split Field Magnet

detector.

P. Bockmann (CERN) (2.4.)

ResulU from ARGUS at PETRA.

C von Gagem (RockefeUer University) (9.4.)

Studies of high-pT and E? phenomena in pp and pp interactions at

the ISR.

L.Galignon (CERN) (16.4.) ,„^ v/
Inclusive meson production in K * p interactions at 70 Oev/c.

R.Brun (CERN) (21.5.)

First results on CHARM from NA27.

G. Herten (CERN) (4.6.)

Recent results from MARK-J.

H.J. Burckhart (CERN) (13.6.)

Observation of the charmed strange baryon A .

K.Freudenreich (CERN) (18.6.)

Observation of scaling violations in the hadronic production of

high-mass dimuons.

A Peisen(MPI. Munich, and CERN) (25.6.)

Results on the ALEPH model TPC: the TPC 90.

S. Lloyd (Oxford University) (2.7.)

Latest TASSO results on the fragmentation of charm and bottom

quarks.

P. Steffen (CERN and DESY) (16.7.)

Determination of the B lifetime.

K Wendt (Mainz University and CERN) (13.8.)

Laser spectroscopy at ISOLDE: The study of nuclear properties far

off stability.

R.WUson(SLAC)(27.8.)

ASP: a new PEP detector to search for single photons.

E. Lan(;on(Saclay)(10.9.)

Inclusive particle production in UA2 at the SppS coUider.

A Palano(Dept. of Physics and INFN,Bari) (17.9.)

Observation of the E meson in central production and determi-

nation of its quantum numbers.

K. EinsweUer (CERN) (22. 10.)

Radiative J/\f decays to two pseudoscalar mesons.

P Renton (Oxford University) (5. 11.)

Hadron production in 280 GeV muon-proton scattering.

T Bolognese(DPHPE,Saclay)(12.11.)

QCD effects and non-perturbative effects in deep-inelastic neutnno

and antineutrino charged-curtent interactions.

W Heck(FreiburgUniversity)(19.11.)
o j

Large-transverse-momentum direct photon and r production in

X
-
p, ir p, and pp collisions at the SPS at 300 GeV/c.

H.Boerner (CERN) (3.12.) ^ _

Drift chambers and cherry blossoms -experiments at the e e

collider TRISTAN in Japan.

AC. Schaffer(ColumbiaUniversity)(10.12.)
. ,, „

A search for like-sign dilepton production by neutnnos in the 15 ft

bubble chamber.

' Not published.

COLLOQUIA

F. Levi (University of Perugia) (28.2.)

Galileo Galilei and experimental science.

S. Haroche (icole Normale Supirieure. Paris) (8.3.)

Rydberg atoms: Atomic physics on a giant scale.

H. Sexl (Vienna University) (29.3.)

Physics in sports.

D. Kleppner (Lab. de Spectroscopic Hertzienne, Paris, and MIT,

Cambridge) (10.4.)

Spin-polarized hydrogen

R. Rufrini (Rome University) (17.4.)

Galaxies: Testing ground for -inos.

M. Markus (MPl for Nutritional Physiology, Dortmund) (19.4.)

Chaotic dynamics in sugar metabolism.

W. Greiner (Johann Wolfgang Goethe Universitat, Frankfurt)

(22.5.)

The supercritical electric field.

W. Weidlich (Stuttgart University) (12.6.)

Concepts and modeU of a quantitative sociology.
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M. Rees (Institute of Astronomy, Cambridge) (26.6.)

Black holes: the central engine in quasars and galactic nuclei.

A. Dar (Technion, Haifa) (26.7.)

Ultrahigh energy neutrino physics and astronomy.

P. Meyer (Enrico Fermi Institute, Chicago) (1 1.9.)

Recent work on solar neutrons and on the helium isotopes in the

galactic cosmic rays.

W.K.H. Panofsky (SLAC) (27.9.)

The SSC high-energy e * e ~ colliders and all that

.

H.O.Wuster(JET) (20.11.)

The JET project: results and problems of first year of operation.

R.M. Bonnet (ESA, Paris) (4. 12.)

Achievements and prospects of the European Space Agency scien-

tific programme.

Nobel lectures (18. 12.)

S. van der Meet (CERN): Stochastic coohng and the accumulation

of antiprotons.

C. Rubbia (CERN): Experimental observation of the intermediate

vector bosons W and Z.

SCIENCE AND SOCIETY SEMINARS

Seminar in honour of A. Sacharov's 63rd birthday (30.5.)

S.L. Glashow (Harvard University): Encounters of planet Earth

with quark-matter

A. De Riijula (CERN): A singular man.

A. Rorsch (Netherlands Organization for Applied Scientific

Research, The Hague) (24.9.)

The impact of genetic engineering on science and society.

W.K.H. Panofsky (SLAC) (26.9.)

East-West strategic arms race.

PARTICLE PHYSICS SEMINARS

D. Cline (University of Wisconsin, Madison) (10.1.)

Status of the search for baryon decay

B.A. Andersson (Lund University) (12.1.)

Confinement hkes polarization.

R. Strub (Centre de Recherches Nudeaires, Strasbourg) (16.2.)

Study of 16000 W decays collected in the CERN SPS hyperi

beam.

M. Veltman (University of Michigan) (24.2.)

Bound states of vector bosons.

A. Zichichi(CERN)(1.3.)

The end of a myth: high pt physics.

W.T. Ford (University of Colorado, Boulder) (13.3.)

Measurement of the B lifetime with MAC at PEP.

L. Galtieri (Lawrence Berkeley Laboratory) (15.3.)

Recent results from the TPC detector at PEP.

A. Roussarie (Saclay) (20.3.)

Large mass electron-neutrino pairs from UA2.

J. Van der Velde (Orsay) (12.4.)

Latest results from the 1MB proton decay detector.

F.Pauss (CERN) (26.4.)

Latest results from UAl.

W. Fetscher (ETH Zurich) (8.5.)

Determination of the inuon decay parameters.

A. De Riijula (CERN) (15.5.)

Neutrino and muon physics in the collider mode of future accelera-

tors.

Y. Declais (Centre de Physique des Particules, Marseille) (24.5.)

Indications for neutrino oscillations in the Bugey reactor experi-

ment.

G. Altaielli (Rome University and CERN) (29.5.)

Electron-proton physics at future colliders.

B. Winstein (Enrico Fermi Institute and Dept. of Physics, Univer-

sity of Chicago) ( 19.6.)

An experimental determination of e'/e in the neutral kaon system.

P. Bagnaia(CERN)(21.6.)

Latest results on jets from the UA2 experiment at the CERN
proton-antiproton collider.

R.F. Schwitters (Harvard University and Fermilab) (28.6.)

Plans and progress on the Tevatron collider program at Fermilab.

M. Delia Negra (LAPP, Annecy and CERN) (3.7.)

Observation of isolated large-transverse-momentum leplons with

two associated jets in the UAl experiment.

K.-P. Streit (Heidelberg University) (5.7.)

New results on baryons with charm and strangeness.

D. Atkinson (University of Groningen) (14.8.)

Possible left-right symmetry and beta decay.

J. Rosner (University of Chicago) (16.6.)

Heavy neutral leptons and new range bosons: Some experimental

prospects for the rest of the '80' s.

E. Bloom (Stanford University) (4.9.)

Evidence for a narrow massive state in the radiative decays of the

upsilon.

EH. Bellamy (Westfield College, London) (13.9.)

Measurement of the pion form factor.

B. Foster (University of Bristol and DESY) (18.9.)

Experience and lifetime measurements with the TASSO vertex

detector.

L. Pottier (Laboratoire de Spectroscopic Hertzienne de I'ficole

Normale Supirieure, Paris) (2. 10.)

Measurements of parity violation in the caesium atom: a low-q test

of electroweak unification.

AD. Krisch (University of Michigan) (4. 10.)

High-transverse-momentum spin physics and the AGS polarized

proton beam.

EM. Henley (University of Washington and University of Tubin-

gen) (11.10.)

Tests of electroweak interactions with electrons from atoms to high

energies.
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C.H. Llewellyn Smith (Oxford University) (13. II.)

What can we learn from the EMC effect?

R. Landua (CERN) (27. 1 1 .)

The X-ray spectrum of antiprotonic hydrogen formed in Hz gas.

V. Zacek (Technical University, Munich) (11.12.)

Search for neutrino oscillations at the Gosgen power reactor.

COMPUTER SEMINARS

P. Stucki (IBM Zurich Research Laboratory, RuschUkon, Switzer-

land) (18.1.)

The integration of text and image and its application to engineering

documentation.

J. Svenlek (Lawrence Berkeley Laboratory, Berkeley, USA) (4.4.)

Distributed systems research at Lawrence Berkeley Laboratory.

X3J3 Committee Members: J. Adams (Colorado State University);

N. Marshall (EG&G); J. Wagener (Amoco); G. Paul (IBM York-
town Heights) (13.4.)

FORTRAN forum

E.J. Siskind (NYCB Real-Time Computing, Port Washington,
USA) (2.5.)

Future uses for FASTBUS and other data acquisition interconnec-
tions.

J.D. Bruce (Massachussets Institute of Technology, Cambridge
USA) (13.6.)

Computer networks at MIT.

A. Colmerauer (Faculty des Sciences de Luminy, Marseille, France)
(20.6.)

PROLOG in 10 figures.

T.J. KiUian (AT&T Bell Laboratories, Murray HiU, USA) (26.9.)

UNIX 8th edition

E. Clementi (IBM Kingston Laboratory, USA) (5. 10.)

Experimenting with parallel computing.

T. Nash (Fermi National Accelerator Laboratory, Batavia, USA)
(10.10.)

The ACP multiprocessor project at Fermilab.

R.F. Puk (Independent Consultant - computer graphics systems
architectures) (7.12.)

Graphics standards after GKS

D.L. Nelson (ApoUo Computer Inc., Chelmsford, USA) (13.12.)

Emergence of workstations.
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Appendix C ' Training Programmes 1983/84

ACADEMIC TRAINING

Lecture Series (20 series: 96 lectures)

Gauge theories: basic concepts and experimental consequences

G. AJlarelli (University of Rome and CERN) (6 lectures).

High-energy physics after the discovery of the W and Z particles

L. Van Hove (CERN) (4 lectures).

Monopoles

P. Musset, D. Nanopoulos (CERN) (3 lectures).

Introduction to transfer Unes and circular machines

Ph. Bryant (CERN) (4 lectures).

The experimental approach to W and Z physics

P. Darriulat (CERN) (3 lectures).

Statistical error estimation

M. Roos (Un; .ersity of Helsinki) (6 lectures).

Traitement tbermomdcaniques des alliages.

Effets sur les propri^^ m^caniques

W. Benoit, B. Ilschner,

R. Schaller (EPF, Lausanne) (9 lectures).

Programming for the Motorola 68 (XX) microprocessor

H. von Eicken (CERN) (4 lectures).

Parton-parton scattering in hadronic collisions

R. Sosnowski (Warsaw Nuclear Research and CERN) (5 lectures).

Neutrino cosmology

J. Bernstein (Stevens Institute, Hoboken) (4 lectures).

Track recognition and event reconstruction

E. Dahl-Jensen (University of Copenhagen)

M. Della-Negra (LAPP, Annecy, and CERN)
H. Grote. W. Krischer, A. Norton (CERN) (7 lectures).

Numerical methods for data and function approximation

M.G. Cox (National Physical Lab., Teddington) (4 lectures).

Identifying and assessing risks

T.A. Kletz (University of Technology, Loughborough) (5 lectures).

CP violation

A. Zylberstejn (CEN, Saclay), and

J.R. Ellis (CERN) (3 lectures)

R^agles ^hantillonn^. Traitement dans I'espace d'etat

H. Buhler (EPF, Lausanne) (8 lectures)

Beam-beam interactions

J.F. Schonfeld (Fermilab) (5 lectures)

Medium-range weather forecasting

A. Simmons (ECMRWF, Reading) (5 lectures)

Fusion reactors

R.S. Pease (Culham Laboratory) (5 leaures)

Relativistic nuclear collisions

H. Gutbrod (GSI, Darmstadt) (3 lectures)

Searching for the quark-gluon plasma at CERN and elsewhere

M. Gyulassy (LBL, Berkeley) (3 lectures)

(Audience: maximum 200 - minimum 7.)

* The titles of the courses and lectures are given in the language used.

TECHNICAL TRAINING

Mathematics - Physics

Introduction ^ la physique des particules

J. P. Lagnaux (92 h).

Champs magn^iques et aimants

F. Rohner (40 h).

AteUer de statistiques appliqu^
C. Leluc, W. Uo (40 h).

Computer Science

Initiation i rinformatique et aux techniques de progranunation

T. D'Amico. H. Slettenhaar (3 sessions of 40 h, 1 session of 80 h).

Introduction to computing and programming techniques

H. Slettenhaar (2 sessions of 40 h, 1 session of 80 h).

Introduction au materiel informatique

H. Slettenhaar (1 session of 40 h).

Programmation en ligne et temps rtel

J.A. Bogaerts, A. Lacourt (136h).

Methodologie de la programmation

L. Zaffalon (40 h).

Programmation en Pascal

M. Cousin (2 sessions of 36 h).

SCRIPT
J. Gamble (40 h).

WYLBUR avanci

B. PoUermann (48 h)

Microprocesseurs 16 bits: fonctionnement et utilisation

G. Litzistorf , C. Guillaume (2 sessions of 88 h ( 5 h of

introduction to WYLBUR)

Electronics

Laboratoires d'ilectronique

S. Cairanti, R. Platteaux, J. P. Bertuzzi, P. Cennini

(2 sessions of 88 h).

Syst^mes non-lin^aires et ^hantiilonn^s

G. Baribaud, Ch. Bertuzzi (84 h).

Microprocesseurs 8 bits: appUcations

J. Feyt, G. Mugnai (2 sessions of 40 h).

Mechanics and coursesfor mechanicians

Soudure: Initiation

Lyc6e de Bellegarde (70 h).

Soudure: Perfectioimement

Lycie de Bellegarde (70 h).

SoudabiUti et procidte de soudure

J.J. Chene (40 h -h preparation for E.I.G. 28 h).
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Adminislration

Techniques d'organisation et de statistiques

A. Brissonnaud, A. Lecomte, G. Lindecker (99 h).

Informatique administrative: WYLBUR
N. Blackbume (2 sessions of 24 h).

328 people attended the technical courses.

Seminars

Electronique de puissance.

H. Foch, M. MeU (2 sessions of 30 h)

Chapitres choisis de math^matiques:

Transformte de Laplace et series de Fourier

L. Rinolfi, M. Martini (20 h)

Notions de diriv&s et d'intigrales

J. P. Dufey, B. Frammery (20 h)

Les riseaux locaux

G. LeLann, P. RoUn(12h)

Les fibres optiques

G. Chartier, P. Facq(12h)

Introduction 4 la commande numirique des machines-outils

M. Magnin, J. Gagnaire, D. Laffret (30 h)

Le CERN et les contrats d'entreprises

divers intervenants du CERN ( ~ 16 h)

151 people attended the technical seminars.

PERSONAL SKILLS AND
MANAGEMENT TRAINING

Techniques d'encadrement— par Pierre Artigues,

6 seminars of 5 days, 70 participants.

Rh^orique et prisentation efficaces— par Glauco Curetti,

1 seminar of 3 days, 9 participants.

Running, and contributing to, meetings— by Stephen Allender,

1 seminar of 3 days, 9 participants.

Secretarial development— by Niven Charvet,

1 seminar of 3 days, 12 participants.

Supervisor training- by David Gration,

4 seminars of 5 days, 40 participants.

Cours pour secritaires— par Shelle Rose,

3 seminars of 3 days, 31 participants.

Mithodes et pratiques de la negotiation— par Phillipe Pigallet,

1 seminar of 4 days, 9 participants.

Vie, structure et performance d'un groupe— par Pierre Artigues,

1 seminar of 4 days, 10 participants.

Les relations interpersonnelles dans le cadre du travail— par Pierre

Artigues,

1 seminar of 4 days, 10 participants.

Most seminars are preceded by individual interviews or informa-

tion meetings and are followed 4 to 6 months later by one-day

follow-up" sessions. These are not counted in the statistics above.

CERN SUMMER STUDENT LECTURE PROGRAMME

IntroductioD

CERN at the frontier of particle physics

P. Darriulat (1 lecture).

Introduction to particle physics

J.D. Jackson (2 lectures).

Courses

Electronic detectors, instrumentation, and data acquisition

C. Fabjan (3 lectures), W. Bell (1 lecture), D. Burckhart

(2 lectures),

A. Bogaerts(l lecture), and all together ( 1 demonstration).

Particles and symmetries

V.F. Weisskopf (8 lectures).

Hadronic interactions

L. Camilleri (4 lectures), T. del Prete (1 lecture).

An introduction to accelerators— past, present and future

E. Wilson (4 lectures).

Highlights in e * e ' physics

W.D. Schlatter (4 lectures).

Seminars

Monte Carlo

F. James (2 lectures).

Underground experiments in Europe— status and perspectives

E. larocci (1 lecture).

Missing transverse momentum— a signature for new physics

P. Jenni(l lecture).

History of the W * and Z" search

C. Rubbia(l lecture).

Experiments on discrete syirmaetries (PCT)

V.L.Telegdi (2 lectures).

Physics with low-energy antiprotons at LEAR
L. Tauscher (2 lectures).

The ISOLDE programme— studies of exotic nuclei

B. Jonson (2 lectures).

Melting the vacuum with nuclear colUsions

W. Willis (1 lecture).

Experimental searches for neutrino oscillations

J. Wotschack (1 lecture).

High-energy physics— where is it going?

H. Schopper (1 lecture).

Wide-area networking for physics

F. Fluckiger(l lecture).

Production of heavy flavours

D.Treille(l lecture).

Time as a dynamical variable

T.D. Lee(l lecture).

Otber

Physics and Society

V.F. Weisskopf ( 1 discussion session).

Students Session

A. Drees, S. Haywood. L. Hervas (3 presentations).

(Average attendance: 125; maximum: 207; minimum: 65.)
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APPRENTICESHIPS

Number ofapprenticesfrom September 1983 to August 1984: 23

Profession



Appendix D Scientific Conferences and Schools

The 1984 CERN School of Physics was organized by the

Scientiric Conference Secretariat in collaboration with the Ele-

mentary Particle Physics Group of the University of Bergen. It was

held at Lofthus, on the Hardanger Fjord in Norway, from 1 1 to 24

June 1984, and was attended by 5 students from 3 laboratories in

the host country, 61 students from 36 laboratories in 10 Member
States, 6 students from CERN, and 5 students from 4 different in-

stitutes in non-Member States of CERN.

The lecture programme was as follows:

- J.D. Dowell (Birmingham University): Prolon-anliproton

physics

- D. Haidt (DESY, Hamburg): Experimenlal tests of gauge

theories

- J. Iliopoulos (Ecole Normale Sup^eure, Paris): Unifica-

tion andsupersymmetry
- M. Jacob (CERN): The top quark
- C. Jarlskog (Bergen and Stockholm Universities): Introduc-

tion to gauge theories

- E. Lillestel (Bergen University and CERN): Physics in

Norway
- H.B. Nielsen (Niels Bohr Institute and NordiU, Copen-

hagen): Random dynamics
- R. Petronzio (CERN): QCD
- F. Ravndal (Oslo University): Supersymmetry and quantum
mechanics

- S. Rudaz (Miimesota University): Signals for supersym-

metry?
- B.H. Wuk PESY, Hamburg): HERA— the physics and the

accelerator

The 1984 CERN School of Computing was organized by the

Scientific Conference Secretariat in collaboration with the Instituto

Estudios Energeticos (Junta de Energia Nuclear, Madrid) and the

Facultad de Informatica, Barcelona. It was held at Aiguablava on

the Costa Brava, Spain, from 9 to 22 September 1984, and was
attended by 25 students from 7 laboratories in the host country,

40 students from 34 laboratories in 8 Member States, 17 students

from CERN, and 4 students from 4 different institutes in non-

Member States of CERN.

The lecture programme was as follows:

- C. Rubbia (CERN): Opening lecture

- V. Blobel (Hamburg University): Unfolding methods in

high-energy physics

- T. Bloch (Ecole Polytechnique, Paris): The needfor massive

computing power in differentfields ofscience
- M.D. Canon (IBM Research Laboratory, San Josi): Storage

systems and technology: past andfuture directions

- P.P. Carrubba (Hewlen Packard Laboratories, Palo Alto):

VLSI: Architecture, design, andpackaging
- R.F. Churchhouse (University College, CardifO: Algo-

rithmsforparallel computers
- C. Delobel (IMAG, Grenoble): Relational data bases

- R.W. Dobinson (Univ. of lUinois at Champaign-Urbana,

and CERN): Microprocessors:from chips to systems
- B. Hyams (CERN): Applications of VLSI in data acquisi-

tion andprocessing
- K. Miura (Fujitsu Ltd., Kawasaki): Supercompuling and

national projects in Japan
- B. Randell (The University of Newcastle upon Tyne): The
Newcastle connection and

An early Spanish computerpioneer
- R. Rosner (University of London Computer Centre): Data

networks and open systems
- J. Sahcio (JEN, Madrid, and DESY, Hamburg): Monte

Carlo techniques

- S. Santiago (CERN): Databases at CERN
- M.F. Verdejo (Universidad del Pais Vasco): Experi systems:

An overview

- M. Verges (Universidad Politecnica de Barcelona): Logic

programming: Prolog

- W. von Riiden (CERN): Data acquisition for LEP experi-

ments
- D. Wiegandt (CERN): Portable computers—portable ope-

rating systems

- I. Willers (CERN): Single usersystems

The Scientific Conference Secretariat also made the material

arrangements for the Conference on 'Teaching Modem Physics'

held at CERN from 24 to 28 September 1984 (73 participants).
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Appendix E List of VIP visiles in 1984

JANUARY
12 Mr S. GUSTAFSSON, President, Swedish Natural

Sciences Research Council

25 H.E. Ambassador R. PAOLINI, Permanent Represen-

tative of Italy to the United Nations Office and the other

International Organizations at Geneva

FEBRUARY
10 Group of Ambassadors to the United Nations Con-

ference on Disarmament

MARCH , „ ..

15 Dr R. KRUMSIEK, Minister for Science and Research

of the Land of North-Rhine-Westphalia, Federal

RepubUc of Germany

19 Dr A. PROBST, Secretary of State at the Federal

Ministry for Research and Technology, Federal RepubUc

of Germany

31 Mr H. FISCHER, Federal Minister for Sciences, Austria

APRtt
19 United Kingdom Department of Trade and Industry:

Mr S. BURBRIDGE, Under-Secretary of State

Mr D. WISEMAN, Head of Research and Technology

Mr P. ROBINSON, Export Europe Branch

MAY
09 Professors and senior administrators from umversities

in Sweden

09 Swiss National Fund for Scientific Research

JUNE
01 Bank officials from China

Dr G.W. CHANTRY, Science Attach^, British Embassy,

Bonn. Federal Republic of Germany

Professor S. ERLANDER, Vice-Chancellor, Linkoping

University and Institute of Technology, Linkoping,

Sweden

Professor J.-O. PALMBERG, Dean, Linkoping Uni-

versity and Institute of Technology, Linkoping, Sweden

JULY
02 Delegation from the Royal Institution, London

(19 members)

AUGUST
Mr ter HORST, Netherlands

H.E. Ambassador R. van SCHAIK, Permanent Re-

presentative of the Netherlands to the United Nations

Office and the other International Organizations at

Geneva

Mr H. HEINEMANN, Deputy Permanent Representa-

tive of the Netherlands

Mr J. JURGENS, Consul honorary of the Netherlands,

Geneva

20-21 Mr R. CHABBAL, Chairman, Research Group to the

Ministry for Research and Technology, France

SEPTEMBER
21 30th Anniversary of the Entry into Force of the Conven-

tion for the Establishment of CERN, in the presence of:

His Majesty KING JUAN CARLOS I of Spain

Her Majesty QUEEN SOFL\
The Princesses ELENA and CRISTINA

The Marquis of MONDEJAR, Head of the Royal House-

hold

General FERNANDEZ CAMPOS, Secretary-General to

the Royal Household

Mr H. CURIEN, Minister for Industry and Research.

France

Mr L. GRANELLI, Minister for Scientific Research,

Italy

Mr L.R. LANGSLET, Minister for Cultural and Scienti-

fic Affairs, Norway

Mr C. SOLCHAGA. Minister for Industry and Energy,

Spain

Mr MP. BROOKE, Secretary of State for Education and

Science, United Kingdom

Mrs C. VIRGILI, Secretary of State for Research and the

Universities, Spain

Professor E. AMALDI. former Secretary-General, Euro-

pean Council for Nuclear Research

Professor P. AUGER, former Director, Division of

Exact and Natural Sciences, UNESCO
Mr J.H. BANNIER, former President, CERN Council

Mr D. de ROUGEMONT, writer. Chairman, European

Cultural Centre

Professor I. RABI, Nobel Prize for Physics, 1944

Professor V.F. WEISSKOPF, former Director-General

of CERN

Mr E. SUY, Director-General, European Office of the

United Nations, Geneva

Mr S.J. SPAULDING, the Director of the International

Bureau of Education

Mr R.E. BUTLER, Secretary-General, of the Interna-

tional Telecommunications Union

Mr D. SMITH, Deputy Secretary-General, World Meteo-

rological Organization

The Member States Permanent Representatives at

Geneva and Ambassadors in Bern

The Delegates of the Member States to the CERN Coun-

cil and their Representatives on various CERN Commit-

tees

The Representatives of the French Prefectural, Admi-

nistrative and Departmental authorities

The Representatives of the Swiss Federal, Cantonal and

Communal authorities

The Representatives of the European and international

scientific community

28 Parliamentarians from the Netherlands
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OCTOBER
02 Mr R. JACKSON, M. P., United Kingdom

10 Professor K.H. BECKURTS and Mr H. FULLUNG,
Siemens, Federal Republic of Germany

NOVEMBER
01 Mr T. di ROMAGNANO, Consul-General of Italy,

Geneva

22-25 Delegation from the Swedish Research Council (Physics)

(15 members)

26 H.E. Mr F. MUHEIM, Directorate for International

Organizations, Federal Department of Foreign Affairs,

Bern, Switzerland

28 General A. de TORRES SPINOSA, Spain

DECEMBER
10 Professor H. DETTER and Professor P. KOSS, Direc-

tors, Austrian Research Centre, Seibersdorf, Austria

12 Mr P. CHAMPENOIS, Consul-General of Belgium,

Institute for High-Energy

Physics, BerUn-Zeuthen,

German Democratic Republic:

Professor C. GROTE, Secretary-General

Dr. K. LANIUS, Director

Dr R. LEISTE, Division Leader

Mr B. GERARD, Prefect of the Ain Department, France
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THE PRINTING OF THE THIRTIETH ANNUAL REPORT

OF THE EUROPEAN ORGANIZATION FOR NUCLEAR

RESEARCH, WAS COMPLETED ON THE TWENTY-

FIRST DAY OF JUNE NINETEEN HUNDRED

AND EIGHTY-FIVE BY THE DOCUMENTATION

DEPARTMENT AT CERN, GENEVA, SWITZERLAND
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The cover: Adequate computing resources have be-

come a critically scarce tool that high-energy physi-

cists need to carry out their science. Fermilab's Ad-
vanced Computer Program (ACP) is attacking the

problem with the development of a multimicro-
processor system based on the latest in commercially
available integrated circuits (see page 49). The cover
is Angela Gonzales' abstraction of the tree structure

of the ACP system and is based on the figure on page
54. The branches of the tree support memory (MEM)
and numerous central processing units (CPUs). The
memory leaves come in various sizes measured in

megabytes (Mb). The 32-bit microCPUs are now be-

coming available from a number of firms, including
AT&T, Motorola (MOT), and Digital Equipment
Corporation (DEC). The branches and trunk rep-

resent high-speed busses and a switch that carry data
from the roots which handle the input of raw infor-

mation and the final output of results. Four tape

drives appear at the corners of the roots. At the

center are various controllers and interfaces that

manage the system. In online trigger applications, a

Fastbus Interface (FBI) connects to data acquisition

hardware in Fastbus standard crates. The
background suggests the intricacy of the micron di-

mension patterns seen in photomicrographs of the

incredible 32-bit microprocessors used in the leaves.

Above the title is a typical colliding-beam experi-

ment event. Behind the tree, lurking in the magenta
mist, is Fermilab's Wilson Hall, teeming with re-

searchers anxious to reconstruct such events.

— Tom Nash
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Cosmological Inflation

<— Out of the union of ideas in particle physics and cosmology has come the theory of

cosmological inflation; a concept that has revolutionized the way we think about the

earliest moments of the big bang. As we explore higher energies and probe matter on
smaller scales, we become aware of the existence of hidden and beautiful symmetries
that are not apparent in the Universe today, but should have been manifest at the

enormous temperatures in the first microseconds of the big bang. As the Universe
c<)oie«l, it underwent a series of phase transitions in which the underlying symmetries
were broken step by step. Inflation is the theory that in one of these transitionsa single

bubble of the low-symmetry pliase rapidly expanded to a size large enough to encom-
pass our entire observable Universe.

— E. Kolb
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I. State of the Laboratory

The year 1984 may be sumraarized by its

major activity, the Taming of the Tevatron.

(The names Energy Saver and Energy Doubler
should pass into history even though the new
superconducting accelerator did double and
does save energy, some 40 megawatts> in fact).

Our runs in '84 were ragged as we tried to man-
age the complexity of the new machinery, the

neglect of the old machines and the implemen-
tation of new beam lines and new experiments.
However, enough of our goals were met to list

the run as successful. A score card is presented
elsewhere in this volume. The unfinished part

of the Tevatron, the Antiproton Source (Tevat-

ron I) was also a high priority activity and, when
we add in the continuing construction of the

Collider Detector Facility (CDF), we see a very

substantial effort. In the euphoria of doing
physics again we were struck with the fact that,

since 1979, the Laboratory had been gradually

transformed in order to best manage its con-
struction tasks. This put us in poor posture to

apply creative attention to the challenges of
getting physics out of the Tevatron. So we reor-

ganized. The aim is as stated, to finish our con-
struction tasks as quickly as possible and to

organize ourselves to conquer the planet in the

years from now until the Tevatron fades into the

shadow of the Supercollider. Sic transit gloria

mundi.

The reorganization strategy was to deploy our
strengths to match the altered priorities of an
operating laboratory. A simplified circuit di-

agram is around here somewhere. The Labora-
tory priorities need to be reiterated; they are
logical but the large overlaps still make for

confusion and uncertainty. With customary
caveats that a numerical ordering on a flat page
does injustice to a multidimensional nature of
the problem, we list:

1. We must bring the accelerator up for relia-

bility and increasing intensity to service the

1985 fixed-target program.
2. We must complete TeV I (the p source) so

that a good physics run can be carried out in

the fall of '86.

3. This implies the essential completion of an
excellent detector, CDF, capable of

addressing the new physics issues that go with

2 TeV.
4. TeV n, the fixed-target beam lines and areas,

must be completed (within budget, of
course) on time and the 1986 fixed-target ex-

periments and beam lines must be ready to go

by spring 1986.

5. The Tevatron accelerator must reach close to

1000 CeV by a combination of replacing
weak magnets and lowering the ring temper-
ature about 0.5°K.

6. The second major colliding beam detector at

DO must be brought on line, phased to do
some physics by 1988 and completed soon
thereafter. We need to convince whoever
will listen that this is deserving of a more
rapid funding pace than our present proj-

ections allow.

7. We must continue to support the develop-

ment of our computer facilities via man-
power and a major new addition to the Com-
puter Center. Even this v/ill not be enough to

serve the entire Tevatron program, and we
must support the Advanced Computer Proj-

ect.

8. We must continue to improve the intellec-

tual environment of the Laboratory: here we
recognize the important role of the Theoreti-

cal Physics group, now aided by our matur-
ing Astrophysics Group.
A comment: We are concerned about the

Fermilab "post-docs" since Fermilab's at-

mospherics are different from universities*

and different from SLAC, BNL, and LBL.
Here we note that we do not have permanent
groups under semi-permanent group lead-

ers. The responsibility for the intellectual

care and feeding of post-docs (poor beasts of

burden, only exceeded by graduate students)

is then diffuse and our Physics Department is

now instructed to study and solve the prob-

lem. Here we should add that the reorgani-

zation must assume that Fermilab physics

staff will have greater opportunities to par-

ticipate in research and, again, the appropri-

ate structure to see to this is the Physics De-
partment.
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9. We have serious responsibilities relative to

SSC on at least two fronts. One is to do our

share of the national effort on R&D and de-

sign. The other is to look into the Tevatron as

a possible injector. It seems clear that any

improvements in the Tevatron as SSC injec-

tor will help the current program. A third

obligation is to provide assistance to the State

of Illinois (and anyone else who asks) in ef-

forts to compete for the SSC.

10.-15. Here we simply shrug and remind our

readers that we do R&D on instrumentation,

we stimulate the HEP community to think

hard about new experiments via workshops,

we reach out to the external community for

science education, technology transfer, col-

laboration with developing countries, etc.,

etc.

The foregoing is a restatement of the goals of

the Laboratory over the next several years. The

remainder of this overview and the articles that

follow constitute a progress report.

DIRECTORATE
Lederman
Livdahl

• Bjorken
• ChrisiTion

• Lundy

ACCELERATOR
DIVISION
Orr/Edwords

_| TeVI
Peoples

RESEARCH
DIVISION
Stanfield

TECHNICAL
SUPPORT
Montsch

SAFETY
Coulson

CONSTRUCTION
Nestondar

PROGRAM
PLANNING
Yomonouchi

PHYSICS
DEPARTMENT

COMPUTER
ACQUISITION
Brenner

LABORATORY
SERVICES
Marotske

BUSINESS
SERVICES
Finks

BUDGET
Jordan

AUDITING
Richardson

Particle Theory

Re% iewinp those liighli^lits which are not de-

^cribe(^ in greater detail in this issue, we note

first that the Tiieory group has now grown to six

permanent members (Bardeen, Bjorken,
Eichten. McLerran. Quigg. and Thacker) and

ihere are now six a>s()ciate >cienti>ts (Ellis. Hill,

Parke. Pisar^ki. Sclionfeld. and Taylor). There

are .»e\en p()>t-(loo and llie usual deluge of un-

usual \ i.-itors. In addition to llieir own work on

the full spectrum of particle theory fascina-

tions. Theory has served the community via

very active participation in SSC activities. A
major proiluct is the "bible" of SS(; physics (the

Reviews of Modern Physic-n article known as

EHLy, pronoun<-e«l ELK, probably because

the authors are Eiclilen. Ilinohliffe, Lane, and

Qiiigg. I
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The Physics of Theory

The phenomenology relevant to colliding

beam physics has been a major focus of re-

search. A detailed survey of SSC physics pros-

pects was completed (Eichten, Quigg), along

with related work on the signals for Higgs bo-

sons and technicolor. The search for super-

symmetry has been brought into sharper focus

with a critical examination of the current limits

and the detection prospects (Eichten, Quigg).

The interpretation of high-energy jet produc-

tion at the SppS collider has been clarified by

Monte Carlo studies (Sjostrand) and by pertur-

bative QCD calculations (Ellis, Parke, Taylor).

Significant progress has also been achieved in

the application of lattice gauge theory to physics

problems. For the first time, hadronic decay

parameters have been computed using lattice

Monte Carlo methods (Thacker). A study of

finite-size effects on spectrum calculations haa

also been completed (Thacker). Monte Carlo

methods have been applied to the study of the

renormalization properties of QCD and to

phase structure of the theory at finite temper-

ature (Das). Lattice methods have also been

adapted to the study of possible composite

structure of weak interactions (Sexton).

Research interests have also turned to higher

dimensions, gravity, supergravity, and strings.

The structure of anomalies for gauge and
gravitational theories in any dimension was

clarified (Bardeen). The effects of quantum
fluctuations on the vacuum structure of

Kaluza-Klein models have been analyzed

(Rubin). A covariant functional Schrodinger

method has been developed to study the quan-

tum evolution of the states in the early universe

and the implications of inflationary scenarios

(Hill). The consistency of renormalizable,

higher derivative theories of gravity has been

examined, including the implications for the

vanishing of the cosmological constant

(Pisarski).

Mathematical methods have been developed

for the study of colliding beam instabilities in

electron-positron storage rings (Schonfeld).

In addition to publishing to avoid perishing,

the group has maintained the pace of theory

seminar, wine and cheese seminar. Journal

Club, and a newTeV I Collider Physics Journal

Club. Academic lectures were given on a wide

set of subjects selected by the trapped popula-

tion of graduate students and post-docs. In a

more ideal world, these honored guests would

be living on a university campus where, in that

ideal world, one could walk to the accelerator.

NASAypermilab Astrophysics Center

The NASA/Fermilab Astrophysics Center was

started at Fermilabin 198,3 with a grant from the

NASA Office of Space Science and Applica-

tions Innovative Research Program. In less

than two years Fermilab has become recognized

worldwide as the center for work at the foref-

ront of the interface of particle physics with

astrophysics and cosmology.
Cosmology is tlie study of the origin and

evolution of the Universe. Cosmology includes

everything from the origin of the I niverse, to

the primordial production of liglil luiclei, to

the decoupling of the present microwave
background radiation, to galaxy forniution. (o

the present structure of galaxies, clusters of

galaxies, and beyond. Co>niology pr<!vi(ie> a

background upon which we understand an<l

interpret the Lniverse in wliicii we live, in tiie

past few \ears, it has become iiUTea.-.ingly ap-

parent that an understanding of the present

large-scale structure of the I ni\er>e is impossi-

ble without understanding its siuall-scale

structure. The discovery of this deep connec-

tion between particle physics and cosmology

has started the entire new field of particle

physics and cosmology. Fermilab offers a rich

and uni(|ue environment for research at the

particle physics/astrophysics interface.

The Physics of Aslropliysics

One of the oldest of the modern cosmological

questions has to do with the "missing mass"

necessary to "close" the lniverse. If there is

enough mass in the Universe, the expansion we
observe will eventually stop, and the I niverse

will recollapse. Tiie possibilitv that tlie "mis-

sing mass" in the I niverse is in the (orni ol tlie

decay products of massive neutrinos has lieen

stu<lied by iueinl)ers of the Fermilab As-

troplivsics group. This possibilitv was first pm-
posed in ITK i)V Dicus (Texas). K<»lli iFer-

luilab). and Teplitz (\ PI). In the past vear at

Kermilal). the idea lias been developed, and tiie
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effect of decaying particles in galaxy formation

has been studied. Turner (Fermilab/Chicago),

Steigman (Bartol), and Krauss (Harvard) ex-

tended the original idea in a Physical Review

letter. Other ideas for decaying particles have

been studied by Schramm (Fermilab/Chicago),

Gelmini (CERN), and Valle (Rutherford) in an

article in Physics Letters. Olive (Fermilab),

Schramm (Fermilab/Chicago), and Srednicki

(Santa Barbara) have considered the possibility

that the decay products of gravitinos could

close the Universe. Olive (Fermilab), Seckel

(Fermilab), and Vishniac (Texas) have studied

further astrophysical effects of decaying parti-

cles in an article in Astrophysical Journal. Fi-

nally, Kolb (Fermilab) reviewed the staus of the

cosmological effects of decaying particles at

NEUTRINO '84, the yearly international neut-

rino conference.

"Inner Space/Outer Space"

During the first week of May, an interna-

tional conference on science at the interface of

particle physics and cosmology/astrophysics

was held at Fermilab. The conference was or-

ganized by members of the Fermilab As-

trophysics Center. The "Inner Space/Outer

Space" conference was attended by 230 scien-

tists, including astronomers, astrophysicists,

cosmologists, low-temperature physicists, and

particle theorists and experimentalists. Plans

are now being made to hold annual workshops

on cosmology and particle physics at Fermilab.

The proceedings of the May 1984 conference

will soon be published by the University of

Chicago Press. Inner Space/Outer Space con-

ference T-shirts have become collectors items.

Astrophysics Seminar Series

In addition to the annual conference, the

Astrophysics Center holds a weekly seminar

series on Monday afternoons. In the spring of

1984 the seminar series focused on the cos-

mological implication of theories of extra di-

mensions. The fall seminar series topic was the

microwave background radiation, and its im-

plicjtion.s for galaxy formation. The Monday
astrophysics seminars often complement the

TueMlay tiieoretical ph\;-ics seminars. Several

of the Laboratory colloquia have been in vari-

ous areas of astrophysics. Cosmology and as-

trophysics have also become part of the public

image of the Laboratory. Michael Turner of the

Astrophysics Group gave a public lecture at

Fermilab on the cosmology-particle physics

connection. This Friday night public lecture

was sponsored by the Fermilab Auditorium

Committee and was attended by over 700 mem-
bers of the local community. One of the goals of

the Astrophysics Group is to make cosmology

and astrophysics an integral part of the intel-

lectual atmosphere of Fermilab. By doing so,

particle physicists at Fermilab are provided a

unique perspective through which they may
interpret and appreciate advances in their field

in a wider scope of its influence in other fields

of physics.

Astrophysics Group

The present Astrophysics Group was origi-

nally headed by Edward Kolb, who joined

Fermilab from the Theoretical Astrophysics

group at Los Alamos National Laboratory, and

by Michael Turner, who spent the '83-'84

academic year at Fermilab on leave from the

University of Chicago. In the fall of 1984,

Turner returned to the University of Chicago,

but will continue to spend one quarter per year

in residence at Fermilab as a visiting scientist.

In the fall, Alex Szalay joined the Group.

Alex is a Hungarian astrophysicist who
specializes in models of galaxy formation.

Szalay will be a visiting staff member and will

be at Fermilab for eighteen months. David

Schramm, from the University of Chicago, will

continue to split his time between Fermilab and

Chicago. This fall, Bernard Carr of the Univer-

sity of Cambridge was in residence. The active

visitor program benefits both Fermilab and the

astrophysics community by making experi-

mental and theoretical advances in particle

physics accessible to the astrophysics commu-
nity. In addition to Kolb, Turner, Szala>,

Schramm, and visitors, ihe Group has four

posl-docs an<l several graduate students, mak-

ing il one of the largest cosmology groups in the

civilized world, perhaps in the universe, cer-

lainlv in Warrenville, Illinois.
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Tevatron I, The Antiproton Source and Collider

This is the project which will permit Fer-

itiilub to produce collisions between counter-

rotating beams of protons and antiprotons.

When we bring the beams close to 1 TeV, the

resulting 2 TeV will be a planetary record

entTg) — over three times the energy of the

CERN collider.

TeV I proposes to extract protons from the

old Main Ring and target them to produce an-

tiprotons. These are collected, stored, cooled,

and accumulated in two new concentric rings

located just south of the Booster. No, the parti-

cle choreography is not complete: the above

processes are sandwiched by rf manipulations

before extraction and by reinjection of ice-colil

antiprotons in the Main Ring for acceleration

and deliverv to the Tevatron.

The manager of TeV I goes on to write:

If physics were a horse race, the

Tevatron I project would be spin-

ning out of the final turn at the top

of the stretch. 1984 has been a year

of major accomplishments for TeV
I in both conventional construc-

tion and technical components.
The story can perhaps be best told

in the photo essay in this Report.

The accomplishments of the

project are made even more
noteworthy by the obstacles that

had to be overcome this year. The
year began with a terrible winter

for construction. In spite of the

weather, construction of the tun-
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nels and service buildings was
completed, and we have been in-

stalling equipment for several

months. More and more of the

Tevatron I Section has moved out

to the trailers next to the rings to be

close to their work. The Target Sta-

tion and Target Service Building

are also complete. During the

summer shutdown, the Main-Ring
tunnel was uncovered and new,

wider tunnel sections installed for

Tev I extraction.

The technical components have

also moved ahead, although that

work has also had obstacles. The
TeV I Debuncher, Accumulator,

and transport magnets are larger

and have tighter field-quality

specifications than any conven-

tional magnets Fermilab has built

before. The year saw all the quad-
rupoles of both aperture sizes

completed, measured, and ac-

cepted. The coils for nearly all of

the dipoles are finished. The as-

sembly of the laminations into

magnet cores did not come easily.

The magnet performance has been
affected by the quality of the steel

and the condition of the stamping

die. By carefully testing the mag-

netic properties of several hundred
samples of steel and accurately

measuring the lamination dimen-
sions, it has been possible to obtain

the desired quality. In some in-

stances magnets which did not meet
the demanding tolerances of the

project were brought to specifica-

tions by adding a small number of

thin siiims. At the end of the year,

installation of magnets in the tun-

nel was underway.
There were also some difficulties

to overcome in the target area. The
first lithium lens for antiproton

collection failed when the bolls

holding the assembly together
\ieldeil. When the cause of this

failure was remedied on prototypes

two and three, cracks developed in

the titanium water jacket. Detailed

investigation showed that this fail-

ure was caused by metal fatigue and
a redesign has fixed the problem.
The most advanced prototype
lithium lens has now been pulsed to

its design current more than
100,000 times. Lens number 2 has

operated for more than one million

pulses, albeit at 50% of the design

current, in the AA target station at

CERN. Other special magnets and
devices for the Target Station are

being fabricated.

Equipment for stochastic cool-

ing is also being assembled. After

some initial problems, the

traveling-wave tube amplifiers for

cooling met design specifications.

The pickups and kickers,

preamplifiers, and other elec-

tronics are under construction and
the superconducting correlator

filter is well along. Similarly, all of

the enormous amounts of equip-

ment for the two major storage

rings are well along in fabrication,

including the controls system.

During 1984, the superconduct-

ing low-beta system that will

squeeze the beam ilown and im-

prove the luminosity at BO in the

Tevatron was installed and suc-

cessfully tested at 800 GeV. At the

end of the year, the Main-Ring
Overpass to carry the beam around

the detector at DO was installed and

successfully operated. The Main
Ring bunch-coalescing cavities,

used to increase the peak proton

intensity on the antiproton pro-

duction target, were installed in

1984 and are ready to go.

At the end of 1984, the people of

the Tevatron I Section were all busy

installing, surveying, and testing

e(]uipment. The new year, 1985,

.should see us thunder down the

home stretch and cross the finish

line.
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Tevatron II, The Fixed-Target Program

1984 was the third year of the TeV II con-

struction project and will probably turn out to

be the year in which the activity on this project

reached an almost unbearable crescendo. The
construction project as a whole is divided

roughly into two parts, a technical upgrade of

the primary beam transport facilities from 400

to 1000 GeV, and a civil construction portion in

which various experimental halls, beam en-

closures, and other facilities are constructed to

accommodate both the primary beam upgrade

and the experimental facilities that will be

needed for the 1000-GeV fixed-target program.

During the past year, the primary emphasis

for the technical upgrade part of the TeV II

Project has been in developing and installing

primary beam transports for new beams that

had not existed prior to Tevatron II. These were

specifically the Wide Band Beam in the Proton

Xrea and the new Muon Beam in the Neutrino

Area. The extraction of fast beam for the con-

ventional neutrino program was also an area of

significant activity in 1984. Finally, a significant

amount of work took place in construction of

the M-West Target Pile. This new primary target

station will become the source of a high-energy

hadron beam to be built in 1985 and 1986.

A majority of the activity in the TeV II project

in 1984 was concentrated in civil construction

projects associated with the new Wide Band
Photon Beam and the new Muon Beam. For the

former, two existing enclosures in the Proton

Area were converted into fully shielded areas

capable of transporting and targeting primary

proton beams. One of these, the PE4 enclosure,

will be the source of the Wide Band Beam. It

was necessary to partly demolish the old en-

closure and rebuild it in order to insure the

desired amount of radiation shielding and
achieve the technical capabilities needed for

the Wide Band Beam.
Downstream of this enclosure, a new tunnel

TeVn Construction Areos
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extension was added which will be used for the

early sections of the Wide Band Beam trans-

port; a second new enclosure was built next to

the Tagged Photon Laboratory for momentum
selection, and downstream of the momentum
selection enclosure the new Wide Band Ex-

perimental Hall and counting house were con-

structed. This last is far and away the largest

TeV II project in the Proton Area and the ball

has been under construction since early 1984.

The new building will house two experiments,

E-687 and E-683, both of which have been ap-

proved to do photon experiments in the 1986

run.

Through experience, it has become clear that

the construction of a new experimental hall

takes almost one yfar from the time that the bid

package is released until the building is fully

available to experimenters. Work on the Wide
Band Hall began in the early spring of 1984; it is

hoped that the building will be available for

full use by the experimenters by February of

1985. In order to help the users get an early start

in the erection of their apparatus, early occu-

pancy of the high bay areas of the hall has been
arranged. This is a strategy that seems to pay
significant time dividends and is much ap-

preciated by experimenters.

Meanwhile, back at the Neutrino Area, an
even larger civil construction effort has been
underway in 1984. This is the construction of

the new Muon Laboratory, and of the twenty-

four beam line enclosures that are necessary for

the new muon beam. These two projects have

been pursued as separate construction con-

tracts and, as noted in the Wide Band case, the

laboratory building will probably take about

one year to complete. The new Muon Lab was
started in February of 1984 and is expected to

be fully complete only in February 1985. The
Muon Laboratory is a large building that com-
bines a high bay experimental area and the as-

sociated counting and computing rooms in a

single structure. This building, when complete,

will be one of the most striking and aesthetically

pleasing structures on the Fermilab site. An
itinerant architectural consultant, one R. R.

Wilson, is to be credited here.

If all the muon beam civil construction can

be completed on schedule, it is hoped that the

Muon Beam will be commissioned in the spring

of 1985. Perhaps it will even be possible to begin

preliminary tests for E-665, the experiment that

plans to take data in this beam in 1986.

In addition to the active civil construction

projects, a great deal of planning in the Tevat-

ron Construction Group has gone forward in

1984 for the final phase of the Tevatron II Proj-

ect, the new beams for the Meson Area. The two

beams presently planned for this area are the M
West Pion Beam (which will be the only pion

beam in the Laboratory capable of going to 800
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GeV) and the Polarized Proton Beam, a facility

unique in the world. This latter beam will

exploit the observed experimental fact that

polarization persists in secondary particles

even at high energies. This polarization, an

early Fermilab discovery, was theoretically un-

expected.
In 1984, the conceptual plan for the Meson

Area civil construction was completed and the

engineering design begun. In order to speed up

construction of the M-West Experimental Hall,

a plan was decided upon to phase the construc-

tion. It is now hoped that the foundation for

this building, its associated counting house, and

a related service building will be completed

before severe winter weather sets in. Then, even

during the coldest months, it is anticipated that

structural steel can be erected by taking ad-

vantage of favorable breaks in the weather. This

will enable us to get a rapid start on the rest of

the Imildings in the spring of 1985 and, hope-

fully, complete the M-West Experimental Hall

by the end of summer.
Unfortunately, the Polarized Proton Hall

cannot be maintained on the same rapid

schedule, and this Hall will probably not be

complete until the end of 1985. The associated

beam line enclosures for the M West Pion Beam
and the Polarized Proton Beam are also under

design as 1984 draws to a close, and precast

concrete sections needed in their construction

will be procured during the winter. Next

spring, the civil construction on these beam
line enclosures will be undertaken at approxi-

mately the same lime as the structures for the

experimental halls begin to take shape.

The Physics of TeV II

The reorganization created an Associate Di-

rector for Physics and Dr. J. D. Bjorken was

named to tliis post. His article addressing TeV

II physics is in this volume.

In 1984, we began to "review" the future of

the fixed-target program. This began with a fine

workshop on Fixed-Target Physics. Out of this

came an organization of users devoted to this

subject: Tevatron Association of Fixed-Target

Spokespersons (TAFTS). This was followed by

in-depth workshops on Vertex Detection (Sep-

tember), Direct Neutral Lepton Workshop
(October), and Hyperon Physics at the Tevatron

(December). The richness and potential of

Tevatron research was made crystal clear in

these studies. Much of this clarity is contained

in Bjorken's section of this review. The Santa

Fe meeting of the Division of Particles and

Fields witnessed an explosion of contributions

coming out of the Tevatron. We counted about

50 papers. The most dramatic result was the

clarification of a long-standing puzzle: the beta

decay of the sigma hyperon. Some four previ-

ous experiments, collecting a grand total of

about 400 examples of this decay, produced a

unanimous resuU that was in disagreement with

standard theory. A Fermilab-Yale-Iowa State-

Leningrad-Elmhurst collaboration, capitaliz-

ing on the power of the Tevatron, collected

some 80,000 sigma beta decay events and a new

result which settled the issue in favor of tlie

theory.

This is the opening curtain in the long vision

we have had of providing facilities for higii-

energy piiysics wiiich would be seminal to the

evolution of the field. The Tevatron provides

the combination of the essential data of fixed-

target researcli and tiie bold thrust into the

highest energy domain. If the beautiful results

of this experiment on sigma-beta decay are in-

dicative of the coming scientific payoff of the

Tevatron II Project, we can look forward to a

long, satisfying, and significant impact on the

high-energy physics community.

The Rest of the Laboratory

Other articles in this volume address tlie

Saver, the fixed-target piiysics program, some

magnet production nostalgia, the Advanced
Coinputer Project, and photo e>says on Te\ I

and ihe (lollider Detector at I'erniilul). We
-hould mention that 1984 >aw the final DOE
approval of tlie DO collider deleclor — now a

mature de-ign vvitli <'iiiplia>i> on coiiiplciiien-

tar\ allril)llle^ to (IDF. In coinhiiialion. the two

detectors will make a powerful attack on the

Urni inrofiiiilii of 2-Te\ collisions. The trouble

is llie pace with wliiili funding will become
available for DO. In 1985 we will try liar<l to

coii\ ince ever><ine who vvill listen that DO imi>t

go fa>ler and be complete as soon as possi-

ble. VtV iiiiist not l<i>e the thrust of 2-Te\

plissio.

In this issue, what of the iiiisiing heroes in the
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nupport sectors of the Laboratory — of those

that pay the payroll and buy the things and write

the contracts and serve the food and maintain

the Lab and plow the roads and groom the buf-

faloes and fill the auditorium and machine the

parts and produce the drawings and invent the

gadgets and guard the ramparts. ..of all of thee

we sing!

Philosophical Finale I

At a History of Science Society meeting in

November we were stimulated to review the

sociology of high-energy physics. Sources indi-

cate that in the 1950s one could do two or so

experiments a year, each one involving two or

four collaborators. In a more-or-less gradual

development, one now does an experiment
every three years with 20 or 40 collaborators in

ihe fixed-target program and one enjoys 100-200

dear colleagues in the collider teams. The col-

liders take three to six years to build but of

course physics pours out. It may be difficult to

explain this to your humanities colleague or

youc father-in-law, but the large group isn't

necessarily a catastrophe. Participants com-
bine to build a complex detector, each univer-

sity subteam of five or fifteen fully challenged

to deliver a complex component. When physics

comes, the subteams that have developed par-

ticular pieces have use of all the components of

a coherent detector. We have not yet learned to

apportion special credit to these subteams in

recognition of how the various pieces of physics

are really done, but this will come. When we
face SSC detectors with, perhaps 300-500
member teams, the mind boggles, the hands
sweat, the pulse quickens. We must be very

creative in treating the sociology here. CDF and
DO v/iil be U.S. pilot programs. The central

issue is whether the universities, the intellec-

tual owners of this Laboratory, can continue to

use and manage this research with profit and
pleasure.
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Philosophical Finale II

Avid readers of the science fiction of the '30s

may be impatient with the failure of the '80s to

match the predicted technology, lifestyle, and
romanticism, but we can hardly fault the prog-

ress of physics. At Fermilab, overworked, ob-

sessed with getting through the day and week
not to mention the fiscal year, we tend to neglect

the culture of physics, the progress made by our
former colleagues, fellow graduate students in

such dynamic fields as quantum optics, con-

densed matter, and polymer physics. We tend

to overlook the interdependence of our disci-

pline, yet some of our theorists first learned

about symmetry-breaking from condensed
matter theory, and our superconducting alloys

were developed in materials science labs. We
should be pleased that the first priorities among
colleagues in nuclear science and in materials

science is for powerful accelerators to provide
electrons for nuclear probes and for blinding

synchrotron light. We are witnessing changes in

the boundaries of our subject as relativistic

heavy ion collisions merge from one side, and
on the other side we have a de facto joining of

particle physics and cosmology.
Why this sudden glow of physics culture?

Quite frankly, it comes from the vision of the

high-energy community (some critics would
call it an apparition) which is the superac-

celerator, SSC. When this is discussed outside,

with good scientists in other disciplines, there

results a lively exchange which often leads to a

new appreciation of the interdependence of

our diverse fascinations.

The decision makers will be facing proposals

for a variety of expensive, centrally shared
facilities in the next five years, and some very

deep thinking will have to go into setting

priorities. This is because it is highly unlikely

that there is enough statesmanship around to

recognize that a doubling of the very basic re-

search budget (say from $3 billion to $6 billion)

would very likely produce fantastic social and
economic dividends over the next three dec-

ades. We hasten to add that basic research, and
our own subject, have fared relatively well in

recent years. We do have a Tevatron and we will

use it as well as we can! We will do this in spite

of the admonition not of the DOE, not of our
graduate students but of that seventeenth cen-

tury poet and anguished spirit, John Donne:
We gape, we grasp, we gripe, add store to

store;

Enough requires too much; too much
craves more. . .

Thus we, poor little worlds! with blood and
sweat.

In vain attempts to comprehend the great.

M.
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II. Construction of the TeV I Antiproton Source

Tlif \tili|)rol.in Source from llie ;iir. lookiii(j norlli toward Wilson Hall. Tli»' Tartjel S»'r\i<:e HiiiMinK

i^ ill ihc lower ri^lil next to the Main Kiiifi. The lliree >er\ ice Imildiiins clearly >liow the Iriaiijiiilar

-liape of the Viiliproton Soiir<-e riiijis.
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ln:<t'jlluli<ii\ iif'nrw |>reia>l Iiim)|i-. in tlie Main Kintal I' I 7. The nt-w I'retJifiel EniliihUii' i> \i>il)le in

ihe l>ack.!ir<>tinil.
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New. larger Main-Rinj: tunnel sections beinp loweretl into place at location FIT. These Mictions are

designed to allow beam extraction for antiproton production.
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Debunclier quadrupoles installed in the tunnel.
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iim
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Completed quadrupoles in the Magnet Facility.



851

A quailrupole heiti^ iiistulleci in the tunnel.
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Building the shielding around tlie anliproton-production target.

A 53-MHz rf cavity being lowered into the tunnel.



854



855



856



857



858



859



860

-31-

III. Fixed-Target Physics at 800 GeV

With commissioning of the Tevatron, Fer-

milab possesses the highest energy particle

beams in the world. The challenge now is their

full utilization. In anticipation of this chal-

lenge, a large number of new facilities, under
the rubric TeV II, have been constructed, with

more on the way. Completion of the construc-

tion program is expected within a year. There
exist several new beam lines and their ancillary

enclosures, as well as new experimental halls,

such as the splendid new Muon Lab.

Already some of the higher-energy beams
have been used, and new physics results are

beginning to emerge. In this report, we review

recent accomplishments in this "fixed-target"

program and describe experiments in progress

and others yet to come.

Physics Goals

The research of the past two decades has led

to the remarkably successful picture of funda-

mental forces (strong, electroweak) and con-

stituents (up, down, charm, strange, bottom,

top quarks) comprising the standard model. An
apparently solid framework now exists for

going. further and attacking the great unan-
swered questions remaining before us, such as

the origin of elementary particle masses. Most
of the TeV II program concerns this standard-

model framework— how strong and solid is it?

We need not just the existing skeleton, but also

all the vital elements that turn it into a complete

structure. The basic parameters of electroweak

theory need to be precisely found. The theory

of strong interactions, quantum chromody-
namics, is far from developed and its implica-

tions on how hadrons are built up from con-

stituent quarks not well enough worked out.

The heavier charm and bottom quarks are

especially valuable here, and the Fermilab

beams produce an enormous number of them.

CP violation, which goes to the heart of the

deep, unanswered questions, is being studied in

TeV II beams, as well as pursuits of other

phenomena which seem to lie beyond the stan-

dard model.

New Capahihties

It is important to realize that the energy im-

provement of the Tevatron means much more
than just a factor of two in laboratory energy, or

a 40% increase in center-of-mass energy. This

occurs for several reasons:

1. First of all, in going from 400 GeV to 800

GeV laboratory energy, one is crossing the

threshold for production of systems con-

taining bottom quarks. At the higher
energy, the cross sections are expected to

be between a factor of 5-10 greater than at

the previous energies.

2. There is a major improvement in flux in

the secondary hadron beams. This comes
about because the higher energy super-

conducting transport lines accept a much
larger bite in transverse momentum than

was the case at lower energy.

3. There is a large improvement in duty fac-

tor, which used to be 1 second out of every

10 or 15 seconds. In present running it is

about 20 seconds per minute.

4. The extra two-thirds of a unit of rapidity

which is available in produced phase space

at the higher energies allows better separa-

tion of the various fragmentation regions

for ordinary processes. In particular,

there is emergence of the "central plateau"

separating the target and projectile frag-

mentation regions. This is important for

studies which attempt to sort out produc-

tion mechanisms and especially relevant

for A-dependence studies.

5. The larger Lorentz factor for particles with

short lifetimes, e.g., charm, can be useful

in helping to sort them out from the colli-

sion debris.

6. While one might expect a lower (lux for

neutrino experiments because of the

longer cycle time at the Tevatron, this is

essentially compensated by the rise in the

total cross section and the improvement in

acceptance due to the smaller angular di-

vergence of the neutrino beam.
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Figure 1. Fermilab secondary beams and the locale of experiments.

Thus, for all of these reasons one may expect

a qualitatively different situation at the Tevat-

ron than has existed in previous machines,
either the SPS or the Fermilab Main Ring.

The existing fixed-target program is a very

broad one, comprising about two dozen ap-

proved experiments. About a dozen of these

will be on-line in the coming year. While these

experiments cover a diverse set of topics, thpy

can be roughly categorized into the following

groups: heavy quarks, lepton-induced proc-

esses, hard collisions, and tests of QCD. There

are, in addition, studies of weak, decays and
magnetic moments, and strong-interaction

studies using polarized beams of p and p. Table
I exhibits the experimental program. The ex-

periments in progress are classified into these

categories. Figure 1 shows their location in the

fixed-target area.

In the following sections, we will look at ex-

periments by category, irrespective of their

status in time; thus, we look both at recent re-

sults and future programs.

Table I

Glossary of Approved Experiments in the Fermilab Fixed-Target Program

Electroweak

E-632

E-635

E-6.36

WIDE BAND NEUTRINOS IN THE 15 FT BUBBLE CHAMBER (Berkeley, Birmingham,
Brussels, CEN/Saclay, CERN, Fermilab, Hawaii, IIT, Imperial College, MPl/Munich, Ox-
ford, Rutgers, Rutherford-Appleton, Stevens, Tufts)

SEARCH FOR AXION-LIKE OBJECTS (Fermilab, VPl)
STUDY OF BEAM DUMP PRODUCED NEUTRINOS (Beijing, Brown, Fermilab, Haifa,

Indiana, MIT, ORNL, Seton Hall, Tel-Aviv, Tennessee, Tohoku, Tohoku Gakuin)

51-563 0-86 28
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Tabie I Continued

K-646 STUDY OF PROMPT NEUTRINO PRODUCTION (Berkeley. Columbia. Ferinilab. Hawaii,

Ruljiers)

E-649 NUCLEON STRUCTURE FUNCTIONS AT HIGH Q- (Fermilab, MIT, Michigan Slate)

r:-652 NEUTRINO PHYSICS AT THE TEVATRON (Chicauo. Columbia. Fermilab, Rochester)

K-663 MUON SCATTERING WITH HADRON DETECTION (Argonne. Cracow, CERN, Fermilab.

Freiburg. Harvard, Maryland, MIT, MPI/Munich. San Diego, Washington, Wuppertal, Yale)

i:-73;5 NEUTRINO INTERACTIONS WITH QUAD TRIPLET BEAM (Fermilab, Florida, MIT,

Michigan Slate)

H-744 NEUTRINO PHYSICS WITH QUAD TRIPLET BEAM (Chicago, Columbia, Fermilab,

Rochester)

l':-74S NEUTRINO PHYSICS WITH QUAD TRIPLET BEAM (Beijing, Brown, Fermilab, Haifa,

Indiana, MIT, Nagoya. ORNL, Tel-Aviv, Tennessee, Tohoku, Tohoku Gakuin)

Decays anil CP

E-621 MEASUREMENT OF n+_„ (Michigan, Minnesota, Rutgers, Wisconsin)

E-721 CP VIOLATION (Arizona. Athens, Duke, McGill, Northwestern, Shandong)

E-731 MEASUREMENT OF e'/e (CEN/Saclay. Chicago. Elmhurst, Fermilab, Princeton)

Heavy Quarks

E/653 • HADRON IC PRODUCTION OF CHARM AND B (Aichi, Carnegie-Mellon, Chonnam, UC/
Davis, (iifu, (iyeongsang, Jeonbug. Kobe, Korea, Nagoya, Ohio State, Okayama, Oklahoma,

Osaka (wty, Osaka Sci. Ed. Inst., Sookmyong Womans, Toho, Won Kwang)

E-687 PHOTOPRODUCTION OF CHARM AND B (Colorado. Fermilab, Illinois, INFN/Frascati,

INFN/Milano, U. Milano, Northwestern, Notre Dame)
E-690 STUDY OF CHARM AND B PRODUCTION (Columbia, Fermilab, Massachusetts, Mexico)

E-691 PHOTON PHYSICS WITH TAGGED PHOTON SPECTROMETER (UC/Santa Barbara,

Carlelon, (^BPF/Brazil, Colorado, Fermilab. NRC/(]anada, Oklahoma, Sao Paulo, Toronto)

E-70.'"> CHARMONIUM AND DIRECT PHOTON PRODUCTION (Arizona, Athens. Duke. Fer-

milab. Mc(iill. Northwestern, Shandong)

E-74.^ CHARM PRODUCTION IN PP COLLISIONS (Aadien, Brussels. CERN, Duke, Fermilab,

Florida State. Coll. of France, Kansas, LPNHE/France, Michigan, Michigan State, Mons,

Notre Dame. Strasbourg, Vantlerbilt)

Hard Collisions

E-605 LEI»T()NS AND HADRONS NEAR THE KINEMATIC LIMIT (CERN, Columbia, Fermilab,

KEK, Kyoto. Saclay, SUNY/Stony Brook, Washington)

E-672 HI(;H P| JETS and HIGH MASS DIMUONS (Arizona, Caltech, Chicago Circle, Fermilab,

Florida State. George Mason, Indiana, Maryland, Rutgers, Serpukhov)

E-683 PHOTOPRODUCTION OF HIGH P^ JETS (Arizona, Fermilab, Lehigh, Rice, Vanderbilt,

Wisconsin)

E-704 EXPERIMENTS WITH POLARIZED BEAM FACILITY (Argonne, Austin. UC/Berkeley.

Fermilab, KEK. Kyoto, LAPP/France, LBL, Northwestern, Rice, Saclay, Serpukhov,

Trieste)

E-706 DIRECT PHOTON PRODUCTION (Delhi, Fermilab, Michigan Slate, Minnesota, Nor-

iheastcrn, Pennsylvania, Pittsburgh, Rochester, Rajasthun)

E-711 CONSTITUENT SCATTERING (UC/Davis, Fermilab. Florida Stale, Michigan)

Others

E-466 NUCLEAR FRAGMENTS (Argonne, Chicago. Chicago Circle, Purdue)

E-S()8 EMULSION/MULTIPARTICLE PRODUCTION (Cracow. Louisiana Slate. Tashkent)

E-.i24 EMULSION/PROTONS (;REATER THAN .500 (;EV (Washington)
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Table I Continued

E-576 EMULSION/500 GEV PROTONS (Belgrade, Fermilab, Lund, Lyon, Nancy, Ottawa, Paris VL
Santander, Strasbourg, Valencia)

E-750 EMULSION/MULTIPARTICLE PRODUCTION (Delhi)

E-751 EMULSION/1 TEV PROTONS (SUNY/Buffalo)
E-753 CHANNELING STUDIES (Bell Northern Research, Chalk River, Fermilab, New Mexico,

SUNY/Albany)
E-754 CHANNELING TESTS (Case Western Reserve, Fermilab, GE R&D Center, Sandia, SUNY/

Albany)

Weak Decays and Magnetic Moments

Perhaps the most important recent result

from Fermilab is the measurement (E-617) of
tie shown in Fig. 2. The result is consistent with
zero and begins to put constraints on the stan-

dard Kobayashi/Maskawa-plus-penguin pic-

ture of CP violation. The theoretical uncer-

tainties are large and one cannot claim dis-

agreement with theory at this time. Perhaps the

main result of this measurement is to decrease,

if not eliminate, the theoretical hubris sur-

rounding the attempts to calculate or minimize
uncertainties in the long-distance contribu-
tions to the KK-mixing phenomenon. Also
shown in Fig. 2 is the recent Yale/Brookhaven
measurement, which also shows consistency

with zero. The E-617 group is now rebuilding
their apparatus and will soon embark on new
measurements (E-731) using the same tech-

nique. The anticipated improvements in the

control of both systematic and statistical errors

should considerably reduce the uncertainty in

the result.

A highlight of the Fermilab program for

many years has been the systematic measure-
ment of the polarization of leading hyperons
together with measurements of their magnetic
moments. This program is nearly complete at

this time, as shown in Table II. There is, let us

say, agreement to within 10-15% with the

quark-model predictions. The accuracy of the

FromT; .8

0.04
p

0.02-

\
"u; 0.0

-0.02-

-0.04 -

Ref.lOc

Ref.lOa

T ReflOb Chicago
Socloy

n
Yale-
BNL

0.02-

Gilman and Hagelin

R 0.05

150

Figure 2. Comparison of measurements of the CP violation parameter e'/e and theory.
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measurements has reached a point where the

comparisions are dominated by tlieoretical

systematic errors rather than experimental
ones. It remains to be seen how much lliese can

be beaten down by theorists in the future.

There has been a nagging discrepancy with

the standard model in old measurements of the

electron asymmetry in the /3-decay of polarized
1,' hyperons. A new Fermilab experiment
(E-715) has very beautifully remeasured this

quantity, and the results have been reported.

They are shown in Fig. 3. Whereas the old

measurements disagreed with Cabibbo theory

in magnitude and sign, the new measurement is

decisively in accordance with the predictions.

Had this not occurred, there would have been
mass suicide in the theoretical community. It

would have been very hard to accommodate the

old results within the standard picture.

Another CP measurement is underway at

Fermilab. A group from Michigan, Minnesota,
Rutgers, and Wisconsin (E-621) is attempting

the ambitious, difficult task of measuring CP
violation in the three-pion decays of the K^ and
K| ; in other words, to measure t)'*^". This ex-

periment, which uses a double beam tech-

nique, has been set up and has taken some test

data. Production running will commence in the

next running period. The experimentalists

hope to reach the 10 '' level, where there is ex-

pected to be an effect. However, the prt>t»lems

of systematic errors are difficult, and it remains
to be seen how close they really will get.

0.8-

< ^^=zi i—t - .^'s.

: TT/ \:
1

y
-^

z ii :

0.4-

a„ 0.0

-0.4

-0.8

-08 -0.4 0.0 0.4 0,8

Figure 3. Comparison of measurements of the

electron asymmetry in X y3-decay with theory.

Table II
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Electroweak Parameters

Neutrino physics by now has become a rather

mature subject, with a demanding level of pre-

cision. Recent results (E-616) from the CCFRR
group on structure functions are shown in Fig.

4. They show that the QCD scale parameter A is

beginning to be determined quantitatively, al-

though there is still some way to go. This is best

shown in Fig. 5, which exhibits measurements
of total cross section. The linear rise with
energy is well verified, but there are also clear

systematic differences between the set of mea-
surements of CCFRR and their European
competition, CDHS. Thus the business of pre-
cision measurements in neutrino reactions still

has a way to go when pushing beyond the 10%
error level of accuracy. The downstream
neighbor (E-594) of the CCFRR experiment.

one which emphasizes neutral current physics,

has also reported new data (Fig. 6). The ratio of
x-dislributions from neutral currents to those
for charged currents are seen to be independent
of the scaling-variable x as expected from stan-

dard electroweak theory. Some typical events

from this fine-grained calorimeter are shown in

Fig. 7. Both experiments also measure the ratio

of neutral current to charged-currect cross sec-

tions. The numbers are shown below, along
with the new result from the neutrino-electron
scattering experiment at Brookhaven:
sinX = 0.242 ± 0.010 ± 0.005 CCFRR

0.243 ± 0.014 ± (-0.014) FNMM
(preliminary)

0.209 ± 0.029 ± 0.013 BNL

F, I

1—1—I I I n i| 1 1—I I I I ii| 1 1—I I I 11 j.
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l__,—{ «= OI5(x2 5 0)

I—

I

« '

, ,__— x'.045(il2.5).-—-'"
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2

(T /E= 0.669 ±003 ±024

^+^trti
cr''/E=0.62

a'^/E = 0.340
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40 80 120 160 200 240 280
Cross Section-CCFRR and CDHS

Figure 4. Structure function Fj as measured by Figure 5. Neutrino total cross sections as mea-
the CCFRR group at Fermilab. sured by CCFRR and CDHS.
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current structure functions as measured by the

FNMM group (E-594) at Fermilab.

Figure 7. Typical events as seen in the FNMM
calorimeter.
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QCD and Hadron Structure

Cross section measurements in neutrino
beams impinge as much on QCD properties as

on electroweak theory. We have already men-
tioned A determinations from charged-current

data. CCFRR has measured rather well the

structure function XF3 as shown in Fig. 8. Espe-

cially interesting to me is the determination of

the Regge asymptotics at small x, and the estab-

lishment of the Gross-Llewellyn-Smith sum
rule (including QCD radiative corrections).

Structure functions from both neutrino-
scattering and muon-scattering experiments at

Fermilab and CERN are in reasonably good
agreement with QCD and with each other. A

new round of muon-scattering experiments

(E-665) in a vastly improved beam and at much
higher energy is being prepared at Fermilab. A
large spectrometer using the Chicago Cyclotron

Magnet and vertex spectrometer from the

CERN EMC experiment is now being installed.

The experiment will be commissioned in the

1986 running period. The principal goals of that

experiment are the study of the A-dependence

of structure functions and of the hadronization

process.

We now turn to QCD tests done with incident

hadrons. There is quite a variety of them in the

program, using many different techniques.
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Q =3GeV /c

Figure 8. The structure function XF3 as mea-
sured by CCFRR.

Results from E-615, which looks at forward
Drell-Yan dileptons, were recently published.
It was.predicted by Berger and Brodsky that as

the Feynman x variable approaches unity, the
dilepton angular distribution should change
from the usual l+cos'^ behavior toward a sin^S

behavior as a consequence of "higher twist"

non-scaling contributions. This is very clearly
seen in the data (Fig. 9). Not anticipated by the
theorists is a decreasing value of mean trans-

verse momentum of the dilepton in the same
limit.

Another new result comes from mea-
surements (E-609) of dijet production from in-
cident pions and protons. The history of jet

production in fixed-target experiments has
been a checkered one. If one tries to trigger on
jets with a total transverse energy trigger, such
as done in tlie collider experiments at CERN,
one is swamped by a background from azi-

muthally isotropic events of very high multip-
licity. These events are interesting in their oWn
right, but do not seem to have much to do with
simple binary QCD hard collisions. There is,

however, increasingly strong evidence that the
jets are there, albeit buried in heavy
background, and that other triggers which are
sufficiently unbiased to be convincing may be
used to pull out the jet signal. One successful
example demands at least two isolated liigh-px
particles above a prescribed p^^ threshold irres-

pective of their azimuthal correlation. This
trigger succeeds in producing events of high
planarity. Indeed, as the total E, of the events
increase, the planarity increa>e« despite a con-
>tant threshold p,. Tliu>. by tlii> and oilier
mean> E-6()9 has witii reasonably convincing

arguments produced a differential cross section
forinclusivejet production which in fact agrees
reasonably well with QCD expectations.
Another interesting result from E-609 is the

comparison of the jet production in pion beams
relative to proton beams. Another idea of Be-
rger and Brodsky is that some of the time the
pion behaves like a point-like particle, when
the quark and antiquark of the pion are atop
each other and produce no source of gluon
field. If this configuration does exist within the
pion. then on arrival at the target it may dif-

fractively dissociate into a pair of jets without
production of any beam jet. For a proton pri-
mary this would be less likely because of the
three quarks rather than two. Very preliminary
data from E-609 show (Fig. 10) an excess of
events in which there is little or no forward

1.2
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"beam jet" enerfty. Whether this is simply a

reflection of the stiffer quark distribution in

tlie pion relative to the proton is not clear at this

time and requires considerably more analysis.

What is clearly shown is that jet phenomena
produced by pion beams differ significantly

from those in proton processes.

A variant of this same idea will be pursued by

E-683, which uses a photon in the initial state to

produce two jets. Half of the time the photon is

not "vector-dominated" by p, but is, on arrival

at the target, believed to be a bare qq. If that is

the case, it can also materialize into a jet pair

without any beam jet being produced in the

direction of the initial photon. It is this process

for which the experimentalists will search. This

is a considerably cleaner situation than for

pion-induced dijets.

To go further in the study of fixed-target hard

collisions will probably require more precisely

defined experimental quantities than the

rather amorphous objects of 5-10 GeV px,

which are difficult to accurately define as jets,

especially given the very steeply falling pro-

duction spectrum. One attempt to do this is via

measurement of leading dihadrons of high pj.

This is attempted in two experiments: E-605 is a

very high resolution spectrometer which ob-
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glue-glue annihilation. Limited data (Fig. 11)

already exist from Fermilab experiments E-610

and E-673 on this. To my knowledge, the results

don't agree very well with simple theories, and
in any case a much more extensive data sample
will be required to make incisive comparisons.

Experiment 705, now being set up, will do this

and should increase the sample of x slates de-

caying into \jry by an order of magnitude.
The precursor of this experiment (E-537)

produced very good data on antiproton an-

nihilation on heavy targets into dimuons. From
this process, one may quite directly determine
the valence-quark structure of the projectiles.

Figure 12 shows the resulting x distribution of

quarks in the antiproton together with QCD
comparisons. The agreement is quite satisfac-

tory.

An additional experiment which will probe
the dynamics of hard collisions is E-672, which
will observe hadrons in association with (/» and
Drell-Yan dilepton production. In addition,

E-704 will examine a variety of soft and hard
processes with incident polarized protons and
antiprotons. Polarized-beam and polarized-

target experiments are a very good constraint on
theoretical model building. There is nothing

which ensures the continued humility of
theorists as well as measurements of polariza-

tion phenomena. Theorists who successfully

explain unpolarized data are often brought to

their knees when the polarization information

comes in.

Figure 12. Valence-quark structure function as

determined from p induced Drell-Yan dilep-

tons (E-537).

Heavy-Quark Physics

In principle, prospects for charm and bot-

tom physics at a fixed-target hadron machine
are great. Given 10" interacting hadrons per
experiment, one may expect a yield of 3-million

produced bb and 100-million produced cc

pairs. This easily exceeds the world production
of such quantities in e^e' collisions from now
into the foreseeable future — including Z fac-

tories such as LEP and SLC. Of course the

problem is signal-to-noise. In addition to all

those bottom and charm quarks, there is a tre-

mendous number of ordinary ones produced as

well. Whether a fixed-target program in

heavy-quark physics can compete with e"^e'

colliders is therefore a serious issue. 1 think it is

too early to tell what the ultimate situation will

be. But I do feel that there is real cause for

optimism in the case of hadron machines, and

that there is good reason to fight the good fight

against the evil background to the bitter end. In

terms of technique, there is at least one advan-

tage of hadron machines, in that one may see

the vertices of the events better than one does in

e"^e' processes. This is sure to help on an event-

by-event basis, where one may hope to un-

scramble which track came from which vertex

in a better way than can be done in a collider.

The physics case for looking at heavy quarks

produced in hadron beams goes beyond simply

the possibility of being able to find more than

one finds in e*^e' collisions. There is the possi-

bility of having a greater variety of hadrons
containing heavy quarks to study. In particular,

baryons may well become much more in-

teresting as the properties of mesons are flushed

out and well determined by the e^e" colliders.
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In terms of understanding strong interaction

dynamics, baryon Structure may be a more cru-

cial test than the rather boring two-body poten-

tials which one uses for the mesons. If there are

strings connecting quarks, do they imply in-

trinsic three-body forces as well as pair forces

within a baryon? Table III shows the variety of

different kinds of mesons and baryons one may
hope to see. Already there is some evidence for

the use and ssc baryons. Some of my other fa-

vorites are the ccd and possibly ccs. Further

down the list, one has to be optimistic in hoping

that one can find them in hadron beams, but

things such as the bed or bss would be most

interesting to find. The be meson should also be

interesting to observe. It is not clear whether

e'^e" or hadron machines are a better way to

make it — it's not easy for anyone.

What is important about the physics of charm
and bottom? In the case of hadron collisions,

production dynamics should teach us more
about QCD.* It is simply not understood at

present. Normalization and energy dependence

of the cross section, A-dependence of the cross

section, x-dependence of the cross section, and

beam dependence of the cross section are only a

few of the major uncertainties. Beyond QCD
production dynamics, the spectroscopy and

decay properties are of great interest. In par-

ticular, the bottom quark is especially beauti-

ful. Its long lifetime implies that it undergoes in

some sense a forbidden decay. Therefore the b

Particle
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cud
cuu
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ccd
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Table III
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should be more sensitive to rare, hidden
phenomena. That is, the branching ratio as-

sociated with a rare process will be larger for

bottom than for other quarks simply because
the total width is smaller. In the field of b-

decays, the e*e' colliders at present are far

ahead. But in the long run it may be important
to study a variety of weak decays of bottom (and

charm) particles for the same reason it was im-
portant for the strange system. The basic

parameters, such as Cabbibo angles, were de-

termined through a variety of experiments, not

just a single one. Overdetermination of these

parameters make their measured values more
credible. In the case of heavier quarks, one
believes that simple spectator and/or "factori-

zation" models should be more reliable.

Nevertheless, there have already been surprises

in the charm system, and surprises in the bot-

tom system are not yet ruled out. The more
measurements that become available, the

greater can be our confidence in determining
the very important basic parameters of the

standard model.
What have hadron beams provided us in

charm and bottom physics thus far? In bottom
physics, it of course gave us the y itself. But
beyond onia, there is not much at all. In charm
physics, information on lifetimes has been
found from a variety of experiments, most of

which originated in hadron beams using high-

precision vertex detectors such as nuclear
emulsion or bubble chambers. In Fig. 13 a re-

cent summary of these determinations is given.

In terms of the number of reconstructed charm
particles per exclusive decay channel,
hadron-induced processes were until recently

competitive with e*e-induced processes. As an
example, in a photoproduction experiment at

Fermilab (E-516) (see Fig. 4), very clear D* sig-

nals have been seen (Fig. 14). Another intrigu-

ing result has been reported by E-623. It is a

byproduct of a search for tj^ decay into <f>({>.

Within a data sample containing 4 charged
kaons, evidence has been found for the Cab-
bibo forbidden decay of D* into (^tt, as shown in

Fig. 15. There are about 240 entries in the peak,
which regrettably suffers from a very biased

trigger because of the nature of the (fx^ search.

Surprising is the absence of a corresponding F
nearby, since the branching ratio for F to <I)tt is a

few percent, as measured by e*e' collider ex-

periments. One might expect the production
cross section ratio F*/D* to be of the order of

10%. Thus a comparable F peak might have
been seen. However, the experimentalists cau-

tion that because of the bias in the trigger, one
should not draw strong conclusions about the

relative production of F to D from this mea-
surement. Low-statistics evidence for compar-
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able strengths of F and D production does exist

from the ACCMOR experiments NAll/32 at

CERN. In any ease, this ({>Tr decay mode looks

very promising for future studies of charm, in

particular for comparison of the relative pro-

duction dynamics of F and D in hadron colli-

sions.

The upcoming program in charm physics at

Fermilab contains several experiments. In the

forthcoming running period, E-691, a continu-

ation of tagged-photon photoproduction, will

utilize a transverse energy trigger which ought

to enhance the charm signal. Silicon strip ver-

tex detection has been added as well. Experi-

ment 653 will use protons incident on an

emulsion-plus-silicon-strip target followed by a

multiparticle spectrometer of high resolution.

With use of the downstream spectrometer, ver-

tices in the emulsion may be located with suffi-

cient accuracy to allow scanning of the events to

be done in a reasonable length of time. Both

these experiments promise to yield between 100

and 1000 reconstructed charms per "easy"

exclusive channel.
In addition, the "little European bubble

chamber" LEBC has moved to Fermilab and
will take data this year (E-743) in conjunction

with the Fermilab multiparticle spectrometer.

This experiment should yield quite unbiased

cross-section measurements of charm produc-

tion in hydrogen. In addition, two high-

resolution bubble chambers (E-632, E-745) will

take data this run in the neutrino beam. A size-

able charm sample should be seen.

Further down the line is E-690, an ambitious

enterprise which will utilize a sophisticated

on-line fast-trigger processor. Events will be re-

constructed on-line by the processor, and a

search will be made for exclusive channels.

These will then be selected; those with charm
candidates (or other options) will be retained

for later analysis. A smaller version of this ex-

periment is now running at Brookhaven. After

the processor is proven there, the experiment

will be moved to Fermilab, probably within a

year or so.

Finally, a second-generation broad-band
photon beam experiment (E-687) will soon be

set up. The spectrometer used in this experi-

ment promises to be as powerful as any at Fer-

milab, and it will be a very strong facility for

charm and bottom studies in the future. It can

operate not only in photon beams but also a

variety of hadron beams.

140 150 160 170 180

M(D*'7r±)-M(D'')
(MeV)

140 150 160 170 180

M(D*'7r*)-M(D°)
( MeV)

Figure 14. D* signal measured in the E-516 pholoprotluclion experiment.
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Beyond the Standard Model

In general, llie Tevalron fixed-largel program
nuisl be said to be programmatic. Tlial is, it

deals mainly wilbin llie standard mod^l witli

phenomena wliicli nee<l to be better under-
stood anil parameters wliicli neetl to be better

measured. But there do exist discovery oppor-
tunities which go beyond the standard model.
One of these is the long-standing problem of

same-sign dileplon pro<luction by neutrinos. In

several experiments, it has been found that the

process

occurs at a rale loo high to be easily explained
by conventional sources of background. A new
measurement, using the Fermilab 1.5-fl bubble
chandler (K-.").'?) has been made of the ver\

closelv related proces;, cN —• /i e \. This pro<--

ess is iKil seen at the IcncI of observation

claimed for same-sign dimuon production.

This may indicate either that the same-sign di-

muon effect is spurious or that the effect is real,

but violates the /J.e universality. This latter

hypothesis need not be considered loo radical if

indeed something crazy is the source of the

phenomenon. Because the purported fi'fi' sig-

nal appears to increase with energy, the for-

thcoming neutrino running with 800-GeV pri-

mary protons should have much higher sen-

sitivity to this process.

Another possibility of discovery physics has

been stimulated by the observation of the C, at

DF..*^^ b\ the Crystal Ball collaboration. I am
not fidiv convinced that the phenomenon has

gone awa>, despite the negative second-round

results, because to my knowledge the

h> polhesis of T\e and Rosenzweig has not been
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fully refuted. To me, their model is the most
reasonable explanation of the original results.

To refute it requires precise knowledge of
operating conditions of the machine in both the

original run and in subsequent running. (Ide-

ally, one would want to run some fraction of the

time at one sigma or so off the resonant peak of

the y on each side in order to be sure that the

Tye mechanism is inoperable.) The relevance

of this phenomenon to the Fermilab fixed-

target program has to do with E-605, already

mentioned in connection with high-pf dihad-
ron production. This is the follow-up experi-

ment to the one which discovered the y particle.

In the next running period, the emphasis will

be on high intensity, with observation of di-

muons with high mass resolution (20 MeV?).
This resolution- will be sufficient to resolve

cleanly the various upsilon excited states. If

there is any ^-like entity, there is a good chance
of seeing it. If Tye and Rosenzweig are right,

one might see a first excited state at somewhere
around 9 GeV.

Yet another fixed-target experimental pro-

gram which contains discovery potential is the

set of beam-dump experiments (E-635, E-636,

and E-646). The bread-and-butter part of that

program is direct observation of the tau neut-

rino and study of its properties. But, beam
dumps also provide good opportunities to

search for axions, neutral leptons, and the

long-lived neutral penetrating particles of
supersymmetric theories. The monojet events

from UAl provide new stimulus for these kinds
of searches, because a reasonable hypothesis
for explaining the monojets is decay of the Z
into a new neutral long-lived penetrating parti-

cle plus the jet.

However, the beam dump program at Fer-

milab is in trouble. Although there are three

approved experiments and a satisfactory dump
design (Fig. 16), the facility is expensive. Be-
cause of funding shortfalls at Fermilab, it has
been decided to defer beam-dump construc-

tion in order not to disrupt too much of the

remaining program. In order to minimize the

delay, the Laboratory and DOE have submitted
a line-item construction request for the FY87
high-energy physics budget to fund this facility.

780' -^J^ST^TZ^TTi^T^^TO

7550 7600 7650

Figure 16. Design for the Fermilab Direct Neutral Lepton Facility.
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The TeV II Problem

The status of the beam dump is one example
of a general problem (Fig. 17) which the TeV II

program faces. As I see it, this problem has a

three-fold source. The first source is user per-

ceptions of delays, insufficient Laboratory
support, insufficient agency support, competi-

tion with TeV I, as well as possibly greater secu-

rity for the future of a group within a large

colliding beam facility. There may also be a

physics issue: being behind the high-energy

frontier, where the physics is likely to be more
programmatic and have less headline-making

potential. The source of the delays as seen by

the Laboratory is that there is simply not

enough money to do the job. And it does not

help if the Laboratory, when viewing the user

community, sees a flagging of interest or lack of

stamina. The third source of the problem
comes from the national scene, where funding

agencies, HEPAP, and other nationally-based

advisory groups may see too many competing
demands for funds, given all the collider in-

itiatives here and abroad, as well as under-

ground experiments, and R&D for the SSC.
TeV II looks like just one more program com-
peting with all the otiiers, despite its diversity

and breadtii. Since it is a broadly-based pro-

gram with many components, it also is a prime
candidate for cuts. Anyone looking at the pro-

gram will have iiis or her favorite experiment
and his or her turkey. (The problem is that a

dozen people in a room will find no agreement

whatsoever on which experiment is the turkey.)

Thus, everyone will agree that something can be
cut out of the program without anybody notic-

ing, but no one can agree on how to do it without
severe damage, with everyone noticing.

The TeV II Problem

User Perception

Figure 17. Three-way vicious circle underlying
existing problems with the fixed-target pro-

gram.

Longer Range Opportunities

Such pessimistic words about the fixed-largel

program should not be taken to indicate that, in

fad, the physics is drying out. As we have seen,

there i> very much to be done. The pli\>ic> is

extremel) good and the opportunities arc of

high quality. In the realm oCbig iniliutive>, one
of my fa\<)riie> is a next-generation round of

heavy-(|uark physics. This may require a nev>

spectrometer lacilily, one wliirli can go an
order o( magnitude beyond w hat i.-. hoped tor in

the upcoming runs. I would like to see 10' lo 10'

ilelected charms per easy channel as the goal.

There is a question of how lo proceed with such

a large initiative — or whether (»ne should pri»-

c'eed. One option is to rely on existing initial i\es

in the program or nev, initiatives of'ionqiaralile

scale. The arguments in favor of this are, first,

that it would exploit optimally the expertise of

existing teams and provide continuity with the

programs now going on. Second, the physics

with several groups would come out in parallel,

with competition providing additional
stimulus. And one might not need escalation in

group size or apparatus lo do the job. One could

also cite examples of very big comprehensive
spectrometers which haven't done as well as

more modest apparatus with greater specificity.

On the other hand, the physics may simply

re<piire. jusi as it has in colliding beams, con-

centrating most of the effort into a very big

centralized facility which might approach col-

lider detectors in size and scf»pe. It may be



876

-47-

arguable that existing groups doing charm and
bottom physics are too small, and that the

spectrometers which are being built, or exist

now, are simply not powerful enough to do this

kind of physics. Certainly a necessary condi-

tion for physics at this level is that a variety of

incident beams should be available, not only

protons but also neutrons, mesons, hyperons,

and photons as well. One will need to make
comparisions, as well as produce a variety of

different kinds of hadrons containing heavy

quarks. Another argument for a very big facility

is its visibility; it is easier for the national com-
munity to notice and thus support. Finally,

another reason for a large charm-bottom spec-

trometer may have to do wi'.h the SSC. If $200 to

$500 million will be spent on detectors for the

SSC, there should be a considerable amount of

R&D devoted to that enterprise. This R&D
must go beyond paper designs and construction

of small modules which are put into test beams.

Systems which are large enough to capture an
entire hadron jet of several hundred GeV (a

bread-and-butter phenomenon for the SSC)
should be tested. Secondary beams at Fermilab
are certainly a very good source of such jets.

Certainly Fermilab should provide facilities

for this kind of R&D. But, just like all R&D
efforts, if there is physics that can be attached to

the instrumental development, the whole effort

will be better focused, gain more momentum,
and in general have greater productivity.

Therefore, it seems reasonable that Fermilab,

while welcoming detector R&D done in its sec-

ondary beams, will welcome even more those

initiatives which have a strong physics motiva-

tion as well. Therefore, it may make sense to

integrate SSC detector R&D into a large heavy-

quark spectrometer program.
At the opposite extreme, there are oppor-

tunities for small initiatives within the fixed-

target program. Examples now discussed or

presently pursued include a program on crystal

channeling which may even have applications

to accelerator physics (including SSC) in pro-

viding small septum magnets, measurement of

the magnetic moment of fl", quark searches,

searches for rare decays such as H" -^ pv",

searches for anomalons, and soft muon physics.

These have obvious sociological importance in

this age of giant collaborations. But they must
stand on their own in terms of physics quality. I

think most do.

There exist more exotic possibilities in

fixed-target physics, such as colliding stored

antiprotons on gas targets to resonantly produce

i/» and X states, such as done at the CERN ISR.

Storing muons and pions in order to make low-

energy neutrino beams has also been discussed

from time to time. The desirability of doing this

depends somewhat on the future of neutrino-

mass measurements. Certainly, if neutrino

masses and mixings are convincingly found to

be non-vanishing there may well be a renais-

sance of interest in this kind of physics at Fer-

milab.

In any case, the bottom line on the future of

fixed-target physics is one of commitment.
Much very good physics is there to be done. The
necessary condition is that there be enough
people who are willing to do the hard work to

get it out.
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IV. Fermilab's Advanced Computer Program

Introduction

By its very nature, experimental basic re-

search has always pressed hard against the

existing limits of technology, expanding those

limits when necessary and possible. Nature

does not release its secrets easily. The challenge

of exciting new experimental possiblities fre-

quently lures physicists into technological de-

velopment areas. A familiar example, Fer-

milab's leadership in superconducting
technology has been motivated by a need for

improved accelerators to allow experiments at

higher energy. Since the 1930s, electronics and

computing have, along with accelerators, been

the focus of recurring interest in the high-

energy physics community. Among the first to

build and use electronic logic gates (ORs and

coincidence circuits) were high-energy ex-

perimentalists for their detectors. These gates

later became the fundamental building blocks

of all digital electronics and computers.

In the early sixties, high-energy physics made
important early contributions to computer
hardware, especially on-line processing. It was

also the first field to exploit the very high speed

ECL (Emitter Coupled Logic) circuit technol-

ogy. From that period until recently, commer-
cial computing hardware and system software

proved adequate for most of high-energy

physics needs and were not a major impedi-

ment to progress. No longer is this true. Com-
puting limitations now have severe impact in a

number of important areas, affecting the prog-

ress of experimental and theoretical efforts as

well as new accelerator design.

The biggest demand on Fermilab computing
is for what is called experiment event recon-

struction. Physicists study the interactions of

fundamental particles by producing millions of

individual collisions between them, and
studying how other particles, the debris, fly off

into their detectors. Sophisticated as they are,

the experimental detectors provide only the

sparest information about wiiere and when
these secondary particles passetl. To analyze the

physics, the physicist needs to know the type of

each particle and the momentum and angle

with which it emerged from the interaction.

Reconstructing these parameters for each of

dozens of particles, for each of millions of col-

lision events, from the bits of detector infor-

mation recorded during the experiment, re-

quires a monumental scale of computation.

Large experiments already measure the amount
of time they use on Fermilab's large main frame

computers in years. As the energy of ac-

celerators increase, so do the number of sec-

ondary particles and of interaction events to be

studied. But interesting physics events tend to

be rarer.

Bigger haystack, smaller needle: we need ad-

vanced computer ideas. In 1982 Fermilab

formed the Advanced Computer Program to

confront computing problems at the R&D
level. This group is known by its initials (ACP).

It now has a dozen technical people with

backgrounds in experimental and theoretical

physics as well as electronic and computer en-

gineering. In its work the ACP interacts strongly

with industry and university computer science

efforts, mingling ideas and technology from

outside of high-energy physics with its own.

For experiments, the ACP goal is simple: re-

move the mechanics of computing from con-

tributing significantly to the "lurn-around

time" between the idea for an experiment and

the physics conclusions derived from the ex-

periment. Similar motivations apply in the

llieoreli<al and accelerator areas. Presently, a

major part of this lurn-aroun<l lime is spent by

computers carrying oul the trillions of

elementary calculalion> re(|iiire(l for various
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aspects of the research. The ACP has focused its

efforts on developing ways to carryout this

"number crunching" that are far more cost ef-

fective than those available commercially.
Studies by ACP people have concluded that we
can now attack tiiis problem effectively by
creating new computer architectures built out

of large numbers of the very powerful VLSI
(Very Large Scale Integration) microprocessor
circuits being produced by industry. In the

following, we will explain how tliis is possible

and how the ACP group will build a supercom-
puter for high-energy physics at Fermilab.

A High-Energy Physics Supercomputer

"A super computer is a system that is only one
generation behind the computing requirements
of leading edge efforts in science and en-
gineering." (The quotation is from Neil Lin-

coln, designer of the CDC Cyber 205 Super
Computer.) By this definition, the ACP Mul-
tiprocessor system to be built by the end of

1985, is more than a supercomputer. The con-

cepts for this system were developed during
1984. Circuit design is now underway. The de-

sign is based on a careful evaluation of the

criteria by which the value of such a system to

high-energy physics should be judged, as well as

what is required to gain acceptance from the

physicists who need to use it.

As important as the problems are, there are

still obvious limits to the amount of money that

can be spent to solve them. It is clear that a very

important factor is cost effectiveness: the rale at

which computing for a problem can be carried

out, divided by the cost of the computer. Digital

Equipment Corporation's (DEC) Vax 1 1/780 is a

super-mini computer that is very popular in the

scientific community and is a good standard for

comparison of cost effectiveness. One can buy
about 4 Vaxes per SM (million dollars).

Cost effectiveness is not the sole criterion. It

is possible to obtain extraordinary cost effec-

tiveness, approaching a million Vaxes/Mf,
using special purpose hardware aimed at ex-

tremely well-defined problems. Examples may
be found in high-energy physics experiment
trigger hardware (that decides which interac-

tions detected by an experiment should be re-

corded on tape) and military signal processors.

Such systems are very inflexible and difficult to

program. Getting them working makes strong

demands on technical people's time.

These problems point to the two other re-

quirements, beyond cost effectiveness, that the

ACP makes of its systems. The first is ease of use
and ])rogrammability. In one phrase, this is

what has come to be known as "user friendli-

ness." The second is easy system set-up by non-

experts. This requirement encourages a mod-
ular system with units, such as circuit board
subsystems, built and tested to industry stan-

dards. These modules may be based on Fer-

milab or commercial designs, and should be
routinely available from commercial vendors
or fabrication houses.

It is easy to sympathize with scientists who
resist new programming languages and compli-
cated computer mumbo-jumbo. Learning a

whole new language or a complicated set of

procedures would be, clearly, an "unfriendly"
requirement. Among high-energy physicists,

Fortran is the nearly universal programming
language. Although there are several more
modern languages with strong proponents in

the computer science world, asking high-energy

physicists to leave Fortran would be much like

asking Frenchmen to speak Esperanto. In fact,

the analogy is appropriate since Fortran is a

"living" computer language continuously being

updated with syntax and concepts deriving

from computer science work in languages. At

the research stage, before the language has had
time to adapt, new functional tools can be made
available in the form of subroutines. Sub-
routines are previously prepared sequences of

instructions that are convenient for users of a

new computer to invoke from their programs.

An important component of user friendliness

is what is called the operating system. The
operating system manages the user's files of

programs and data, runs computing operations

on request, provides tools to help find errors in

programs, supports text editors, and, if user

friendly, generally assists the user in response

to only a minimum of simple commands. The
Vax VMS operating system has become very

popular among high-energy physicists. Other,

more portable systems (AT&T's Unix , in par-

ticular) may in time take hold. Until then, VMS
will be the system environment, and Fortran

the language in which physicists using the ACP's
computers will work.
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Computer Architectures for High-Energy Physics

The most cost effective commercially avail-

able computing engines are the VLSI micro-
processors. A single board computer based on
one of the newly emerging 32 bit super micros
(such as Motorola's 68020, AT«&T's 32100, and
dec's microVax chip) will run large Fortran
programs at speeds approaching those of a Vax.
Critically important to using these tiny com-
puters are the programs, called compilers, that

translate the scientists' programming language,

Fortran, to the machine instructions that con-
trol the microprocessors. Much inefficiency is

p'ossible in this translation. A particularly good
compiler for the 68020 is now available from
Absoft, a small company in Royal Oak, Michi-
gan. The ACP has already measured physics

programs to run at upwards of 1/2 Vax speed
with it.

chitectures. These involve little or no com-
munication between the processors. Yet, such
systems will greatly increase the computing
capacity available for this research. In fact,

very much can be learned about the general

problem of parallel processing from conceptu-
ally simple multiprocessors. In time, the

simplest architectures can be built up to more
complex and general systems.

Such a single board computer can be built for

about $2500, implying a cost effectiveness of at

least 200 Vaxes/M$. Further improvements are

expected by 1986 in compiler and hardware
technology. Clearly, to bring revolutionary
amounts of computing at this cost effectiveness

to a computing problem, one must get all the

little engines to work together, in parallel, on
the problem.
The general problem of parallel computing is

a very difficult one. Much computer science
effort is directed at optimizing parallel com-
putation for a generalized mix of computer
programs. This involves development of
mechanisms for communicating between and
synchronizing the activities going on in the dif-

ferent little engines. Further complications
result from allowing access by each processor
into the memory of the others and in the man-
agement of the processors and their allocation
to different parts of the problem.

Driven by pleasantly easy structures in high-
energy physics computing problems, the ACP is

able to use the simplest multiprocessor ar-

Why can the ACP avoid the complexities
confronting so much other parallel computer
research? The secret of how to apply a simple
parallel computer to the experimentalist's nee-

dle and haystack problem is the haystack itself.

It is made of millions of individual events. The
reconstruction of what happened in each can
be carried out with no regard for what went on
in any of the others. Only when the reconstruc-

tion of all events is complete do the analyzing

physicists want to look at them all together for

statistical studies. The problem has designed
the computer architecture for us: each of our
many little computing engines works, by itself.
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on one event at a time, never needing to com-
municate with the others which are working
simultaneously on different events. Raw de-

tector data is passed to each processor as it be-
comes ready. When the procesor has completed
working on the event, the reconstructed physics

parameters are stored for the later analysis.

Oota from host(event by event)
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\CP multiprocessor aroliilectiire. which is de-

>i5:ne(l for them. Durin;; 1984. the ACP built a

>inall six unit testbed multiprocessor and de-

veloped an extensive repertoire of software to

support use of large multiprocessors by ex-

perimentalists. Several Fermilab experimental

i;roiips tested this software over the summer
inontlis. They found it pleasantly easy and
(juick to convert their traditionally serial pro-

grams to multiprocessor operation.

A program that is to run on the ACP multi-

processor is separated into two major pieces.

The first runs on a single processor, called the

iiost. It contains all instructions thai control

bringing in raw tlata from, and sending proc-

essed results to, outside storage devices, such as

magnetic tape. The real number crunching is

carried on in the second piece of the program.
This is duplicated many times over to control

the activities of each of the many little micro-

processors that together do the heavy work. The
host computer is instructed to send the raw data

corresponding to one physics interaction event

"down" to a processor by a simple request to

start a sequence of instructions, a subroutine,

previously prepared by the ACP.
The name of this subroutine is obvious,

SENDEVENT. There is a similarly obvious
name, GETEV ENT, for the subroutine that re-

trieves processed results from a finished mi-
croprocessor. What is not obvious is the "re-

source management" problem of keeping track

of which of over a hundred processors is ready

for data, ready for retrieval, or requires some
other action. These matters are handled auto-

matically by ACP subroutines. The scientist

using the system does not have to bother with

them. He or she is required only to determine
how to split the program into the host part and
the microprocessor part and to identify appro-

priate places to insert the SENDEVENT and
GETEVENT commands that communicate
data between the host computer and the little

number cruncher. This is an easy task since all

large reconstruction programs have separate

input-output and number-crunching sections.

The host computer also takes care of tasks

needed to start up and complete a reconstruc-

tion program's operation. At the beginning,

many numbers that describe where the detec-

tors are located, and otherwise give meaning to

the raw readings, must be prepared. These
numbers are then broadcast to all the proc-

essors, where they will be used to reconstruct

the event, with the command BROADCAST. At

the end, statistical summaries and graphs are

normally prepared so that physicists can de-

termine that the operation proceeded nor-

mally. These summaries are based on subtotals

stored in the many individual processors. The
subtotals are gathered and summed together on
command to the ACP software. There is also

help when problems occur. Hardware and
software errors are identified and tools pro-

vided to track down program mistakes.

Hardware

The tests of the ACP software demonstrated
that it will be easy to apply a simple multi-mi-
croprocessor to high-energy experiment com-
puting. The enthusiasm of computer-starved
experimentalists has put a high priority on a

project to build a full-scale, high-performance
system before the end of 1985. It will consist of
128 processors. Of these, 64 will be based on
Motorola's 68020, and the remainder, depend-
ing on availability, on AT&T's or DEC's 32-bit

microprocessors. Using more than one proc-

e^^or type is part of the ACP's philosophy of

keeping its system receptive to the best industry

lla^ to offer in performance and in price.

Experience with this first system, running
real experiment problems, will allow ACP
people to improve software and hardware. If, as

expected, all goes well, other large systems, of

up to 255 processors each, will be built quickly

to meet the needs of Fermilab's Computer De-

partment and the Collider Detector at Fermilab

(CDF). Many outside groups, at American and
Western European universities and labora-

tories, have followed ACP activities with inter-

est. To make duplicating the system easy, Fer-

milab will make available system designs,

software, and lists ofcommercial sources where
modules may be purchased.

Even though the architecture is simple, put-

ting together this large a multiprocessor re-

quires careful design. Up to 20 processors can

be assembled in a box, called a "crate," using

commercial packaging and interconnection

circuits. For larger numbers of processors, new
schemes are required. The ACP multiproces^or

will be built as a tree (which is usually pictured
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upside down in diagrams). The leaves are the

individual processors sitting in a commercial
crate. The crates are connected in groups to a

Fermilab designed "branch bus" which in turn

can be connected as needed to any of the one or
more roots of the system. Each root is con-
nected to a source of data from the outside

world. In some systems, there will be two roots

each with a magnetic tape drive, one with raw

data coming in, one with processed data going
out. Other systems will process data as quickly
as it is taken in the real time of an experiment.
There, roots will be connected directly to the
experiment's data acquisition system absorbing
data at huge rates. Twenty million characters
per second are possible in each of several roots.

A simple, but high speed switch is the trunk of
the system. It connects 8 roots to 8 branches.

.1
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Each root is controlled by a small commer-
cial microcomputer (DEC's microVAX II).

These speak with a DEC microVax II supermi-

crocomputer which is the boss of the system as a

whole and is called the production host. This

computer carries out the host part of the ex-

perimentalist's program and has the popular
VMS operating system we referred to earlier.

One experiment's activity at a time goes on in

the production host and multiprocessor, which
is connected to Fermilab's network of comput-
ers. Also on this network is a "development
host" computer, a full size Vax that can handle
many people each working on developing new
programs. They can test the programs on small

ACP systems intended for this purpose and
connected to the network. The development

host has available all the ACP supplied tools, as

well as the usual Vax VMS aids to development,
that help prepare for a multiprocessor calcula-

tion.

The first system will be built in 1985 for

under $1/2 million in equipment costs and will

deliver the computing power of at least 60

Vaxes. Later copies will be cheaper and more
powerful. The ACP schedule is "aggressive," to

use a popular computer industry word, because
it depends on the ability of industry to man-
ufacture, in quantity, 32 bit microprocessors.

These devices are certainly among the most
technologically aggressive creations ever con-

templated. However, delays, if they occur, will

not be long, and are part of the ACP's mandate
to work on the cutting edge of technology.

Future Activities and Projects

We have hinted at areas where further ACP
development work potentially could make still

more dramatic improvements in productivity.

One such area of research is on special-purpose

devices. We said these are hard to program. But
suppose that ACP experts do the difficult work
as they have done for multiprocessor manage-
ment software. Then these super powerful
techniques could be made available to physi-

cists with only a subroutine command. This
concept, which we call "hardware sub-
routines," appears to be very promising. It is

particularly easy to implement when one can
identify time consuming little calculations that

are repeated over and over again. This appears
to be possible for all the problems that interest

us. Since the approach can be so fruitful, the

ACP group will focus on it in 1986.

Number crunching is the major source of

long delays in physics turn-around times.

Another leading contribution is simply the time

necessary to plow through huge amounts of

processed data. Reconstruction of an experi-

ment produces tens of billions of words. These
are used by physicists to make graphs and
statistical calculations that describe what went
on in the experiment. Little actual computation

is required for this analysis. Yet, each time a

physicist passes through this enormous amount
of data, hundreds (or even thousands) of tapes

must be read, and often several days are lost.

Typically, an experiment requires many such

passes as physicists try out new ideas and de-

velop an understanding of the data.

New data base technology (similar to that

used for TV laser disks) is appearing on the

technological horizon that will make it possible

to improve this situation. Using the new
technology, future ACP efforts will be directed

at allowing physicists to turn around their

analysis ideas almost as fast as they can think of

them. For now this is a dream, and Fermilab's

Advanced Computer Program is fully occupied
developing its exciting new supercomputer for

high-energy physics.

\U/i\A^
, ^^
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V. Progress on the Fermilab Collider Detector

The south end wall of the Collider Detector under construction as the north end wall is raised into

final position. "" ^
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Prototypf of the central tracking chainl)er preamplifiers and special v\ ire alignment blocks



896

Coinpletetl central caloriniclcr nxxiules underiioing final lestinp and calibration in the NW beam
line.



897



898

-69-

VI. Development of the Energy Saver Operation.

Introduction

The completion of the Energy Saver com-
missioning, described in detail in last year's

Annual Report, is only the beginning of the

Laboratory's mission. Only when protons of

appropriate intensity are being delivered to the

targets in the Meson, Neutrino, and Proton

Laboratories, with the uniform spill the various

experiments require and for a reasonable

number of hours per week, will we be able to

consider ourtask successfully completed.

The primary objective in 1984 was, in fact, to

establish again at Fermilab a valid high-energy

physics experimental program, first at 400 GeV
and then at 800 GeV. Preparations for the

startup of colliding beams in 1985 also con-
tinued. This section presents the accelerator

story, including the successes, failures, and
activities during the '84 summer and fall shut-

down, which should lead to substantial im-
provements in 1985 for the fixed-target program
and allow proton-antiproton collisions in the

Tevatron when the Antiproton Source com-
missioning is complete.

The Tevatron

This new accelerator was called the Energy
Doubler (because it gives twice the proton
energy of the original Fermilab Main Ring), the

Energy Saver (because superconducting mag-
nets and the necessary refrigeration use less

energy than conventional copper-iron mag-
nets), and it is now the Tevatron since one-
trillion electron-volt energies are achieved. The
performance specifications given for the Teva-
tron before its construction were that it should
provide proton beams of energy 800 GeV to 1

TeV with an intensity of at least 2 x 10'^ protons

per pulse. The cycle time was to be 30 to 60

seconds, with a flattop of at least 10 seconds.

In the first full year of operation, most of

these specifications have been met. The Tevat-

ron has operated regularly at 800 GeV. The in-

tensity is greater than 10'^ protons per pulse and
is not limited by the Tevatron, but by its injec-

tor. A cycle time of 60 seconds is standard;

shorter limes can be achieved when more rf is

available. A flattop of 10 seconds was used
during the first running period; 20 seconds is

now standard.

Chronology of the Year

We have had a successful year in the sense

that we met or almost met all performance
specifications. We have worked hard to meet
our operating schedules and here our success

has not been asco.mprehensive. Let us step back
a bit from the official start of the year 1984 for a

running start, or a starting run.

High-energy physics experiments at 400 GeV
with the Tevatron began October 3, 1983. By
November 1, beam was delivered to the Meson
Lab and experiments began taking data. A little

later, on November 21, beam was delivered to

the Neutrino Lab and soon seven target stations

were in use. a solid experimental program.
The 400-GeV warmup run continued until

February 14, when the accelerator was shut
down on purpose. The main purpose of the

shutdown was for installation of new equip-
ment, but before that, operation at 800 GeV was

tried. The tests were successful, accelerating

beam to 800 GeV and storing it at that energy.

The Tevatron was shut down until March 17

for installation of the low-beta quadrupole
system at BO. The purpose of this system is to

reduce beam size and therefore to increase

beam density at the interaction point. This will

increase the luminosity of proton-antiproton

colliding beams.
The obligatory odious ordeal of startup began

on March 17, and the beam was ready for the

first 800-GeV high-energy physics run on March
25. It was, however, a short interlude, because

the first failure of a Tevatron magnet occurred
the next day.

Replacing a superconducting magnet is much
more lengthy than replacing a Main-Ring mag-
net because a portion of the ring (1/24, corres-

ponding to one satellite refrigerator's worth of
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magnets) must be warmed up to room temper-

ature, llien cooled again after the magnet is

replaced. The 800-GeV run was restarted on

April 1 and went on from there.

There was an interruption of high-energy

physics on April 18 for testing of the low-beta

quadrupole system at location BO. The tests

were very successful; it was possible to start with

the low-beta system turned off, as will always be

the case during acceleration. Turning the sys-

tem on changes the operating characteristics of

the beam already in the accelerator.

The only other scheduled interruptions of

high-energy physics were for routine mainte-

nance and briefly for the dedication of the ac-

celerator on April 28. The run continued until

July 16, but there were four more magnet fail-

ures in June and July. We discuss these failures

in the following section.

The accelerator shutdown that started July 17

was a long one. The tunnel was excavated at F17,

and a number of the precast tunnel hoops were

replaced by ones of larger cross section to allow

more room for equipment for extraction of

beam to the antiproton-production target, and
for reinjection of antiprotons. In addition, the

tunnel was modified at DO, the second
colliding-beams interaction region, for instal-

lation of the components for the overpass that

locally raises the Main-Ring beam by approxi-

mately 6 feet to leave room for a detector. Dur-

ing this long shutdown, the ring was warmed up
and modifications made to correct the prob-

lems causing magnet failures.

Startup began on November 3. There was a

certain amount of discreet nail biting. Compo-
nents for the DO overpass were delivered from
the Magnet Factory at the last moment, and
there was some worry about whether the whole
installation would work. Purposely taking the

beam away from the plane of the accelerator

was a brand new adventure. In fact, it worked
very well after only a few days of commission-

ing. Beam was accelerated in the Main Ring
and injected into the Tevatron on December 2.

Tests continued through December, with the

second 800-GeV high-energy physics run to

begin on January 3, 1985.

Performance

The best way to talk about performance is in

terms of the scheduled and actual hours and the

number of protons on target. We give these data

in the accompanying table.

Table I. 1984 Accelerator Performance.

400 GeV 800 GeV Total

Number of Weeks 18 10 28

Scheduled HEP Hrs. 2042 1276 3318

Actual HEP Hrs. 1131 648 1780

% Up Time for HEP 55 51 54

Weekly Averages

Sciieduled HEP Hrs./Week 113 128

Actual HEP Hrs./Week 63 65

Accelerated Protons

Protons/ 10' Scheduled Hrs. 2.7x10" 1.3x10"

Protons/ 10' Scheduled
Hrs., Best Week 5.5x10" 2.5x10"

In interpreting the data from the above table

it is important to note that even in its initial

running period from October 3, 1983, to Feb-

ruary 14, 1984, problems with the Tevatron pre-

vented running only about half of the

scheduled time. For the best week 5.5x10"

protons/10'' scheduled hours were accelerated,

with the average for the 18 weeks of 400-GeV
operation being 2.7x10" protons/10^ scheduled

hours. The fraction of running time is at least as

good and the intensity much higher than in the

first year of Main-Ring operation.

The level of operation at 800-GeV is not typi-

cal of what we expect in the future because of

the five Tevatron dipole magnet failures. These

failures were due to an unsupported section of

superconducting cable. Immediately after

leaving the coil package, the cable is bent up-

ward through 90° and held by an insulating

block-clamp. The cable then is bent through a

semicircle, at the end of which is another in-

sulating block-clamp that directs the cable to

the next magnet through the helium connec-

tion. Five magnet failures during the 800-GeV

run were attributed to the 6 inches of unsup-

ported cable between the two insulating blocks.

When the magnets are ramped from injection
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field (150 GeV) to 800 GeV, the cable experi-

ences a force of approximately 100 pounds
which causes the cable to move and rub against

cryostat parts, resulting in abraded cable insu-

lation, a sliort-lo-ground, and, ultimately,
magnet failure. The cables at the other end of
these magnets have proper support. Whenever
this happened the magnet had to be replaced.

In order to remove and replace each damaged
magnet it was necessary to warm up 1/24 of the

ring. After replacing each failed dipole, cool-

down and refilling with liquid helium required
approximately two days. Three to four days
were lost for each magnet failure.

This major problem has been eliminated.

Because of the already scheduled shutdown of
the Tevatron from July to November 1984, it

was possible to open the 380 magnets that

needed to be modified. After grinding away
approximately 10 inches of weld on the cryos-

tats, a cable support was incorporated that was
known to be adequate to prevent conductor
motion. This work has been done and the

Tevatron has been successfully ramped to 800
GeV (November 29, 1984) with the repaired
magnets.

The Tevatron was also used for SSC studies.

Even though these efforts have been kept at

lower priority than the Fermilab experimental
program, some interesting observations were
possible which may influence the design of the

SSC. Beam measurements made on the Tevat-
ron were compared with computer simulations,

showing a high level of predictability.
Coasting-beam studies show long lifetimes and
lack of strong resonance driving terms. Low-
energy studies were made to demonstrate that

injection energies of as low as 1/15 of final

energy are possible.

Other Activities

In addition to providing support that made
possible the work described above, the various

accelerator departments participated in other
activities during 1984. Several examples are

given below by Curtis Owen, Injector Depart-
ment Head; Gerald Tool, Electrical Engineer-
ing Support Group Leader; and Dixon Bogert,

Accelerator Division Controls Group Leader:

Curtis Owen: Injector

Vacuum tube circuits in the

anode modulator for the Linac
final power amplifiers and in the

screen modulator for the driver
amplifier were replaced with much
simpler and more reliable solid-

state devices. After several months
of prototype development, the
conversion was accomplished very
smoothly during the long 1984
shutdown. A second project was the

design and installation of an
additional 8-GeV extraction system
for the Booster. The primary rea-

son for this is to provide an 8-GeV
test beam for the Debuncher Ring

(TeV I); however, the extra extrac-

tion system and beam dump will be
invaluable in the course of normal
operation with the Main Ring and
Tevatron. It will permit Booster
beam studies and tuning at a rea-

sonable rate parasitically without
dumping 8-GeV beam in the

Main Ring or in the Booster. The
design allows an arbitrary fraction

of the 84 bunches of beam in the

Booster to be delivered to the

Main Ring (for bunch coalescing

studies or any other purpose) with

the remainder delivered to the new
beam dump.

Geraltl Tool: Electrical Engineering Support

A program was carried out to

rebuild the A2 and A3 Tevatron
power supplies to provide steady-

state operation of the Tevatron at

energies up to 1 TeV for colliding

beams. At any given time, one of
these is the holding power supply,
and the other is an installed spare
operating as one of the 12 ramping
supplies. This group, as well as
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other Accelerator Division support

groups, made significant contribu-

tions to designing and implement-

ing antiproton source systems. It is

estimated that during 1984 about

80% of this group effort involved

TeV I work.

Dixon Bogert: Accelerator Division Controls

Major tasks undertaken
were: 1) Conversion of the

Main-Ring Control system to the

ACNET system, culminating in the

successful operation of the Main-

Ring including the DO-overpass in

November 1984; 2) Ongoing de-

velopment of the controls required

for the p source; 3) Continuing

support for the improved opera-

tion of the Tevatron including new
items such as the BO low-beta re-

gion, the QXR system (quadrupole

extraction system), and super-

damper control with the possibility

of tune measurements of the Saver

made at 50 Hz; 4) The continued

improvement of general ACNET
services including alarms and
Save-Compare-Restore capabili-

ties; 5) The acquisition, in con-

junction with the AD/Calculations

Group, of a third VAX 11/785 com-
puter and a Floating Point Systems

FPS-164 attached processor. This

equipment will greatly improve the

Accelerator Division's ability to

study and simulate accelerator

performance and future ac-

celerator designs. There were 62

man-years of effort recorded by

AD/Controls during 1984. Nineteen

of these years, or about 30% of the

total, were devoted to support for

the p source. The greatest part of

this support was electronic de-

velopment of control modules and

systems, including microcomputer
support. Nine man-years of effort,

or about 15% of the total, were de-

voted to ongoing support for the

Tevatron systems as outlined in

number 3) above. The remaining

55% of the effort was devoted to a

combination of conventional con-

trols support and the Main-Ring
Conversion project. The ACNET
control system now has 14 consoles

operational. With the exception of

the Booster, all components of the

accelerator are now controlled

through ACNET.
Support for the p source con-

trols has included several new
micro-computer projects. The de-

cisions made several years ago to

support the p source as an exten-

sion of the ACNET/Tevatron con-

trols system has greatly simplified

the job of creating software inter-

faces for TeV I.

Cdnclusion

In summary, the first two high-energy physics

runs, October 1983 to February 1984 at 400 GeV,

and March 1984 to July 1984 at 800 GeV, were

highly successful. Accelerators using super-

conducting magnets have come of age and fu-

ture accelerators such as the proposed SSC can

now, with confidence, move forward using the

Tevatron as a solid technology base.
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VII. Magnet Production at Fermilab

Introduction

Almost all of the work of Fermi National

Accelerator Laboratory involves the use of

electromagnets in one way or another. From its

very beginning, the Laboratory has been in-

volved in purchasing magnets, building mag-
nets, modifying magnets, repairing magnets, or

advising others on the subject of magnets. With
the completion of magnet production forTeV I

and TeV II, well over 3000 major electromag-

nets have been assembled at Fermilab for use in

both accelerator construction and experimen-
tal programs. If smaller magnets ("trim" mag-
nets for orbit correction or beam steering) are

included the total number rises to 4-5000.

At different times, and in different places,

magnet design and construction have gone for-

ward under organizational names as diverse as:

The Magnet Factory, Technical Services, Tech-
nical Support Section, Industrial Area, and
Energy Doubler Magnet Group.
Whatever the designation or place, the cen-

tral role of magnets in Fermilab's evolution has

remained unchanged. The following review of

this crucial activity provides a glimpse into

some of the Laboratory's history.

Conventional Magnets

In- the late 1960s-early 1970s, activity at what
was then known as the National Accelerator

Laboratory centered around planning the de-

sign and fabrication of magnets for the Main
Ring, the 200-400 GeV conventional ac-

celerator. Finding the answers to questions re-

garding design, external procurement of com-
ponents, on-site versus off-site fabrication, as-

sembly and measurement, and eventual re-

work of magnets as design modifications be-

came necessary, led members of the design

group through a chain of decisions that would
prove useful in later years.

This was a large and revolutionary under-
taking: the construction of upwards of 1000

magnets in the relatively short time frame set by
Robert Wilson's desire to have an operating

accelerator on time and under budget.

The process of 400-GeV magnet fabrication

began with planning and design at an Oakbrook
office complex, moved into early testing at Ar-

gonne National Laboratory, then to prelimi-

nary fabrication in rented warehouse space in

West Chicago, and in the Village on the NAL
site. The need for very precise alignment of tiie

inner coils close to the median plane, and tlie

reluctance of industry to try to meet this tight

specification led the Laboratory to build the

coils in-house. By 1970, decisions on fabrica-

tion and assembly had created the need for an
industrial complex at Fermilab. Industrial

Buildings I and 2 were constructed and oc-

cupied as a test facility, and coil-winding and
assembly facility respectively.

As completed magnets were placed in the

Main Ring, where they were subjected to actual

operational loads, production-related electri-

cal problems arose that occupied the Magnet
Facility for nearly a year before the actual

business of operating the accelerator could

proceed.
With the completion of the 400-GeV ac-

celerator, efforts in the Magnet Facility turned

to supplying the magnets needed in the Ex-

perimental Areas. A proliferation of magnet
types and variances were required, from
analyzing magnets to bending magnets, from
septum magnets to EPB dipoles. Since flexibil-

ity now assumed pre-eminence over quantity,

the Magnet Facility underwent a transition

from the mass-production techniques used on
Main Ring magnets to the smaller-scale pro-

duction better suited to specialized produc-

tion.

The Saver Era

By 1975, planning for the Energy Doubler
(later the Energy Saver, and then the Tevatron)
had been approved, and serious development
effort had begun on a new generation of mag-

net, the superconducting quadrupoles and di-

poles that would be used in the existing Main
Ring tunnel to raise the circulating proton

energy toward 1000 GeV.
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When, in mid-1979, the Department of

Energy authorized construction of the Energy

Doubier/Saver, a second major production

phase commenced, one that repeated the pro-

duction techniques and demands from 400-

GeV days, but that promised an eventual yield

of more than twice the energy.

The basic manufacturing philosophy

adopted was that, while superconducting mag-

nets could be readily built by highly trained

personnel lavishing great care on each magnet

on a one-at-a-time basis, production of 1000+

magnets on a tight schedule would not allow for

such luxury. Therefore, an early decision was

made to develop, once again, new tooling and
fabrication techniques that would allow pro-

duction of superconducting magnets by less-

skilled persons at an increased rate of speed, as

had been done with the magnets for the con-

ventional Main Ring.

From mid-1979 until early 1983, production

of superconducting magnet components spread

throughout almost the entire Laboratory.

Model cryostats were fabricated by personnel

from various Magnet Facility shops in the Vil-

lage, and final cryostat assembly was carried out

in Lab 5 in the Village. Industrial Building 3,

constructed and occupied in 1974 as ware-

housing and storage space, became the produc-

tion center for superconducting magnets.

Room was made available at Industrial 1 for a

test facility that included a 1500-watt re-

frigerator, new water system, upgraded power
supplies, state-of-the-art data-acquisition sys-

tems and six large test stands for full-scale mag-

net measurement. By 1978, the demands of

completing the Energy Doubler/Saver made

clear the need for a fourth building, and In-

dustrial 4 soon was ready for occupancy. Here,

completed components for superconducting

magnets were tested and stored before final as-

sembly.
Superconducting magnet production hit full

stride by 1980, and by 1981 production had

risen from 5 magnets per week to 10. By 1982, as

many as 20 dipoles were completed in weeks of

peak activity. Quadrupole magnets were regu-

larly produced at a rate consistent with their

need.

All through the Saver years. Magnet Facility

people continued to work on specialized mag-

nets for specific beam lines and experiments.

Late in the Saver production sequence, the

Magnet Facility was called upon to assemble

coils for a very large (60 feel long, with an aper-

ture measuring 4 feet x 4 feet) analyzing magnet

for E-605. These coils were formed as two-layer

"pancakes"by an industrial vendor, and these

"pancakes"were then insulated, assembled,

and welded together as single units in Industrial

4. This entire process was carried out in time to

vacate Industrial 4 in advance of the onslaught

of completed Saver magnets, which eventually

claimed all available floor space.

By 1983, nearly 2000 individual components
had been completed, assembled, and installed

to comprise the Energy Doubler/Saver. In Au-

gust, 1983, in the spotlight of publicity created

by the simultaneous occurence of the Interna-

tional Accelerator Conference at Fermilab, the

Energy Doubler/Saver was successfully turned

on and commissioned, achieving a new record

energy of 800 GeV.

Tev I/Tev II

One might have expected a respite following

the commissioning of the Saver. But, as we have

noted, activities in other areas of magnet pro-

duction had carried on right through the Saver

era, and were to escalate in the following years.

As a companion piece to completion of the

Energy Saver, an antiproton source was re-

quired to produce copious quantities of antip-

rotons that could be re-injected into the Saver

and brought into collision with protons to

achieve 2 TeV in tlie center-of-mass physics.

In February of 1981. funtling for this anti-

proton source, or Te\ 1 as the project was to be

called, became available from the Department

of Energy. A second program, TeV II, was

funded in January of 1982. The purpose of Tev

II was the upgrading of experimental areas to

prepare them for 1000-GeV beam from the new
superconducting synchrotron. Taken together,

TeV I and TeV II resulted in large demands for

aiMitional magnets to be provi<le(l by the Mag-

net Facility, and took Fermilab magnet con-

struction into two years of the most intense ef-

fort yet expended.
The Te\ I program proved to be the larger of

the two. ^ince the number of different magnet

characteri>lic> within ihe program wa> greater

than thai «il'any previou.- Fermilab magnet pro-
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duction sequence. A total of more than 700

magnets consisting of 52 different types, many
of which were to push conventional magnet
technology to the very edge of feasibility, were
called for in the TeV I program, including the

largest bending magnets ever built at Fermilab
(Accumulator dipoles, each of which weigh 53

tons), and the largest quadrupoles yet con-

structed at Fermilab. Each of these magnets
required a prototyping stage in which produc-
tion procedures were developed to achieve the

required magnetic-field tolerances, low power
consumption, and the ability to be taken apart,

moved, and reassembled in a reproducible
way. From final design through prototyping,

production, and testing, the Magnet Facility

utilized equipment and manpower to the fullest

with around-the-clock and weekend shifts from
1983 through early 1985.

Fortunately, the magnets for TeV II were
tried-and-true standbys: 4Q120 quadrupoles,
6-3-120 dipoles, 3Q120 quadrupoles, and
special-function magnets for beam-extraction

and beam-line use. All in all, it was necessary to

build something over 200 additional magnets to

meet TeV II needs. Wherever possible, coils

and other sub-assemblies were ordered from
outside vendors and assembled at the Labora-
tory in their final configuration.

To assist in this task, the Conventional Mag-
net Facility, the Energy Doubler Magnet Con-
struction Group, the Central Machine Shop,
and elements of Drafting and Design were com-
bined in mid-1981 into one unit, the Technical

Support Services Section. TeV I/TeV II pro-

duction demands were such that a fifth build-

ing. Industrial Center, with a different ar-

chitectural style and substantially greater floor

space than the other four buildings, was de-

signed and begun in late 1981. A very rapid

construction period resulted in Industrial

Center being ready for occupancy and use in

little less than a year. Machinery utilized in the

construction of TeV I magnets was brought to

Industrial Center in late 1982. Existing pro-

duction equipment was supplemented with

help from DIPEC, a stockpile of machine tools

maintained by the Government. Principally, 4

large coil-winders were built. The hearts of

these machines were constructed from
boring-mill turntables left over from Korean
War-era tank turret production. Along with

these winding tables, large hot-air curing ovens

and additional sand-blasting equipment were
installed, as well as innumerable small fixtures

and peripheral production aids.

As magnet production for TeV I and TeV II

draws to a close, the magnet builders at Fer-

milab see ahead of them yet another period of

development work on superconducting mag-
nets, but this time on a much grander scale: the

20 TeV collider, or SSC, which would operate at

40 TeV in the center-of-mass. These magnets
would be made of superior superconductor,

and would be 40 to 60 feet long. Some 100 or so

of these giant magnets would have to be built

and thoroughly tested to insure the success of

SSC.
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Insulatinjj a coil for a conventional Main-Ring magnet at llie West Chicago warehouse, 1970.
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A Main-Ring dipole on ihe granite surface plate in Lab 5.



911



912

Welder BriKe Smilli in lii(hi>Iri.il 2 willi a 63 120 dijyole mafjriel used in experimental area beam lines.
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BriKc Kliiii;. Dennis O-ir.m-ki, (.ijmillii Klores, and Sle%e Kliviwski ussemliling Saver crynstals al
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A test .stand for Sa%cr magnets at the Majsnet Test Facility in Imliiiitrial 1.
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One of four coils for ihe E-605 dipole magnet being a
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Bill Slrickland, Jr., Ijrazinjr a water inanifoh! on lialf of a large quudnipole magnet for TeV I.
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Lookingdown the center of the first TeV I.small qiiadrupole maftnet assembled at Paramount Park.
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Tlirep completed Te\ I (iiia(lrii|i(ile magnets al Indu-lrial Center.
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Welding on a Superconducting Supercollider prototype magnet at Industrial 3.
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Thesis, University of Illinois. 1983.

HADRONIC PRODUCTION OF CHARMONIUM IN 225-GeV/c n'Be INTERACTIONS. S. R. Hahn et al., Phys.
Rev. D30, 671 (1984).

Photon Dissociation #612

DIFFRACTIVE PHOTON DISSOCIATION IN A HIGH PRESSURE HYDROGEN TIME PROJECTION CHAMBER. G. R.
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Ball et al., Phys. Rev. Lett. 53, 1314 (1984).

Neutrino tf 61

6

STATUS OF THE CCFR NEUTRINO OSCILLATION EXPERIMENT AT FNAL . D. Garfinkle et al.. Beyond Che
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J. D. Povlis, Ph.D. Thesis, University of Minnesota, May 1984.

PRIMAKOFF PRODUCTION OF THE B'^(1235) MESON. B. Collick et al.. Phys. Rev. Lett. 25. 2374
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Haber et al.. Proceedings of the International Europhysics Conference on High Energy Physics.
Brighton. July 20-27, 1983. p. 395.

LIMITS ON MUON-NEUTRINO OSCILLATIONS IN THE MASS RANGE 30 < 4m2 < 1000 eV^/c". I. E. Stockdale
et al.. Phys. Rev. Lett. 52. 1384 (1984).
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CRYOGENIC SEARCH FOR FRACTIONALLY CHARGED PARTICLES. W. Kutschera et al., Phys. Rev. D29, 791
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ACCELERATOR SUMMARY. F. E. Mills, Intersections Between Particle and Nuclear Physics. Ed.

R. E. Mischke (American Institute of Physics, Conference Proceedings No. 123, NY, 1984),
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EXACT SOLUTIONS FOR THE. LONGITUDINAL AND TRANSVERSE IMPEDANCES OF AN OFF-CENTERED BEAM IN A

RECTANGULAR BEAMPIPE. K.-Y. Ng, Particle Acceerators 16, 63 (1984).
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1984). p. 101 .
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IX. 1984 Workshop and Seminar Series

Theoretical Physics Seminars

S. Nussinov, University of Pennsylvania, and Tel-Aviv, Israel: "Mass
Inequalities in QCD," January 10, 1984

J. Sexton, Columbia University: "Local Lattice Ferraion Actions," January 10,
1984

P. Kundu, University of Utah: "Spontaneous Symmetry Breaking in Cosmological
Spacetimes," January 17, 1984

M. Rubin, University of Texas: "Dynamical Quantum Effects in Kaluza-Klein
Theories," January 19, 1984

A, Pruisken, Schl umberger-Dol 1 Research: "The Theta Vacuum Lives!—A Novel
Explanation for the Integral Quantum Hall Effect," January 26, 1984

S. Chadha, Rutherford Appleton Laboratory, Chilton Dldcot England: "Use of
Chiral Lagrangians for Proton Decay," February 2, 1984

F. Green, Northeastern University: "The Confining Detransition, " January 31,
1984

L. Smolin, University of Chicago: "Composite Higgs Bosons From an Extended
Gauge Symmetry," February 7, 1984

X. Tata, University of Oregon: "Seeing SUSY," February 21, 1984

S. Das, Fermilab: "The Uses of Large N," February 28, 1984

M. Gunaydin, California Institute of Technology: "The Exceptional
Supergravity Theories and the Magic Square," March 8, 1984

R. Pisarski, ITP, Santa Barbara, California: "Large N and Chiral Symmetries
in Finite Temperature QCD," March 6, 1984

S. Llbby, Brown University: "Quantized Hall Effect, Localization, and the
Theta Vacuum," March 13, 1984

B. Svetitsky, Cornell University: "Lattice Gauge Theory at High Temperature,"
March 20, 1984

P. Lepage, Cornell University: "Effective Lagrangians for QED and QCD—

A

Renormal Ization Group Strategy for Bound States," March 27, 1984

G. Bhanot, Institute for Advanced Study: "Topology on the Lattice," April 3,
1984

S. Gupta, Institute for Advanced Study: "Problems with the New Inflationary
Universe and A Possible Solution," April 10, 1984

K. Ellis, Fermilab: "Vector Boson Production at Collider and TeV I Energies,"
April 17, 1984
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R. .larklw, Massarhusetts Institute of Terhnol ogy: "Quantization of Physical
Parameters," April 24, 1984

I. Antoniatis, Stanford Linear Accelerator Center: "Conformal Gravity and the

Cosraological Constant," April 30, 1984

E. Farhi, Massachusetts Institute of Technology: "Strange Matter," May 8,
1984

J. P. Ralston, Argonne National Laboratory: "Chiral Calamity in the Skyrrae

Model ," May 15, 1984

M. Veltman, University of Michigan: "Bound States of Vector Bosons," May 23,
1984

A. Kronfeld, Cornell University: "Lattice Analysis of Exclusive Processes and
Deep Inelastic Scattering," May 24, 1984

Theory Group, Fermilab: "Discussion of the CERN "Zoo" Events," May 22, 1984

Jonathan Schonfeld, Fermilab: "Statistical Mechanics of Colliding Beams,"
May 29, 1984

Theory Croup, Fermilab: "CERN Zoo Events: Theoretical Perspectives," May 31,
1984

S. Wadia, Tata Institute, Bombay: "The Low Energy Effective Lagranglan In
QCD," June 5, 1984

C. P. Korthals Altes, CPT - CNRS , Marseille, France: "Gauge Fields in a Box,
Zero Modes and Finite Size Effects," June 21, 1984

K. Olynyk, Ohio State: "A Gauge Invariant View of Symmetry Breaking,"
June 26, 1984

H. Steger, Max-Pl anck-Inst Itute: "B-Meson Decay and CP Violation and Mixing
in F and B Systems," July 3, 1984

A, Hasenfratz, University of Michigan: "Monte Carlo Renormal Ization Group
Methods," July 10, 1984

0. Alvarez, University of California, Berkeley: "Geometry and Anomalies,"
July 17, 1984

C. Zachos, Argonne National Laboratory: "Topol oglcal
1 y Induced

Paral lei ization and I.R. Fixed Point," August 7, 1984

C. Schmid, Institute of Theoretical Physics, Eidgenossische Tech. Hochsch.
Zurich, Switzerland: "Excitation and Decay of a Dyon and The Rubakov Callan
Effect," August 14, 1984

K. Bitar, American Univeristy of Beirut, Lebanon: "Renormal ization Flow of
Lattice Gauge Actions," August 21, 1984
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D. Caldl, Brookhaven National Laboratory: "Skyrmlons and Vector Mesons: A

Symmetric Approach," August 30, 1984

B. Kayser, National Science Foundation: "CP ad CPT Properties of Majorana

Particles and Their Consequences," September 4, 1984

0. W. Greenberg, University of Maryland: "Nambu-Goldstone Fermlons and

Composite Models of Quarks and Leptons," September 11, 1984

A. Patrasclolu, University of Arizona: "Functional Integration on Compact

Spaces," September 17, 1984

M. Gronau, Technlon, Haifa, Israel: "Is CP Violation Maximal?" October 23,

1984

H. Hata, Kyoto University, Japan: "Color Confinement, BRS Symmetry and

Negative Dimensions," October 25, 1984

U. Sarkar, University of Texas: "N = 2 SUSY and Compos iteness," October 30,

1984

A. Jourjlne, University of Wisconsin: "Dimensional Reduction as a Phase

Transition," November 6, 1984

D. R. Yennle, Cornell University: "The Two Body Problem in Quantum

Electrodynamics," November 13, 1984

S. Rao, Fermilab: "Fermlons Interacting with Spherically Symmetric

Monopoles," November 20, 1984"

S. Elitzur, Hebrew University, Jerusalem: "Discrete Anomalies in Higher

Dimensions," September 18, 1984

K. H. Streng, University of Munich: "Colored Weak Bosons: Possible Signals

for Composlteness, " September 25, 1984

M. Grady, Argonne National Laboratory: "An Improved Psuedo-Fermion Technique

for Performing Monte-Carlo Simulation with Fermlons," October 2, 1984

A. Maslero, CERN: "Split Light Composite Supermultiplets
,

" October 9, 1984

L. Beaulleu, University of Paris: "Quantization of Generalized Gauge Theories

in a Flat Space and Curved Space With or Without Local Supersymmetry
,"

October 18, 1984

S. Shenker, University of Chicago: "String Compactlf Ication?" November 27,

1984

E. Mattala, ITP, Santa Barbara: "Thermodynamic Instability of deSitter

Spare," November 29, 1984

P. Hoyer, University of Wisconsin: "Gauge Covariant QCD Bound State,"

December 4, 1984
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L. Mezincescu, University of Texas, Austin: "The o - Model Interpretation of

the Green-Schwarz Covariant Superstring Action," December 10, 1984

M. Green, Queen Mary College and Caltech: "Developments in Superstring
Theory," December 11, 1984

Joint Experimental-Theoretical Physics Seminars

p. Meyers, Lawrence Berkeley Laboratory: "Nucleon Structure Function From
Berkeley, Fermllab, Princeton Experiment," January 6, 1984

E. J. Siskind, NYCB Real-Time Computing Inc., and Cornell University Medical
College: "Minimally Invasive Imaging of the Coronary Arteries in Man—An
Operational VAX-Fastbus Experiment Outside of High Energy Physics,"
January 13, 1984

N. Giokaris, Fermilab: "Electron Scattering from Nuclear Targets,"
January 20, 1984

E. Paschos, University of Dortmund: "Charged Current Couplings and the

Physics of the B-Mesons," January 27, 1984

M. M. Nieto, Los Alamos National Laboratory: "Physics at the Proposed
National Underground Physics Facility," February 3, 1984

P. Drell, University of California-Berkeley, Lawrence Berkeley Laboratory:
"Parity Non-Conservation in Atomic Transitions," February 10, 1984

S. Dawson, Lawrence Berkeley Laboratory: "Finding Supersymmetry in

Colliders," February 17, 1984

J. Schonfeld, Fermilab: "What You Should Know (Things Your Mother Never Told
You) About Colliding-Beam Storage Rings," February 24, 1984

T. Stanev, Bartol Research Foundation: "Things That People Really See In
Proton Decay Detectors," March 9, 1984

D. Cline, University of Wisconsin: "Observation of Same Sign and Opposite
Sign Dileptons At The CERN pp Collider," March 9, 1984

C. Quigg, Fermilab: "Super-Collider Physics," March 23, 1984

W. Hofmann, Lawrence Berkeley Laboratory: "Recent Results From the TPC at

PEP," March 30, 1984

C. Matteuzzi, Stanford Linear Accelerator Center: "New Results from the Mark
II Experiment," April 6, 1984

H. U. Martyn, I. Phys. Institute R. W. T. H. , Aachen, Germany: "Recent
Results From the TASSO Collaboration," April 13, 1984

M. Koshiba, University of Tokyo: "Results From The Kamioka Nucleon Decay
Experiment," April 20, 1984
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R. Bernstein, University of Chicago: "An Experimental Determination of c'/e
In the Neutral Kaon System (E-617)," May 11, 1984

M. R. Whalley, University of Durham: "Data Compilations in HEP—The Durham

—

RAL Databases," May 18, 1984

N, Paver, ICTP, Trieste: "Multiple Parton Interactions and Mul tijet Events at

Collider Energies," May 25, 1984

S. Fuess, Fermilab: "An Experimental Comparison of the Neutral Current Inter-
actions to the Charged Current Interaction (E594)," June 1, 1984

J. Cooper, University of Pennsylvania: "Chi Production by Hadrons
(E-610/673)," June 8, 1984

F. Dydak, CERN: "Recent CDHS Neutrino Results," June 14, 1984

T. Sjostrand, University of Lund, Sweden: "New Developments in the Lund Jet
Fragmentation Model," June 22, 1984

M. Anselmino, Indiana University: "Spin Dependence of the Fragmentation
Process of Quarks and Gluons," June 29, 1984

D. Cline, University of Wisconsin: "Observation of Lepton + Multi-Jet Events

in UA-1 Experiment and Search for the Top Quark," July 6, 1984

A. Zee, University of Washington, Seattle, Washington: "Dark Matter and

Galaxies: An Overview," July 20, 1984

D. Lindley, Fermilab: "The Distribution of Matter in the Universe," July 27,

and August 17, 1984

M. Bourquin, University of Geneva, Switzerland: "Baryons with Strangeness and

Charm," August 10, 1984

B. Foster, Bristol University: "Lifetime Measurements and Experience with the

TASSO Vertex Detector," August 31, 1984

G. Preparata, University of Bari: "Quarks in Collisions; e e , Lepton-
Nucleon, p(p)+p," August 29, 1984

Assorted Members of the Theory Group, Fermilab: "The Zeta: Who Ordered
That?" September 14, 1984

D. Klem, Stanford Linear Accelerator Center: "b-Lifetime Results from Delco,"
October 5, 1984

D. Carl smith. University of Wisconsin: "k'^ (890) Radiative Decay Width,"
October 19, 1984

P. Grafstrom, Fermilab: "Electron Asymmetry from Polarized Z- Beta Decay: A

Critical Test of the Cabibbo Model," October 26, 1984
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H. Tye, Cornell University: "Physics Interpretation of the Zeta," November 2,

1984

P. Reiner, University of Rochester: "Search for Anomalous Gravitational

Effects at the Fermilab Accelerator," November 9, 1984

G. Giacomelli, University of Bologna: "Comparison of pp and pp at the ISR,"

November 5, 1984

J. Cronin, University of Chicago: "Direct Measurement of the n^ Lifetime,"

November 16, 1984

R, Enomoto, University of Tokyo: "Evidence for the F Meson," November 20,

1984

N. Schmitz, Max Planck Inst., Munich: "W and Q^ Depedence of Fragmentation

Functions Measured in Deep Inelastic Leptoproduction, " November 27, 1984

A. Yokosawa, Argonne National Laboratory: "Report on the International

Symposium of High Energy Spin Physics at Marseille, France (Sept. 1984),"

November 30, 1984

T. Nash, Fermilab: "Status Report on the ACP
,

" December 14, 1984

L. Teig, Yale University: " E- Production Polarization and Magnetic Moment

from E-497," December 21, 1984

Fermilab CoUoquia

S. Brams, New York University: "'Approval Voting' A Better Way to Elect a

President?" January 4, 1984

G. Yonas, Sandia National Laboratory: "A Modern View of Ballistic Missile

Defenses," January 11, 1984

H. Kautzky, Fermilab: "Artificial Heart Valves," January 18, 1984

J. Hubbard, Cornell University: "Order and Chaos," January 25, 1984

P. Carruthers, Los Alamos National Laboratory: "Hadronization and Galaxy

Counts: Examples of a Simple Stochastic Process," February 1, 1984

A. Crewe, University of Chicago: "Sub-Angstrom Electron Microscopy,"
February 7, 1984

L. Smarr, University of Illinois: "Exploring the Laws of Physics on a

Supercomputer," February 8, 1984

M. Rees, University of Cambridge: "Evolution of Galactic Nuclei,"

February 15, 1984
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F. Davidson, Massachusetts Institute of Technology: "Tunnels: Past, Present,

and Future," February 22, 198A

S. Salzberg, Yale University: "Linguistics and Artificial Intelligence,"

February 29, 1984

J. C. Brandt, Goddard Space Flight Center: "U. S. Mission to Comet Giacobini-

Zinner," March 7, 1984

T. Ackerman, NASA Ames Research Center: "Nuclear Winter: Global Consequences

of Multiple Nuclear Explosions," March 14, 1984

G. McDonough, Marshall Space Flight Center: "The Space Shuttle Main Engine

Design," March 21 , 1984

E. P. Krider, University of Arizona: "Lightning—A Dlferent Kind of High-

Energy Physics," March 28, 1984

C. Van Degrift, National Bureau of Standards: "Macroscopic Effects of Nuclear

Spin in Solid ^He," April 4, 1984

L; Nirenberg, New York University: "Remarks on Nonlinear Problems," April 11,

1984

F. Parke, New York Institute of Technology: "Overview and Trends in Computer

Animation," April 19, 1984

A. Guth, Massachusetts Institute of Technology: "The Inflationary Universe,"

May 4, 1984

S. Jachim, AT&T Bell Labs: "Terrestrial Microwave Digital Radio: A Growing

Information Age Telecommunication Medium," May 9, 1984

P, Diaconis, Stanford University: "The Statistics of Shuffling Cards,"

May 16, 1984

F. Filas, Loyola University: "Basics & Latest Research Updates on the Shroud

of Turin," May 23, 1984

S. Manabe, Princeton University: "CO^ and Climate," May 30, 198A

J. Thomson, Rand Corporation: "Deterrence & Strategic Defense," June 6, 1984

P. Handler, University of Illinois: "Volcanoes, Sea Surface Temperatures and

Global Climate," June 13, 1984

R. Hansen, AT&T Bell Labs: "Computers and Networking in AT&T Bell Labs,"

June 20, 1984

D. Frey, Bell and Howell: "Managing the Innovative Organization," June 27,

1984

J. H. McAlear, Centronix, Inc.: "Biomolecular Electronics," September 13,

1984
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C. Persson, Jet Propulsion Laboratory: "Infrared Astronomy Statellite,"

September 26, 1984

H. Davidson, Lawrence Livermore Laboratory: "How to Put a Cray I In a Tuna

Fish Can and Make It Run Faster," October 3, 1984

C. F. Ehret, Argonne National Laboratory: "Circadian Clocks at the Base of

Life: Recent Advances in Chronobiology and Chronobiotechnology, " October 10,

1984

L. G. Mollenauer, Bell Lab: "Solitons in Optical Fibers and the Soliton

Laser," October 17, 1984

F,. Commins, University of California, Berkeley: "Parity Nonconservation in

Atomic Thallium," October 24, 1984

A. T. Winfree, Purdue University: "3D Wave Topology in Excitable Media (the

human heart, for example)," October 31, 1984

F. E. Dalton, Metropolitan Sanitary District of Greater Chicago: "Status of

Chlragoland Tunnel and Reservoir Plan (TARP)," November 7, 1984

A. K. Dewduey, University of Western Ontario: "The Planiverse," November 14,

1984

P.G.O. Freund, University of California: "Modern Kaluza-Kleln Theory,"

November 28, 1984

M. Mathews, AT&T Bell Labs: "Studies of Violin Tone by Electrical Simulation

of the Resonances of the Violin Body," December 5, 1984

J. P. Kempton, Illinois State Geological Survey: "The Role of Geology in

Siting Studies in Illinois; The Proposed SSC, A Premier Example," December 12,

1984

E. Carlson, Department of Biochemistry, New York: "H. J. MuUer: Gadfly of

Science," December 19, 1984

R. Bond, Stanford University: "Dark Matter and Cosmic Background Radiation

Anlsotropies," November 12, 1984

R. Juszklewicz, University of California, Berkeley: "The Large-Scale

Structure of the Microwave Background Radiation," December 3, 1984

J. Preskill, Caltech: "Voids as Fluctuations," December 17, 1984
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Theoretical-Astrophysics Seminars

S. Barr, University of Washington: "Euclidean Chlral Fermions," January 16,

1984

A. Chodos, Yale University: "Quantum Aspects of Kaluza-Kleln," January 30,

1984

M. Perry, Princeton University: "Kaluza-Klein Monopoles," February 6, 1984

M. Hereld, Caltech: "Gravity Waves and the Caltech Laser Interferometer,"

February 8, 1984

P. Slkivie, University of Florida: "Axionia," February 13, 1984

A. Vllenkln, Tufts University: "Creation of Universes from Nothing,"

February 27, 1984

I. Wasserman, Cornell University: "Plasma and Gravitational Dynamics of a

Monopole Halo," March 12, 1984

G. Chapllne, Lawrence Livermore National Laboratory: "Unification of Ele-

mentary Particle Physics and Cosmology in 10 Dimensions," March 19, 1984

N. Weiss, University of British Columbia: "Evolution Equations for the Higgs

Field in a Hot, Expanding Universe," April 9, 1984

F. Grazlanl, University of Colorado: "Fragmentation in Molecular Clouds,"

April 9, 1984

F. Cooper, Los Alamos National Laboratory: "An Improved Method for Studying

False-Vacuum Decay," April 19, 1984

S. Y. Pi, Boston University: "Inflation Without Tears," April 23, 1984

C. Hogan, Caltech: "Astrophysics of Strings," May 7, 1984

R. Rood, University of Virginia: "^He Abundances," May 14, 1984

F. Cordova, Los Alamos National Laboratory: "EXOSAT X-Ray Observation of

Close Binary Systems," May 21, 1984

B. Carr, University of Cambridge: "Pre-Galactic Stars and the Dark Matter

Problem," October 1, 1984

J. Hills, Los Alamos National Laboratory: "Comet Showers and Nemesis the

Death Star," October 15, 1984

N. Turok, ITP, Santa Barbara: "Self-Similarity of Cosmic Strings,"

October 22, 1984

T. Allen, University of Michigan: "Late Evolution of Cosmological Structure,"

October 29, 1984
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Research Technique Seminars

A. Vorobiev, Leningrad Nuclear Physics Laboratory: "E715 Transition Radiation
Detectors," February 16, 1984

D. Anderson, Fermllab: "Some New Jdeas In Detectors," February 23, 198A

R. A. Holroyd, Brookhaven National Laboratory: "Physics and Chemistry of Room

Temperature," March 8, 198A

G. Coutrakon, Fermllab: "Ring Imaging Cerenkov Results Using Multi-Needle
Detectors," March 22, 198A

M. Atac, Fermllab: "Breakdowns, Sparks, Rates and Long Lifetimes," March 29,
1984

D. Kaplan, Fermllab: "A 40 MHz, Parallel, Pipelined Event Processor for
£-605," April 19, 1984

P. Mangeot, Saclay: "Can Detectors Combined with Indium Targets Help Solar
Neutrino Puzzle?" April 26, 1984

A. Breskln, Weizmann Institute: "New Prospects with Low Pressure Gaseous
Detectors," May 3, 1984

M. Atac, Fermllab: "Radial Drift Chamber for the CDF," May 10, 1984

L. Holloway, University of Illinois: "High Precision Charge Division for the

CDF," May 10, 1984

S. Majewski, Fermllab: "Thin Multlwlre Chambers in the Highly Saturated
Mode," May 31 , 1984

P. Rehak, Brookhaven National Laboratory: "High Resolution Germanium Drift
Detector," June 21, 1984

K. Peach, CERN: " Experience with FASTBUS at CERN," October 17, 1984

M. Panter, CERN: "High Density Projection Chamber Calorimeter for the DELPHI
Experiment," October 24, 1984

P. Sharp, Rutherford and Appleton Laboratories: "Ring Imaging Cherenkov
Detector for the CERN OMEGA Spectrometer," October 25, 1984
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The History of the Universe

With Newton's discovery of the universality of gravity came the realiza-

tion that in our laboratories we can study, measure, and quantify the force

responsible for the movements of the celestial bodies, and gain knowledge and

understanding in an area that was thought to be forever outside the realm of

human comprehension. Today, in collisions of particles at high-energy accel-

erators, we are able to create conditions of energy, temperature, and pressure
that are similar to the conditions obtained in the earliest moments of the big

bang. As we explore physics at higher energies we are able to explore the

Universe at times closer to the moment of the big bang. The understanding of

the behavior of matter under extreme conditions, and the knowledge of the

fundamental constituents of matter allow us to understand the Universe as

early as 10~ 12 seconds after the bang. Theoretical speculation allows us to

make an outrageous extrapolation of our understanding of the Universe back to

the time of the big bang itself. We present the "History of the Universe" as

it reflects our present understanding. Physicists of the 22nd century will no

doubt look upon our "History of the Universe" with the same amusement with
which we look upon astronomical texts of the 18th century. We only hope that

they see boldness and imagination in our attempts to study the origin of the

Universe and to bring into the realm of human understanding yet another area

once thought to be beyond our grasp.

-E. Kolb
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I. DIRECTOR'S STATEMENT

A. Introduction

This Institutional Plan is an attempt to describe research in which SLAC

will be engaged during the period from 1986 to about 1990, the facilities that

will be used to carry out that research, and the resources that will be needed to

support the program. As might be expected in a field that continues to evolve

very rapidly, our plans for the latter part of the projected period are subject to a

good deal of uncertainty. The SLAC program will continue to be guided by new

physics results worldwide.

B. Overview

(l) Program. During the past decade the primary focus at SLAC has

gradually shifted from fixed-target experiments to experiments that make use of

colliding beams of electrons and positrons. This shift is expected to continue with

the advent of the SLC. This shift has been driven not only by scientific judgment

but also by budgetary constraints. Much interesting physics remains to be done in

areas of investigation that have been severely curtailed or entirely abandoned for

largely budgetary reasons. The SLAC physics program is addressed in some detail

in Section IV of this Plan, which also includes a description of SLAC's research

and development activities in the fields of detector and accelerator technology.

Construction of the SLAC Linear Collider (SLC) has advanced in a satisfac-

tory manner, and progress continues to be compatible with its planned comple-

tion date of late 1986. The SLC serves the dual objective of pioneering a new

electron-positron collider technology while at the same time providing access to

the 100 GeV center-of-mass energy region where the highly productive physics

of the Z° intermediate boson will be studied. It is anticipated that in 1989 the

European machine LEP will enter operation with an initial complement of four

detectors. SLC will continue to support viable physics research at its single in-
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teraction point in the LEP era because it offers singular opportunities based on

polarized beams, the possibility of electron-electron collisions, and the possibility

of observations close-in to the interaction point which are not available at LEP.

Given these prospects for the SLC, and the fact that a great deal of important

research remains to be done with the existing PEP and SPEAR storage rings at

SLAC, we have made the following major prograun assumptions for the period

from 1986 to 1990:

(a) The SLC will begin operating in FY1987 and will continue throughout

the period of this projection.

(b) PEP will continue operating through 1990, with upgraded performance

expected in 1986 or 1987. (Note that the comparable German max:hine PE-

TRA will cease operating for research in 1986, leaving PEP as the only electron-

positron facility in this energy range.)

(c) SPEAR will continue operating through 1990. (Note that the comparable

BEPC machine in the Peoples Republic of China is scheduled to begin operating

in 1988. The long-term future of SPEAR will be reviewed at that time.)

(d) Beginning in FY1987, the operating schedule of the SLC will be 650 shifts

annually. SLAC itself will operate 800 shifts annually, with the additional shifts

devoted to nuclear physics research, SPEAR operation including synchrotron

radiation research, and possibly to PEP operation for synchrotron radiation re-

search or special high energy physics experiments.

(e) The remodeled Mark II detector will be available for SLC physics early in

1987. The new SLD detector will provide enhanced experimental opportunities

at the SLC after its completion in 1989.

(f) Advanced Accelerator R & D at SLAC will receive increased emphasis in

1987 as scientific staff becomes available after completion of the SLC.

(2) Scientific Staffing and Use of the SLAC Facilities . The total number of

experimental physicists active in U.S. high energy physics continues at a level of
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approximately 1100, and we do not foresee a significant change in this number

during the period of this projection. Opportimities for high energy physics data

collection in the U.S. continue to be divided among work at Brookhaven, Fermi-

lab, Cornell and SLAC, in addition to activities not using accelerators. During

the period covered by this plan there is some uncertainty about the level of work

at Brookhaven. The work at Cornell involves a relatively small number of physi-

cists. Fermilab is resuming an active particle physics program using the newly

completed Tev II and Tev I facilities, but a large backlog of experiments is now

in the queue. As a result of this national pattern, as well as the opportunities

at SLAC, we envisage a substantial growth in the number of physicists active in

the SLAC experimental program.

Consistent with the recommendations of SLAC's Scientific Policy Committee,

the number of SLAC and other Stanford University experimental physicists will

be permitted to increase from the current number of 75 full-time equivalents

to about 80 by 1986 (the total number of individuals involved will approach

100). At the same time, a survey of the experiments opportunities and needs

in 1986 indicates that a total of about 580 experimentalists will be active at

SLAC. Of these, perhaps 75 will come from foreign countries. We anticipate that

this increase in user population will intensify our already severe spzice and other

support problems.

Principally because of the increased load imposed by the SLC, we anticipate

that our total regular personnel will grow by about 15% during the projection

period. We will adjust this growth so that it matches our total needs after com-

pletion of the SLC. We are accommodating the peak personnel load during the

construction period through a combination of temporary employees and subcon-

tracts. We also expect to continue the practice of using temporary employees

during the summer construction periods.

(3) Funding Pattern . The staffing projections discussed here are consistent

with the funding pattern we experienced in the past as we added new facilities to
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SLAC. As shown in Figure I-l, our recurrent funding pattern measured in fixed

purchasing power dollars had a steady decrease from the beginning of operation

in 1967 until 1975. It then leveled off throughout the construction period of PEP

and reached a plateau approximately 15% higher after PEP was completed.

A summary projection of SLAC baseline funding through FY1990 is provided

in Table I-l.

(a) Operations : The President's Budget for FY1986 fails to cover inflation

and is therefore not adequate to carry out planned high energy physics programs

at SLAC. The Baseline Projection assumes that from FY1987 on SLAC will

receive financial support adequate to maintain a balanced high energy physics

research program, including an appropriate level of investment in the future in

the form of advanced accelerator and detector R&D.

Power rates have very large leverage on our future. In particular, the advent

of the SLC is expected to increase our annual power consumption from its cur-

rent value near 230,000 megawatt hours to a value near 400,000. The financial

implications of this increased consumption depend greatly on the arrangements

and rates that will be in effect beginning in 1987, both from the private utility

and from the Western Area Power Administration.

(b) Capital Equipment : Our capital equipment needs can be divided into

two categories:

(1) Perennial Equipment Needs : We must provide for a base level of general

laboratory equipment, typically $ 3 million annually. Another $ 3 million to $ 4

million is required for improvements to existing detectors and for replacement of

equipment required by the laboratory's program of scientific inquiry.

(2) Major Acquisitions : The requirements of the SLC detector program

impose extraordinary pressure on SLAC equipment resources through FY1989:

Mark II is being renovated for relocation to SLC at a total cost of $ 11 million

($ 9.3 million of which is an expenditure of FY1984 or later); and the SLD has
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a price tag of approximately $ 56 million including approximately $ 6 million of

non-SLAC funds.

The SLAC computer will once again be saturated by the time the SLC be-

comes operational, and it will be necessary to procure a replacement at an esti-

mated cost of $ 7.5 million.

The SLAC telephone system is archaic and simply has to be replaced soon.

The cost of replacement will be approximately $ 3 million (in FY1985 dollars),

probably incurred during FY1986. Both the computer and telephone acquisitions

may have to be lesise/purchase arrangements.

SLAC's projected equipment needs are summarized in Table 1-2.

(c) Line Item Construction Projects : The major SLAC construction project

for the period of this plan b the SLAC Linear Collider. This project, with a total

estimated cost of $ 113 million, is a prominent feature of the nation's particle

physics program, and will produce e'^e~ collisions in the 100 GeV range.

(d) Space Needs: As stated in the section on scientific staffing above, the

laboratory anticipates a substzmtial increase in resident staff and visiting scien-

tists. We currently have urgent need for more office and light laboratory space,

and the expected increase in population will aggravate that condition. The labo-

ratory projects a shortfall of 53,000 square feet of office and light laboratory space

by FY1989. An eajlier proposal for a Central Laboratory Expansion would have

provided nearly 75% of this requirement, at a cost in FY 1984 dollars of $ 5.4

million. We have not, however, been encouraged about the prospects of this

proposal, and it will not be re-submitted. Nevertheless, laboratory management

considers the space problem to be quite critical, and we have decided to relieve

our overcrowding with a series of GPP Projects that will satisfy at least part of

this need by 1990. This is done with great reluctance: there continues to exist a

queue of unsatisfied general plant improvements that have been deferred because

of space needs.
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Experimental Detectors
other than SID

Mark II

PEP i SPEAR Detectors

Other Physics Initiatives

Accelerator & Facilities
PEP Luminosity Upgrade

Minor Mods & Imp.

SLC (Pre-completion)

SLC General

SLC Polarization Project

SLC Shielding

AARD

Computing

General Laboratory

Subtotal

Desired SLD

Total with

SLD Funding

Notes

Table 1-2

SLAC HEP EQUIPMENT FUNDING

Minimum Needs Showing
SLD to 1989 Completion

(in Thousands of Dollars)

FY1985 FY1986 FY1987 FY1988 FY1989 FY1990

250

500

1.500

7,800

1,700

4,300
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n. LABORATORY MISSION

The Stamford Linear Accelerator Center is dedicated to research in high en-

ergy particle physics and to the development of new techniques in high energy

accelerators and experimental apparatus. The center \s operated as a national

facility so that scientists from universities and research centers throughout the

world may participate in the high energy research program.

The mission of SLAC can be simmiarized as follows:

1. To provide accelerator facilities to carry out experimental research in high

energy physics.

2. To provide detection devices to exploit the accelerator facilities.

3. To provide the necessary support for groups of physicbts from SLAC and

from other institutions to carry out experiments.

4. To carry out experimental and theoretical research in high energy physics.

5. To develop new detection techniques in order to allow new kinds of exper-

iments to be done.

6. To develop, through accelerator R&D, methods to improve the capabili-

ties of existing accelerators at SLAC and elsewhere.

7. To develop, through advanced accelerator R &: D, the conceptual frame-

work and technology needed to make very high energy electron-positron colliders

practical and cost-effective.

8. To assist scientists in other disciplines to exploit special opportunities that

may arise from our high energy physics facilities.
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m. MAJOR LABORATORY ISSUES

There are four pervasive issues currently confronting this laboratory that

merit exposition in this section of the Institutional Plan. Taken in their general

order of immediacy to ctirrent program management, they are:

(1) The level and balance of funding available for program support;

(2) Availability of space to house the SLAC staff and user conamunity;

(3) The future availability and cost of electrical power to conduct a vigorous

experimental progrzini; auid

(4) Whether or not the laboratory should embrace other programs of sub-

stantial size in addition to high energy physics.

A. Funding Issues

In many respects, of course, the other issues are specific subsets of the broad

funding issue, since most of the concerns associated with each of the others

would be obviated by the availability of unlimited funds. We choose, however,

to acknowledge that an existence unconstrained by funding limitations is highly

improbable, and to address the issues as if each were independent of the others.

On the one hand, the number of centers for particle physics research is small,

and opportunities for the practitioners of the art are therefore rather limited.

And yet, even those few accelerators that support this research are dramatically

underutilized, depressing the productivity of the nation's physics throughput.

And the physics done is, of course, the real payback on the huge investment. It

is cleax that the laboratories need an increase in operating support.

On the other hand, however, the goal of high energy physics is to extend the

frontiers of knowledge, and some would assert that a policy which emphasizes ex-

ploitation of existing resources to the disadvantage of innovative new investment

is a decision for a terminal program. A major problem is that as the frontiers of

research move to ever higher energies, the investment required to reach the next

10
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energy plateau increases. Furthermore, the detectors now required to do compet-

itive physics begin to approach the particle accelerators themselves in complexity

and cost. Juxtaposing the cost of a Izirge particle detector upon the cost of an

accelerator construction project (they m\ist both be available at approximately

the same time in order to do physics) produces a major bump in a laboratory's

funding profile, and offends the senses of those who feel that support of the field

should approximate a smooth continuum. The major issue facing SLAC then,

is how to strike a proper balance between exploitation of existing facilities and

development of new ones. It has not been adequately resolved.

Total SLAC resources by progrzon are summarized in Table III-l.

B. Light Laboratory and OSce Space

An insufficiency of light laboratory and office space to house the SLAC staff

and resident user community has been a chronic problem in recent years. The

SLAC staff continues to grow at approximately 2 to 4 % annually, and the user

community has nearly tripled since 1978 without a commensurate increase in

support Bpace. Section V.B addresses this issue in some detail and outlines the

strategy adopted to deal with the problem.

C. Electrical Power

SLAC draws its electrical energy from two sources. The first 45.3 megawatts

of instantsuieous demand is supplied by the Western Area Power Administration

at an average cost of approximately 2 cents per kilowatt-hoiir and any demand

beyond that level is supplied by Pacific Gas and Electric Company at an av-

erage cost of approximately 6 cents per kilowatt-hour. There is obviously an

incentive for SLAC to manage its operations such that PG k E power usage

is minimized. Load mjinagement is complicated, however, by a rather complex

(and clumsy) WAPA load shedding procedure during peak load periods, and will

become more difficult in the not too distant future when SLC operations will

routinely push SLAC demand above the PG k. E threshhold. We are, needless to

say, keenly interested in ajiy potential increase in our WAPA power allocation,

11
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and we are strongly supportive of the proposed Pacific Tieline interconnect to

take advantage of some of the excess capacity of the Bonneville system. SLAC

energy consumption and related issues are dealt with in more detail in Section

V.D.

D. Priraary Programs Other Than High Energy Physics

Since its inception, SLAC has been a single-function laboratory dedicated en-

tirely to high energy particle physics. At various times questions have arisen as to

whether this status should continue. For example, the Issue was raised whether

SLAC, in view of its specialized facilities and experienced staff, could serve parts

of the national applied energy program. After extensive discussion, the decision

was reached that SLAC should undertake non-high energy physics work only

where it could be of assistajice, based on its specialized resources, to specific

outside projects on a "work for others" basis, but that it would not take inde-

pendent responsibility for any areas of science and technology outside the high

energy particle physics atrea. The matter aiose again in the early 1970's when

the copious production of synchrotron radiation from the storage ring SPEAR

provided a unique national opportunity for the utilization of that radiation, both

in the ultra-violet and x-ray regions. It was then decided to establish the Stan-

ford Synchrotron Radiation Laboratory (SSRL) as an independent entity within

Stanford University, originally under contract to the National Science Founda-

tion. SLAC retained its single-function status at that time under an agreement

involving the government agencies concerned and SSRL. It was agreed that SLAC

would supply certain services on a reimbursable basis jmd that initial operation

of SSRL would be purely parasitic, that is, incidental to the operations of SPEAR

for high energy physics. Subsequently, an agreement was reached for one-half of

the operation of SPEAR to be dedicated specifically to synchrotron radiation use

by SSRL, while parasitic use could continue during the other half. This arrange-

ment is still in force. SSRL is also planning to construct an access tunnel to a

port of the PEP storage ring to explore the possibility of synchrotron radiation

research using that machine.

13
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The single-function status of SLAC has served the laboratory and the scien-

tific community well, and we believe it has also been to the overall advantage

of the government. It mzikes possible simplified organization and management,

and it avoids unnecessary layers of review within the organizational structure of

SLAC by individuals not fam^iliar with the technical content. The program re-

sponsibility Is held within a single division of DOE, and the fundamental mission

of the laboratory remains unemibiguous. These axlvajitages notwithstanding, the

recent expansion plajis of SSRL again raised the question of the single-function

future of SLAC. This matter is under review, but even if a change were made, it

would have minimal implications on the high energy physics program projections.

Aside from the SSRL issue, a new non-high energy physics program was ini-

tiated during 1984. This program is based on the utilization of the spectrometers

and associated equipment currently located in End Station A with a lower energy

beam (up to 6 GeV) produced by a new off-axis injector located about 400 meters

from the end of the two-mile accelerator. This low energy be«im can be operated

at much lower cost than is involved in operating the entire accelerator. Accord-

ingly, it will also be possible to make this low energy beam available during the

summer months when usually, owing to the high electrical summer demand in

the state of California, the laboratory does not operate its major facilities. The

low energy beam can serve not only the nuclezir structure program but can also

be used to fill the storage ring SPEAR, thereby increasing the total amount of

time available for SSRL and HEP resezirch. Since the scale of operation of the

nuclear physics activity is intended by the DOE to remain small, no significant

organizational changes are contemplated. Funding will be provided through the

Nuclei Physics Program of DOE. Program decisions among competing propos-

als for use of the End Station A facilities for nuclear physics will be made with

the advice of a separate committee that is expert in that field and which reports

to SLAC's Associate Director, Research Division. We note that there axe consid-

erable uncertainties in forecasting the total demzmd for this new nuclear physics

facility during this projection period. There is a sharp increase of interest within

14
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the nuclear physics community in high energy electron scattering on nuclei. The

interest is accentuated by the proposed construction of a 4 GEV, unity-duty-cycle

electron accelerator dedicated to nuclezir physics research elsewhere in the United

States. Since the time of construction of that facility would span the entire period

of this projection, it Is possible that the growing community intending to use the

new facility may on an interim basis generate intense demands on the much more

limited, low-duty-cycle facility at SLAC. However, since the total time available

on this facility remains limited, we are not projecting any larger expansion of the

nuclear physics program throughout this projection period.

15



975

IV. SCIENTIFIC PROGRAM AT SLAC

Particle Physics at SLAC

The Particle Physics Program at SLAC b based on four accelerator fjw:ilities.

These are:

1. The two-mile linax:, which is used for fixed-target experiments and the pro-

duction of test beaims.

2. The 200-meter circumference SPEAR storage ring, which is used for exper-

imental studies of electron-positron collisions up to 7.4 GeV in the center-

of-mass.

3. The 2.3-km circumference PEP storage ring, which is used for experimental

studies of electron-positron collisions up to 35 GeV in the center-of-mass.

4. The SLAC Linear Collider (SLC), which will be used for electron-positron

annihilation experiments up to 100 GeV in the center-of-mass.

The linac is the oldest of the SLAC accelerator facilities. Experimental op-

eration began in 1966 at an energy of about 16 GeV. The maximum energy

capability of the linac has increase over the years and is now 32 GeV. As part of

the SLC construction project the maximum energy of the linac will be increased

to 50 GeV. The linac is not heavily used for particle physics experiments at the

present time. The presently accessible energy region has been well explored,

and while there are still specialized high energy physics experiments that use it

(about one per year) , its primary function is to supply test beams for apparatus

development and to serve us an injector into our storage rings. Recently a new

injector has been added to the \inac at about the 80 percent point, and with this

new injector high-intensity, low energy beams czm be obtained for use in nuclear

structure experiments. The linac program may become more active when 50 GeV

beams are available.

16
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The SPEAR storage ring began operation in 1972 with a mziximum center-

of-mass energy of 5 GeV. It was soon upgraded to allow it to reach energies of 7.4

GeV and has recently been further improved to increase the maximum available

luminosity. Half of the running time of a SPEAR storage ring is devoted to

high-intensity single electron beams for the production of x-rays to be used by

the SSRL program.

The PEP storage ring began operation in 1980 and currently serves five major

experiments. Its maximum center-of-mass energy is 35 GeV, but operations have

been concentrated at 29 GeV, its maximum luminosity point, since its tumon.

Design studies dse underway to make a significant improvement in the luminosity

of this machine. A single beam port to allow synchrotron radiation studies on a

parasitic basis will be available begining in 1986.

The SLAG Linear Collider (SLC) is a new type of colliding-beam facility.

The linezir collider technique appears to have the potential to be extended in

future machines to very much higher energies at considerably lower cost than

the storage ring technique which has been used up to now for electron-positron

colliding-beam studies. The SLC will be completed at the end of 1986, and

we expect experimental use to begin in the spring of 1987. The experimental

program will initially concentrate on studies of the Z^ region.

In Section A below we discuss the physics associated with the Z° energy

range to be studied using the SLAC LinesLr Collider. Sections B and C review,

respectively, the physics associated with the PEP and SPEAR energy ranges. In

Section D we look ahead briefly to the physics that could be done with electron-

positron linear colliders in the TeV energy range. We do this because the desire to

develop the accelerator technology to reach this energy is part of the motivation

of building the SLC, and is the impetus for other accelerator physics resezu-ch at

SLAC.

In Section E we describe a potential particle-physics program that would

use the direct electron beam and fixed targets, and the nuclear-physics program

17



977

that uses a new injector in addition to existing fixed-target facilities. Finally, in

Section F, we briefly describe the activities of the Theoretical Physics Group at

SLAG.

A. Physics with the SLAC Linear Collider

The SLAG Linear Gollider (SLG) will operate at center-of-mass energies .up

to 100 GeV; this energy could eventually be increased to about 140 GeV should

the prospective physics so warrant. In this section we describe the main areas of

physics interest that the linear collider could address.

(1) The Z° and Its Decay Modes . The principal goal of SLG physics is the

detailed study of the Z° vector boson, the neutral carrier of the weak interactions.

The existence of the Z° has recently been established in an experiment at the

GERN pp collider, and its mass b close to the predicted value of ~ 95 GeV/c^. It

is expected that the Z° will be copiously produced in e'^e~ annihilation. Indeed,

the yield of multihadron events should exhibit an enormous peak at the Z° res-

onajice. The hadron/electromagnetic muon-pair ratio R is expected to increase

from a value around 5 at present energies to about 3000 at the Z° mass.

The Z° is expected to decay into pairs of all the fundzmiental leptons and

quarks whose masses aire less than 1/2 that of the Z°:

+.-
e' e Z^^e'^e

, fj.'^fx , t'^t , i/ePf, ^uf>u, ^t^t, ••

—* Z —* uu, dd, ss, cc, 66, ...

Each cross section Is proportional to {V? + Ay), where Vf and Af are the vector

zmd axial-vector coupling constants for the Z° — f — f vertex, and where /

represents any of the fimdamental fermions. In the Weinberg-Salam model {V} +
Ay) is of order one, so that all the cross sections are roughly proportional to

the available phase spax^e. The resulting large sample of all these decays allows

detailed studies including the measurement of branching fractions and the angular

distributions of the charge asymmetry. Deviations from the predicted universality
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among the three generations of quairks and leptons would point to a problem in

the standard model. Polarization-related parameters will serve to separate the

Vj and Aj coupling constants.

(2) Electroweak Interztctions at Energies Beyond the Z° . The behavior of

cross sections and the measurements of weak-electromagnetic interference in the

interesting regions beyond the Z° will be an important test of the ideais that

predict unification of these two forces. In addition, the energies above the Z°

may offer the best promise for studying new phenomena not seen in Z° decays.

(3) Hadronic Processes . The Z° is a prolific source of quark-pairs of all

flavors that are not too mzissive to be energetically excluded. Decays of the Z°

into quark-antiquark pairs of different flavors will be seen through fragmentation

into collimated jets of hadrons. The multihadron decays should be a particularly

good source of gluon jets radiated from the primary quarks, and should allow

a thorough study of the QCD properties of queirks and gluons. Although some

QCD predictions will be tested at lower energy machines, extension of these

measurements to higher energies will be an important test of QCD ideas. For

example, scaling violations in fragmentation functions and broadening in 3-jet

events should be pronounced at these higher energies.

(4) New Phenomena . An often considered and controversial aspect of SU (2)

X U(l) is the Higgs boson. The conjectured boson (or bosons) is responsible

for the origin of mass in the standard model, and imderstanding its properties

could lead to a fimdamentally importajit understanding of the mass spectrum of

particles. If light enough, Higgs bosons could be seen in the decays of the Z° to

the Higgs and lepton pairs, for example.

There are already hints at CERN of imexplained physics in the Z° region

consisting of events with a high energy photon and large missing energy, and

"monojet" events with unbalanced transverse momentum. Such unusual events

of appropriate energy could be easier to study in the quantity and with the clarity

characteristic of an electron-positron collider.
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Free quarks &ie often discussed as a possible final state at the higher energies.

Heavy leptons, neutral as well as chcirged, or any new particles that carry weak

charge, may also exist in the final states. Electron-positron annihilation is the

most promising method to search for such dramatic events. The most important

discoveries may well come from a list of effects which today are only speculations

or are unknown.

(5) Polarization Studies . Neutral-current processes are expected to exhibit

large polairization-dependent effects. Annihilation of longitudinal polarized elec-

trons on unpolarized positrons in the collider will permit the investigation of the

full set of spin-dependent effects and allow very accurate measurements of many

neutral-current parameters.

Intense beams of longitudinal polarized electrons can be made avadlable at

SLAC, and the SLC is designed to preserve the polarization. Linac beams with

polarizations of 50% have aheady been used, and beams of higher polarization

are a good future prospect.

Polzirization asymmetries complement the branching ratios and charge-

asymmetry measurements for the different lepton and quark types. The accuracy

of sin 0^ should immediately improve an order-of-magnitude over present low

energy measurements in the early SLC data, and the poleo-ization information

will contribute significantly to this improvement. As data accumulate and spe-

cific decays of the Z° can be isolated, measurement of the vector and aLual vector

coupling constants for the different quarks and leptons should provide a stringent

test of SU(2) X U(l) ideas,

B. Particle Physics Using PEP

PEP is designed for center-of-mass energies in the range from about 8 GeV to

36 GeV. As described in Section VI, the luminosity of PEP is excellent, jmd plans

are now being formulated for improving the luminosity to even higher levels. A

very broad range of physics is now being carried out at PEP, and we can only

briefly summarize that physics here. Experiments at PEP and PETRA have
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begun to explore this broad range of physics, but there is much more work to be

done. The physics we summarize below is not only that now being done at PEP

but is also the physics that will be available in future years.

(l) Hadronic Physics . This topic itself divides up into several areas that

are being intensively pursued at PEP.

(a) General hadronic physics : There is a Izirge class of topics that do not

require the partition of the multihadron events into two-or-three jet events. These

include the study of particle yields of iT's, p's, A'"6, D's, etc. Some of this work

has already been done at PEP and PETRA, but increased statistics are necessary

to permit studies which go beyond simple particle-yield cross sections. There is

strong interest in the mechanics of the hadronization process. In particular, the

study of long- and short-range charge juid flavor correlations is being pursued.

Here one is asking whether charge and/or flavor are conserved locally within

a jet (as in the case of all simulation programs), or whether the conservation

is achieved globally. The K^'s, K°^s, A*"s, p's and U's are particulau-ly useful

for flavor studies, while for chao-ge correlations all charged tracks can be used.

Another example of ongoing work is the question of how baryons are produced

in the hadronization chain. What hyperons are produced? Are decuplet baryons

suppressed? Are bauyons emitted "first" in the chain, or in a statistical manner?

Is bajyon number conserved locally or globally? Studies are also continuing in

longitudinal- and transverse-momentum structure of heavy flavor jets.

(b) Three-jet physics : While there have been many studies of three-jet

events at PEP and PETRA there is a great need for much more data in order to

understzuid the physics of these events in detail and to test the theory of quan-

tum chromodynamics (QCD) in model-independent ways. It is also necessary to

develop model-independent methods to measure a, dJid to study second-order

perturbative corrections. For example, the study of one efl"ect of second-order

corrections, namely four-jet events, is still in its infamcy.

Large data sets can be used to distinguish between string models and inde-
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pendent fragmentation models.

(c) Quzu-k and gluon jet discrimination : There is the important question of

whether gluon jets caui be distinguished from quark jets. If this can be done one

wants to study sepau-ately the properties of each type of jet. This involves the use

of the three-jet events and the study of the multiplicity, particle yields (flavor),

and {pt){pl) for each jet. Statistically the softest jet is 50% gluon-rich according

to QCD folklore. This is a crucial issue for testing the gluon self-coupling.

(d) Single photons and jets : Photons caai be produced directly in hadronic

final states by either initial-state radiation or final-state radiation. Events of the

type 997, where the 7 is radiated from one of the quzirks, produce 3-jet events

where the third jet is just one photon and is thus easily measured. By measuring

the gamma energy spectrum and angular distribution, one can iise these events

to probe the final state fragmentation and test for factorization.

(2) Physics with Secondary Vertex Detection . Two detectors at PEP, MAC
and HRS, now have secondary vertex detectors. (The Mark 11, which was the first

to use such a device, has removed their system in order to test other components

in its upgrading program for the collider.) Their programs divide naturally into

two parts. The first concentrates on well-defined measurements, nzmiely the r

lifetime, the D° lifetime, and the B-meson lifetime. These are briefly discussed

below. The second pa^t of this program, which is more exploratory, includes

searching for events with separated vertices, developing a cheirm and bottom tag

by looking for tracks with large transverse momenta, aaid hunting for invariant

mass bimaps in events with displaced vertices.

(a) Precision measurement of the r lifetime : The r lifetime has been pre-

vioiisly determined to ±17% statistical error, confirming our understanding of

the r lepton as partaking in the conventional weak inter2u:tions in spite of its

relatively large mass. Continuing studies should reduce this error to ±5%, and

correspondingly reduce the systematic uncertainties to about ±5%. Note that

this is the level at which universality "breaks down" in the quark sector, i.e.,
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sin^ $e w .05.

(b) Other iises of secondary vertex detectors : As an example, consider the

measurement of the impact psirameters of leptons produced in semileptonic B

and D decays. With appropriate cuts on the lepton's longitudinzd and transverse

momenta (with respect to the jet axis), the data divides into J9-enhanced and

I?-enhanced samples. These tagged events permit the study of heavy quark

lifetimes, fragmentation properties, and multiplicities. Three detectors at PEP

have used this technique to measure the lifetime of the B-meson.

(3) Studies of B Meson Physics . Hadronic events containing leptons are

very suitable for studying some properties of 6 quaxk production and decay. The

excellent capability of the PEP detectors for identifying electrons and muons b

yielding interesting results in several areas of B meson and 6 quark physics:

(a) Determination of the neutral weak coupling constants for 6 quarks : The

e'^e~ interaction is most suitable for studying the coupling of c zuid 6 quarks to the

Z°. (Neutrino-induced neutral current reactions are better for u and d quarks.)

Although the b quark production is small, the forward-backward asymmetry is

expected to be relatively lairge. In the Weinberg-Salam theory, at 29 GeV, the

asymmetry is predicted to be 18%. To carry out such a measurement one needs

to determine the production angle of the queirk and the quark flavor. The thrust

or sphericity axis gives to a good approximation the production angle. Good

identification of leptons yields a useful method for identifying the 6 quark through

its semileptonic decay b — tt/X and for determining which jet is quark and which

jet is antiquark. We can expect asymmetry measurements with an error of about

7%. The vector coupling constant of b could also in principle be determined from

the total production cross section. However, this is a more difficult task because

QCD corrections of different orders contribute to that cross section. This work

is in progress and needs more data.

(b) Weak mixing : Since the 6 quzo'k decays with significant probability to

the c quark, the semileptonic decay chain of 6 and c starting from a bb pair yields
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multilepton events. The probability of obtaining two or more chso-ged leptons

depends on the ratio sin ^/sin 7, where sin^ measures the coupling strength

in the 6 — u transition, and sin 7 measures the ratio of the coupling strength of

6 -+ c compared iot—*b. Multilepton events lead to a measurement of this ratio

and also provide information on 66 mixing.

(c) Features of the fragmentation fimction of the 6 quark : PEP detectors

have already obtadned useful measurements of Dt{Z), the fragmentation function

of the 6 quark. They used the electron and muon momentum spectra. More

extensive and better information will allow us to discriminate among different

shapes for Di,{Z), and thus to understand in detail how the 6 quark produces

hadronic final states. Detailed comparisons of 6-qu2Lrk events with light-quEirk

events probe the difference between the fragmentation of heavy and light quarks.

(4) Two-Photon Physics . The two-virtual-photon resu:tions

e^ + e~ -* e^ + e~ +^„+ 7„

1v+lv -^ e"*"*" > m"*" + M~ . r"*" -f r" , hadrons

are attracting growing interest. The lepton-pair reactions offer new tests of QED

and of the point-particle nature and propagator of the r.

The reaction leading to hadron production allows meaisurement of the total

cross section a~j^ —* hadrons, single-particle inclusive distributions, production

of exclusive hadron pairs at high pr, the production of hadron jets by photon-

photon reactions, and the exclusive production of resonances. Deep-inelastic

ie^ scattering can also be studied given a sufficiently large acceptance. These

measurements provide tests of QCD. Most of the PEP detectors can study these

processes to some extent, but the TPC/Two-Gzumna experiment is optimal for

this work.

The studies of hadronic final states cover a broad range of physics topics. One

example is the search for two-photon production of states like the fl(l650) and

24



984

the t(l440) that have been observed in the "glueball-favored" prompt-photon de-

cay Jjxl) — 'yX. Since the photon couples to charge, the two-photon production

of a glueball state should be suppressed relative to the production of a qq state

with similar mass and quantum numbers. Measurements of the 'yy-widths of

pseudoscalars provide a sensitive test for their possible glueball content. A mea-

surement of the ^'y-width of the rjc will provide a significant further constraint

on models of the charmoniima system. Other examples are the study of TTTTTTTr

and KKmr production; a Izirge production cross section at and above threshold

can be interpreted as evidence for a 4-quark bound state.

(5) Studies of Charmed Particles at PEP . The study of the production of

D mesons at PEP energies will continue. Mixing in the DD system is of interest.

There is aJso the challenge of finding out how to study charmed baryon production

in the PEP energy range; this is a very interesting subject because we do not

yet understauid the production of ordinary baryons in electron-positron collisions.

The charm fragmentation function needs more study in the light of the HRS data

on Dc{Z) at low Z.

(6) Studies of t Physics . Measurement at PEP of the t single-charged-

particle branching fraction yields 86 ± 1%. Experiments at PETRA have con-

firmed this result. Yet adding up the measured single-ch2U'ged-particle decay

modes yields only about 75%. Tagged tau events cam be used to study this sig-

nificant disagreement. Several individual branching fractions are being measured

at PEP where the errors are smaller thzm at SPEAR.

Measurements of Cabibbo-suppressed t decays lead to a limit on the r neu-

trino mass. Further study of Cabibbo-allowed multiprong decays may help resolve

long-standing experimental disagreement about the Ai

.

(7) Weak-Electromagnetic Interference Effects . Interferences between the

one-photon-exchange and neutral-weak-current amplitudes occiir in both dilep-

ton and hadronic final states. These interference terms lead to observable effects

of many types. For example, in the case of e'^e~ —> /x^M~» weak-electromagnetic

25



985

interference will, in general, lead to a polar-angle distribution of the form

1 + cos' — as cos

where is the angle between the /x"*" and the e"*" beam.

Interference effects should also manifest themselves through asymmetries in

high-momentum hadrons at a level comparable to those in the /x'*"/i~ case. A full

study of asymmetries in high-momentum hadrons requires reliable identification

of tt's, K'b and p's. The TPC/Two-Gamma experiment at PEP is particularly

well suited for this purpose.

(8) Searches for New Particles . Electron-positron collisions offer a clear way

to produce new particles through pair production

e-^ + e- ^ X + X

Some examples of particles which may be produced within the PEP energy

range ase particles predicted by supersymmetric theories, Higgs particles, non-

sequential heavy leptons, neutral heavy leptons, free quarks, hadro-leptons, and

so forth. There have been a number of powerful and comprehensive searches for

such pju'ticles at «"•"«" facilities, and an important pjo^ of the PEP program is

carrying out such searches. The very large hadronic data set from PEP of 10^

hadrons makes it possible to search for interesting effects down to the 10"'* level.

We discuss three examples:

(a) Supersymmetric particles : Supersynmietry is a theory which introduces

a new boson for every fermion and a new fermion for every boson. It also requires

that the coupling strengths of these particles be the same as their normal partners

except for spin factors. Some of these particles are expected to be light; examples

are the photino and the Higgsino (spin 1/2 pzirtners of the photon and Higgs

boson). The remaining particles may be heavy, but if the lower limits for the
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mass of these objects become too high, the theory fails to solve the mass hierarchy

problem in standard theories. Scaleir leptons and photinos can be produced and

detected through the reaction e'*' + e~ —* t^ + t~, t~ —* t~ -\- 7. Another

interesting way to produce ajid detect photinos is e"*" + c~ — if + 7 + •7.

A new experiment at PEP, called ASP for Anomalous Single Photons, has

been installed with these peculieu- events as its main game. The MAC detec-

tor h«is added small-angle coimters to give it sensitivity to some of these same

events. Single photons abo signal a radiative decay into two neutrinos, and these

experiments bear on the question of the number of neutrino flavors.

(b) Neutral heavy leptons: There have been no comprehensive and definitive

searches for neutral heavy leptons because the only known general method for

producing them is

e+ -I- e~ - Z° — L" + L"

and that production cross section is small at PEP and PETRA energies. Ignoring

threshold factors, a ~ 2 x 10~^^ cm~^. However, with much improved luminosity

at PEP, we will be able to cziry out a significant search.

(c) Other searches : There are two types of events where it is interesting

to look for new particles in a very general way: low-multiplicity events, and

multilepton hadronic events. In both cases the major sources of these events

are known processes. Low-multiplicity events come from pure electromagnetic

processes, from r-pair production and decay, and from beam-gas interactions.

Multilepton hadronic events come from heavy quark production and decay. Large

statistics studies will enable us to apply more severe criteria for seeking out new

particles among these known processes.

C. PaiTtide Physics Using SPEAR

SPEAR operates in the center-of-mass energy region up to 7.4 GeV. Since

1972, experimental work at SPEAR and at the similar German storage ring

DORIS has established much of the fundamental physics in this energy region.
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Since DORIS is now operating at higher energy, SPEAR now provides the only

access to this importsmt energy region.

The pioneering work at SPEAR includes the discoveries of the psi-particle

family, chsirmed mesons, hadronic jets, and the tau lepton. The significzince of

this work is, to say the least, well-established. The present and future physics

progrzmis at SPEAR build upon these foundations and look into several open

issues.

(1) The .F-meson . The F-meson has been identified and its mass measured,

but there remain questions about its weak decay branching ratios. A semileptonic

decay study would allow the measurement of the F"^jD lifetime ratio.

(2) Charmed Baryons . Our knowledge of the charmed baryons is little better

than that of the F mesons. Only a few decay modes of the Ac have been observed

in t^eT studies, and data from other experiments have very low statistics. There

is little data from c"*'e~ studies or elsewhere on other charmed baryons, such as

the Ec, which can be cleanly produced at higher SPEAR energies.

(3) Psi Family . Although we know a good deal about V* and x states of the

charmonium family, there remains much more to be learned. An exzunple comes

from the Crystal Ball experiment at SPEAR, which demonstrated that the r/c

state does exist, and that its mjiss is rather close to the mass. The Mark III

detector has since measured the spin ajid parity for the tie {J^ = 0~).

The radiative decay modes of the ip are the best place to look for possible

boimd states of gluons, and the Mask Ill's accumulation of nearly three million

such decays is tiirning up interesting structure.

The Mark III study of the 0" system has improved the understanding of the

D meson decay mechanism. New data will improve limits on DD mixing.

Strong interest in the rp famiily comes from the theoretical expectation that

the cc system can be studied in an approximately nonrelativbtic framework,

which means that it should be possible to study the quark-quark interaction in
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this system in great detail.

(4) D Mesons . There are still many aspects of the physics of the D mesons

that remain to be studied in detail and understood. These include the semilep-

tonic decay modes of the D, pdiriic\i\ai\y the Cabibbo-suppressed modes; the

different lifetinaes of D^ and D°; and the nonleptonic decay modes of higher

multiplicity.

(5) The Tau Lepton. Two aspects of t physics of great interest are better

measurements of the multihadron decay modes of the r, and a search for the

decay process F —> r + 1/ and second-class currents such as t —> B + i/.

(6) Total Hadronic Cross Section in the 4-5 GeV Region . This energy re-

gion exhibits a complex structure with at least three peeiks. These peaks are

thought to be related to higher mass states in the cc system, but this hypothesis

has not been seriously tested. The physics of this region remains to be thor-

oughly explored. With sufficiently good measurements a further understanding

of non-relativistic potential models of charmonium is possible.

(7) Total Hadronic Cross Section Above 5 GeV . Existing measurements of

the hadronic cross section above 5 GeV are in crude agreement with the quark

model, but detailed agreement cannot be obtained, even with full QCD cor-

rections. Future SPEAR physics can explore whether this disagreement is at-

tributable to measurement errors or to some fundamental error in the theory.

Sufficiently good mezusurements of R can lead to an improved determination of

(8) The Unexpected. Finally, there may well be some new phenomena that

remain to be discovered in the energy region between about 3 and 8 GeV. The

region is so complex in structure that some of the contributing processes may

not yet have been observed.

D. Physics of Electron-Positron Collisions in the TeV Region

One of the exciting aspects of the SLAC Linear Collider is that it will help

29



989

to develop the accelerator technology needed to build a yet higher energy linear

collider. Other parts of the SLAC program in Jw;celerator physics and technology

are also directed to that goal. Therefore it b iiseful to present a brief sketch of

the important physics that could be done with &n electron-positron linear collider

in the TeV region. For convenience we use the example of a collider with a total

energy of 1 TeV. Such a fawrility offers four extraordinary ways to move into a

new world of pzirticle physics:

(1) Increase in Mass Scale . The mass range for searching for new particles

will be extended a factor of five to ten over the mass range available to accelera-

tors now under construction. (There aie CERN's LEP, SLAC's SLC, Fermilab's

TEV-I proton-antiproton facility, and UNK in the Soviet Union.) Examples of

possible new particles are heavy leptons or heavy quarks so massive that they

decay to Ws and Z°'s. For example, a quark Q of several hundred GeV mass

decays via Q —^ W + q, where g is a less massive quark. One caji look for heavy

relatives of the Z° with masses up to 1 TeV, or for heavy charged Higgs pzu-ticles

pair produced via e'^ + e~ — H'^ + H~ . Or if the Technicolor theory is cor-

rect, the Technicolor analog of the p, called pr, can be copiously produced via

e"*" -I- e~ —» />r up to a 1 TeV mass.

(2) Probing for Particle Structure. One of the outstanding problems of

particle physics is whether the leptons and quarks are elementary or composite. K

they are elementary, why are there so many different kinds? If they ase made up of

simpler particles, why have we not found any evidence for their being composite?

The pair production of these fermions, e'^ + e~ -* f+ f,a.i very high energy offers

the best hope of resolving the paradox. This is because the pair-production cross

section can be precisely calculated if the fermions aie elementEuy, but if they are

composite we will see deviations from the calculated point cross section as well

as other effects.

(3) Clear Signals and Relatively Small Backgrounds . Electron-positron

physics in the 1 TeV region has the very valuable property that it offers a rela-
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tively high ratio of the expected cross sections for known physics. This is because

the known physics processes have distinctive signatures and can usually be iden-

tified. Hence they leave a rather small residual background against which the

new physics must be observed and studied. This is in contrast to hadron-hadron

collisions where the background from known physics will often overwhelm the

search for new physics.

(4) Unexpected New Physics . Electron-positron physics is characterized

by the simplicity of the initial state and by our ability to calculate precisely

how that state is transformed through the electroweak interaction. Hence this

physics offers the best opportunity to discover and interpret imexpected new

physics at very high energies. The situation is much more difficult in hadron-

hadron collisions, where the initial state is complex and the strong interactions

play a crucial role.

The foregoing )« just a brief sketch of the extraordinary particle physics that

can be done with electron-positron collisions in the 1 TeV region.

E. Fixed-Target Physics at SLAC

(1) NPAS — Nuclear Physics at SLAC . NPAS is a program of nuclear-

structure physics based on an intense electron beam of 0.5 to 6 GeV and the

electron-scattering facilities at SLAC. A new injector (NPI for Nuclear Physics

Injector) has been designed to inject electrons into the last six sectors of the linac

to produce the required beam without requiring the use of the full linac length.

This is significantly more efficient and also provides more flexibility for the SLAC

program. The NPI is installed and running.

(a) Approved NPAS experiments : The NPAS program now includes three

electron-scattering experiments which will use the spectrometer facilities of End

Station A. One experiment will study backward scattering from deuterium at

large momentiim transfer. Two fixed-position spectrometers will be set up to

detect the forward scattered electron and the backwzu-d recoil deuteron. Both

elastic and inelastic scattering will be studied, with the backward kinematics
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allowing a clean separation of the magnetic structure function. The experiment

should be able to discriminate shetrply zunong several theories.

The electroproduction of the delta isobzir will be measured using a variety

of tjo-gets and the 8 GeV and 1.6 GeV spectrometers. A Rosenbluth separation

would provide the transverse part of the cross section. This experiment probes

medium range nucleon interactions, which show up as a shift and broadening of

the resonance.

Electron scattering from nuclei using the 8 GeV spectrometer and a variety

of targets from hydrogen to gold concentrates on the high-momentum transfer

region where quzo'k dynamics might dominate and probes the high-momentum

distribution of nucleon. The interest in quark processes in nuclear physics comes

from the EMC eifect observed at CERN and similcur work at SLAG.

(b) Very light nuclei structure studies : Recently, a series of experiments at

SLAG has measured the elastic form factor of ^H at high momentum transfers.

These experiments straddle the boundary between particle physics and nuclear-

structure physics. They are crucial for the quark model of light nuclei, and they

make a unique contribution to nuclear physics. Extensions of this program aie

clearly of interest to the nuclear physicist.

(2) Possible Particle Physics Experiments . The future program for fixed-

target particle physics is less definite than that for e'^e~ physics for two reasons.

First, the SLAG fixed-target program covers a collision-energy raoige that has

already been well surveyed and that we therefore already know a great deal

about. Because of this, the experimental program tends to be a step-by-step

process, with each new experiment depending upon the results of a previous

experiment. The second reason for the less definite nature of the future fixed-

target experimental program is finjuicial. The increasing priority given to the

e"^e~ program, combined with overall financial pressures, (particuljirly the large

cost of power associated with high repetition rate operation of the full linac) have

decreased the support available for fixed-target experiments at SLAG well below
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the available opportunities. This has prevented planning a comprehensive and

broad future program. Indeed, the financial restrictions have discouraged many

physicists from planning any future fixed-target experiments* at SLAC.

In this section we outline two physics experiments that could use the End

Station A facilities at SLAC. These depend on the fact that the SLAC machine

remains the highest energy and intensity electron accelerator in the world. The

proton accelerators at Fermilab and CERN can produce electron, positron, and

photon beams of higher energy, but the intensities are very much less, and the

beams have significantly larger inherent phase space.

(a) Unpolarized deep inelastic electron-proton scattering : Two types of ex-

periments are worthwhile. One is a relatively accurate measurement of R =

OlIot- iZ is a fundamental parameter in the general quark-parton model, and it

is a quantity which should be calculable in any specific theory such as QCD. The

deep inelastic muon experiments at proton machines cannot make as accurate a

measurement of iZ as could be achieved by experiments at SLAC.

Another very worthwhile type of deep inelastic experiment is an extension of

e-p and e - d measurements to the 30 or 35 GeV energy range made available by

SLED I or SLED II. This would provide an overlap with the a* - P and /x - (f deep

inelastic scattering measurements made at proton machines. This is important

because most of the Bjorken scaling violation, a major argument for the validity

of QCD, occurs in this energy and Q^ range.

F. Theoretical Physics

The research of the Theoretical Physics Group covers a broad range of topics

and is generally characterized by staying in close contact with the experimen-

tal program at SLAC and at other high energy research centers. Efforts are

continuing to study applications of perturbative QCD to jet physics. Although

QCD stands as our most appealing and practical theory for studying hadronic

processes, more decisive tests of its validity ase still needed. Among the impor-

tant ongoing studies are the analyses of multi-jets in electron-positron annihi-
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lation, in search of distinctive differences between gluon and quark jets, and of

flavor and charge correlations of secondary particles. Work continues here on

the applications of QCD to elementeiry processes such as electron-positron an-

nihilation. In addition, systematic studies of the applications of QCD to more

complex processes with initial hadrons, and especially to nuclear (as opposed to

nucleon) processes, Eire being undertaken. This requires deeper understanding

of the bound-state properties of the theory, which lie beyond the realm of per-

turbative calculations alone. The study of quark-gluon plasma zuid its possible

application to relativistic nucleus-nucleus collisions is being pursued.

Supersymmetric field theories are being anedyzed in efforts to achieve the

grand unification of all the forces of nature within a finite suid renormalizable

field theory formalism. In addition to understanding basic properties of super-

symmetry, there aire many phenomenological questions that have to be addressed

by building specific models to compare with data on the lifetime of hadrons (in-

cluding proton decay), and on the observed particle spectra in a broken symmetry

theory. Predictions are being made on experiments planned for PEP, SLC, and

LEP energies. The inclusion of super gravity in supersymmetric models it. also

a topic under investigation, as is the appezu'ance of magnetic monopoles in such

theories. Attention is also being paid to the foundations of quantum mechanics

and to the possibility of developing a finite-particle-number covariant scattering

theory as a basis for elementary particle physics.

The formulation and study of gauge theories on lattices, and in terms of dis-

crete variables more generally, is also being intensively studied, both numerically

and analytically. Efficient new numerical methods and algorithms have been de-

veloped and are being extended for determining the low-lying states of gauge

theories on the lattice. These techniques are also being applied to a vju-iety of

problems such as spin systems, lower dimensional electron systems, polymers,

etc., in order to gain physical insight into their application to real systems.

Certain topological indices, used to characterize different sectors of field the-
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ories, are being studied and related to physical quzmtities. The same techniques

are being applied to study fractional charge and fermion number states in particle

theories and condensed matter theories that possess monopoles or solitons.

Questions of the composite nature of quarks and their possible unification

with leptons are also being studied, both from the point of view of fundamental

properties of theory and in terms of the experimental implications of composite-

ness.

Much of the research in the SLAC Theory Group is motivated by the phys-

ical questions: What experiments at PEP energies and higher (SLC, Tevatron,

and LEP) can provide decisive new clues about the predictions of supersymme-

try, about the possible compositeness of quark and lepton, about new physics

involving Higgs bosons, and about the supersymmetric particle families?

Detector Research and Development

SLAC continues to be a leader in developing experimental apparatus and

techniques germzine to particle physics. The End Station A spectrometers and

the Mzu-k I detector at SPEAR are exeonples of detection facilities with which ma-

jor discoveries were made. Indeed, the Mark I detector became the prototype for

most coUiding-beam detectors built since. Other examples of innovation from the

past include the streamer chamber, the hybrid facility based on the rapid-cycling

40-inch bubble chajnber, and the multiparticle spectrometer facility, LASS. Ex-

amples of the present interests of the laboratory are improved drift chambers

of unparalleled tracking accuracy, (particularly vertex chambers) plzmeir spark

counters exhibiting the best time resolutions obtainable, Cerenkov ring-imaging

detectors for high-momentum particle identification, and main-frame computer

emulators to enable rapid analysis of the experimental data. We describe some

of these examples in the following sections.
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A. Drift Ch&mheTS

SLAC continues to advance the state of the art in track-chamber design.

The Mjirk I spark chamber was the first large cylindrical chjunber to be used

for storage ring physics. The Mark II drift chamber gave considerably improved

resolution in large tracking systems and was also the first of its kind. The many

imitators of this concept attest to its success. More recently the Mark 11 tracking

system has been augmented by a high precision vertex drift chamber to resolve,

with excellent spatial precision, particle tracks close to the interaction point of

the colliding electron and positron beams. The achieved precision of 80 /xm

has allowed the experimenters to measure the very short track lengths of such

particles as tau leptons and chsu'med miesons.

New Mzjk n Drift Chamber . A new drift chamber is presently \mder con-

struction for the Mark II Upgrade for the SLC. The general considerations for

the design of the new chamber were as follows: good momentum resolution in the

existing 5 kG magnetic field, good solid-angle coverage, ease of pattern recog-

nition and high tracking efficiency at the Z°, and dEjdx measurement as an

independent aid to calorimetry for electron-hadron separation for momenta less

than about 10 GeV/c. An average resolution of 150 /xm and a dEjdx resolution

of 4.7% have been achieved in the prototype.

Vertex Chamber Development. The Mark 11 collaboration is

presently developing a high pressure drift chamber for use as a vertex detec-

tor at the SLC. The physics environment at Z° energies simultaneously demands

high spatial resolution (a < 40 uta per measurement is the goal) and excellent

track-pair sepau'ation capability (< 500 nva). A prototype chamber has been

constructed to extremely high mechanical tolerzuices for use in pressurized gases.

The chamber incorporates a focusing grid structure which separates a uniform

drift region from the amplification region. Resolution tests are underway. The

SLC chamber is in its initial design phase, with a full length prototype due by

mid 1985.
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The MAC detector collaboration has also developed a new vertex chamber

for its apparattis. This chamber consists of 324 wires strung through aluminized

mylar straws between plates attached to a beryllium beam pipe at a minimum

distajice from the beson of about two inches. An active shield of bismuth ger-

manate crystals was installed in the very forward region in order to provide

shielding to the chaimber without compromising its ability to work down to very

small aingles. The new vertex chzmiber has been in operation for some months.

A preliminzuy estimate of the resolution is about 70 microns; somewhat better

results are expected as the calibration procedures are refined.

Drift Chamber Studies for the SLD . Prototype chambers are being studied

for the second SLC detector, the SLD. A cylindrical central tracker, somewhat

smaller in radius thjm the Mark II chamber, will obtain higher resolution through

improved electrostatics and use of different gas, C02-Isobutane (92%-8%). Local-

ization of ionization from tracks will be done by waveform sampling chips and fast

processors. The waveform sampling chips have been developed at the Stanford

Integrated Circuits Laboratory and are designed for drift chanaber signals. Tests

of these chips are underway. Software code is being developed that will convert

the drift chaxnber pulses into times and pulse heights. Multihit capabilities are

possible within this hardware/software scheme. Beam tests using electrons and

pions from 5 to 15 GeV/c are underway to provide a data base for the software

development.

B. 6erenkov Ring Imaging Detectors (CRID)

When a particle travels through an optical medium, it may, depending on

its velocity, produce Cerenkov light in a unique cone. In the past, Cerenkov

detectors have been used in high energy physics to detect the presence or absence

of light and thereby to tell whether the velocity was above or below the Cerenkov

threshold. A new technique has been imder development at CERN and at SLAC

to take advajitage of the unique amgle of the cone of light so that velocities can

be measured over a broader range. This technique involves the detection of
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individual photons in the cone in order to form an image of the Cerenkov light

of an individual particle.

In recent years it has been demonstrated that the photons from Cerenkov light

can be detected in a drift chamber by introducing a photoionizing gas into the

chamber gas mixture. By replzicing the chamber walls with windows transparent

to ultraviolet light, one ceoi use this detector to image the cone of Cerenkov

light from the particle. The potential for making a large-area Cerenkov detector

can be realized by using a time-projection type of drift chamber to drift the

photoelectrons up to a meter. The availability of a photoionizing vapor (TMAE)

which overlaps the ultraviolet transmission of readily-available synthetic quartz

windows has aJso contributed to the possibility of a large area detector.

The photoelectrons that have been drifted are detected by a multiwire pro-

portional chzunber along one end of the imaging plsme. The wire nimaber in the

array gives one coordinate, juid the elapsed drift time gives the distance across

the imaging plajie. This scheme allows relatively few chzmnels of electronics to

read out a large area.

The choice and handling of the optical medium for producing the Cerenkov

light is also important. Perfluoro-n-hexane liquid, C6F14, has been studied be-

cause it is a room-temperature liquid with a low index of refraction and high

transparency to ultraviolet light in the region of sensitivity of the photoionizing

vapor. Tests at SLAC and CERN have shown that the transparency is good

and can be improved by recirculating the liquid through commercially available

oxygen filters.

A demonstration GRID has been operated at SLAC using the C6F14 liquid

radiator and a 20 centimeter square drift detector. Ring images from 11 GeV/c

pions have contained 10 to 20 detected photoelectrons per image. A second device

is now being used to study the drifting of Cerenkov rings up to 80 centimeters.

The GRID device hcis been chosen for inclusion in the SLD detector at SLC

because of the superior performance it will have over other techniques of measur-
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ing particle velocities. Software simulations have shown that the technique would

be superior even if the detector performance were to deteriorate. Software and

hardwMC development will continue in order to determine optimal parameters

for the full scale SLD device.

C. Spari Counter Development

With the successful fabrication and testing of a spark coimter of length 120

cm, we are now extending the length of the coimters under development to 3

meters. The construction of two of these larger counters is well underway. In

addition, we have fabricated and are testing two counters with a smaller gap

dimension of 100 /xm. With the smaller spark gap, these counters are expected

to give significantly better time resolution than those we have built to date.

All counters now being built incorporate several important innovations, includ-

ing grounded-cathode design, chromium-surface cathode, position sensing in the

transverse dimension, printed-circuit stripline readout, ease of fabrication, and a

calibration pulser port.

Our program calls for mvestigation of the limits of spark counter resolution

using the smaller counters, including the effect on the counter operation of includ-

ing either xenon (5%) or Freon 13B (0.1%), in the gas mixture, and of replacing

the argon completely with xenon. For the 3-meter counters, we will measure the

time and position resolution as a function of operating voltage, and as a function

of position.

With the testing of these counters, the spark counter detector development

program at SLAC will draw to a close. At the present time, there is modest

interest in spark counters world-wide: in Japan (TOPAZ experiment at KEK),

in the U.S.A. (kaon beam physics at BNL and muon beam physics at Fermilab),

and in Germany (as an alternative to scintillation counters at HERA).

D. Computer Emulators

The now famous 168/E processor emulator developed at SLAC has been in

production computation. A "^arm" of 9 processors is channel attached to the
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SLAC central IBM 3081K computer and provides a compute capacity of about

one half of the 308lK's total capacity. All the production from raw data tapes

to DST tapes for Experiment E135 at SLAC is being done on the farm. Because

of its success, a new generation of emulators has now been developed. The

3081/E has aji order of magnitude more memory, more of the IBM instruction

set implemented, full REAL*8 precision, and execution speed of about 3 times

that the 168/E. The simple architecture and interfacing will be retained from the

168/E system. The program is being pursued in cooperation with CERN, and

the first prototype processors are running at both SLAC and CERN. We expect

the general production 3081/E processors to be installed during 1985.

ACCELERATOR RESEARCH AND DEVELOPMENT

A. Introduction

Accelerator Research and Development at SLAC includes work on the storage

rings SPEAR and PEP, the SLC linear collider, and other future colliders. The

work on the storage rings is covered in other sections of this plan. In this section

we present the R & D on the SLC and future colliders.

B. SLC Upgrades

The following programs to upgrade the SLC are presently being undertaken

or studied. The SLC offers the possibility of colliding polarized electrons with

unpolarized positrons. To accomplish this, it will be necessary to develop a

high-current polarized electron gun. Work is in progress on a laser-driven pho-

toemitter. It will also be necessary to install superconducting solenoids to control

the spin direction of the electron beam on injection and extraction from the elec-

tron damping ring. Since there is rapid spin precession in the collider arcs, the

strength of the solenoids must be variable over a considerable range. The op-

tics of the damping-ring-to-linac beam transfer line must be consistent with the

option of a variable solenoid strength.
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The m!tximuin number of electrons that can be accelerated in one SLC bunch

is limited by the disruptive effect of transverse wake fields. A stronger quadrupole

lattice would permit a factor-of-two increase in the current that could be zic-

celerated. Such a lattice would contain approximately twice the number of

quadrupoles and beam-position monitors as are presently installed.

The number of bunches accelerated in each pulse of the SLC could be doubled

if improvements in the damping-ring kickers could be made. Each damping ring

would contain double the number of bunches presently stored.

It might be possible to lower the effective beta value at the final focus.

Stronger final-focus quadrupoles and ain improved optical design would be re-

quired. Operating experience with the initial installation will be helpful in the

preparation of a new design.

The energy of the SLC can be increased (in principle to 70 GeV/beam) ei-

ther by increasing the power output of the present SLC klystrons or by adding

klystrons and modulators to the accelerator. An improvement to the SLED

energy-storage system could increase the energy of the SLC without increasing

the klystron output power.

C. Advajiced Accelerator R&D

Advanced accelerator R & D at SLAC is directed primarily towaird the even-

tual realization of high energy, high-gradient linear electron-positron colliders.

Such colliders fall into two general categories: far-future machines with energies

on the order of 10 TeV and accelerating gradients exceeding 1 GeV/m, and nearer

future machines with energies on the order of 1 TeV and accelerating gradients

limited by the breakdown field in conventional copper accelerating structures.

This breakdown gradient could be as high as several hundred MeV/m for short

rf pulse lengths (several hundred nanoseconds) and higher rf frequencies (5-10

GHz) than those used in the present SLAC linac. The accelerating gradient for

an optimized machine might, of course, be well below the breakdown limit.
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1. Far-Future Linear Colliders . A number of acceleration mechanisms which

might give gradients greater thain 1 GeV/m have been proposed in recent years.

Preliminary studies at SLAC and elsewhere have shown advantages and disad-

vantages for each concept. At present three concepts seem worthy of further

pursuit: the laser-driven plasma droplet accelerator (a grating accelerator using

disposable liquid droplets as a structure), the laser-driven plasma beat-wave ac-

celerator, and the pleisma wake-field accelerator driven by electron bunches. At

SLAC we have chosen to focus our efforts on the latter two ideas. At the mo-

ment, work in these two ajeas is mainly confined to theoretical studies, although

in the future there may be an experimental program or at least a collaboration

in experiments at other laboratories. SLAC accelerator theorists will of course

continue to follow developments in any area which might be applicable to high-

gradient acceleration for linear colliders, and will be prepared to contribute where

appropriate to the study and development of promising concepts which may be

as yet unforseen.

2. Near-Future Collider Studies . A linear collider with an energy on the

order of 1 TeV and a luminosity in the range lO'^-lO'^ cm"'sec"^ can probably

be realized \ising only moderate extrapolations of present-day technology. There

are two general approaches to such a machine: a conventional rf-driven linac,

and a wake-field accelerator driven by high-current electron bxmches. At DESY

a prototype accelerator based on the wake-field accelerator mechanism is now

under construction. Progress on this project will be watched with great interest,

but at SLAC no experimental work on this type of machine is contemplated at

present. We expect instead to concentrate our efforts on those areas of research

which are necessary for the realization of a high-gradient collider driven by high-

peak-power rf sources. Some areas of current effort are the following:

(a) Parameter studies : Choice of optimum parameters for a machine of a

given energy and luminosity; choice of accelerating gradient and rf wavelength

for minimum cost.
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(b) Structiire design: Optimization of structure geometry taking into ac-

count aw;celerating gradient, breakdown field limit at metal surfaces, and longi-

tudinal and transverse wake potentials.

(c) Beam dynamics: Energy spread due to single-bunch beam loading; emit-

tance growth due to alignment tolerances and to magnet jitter from ground mo-

tion; amelioration of transverse waJte-field effects using Landau damping.

(d) Injection: Design of damping rings for minimum emittance.

(e) RF sources : R & D on the necessauy high-peak-power rf sources to drive

a linear collider (see below).

(f) Final focus : Design of a bezun-transport system to produce the required

sub-micron spot sizes at the interaction point, possibly for flat besuns with large

aspect ratios.

(g) Beam-beam effects : Simulation of beamstrahlung and disruption in

high-current colliding bunches.

A group at SLAC (about 15 people) meets regularly to discuss and work

on various problems related to the theory and design of very high energy linear

colliders. The effort of this group is focused on conceptual aaid parametric studies

of a linear collider of 1 TeV (each beam) with a luminosity on the order of 10^^

cm~^sec~^ . The group also studies excursions of these parameters to both lower

and higher values. An important goal of this work is to explore the limits that

can be attained with present-day technology, and to define parzimeter thresholds

where new technologies will be required. From time to time, a benchmark study

will be produced, focused on a specific set of collider design parameters.

In addition to the conceptual studies outlined above, some experimental ef-

forts are now beginning at SLAC in several areas. As one example, impressive

results have already been obtained in measuring the rf breakdown limits in con-

ventional diskloaded copper accelerating structures. An accelerating gradient on

the order of 100 MV/m has already been obtained at 2856 MHz with a pulse
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ngth of 1 ^8 without breakdown. These measurements will be extended to

igher field levels and possibly to a higher frequency in the range 5-10 GHz. In

ddition, an effort is just beginning to measure dc breakdown limitations. Those

mits are relevant to the design of the high power "lasertron" rf source described

elow.

Even a cursory examination of the rf power requirements for a high-gradient

sllider shows that very high peak power rf sources are needed. For ex2miple,

) attain a gradient of 100 MV/m at zm rf wavelength of 5 cm requires a peak

ower of about 200 MW/m. If the number of rf sources is to be held to a

;asonable total, the peak power per source must be several times greater. This

ower should ideally be produced with high conversion efficiency. One possible

)urce that can meet these requirements is the lasertron, a device in which a

lodulated laser beam is used to produce bunched emission from a photocathode.

n rf cavity is used to extract the energy of the bunches with high efficiency.

n additional attractive feature of the lasertron b that it can operate directly

om a dc power supply without the usual complexity and cost of a high-power

lodulator. An experimental program is now underway to produce a 30-50 MW
^ertron prototype during the next two years.

Various pulse-compression methods can also be employed to produce a short

alse at high peak power from a long-pulse, low-peai-power source. At SLAG a

-heme has recently been invented for multiplying the peeJc power of a source by

factor of 2, 4, 8 or more, with of course a consequent reduction in pulse width,

uring the coming yeau- a low-power laboratory model of such power multiplier

ill be developed, and if the idea continues to look promising, a full high-power

rototype will be tested.

In parallel with the above work on room-temperature accelerator structures

nd rf storage cavities, the Advanced Accelerator R &: D prograim also includes

n ongoing study of rf superconducting cavities. This program was originally

)cused on the investigation of multipactor and field emission in cavities operating
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under CW regime, but in the last two years has evolved in a new direction.

Through a series of innovative experiments, it has been discovered at SLAC that

superconducting niobium cavities can sustain fields of up to 65-70 MV/m without

breakdown if they are operated with a short (~ 2.5 /isec) rf pulse. This discovery

has opened new possibilities for fundamental research in the field as well as for

applications to accelerators. It will be pursued during the coming years with a

series of new tests and materials.

The above program will be supported and complemented at SLAC by a strong

numerical modeling effort in the areas of cavity 2md structxire design, beam trans-

port and microwave source development. The program MASK is particularly well

suited for simulating the highly nonlinear properties of high-space-charge, rela-

tivistic beams in rf sources such as the lasertron.

After a period of exploratory conceptual and experimental work in the areas

outlined above, the Advanced Accelerator R&D program has as a goal to build

a length of prototype linac for the acceleration of single bunches of electrons at

high gradients, powered by efficient high-peak-power sources. The ex&ci length,

gradient and rf frequency of this collider linac prototype remains to be chosen,

but it should attain a minimum energy of 1 GeV with a gradient on the order of

100 MV/m.

PEP STORAGE Ring Program

A. The Present Program

PEP is presently operating at 29 GeV in the center-of-mass with high peak

average luminosity. The best peak luminosity to date is 3.2 x lO'^ cm~'sec~',

and the average integrated luminosity has regularly exceeded 1 picobam'V^^y-

The experiments had accumulated approximately 250 pb~^ worth of data at 29

GeV as of June 1984. The full complement of detectors includes the Mark II

(SLAC, LBL, Harvard); MAC (Colorado, Northeastern, SLAC, Utah, Wiscon-

sin); DELCO (CalTech, SLAC, Stanford); HRS (ANL, Indiana, LBL, Michigan,
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Purdue, SLAC); TPC (John Hopkins, LBL, Tokoyo, UCLA, UCR, Yale); and 2

Gamma (Netherlands, UCLA, UCSB, UCSD). In 1984 the changes in this ex-

perimental setup have been an upgrade of the TPC solenoid from 5 kg to a

superconducting coil at 15 kg, and replacement of the Monopole Search by a new

experiment, ASP (SLAC, MIT, Washington).

B. Future Possibilities

The thrust of the physics program has been to accumulate one very large

data sample at one energy, rather than to spread data-taking over an energy

range already scanned at PETRA. The future program depends on the outcome

of the analysis of these data and could include further large data sets at different

energies. In planning for the future we have, therefore, kept several options open.

Engineering and accelerator physics studies have been carried out to clarify the

costs and expected performance at significantly higher energies; viz, 40 and 46

GeV in the center-of-mass. In addition, studies have been initiated in the use of

superconducting and permanent-magnet quadrupoles inside the large detectors to

further lower the beta functions and thus increase the luminosity ("microbeta").

A similar program at SPEAR, which involves only a single large detector, is giving

valuable experience in the engineering and physics problems of these techniques.

Last year a committee of experimental and theoretical physicists identified

possible future PEP-upgrade programs and prepared recommendations on prior-

ities. After careful consideration of the physics prospects and technical possibili-

ties, the committee concluded that unless a new threshold is observed within the

energy range accessible to PEP, there is insufficient justification for the expense

and effort involved with the energy upgrades. However, they were unanimous in

recommending that a program of lunainosity upgrades should be pursued, as this

would improve the physics programs under study much more than an increase in

center-of-mass energy.

We note here that the Mark II detector, presently at PEP, will be upgraded

and moved to the new SLC machine in time for first operation in late 1986.
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In addition, the DELCO, MAC and ASP programs may be complete by that

time. This has opened the possibility for a new approach to lower beta optics,

the mini-maxi scheme. By changing the symmetry of PEP from 6-foId to 3-fold

we can have 3 symmetric mini-beta IR's, while the other three have very large

beta functions. This alleviates the problem of chromatic correction and allows

the mini-beta regions to be designed with conventional quadrupoles close to but

still outside the detectors. This mini-maxi scheme is presently in the engineering

design stage.

In addition, construction has begun on a synchrotron light facility at PEP. By

late 1985 a high energy x-ray line, emanating from an imdulator in a symmetry

strzdght section, will be available in a new building outside the PEP shielding,

x-ray energies up to about 20 keV with useful fluxes will then become available,

thus opening up a new region for study.

SPEAR STORAGE Ring Program

The SPEAR storage ring can produce electron-positron collision at center-of-

mass energies from 2 to 8 GeV, with peak luminosity of about 3x 10^* cm~^sec~*.

By agreement between SLAC and the Stanford Synchrotron Radiation Labora-

tory (SSRL), the running time at SPEAR is divided equally between SLAC's

high energy physics research and the broad program of studies carried out by

SSRL's resezo-ch community. We review briefly here the present particle-physics

program and some possible future modifications to the SPEAR facility. We also

include a short summary of SSRL's plans for its future facilities.

A. The Particle Physics Program

Particle-physics research in the SPEAR energy region is described elsewhere

in this Plan. We note that the Crystal Ball detector has been moved to the

DORIS storage ring at the DESY laboratory in Hamburg, Germany, after a

verj' successful career at SPEAR. The Mark HI detector was installed in the
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west interaction region at SPEAR in the suzoiner of 1981, and since that time

has been engaged in productive experimentation. Much of the early work has

been concerned with studies of the production and decay of Z?-meson pairs, with

SPEAR operating at a collision energy of 3.77 GeV. The present program calls

for the accumulation of more data at this energy, and also for running at the psi

resonance energy of about 3.1 GeV.

The energy region from about 3 to 4.5 GeV b so rich that a great deaJ

more work will be required to understand all the observed phenomena. Thus a

productive program of studies czin be visualized for the Mark III that extends

throughout the period of this projected Pljm. Later work will include studies

of the tau lepton and of charmed baryons, as well as a definitive study of the

charmed/strange F meson.

During 1984 a micro-beta system has been installed in SPEAR, which will

increase the luminosity by a factor of 3 to 5. New quadrupoles have been installed

close to the interaction points. This requires special compensation coils to isolate

the magnetic field of the detector from the quadrupoles.

B. Future Possibilities

Mtirk III upgrade . Several relatively minor chajiges in the Mailn HI detector

are being considered. These include a new vertex detector.

Upgraded or special detector for SPEAR . It is unlikely that the richness of

e'^e~ physics in the SPEAR energy region will be exhausted by the middle of

the decade. We foresee that in 1985 or 1986 it may be desirable to continue

SPEAR physics using a substantially upgraded general-purpose detector or a

special-purpose detector. The special-purpose detector might use a large-solid-

angle Cerenkov counter to emphasize the physics of electrons zoid kaons in the

final state; or it might use sodium-iodide counters to emphasize photon physics;

or it might emphasize some aspect e"''e~ physics that is still unknown. It is

possible that a detector from PEP might be refurbished for these purposes.

C. Synchrotron Ra.dia.tion Prograzas
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SPEAR provides radiation soiirces for the Stjinford Synchrotron Radiation

Laboratory, a DOE-funded laboratory operated by Stamford University. At the

beginning of 1983 there were five beam lines operating, three originating in bend-

ing magnets and two in eight-pole wiggler magnets. In 1984 a sixth bezun line

became available, originating in a 54-pole variable-gap permanent-magnet wig-

gler. In the summer of 1983, two new straight sections became available for

source development by the removal of the rf cavities occupying those straight

sections. The full energy capability of the storage ring was maintained by power-

ing the remaining two rf cavities with higher power klystrons. Additional beam

line developments are being plaimed in collaboration with outside groups.

SSRL has received construction fimds for several modifications to the SPEAR

facility that will improve the utility of the storage ring as a synchrotron light

source. These include lattice changes to reduce the emittance, new in-vacuum

wigglers that will produce high-brightness radiation at 8 keV, and some changes

intended to improve the positional stability of the beam.

THE FIXED- Target Program

A. Accelerator Cdpability

The program for accelerator energy upgrading with SLED I and SLED II

has already been described. The relevant linac beam parameters for fixed-target

experiments are summarized below.

Standard SLED I SLED II

Maximum Energy (GeV) 23 33 50

Pulse Width (/xsec) 1.6 0.2 0.2

Repetition Rate (pulse/sec) 360 360 180

Intensity (e/pulse) 5 x 10*^ 2 x lO" 3 x lO"

B. Experimenta.1 Facilities

1. Present Status
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The SLAC machine remains the highest energy and intensity electron accel-

erator in the world. Although the Fermilab and CERN synchrotrons can produce

electron and photon beams of greater energy, their intensity is very much less,

and the beams have a significantly Izo-ger inherent phase space. Similar remarks

apply to positron beams. The SLAC accelerator also provides longitudinally

polarized electrons, and transverse as well as circularly polarized photons.

As a result of the SLED I program, the SLAC accelerator has achieved beam

energies up to 33 GeV. The beams presently available for physics include elec-

trons, positrons and photons to End Station A; positrons in test beam line 19;

pions, electrons and muons in test becim line 6; pions, kaons and antiprotons in

test bezmi line 21; and monoenergetic photons for tests in beam line 27.

SLAC can also provide high-quality muon and neutral-kaon beams. The

muon beams at SLAC are cleaner (smaller halo) becaxise they ao-e derived directly

from muon-pair production in a small target, rather than from pion decay. The

neutral-kaon beams are much freer from neutron backgroimd.

2. Future Possibilities

(a) Polarized electrons . An eispect of SLAC physics of considerable interest

is the use of very intense beams of polarized electrons to explore the interference

between the -weak jmd the electromagnetic interactions. The SLAC polau-ized

source (PEGGY 11) has operated with beajn polcirization up to 50% and with

intensities equal to those of the full conventional lincic beam. An earlier source

(PEGGY I) achieved polarization approaching 100% but at intensities two orders

of magnitude lower. Work is undenyay to improve the polarization of PEGGY
II to above 80%.

The observation of parity violation due to EM-weak interference opens up

a new field for investigation. It is worth noting that because of the extremely

small asymmetry measured (a basic asymmetry of 2 x 10~* with the current kine-

matic variables), the required statistical accuracy precludes conventional count-

ing methods. Rather, the light corresponding to many events for each pulse
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produced by Cerenkov radiation or by scintillation in a shower detector is inte-

grated. This technique is also applicable with the reduced duty cycle of SLED

beams.

(b) Muon beams . High-intensity muon beams with small haioe will be avail-

able from the SLED I upgraded SLAC accelerator at momenta up to 25 GeV/c.

The muon-pair production mechajiism carries with it the advantage that contama-

inating pions can readily be removed by interaction, so that pion/muon ratios of

less thsm 10~^ are relatively easy to achieve. These parameters make it possible

to extend the studies of hadron states produced in elastic lepton scattering to

large effective masses, W . Previous studies have shown that for W < 2 GeV,

inelastic lepton scattering shows no particulau- distinguishing structure in these

final states. But this is unlikely to remain the case for the higher multiplicity,

larger W events that caoi be reaiched with SLED energies.

(c) Nuclear physics at SLAC . NPAS is a program of nuclear structure ex-

periments at SLAC funded by the Department of Energy within the U.S. nuclear

physics program. It is based on the availability of aji intense electron beam in the

energy range 0.5 to approximately 6 GeV. This beam is produced using an off-axis

electron gun and in-line injector, the Nuclear Physics Injector (NPI), installed at

a point 6 sectors from the downstreami end of the SLAC linac. The maximum

intensity of this beam is larger than that available from the full 30 sector linac

when operated in the energy range below 6 GeV due to the decreased effects of

beam brezikup in the shorter accelerator. The nuclear structure measurements

are carried out using the facilities of SLAC End Station A.

The NPAS program is sulministered by the Associate Director, SLAC Re-

search Division, with the assistance of the NPAS Coordinator. A Nuclear Pro-

gram Advisory Committee (NPAC) is primarily responsible for program deci-

sions. The Chairman of the NPAC advises the Associate Director of program

decisions, and the Associate Director has final power of approval. The NPAS

program is open to competitive proposals from all qualified experimenters. The
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nuclear structure experiments are carried out within the financial constraints of

the NPAS budget, and within the constraints of SLAC's resources and operating

schedule.
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V. Laboratory Resources

A. Personnel Resources

(l) Historical Pattern . Figure V-1 shows the employment pattern at SLAC

since FY1974. This figure shows the tail end of a steady decline in staff corre-

sponding to a period of declining resources in the first half of the 1970's. Since

that time there has been a gradual increase to the present staffing level. The

growth in staff through FY1982 is attributable to the effort involved in the con-

struction of the PEP storage ring and its experimental facilities, and to their

ongoing operation. The total staff increase required by PEP was approximately

235 people distributed between the Technical and Reseeirch divisions. These

people are presently involved either directly in the operation of the PEP ring, or

indirectly in facility-support roles. The continuation of the gradual growth trend

through FY1984 (and beyond) reflects the construction needs of the SLC and its

experimental facilities.

Figure V-2 shows the mix among blue-collar, clerical and professional staff

at SLAC during the period from FY1978 through the middle of FY1984. As

shown, the ratio of blue-collar to professional staff hsis remained roughly constant.

However, Figure V-2 also indicates that the number of outside user residents at

SLAC has grown from approximately 60 to 190 during this same period. As a

result, there has been some reduction in the level of support services that can be

provided to both in-house and outside experimenttd groups. Most notable is the

lack of space (especially office and light lab space) to properly house our resident

population. More on this in the next section.

(2) Projected Staffing Plans . Consistent with the recommendations of SLAG's

Scientific Policy Committee, the number of SLAC and other Stanford University

experimental physicists will be permitted to increase from the current number of

65 full-time equivalents to about 75 by FY1986 (the total number of individuals

involved will approach 100). At the same time, a survey of the experimental

53



1013

s ^

? ! 8
o o X

! i i

a • i



1014

Figure V-2
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opportimities and needs in FY1986 indicates that a total of about 580 experi-

jmentalists will be active at SLAC. Of these, 75 possibly will come from foreign

countries. We anticipate that this increase in user population will intensify our

jalready severe sp2u:e and other support problems.

Given the totality of the programs supported at SLAC, we anticipate that

our total regular personnel will grow by about 6-7% by the end of FY1986 and

level off afterwards. Figure V-3 shows the persoimel requirements for the techni-

cal program through FY1990. Included in this personnel growth are engineers,

designers, technicians, buyers, contract administrators, etc. There will also be

a temporajy increase in shop stafEng during this period in order to meet the

requirements of in-house fabrication of certain technical components of the SLC;

the actual size of this increase will depend upon the outcome of the many "make

i

or buy" decisions that are being made for the various SLC components. We will

adjust this growth so that it matches our total needs after completion of the SLC.

' We expect to accommodate the peak personnel load during the construction pe-

iriod through a combination of temporary employees and subcontracts. Further

I

additions to the total staff are not expected at the beginning of SLC operation

in FY1987. SLC operations will be integrated into the present linac/storage ring

control system, and facilities support for SLC experiments is expected to come

from a reduction in the requirements of the fixed-tzurget physics program.

(3) Personnel Recruiting . Besides the additional personnel requirements for

; the SLC project, it is also necessary to recruit due to normal turnover at a level

consistent with that experienced over the past several years. SLAC is located
i

at the northern end of the "Silicon Valley" which is home to numerous high

technology companies. Because of SLAC's proximity to these compajiies, stiff

competition is anticipated in obtaining the high quality staff demanded by the

Laboratory's programs; some technical disciplines will be especially difficult to

fill. Those that are identified at this time are technicians, electronic and electrical

engineers, and computer progrzunmers.
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(4) Professional Staff . Of the roughly 720 full-time professional employees,

about 28% have bachelor degrees, 17% have masters or some professional degree,

and 25% hold doctorates. Figure V-4 shows the distribution of years since bac-

calaureate and yezirs since the highest degree received by the full-time permanent

professional employees. Among the doctorates, who are mostly physicists, over

a third received their doctorates less than ten years ago.

B. Overview of Space Requirements

The major space shortage at SLAC continues to be offices and light labora-

tories. These have been in chronic short supply for a number of years, and there

are several known factors (described below) that are expected to affect this re-

quirement over the period of this plsm. Some of these changes have an immediate

impact upon the laboratory, while others are contingent upon one or more future

developments.

As PEP operation began the requirements for office and light laboratory

space projected into the 1980's considerably exceeded the capacity of existing

facilities. Use of the SLAC facilities in earlier years was characterized by an

approximately equal balance between inside and outside users. Now, however,

with nationwide focus on SLC and PEP, and with the reduction of the number

of large high energy physics laboratories in the U.S., SLAC has experienced a

growth in in-house staff and \iser "colonies". The trend is very pronounced with

groups, for example, from LBL, the mid-w£st universities, several branches of

the University of California, the Netherlands, Japan and the People's Republic

of China. This has already resulted in more than a doubling of the outside user

population in residence at the laboratory since FY1979. This increase in outside

users exceeds the capacity of existing facilities. Li addition, some provision must

be made to house those engineers, designers, and techniciems who are located in

"PEP City". Additional office and light laboratory sp&ce is greatly needed.

(1) Office Space . The in-residence user population at SLAC has now grown

to a level of about 190 and is expected to remain approximately level at that
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number through FY1986. Our present user population is rather uncomfortably

housed in an average of 55 net square feet per person, which is about one-half

the space occupied by a regular employee. We would like to increase the average

user-space allocation to approximately 90 net square feet. To do so will require

the equivalent of 25 new offices.

SLAC's Central Laboratory and Central Laboratory Annex provide offices

and light laboratories for most of the laboratory's experimentjil groups. As the

number and size of experimental collaborations has increased, the overcrowding

in these buildings has become acute. Currently, there are 325 office dwellers

housed in 260 offices at an average of 88 square feet per person. To relieve this

overcrowding will require an additional 65 offices.

The advent of the SLAC Linear Collider ultimately will add approximately

125 full-time employees to the SLAC staff, and much of that increment Ls already

on site. Half of these employees require office space of some sort. To aw;cominodate

this growth SLAC will need an additional 35 office spaces and the \iser population

growth attributable to the SLC will require an additional 20 offices.

Finally, we expect that SLAC will gradually augment its particle-physics staff

by approximately 15 to 20 experimentalists in order to more adequately exploit

the laboratory's increased physics potential. Each will require an office.

Presently, all permanent offices in the laboratory are occupied. Table V-1

summarizes the incremental office space needs of the laboratory over the period

of this plan.

(2) Light Laboratory Space . The second area of chronic deficiency at SLAC

is light laboratory space for both SLAC groups and outside users. The demand

for light laboratory space, like the demand for offices, greatly increased as more

outside users began experimental physics at PEP. Furthermore, SLC will add to

light laboratory needs, as will the increased emphasis upon Advanced Accelera-

tory R&D and the advent of a viable program in Nucleau- Physics. SLAC has a

current inventory of approximately 20,500 square feet of light laboratory space,
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Incremental Office Needs

Users presently In temporary facilities 20

User decompression 25

Users presently In the warehouse 57

Linear Collider users 20

SLC related staff growth 35

Addition of 20 physicists 20

Central Lab decompression 65

Net before PEP City removal 2A2

Remove PEP City 117

Total incremental SLAC office space need 359

Table V-1

and a projected need for an additonal 10,000 square feet. SLAC's space needs

have grown quite acute, and it is imperative that more adequate facilities be

provided to accommodate the enlarged physics comimunity projected for SLAC.

Since funding for facilities development within the high energy physics program

has been severely limited over the past few years, SLAC has embarked on a se-

ries of General Plant projects to address this need. These projects are discussed

below. Total space requirements ase summarized in Table V-2.

(3) GPP . As discussed in section A above, space needs are a critical prob-

lem for the laboratory, and a line item construction project would be the most

satisfactory solution to our foreseeable requirements. However, the space prob-

lem must be solved, with or without a line item construction project, and the

assumption made here is that the solution will ultimately have to be substan-

tially GPP-financed. There are, to be sure, other requirements extant within the

laboratory which are appropriate for accomplishment with GPP funds, but the

urgency of SLAC's space requirement has necessitated the deferral of some of

this work.
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SLAC estimates that over the period of this report there will be a need

for approximately 48,500 square feet of office space ajid 15,000 square feet of

light laboratory, conference and drafting room space. Thb would be sufficient

to house about 360 people, at a density of 135 gross square feet per person. To

meet this need SLAC is currently planning to undertaJce a series of GP projects,

spanning the period of this plain, that will include construction of new facilities

and expansion/renovation of existing buildings. Projects included in this plan

are:

(a) Central Laboratory Annex Fill-in . This project is currently under con-

struction and will fill in an alcove in the Central Laboratory Annex created when

the building was contructed around an existing tree which has since died. It will

provide approximately 4,300 square feet of office and light laboratory space.

(b) Mezzanine Addition to General Services Building . This project would

convert the General Services Building mezzanine to open area office space. It

would provide approximately 6,000 square feet of office space.

(c) Third Floor Addition to the Central Laboratory Annex . This project

would add a third floor to the Central Laboratory Annex. This 9,600 squzo-e

foot additon would provide office space for about fifty people and would con-

tribute, in conjuction with the previous items, toward a solution to SLAC's space

requirements.

(d) Conversion of Existing Warehouse to Office/Light Laboratory Space. With

the completion of SLC magnet production, the SLC magnet assembly facility will

be converted to use as a warehouse. The present warehouse will then be upgraded

to provide approximately 20,000 square feet of office/light laboratory space.

In addition to the space related GP projects, GPP funds will be utilized to

upgrade support facilities consistent with programmatic needs and experimental

objectives. Projected GPP requirements are summarized in Table V-3.

(4) AIP. During the period of this plan, the major items in SLAC's Accelera-

tor Improvement Program are related to the use of the linac as an injector for the
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two 3350 drives, and four 3330-1 units, providing a gross capacity of roughly

thirty-five gigabytes of random-access storage. Other peripherals available to the

processor include eighteen 1600/6250 bpi tape drives, three low-speed low-density

tapes, and a Model 3800 page printer. A block diagram of this configuration is

given in Figure V-5. The basic operating system is IBM VM/SP with slight

modifications.

SLAC has a rather extensive on-site data commiinications network (illus-

trated in Figure V-6) which also provides some off-site access. Roughly 700

on-site ASCII terminals gain access to the central facility (through several front-

ends) via a MICOM digital switch. These terminals can also dial out on the

phone system, use TYMNET to connect to other sites, and connect to Fermi-

lab computers through a leased line with statistical multiplexors. Off-site users

also connect to the switch via dial-up or leased phone lines, commercial Tymnet

service, microwave link from Lawrence Berkeley Laboratory or leased lines with

statistical multiplexors. The switch then provides access to the central facility

through two IBM 3705 front ends and five Series/1 systems providing full-screen

emulation. There are approximately one hundred ninety 3278-equivalent termi-

nals directly linked to five 3274-type controllers. In addition to the above, there is

also an Ethernet, which provides terminal to computer connection and computer

to computer connection.

(2) Expainsion Plans . The pleinned major expansions are based on a fore-

cast of computation requirements during the coming years. Figure V-7 shows

SLAC's historic^ usage and installed capeu:ity for the past several years. Our

needs will increase by 50% by FY1988, primio^ily because of design and analysis

activities associated with SLC. This will require upgrades to our present system

as indicated below.

(a) FY1985 Upgrade . The upgrade of the IBM 3081-K to an IBM 3084, or

equal, will provide about 24,000 NSU's (normalized service units) more capacity

(i.e., 1.8 times a 3081-K) requiring no facility modifications and no new software.
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Figure V-6
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Prior to the acquisition of the 3084, or equal, a smaller computer will be required

to provide additional capacity of approximately 5,200 NSU's. The upgrade would

be a sole source procurement using purchase or lease-to-ownership since it would

be an upgrade of an existing system.

(b) System Replacement in FY1988 . A single system with upward compat-

ible VM software and considerably faster disks will be acquired. The Model

3084, or equivalent, its contemporary peripherals and the smaller interim com-

puter will be released at this time. This new system will provide a capacity of

approximately 75,000 NSU's.

D. Energy Consumption and Costs

Table V-4 b a historical depiction of SLAC's energy sources and costs. Since

electrical energy is the most important component of energy usage, this com-

modity is discussed separately in the next section. The section following that

projects all energy consumption and costs at SLAC through 1990.

(1) Electrical Energy : Throughout its existence SLAC has received its elec-

trical energy from two sources: the Western Area Power Administration (WAPA,

formerly the Bureau of Reclamation] and the Pacific Gas and Electric Company

(PG & E). WAPA energy is provided to SLAC in three components. The first

component is an allocation of 25 MW of firm power. The second component is

aji allocation of withdrawable power which presently amounts to 14.3 MW. The

third component is ain allocation of diversity power which presently amounts to 6

MW. Therefore, at present (October, 1984) the total WAPA allocation to SLAC

b 45.3 MW. The unit cost of WAPA power Is currently 18.95 mills per kilowatt

hour plus $ 3.75 per month for ezu:h kilowatt of peak demand. The history of

WAPA rate changes from 1964 to the present is presented in Table V-5.

All SLAC electrical energy resulting from a power demand above 45.3 MW
is obtained from PG & E at a rate that is presently 59 mills per kilowatt hour.

The PG k E rate is a combination of two principal components: a basic energy

charge that is presently 17 mills per kilowatt hour and a fuel adjustment charge
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WAPA Rate Changes at SLAC
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tion. Note that the average unit cost of electricity remained between 4 and 5

mills per kilowatt hour from FY1965 through FY1977. The cost then began to

rise, reaching 19.1 mills per kilowatt hour in FY1984. Figure V-9 displays total

electricity costs, and total electricity costs as a percent of SLAC operating costs.

It is interesting to calculate what the cost of electricity would have been if

SLAC had found it necessary to purchase all its electrical energy from PG &

E. For the period FY1973 through FY1984, during which PG & E rates have

increased substantially, the additional cost would have been about $ 69 million.

For FY1984 alone, the estimated additonal cost of PG & E power would have

been about $ 9 million.

According to WAPA rules, any withdrawable-power customer whose load

exceeds its firm power allocation at a time when the totzJ WAPA system exceeds

the maximum sustainable level is subject to a permanent loss of a portion of its

withdrawable allocation. Over the years, SLAC has taken unusual care to avoid

exceeding its firm allocation during these critical periods. As shown in Table V-

7, during the years 1972-1984 there were 146 separate occasions on which SLAC

reduced its total consumption to less than 25 MW. Because of the flexibility

inherent in its experimental program, SLAC is prepared to continue such load

reductions during future critical periods.

In addition to these "brownouts", SLAC has scheduled its non-operating

periods in a manner that tends to minimize power consumption during critical

summer periods and during the last half of December. Table V-7 also shows the

scheduled downtime during these periods.

(2) Projection of Future energy Consumption and cost : Table V-8 presents

projections through FY1990 of SLAC's consumption and costs for energy from

all sources. The dramatic increase in power cost in FY1987 and beyond is caused

by the demands of the SLC. In arriving at these numbers, we assume that all

power beyond our present WAPA allocation comes at PG Aj E rates.



1033

r^r^Or-r^r^oo^OOr^OO

•—
' c^ n c^ ro o^ ro fo c^ c^ c*^ fo c^

C^ CNJ C*^ C^ m f^

cMfnOOO-*0-Jnoinoo

IC I
—1
U-1COOOO.--0000000

f §

1-1—10/



1034



1035

in

If)

(%) 139009 9NIlVa3dO/SlSOO AlOiai03~13

O in o ID

1

\ /



1036

Table V-e

PROJECTED ENERGY CONSUMPTION OND COST

FY19a4 FY1965 FYigSG FY1987 FYigSS FY19e9 FY1990

Elecxricity (Costs in Millions of Then Year Dollars)!

38 Sector Linac
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E. Plajit Maintenance

The basic philosophy in SLAC's site maintenance prograiin has been to main-

tain the property in order to keep long-term operating costs low. In years when

operations funding was insufficient, the laboratory elected to perform all essential

maintenance and defer some of the non-critical items without impairing the safe

operation of the laboratory. There is currently a small backlog of maintenance

items which were funded in FY1984 but not completed due to scheduling. These

items were not considered critical and did not result in any deterioration of the

facilities.

The SLAC Plant Officer and his staff establish the routine maintenance sched-

ule, periodically inspecting the buildings and grounds to identify necessary repairs

and maintenance. All work is then prioritized and a work plan for each fiscal

year is established according to the fimding level.

Table V-9 provides the costs of the plant maintenance program planned for

FY1985 through FY1990. Spending will be fairly level except for a small rise

in FY1987 and FY1988 to provide paving of the roads to the klystron gallery.

Roofing is the major item planned throughout the entire period.
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VI. UNIVERSITY AND INDUSTRY INTERACTIONS

A. Extrannura,! Experimenters

(l) Users : As SLAC completed its seventeenth full year of experimental

research operations, the degree of outside user participation in the program con-

tinued at a high level.

During FY1984, a total of 45 outside institutions (31 U.S. and 14 foreign)

participated in the SLAC experimental program. The distribution of experiments

between outside users and in-house SLAC groups during FY1984 was similar

to the general pattern that has cheu-acterized the SLAC program in the recent

past. Roughly 85% of the beam hours in electronics experiments were utilized

by outside users, about 65% of the SPEAR beam hours were utilized by outside

users, and roughly 85% of the PEP running time was utilized by outside users.

Nationally, the total number of experimental physicists active in high energy

physics continues to be constant at a level of approximately 1100, and we do

not foresee either a large growth or shrinkage within this total during the period

of this projection. Opportunities for high energy physics data collection in the

U.S. continue to be divided among work at Brookhaven, Fermilab, Cornell and

SLAC, in addition to minor activities not using accelerators. Pnring the period

covered by this plan there is some uncertainty about the long-range future of the

work at Brookhaven. The work at Cornell involves a relatively small number of

physicists.

The number of outside users at SLAC has grown from approximately 60 in

FY 1977 to approximately 190 currently. There is currently no rezison to believe

that this trend will reverse itself. A survey of the experimental opportunities

and needs in FY1986 indicates that, as previously noted, a total of about 580

experimentalists will be active at SLAC. Of these, 75 will possibly come from

foreign countries. We anticipate that this increase in user population will intensify

80
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our already severe space and other support problems. One of the laboratory's

goals is to provide some relief for these problems.

(2) Support of Stanford Synchrotron Radiation Laboratory (SSRL) : SPEAR

provides radiation sources for the Stanford Synchrotron Radiation Laboratory,

a DOE-funded laboratory operated by Stanford University. At the beginning of

FY1983 there were five beam lines operating, three originating in bending mag-

nets and two in eight-pole wiggler magnets. During 1984 the addition of a sixth

beam Hne originating in a 54-pole, variable gap permanent magnet wiggler was

made. In the sunmier of 1983, two new straight sections were made available

for source development by the removal of the rf cavities occupying those straight

sections. The full energy capability of the storage ring is maintained by powering

the remaining two rf cavities with higher power klystrons. Additional bezun line

developments are being planned in collaboration with outside groups.

In addition to the rather extensive facilities established at SPEAR, SSRL

is well along with the construction of a seventh beam line, this one at PEP,

to provide x-ray experimentation capabilities at approximately four times the

energy available at SPEAR.

Under the letter agreement between the two laboratories, SLAC provides

certain engineering and design services as well as substantial general and admin-

istrative support to SSRL on a cost reimbursement basis. The estimated volume

of work to be done by SLAC for SSRL is approximately $ 13M in FY1985, and

is projected to grow in future years.

Total work for others is shown in Table VI-1.

B. Subcontracting

Table VI-2 indicates the magnitude of fimding flow from SLAC to other DOE

contractors, universities zmd industry. The work done for SLAC by other DOE

contractors is primarily in the natxire of detector development and fabrication

where the subcontractor has particular expertise or equipment not available at

SLAC. Reprographics services represents the majority of subcontracting work

81
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Transfers

University Subcontracts

Oil Other Subcontracts

Procurements, Subcontracts, and Transfers

(In Millions of Dollars)

F\13&'*-^ FY1985-^ FYISSB* FY19e7 FY19Sa FY1989 FY199i?

0.6 0.1 l.l 1-1 1-1 ^-1 '•*

0.A «.£ 0.7 0.7 0.7 0.7 0.7

55.4 146.8 99.9 86.4 99.0 75.1 76.6

•^-In then year dollars
•Escalation factor : 1. 0976

FYI987 - FY1990 in constant FY1986 dollars

Table VI-2

done for SLAC by Stanford University. The level of subcontracting by other DOE

contractors and universities is expected to remain approximately level throughout

the period of this report.

SLAC has been actively participating in the Federal Government/Industry

Small Business Council of Northern California in furthering awards to small dis-

advantaged firms and small business firms. Participation has included small dis-

advantaged business seminars and fairs, monthly meetings of the Small Business

Council of the San Francisco Bay Area, and use of the PASS system.

Each year SLAC submits for DOE approval its goals under Public Law 95-507.

Generally, ambitious goals have been met. DOE awards for superior performance

in the Small Disadvantaged Business program have been presented to SLAC in

1978, 1979, 1980, 1981, and 1982. Although SLAC has increased its goals each

year, it b becoming increasingly difficult to meet these goals for a number of

reasons; one being the increased expenditures for power, large equipment, eind

some specialized contracts which are available from large business only.
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Small Business and Disadvantaged Vendor Subcontracting

Small Business

Goal

Pctual

(Percent of Total Subcontracting)

FY198IZ) FY1981 FY19a£ FY1983 Fyi38A

50. iZi 50.0 51.0 56.0 45.0

55.1 61.8 6£. 1 66.0 50.4

Small Disadvantaged
Business

Goal

Actual

4.2

4.3

4.5

5. a

5.0

8.8

5.5

8.0

Table VI-3

SLAC continues its efforts to increase small bxisiness and small disadvantaged

business participation. Table VI-3 presents a summary of small business and

disadvantaged business participation during the period FY1980 through FY1984.
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A Word About BNL

Brookhaven National Laboratory is a multipro-

gram laboratory which carries out basic and

applied research in the physical, biomedical and

environmental sciences and in selected energy

technologies. The Laboratory is managed by

Associated Universities, Inc., under contract

with the U.S. Department of Energy. The Labora-

tory employs over 3,000 people.

Established in 1946, BNL is located on Long

Island. New York, on the site of what was known
as Camp Upton, a training camp for U.S. soldiers

during World War I and World War II. Now, in the

center of the 5,265-acre site, over 250 buildings

and other structures make up BNL's physical

plant.



1046



1047

Brookhaven Today

^^^^^H ith this issue we

^^^^^^^^ Inaugurate a new
ft W W ^ format and a new pol-a f i f ^ icy for the Brook-B A fl haven Highlights. We
^^^^^^^B are returning to an
^^^I^HIH annual review, rather
than continuing the biennial publi-
cation of the last 14 years. We are
also making Highlights just that —
highlights of the work accomplished
by the Laboratory staff, with a brief
summary of the overall mission of
each department. Every year, we will

highlight different aspects of the
scientific and technical advances
made at BNL In addition, we shall
Include information about personnel
and budgets, awards and honors,
and the dozens of meetings the
Laboratory hosted on an array of
scientific topics

One of the Laboratory's primary
functions continues to be the build-
ing, operation and research use of
large scientific machines. This
Involves high energy physics at the
Alternating Gradient S>-nchrotron
(AGS I. nuclear physics at the Tan-
dem Van de Graaff accelerator, and
basic energy sciences at the National
Synchrotron Light Source, the High
Flux Beam Reactor (HFBR) and the
Scanning Transmission Electron
Microscope.

It Is our Intent to build and
expand upon these strengths.
A step in this direction, a tunnel

linking the Tandem Van de Graaff to
the AGS. permitting the acceleration
of ions as heavy as sulfur up to rela-
tivistlc energies, has been approved
and construction has begun. In our
budget request for fiscal year 1986 Is

a booster synchrotron which, when
inserted into the Tandem/AGS sys-
tem, will not only appreciably
Increase the available proton Inten-
sity of the AGS. but will also extend
the mass region of the relativlstic

heavy ion beams, up to gold. Long-

range plans inclut^e a relativlstic

heavy ion collider where the Tan-
dem/ Booster/AGS will inject rela-

tivlstic heavy Ions into a colliding
beam machine for the next genera-
tion of even higher energy interac-
tions, and an upgrade of the HFBR
to more effectively utilize the source
of cold neutrons by adding substan-
tial floor space for nine new
advanced experimental instruments.
An interesting and valuable out-

growth of the variety of investiga-
tions made possible by our facilities

Is the rapid increase in the number
of Industrial scientists who have
been added to our visitors list. This
broadened community of users
(complementing our academic and
Laboratory personnel! and a more
progressive governmental attitude
toward patent policies are encourag-
ing the use of Laboratory facilities

and staff to assist in the country s
technological development.
The Laboratory also opens its

doors to students from high school
through graduate school. The train-
ing programs are many and varied,
and some are designed for science
teachers to enable them to keep up
with their research and with the
latest scientific advances.
While the stories in this issue

highlight only the major happenings
of the last 18 months, ongoing
research in many areas proceeds at a
steady pace. As a multipurpose
laboratory. BNL has directed Its

attention not only to physical sci-

ences, but to energy technology, ap-
plied sciences, life sciences, and to
various kinds of technical assistance
for the US Department of Energy
and the Nuclear Regulatory
Commission.

I hope the following pages will

convey to you the breadth of our
research, the enthusiasm of our staff
and our part in the national scien-
tific effort.

X\j^cV»iao Q". Soutrvi,

Nicholas P. Samios
Director
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The AGS:
An Anniversary
Salute

Since it began operating in 1960, Brook-
haven's Alternating Gradient Sjnnchrotron

(AGS) has generated protons for both high

energy and nuclear physics experiments. Now,
about to celebrate its silver anniversary, the

AGS also continues to generate superlatives.

TbeAGS: ^^"^^.
Then and Nam -^'^

W!LWil| ""^
T / t'LS' -

^

I

he "Worids Highest
Energy Accelerator" —
that's what the AGS
became almost as
soon as we began to

circulate protons
through the accelera-

tor at energies as high as 33 billion

electron volts IGeVI. Though this

happened almost 25 years ago. the
Idea that made the AGS possible sur-
faced about eight years earlier. In

1952. At that time, our pride cen-
tered on our newly operating Cosmo-
tron. which could reach energies of3
billion electron volts. Behind the
scenes, however, we were already
asking. "What would we do differ-

ently to build a bigger and better
Cosmotron?"
The revolutionary answer was

"alternating gradient" or "strong"
focusing. We lound that the particles

could be focused more strongly, and
thus confined to much smaller
dimensions. If the magnets through
which they travel were arranged in

such a way that the field gradients of
successive magnets were alternated,

first inward, then outward.
The smaller beam created by

strong focusing permitted the use of
magnets with much smaller cross
sections. Because these were smaller
and less expensive than larger

magnets, they could be made
stronger, bringing the accelerator to

new energy plateaus. Since that

time, alternating gradient focusing
has been used worldwide as one of
the guiding principles behind eveiy
new accelerator
The AGS first reached Its design

energy on July 29. I960, and the
experimental program was off and
running It has been a most fruitful

program, yielding an impressive
number of significant discoveries,
two of which, the J/psi particle and
CP violation, have earned the AGS the
distinction of having produced two
discoveries which were awarded
Nobel Prizes. In 1976 and 1980
respectively.
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Noronber t9M
Apt. 13. 1959 '*,

M*y 17. 1960

P^ 16. 1963 ^

Jlllrl964 -^

EVENT AnAGS Chronicle
Alteimam gnuUent facntlag dereloptd «t BNL.

AGS coiutntctloo begUL

AGS prq)cct moved from acreii bairmcka to new Bldg. 911

Lime proton l>e«m accelerated to BO MeV on flwt attempt.

Beam fint Introduced Into ring. '<
.

I 100 tiinu ofdrcolatlon acUend.

First reached design energy of 30 GeV.

Accelerator Department formed.

AGS dedication ceremony.

Moon-nentrlno dlacorered at AGS br a Colnmbla/BNL coUa- '

boiation; BNL/Yale team dlacovered and-«l-mlnn« particle, i

Bonnd-tbe-clock operation bega

AngnM1964 T

Dlacorcry of CP violation at AGS by James W. Cronln (U. of
Chicago) and Val L. Pitch (Princeton) announced In Physical
Review Letters. Nobel Prize awarded Oct. 1980.

Multltum Injection first accomplished.

Dec 3. 1964
I

Beam intensity reached 1.0 )

AGS Improvement program funded.

March 1968

November 1970

first beam extracted In slowly extracted beam (SEB) mode.

First operstion of the new Linac at 200 HeV. J

llosember 1974

New fast extracted beam (FEB) mode first used.

The J particle discovered at Che ACS by SamuelCC Tlag
(MTT). who ahared Nobel Prise for this dlscoverr
to Oct. 1976. , =i

^'

-in.-:-

D-llne b^an operating to east experimental
ana: MPS upgrade completed.

H tojcctlon replaced proton li^ection.

New polarised H Ion source achieved record
totensllles to excess of 1 2 mA.

Feb. 14. 1984

AGS reached record totetisity of 1.63 X 10" p/p.

HEOG Task Force recommended AGS n.

Polarised proton experimentation began, operating
at 16.5 OeV. highest energy ever tor polaiiscd protons.

Consttuctlan began on tunnel to Unk Tandem andACS for
heavy Ion beam accelcntlen to the AGS. J

Main AGS Control Room c

29. 1960. at approximately A
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The AGS: An Anniversafy Salute (continued)

Superlatives conOnued to mount
for the AGS In 1984. By the end
of the year, the AGS had
accelerated over id"
( 1 .000.000.000.000.000.000.000

)

protons in Its lifetime, more than
any other high energy machine,
earning the title of "Worid's Most
Prolific Accelerator"

In 1984. the AGS also became the
"World's Most Polarized Accelerator.

"

The AGS claimed this distinction In
July, when we began delivering
beams of polarized protons to

experimenters.
In order to accelerate polarized

protons, which spin In the same
direction, we had to modify the AGS
rather extensively. This work began
in 1982. and included:

creating and commissioning a
new ion source for polarized nega-
tive hydrogen (H ) Ions.

developing a new pre-
accelerator, a radio frequency
quadrupole (RFQ). to replace the
Cockcroft-Walton.

building, then installing in the
AGS ring. 12 fast ( 1 6 microseconds!
pulsed quadrupoles and power sup-
plies for 96 correction dlpoles.
Milestones came quickly On June

17.1 983. we set a new world record
for output of polarized Ions with the
new source; on February 14. 1984.
the RPg worked beautifully on its

first try. accelerating 40% of the
injected beam: on February 23. a
beam of polarized protons was accel-
erated to 200 MeV In the AGS Injec-
tor, the Llnac on March 8. jx)Iarlzed

protons were accelerated Into the
AGS ring for the first time; and on
July 13. researchers began experi-
menting with these spin-aligned
particles.

BLIP, CLIP and HEIN

Near the end of theirjourney down
the 537-foot-long. 200 MeV Linac.
some excess particles are diverted for
use by non-high energy phvslcs
experiments. The Brookhaven Linac
Isotope Producer, or BLIP, is a facility
of the Medical Department, which
regularly ships BLIP radioisotopes to
both medical users and Industry.
The Chemistry Department has a
research facility known as the Chem-
istry Llnac Irradiation Facility (CLIFI.

which is used to produce radionu-
clides. CLIF includes a Medium
Energy Intense Neutron facility

(MEINI. where neutron-rich radlonu
elides are produced for study.

HYPERNUCLEAR,
SPECTROMETER
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AGS Pities Program

Today, exciting research

abounds at the AGS. To accom-
modate many different types of

experiments, the AGS can deliver

protons in three modes and send
protons to as many as 1 1 experi-

ments simultaneously. These
experiments were part of the

approved AGS physics program in

1984 though not all were ready to

receive t)eam.

1>pe of Bsperiment
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The AGS: An Anniversary Salute (continued)

lype of Ezperlmeiit
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In the longer term, to

increase the dulv raeinr lor Ihe

^lovvlvcxtniri.-rl lir.iHi In .ulfiiniia

increase am i!Mi, i^ iD 'protons

per pulse by luriher uiipiuu meats
10 (lie AGS and the booster.

The booster ring, which figures

importanUy in both our lonii-term

nnd short term plans, would be built

between the e.xisiniL; 200 MeV Linai

and the strueiure whii h liriused Ihe

orisiiiial AGS 50 Me\ Lniai. injector,

to serA-e bmh the proKin and heaw
ion programs at the .U/S This boos-

ter is also critical 10 our plans lor a

Relalhistic Heaw Inn Collider IRHICt.

A proposal for KlIIC has been sub-

mitted to DOE. If it Is approvvd. the

ACS will goon to still another duty.

senlnH as the injector for this large

accelerator, which would collide Ions

up to A - -200 ai 100 GeVVnu-
cleon ai a lunimo.sitv ol lO" cm ' s '.

Right, above; Larry Ratner o( BNL
(standingl and Alan Krisch. Univereiljr

of Michigan, monitor the data on the

control room computer screen as polar-

ized proton experimentation begins at

the AGS.

An aeriai view of the Alternating Gra-

dient Synchrotron. The Linac tupper

lefll is the injector for the AGS ring. The
large building in front of the ring houses
the Accelerator Department and the

AGS control room. Other structures in

the area are used to service the acceler-

ator and for experiments.
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Brookhaven has always maintained a strong spirit of
cooperative research. Large numbers of visiting scientists,

primarily from universities, use the Laboratory's unique
facilities to do research not possible otherwise. BNL also
encourages interaction with industry in the application of
new knowledge.
Close to 30 facilities are available for non-proprietary,

usually basic, research. Proprietary research may be per-
formed under a formal agreement between BNL and the
outside user.

Previous pages described Brookhavens Alternating Gra-
dient Synchrotron, a venerable machine that has served
literally thousands of users in its 25-year history. High-
lighted on these pages are BINL's other major facilities that
serve the scientific community of the world.

National Synchrotron Light Source (NSl^)

The \S1.S IS III,- world's hriiihli-sl smirre ol ii!lrn-
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High Flux Beam Reactor (HFBR)

The 60-mc^awatt HHiK provides an
I nirnse source of particularly pure
ih'-rmal neutrons. Etnptiasi^ is on
the study ol umdametitnl probienns
lu sfilid si;iic and nuclear physics
.^;l'l :n -fnjciural biolo^vand chcm
t^i p. Varitjtis instruments are avail

able, and special equipment exists

forexperiiiienlsal hifth and low
temperiures. high magnetic lidds
aiid high pressure-

Tandem Van de Graaff
Accelerator Facility

A wide selection of light and heavy
Ion beams are available at this
machine lor applications in malerlaJs
research. F^florls are made to lacill-

laic users work by having the
machines opt rale aroundthe clock,

by developing casy-lo-use equip
ment and by providing technical
assistance in selling up experiments.

^v
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The Big Machines (continued)

Scanning Tranamission
Electron Microscope (STEM)

STEM proi-tdcs a 2.5-anestit)nn reso-

lution on bioloilical sperimcns. The
microsrope can also determine
molecular weight and mass dlstnbu
tion within single macromolecules
and complexes Research time on the

machine is allocated in one-week
blocks by the STEM Advnsorv-

Committee.

MAJOR RESEARCH FACILITIES
SUPPORTING UNIVERSITIES OR INDUSTRY

EXTERNAL USE IN % OPERATING COST
[IN THOUSANDS OF i)

Alternating Gradient Synchrotron 1 1

Tandem Van de Graalf i 1

National Synchrotron Light Source I 1

High Flux Ssam Reactor LJ
Scanning Transmission ^B
Electron Microscope

TOTAL OPERATING COST
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Accelerator
Department

Since 1947, when we first conceived the Cos-

motron, Brookhaven has been a leader in

advanced accelerator technology. Under the aus-

pices of the Accelerator Department, we have

incorporated that technology into the develop-

ment and operation of high energy facilities, as

well as non-accelerator applications.

At present, our principal facility is the Alter-

nating Gradient Synchrotron (AGS). We are also

preparing concepts for future accelerator appli-

cations. Some of our skills are being applied to

the national effort behind the proposed Super-

conducting Super Collider. During 1984, we also

submitted two proposals to the U.S. Department

of Energy, one for a booster ring to push AGS
particles to higher energies and one for a Relati-

vlstic Heavy Ion Collider.

Probably our best-known spin-off is the Power

Transmission Project, a prototype system for the

inexpensive transmission of electrical power.

The techniques for cooling the superconducting

cables which act as the system's power trans-

mission lines were borrowed from accelerator

technology.
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.There Stands a Source

From the Linac to the AGS ring, down the experimental
beam lines to the targets, all our efforts at the Alternating
Gradient Synchrotron (AGS) are geared towards one goal:
successful high energy and nuclear research. But behind
all this — behind every successful accelerator, in fact —
there stands a source.
That source is the wellspring for all the particles that

circulate through the accelerator. In the AGS, these parti-

cles have always been protons, but over the years those
protons have been derived from several different sources
At present, we at BNL are working on two source projects,
with our primary goal to increase experimental opportiuii-
ties at the AGS.

ihe

first of these sour-
ces — an Intense
polarized negative Ion
source — is a key
component In the new
high energy polarized
proton program at the

AGS. The negative hydrogen IH )

Ions produced in this source are
polarized, which means they ail spin
in the same direction.

The creation of polarized H beams
begins with the separation of hydro-
gen molecules, each into two hydro-
gen atoms. From these, we magneti-
cally weed out all particles having
one spin direction, leaving neutral
hydrogen (H°) atoms, all with the
same polarization. These H° atoms
then collide with an energetic, neu-
tral cesium beam lCs°l. The collision
promotes a charge exchange which
yields a beam of H ions. After enter-
ing the AGS ring, the polarized H'
Ions pass through a very thin carbon
foil. There, two electrons are stripped
from them, leaving only polarized
protons.
Work on the polarized negative Ion

source began In early 198 1 . In July
of 1983. we measured beam currents
in excess of 15 microamperes IpAI. a
new world record for this type of
source. By September 1984. that had
climbed to 25 mA.
The present current from the

polarized negative Ion source Is suf
ficlent for the polarized proton

research that began at the AGS In
July 1984. These beam currents,
however, are considerably lower than
beams extracted from our regular
negative Ion source, which is still

used for the other experimental pro-
grams at the AGS Now we are trying
to prove that It is possible to con-
struct a single source from which we
can extract milllamperes of either
unpolarized or polarized negative
ions. Not only would this permit us
to serve all our present types of
experiments with only one source,
but the availability of such a source
would also open up a completely new
experimental physics domain. Our
challenge here. then, is primarily to

create an Ion source that can achieve
intensities sufficient for polarized
and unpolarized experimentation.

Satisfying those demands requires
that we create a next-generation
source capable of beam currents as
high as 25 milllamperes. in both the
polarized and unpolarized beam
modes We believe a combination of
two new features should help us

"

realize that goal.

Like the present polarized negative
ion souree. the new souree will start
with neutral hydrogen atoms. But we
will bring these H° atoms to very low
temperatures — down to around
seven kelvlns. The cooling will slow
the atomic beam considerably.
Increasing Its density (and the final

beam Intensity) by at least an order
of magnitude.
The second increase In intensity

will come from using negative deute-
rium (D ) ions, rather than neutral
cesium atoms. In the charge ex-
change process. To do this we will

build a ring magnetron, which will

surround the oncoming H° beam
with D ions that will cross-collide
with the atomic beam. Theoretically,
this could increase the polarized H"
intensity by two orders of
magnitude.

Feasibility tests will be conducted
on this Idea, now In the conceptual
stage. In 1985 Based on the success-
ful outcome of those studies, we
would design and construct the
next-generation polarized Ion source
In 1986.
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One measarement ofjust how
busy the sources at the AGS
have been is the total number of

protons accelerated in any given
year. The chart at left, which
covers each fiscal year since
1981. accumulates that total

month by month. How that

coireiatcs with the hours avail-

able for experimentation can be
seen by comparing these charts.

The number of hours the AGS
runs varies from year to year,

depending on the the current
levels of funding and mainte-
nance requirements.

James Alessi gives the polarized nega-
tive ion source a once-over, while Abovi
Kponou {foreground) monitors Its per-

formance with an oscilloscope.
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The Focus Is on Neutrinos

Exploring the particle world requires huge amounts of
experimental planning and support activities. A case in

jjoint is neutrino experimentation, which benefited from
many of our efforts in 1984 at the Alternating Gradient
Synchrotron (AGS). In particular, we developed an experi-

mental area for a new neutrino experiment, 776, and
designed and constructed a particle focusing system to

serve both 776 and existing experiment 734.

hough both experi-

ments rely on the
A'est in detectors

I
and accelerator tech-

nology', the neutrinos
' they focus on have
I been around as long

as our universe, having evolved with
the weak interaction, the force asso-
ciated with radioactivity and nuclear
decay.

Brookhaven's association with
these elusive particles is not new
either In 1962. AGS physicists per-

formed the world's first high energy
experiment, which resulted in the
discovery of the muon-neutrino.
Then, in 1974. an unusual neutrino
event occurred when neutrino exper
imentatlon at Brookhaven moved to

the 7-foot bubble chamber This later

proved to be the first single charmed
particle, a charmed baryon. Today,
researchers here look for neutrinos
with huge detectors. The detector for

Exp. 734. for example, weighs about
200 tons, and Exp. 776's weighs over
300 tons

Si nee 1 98 1 . Exp. 734 has been
measuring neutrino-electron elastic

scattering, to test the Weinberg-
Salam theory of electroweak interac

tions. Beginning in November 1984.
Exp. 776 will search for signs that

neutrinos can change from one type
of neutrino lo another loscillatel. to

determine whether they have any
mass. If the mass Is small, that

change woufd occur at ACS energies,
slowly and over a long distance, so
the detector for Exp 776 Is located

almost one kilometer 10.6 milesl
north of the AGS ring In addition to

providing a building there, we sup
port the experiment with utilities.

carpentry, cooling and surveying.

Another of our contributions was to

build, test and measure the five

toroid magnets used in the detector
system, each of which weighs about
38.5 tons and is 18 feet in diameter
by seven Inches thick.

When the first beam of neutrinos
strikes the toroids in November
1984. particles will also pass
through two new narrow-band neu-
trino horns for the first lime. Called
neutrino horns, (because each of the
two major components resembles a
long, slim homl. the 33-foot long
focusing system will rarely see a neu-
trino. What win pass through it will

be the pi (tt) mesons produced when
the AGS fast extracted proton beam
strikes a tungsten-rhenium target

The horns will focus the n mesons
into a parallel beam with a well-

defined energy, which will travel out
of the horns and down the U-line

tunnel toward the experiment. Along
the way. a large fraction of the it's

will decay, and one product of the
decay will be neutrinos
The new horns represent a several-

fold improvement over previous
horns. First, because the location

has been moved to allow a longer
decay space and because the larger

horns can focus more jt- mesons, we
will get more decay products and
thus more neutrinos, for an Increase
of about a factor of ten In neutrino
intensity, for narrow band running.
Much of our effort went Into horn

design. Earlier horns, placed in

earthen tunnels to shield against
radioactivity, were difficult to repair

or change The components of the
new horns are positioned on flalbeds

for mobility and shielded by movable
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concrete slabs 25 feet thick, so the

new horns will be both safer and eas-

ier to maintain.
Several other AGS actl\1tles have

also enhanced the neutrino e.xperi

ments. particularly our continuing

effort to increase AGS intensity.

While important to eill experiments
at the AGS. the record intensity of

1 62 X lo" protons per pulse that we
achieved in December 1983 is par-

ticularly helpful to the neutrino
experiments: the more protons avail-

able, the more tt mesons will be

created to decay into neutrinos.

Similarly, our increased under-

standing and refinement of the AGS

radio Irequen.cy system is helpful

because it allows us to accelerate

more of the protons injected into the

AGS. And with 10% more operating
time in 1984, experiments like 734
and 776 had moiie lime and more
neutrinos, so that researchers were
able to collect more data.

If pi mesons could see, this would be
their view as they enter the new neu-

trino horns at the AGS. The two parts of

the focusing system are called neutrino
horns because, after passing through
them, the pi mesons decay into the neu-

trinos that are analyzed by the detectora

of Experiments 734 and 776.
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A Quest for Quark Matter

Understanding our universe hcis been somewhat like peel-
ing the layers of an onion. First physicists looked into the
atom and found a nucleus surrounded by orbiting elec-

trons. Then they peered into the nucleus and learned it

was composed of particles called neutrons smd protons,
known collectively as hadrons. Now they contemplate
those hadrons, which are believed to consist of fundamen-
tal entities called quarks, held together in combinations of
three by other fundamental entities called gluons.

he quark gluon sym-
biosis is so tight that

free quarl^s and/or
gluons have never
been obsen'ed. But
theory indicates that

if hea\y atomic nuclei
collide head-on at energies
approaching the speed of light (rela

ti\1sticl. some nuclei will become
heated to temperatures and densi-
ties so extreme that their constitu
ents will temporarily lose their iden-
tities as neutrons and protons, and
become a hot gas of quarks and
gluons. That would create a new
form of matter a quark-gluon
plasma. Known to physicists as
quark matter, we believe its proper-
ties would reflect the conditions that
existed at the earliest moments lol-

loxvlng the birth of the universe.
There is great interest in creating

quark matter, both on the part of
nuclear physicists, who have always
studied nucleus-nucleus collisions,

and high erierg\- physicists, who
have long used high energies to

probe the most basic constituents of
matter During 1984. Brookhaven
was a center of actixnty for both
physics communities in formulating
the proposal for RHIC. a relativistic

heavy ion collider designed to

recreate the conditions necessary to

form quark matter.
Our RHIC proposal, which was

formally submitted to the U.S.
Department of Energy (DOK) at the
end of 1984. calls for construction to

begin in 1987 on a collider to be
completed in 1991. Brookhaven is an
ideal location for a relati\1stic heavy
ion collider, because most of the

injector system and the conventional
facilities aliendy exist.

Central lo a RHIC injector is the
existing Alternating Gradient Syn-
chrotron (ACSi. as well as two other
components which are indepen-
dently important to new physics
research at the AGS and should be
completed well before RHIC construe
tion would begin The first compo-
nent, for which ground was broken
in the fall of 1984. is a transfer line

that will send heavy ions from
Brookhaven's Tandem Van de Graaff
accelerator to the AGS A proposal for

the second component, a booster
ring to push the heavy ions to higher
energies before they enter the AGS.
was submitted to L)OE in mid-1984.
The 2.4 mile circular tunnel that

would house RHIC already exists on
the north side of the Laboraton,'
property. Also, there are the tunnels
from the AGS. support buildings,
three experimcntaJ areas, a central
control building and a complete
helium refrigeration system, the
world's largest. All were built for the
Colliding Beam Accelerator ICBA)
project, before the project was termi-
nated in July 1983. Our CBA work
also left us with an experienced
superconducting magnet group and
very large facilities for constructing,
assembling and testing supercon-
ducting magnets.

The collider that would make use
of these attractive assets would
accelerate all the ion species, up to

and including uranium, while the
design is optimized for beams of
gold Hea\y ions svould circulate in

two opposing nngs. colliding at six

points with an energy near 100 GeV
per nucleon in each beam — more
than enough energy, it is predicted,
to form quark matter. This is equiv-
alent to about 250 GeV lor protons,
which RHIC could also accelerate.

To reach this energy, while holding
costs down. RHIC's superconducting
magnets would operate at the rela-

tively low magnetic field of 3.5 tesla.

The bunches of heavy ions injected
would fill the RHIC ring in box-car
fashion, one after the other, an
approach that is both simple and
cost effective.



Another consideration in our RHIC

design was the effect of intrabeam

scattering, which occurs within a

beam when two particles traveling

together interact with each other.

When observed elsewhere in protons,

this scattering had had little impact.

But our calculations now show that

intrabeam scattering will cause a

bunch of heavy ions to grow, increas-

ing the beams dimensions and
promoting a loss of beam particles,

which is undesirable Larger aper-

tures to contain the beam, more
quadrupole magnets for stronger

focusing and more powerful radio

frequency apparatus to provide volt-

age will help RHIC accommodate this

effect

That has been the crux of our

challenge: to take advantage of exist-

ing assets while meeting the new
demands presented by heavy ions

RHIC may be designed to lit into an

existing tunnel, but in its design and

Its implementation, it is a new and

truly unique machine which should

allow us to enter a completely

uncharted region to study the fun-

damental properties of a new stale of

matter— quark matter.

The RHIC proposal would have

heavy ions Uavellng through

several of Brookhaven's facili-

ties. From the source at the

Tandem Van de Graaff accelera-

tor, heavy ions would travel

through a 2000-foot transfer

tunnel to the proposed booster

ring, wlilch would be built

between the Linac and the AGS.

to be raised to higher energies.

Then they would enter the AGS.

be accelerated to AGS energies,

and exit to the beam injection

tunnel to enter RHIC's two rings.

There, traveling at energies of

100 GeV per nucleon. the heavy

ions would collide at six points

around the ring for study by

researchers at four experimental

areas.
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Physics
Department

Theory and experimentation go hand in hand in
each of the areas of fundamental research

explored by the Physics Department: elementary
particle (or high energy) physics, solid state (or

condensed matter) ph3^ics, and nuclear physics.
Our solid state research is concerned with the
cohesive forces that bind atoms together to form
the various phases of condensed matter. The
basic nature of the structure of nuclei and
nucleons. as well as their interactions, command
our nuclear physicists' attentions. And in high
energy physics, our elementary peirticle physi-

cists probe the fundamental properties of the
world of the incredibly small. Now engaging the
interest of a growing number of our nuclear and
particle physicists are the study of very high
density matter and the methods for production
of quark matter with the Relativistic Heavy Ion

Collider proposed by the Laboratory.

51-563 0-86-35
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The Implications ofCP Violation

In their search for a fundamental theory of natxire, physi-

cists often use simplicity and symmetry as a guide. But
Nobel Prize-winning work done at Brookhaven in the early

1960's showed that one basic symmetry principle breaks
down in a tiny comer of the subatomic world. Today at

Brookhaven, our high energy theorists emd experimental-

ists continue to try to understand this interesting phe-

nomenon, known as CP violation.

as long thought

I

that the physics
would be identical if.

In any process, all par-

ticles were replaced by
their antlparticles

I (charge conjugation,

or CI while all of their motions were
replaced by their mirror images (par-

ity, or P). IJnder this symmetry, for

example, the rate at which a lambda
particle decays into a proton and a
negative pion would equal the rate at

which a lambda antlparticle decays
into an antiproton and a positive

pion. i.e. ,\— p-l-jr =A— p-t-ir*. And.
indeed, this symmetry is true for the

strong and electromagnetic forces

that hold nuclei and atoms together.

It is also true, to an extremely high
degree of accuracy, for the weak for-

ces associated with radioactive

decay.

It was only In 1964 that this sym-
metry principle was thrown into

doubt, when James W Cronin. Val L.

Fitch and their collaboratorsdid an
accurate measurement of the decays
of neutral K mesons (

K"
I at BNLs

Alternating Gradient Synchrotron
(AGS! Only after all other attempts to

explain their results failed was the
strongly held belief in this symmetry
principle overcome. For discovering

CPMolatlon. Cronin and Fitch

received the Nobel Prize In physics in

1980.

Today. 20 years after that discov

ery. there has been no experimental
evidence of CP violation In any sys-

tem other than the weak K" decays
Brookhaven theorists recently calcu-

lated the predictions of the currently

favored theory of weak decays — the

Kobavashi Moskawa model — and
found that the predicted size of

other CP violations are always very

small For example, the predicted dif-

ference between .\— p-l-n-" and
.\— p-Hjr' is less than one part in a
million. For some new particles,

especially those containing the bot-

tom quark, much larger differences

have been found, but the basic pro-

cess itself is rare, so the prediction

has not yet been tested by
experiment.
The K's. however, are an exception.

In terms of the amount of CP viola-

tion in the system, and so have been
the focus of many BNL experiments.
The K° and its antlparticle. the K°.

share nearly all the same properties.

Most Important, they have exactly

the same mass, as well as the same
charge. As a result of a fundamental
principle of quantum mechanics,
they can "mix" and form two new
particles, which are partly K" and
partly K" It turns out that these new
particles ha\'e nearly the same mass,
but very different lifetimes before

they decay, two features that make
them excellent probes of CP violation.

This was the basis of a very sensi-

tive experiment aimed at uncovering
the source of CP violation, which was
completed at the AGS in 1984 Exper-
iment 749. a BNL/Yale collaboration,

asked the basic question: Does the

CP violation result^ from the mixing
of the K" and the K". or is there some
fundamental violation of CP in the

interaction of the quarks which
make up the K meson?
The so-called "superweak ' theories

say the CP violation comes entirely

from the mixing, while other theor-
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quark. As things now stand, with the

long lifetime of the B and the near

equality of the ratios of the K decay

rates as dctennined by Exp. 749. the

Kobaxashi Mnskaw-a model predicts

a lower bound lor the lop quark
mass.
Both theon-llcal and e.xperimental

work is rontmuin^ in this exciting

area, where ph\-sicists are on the

verge of making a definitive conclu-

sion about the nature of the weak
decay Interaction. Contributing to

that will be BNL's unique capability

of studying unusual and rare deca\3

of the K mesf)ns. These decays pro-

\1de a sensitive means for learning

about the lundamenial forces of

nature, and we have committed
many resources OWT the next few

vears to carrying out .several rare K
det^av expenmcnis at the .^GS.

Ling Lie Chan (left) and WUllam Moree
discuss the data collected by AGS Ezpcr-
iinent 749 and its ramifications for the-

ories of CP violation.

ics. like the Kobayashi-Moskawa
model, predict additional CP viola-

tion effects. If the phenomenon
results entirely from the mixing.

then the ratio of the rale of the long-

lived K decay into any particular par-

licles. to the ratio of the rate of the

short lived K decay into the same
particles, miist be the .same for all

possible final particles,

Kxpenmeni 749 was desii;ni-d lo

compare. pre( iselv. this ratio lor Ihe

iwo possible final stales, rrr and
.t'tt". using Ihe iniens<" K beams at

ihe ACS. Aboui ten limes the worid's

previous sample of the rarest ol

these decavs. the Ki — t -
. was

accumulated. This was important

because accurate measurement ol

this ralio requires ihal many decays

be measun-d Uased on these data,

we concluded lhal the ratios could,

at most, diller by a small amount.
This result is Important to theo-

ries ol particle decays. Our iheorisis

have been involved in an exlensivr

program lo determine Ihe pn-cisc

lonii ol the inliTaclions lhal uivr

ris<- lo these decay
:irc do <-lv

ihi- hli-

cl.ilcd 1 lopiral

Ki.-nllv

and Ihe mass ol ihe anticip.iled lop
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Hyperons: The Inside Story

Looking inside an atomic nucleus is cis predictable as gaz-

ing at a clear nighttime sky. Just cis we expect to see cer-

tain stars and planets in the heavens, we count on "see-

ing" protons and neutrons (nucleons) in the nucleus. Still,

unexpected things like shooting stars and satellites some-

times mingle with the constellations. In the subatomic

world, some strange things, like lambda and sigma parti-

cles, can enter a nucleus.

Collectively, these strange particles are called hyperons,

and when they wander into a nucleus, they join with the

nucleons there to form a hypemucleus. Hyperons, like the

nucleons, are composed of three fundamental entities

called quarks. With hyperons, however, one of those

quarks is a strange quark, which accounts for the parti-

cle's "strangeness."

I
n a continuing pro-

I
gram at the Altemat-

I
ing Gradient Synchro
Iron (AGSI. our
nuclear physicists are

forming hypernuclel.

I to study their prof>er-

tles. to learn about hvperons and the

quarks of which they are made. and.

in particular, to understand the

interactions of the lambda particle.

Until a few years ago. the hypemu-
clear program centered on magnetic
analysis of the processes by which
hypernuclel arc formed — using
magnetic spectrometers to measure
the energy difference between a
normal nuclear state and a hypemu-
clear state. But the amount of infor-

mation obtained in an experiment is

directly related to the energy resolu-

tion of the technique With magnetic
analysis this was only about two mil-

lion electron volts, so we began look-

ing at gamma ray transitions as
another approach.
A gamma ray Is a high-energy

photon, a massless particle usually

emitted by an ordinary nucleus dur-

ing an electromagnetic transition

between energy levels. But gamma
rays may also be emitted by a hyper-

nucleus, as It decays from a more
excited state to a less excited state,

possibly to the hypemuclear ground
state When we detect gamma emis-
sions with sodium iodide (Nail, the

energy resolution Is about 100 thou-

sand electron volts (keVI. or about 20
times finer than it Is with magnetic
analysis.

Our Nal detectors revealed some
hvpemuclear secrets In 1983. We
learned that the energy levels of a

hvpemucleus with one lambda par-

ticle are very close to the levels of the

core, the basic nucleus without a

lambda particle. This Indicates that

the interaction has a very small spin

dependence (the energy of the Inter-

action depends very little on the

direction of spin of the lambda
partlclel-

Knowing that the spin dependence
Is weak, we identified these states as

core transitions, where the presence

of the lambda particle perturbs the

nuclear core, causing changes in its

energy levels. We also knew that the

spin of the lambda particle is one-

half, so it Is either oriented in the

same direction as the spin of the

core, or In the opposite direction.

This meant that the energy levels of

the core have to be split Into dou-

blets, where two hypernuclear levels

exist for each core level.

Our goal during 1984 was to look

at the transition between these dou-
blet levels, to measure the spin

dependence of the lambda-nucleus
Interaction directly Because we
needed even liner resolution than
Nal could provide, we used detectors
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made of germanium, which gave us a

resolution of 2 keV. 50 limes belter

than Xal-

Measuring spin dependence re-

quires studung the various laeeis ol

spin dependence, known indiMdually

asspm-spin. tensor and spin orbit

interactions. We knew that ilWe
could observe a spin-flip Iransiiion

of a lambda panicle, we would learn

something about these terms in a

hvpemudeus.

When spin-llip occurs, il the spin

ol Ihe lambda particle were oriented

in the same riiretiion as the spin of

the core at the upper member
lex-cited state) of the doublet, it

would Hip and be in the opposite

direction to the core when the tran-

sition was completed, with the parti-

cle at the lower member of the dou-
blet, in this case, the Inpernudear
ground state. Lambda lifetime, how-
ex-er, is v^r\* short, so there v^-as a

possibility that the particle would
not sumve long enough to make the

transit loj-i.

Data from our 1984 experiment,
however, show that Ihe transitions

do. in laii. occur We obsened the

spin flip transition of Ihe lambda
particle, and as a result of these

obscr\-itlons. we are beginning to

understand some of the facets of

spin dependence. To continue that

progress, our next e.xpenment will

focus on the third aspect — the spin-

orbit interaction We will tp.' to mea-
sure this Interaction in a carbon
nucleus made h\pernuclear by the

addilion of a lambda particle.

At the hjrperauclcar spectrometer at the

AGS, Morgan May (foreground) checks
data in an experimental logbook, while

Dick Sutter tests the spectrometer's

main ma^et.



1070

HSF CONTRACT PHY80-22200

ANNUAL REPORT

Floyd R. Newman

LABORATORY OF NUCLEAR STUDIES

CORNELL UNIVERSITY

November 1, 1983-October 31, 1981

B. D. McDanlel, Director

During the past year there have been several important accomplish-

ments of the Laboratory. Our serious effort to improve the luminosity by

the use of the 3-bunoh "pretzel" mode has yielded nearly a factor of two

Increase in average luminosity of CESR with the promise of another

comparable increase when we go to 7-bunoh operation. We have made an

extensive and detailed survey of the total e -e cross section between

10.8 and 11.2 GeV in the successful search for other (upsilon 5S and 6S)

resonances. During the last two months of the period we have Joined the

search for the phantom zeta particle which was reported by the Crystal

Ball group working at DESY.

The total luminosity supplied by CESR during the year amounted to 1 1

1

inverse picobarns. This was accomplished in spite of the commitment of a

very large fraction of time to machine studies to develop the multi-bunch

operating mode and to Install a new vacuum chamber and vertex detector in

CLEO. Even with the large time commitment for these purposes, the total

luminosity provided during the year exceeds that of any earlier year.
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The new vertex detector, which was built and Installed by the Ohio

State University collaborators. Is operating extremely well and will

greatly improve the charged particle tracking In future experiments. At

the same time that these components were being Installed, the CLEO group

also Installed new electronics for the drift chamber which permits dE/dx

measurements on all layers, greatly improving the efficiency for Identi-

fying and detecting kaons.

Our superconducting rf group made major advances during this period

by Improved materials treatment. An accelerating field gradient of about

15 MeV per meter at S-band was obtained in a 5-cell cavity which was com-

pletely equipped with higher order mode and fundamental couplers for full

operation. We believe this to be a world's record for these conditions.

A test of this cavity In CESR Is scheduled for the end of November.

The computer group continues to provide good service in spite of

evei— increasing demands. During the past year, six 370/E emulators have

been constructed. Three are currently In use and the remainder will soon

be In service. Planning is proceeding for a major upgrade of the system.

CESR

1981 was the first full year of 3 bunch per beam running for CESR.

During this year performance has almost doubled compared to previous years

of intensive single-bunch running. An rf cavity modified to avoid vacuum

leak problems was Installed and has operated for more than two-thirds of

the year with no signs of trouble. The micro-beta rare earth-cobalt quad-

rupole properties were studied extensively and after extensive discussion

and negotiation with vendors an order for material has been placed.
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A breakdown of accelerator time distribution during the year Is shown

in Fig. 1. Unscheduled down time was a quite modest fraction of scheduled

operating time; 9% for the accelerator, 2J for experiments. These figures

are particularly Impressive considering raulti-bunch operation requires

four electrostatic separators operating stably at all times while beams

are colliding.

High Energy Phyalca

The first eight months of the year were spent scanning the energy

region above the T(1S) resonance {10.8-11.2 CeV/c cm.). 92 pb"' were

accumulated, and during this period CESR delivered as much as 1 pb"VlR in

a single day. Peak luminosity hovered around 2.5 x 10 cm sec" for

much of this period (see Fig. 2) with a maximum of 2.75 x 10-^^ achieved

(averaged between the two IR's). For the last two months of the year 22

pb /IR were delivered on the T(1S). While peak luminosity was somewhat

lower due to the lower energy, multi-bunch operation produced the same

factor gain (1.8) over single-bunch running as had been measured at higher

energies. During this later period advances in Injection resulted in

repeatable filling times of to minutes with 30 minutes being achieved In

several fills. Figure 3 shows average Integrated lumlnoslty/IR in weekly

bins.

Operation with more bunches than are conventionally used to match

the number of interaction regions in a storage ring has become routine at

CESR and has been demonstrated to yield significant gains in luminosity.

This is the first time this approach has been successfully used in a

storage ring to increase luminosity. Problems in working with a vacuum

chamber designed for single-bunch operation and in dealing with non-linear

effects, particularly from sextupoles, have limited the gain to somewhat
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less than ideal (factor of 1.8 for 3 bunches). However, we are confident

that we understand these effects well enough to predict that performance

with 7 bunches will reflect a factor of 3 to 3-5 gain over single-bunch

operation.

In spite of the increased currents associated with multi-bunch,

injection times have decreased as a result of a greatly improved injector,

eliminating the need for coalescing. Further improvements in current and

efficiency during the filling periods will maintain or improve the overall

duty cycle even with another doubling of current with 7-bunch operation.

Machine Studies

Several machine studies periods during 1984 were devoted to multi-

bunch and micro-beta developments. During December, April, and October,

tests with 7 bunches per beam showed the feasibility of using 7 bunches

for routine running. Luminosity of over 3 x 10 /IR was measured, and

filling times of an hour or less are consistent with performance during

machine studies. Significant time was used during the year to understand

the limitations resulting from aperture limits and non-linear effects.

A week during January was devoted to studying possible experimental

background problems associated with the micro-beta quadrupoles. Results

were encouraging. At this time we also studied the effects from the pres-

ence of a second RF cavity which will be necessary to shorten the beam

bunch length during micro-beta operation. Results indicated no basic

problems in beam-beam performance existed; however, appearance of a

quadrupole transverse instability suggests the need of a moderately

sophisticated feedback system for multiple-bunch micro-beta operation.
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Several topics associated with luminosity improvement were studied

during accelerator development periods. The primary instability encoun-

tered with tnulti-bunch operation is a transverse coupled-bunch instability

possibly driven by a low frequency impedance in CESR. Theoretical esti-

mates and measurements of likely components in the storage ring do not

explain the observed beam behavior. Several days of machine study have

been devoted to understanding this instability; however, we do not yet

have a plausible model for this effect. Thus far we have been able to

successfully operate in a 7-bunch mode using straightforward feedback and

high chromaticity to provide head-tail damping.

Through comparison with measurements in CESR we are confident in

using the non-linear tracking program DIMAT (from K. Brown and R.

Servranckx) to model many effects in CESR, potentially saving significant

machine time.

Studies of the effects of the CHESS wiggler on luminosity indicate

that it may be possible to use it to control emittance. Studies of

steering elements in the CHESS source region and better understanding of

position monitors have reduced time and confusion involved In maintaining

stable beam positions for the CHESS users.

We discovered that proper manipulation of quadrupoles could turn an

annoying problem, residual vertical ripple from the vertical electrostatic

separators used for injection, into an aid in multi-bunch injection. This

ripple was phased to provide several millimeters of vertical separation in

addition to the normal horizontal separation at the parasitic bunch cross-

ing points in the arcs. With this new beam optics, 10 to 15 minutes have

been cut off our injection time.
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Better understanding of the compensation of the CLEO solenoid, aided

by the DIMAT program, has resulted in reduced vertical dispersion genera-

tion and better high energy physics performance.

Accelerator Equipment

After several years of recurring problems with vacuum leaks in the

CESR RF cavities, a unit was modified and it has operated since April with

no signs of leaks. A second cavity has been modified and is being baked

to reduce residual outgassing. The third cavity will be rebuilt after the

second is shown to be a usable unit. We have supported a total circulat-

ing current in excess of 150 mA with one RF cavity, reducing some concerns

about multi-bunch operation. Transmitter control circuits have been

examined and optimized for better phase and amplitude control.

A new transmitter for the synchrotron RF has been commissioned. The

new design permits changing klystrons without removal of the beam trans-

port line between the synchrotron and CESR. Replacement of phase shifters

and other low level equipment with state-of-the-art solid-state units is

underway.

Linac reliability has been improved with the installation of solid

state thyratron trigger amplifiers and new klystron monitoring equipment.

New pumpout lines for the Linac vacuum system have reduced the time to

recover from vacuum work.

A test beam facility was installed to allow 300 MeV positrons from

the Linac to be used in measurements and calibration of Csl crystals

proposed for CLEO II. This facility has operated simultaneously with

colliding beam operation during periods when the Linac was not being used

to fill CESR. There has been no detrimental effect on the high energy

physics program.
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Micro-Beta

During the first quarter, extensive tests on SmCo^ magnetic material

demonstrated its suitability for use in a storage ring such as CESR.

These tests included: reproducibility of material and quality control

capabilities of two potential manufacturers; stability of the material

under stresses from elevated temperature and externally applied magnetic

fields; and ability to achieve a satisfactory field distribution with our

proposed quadrupole design.

In March the first of several discussions with potential manufac-

turers was initiated in order to produce a realistic specification. This

process extended over several months since material suitable for precision

quadruples requires careful control of many parameters during manufacture

which are normally unimportant. An order was released to Vacuumschmelze

in October.

A serious concern with the micro-beta lattice was the possible need

for vertical trim separators since the residual orbit distortion (from the

vertical separators used for injection) would double from the present ±3

mm to ±6 ram. This perturbation results in coupling and reduction of

aperture. Injection improvements, careful placement of components, and

lattice optimization make it likely that this expensive and manpower-

intensive job can be avoided.

Since the rare earth-cobalt (REC) quadrupoles extend to within 0.6

meters of the interaction point, well within the experiment drift chamber,

the accelerator physicists are working closely with CLEO physicists to

avoid impossible restrictions for either group. A possible design exists,

but many details remain to be resolved.
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Estimates of luminosity improvement from micro-beta range from 1,5 to

2.5 times the pre-micro-beta values. The micro-beta, multi-bunch, and

other operational improvements in aggregate are expected to produce lumi-

32 -2 -1
nosities in excess of 10 cm sec and integrated luminosity of 2 to *»

pb per day.

CLEO

Whether viewed in terms of data collection, data analysis, installa-

tion of new equipment, progress on future improvements, or publications,

this has been another very successful year for the CLEO collaboration.

In the period through mid-June the CLEO group concentrated on data

collection in the energy region above the T('4S) in a search for new

hadronic structure, with a total integrated luminosity of 72 pb . The

initial analyses showed two prominent enhancements in the total cross

section and in the decay branching ratio to leptons which may be inter-

preted as new states of heavy constituents denoted T(5S) and T(6S) (see

Fig. *»). Analysis is continuing on other decay channels to learn more

about the nature of these resonances.

June and July were devoted to the installation, debugging, and

understanding of the high-resolution vertex detector, the thin-walled

beryllium beam pipe, and the new drift chamber electronics which simul-

taneously measures pulse height and drift time. We also revamped the

tracking trigger to be tiered (enabling us to make necessary trigger

decisions in CESR 7-bunch running) and to correlate track segments in the

various regions of the drift chamber when forming tracks.
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We are completing our first data run with these improvements, having

collected 15 pb at the T energy and now running in the continuum below

the resonance. For this period we installed a lead cylinder between the

vertex chamber and the main drift chamber of thickness 10' of a radiation

length in order to make CLEO a high-resolution photon detector. Among the

goals of this effort are (i) the verification/denial of the zeta observed

at DESY, (ii) a detailed measurement of the branching fractions of T to

Ygg and TT, and (iii) a limit on heavy axion production.

The new elements work very well indeed:

(a) with the correlated tracking trigger CLEO finally has a high-

efficiency two-track trigger with an acceptable rate.

(b) the vertex detector participates in the trigger and has a

spatial resolution of 90vi for Bhabhas and llOy for hadrons. It is very

efficient and provides an excellent veto in our effort to find photons

which convert in the lead.

(c) the new drift chamber electronics has the anticipated dE/dx

resolution (o/E = 87% per layer) and e/p separation (see Fig. 5): the new

electronics still gives good spatial resolution, namely for l65iJ hadrons.

Progress on the New Drift Chamber

During the past year the endplates for the chamber have been drilled

and delivered to a newly constructed clean room. New methods for string-

ing and holding wires have been perfected and the target date for string-

ing completion is June, 1985. Hybrid preamp design has also been finished

and prototypes have been ordered for delivery by January, 1985. These and

other electronic components (HV, pulse height, timing, etc.) should be
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Fig. 5. Plot of dE/dx of the drift chamber vs. momentum,

The ordinate is the mean of the lowest 50 percent of the

pulse heights in the 17 layers of wires. The separation

of the pi's, K's and P's is clearly shown.
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completed by June, 1985. We have also decided on the scheme of the track

segment trigger and have started to design it.

We presently plan to install the completed chamber starting September

1985 to coincide with the CESR micro-beta installation. It will take

roughly three months to remove the old chamber and electronics, install

the new chamber and its electronics, and test the system.

CLEO II Progress

The current design of the CLEO II electromagnetic calorimeter calls

for 8000 Csl crystals, each 16 radiation lengths long with a total volume

of eight million cubic centimeters. We have begun acquiring and testing

these crystals. We have used radioactive sources to determine the output

light quality. In tests using the 180 MeV positron beam of the Linac, we

have achieved an rms crystal resolution of H%. We plan to construct an

end cap calorimeter using 500 such crystals and install it in CLEO at the

same time as the new drift chamber.

The other aspects of CLEO II are progressing as well. Two companies

have submitted detailed design studies for the new superconducting coil;

investigations are underway to acquire the necessary iron for the flux

return and hadron shield; tests are starting on both the electronics and

the counter designs for the muon and time-of-flight systems.

Conferences with CLEO Speakers

Electroweak Interactions, Moriond, Les Arcs, France
New Particles, Moriond, Les Arcs, France
Flavor Mixing Conference, Erice, Italy
Instrumentations Conference, Novosibirsk, USSR
Vanderbilt Conference, Nashville, TN, USA
American Physical Society meeting, Washington, DC
Weak Interactions Conference, Madison, WI , USA
Multiparticle Dynamics, Lund, Sweden
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SURA Conference, Virginia, USA

Trieste Conference, Trieste, Italy

International HEP-XXII, Leipzig, GDR

SLAC Summer Institute, Stanford, CA, USA

Collisions Workshop, Hamburg, FDR

DESY Workshop, Hamburg, FDR

IEEE Conference, Orlando, FL, USA

SE American Physical Society meeting, Memphis, TN, USA

Division of Particles and Fields, Santa Fe, NM, USA

Publications this Fiscal Year

Total Cross Section for e e Annihilation into Hadron Final States

in the T Energy Region

(with the CLEO collaboration, R. Giles et al.),

Phys. Rev. D 29. 1285 (198U).

Observation of Radiative Decays of the T(2S)

(with the CLEO collaboration, P. Haas et al.),

Phys. Rev. Lett. 52, 799 (198i().

A Search for the C(2.2) in the Upsilon Region

(with the CLEO collaboration, S. Behrends et al . )

,

Physics Letters 137B , 277 (19814).

Limit on the b - u Coupling from Semileptonic B Decay

(with the CLEO collaboration, A. Chen et al.),

Phys. Rev. Lett. 53. 108i4 (19814).

Hyperon Production in e e Interactions in the Upsilon Region

(with the CLEO collaboration, M. S. Alam et al . )

,

Phys. Rev. Lett. 53, 2i4 (19814).

Upper Limit on Flavor-Changing Neutral Current Decays of the b

Quark
(with the CLEO collaboration, P. Avery et al . )

,

Phys. Rev. Lett. 53. 1309 (1981)).

High Statistics Study of T(2S) to p p T(1S)

(with the CLEO collaboration, D. Besson et al.),

Phys. Rev. D 30, 1133 (198i4).

Leptonic Branching Ratio of the T(2S)

(with the CLEO collaboration, P. Haas et al . )

,

Phys. Rev. D 30, 1996 (198il).
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SUPERCONDUCTING RF PROGRAM

The principal activity of the superconducting rf program has been

development and construction of four five-cell 1500 MHz "elliptical"

accelerating cavities for storage ring service. These cavities are com-

plete with integral waveguides for coupling high power into the cavity and

damping beam-induced higher order modes which would otherwise destroy the

beam. A substantial fraction of the program effort was devoted to deter-

mining the higher order mode damping requirements and developing couplers

which provided this damping without degrading the performance of the cavi-

ties. Three such cavities have been completed and have achieved accel-

9
erating gradients of 8.9, 8.0, and 15.3 MeV/m at Q's of 7 x 1 , 3-5 x

Q Q
10 , and 2 x 10 , respectively; these gradients are significantly higher

than those previously achieved in multi-cell storage ring cavities with

all coupling devices in place, at Cornell or elsewhere. Two of these

cavities have been chemically processed, installed in the "horizontal"

cryostat for installation in CESR, and tested without beam using a solid-

state rf amplifier. In the test in the horizontal cryostat, both cavities

exceeded 3 MeV/m (limited by available rf power because of the strong

9
input coupling), exhibited Q values at this field of 3.1 x 10 and 2.3 x

9
10 , respectively, and could be txined to the correct frequency using

stepping motors in the liquid helium. The static heat load of the cryo-

stat was measured to be less than 7 watts. This system, in its current

state, will be installed in CESR for a test run within the coming month.

Due to the high fields being reached in these cavities, it has become

impractical to protect personnel from x-rays by wrapping cryostats in
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lead. Two shielded caves, with interlocked monitors, are being con-

structed for future high-field testing. Other facilities improvements

have included a new computer numerically controlled mill, which is now in

regular use for making precision parts and complex shapes, and a clean

enclosure around the electron beam welder, which is expected to prevent

dust being included in welds, a problem in the past, from being a problem

in the future.

Bunched-beam instabilities involving internal distortion of the

bunches due to high-Q resonators have frequently been predicted but have

never been observed in electron storage rings with suitably adjusted

lattice parameters. Particle tracking simulations show that the absence

of such instabilities in the case of transverse motion is due to the

curvature of the rf restoring force, and the Landau damping which this

curvature provides. This is a useful result, since feedback can be

applied to rigid bunch motion (for which case the Landau damping does not

apply), but it is difficult to apply feedback to internal bunch motion.

Work to improve the thermal conductivity of niobium (and hence its

stability against quenches induced by localized hot spots) has continued.

Collaboration with other laboratories and companies has led to the produc-

tion by Ames Laboratory, Fansteel, and Heraeus of high purity niobium with

3 to 5 times the thermal conductivity of standard reactor grade niobium.

Treatment of standard reactor grade niobium with yttrium has also yielded

thermal conductivities 3 times those of reactor grade niobium. A fourth

5-cell cavity made of the yttrium-treated Heraeus material is under con-

struction (the cavities being used for our beam test in CESR have 3 times

the thermal conductivity of reactor grade niobium).
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Initial studies directed toward further Improvement In performance of

superconducting cavities and toward their application to colliding linear

accelerators have Included evaluation of apparatus available for studying

surface properties of large samples, and calculations of cavity designs

suitable for producing high magnetic and electric fields on demountable

flat plates and for producing high electric fields over large areas.

Thermometry Improvements Including thermometers with 10 microdegrees

Kelvin sensitivity, vacuum-insulated thermometers for use in superfluid

helium, and sensitive thin-film thermometers using a mixture of aluminum

and silicon monoxide have been made.

Work has continued on studies of benefits obtained by dissolving a

surface oxide of niobium into a previously deoxidized bulk. A factor of

two reduction in rf power dissipation has been demonstrated using this

method.

Work has also continued on calculations of particle trajectories

through groups of successively rotated laser-powered grating accelerators,

and of the effects of fields induced by the bunch on the dynamics of the

particles in the bunch.

COMPUTER FACILITY

The DECsy3tem-1099 ("KL") computer continues to be saturated. For

the more stable production analysis code for CLEO we have built six 370/E

emulators. Our Intent is to have five running with the sixth as a spare.

Currently three are working and three are in the final stages of debug-

ging. They are attached via ETHERNET to the VAX/780 which serves as a

host and I/O server for them. Each 370/E has raw compute speed of

approximately two times that of a VAX/780 or two-thirds that of the dual
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processor KL computer. We expect to have the CLEO "compress" code running

in the emulators very soon; this will hopefully relieve some of the

Immediate burden on the KL. We are starting to investigate the idea of

"farms" of small but fast micro processors such as the MicroVAX to be used

in the same role as the 370/E's. These would have the advantage of being

much easier to program since the programs would be completely compatible

with our larger VAX systems.

In the previous year we purchased two VAX/750 computers to replace

the DECsytem-1070 ("KI") computer which had been used for CLEO on-line

data analysis and CESR control system. In January the CESR control system

was converted to the VAX (CLEO on-line data analysis had been converted

earlier) and the KI was finally turned off forever, after ten years of

service. Two more VAX/750 computers were purchased during this year,

nominally to replace the CLEO data acquisition PDP-11 /S'J and provide

backup and development capability for CLEO and CESR. We have not yet

replaced the CLEO PDR-ll/S^J, and it looks as if improvements to our

software may make it possible to perform the data acquisition directly to

the on-line data analysis VAX/750 and simply eliminate the PDP-11 /S**-

As CESR luminosity increases, we may need two VAX/750's for on-line

data acquisition, but, until then, the second CESR VAX/750 (and most of

the backup and development VAX/750) will be used for accelerator theory

calculations. The VAX/780 which was originally purchased primarily for

accelerator theory will now be used primarily for word processing and CLEO

software development. This reassignment of VAX functions seems to be

better for everyone and allows us to prepare more effectively for future

computer options.
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None of the VAX/750 computers were purchased with high density 6250

bpi magnetic tape drives since they were not available from DEC at the

time. Because too many tapes are required at lower densities, 6250 bpi is

required for backing up the disks. We have now purchased four CDC

Keystone streaming tape drives with Emulex controllers and expect to have

them installed early in the next fiscal year.

We have long recognized the need for substantially more general

purpose computing capacity than is available with our current configura-

tion. For the last two years we have felt there were two realistic

approaches to solving these needs. One is to assemble a "cluster" of high

speed VAX systems sharing a common file system and the other is to obtain

a single large IBM (or IBM compatible) mainframe computer. The major

advantage of the former approach Is compatibility with our current

hardware/software and flexible expandability. The major advantage of the

latter approach is that IBM, and its plug compatible competitors, will

probably always have single cpu's that are more powerful than the cpu's

DEC will supply to run in clusters. This means that the number of cpu's

to meet the total need can be smaller and utilization can be more effi-

cient. It remains to be seen which approach is more cost effective.

We have issued a letter of purchase for the recently announced DEC

VAX/8600 system to hold an early delivery slot. In early December we will

be assembling an advisory panel of external experts to help us decide

between these or perhaps other directions. Pending the report of the

advisory panel we can decide to accept delivery of the VAX/8600 or cancel

with no penalty.
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Ethernet, with DECnet software, provides the network environment for

users on our VAX systems. We have Implemented an experimental protocol,

called "LAT", which runs on PDP-11 /S^ computers and we are using this as a

terminal server so that any terminal attached to the LAT box can access

any of the VAXes. An important addition to this was accomplished this

summer when we were able to extend the Ethernet link to Newman Laboratory;

with a LAT box at Newman, terminal users there can easily access any of

the VAXes at Wilson Lab.

After extensive investigation we have purchased the MASS-n software

package for word processing at the Laboratory. This package runs on VAXes

and DEC Rainbow personal computers and provides "what-you-see-is-what-you-

get" editing of documents with equations and Greek letters. It is now

being used extensively for document preparation by physicists and secre-

taries and has been generally successful. To overcome the bottle-neck of

typing the output on relatively slow Diablo 63O ECS daisy wheel printers,
.

we plan to acquire a laser printer which will also be able to do graphics

output. To provide terminals which are capable of displaying the Greek

letters and mathematical symbols we have started purchasing DEC VT220

terminals which have downline loadable font capability.

The PDP-n/3'» computer that was used for CLEO hardware and software

development has been incorporated into the crystal testing facility for

the CLEO II calorimeter. This facility uses the new Linac test beam and

has been successfully used in evaluating the cesium iodide crystals that

have been delivered so far.
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SSC ACTIVITIES

During the past year, several individuals in the Laboratory have been

involved in activities connected with the national Superconducting Super

Collider program. In July, 1983, the High Energy Physics Advisory Panel

of the Department of Energy named as the highest priority of the high

energy physics community research and development leading to the construc-

tion of a proton-proton colliding beam facility at an energy of 10 to 20

TeV per beam.

Prof. Maury Tlgner has played a major role in this activity. In the

period from January to May, he led an ad hoc Reference Designs Group (150

participants) to develop an improved cost estimate for such a facility.

This was a very successful effort which eventually led the Department of

Energy to commit $20 M of funds for R/D for FY 1985. These funds have

been assigned to the Universities Research Association to act as contrac-

tor. A sub-board called the SSC Board of Overseers has been established

to supervise these activities. Prof. McDaniel has been appointed Chair-

man of this Board. He has been relieved of his teaching obligation to the

Department of Physics to take up this activity. One-quarter of his salary

is now paid by URA, one-quarter by the Department of Physics, and one-half

by the NSF CESR contract.

To carry on the Research and Development activity a Central Design

Group has been established at the Lawrence Berkeley Laboratory under the

Direction of Prof. Tigner. Prof. Tigner has been granted a three-year

leave of absence from Cornell University in order to assume the direction

of this activity.
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A few other members of the Laboratory have also been involved in

occasional SSC-associated activities. Professors Gilchriese and Hartill

have been involved in early discussions of detector planning while Prof.

Robert Siemann and Dr. Nari Mistry have had relatively minor involvement

in serving on SSC committees.
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Financial Statement
(Annual

)

The commitments for the period are $11,826,137 bringing the

committed to date to $36,115,418. The free balance is $768,176.
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