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Preface 

The Symposium on Perspective and Future Projects in High Energy 
Physics wa*- held on 24-25 August, 1978, in Tokyo. The symposium was 
sponsored by the Japan Society for the Promotion of Science and KEK, and 
organized by the Symposium planning committee (chairman: Y. Yamaguchi, 
Univ. of Tokyo). Leading physicists from high energy laboratories in 
the world and more than one hundred accelerator scientists of Japan 
attended the. symposium. 

Talks and discussions about status and development of high energy 
accelerator projects in the world were performed and this symposium was 
complementary to the XlXth International Conference on High Energy 
Physics. On the first day, three colliding machine projects (PETRA, PEP 
and ISA) and UNK were discussed. PETRA was already an existing machine 
since last July. In the morning of the second dayj projects of China 
and Japan (TRISTAN),, and problems about e-p were presented. In the 
afternoon future plans in Europe and TEVATRON project were reported. It 
became clear that every machine projects took colliding scheme into 
consideration and these talks were very instructive and useful to accel
erator scientists. 

The symposium planning committee would like to express hearty 
thanks to all speakers, chairmen, science secretaries and participants 
for making the symposium a success. I am deeply grateful to the Japan 
Society for the Promotion of Science for sponsorship to this symposium 
and to the Organizing Committee of the XlXth International Conference on 
High Energy Physics for their helpful supports. Hearty thanks are due 
to Dr. Y. Kojima who have done editing this proceeding and other arrange
ments of the symposium. 

Tohru Kamei 
Secretary 
Symposium Planning Committee 
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THE START OF PETRA AND ITS EXPERIMENTAL PROGRAMME 
by 

Herwig Schopper : • 
Deutsches Elektronen-Synchrotron DESY, Hamburg 

I. The Commissioning of PETRA 
On July 15 at 22:30 hours the first stored beam could be observed in PETRA, 
the 19 GeV e +e" storage ring at DESY, Hamburg (Fig.l). This first sign of 
life brought to an end the remarkably short construction period of 2 1/Z years, 
about 9 months shorter than assumed in the original proposal. But also the 
commissioning of PETRA is making fast progress. Indeed during the first week 
of tests the following important steps could be made: 

1) Storage of one injected electron pulse for about 1 min at 5 GeV injection 
energy. Even at this low energy storage requires the rf accelerating system 
since the synchrotron radiation losses amount to 0.25 MeV/turh. These 
first tests showed that most of the components (bending and quadrupole 
magnets, monitors, computer control system etc.) worked as expected. The 
beam behaviour was rather sensitive to small changes of parameters which 
was attributed to the yet missing chromatic corrections. 

2) After the activation of the sextupole magnets and chromaticity adjustments 

very much to expectatioh:. Acceptances turned out to be good, beam cross 
section was-as anticipated (F,ig.2) and life times of stored beams of several 
hours were obtained. T h e ^ that chromatic 
corrections are more important than originally realized. It should also 
be mentioned that the machine wanted to operate on the exact theoretical 
frequency, implying that the length of the 2.3 km circumference was accurate 
to within 1 mm! 



F i g . l Lay-out of PETRA. Electrons and positrons are accelerated i n the DESY synchrotron 
to 5-7 GeV before injected into PETRA- Positrons are preaccumuTated in DORIS. 
The 5 experiments Under assembly in 4 experimental ha l ls are indicated. 
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Fig.2 
Synchrotron 1ight 
stored beams. 
Upper pare: first 

from 

stored beam 
without chromatic 
corrections. 

Lower part: beam dimensions 
after switching-oii 
sextupoles for 
chromatic correc
tions, 

(the superimposed grid has a 
spacing of 1 mm) 

Fig.2a 
G.-A. Voss and the PETRA 
crew cheering the first 
stored beam. 
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3) Accumulation of many injected electron pulses in one PETRA bunch became 
possible after some minor changes of the injection system. Very quickly 
beam currents of one circulating bunch of 3 mA (1.2 x 1 0 1 1 particles) and 
hours of life time could be obtained. This life time was essentially 
determined by the residual pressure of about 2 x 10" 8 Tory obtained without 
bake-out and g1pw/dischange^1.ean.ing'''p.f:',the vacuum chamber. The currents 
achieved compare already favourably with those necessary for maximum 
luminosity at 5 GeV (1 to 5 mAy depending on the optics) and are only a 
factor of about 7 short (~ 20 mA) for the maximum design luminosity at 
about 15 GeV of about 1 0 3 2 cm" 2 s_1/interaction. These tests at 5 GeV 
injection energy showed J;hat PETRAY should; be able tc provide good lumino
sities in the 10 GeV c.m. energy region thus extending the DORIS energies 
without a gap. The standard injection energy will later be 7 GeV which 
should make "ijection even easier. 

4) On the 6th day after start-up a" stored beam was accelerated from 5 to 8 GeV 
without noticable particle loss. 

That all this could be achieved within only the first week is due to the 
enthusiastic and careful work and to the experience at all levels of the people 
involved in the PETRA design and construction, including besides machine experts 
also staff from experimental and other groups. Last not leasts major credit 
is due to the project leader G.-A. Voss (Fig.2a). 

Of course, a lot of work remains to be done before the experimental programme 
can start which is planned for the beginning of October 1978. Some further 
milestones could be passed in the meantime: 



Positrons have been injected and stored together with electrons in PETRA. 

However, this was done without using DORIS for preaccumulation, the reason 
being that DORIS has been busy during the last weeks to scan the 
Y' energy region. But the complete positron accumulation and injection 
procedure has been tried before (Fig.3) and no major difficulties are 
expected. 

Fig. 3 
Accumulation of posi
trons in DORIS. 
30 bunches are filled 
at 50 Hz with positrons. 
The most intense bunch 
is ejected and trans-
fered to PETRA via 
DESY at a rate of e.q. 
1 Hz. The filling 
of all bunches 
continues producing a 
linearly rising 
positron density. 

The highest energy reached so far is 11.1 GeV which was limited only by the 
used rf power. No difficulties were encountered during acceleration. Among 
the problems which have to be solved before full use of PETRA. can start is the 
acceleration of both stored beams separated by electrostatic plates and the 
study and reduction of rf losses induced by the circulating bunches in the 
accelerating cavities and other parts of the vacuum chamber. Since these 
higher order mode losses are the more sever the longer the accelerating 
structure is, only 16 cavities powered by 4 klystron (out of a total of 8) have 
been installed so far in the south straight section. 16 more cavities 



together with 4 klystrons in the north section will be taken into operation 
by the end of this year. Additional 32 cavities will be installed in the south 
and north next year. The presently installed rf system should be able to 
accelerate-the beams already up to 14 GeV and consecutively this will be 
increased to the maximum design energy of 19 GeV. 

II. Short-Term Improvements 
Apart from the obvious improvements (increase of peak and average luminosity by 
higher currents, shorter filling and longer beam life times, etc.) there are 
several additions under preparation or discussion. The most important are: 
Positron Intensity. Accumulator PIA 

Since DORIS managed to reach cm. energies of about 10 GeV the interest of using 
it for elementary particle physics grew, instead of decreasing, as was expected 
some time ago. Also the construction of a new large laboratory for research 
with synchrotron radiation has been approved at DORIS. As a consequence it 
seemed favourable to relieve in the long run DORIS from its injection duties for 
PETRA and the construction of a small storage ring PIA was decided. PIA will be 
located between Linac II and the synchrotron (Fig.l) and will accumulate positrons 
at 480 MeV. In order to accept as many positrons from the linac as possible" on 
one hand and to reduce the bunch length appropriately at the other hand, two rf 
systems with different frequencies (10.4 and 125 MHz) are required (Fig.4). 

Fig.4 PIA Positron intensity accumulation ring. 
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PIA can be accomodated in an existing building and by using some available 
components its cost is quite small. It is scheduled to start operation in 
the second half of 1979. . ..' ̂  

Polarized Beams 

For some of the most exciting experiments it is necessary to have polarized 
beams. After some doubts experts now agree that the chances are very good 
for PETRA that the emission of synchrotron radiation will produced transversely 
polarized beams at beam energies above 10 GeV (polarization time shorter than 
beam life). However, resonances have to be avoided and polarization might 
depend critically on the operation mode. Therefore, a polarimeter is required 
which allows a fast measurement of the transverse polarization of the beam. 

Scattering of circularly polarized photons from vertically polarized electrons 
results in an up-down asymmetry. A difficulty arises from the fact that the 
most favourable c m . scattering angle of 90° is reduced to a very small angle 
(~ 30 yrad) in the laboratory by Lorentz transformation. 

A device (Fig.5) to measure the beam polarization is being set-up in hall North-
East. An interaction region quadrupol (where the beam divergence is smallest) 

Quadrupole 
aiK 

-10m 

Interaction 
point 

Interaction 
Zone 

Laser 

]6% Bending Magnet 
M4K 

1 

Y-beam 
8 0 . M 5 K U5K I „ 

I Detector 

20 m 

Trigger Count 

V - b e a m ~ T ? r - ^ > 

Veto Counter 

Total Absorption 
ShowerCounler 

verhcal movable 
Converter 

•30m luadr 
e--beam 

Fig . 5 -_:, 
Lay-out of the 
djev.i'c.e:,to measure 
the transverse 
beam polarization. 
In the lower part 
the y -detector is 
shown. The up-down 
asymmetry is ob
served by a 
rapidly moving 
y-converter. 



has been equipped with a special vacuum chamber with appropriate windows. A 
pulsed argon laser with a Pockels cell serves as source for circularly polarized 
light. The backscattered photons accompany the target bunch for about 26 m 
where they are separated from the electrons by the lattice magnets and finally 
they are detected 45 m away from the scattering point. The detector (Fig.5) 
consists of a shower counter with veto counter for charged particles and a 
converter which moves rapidly up and down. The expected asymmetry is of the 
order of 25% at counting rates of about 30 kHz. 

In order to obtain longitudinally polarized electrons a special magnet 
structure has been designed which turns the spin by 90° relative to its momentum. 
Such special insertions could be accomodated in the long straight sections W 
and E whose experimental halls have not been committed yet. 

Increase_of Beam^Energy to_23 GeV 

In the first stage of full PETRA operation 64 accelerating cavities will yield 
beam energies of up to 19 GeV. Higher energies could be achieved by increasing 
the number of cavities or/and raising the rf power. Doubling both, i.e. using 
128 cavities and 16 klystrons of the present performance one could push the 
maximum energy up to about 23 GeV/beam. To accomodate these cavities the long 
straight sections W and E will have to be used. No changes of the bending 
magnets are necessary, however, the quadrupol focussing strength would have to 
be increased. 

III. Long Term Options 
In the PETRA design a high flexibility for later extensions has been built in. 

An increase of the energy/beam beyond 23 GeV could be achieved by superconducting 
cavities for a given rf power. The higher obtainable energy is determined by 
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the maximum field strengths which can be produced in s.c. cavities. 
With present day technology energies in the range 30 to 35 GeV per beam 
seem possible. The bending magnets of PETRA can operate up to 40 GeV, but 
the quadrupoles will have to be replaced by stronger ones. Such high energies 
can only be reached by sacrificing luminosity which however could still be 

"?ft - 7 - 1 above 10 cm s . A collaboration between DESY, KfK Karlsruhe and CERN 
has been initiated with the aim to develop s.c. cavities for an electron 
storage ring. It is planned to test such a cavity in DORIS in the later part 
of 1979. 

Another possibility is the addition of a superconducting proton ring to PETRA 
to study e-p interactions. A study which became known under the name PROPER 
has shown that such a scheme is possible and Fig.6 shows the schematic lay-out 

Fig.6 e-p option for PETRA 

sw {_—?rrr^ S E 



of the two rings in the same tunnel. Up to 6 e-p interaction areas could be 
installed allowing also the use of longitudinally polarized electrons. It 
would be easy to switch back and forth between e +e" and e p collisions. Most 
of the experimental spectrometers built for e +e~ physics could be used after 
some modifications also for e p studies. With present day technology magnets 
with 4 Tesla can be built. In a few years it should be possible even with 
NbgTi conductors to achieve 5 to 6 Tesla, which would conrspond to proton 
energies close to 300 GeV. If these are collided with electrons in the 17 
to 20 GeV range c m . energies between 130 and 150 GeV become accessible. 

32 -2 -1 Luminosities of more than 10 cm s per interaction point can be provided 
over a large energy range. 

Because of the PETRA engagement DESY staff could contribute only in a very 
limited way to the deliberatipns for a European e +e~ storage ring in the 
100 GeV range. Some programmes developed for PETRA were used to study machine 
tolerances, bunch widening and instabilities. It could be shown that un
conventional features, e.g. vertical bends ("terrain following machine") 
seem possible. Obviously the most valuable contribution for such a new 
project is to gain experience from PETRA since the extrapolation from about 
20 GeV to 100 GeV will be much safer than from DORIS energies. On the other 
hand a very large e +e" project will require the application of new ideas and 
technologies, in a similar way as in the step from DORIS to PETRA. Suitable 
sites for ring circumferences up to 50 km seem to exist in commuting distances 
of DESY.' 

IV. Status of Experiments 
The early completion of PETRA presents a considerable challenge to the experi
menters. According to the original schedule the start of experiments was 
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foreseen for summer 1979. A big effort was made by all the experimental groups 
to advance their schedule, too. It seems that the first experimental set-ups 
can be moved into the interaction region at the beginning of October this year. 

The PETRA Research Committee with members from different countries has 
recommended five experiments to be carried out by the following collaborations: 
PLUTO II: Aachen-Bergen (Norway)-DESY-Universit'a't Hamburg-

Maryland-Si egen-Wuppertal 
CELLO: DESY-Karlsruhe-Orsay-Miinchen-Saclay 
JADE: Daresbury-DESY-Hamburg-Heidelberg-Lancaster-Manchester-Tokyo 
MARK J: Aachen-DESY-Netherlands-MIT-Peking 
TASSO: Aachen-Bonn-DESY-Hamburg-Imperial College-Oxford-

Rutherford Lab.-Weizmann Inst.-Wisconsin 

As can be seen all experiments will be carried out by international collabora
tions. About 250 physicists are involved, about half from abroad and half 
German. 

A new style is being tried for the installation of PETRA experiments. The 
strict request was that the equipment be installed on rails, even if several 
hundred tons heavy, such that an experiment can be moved in and taken out from 
an experimental zone each within 5 days. As a consequence the equipment can 
be tested outside the interaction region, brought in quickly, and in case of 
major break-down it can be removed from the interaction region for repairs. 
In this way it is hoped that the interference of different experiments can be 
kept to a minimum. ' In addition it becomes possible to install two experiments 
in one hall and to interchange them if necessary at intervals of a few months. 
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The location of the experiments as foreseen now is indicated in Fig.l. 
The halls E and W are kept free for second-generation experiments. PLUTO 
and CELLO are accommodated together in one big hall. Both experiments 
have a superconducting solenoid, and in order to economize on the cryogenic 
infrastructure, it seemed more effective to have the two in the same place. 

PLUTO II is an improved version of the spectrometer that has been used at 
DORIS. A barrel shower counter has been installed inside the superconducting 
coil, and end cap shower counters are added to increase the solid angle for 
photon and electron detection. Big iron absorbers with drift chambers at 
the outside will improve muon detection. Two forward spectrometers will be 
installed for luminosity and two-photon scattering measurements. PLUTO is 
almost completely installed (see Fig.7) and only part of the cryogenic system 
is missing. Plans are to start data taking in October. 

Fig.7 PLUTO II installed in Hall NE. The circles of multipliers for the 
barrel shower counter can be noticed. The big iron box is the 
additional hadron absorber. 
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CELLO: The emphasis of this experiment will be on the investigation of 
lepton and photon production, although hadrons can also be observed. A 
longitudinal magnetic field (1.5 T) is produced by a specially designed 
thin (= 0.5 X Q) superconducting coil (Saclay) with a diameter of 1.5 m. 
This should give a good momentum analysis even over short distances. 
Electrons and photons will be detected in large liquid argon counters (Fig.8). 
CELLO is supposed to become operational early in 1979. 

Fig.8 The liquid argon tank of CELLO (diamter 390 cm). The cover is 
removed to show the section wMch will house the lead-argon calorimeter, 
(during tests at Munich) 

JADE: The physics interest of this experiment is similar to CELLO, however, 
the experimental technique is quite different. The aluminium solenoid has 
about the same diameter as that of CELLO but only 0.5 T. In order to obtain 
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a reasonable momentum resolution the location of particle tracks has to be 
more precise. This will be achieved by a new kind of drift chamber developed 
at Heidelberg. These "jet chambers" operate at high pressure (~ 4 at) and 
tests have given a spatial resolution of better than 100 u. Since the 
ionization is sampled at 50 places, dE/dx can be measured enabling particle 
identification. Also high multiplicities can be seen, allowing a study of 
particle jets. Leptons will be detected by 3000 lead glass counters (Fig.9). 
For muon detection the hadrons will be absorbed in iron-ore loaded concrete 
which is cheaper than iron. JADE will be ready to go into the interaction 
region towards the end of 1978. 

Fig.9 Preparation of part of the 3000 lead glass 
shower counters (provided by Japan) of JADE. 

MARK J is a specialized experiment with the emphasis on measurements of 
asymmetries, in particular u +u~. It consists of large magnetized iron blocks 
(Fig.10) interspersed with muon chambers. Muons can be detected and their 
charge measured over almost the full solid angle. The interaction point is 
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surrounded by track chambers and shower counters to detect also electrons and 
photons. In order to recognize and to remove instrumental asymmetries, the 
whole set-up, although several hundred tons heavy, can be rotated both around 

a horizontal and a vertical axis. The experiment is expected to go into the 
beams in October. 

Fig.10 Front view of the MARK J magnet during test assembly in a US steel 
works. The whole magnet can be rotated around a horizontal and 
vertical axis. The magnet has been assembled at PETP.A. 

TASSO: The emohasis of this spectrometer will be on hadron detection and 
identification. A large solenoid with a diameter of 2.7 m will allow magnetic 
analysis and time-of-flight measurements at the same time over a large solid 
angle: In two arms covering 3 sr hadron identification will be possible by 
3 consecutive Cerenkov counters. The first of these will consist of aerogel 
plates and about half of them have already been produced. Electrons and 
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photons will be detected by liquid argon shower counters. Also this 
experiment is in an advanced state (Fig.11) and first measurements with part 
of the equipment are foreseen for the end of 1978. 

Fig.11 Installation of TASSO. The solenoid with its iron yoke can be 
recognized in the back. In the center the beam pipe of a PETRA 
short straight section can be seen. 

One of the first problems the experiments will have to solve is the background 
from synchrotron radiation. Although all precautions (bending magnets with 
reduced field close to the interaction regions, special absorbers etc.) have 
been taken to keep it low it is difficult to predict it since the number of 
photons is so large that even multiply scattered photons could produce some 
trouble. 

The first experimental runs will be performed at c m . energies around 10 GeV. 

There the Y can serve as a kind of calibration line. One might also take a 

quick look at the Y' and perhaps search for a threshold in R. However, 
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presently it is planned to spend only a few weeks in this energy region in 
the exact time depending, of course, on the results produced by DORIS. Data 
taking at the low energy end of PETRA might fill the major part of the 
available running time in 1978. 

If one is certain that the installed experiments are operating properly it 
is foreseen to go as soon as possible to the nicest energies PETRA will 
produce at that time (about 2 x 15 GeV). Because of the recent breathtaking 
developments the physical questions to be investigated are even richer and 
more exciting than those mentioned in the PETRA proposal. At the beginning 
the interest will concentrate on new thresholds in the hadron production 
cross section, hew particles (where is the 6th quark, states of exotic quarks, 
leptons, monopoles etc.?) and muon asymmetries (interference between y and 
Z°). But maybe surprises are waiting for us around the corner! 
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PEP 

Frederick J. Gilinan 

Stanford Linear Accelerator Center, 

Stanford University 

Stanford, California 94305 

INTRODUCTION AND PARAMETERS 

Perhaps the fact that the electron-positron colliding beam machine 

PEP, unlike its sister machine PETRA, is still more than a year away from 

completion is the reason that a theorist has been given the task of 

describing it at this conference. In the following, I attempt to give a 

brief description of the parameters of the machine, the construction 

effort now going on,- and the experiments planned for machine turn-on 

or soon thereafter. 

The parameters of PEP remain essentially as they have been described 

previously. Both electrons and positrons can be injected directly from 

the SLAC linear accelerator with energies of 4 to 18 GeV. The filling 

time should be less than about 10 minutes, with the colliding beam 

energy being the same as the injection energy. The six interaction 

regions are spaced symmetrically around a magnet ring 2200 m. in circum

ference (see Fig. 1). With the RF power of 6 MW expected to be in place 

at turn-on the luminosity should be greater than 10 /cm -sec for beam 
32 2 energies of 4 to 18 GeV, with a maximum of 10 /cm -sec at 15 GeV per 

beam. -Provision"'has been made so that the option is open of doubling 

the RF power, quadrupling the length of the RF sections, and increasing 

the maximum beam energy to about 24 GeV in the future. 

* Work supported by the Department of Energy under Contract No. EY-76-C-03-0515. 
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CONSTRUCTION 

Major excavation and construction work for PEP began a little more 

than one year ago. At present much of the tunnel and concrete work is 

completed, although the last of the concrete for some interaction regions 

is not planned until six months hence. In particular, starting at the 

south injection tunnel (see Fig. 1 at 9 o'clock) and continuing around 

counterclockwise to interaction region 2, the concrete enclosure and 

tunnel for PEP now exist. 

So called "beneficial occupancy" of the tunnel for installation 

of power, vacuum system, magnets, et cetera, has now begun in the 

south injection tunnel, and will continue counterclockwise around the 

ring as it is completed. The first beam is now scheduled for October 1, 

1979, and we hope to start physics experiments relatively soon thereafter. 

EXPERIMENTS 

A rather varied program of first generation experiments for PEP 

has been approved. They are briefly described below in order of 

their proposal number: 

PEP 2 "Monopole Search" 
U. C. Berkeley and SLAC 

Probably the simplest PEP experiment, it consists of sheets 

of CR-39 and Lexan plastic interleaved in a polygonal shape 

around the intei-action point. This experiment, starting in 

October, 1979, will be in region 10, which is otherwise 

devoted to machine physics uses. 
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PEP 4 "TPC" 
Johns Hopkins, LBL, UCLA, U.C. Riverside and Yale 

The heart of this very powerful general detector is the time 

projection chamber, which provides charged particle tracking 

and identification over almost the entire momentum range 

available at PEP. The chamber sits in a 15 kilogauss thin-

coil superconducting magnet. Outside the coil is an electro

magnetic shower detector (for photon detection) and then iron 

plus proportional tubes to act as a muon detector. A major 

portion of this detector should be -working in region 2 in 

April, 1980. 

PEP 5 "MARK II" 
LBL and SLAC 

Already working at SPEAR, the "Mark II" consists of a central 

cylindrical drift chamber within a 5-kilogauss conventional 

solenoidal magnet. This is surrounded by a liquid argon 

calorimeter for neutral particles (and electron detection) 

and then a layered iron filter with proportional tubes in between 

for muon detection. During the summer of next year, the Mark II 

will move to region 12 at PEP to be ready at beam turn-on. 

PEP 6 "MAC" 
Colorado, Northeastern, SLAC, Stanford, Utah, and Wisconsin 

The magnetic calorimeter, "MAC", has an inner cylindrical drift 

chamber in a ~5-kilogauss (can be powered to ~10-kilogauss) 

conventional solenoid. Over almost the entire solid angle, 

this is surrounded by a lead-proportional chamber shower 

detector, and then by a hadron calorimeter consisting of 
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magnetized steel sheets interleaved with proportional chambers. 

Outer drift chambers are used to detect penetrating unions. In 

October, 1979, this experiment should be ready in interaction 

region 4. 

PEP 9 "Two Gamma" 

U.C. San Diego, U.C. Santa Barbara, U.C. Davis, 
and the Foundation for Fundamental Research 

on Matter, The Netherlands 

Using the TPC as a central detector, the two-gamma experiment 

adds "small" angle detectors fore and aft to explore two photon 

physics. Sodium iodide crystals are used in inner detectors to 

tag small angle electrons while each outer detector, which 

consists of a septum magnet plus drift chamber plus shower 

counter plus iron filter, serves to detect hadrons, muons, and 

electrons. This experiment shares region 2 with the TPC and 

should also be ready in April, 1980. 

PEP 12 "HRS" 
Argonne, Indiana, Michigan, Purdue, and SLAC 

Using the 17-kilpgauss supercbnductihg magnet of the 12-fodt 

Argonne bubble chafer with a cylindrical drift chamber system 

and shower, counters, this experiment is a high resolution 

spectrometer for charged particles. It should be ready in 

region 6 in April, 1980. 
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PEP 14 "Quark Search" 

Caltech, Stanford, and SLAC 

Employing scintillation counters together with proportional 

wire chambers and plastic Cherenkov counters, this experiment 

combines ionization information with time-of-flight measurement 

to search for quarks. It should be ready at turn-on in region 6. 

PEP 20 "DELCO" 

Caltech, Stanford, and SIAC 

The DELCO apparatus used at SPEAR is to be improved and moved 

to PEP. Its principal unique feature is very good electron 

identification by Cherenkov counters over a substantial part 

of the solid angle. It also should be ready in October, 1979, 

and will be in region 8. 

As can be seen from the above list of experiments, PEP has' a 

full program of physics already planned. In fact, there is at least 

one experiment in each interaction region and five out of six regions 

will have an experiment ready at beam turn-on in October, 1979. From 

what we already know, the physics is guaranteed to be exciting. 

REFERENCES 

1. W.K.H. Panofsky, in Proceedings of the 1977 International 

Symposium on Lepton and Photon Interactions at High Energies, 

edited by F. Gutbrod (DESY, Hamburg, 1977), p. 911. 

2. The experiments discussed in this report reflect in part 

actions taken at the Experimental Program Committee meeting 

in early September, 1979, two weeks after this talk was 

actually given. 
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Fig : 1 . PEP Layout 
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ISABELLE* 

S. Ozaki 
Brookhaven National laboratory 

Contribution to the International Symposium: Perspective and Future 
Projects in High Energy Physics, 24-25 August 1978, Tokyo, Japan. 

ISABELLE will provide a research instrument capable of studying 
proton-proton collisions at very high energies. Two interlaced storage 
ring.proton accelerators with counter-circulating beams, each with an 
energy up to 400 GeV will intersect at six locations where nearly head-
on collisions take place. Research halls will be constructed at these 
regions for the housing of the particle detectors used in studying the 
proton-proton collisions. 

The construction of high energy proton-proton storage rings at 
Brookhaven has been studied extensively. Following the discussion at 
the Board of Trustees of AUI in 1971, proposals were prepared leading up 
to a large summer study in 1975, and workshops in 1976, 1977 and 1978. 
These meetings,were held for the purpose of exploring the design features 
and i ntendeduse of ISABEtLE. They helped to clari fy the important 
feature of the project, and to enlist the support of the university 
research community. 

During 1977, the design goal on the maximum energy of ISABELLE was 
changed from the original 200 GeV in each ring to 400 GeV in each ring. 
This was accomplished in three ways: 1) an increase of the number of 

* Work performed under contract No. EY-76-C-02-0016 with the Department 
of Energy. 
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dipole magnets by 50 % coupled with a selection of somewhat weaker 
fbcussWg lattice; 2)-an increase of the dipole magnet length by M 2 %, 

and 3) ah increase of the operating dipole field from 40 Kg to 50 Kg by 
lowering the temperature to 3.8°K. At the same time the circulating 
current was reduced from 10 A to 8 A, giving approximately the same 
luminosity at the maximum energy. 

At the top energy of 400 GeV in each circulating beam, 800 GeV of 
energy will be available from each proton collision. The most significant 
aspect of ISABELLE is the high "center-of-mass" energy. For example, to 
provide an equal center-of-mass energy using a proton target at rest, 
the moving proton would need an energy of 340,000 GeV. Figure 1 shows 
the energy available from both fixed target proton synchrotron and 
storage rings. As can be seen, ISABELLE would enjoy a commanding position. 

The second important parameter of ISABELLE is the intensity of the 
beam. In colliding beam machines, the interaction rate is the product 
of the cross section and the luminosity. With the projected luminosity 

32 33 -2 -1 10 to 10 cm sec , the proton-proton interaction rate of up to 6 * 
10 per sec is anticipated. This high luminosity is essential for the 
production of the unusual particles such as VT, Z° and high mass particles 
that are expected to exist at these high energies. 

The plan view of the ISABELLE at the JBNL site is shown in Fig.2. 
The protons at 30 GeV from the AGS would be injected into ISABELLE. 
About 300 AGS; pulses would be;stacked in each ring building up to a 
current of 8 amperes. ; The acceleration of the beam will take place over 
a period of-M minutes to reach the energy required for the experiments. 

The ™>st important n&i feature ofISABELLE is the use of supercon
ducting magnet in the two rings. The superconducting excitation coils 
are made from NbTi braided wires operating at 3.8°K. The bending magnets 

-25-



are4r3/4m in length and operate at 50 Kg. The focussing magnets are 
about 1̂ -2/3 m in length. In total, nearly 1100 superconducting magnets (732 
dipoles and 352 quadrubdles) make up two rings. Schematic drawings of 
the dipole magnet are shown in Fig.3. The magnet design is based on a 
single layer cosine theta coil arrangement with a cold iron core to pro
vide the mechanical support required for stable operation. Cooling of 
the magnets is achieved by forced circulation of supercritical helium. 
Supercritical helium is a single-phase gas with high density and extremely 
low viscosity, which make it an excellent heat transfer medium. The 
estimated steady-state heat load at 3.8°K is 13 KW, which will be removed 
by a single 19 KW refrigerator. Cool down of the entire magnet system is 
expected to be about 2 weeks. A portion of the ISABELLE half sextant, 
which includes the insertion magnet and one regular lattice bending cell 
is shown in Fig.4. The lattice parameters are listed in Table 1. 

The performance characteristics of ISABELLE are given in Table 2. 
Starting from the standard quadrupole configuration giving a luminosity 

32 -2 -1 at high energy of 2.3 x 10 cm sec addition of a second quadrupole 
Q3 to the vertically focussing Q4 at the entrance to the insertion leads 
straightforwardly to the low-B configuratin, with a luminosity of 4.5 * 

v) -? _i 3 3 - 2 -1 
10 cm sec . To reach the design luminosity of 10 cm sec , 
large aperture bending magnets are required to reduce the crosssing 
angle from its standard value of 9.4 mrad to 4 mrad. The space needed 
for these bending magnets reduces the amount of magnet-free region 
around the collision point from ±30 m to about ±15 m. 

The ISABELLE operational procedure maintains the standard six-fold 
symmetry during stacking and acceleration. After an initial phase where 
collisions take place with the standard six-fold symmetry, ISABELLE 
operation will shift to a reduced symmetry mode. This phase will be 
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characterized by the introduction of nonstandard insertions through 
asymmetric quadrupole tuning and addition of appropriate insertion 
magnets. 

As can be seen in Fig.2, each intersection area has an experimental 
hall which is individually designed to suit the type of experiment anti
cipated for the particular intersection. The intersection at 2 o'clock 
position is assigned to experiments with small transverse momentum such 
as elastic scattering, small angle particle production and total cross 
section measurement. Here the experimental hall will be long (̂  80m) 
and narrow (̂  8m) with a possibility of long (̂  100m) stub to house a 
small solid angle high resolution spectrometer. The intersection at 6 
o'clock point is assigned to experiments which primarily measure large 
angle particles. The experimental hall, consequently, is rather short 
in the beam direction but is wide across the beam. This area will also 
be used for the initial staging area for the accelerator construction. 
The 8 and 10 o'clock positions are assigned to large detector facility 
with large experimental halls suitable for such devices (for instance 58 
m long, 18 m wide and 16 m high). The 4 o'clock and 12 o'clock positions 
will be left as an open area for the future flexibility. These will not 
have experimental halls but will have hard stand to set up experiments 
and also to stack concrete shielding blocks. 

The current status of the project is as follows: Following the 
allocation of CP&D fund of $T.75M in 1976 and 1977, which was used to 
improve the design and cost estimate, we had an allocation of $5M initial 
construction fund. Presidential bill to authorize the full project and 
the allocation of $23M for Fiscal Year 1979 is in Congress. The budgetary 
forecast is that the full construction fund of $275M will be allocated 
in about 7 years putting the completion of the Accelerator at 1986. 
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With an anticipation of the authorization in this year and based on 
the extensive R&D works which took place in the last several years in 
the development of superconducting magnet and vacuum techniques, detailed 
design of the accelerator, its enclosure and experimental halls is in 
progress. Here, the experiences gained at ISR at CERN have been very 
valuable. 

From the experimenters.point of view, the high luminosity of up to 
33 -2 -1 10 cm sec at the total center-of-mass energy of 800 GeV gives rise 

to a significant impact on the way the experiment is to be carried out. 
At the conservative luminosity of 2 x i o 3 2 cm sec" 1, the rate of the 
proton-proton Interaction at each intersection is ̂ 10 per second; or, 
on the average, one interaction every loo nanosecond. Taking the average 
charge particle multiplicity of 20, the number of particles in the 

o 

forward 100 mrad cone is anticipated to be 5 x 10 particles/sec. The 
number of particles outside of the 100 mrad cone in forward hemisphere . 

Q -J 

and that outside of 45° cone are expected to be ^2 * 10 /sec and M 0 /sec 
respectively, giving very high track density in the detectors. Any 
detector in the ISABELLE experimental hall must function well-and also 
be able to survive in the hostile environment. 

In addition, the desired properties of detectors for ISABELLE 
experiments are not necessarily the same as those to which we are accustomed 
for experiments atthestationary targets of conventional accelerators. 
For "-'instances on account of the limitedaccessibility, the detectors in 
the ISABELLE experimental halls have to be very reliable, while the 
state-of-the-art technologyis called for in building them. The spatial 
resolutions of the tracking detector must be high to provide us with 
accurate measurement of the angle and momentum and to handle the final 
state of the higher multiplicity events, yet it must retain a very short 
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resolyingstinie. Good identification of individual particles of the 
multi-body final state over a Wide momentum range and over a large solid 
angle is called for a study of hadrons. With these problems in mind, an 
extensive research and development of the detectors for ISABELLE has 
begun in parallel to the construction of the accelerator. 

We are all working hard to build ISABELLE, to develop the detectors 
for the experiments, and to think of the best ways to discover W~, Z° 
and other particles. 800 GeV of total energy available at ISABELLE 
certainly should put us in a new regime of the enegy scale. The most 
exciting discovery at ISABELLE could be something completely new and 
something for which we have not prepared for so far. 
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Fig.3b Cross section of dipole magnet, showing iron shield and support 
tube. 

-32-



I 
CO 
GO 
I 

STAINLESS STEEL 
SUPPORT TUBE 

IRON LAMINATIONS 

CORRECTION COILS 
\ 

MAIN COILS 

EPQXY SPACERS 

FIBERGLASS- EPOXY WITH 
HELIUM COOLING CHANNELS 

COLD BORE TUBE 

SPACE FOR 
SUPER INSULATION 

WARM BORE TUBE 
(VACUUM CHAMBER) 

FIBERGLASS-EPOXY WITH 
HELIUM COOLING CHANNELS 

Fig.3c Isometric view of the dipole magnet, showing the configuration 
of the coi l ends. 



CO 
• I * I 

Fig.4 Portion of the ISABELLE half sextant, showing the insertion 
magnets and one regular lattice bending coil. An experimental 
hall and the stairwells for tunnel access are shown. Additional 
space is provided for power supplies and other equipment. 



Table 1 Lattice Parameters 

Dipole magnetic field (400 GeV) 49.85 kG 

Quadrupole gradient (cells, 400 GeV) 6.06 kG/cm 

Circumference (4-3/4 C f t G S) 3833.8 m 

Regular cells (no. x length) 54 x 39.5 m 

Dispersion matching sections (ho. x length) 12 x 59.6 m 

Insertions (no. x length) 6 * 164.3 m 

Horizontal beam separation in arcs 0.94 m 

Minimum beam separation (QFI-QFO) 0.82 m 

Regular cell length - inner arc 39.45 m 

Regular cell length - outer arc 39.55 m 

Average radius of curved arc 380.6 m 

Magnetic radius of curvature 267.7 m 

Average machine radius 610.1 m 

Tune (vh = v y) 22.62 

Working line tune spread (Av. = Av ) M).02 
Transition energy, y t r 19-11 
Frequency slip factor, (injection) 1.72 x io 
Horizontal amplitude function, cell (3 m a x> s •!_) 67.1, 11.1 m 
Vertical amplitude function, cell (B m,„, 3m,-„) 67.3, 11.3 m 
Dispersion function, cell (X„. m„, X„. .„) 2.64, 1.26 m 
Phase advance, cell (h,v) 92.9, 91.3 deg 
Natural lattice linear chromaticity -33 

(no sextupole correction) 
Operating chromaticity +2 

(x n = Xv> full coasting stack, 29.4 GeV) 
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Table 2 

ISABELLE Performance 

Standard Low-B High-B 
Small 
Diamond 

HighU 
Luminosity 

Energy (GeV) 400.0 29.4 400 29.4 400 29.4 400 400 
Current (A) 

-2 Luminosity (cm sec 
Tune Shi f t 

-?>:; 
• . • - . - : ' - . ' - B 1 : 

32 : 

2.3 X HT j 
1.75 X lO" 3 

0.6 
6.45 

8 
X 1 0 3 2 

-3 
X 10 J 

4 
9 

5 
0 

X 
X 

8 
1 0 3 2 

ID"4 

0.8 
4.7 

8 
32 X 10 
-3 

X 10 J 

1 
2 

8 
8 

4 
x i o 3 1 

- 3 
X 10 J 

1.2 
5 .1 

xio 3 ° 
-3 

X 10 

8 
32 

1.3 X 10 
2.5 X 10" 4 

8 
33 

1 .1 X 10 J 

2.2 X 10" 3 

Crossing Angle; (mra 
Free Space (m) 

d) 9.8 
± 30 

9„8 
± 30 

9.8 
± 30 

9.8 
± 30 

9.8 
± 30 

9.8 
± 30 

35 
± 3 

4 .0 
± 15 -36- ' i n t <m> 

B v 0") 
B* o.) 
Pmax <m> 

Oy (rom, mis ) 

at. (mm, rms) 

Ap/p ( t o t a l % ) b 

± 0.12; 

30 
~ 175 

0.21 
0,42 

0.1. 

± 0.44 
7.5 

30 
~ 175 

0.77 
1.55 
0.7 

± 0.12 
2.0 

30 
- 4 5 0 
0.11 
0.42 

0.1 

± 0.44 
4 .0 

30 
~ 225 

0.56 
1.55 
0.7 

± 0.19 
75 
75 

~ 170 
0.66 
0.66 
0.05 

± 0.70 
75 
75 

~ 170 
2.45 
2.45 
0.35 

± 0.02 
2.0 

10.0 
~ 4 5 0 

0.11 
0.24 

0.1 

± 0.29 

2.0 
30 

~ 4 5 0 
0.11 
0.42 

0.1 

aThe normalized emittances (enclosing 95% of the par t i c l e s in phase space) are: E v = \ = 1STT X 10" 6 rad-m. 

To obtain the value of Ap/p at 400 GeV a factor of 2 d i lut ion was assumed to take into account rebunching, 
acceleration and debunching of the ISABELLE beam. 
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For a number of years specialists of the IHEP, ERIEPA and the USSR 
Academy of Sciences MRI have been studying various options to develop 
the IHEP accelerating and storage complex. The purpose of these efforts 
has been to create a new experimental basis which would enable to make 
the scope of high energy physics research deeper and wider. After a 
number of options have been considered, the 3 TeV superconducting proton 
synchrotron was chosen as a basis with possibilities of colliding beams 
in the future. 

1. Basic Parameters 

The construction of a two-stage proton accelerator with the maximum 
energy of 3 TeV is being planned. The first stage is a booster and 
represents a 400 GeV synchrotron with an electromagnet of a conventional 
type. Proton acceleration up to the maximum energy takes place at the 
second stage where the superconducting circular electromagnet is to be 
used. The two stages of the accelerator are located in the common tunnel 
19.3 km long. The A-70 accelerator, whose intensity is supposed to be 

13 increased up to 5-10 ppp, is used as an injector. 
The two-stage system enables the complete use of the injector 

intensity and to achieve the accelerator maximum average intensity. 
The superconducting stage operating mode is facilitated because of 
smaller beam dimensions and less influence of residual field. The 
possibility to create p-p colliding beams with an energy up to 2.2 TeV 
in the c.m.s. without a special storage ring, presents itself. Besides, 
the first si.age can be used to stack electrons for ep-collisions. 

The scheme of the accelerator operation is shown in Fig.1. A 
6-10 proton intensive beam is stacked in the booster by a successive 

13 injection of 12 pulses of 5*10 protons from the A-70 accelerator, 
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each filling 1/13 of the booster circumference. To make the operation of 
injection and extraction systems easier and to decrease the relevant beam 
losses, time intervals are envisaged between the pulses. After completion 
of stacking, the beam is accelerated within 5 sec up to a 400 GeV inter
mediate energy and transferred into the main accelerator, whose operational 
cycle comprises a 20 sec acceleration up to 3 TeV, 38 sec beam extraction 
and 20 sec field decay time. In this case the average design intensity 

12 is equal to .7.7*10' protons per second. The accelerator basic parameters 
are listed in Table 1. 

Table 1 
The Accelerator Basic Parameters 

Name Booster Main Accelerator 

Total. Length, m 
Injection Energy, GeV 
Maximum Energy, GeV 
Magnetic Field at Injection, koe 
Maximum Magnetic Field, koe 
Cycle Duration, sec 
Pulse Intensity, prot/sec 
Average Intensity, prot/sec 

2. Magnetic Structure 

The main accelerator and booster magnetic structures are the 
same (Fig.2). They consist of 6 superperiods, each comprising 30 normal 
periods, and a 484.67 m long matched straight section. In three straight 
sections there are located: the injection and beam transfer systems, the 

19288 19288 

70 400 

400 3000 
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t - 7 . i n ' 2 -i - 7 . i n ' 2 
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acceleration systems and the extraction system. Two sections are reserved 
for colliding beams. The cross-section of the tunnel is shown in Fig.3. 

At the first period of operation all the long straight sections will 
have the same structure providing a 2 T phase advance of betatron oscillations 
in the vertical and horizontal directions. Positions and forces of magneto-
optic elements are chosen for the convenience reasons to place injection 
and extraction systems and acceleration waveguides. To carry out colliding 
beam experiments the construction of the two reserved sections is to be 
changed in the future with consideration for specific requirements of an 
experiment. 

Fig.4 shows the structures of a normal period and a matched straight 
section, as well as amplitude functions. The matched section is symmetric 
with respect to its centre, therefore only a half of it is shown. The 
first matching lens of the section is a continuation of the last lens 
of the adjacent normal period. Each matching lens is about 6 m long, its 
gradient not exceeding 7.5 koe/cm. The magnetic structure basic parameters 
are listed in Table 2. 

Table 2 
Basic Parameters of the Magnetic Structure 

Parameter Value 

Number of Superperiods 6 
Total Number of Normal Periods 180 
Normal Period Length, m 91 
Matched Straight Section Length, m 484-67 
Number of Dipoles in the Period 12 
Total Number of Dipoles 2160 
Number of Quadrupoles in the Period 2 
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Parameter Value 

Total Number of Quadrupoles without 
Consideration for S.S. 348 
Dipole Length, m 5.80 
Quadrupole Length, m 3.95 
Orbit Curvature Radius in the Dipole, m 1993.89 
Ratio of the Qaudrupole Gradient to 
the Dipole Field, m"' 14.93 
Betatron Frequencies 40.75 

-4 
Momentum Compaction Coefficient 5.83*10 
TransitioffiEriergy, GeV 38.8 

The following table lists the requirements imposed on the superconduc
ting magnets and the accuracy of adjusting the electromagnet elements. 
1. R.M.Si relative field error of dipoles 

(vertical and radial components) 5-10" 
2. R.M. S. error of radial and vertical survey 

of the lens optical axis to the geodetic sign 0.1 mm 
3. R.M.S. radial and vertical error of instal

lation of adjacent lenses 0.05 mm 
4. Relative nonlinear component of the field 

-4 in the aperture 70 mm in diameter 10 

The dispersion of vertical field is expected to be,higher than 5»10 . 
This is not a serious hindrance since the dipoles will be placed in 
accordance with magnetic measurements in such a way that dangerous 
harmonics could be suppressed. It is more important to provide stability 
of magnetic characteristics. In this respect the question of residual 
fields in superconducting magnets requires a detailed investigation. 
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The design nonlinearity of the superconducting dipole field makes up 
_3 

2 - 3-10 , which is difficult to be decreased without making the magnet 
construction more complicated. Therefore the accelerator will be equipped 
with a large number of correctors, their place will be reserved nearby 
the ring quadrupole lenses. The correction systems are being studied in 
detail at the moment, 

A proton beam injected from the A-70 accelerator has the 2 mm mrad 
emittance in either direction and the +1.5-10 momentum spread. Proceed
ing from this and considering possible orbit distortions, slow extraction 
requirements and very severe restrictions on particle losses in the 
superconducting;accelerator,; the main accelerator aperture dimensions 
were chosen to be 70 mm in the horizontal direction and 60 mm in the 
vertical plane. 

3. Vacuum 

The vacuum requirements in the chambers of the ASC both stages 
are determined by proton losses due to scattering on a residual gas. 
In the accelerating mode of the booster operation the required pressure 

7 8 
is 10 torr and 10 torr for the main accelerator. In the colliding 

_g 

beam operating mode it should not be less than 10 for both stages, 
with a 5A beam current. The vacuum required in the booster in the 
accelerating mode is provided by magnetic discharge pumps installed within 
13 m from each other and having the pumping capacity of 100 a/sec. The 
chamber construction, technology of its production and vacuum - thermal 
treatment afford an opportunity to obtain a stable vacuum with an additional 
number of pumps being installed in the colliding beam operating mode, as 
well as when using the booster as electron storage ring. The preliminary 
calculations show that with the 20-40°K temperature of the main accelerator 
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chamber walls the 2*10" torr vacuum can be achieved for hydrogen and 
10 »tbrr for the rest gases. Sublimation magnetic discharge pumps with 
the 200 Jl/sec operating capacity are installed over 45 m. The chamber 
can be heated up to 150 - 200°C before cooling the cryostats. The process 
of accumulating condensed gas on the chamber surface is becoming essentially 

-ll n slower with the vacuum of 10 - 10 torr. This makes possible the 
operation in the colliding beam mode without changing the vacuum system. 

4. Injection System 

The system of proton beam injection into the ASC comprises an extraction 
system from the A-70, transport channel and the injection system into the 
ASC. 

The A-70 extraction system uses the kicker of the fast extraction 
placed in straight section 16 and an additional kicker which is supposed 
to be installed in straight section 14. The five quadrupole lens system 
matches a beam from the A-70 with the transport channel acceptance. 

The transport channel is a 5.6 km long strong focusing periodic 
channel of F0D0 type. The lenses are placed at 50 m apart, each being 
1 m long with the gradient of 600 oe/cm and having the aperture diameter 
100 ran. The maximum̂ beaiiiidlimensiori in tneVcHahnel does not exceed 35 mm. 

Along the whole length of the transport channel and within every 1000 m 
there are cbrrection statipns of the beam trajectory i n both pianes. They 
consist of beam position pick-ups and three correcting magnets. In this 
case if the r.m.s. tolerance for the survey accuracy to the channel 
axis is 0.2 mm, the beam trajectory distortion should not exceed 5 mm 
oh the whole length of the channel. The final correction station should 
provide the channel axis conjugation with the ASC orbit not worse than 1 mm. 

The injection system into the ASC booster (Fig.5) is located in 



long straight section 1. It comprises a quartet of lenses LI - L4 matching 
the beam with the ASC acceptance, a 2 m long septum ^magnet SHI with 
the field of 7.5 koe and a 4 m long kicker magnet with the 1.2 koe 
field. A beam is injected into the bopster in the vertical plane. To 
correct its trajectory in both planes two correcting magnets are used. 

The beam transfer system from the booster into the superconducting 
ring is located in the same section. The beam is transported in the 
vertical plane with the help of two kicker magnets KM2, two septum-magnets 
SM2 and two bending magnets placed symmetrically with respect to the centre 
of a straight section. The booster beam is matched with the superconducting 
ring acceptance by means of the quadrupole lens system L5 - L7. 

5. Acceleration System 

The rf frequency both in the booster and superconducting ring was 
chosen to be 200 MHz. Since the A-70 frequency is equal to 6 MHz at 
the end of the acceleration cycle an adiabatic recapture for the 200 MHz 
frequency will take place with the help of an additional acceleration 
station on the intermediate plateau of the magnetic field at the energy 
of 67 GeV. The dynamic range of the accelerating voltage of this station 
is within the limits of 50 kV to 4 MV, frequency retuning is 10 . Syn
chronization of rf fields of the A-70 and ASC booster may be difficult 
due to the large length of the injection line. Therefore a fast correction 
of rf field phase of the A-70 and the ASC booster by the information on 
bunch phase position is supposed. Rf fields of the booster and the ASC 
main accelerator are synchronized similarly. 

At acceleration from 70 GeV to 400 GeV the frequency change range 
-4 -•» is 10 and 10 from 400 GeV to 3000 GeV. The accelerating devices 

should provide 12 MV rf field amplitude for the booster and 17 MV for 
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the main accelerator. With the beam current of 1.5 A the power fed to 
the beam by the accelerating devices will make 6.6 MW and 18 MW re
spectively. 

6. Extraction System 

The slow and fast extraction of an accelerated beam is supposed to 
be performed by a combined channel from straight section V (Fig.6). The 
extraction channel comprises an electrostatic septum ES and magnetic 
septums SM1-SM2. Six quadrupole lenses make it possible to obtain a 
stigmatic image of the extracted beam in the focus intermediate point 
which is about 140 m from the end of straight section V. The elements 
of the extraction channel are located behind the beam envelope at injection 
therefore semiwave distortion of a closed orbit is produced with the 
help of three bump magnets BM. 

The structure of the matched straight section has been calculated 
in such a way that the maximum radius of the beam envelope could be 
obtained in its centre. With the ratio of p-function maximum values in 
the section and the accelerator structure, which was chosen to be ̂ 10, 
one can obtain ^20 mm step of beam oscillation amplitude growth at the 
placei of theI electrostatic^septum installation. In this case the beam 
maximum amplitude«-inithe accelerator structure makes up -v20 mm. 

Nonlinear third order-resonance is supposed to be used for beam 
excitation for: slowextraction. To ensure high efficiency of excitation, 
tolerance for a relative value of nonlinear ity at the edge of the aperture 
should be 10" for a square component and 5«10 for a cubic one. To 
obtain a good uniform beam density with about 30 sec extraction duration, 
tolerance for the relative value of current ripples in the lenses of 
resonance excitation should be of the order of 10" , and in the magnets 
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of the superconducting ring it should be of the order of 10" . 
During fast extraction the beam is deflected into the first magnetic 

septum by a full aperture kicker magnet 30 m long with the field of 0.9 
koe. In order to simplify the technical solution of the kicker magnet 
and its power supply during injection 1 . 5 - 2 psec duration intervals 
will be provided in the beam azimuthal distribution. 

A system of emergency beam dump similar to the fast extraction 
system is foreseen to protect the accelerator equipment in an emergency 
situation. Since to overlap the whole energy range by one system is a 
matter of technical difficulty it is divided into two systems: from 200 
GeV to 700 GeV and from 700 GeV to 3 TeV. A low energy beam is extracted 
into a trap down in the vertical plane and a high energy one - in the 
horizontal plane outside the accelerator ring. 

7. Future Development 

The IHEP accelerating and storage complex is designed with prospects 
for its further development being taken into account. The available two 
rings open up great opportunities to organize colliding beams. At the 
subsequent stages of the complex development the mode for stacking a 
long-living maximum energy^proton beam is>supposed to be realized. When 
colliding this beam with another proton beam accelerated in the opposite 
direction in the ASG booster up to an energy of 400 GeV there is a pos-
sjbi 1ity to qbtain the energy of 2.2 TeV in the c.m.s. The 1uminosity 
value obtainable is 10 - 10 cm sec . The iron ring may be also 
used to stack beams of pure particles (for example, antiprotons) generates* 
on an external target. 

A possibility to realize proton - antiproton colliding beams in the 
/4/ ASC with electron cooling being used is also under investigation. To 
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make sites for colliding beam experiments available two straight sections 
-are left free from, any; equipment. The chosen length of the sections 
makes it possible to meet all the requirements of an experiment. 

The construction of an additional superconducting ring in the same 
tunnel with the constant field of about 5 T may enable a further energy 
step up to 6 TEV in the c.m.s. This will afford an opportunity to stack 
a proton beam with an energy of about 3 TeV and collide it with a beam 
of the same energy accelerated in the pulse superconducting ring. 

In conclusion the authors would like to express their gratitude to 
a large number of specialists who participated in the discussion of the 
IHEP accelerating and storage complex and options for its various 
applications. 

Figure Captions 

Fig.l The magnetic cycle of the A-70 injector, the slow booster and 
the ASC main accelerator. 

Fig.2 Plan of the IHEP accelerating and storage complex. The storage 
superconducting ring is shown by the dashed line. 

Fig.3 The cross-section of the tunnel: 1 - booster, 2 - main accelerator 
and 3 - storage ring. 

Fig.4 The magnetic structure and amplitude functions in a normal 
period (a) and straight section (b). 

Fig.5 The system of beam injection into the booster and its transfer 
into the ASC main accelerator. 

Fig.6 The system of beam extraction from the ASC main accelerator. 
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The Preliminary Program for High Energy Physics in China 

H.Y. Tzu 
Institute of High Energy Physics, Peking 

I am another theoretical physicist, who is going to talk about high 
energy machine. Well, I shall try to do my best. 

Our country faces the historic mission of comprehensively modernizing 
agriculture, industry, national defence and science and technology within 
this century. The modernization of science and technology is the key to 
the realization of the four modernizations. At the National Science 
Conference convened in Peking in March this year, Premier Hua Kuo-Fen 
issued the call to raise greatly the scientific and cultural level of 
the entire Chinese Nation. The outline national plan for the develop
ment of science and technology includes more than one hundred important 
scientific and technological projects for research and development. From 
them eight items are chosen as the most important projects. Two of these 
projects are for fundamental scientific research. The one is for high 
energy physics, while the other is for biology. 

Except cosmic ray research, experimental high energy physics is 
practically nonexistent in our country up to now. To initiate experimental 
research in high energy physics in our country now and to rasie its level 
on-a par with the most advanced world level within this century is a 
difficult task. After many discussions we propose that the aim should be 
achieved in two steps. The first step lasts about ten years. During 
the first five years, the first high energy machine in our country should 
be consturcted and appropriate experimental research facilities should 
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be built. These would enable us to perform our first series of experi
ments in high energy physics. In the course of these works, the first 
nuclei of experimental high energy physicists and machine designer and 
builder would form. Most of the basic techniques, including the technique 
of automatic control and the technique of automatic data analysis would 
be acquired thereby. 

During the second five years, the next machine with higher energy 
should be designed and built. Our first research center for high energy 
physics would grow up. We are then equipped to perform experiments in 
high energy physics, the quality of which might reach the world level of 
the last seventies. In the area of the experimental research of high 
energy physics, we probably lag behind the world level some thirty years. 
We hope, that after ten years of work, the gap might be reduced to ten 
years. There will remain twelve years within the twentieth century for 
our second step. Starting from the basis prepared in the first step, we 
should be able to build the necessary tools and facilities, with the 
help of which our new generation of experimental high energy physicists 
shall try to reach the advanced world level in most of the important 
fields of experimental high energy physics. 

The first problem we faced was: What kind of machine we should build 
as our first high energy accelerator. The history of the development 
of the high energy physics shows, that both the proton machines and the 
electron machines have made very important contributions to the high 
energy physics. Their functions are complementary. They can not replace 
each other. Both kinds of machines are necessary, if the experimental 
research programm of the high energy physics is to cover most of the 
important fields. Thus we need to be equipped with both kinds of machines 
at the end of this century. The problem is: What kind of machine should 
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be chosen as our starting point. We have studied the long range prospects 
of the development of the high energy physics up to the end of this 
century. We have also considered the needs of the training of the 
scientific and technical personal. We analysed the problem in the light 
of learning a broad range of techniques. We decided finally that our 
first high energy machine should be a proton synchrotron. 

During the past four years, very important resutls have been obtained 
on the electron-positron colliding machine.s In all probability, the 
electron-positron colliding machines now being built would also yield 
very important results in the next decade. But at the end of this 
century, the synchrotron radiation might become a serious obstacle to 
the building of electron-positron colliding machine of very much higher 
energy. However, the answers to many fundamental questions in the high 
energy physics might have to be sought by investigating processes of 
still higher energy. 

We have now five kinds of stratons. Or if you prefer these are now 
five flavours of quarks. If the colour degrees of freedom are taken 
into account, there are already 15 kinds of stratons. Correspondingly, 
there are 15 kinds of anti-stratons. It is most embarrassing to have 30 
kinds of so called fundamental building blocks of matter on our hands. 
Nobody is going to believe, that this is the end of the story. Why 30 
kinds? Why not 36 kinds, or even 48 kinds? One cannot help asking: 
How many kinds of stratons are there in the nature? How does their mass 
spectrum look like? What kinds of new quantum number and new properties 
are they going to reveal? It seems, that a new spectrum is emerging. 
If the history of physics teaches us anything, then a new spectrum 
always leads to a new structure. Twenty three years ago, there were 
less than 30 kinds of hadrons. Sakata raised then the fundamental 
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question: What is the structure of the hadrons. This question leads 
step by step to the QCD now studied intensively. One cannot help asking: 
What is behind the stratons? Or put in other way: What is the structure 
of the quarks? 

Years ago Rabi asked: Who orders the muon? Nobody has been able 
to answer this question. Now comes the lepton x. Evidently, it is 
going to stay with us. It is only natural that one would ask: Who 
order the T, just like what Rabi asked long ago. There are now the 
electron, the muon, the T , the v , the v , the v and their corresponding 
anti-particles. If I am not mistaken, there are now 12 different kinds 
of leptons and anti-leptons. One cannot avoid asking: How many kinds 
of leptons are there in the nature? How does their mass spectrum look 
like? What kinds of new quantum numbers and new properties are they 
going to display? In short, we cannot help asking: What is behind all 
these leptons? Have the leptons also any kind of structure? We are 
probably opening a new chapter in the history of physics and penetrating 
into a still deeper layer of the structure of matter. 

Of course, there are the old problems: What is the mechanism which 
generates the weak intercations? Do inter-mediate bosons exist? If 
they do exist, how many kinds of intermediate bosons are there in the 
nature? What are their properties? What is the mechanism which generates 
the super strong interactions? Do gluons exist? If they do exist, how 
many kinds of gluons are there in the nature? What are their properties? 
All these questions can only be answered at still higher energy. The 
curiosity of the high energy physicists forces us to build machines of 
still higher energy. 

The electron-positron colliding machine now being built might yield 
partial answers to some of these questions. But to obtain systematic 
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answers to these questions, machines of still higher energy are obviously 
needed. Further more, unexpected new phenomena might turn up at still 
higher energy which are of fundamental significance. It is very important 
to search for new principle for accelerating and storing electrons. But 
for us who try to enter the research field of the experimental high 
energy physics now, it might be prudent to choose a proton synchrotron 
as our first high energy accelerator. There is a long march ahead for 
us. We have to look ahead to the end of this century. There is no 
physical phenomena which might become serious obstacle impossible to 
overcome to the construction of proton machine of energy very much 
higher than that of the proton machine of the present generation. 

The energy of our first proton machine is chosen to be 50 GeV. A 
proton linear accelerator of 200 MeV is to serve as its injector. In 
the energy region just above 10 GeV, the ZGS of Argonne has worked for 
many years. The proton synchrotron of KEK are also going to work in 
this energy region for years to come. In the energy region around 30 
GeV the CPS of CERN and AGS of BNL have worked almost twenty years. It 
is too late for us to enter into either of these two energy regions. On 
the other hand, with an injector energy of 200 MeV, it is difficult to 
raise the final energy very much higher than 50 GeV. The magnetic field 
at the injection is so low, that it becomes very difficult to obtain a 
beam intensity adequate for meaningful experiments. In the energy 
region around 50 GeV, only a limited number of experiments have been 
performed. It is an energy region worth further exploring. Therefore 
we choose 50 GeV as the energy of our first.proton machine. 

The intensity of the beam has not been decided yet. It might lie 
between 1-2 x 1 0 1 3 protons per pulse. There will be one pulse per 3-4 
sec. The maximum magnetic field strength is chosen to be 16000 gauss in 
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order to leave soire safety margin. The mean radius is about 230 meter. 
For the main ring, the FODO separated function lattice structure has 
been chosen which proved both economic and flexible in a number of 
proton synchrotron built recently. Two alternative methods have been 
stuided to provide space for the beam extraction and other equipments. 
The first method is simply omitting some bending magnets between the 
F.D. magnets. However, it is found that it is then necessary to enlarge 
a number of quadrupoles in the long straight section to allow the passage 
of the extracted beam. The pattern of omitted magnets is irregular and 
unlikely to suit other needs such as beam dumping. The second method of 
providing space is to match an insertion into the focusing structure of 
the lattice which leaves a large space between neighbouring quadrupoles 
for the extracted beam to clear the machine. 

The injection energy of the proposed machine is chosen to leave the 
option open to install a booster at a later date. The injection field 
is only 200 gauss as stated previously. The incoherent space charge Q 
shift is very large. We have investigated the consequences of choosing 
the working point on the main diagonal. We have also studied the pos
sibility of moving the working point away from the main diagonal into an 
off diagonal integer square according t.9 the experiences of the CPS 
Booster at CERN and the proton synchrotron at KEK. 

Two possible choices for the number of super-periods, namely Ns = 4 
and Ns = 6, have been studied. Different sets of lattice parameters 
have been proposed and investigated. To achieve high beam intensity, 
various effects, during the injection period need careful study. We have 
conducted preliminary investigation on the effects of the chromaticity, 
the non-linear stopbands and other instabilities together with the 
methods for their corrections. Recently, the negative ion injection 
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^ch^que|has tieen successfully used at Fermilab and Argonne. it is 
jthereforedecided that negative ions are going to be accelerated in the 
linear accelerator. The negative ion beam intensity from the linear 
accelerator is about 30 ma with a pulse length around 300 us. Preliminary 
studies have also being conducted on the method of beam extraction. 

In summary, a part of the machine parameters have already been 
fixed. Other important parameters have also been studied but not decided 
upon. It is hoped that they are going to be frozen in the near future. 

Preliminary discussion points to the following possible areas of 
experimental research in high energy physics with the hlep of the 50 GeV 
proton synchrotron: The physics of hadron spectra. In particular, the 
investigation of hadrons with higher mass and strange baryons with 
strangeness s < -1. The physics of quasi-two bodies collisions. Charmed 
baryon physics and possibly neutrino physics and the high energy nuclear 
physics. Concrete items of experiments are still under discussion. The 
preparation for general experimental equipments have already started. We 
begin building models for more or less standard detectors, which are 
wida"- used in many kinds of experiments, such as: the multiwire pro
portional chambers, the drift chambers, the Cherenkov counter, the 
scintillator hodoscope, the stream chamber ... etc. The proposal to 
build a hydrogen bubble chamber is now under discussion. 

We have not yet concrete proposals concerning the kind of machine 
of higher energy to be built in the second five years. But studies have 
already started. 

The site of the future experimental center for high energy physics 
is going to be chosen in the neighborhood of Peking. 

Five months have elapsed since the convocation of the National 
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Science Conference. Preliminary studies on the program for the high 
energy physics in our country have been made during this brief period. 
In the course of our work-, we have been benefited by the fruitful col
laborations and discussions with our colleagues in various countries. 
Many laboratories of high energy physics have offered us friendly help, 
in particular BNL, CERN, DESY, FNAL, KEK and SLAC. We would like to 
take this opportunity to offer them our sincere thanks. 
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The "TRISTAN" for Future Plan of 
Japanese High Energy Physics Program 

T. Nishikawa 
National Laboratory.for High Energy Physics 

Oho-machi, Tsukuba-gun, Ibaraki-ken, 300-32, Japan 

§1. Status of KEK PS 

KEK, the National Laboratory for High Energy Physics, was established 
in 1971. As a principal instrument of the laboratory, a 10 GeV proton 
synchrotron was completed in 1976. The performance of the synchrotron 
has been improved and the scheduled experiments started in May 1977. A 
list of the more significant events and dates is given in Table I. The 
energy attainable was planned to be 8 GeV at the first design stage but 
now is 12 GeV by some technical developments and refinements. Table II 
shows the present performances of the KEK synchrotron and Fig.l gives a 
comparison of the design and achieved beam intensities vs. years. Fig. 
2 shows an aerial view of the accelerator complex. 

Every scheduled operation of the accelerator starts from a morning 
of Wednesday and ends Saturday morning of the next week. Average beam 

12 intensity of more than 1.5 * 10 ppp can be provided to the experiments 
with an average downtime less than 10 % for these several months (as 
shown in Table III). The beam accelerated is divided into three main 
channels; one for bubble chamber experiments with a fast extracted beam 
and two for counter experiments with a slow extracted beam and an internal-
target beam. Up tw *:he last scheduled experiments, the pion beam produced 
from an internal-target has been used for main-user's experiments, 
however the slow extracted beam will become main beam sources from the 
next scheduled experiments starting from coming October. The slow 
extracted beam is also split into three sub-channels for making it 
possible to carry out direct proton experiments, high resolution pion 
beam experiments, low and high momentum kaon experiments, anti-proton 
and hyperon beam experiments, and so on. The experiments are performed 
not only by the KEK physics group but also by the scientists from other 
universities and institutions as the national accelerator for common 
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use. Some results of the first scheduled experiments will be reported 
at the XlXth International Conference on High Energy Physics. 

§2. History of TRISTAN Plan 

When the KEK proton synchrotron project was originally proposed, it 
was expected to bring up the Japanese high energy physics program to the 
frontier of the world high energy physics. However, a short cut of the 
budget forced the project to start with a lower energy accelerator and 
later extend it to a higher energy range. Thus the future extension of 
the present synchrotron is taken into consideration even at the initiation 
of the present project. Being encouraged by the initial success of the 
present project, we wish to proceed with our future plan, "TRISTAN". 
The nickname of TRISTAN comes originally from "Tri-Ring Intersecting 
Storage Accelerators in Nippon", i.e. an intersecting accelerator complex 

+ which aims at colliding beam experiments of various types as e p, pp, 
H — - 2) 
e e and pp at very high center-of mass energies. 

In the initial design, two superconducting rings and one conventional 
magnet ring are to be installed in the same tunnel; the total circumference 
of these rings will >2 Km or six times of the present synchrotron. Two 
superconducting rings, similar to the complex of the ISABELLE Project at 
Brookhaven, will store and accelerate the proton beams in opposite 
directions obtaining the final center-of-mass energies of V360 GeV. The 
protons extracted from the present 12 GeV synchrotron will be injected 
into the conventional ring and accelerated up to ̂ 50 GeV before accelerations 
in the superconducting rings. By taking this step, one can decrease the 
magnitude of magnetization and consequent ac effects in superconducting 
rings. The transition energy will also be safely passed through during 
a fast acceleration in the conventional ring. As a result, a reliable 
and an intense beam operation will be expected for the colliding beam 
experiments. The conventional ring will not only be used as an intermediate 
proton accelerator but also be used as an electron or a positron storage 
accelerator up to 17 GeV, providing the possibility of electron-positron, 
electron-proton and positron-proton colliding beam experiments. The 
proton or electron beams accelerated one of the three rings could also 
be extracted to experimental halls for fixed-target experiments such as 
neutrino experiments. As a further option, an anti-proton beam could be 
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obtained and used for p-p or e-p colliding beam experiments. 

The original TRISTAN Plan was followed by extensive discussions 
among the particle physicists and the accelerator scientists, resulting 

+ 
in a general agreement that e~p collisions have the first priority in 
the Phase I of the project. As for the electron injector, the 2.5 GeV 
electron liriac of the "Photon Factory Project" will be used. The 
Photon Factory is a dedicated synchrotron radiation facility, construction 
of which has been authorized since this fiscal year. A complex of a 2.5 
GeV electron linac and a storage ring at the same energy will be completed 
in Fy 1981. A general layout including the present PS, the Photon 
Factory and the TRISTAN in the KEK. site is shown in Fig.3. With the 12 
GeV proton synchrotron at one hand and the 2.5 GeV electron linac at the 
other hand, we do hope that the Phase I of the TRISTAN Plan will successively 
be authorized. 

§3. Conceptional Design of TRISTAN ep Rings 

If we set the first priority of the TRISTAN Plan on an electron-
proton colliding beam system, then we had better install two conventional 
rings and one superconducting ring in the same tunnel rather than the 
original tri-ring complex. By this the ring magnet system becomes much 
simple accompanying a considerable reduction of power consumption. 

In this scheme, one of the conventional ring, Ring I, will be used 
exclusively for electrons, and another conventional ring, Ring II, 
exclusively for protons. Protons extracted from the present KEK-PS are 
injected into Ring II, accelerated from 12 GeV to 50 ̂  70 GeV, and then 
rf-stacked and accelerated in the superconducting ring, Ring III. 

A preliminary configuration of three rir.gs is taken in which Ring 
I and Ring III are placed on the same horizontal plane so as to cross 
each.other at four interacting points. Another conventional ring, Ring 
II, will be installed upper or below the Ring III (superconducting 
proton ring) to transfer the beam in a vertical plane (Fig.4). In 
virture of taking such a new tri-ring system we will be able to perform 
ep colliding experiments reliably and flexibly with the proton energies 
from 50 GeV to 200 GeV. Corresponding center af mass energies of the 
colliding beam system will cover a region from 60 GeV to 110 GeV, i.e. 
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the energy region where weak processes involving neutrinos would become 
comparable to electromagnetic processes or large momentum-transfer 
strong interactions 

A set of preliminary parameters of this tri-ring system is given in 
Table IV and Table V, in which the total circumference of the TRISTAN 
ring is taken as six-times of the KEK-PS, or 2035 m, and the length of 
long insertions as about 100 m resulting in the radius of curvature in 
the bending magnet of approximately 127 m. 

The maximum energy and intensity of the electron beam are determined 
by feasible rf techniques against the strong synchrotron radiation. 
From the considerations on techniques presently available, a 200 mA 
electron beam will be obtained at 15 GeV and a 100 mA at 17 GeV. The 
required total rf power is 15 MW including cavity wall-losses. 

The beam intensity of protons will be limited by dynamic beam 
effects or coherent beam instabilities. These effects will be predominant 
during injection or stacking processes. By improving the present KEK-

12 PS, we will be able to deliver 5 x 10 ppp into Ring II with a cycle 
time of 2 sec. A fast extracted proton beam from the KEK-PS is injected 
into Ring II and captured by a Ring II rf system working at the same rf 
frequency with the KEK-PS. Design studies have been made on the beam 
transfer, acceleration and stacking method of proton beams in Ring II 
and Ring III. The superconducting ring, Ring III, can store protons 
either in a bunched beam or a coasting beam at >50 GeV. 

From a crude estimate, Ring III will be able to store protons of 6 x 
10 'n total number or 14 A in circulating current of a coasting beam 
at 70 GeV, while the number of protons stored or accelerated in Ring II 

" 1 3 will be limited as small as 3 x 10 due to the coherent bunch oscillations 
at lower injection energies (12 GeV).'' The total filling time of protons 
in Ring III is estimated to be 10 ̂  50 minutes depending upon how many 
pulsed of KEK-FS can safely be trapped in each cycle of Ring II; the 
cycle time of Ring II is assumed to be 20 ̂  30 sec. 

One of the most characteristic features in the above outlined 
scheme for ep collisions is that a dual purpose of the conventional ring 
in the original TRISTAN plan can be eliminated. As an alternative, 
however, a TRISTAN ep system with two conventional rings but without the 
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superconducting ring has been proposed in view of reducing technical 
barriers and saving budget. However, some complications are foreseen 
to occur in the design and construction of the modified system such as 
additional electron bypasses for rf accelerations in Ring I. In addition, 
the conventional storage ring working at a dc condition at high fields 
( 19 kG 70 GeV protons) suffers from a large power dissipation. 

§4. Luminosity of ep Colliding System 

The optimization of luminosity for electron (or positron) - proton 
colliding beam system gives a new problem different from the usual cases 
for electron-positron, proton-proton, or proton-antiproton collisions 
due to asymmetric nature of colliding particles. Careful studies in 
this respect have been made for obtaining the maximum luminosity attainable. 

31 -2 —1 The physics claims that a luminosity above 10 cm sec is necessary 
32 -2 —1 3) 

and a luminosity close to 10 cm sec is very desirable. 
General formulas of luminosity for various types of colliding beams 

are derived and applied .to some specific cases of the TRISTAN plan.' 
To obtain the maximum luminosity attainable, parameters of the Interaction 
region are optimized with respect to linear beam-beam tune shifts. On 
the assumption that a 15 GeV bunched electron beam collides with a 

31 -2 -1 coasting proton beam, we estimate that luminosities of 6 x 10 cm s 
31 -2 -1 and 8.5 x 10 cm s can be achieved for the proton energies of 70 GeV 

and 200 GeV, respectively. It is necessary to obtain these values to 
introduce a curved interaction region where collision occurs within a 
bending magnet region in order to reduce long-range beam-beam interactions 
and to perform the experiments at quasi-collinear crossing.. The optimized 
parameters are shown in Table VI. In the present cases the maximum 
luminosity is determined by the vertical tune shift for electrons which 
is expressed in terms of the vertical ft-functions at interaction region, 
3 , (3 , the length of interaction, SL. . , and the transverse proton ze' zp' ° xnt 
density. It is also shown that, to minimize the linear tune shifts for 
short range interactions, a relation I . _ = 2/§B should be satisfied. 

xnt ze 
If we take a straight interaction region instead of a curved interaction, 
then the long range interactions will take place and the luminosity 
attainable will become about a half of the above values. 
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§5. Other Technical Problems and Time Schedule of TRISTAN Plan 

One of,the important problems being involved in the TRISTAN plan is 
the design of experimental insertions. Some typical instrumental arrange
ments of possible experiments have been proposed to take requirements 
from physics into consideration. Requirements for lattice parameters 
are diverse and different almost from one to another depending upon the 
particular experiment. In principle, it will be wise to design a dis-
persionless low-f5 section in order to keep flexibility for various types 
of experiments. For making the crossing angle small, a preliminary 

3) design of lattice structure has been carried out. However, in practice, 
some engineering and technical problems will require further design 
studies. Particularly, if we wish to reserve possibility of physics 
experiments using radiative polarization of the electron beam, then some 
modification of overall lattice structures would become necessary. 

More technical research and development of superconducting magnet 
system, ultra-high vacuum system, high power rf system and computer 
control system are now undertaken at KEK in cooperation with scientists 
at other laboratories in an international scale. The experiences obtained 
in the course of construction of the Photon Factory will also be helpful 
to promote the TRISTAN ep plan. 

The time schedule and cost estimate of the TRISTAN plan should be 
depend upon unknown factors as the national economy and the man power 
problem as well as necessary technical development work. However, 
it is strongly desired among the Japanese high energy group that the 
construction of the TRISTAN ep plan will be authorized just about the 

+2 time of completion of the photon factory project or in 1981_ Q. It will 
take 4 ^ 5 years for the construction and a rough total cost is estimated 

4 to be around 7 x 10 M yen including experimental facilities. 
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Fig.3 Layout plan of 
KEK f a c i l i t i e s . 
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Fig.4 
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Table I 

Significant Events and Dates of 

KEK Accelerator Construction 

April '71 Construction Started 

July 23, '74 First Beam of Preirijector (100 mA) 

Aug. 1, '74 First Beam of Linac (4 mA) 

Dec. 4, '74 First Beam of Booster (450 MeV, 9 x l o 9

 p p p ) 

Dec. 12, '74 500 MeV in Booster (4 x 1 0 1 0 ppp) 

Nov. 19, '75 First Full Turns in Main Ring 

Mar. 4, '76 8 GeV in Main-Ring (2 x i o 1 0 ppp) 

Mar. 19, '76 10.4 GeV in Main-Ring (4 x 10 9 ppp) 

Nov. 10, '76 Linac Intensity: 150 mA, 15 vis Pulse Width 

Nov. 12, '76 Booster Intensity: 5.5 x 10 ppp 

Dec. 22, '76 11.8 GeV in Main-Ring (3 x i o 1 0 ppp) 

Jan. 21, '77 Fast Extraction from Main-Ring 

May 19, '77 Scheduled Experiments Started 
12 June 16, '77 Main-Ring Intensity: 1.1 * 10 ppp 

Nov. 19, '77 Slow Extraction from Main-Ring (Efficiency > 90 % at 

12 GeV in June, '78) 
12 July 24, '78 Main-Ring Intensity: 2 x io ppp 
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Table II 
Accelerator Performance 

Preinjector 

Linac 

Energy: 750 keV 
Current: 250 mA 
Emittance (Normalized): 3ir rnnrmr (90 %, 250 mA) 

Energy: 20 MeV 
Momentum Spread (Ap/p): ±0.5 % 
Current: 140 mA 
Emittance (Normalized): BIT mm-mr (90 %, 140 mA) 

Booster 
Energy: 500 MeV 
Momentum Spread (Ap/p): ±0.3 % 
Intensity: 6 x 10 ppp 
Emittance: Horizontal = 30TT mm-rnr } ( g o ^ g x 1 Q n p p p ) 

Vertical = 15ir mm»mr 1? Injection: Stacked Current = 300 mA (1.2 x 10 ppp) 
Captured Current = 160 mA (6.5 x 10 ppp) 

Main Ring 
Energy: 8 * 12 GeV 
Momentum Spread (Ap/p): ±0.1 % 

12 
Intensity: Z x 10 ppp 
Slow Extracted Beam Emittance: 

Horizontal = 8ir mm-mr (g 0 * 12 GeV) 
Vertical = 6tr mm-mr 
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Table III 

Operation Stat is t ics 

Apr.'77 Nov.'77 

Aug.'77 Mar.'78 

Total Operating Hours 1595.4 (100 %) 1655.7 (100 %) 

Ace. Tuning & Studies 593.8 (37.2 %) 533.7 (32.2 %) 

Beam Utilization 747.1 (46.8 %) 876.3 (52.9 %) 

Internal Target 777.2* 842.7* 

Fast Extraction 256.6* 354.5* 

Slow Extraction 6.3* 

Accelerator Failure 142.0 (8.9 %) 98.2 (5.9 %) 

Beam Channel Failure 2_̂4_ (0.1 %) 

U t i l i t i e s Failure 18.7 (1.2 %) 2_J^ (0.1 %) 

Experimental Setup 65.8 (4.3 %) 81.0 (4.9 %) 

Interruption 24.0 (1.5 %) 58.3 (3.5 %) 

Human Error l j j . (0.1 %) 2_^ (0.1 %) 

* Including parallel run 
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Table IV 
Basic Parameters of TRISTAN e*p Plan 

Circumference ' 2036 m 

Average Radius 324 m 

Number of Intersect ing Points 4 

Crossing Angle (Ring I and I I I ) 20 mrad 

Length of Long Insertion 100 m 

Length of Short Insertion 50 m 

Bending Radius 127 m 

Center of Mass Energy 60 -v 100 GeV 

Luminosity 6^8.5 * 10 3 1 c n f V 1 
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Table V 

Prel iminary Parameters of ep Rings 

Ring I Ring I I Ring I I I 

Part icles + 
e , e P P 

Max. Beam Energy 17 GeV 70 GeV 200 GeV 

Max. Bending Field 4.5 kG 19 kG 53 kG 

Bending Aperture 100x30 cm 70x40 cm 60 cm (dia) 

Tune of Curved Section IOA-20 20 20 

Max. Beam Current 200 mA 1.2 A 14 A 

Max. No. of Particles 8 .5x l0 1 2 5x10 1 3 6 x 1 0 U 

RF Frequency 480 MHz 8 MHz 8 MHz 

Harmonic Number 3240 54 54 

Max. RF Voltage 71 MV 100 kV 20 kV 

Max. RF Power 15 MW 

Injector 2.5 GeV Linac 12 GeV KEK-PS Ring I I 

F i l l i n g Time <1 min for e~ + 

20 min for e 
20^30 sec 

(cycle time 
10^50 min 

0 
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Table VI 
Luminosity Estimations (Curved Crossing) 

CM. Energy 60 GeV 110 GeV 

Luminosity 6 * 10 3 1 c n f 2 s _ 1 31 -? -1 8.5 x 1 0 J I cm cs ' 

* ( * \ 
^ze ^xe^ 0.6 m (1.5 m) 0.5 m (1.5 m) 

* . * . 
°zp ^ x p ' 

1.0 m (5.0 m) 1.5 m (5.0 m) 

A i n t 1.8 m 1.3 m 

A v ze 0.057 0.06 

A v zp <5 x 10" 4 <5 x l o - 4 

Bending Field 2.3 kG 2.8 kG 
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High Energy e-p Colliding Beam Machine 

Y. Kimura 

National Laboratory for High Energy Physics 
Oho-machi, Tsukuba-gun, Ibaraki-ken, 300-32, Japan 

I. INTRODUCTION 

Since about 1970, quite a number of projects have been proposed to 
build facilities for colliding electron and positron beams with proton 
beams. The e-p collision at the center of mass energies as high as 100 
GeV is thought to be the most suitable process to probe the internal 
structure of the proton and also the weak interaction. However, none 
of the proposals has been realized as yet. 

In Japan, to achieve collisions between electron beams of 15*̂ 17 GeV 
and proton beams of 180^200 GeV, the TRISTAN project was initiated at 
KEK in 1974. In KEK, a 12 GeV proton synchrotron was completed in 1976 
and has been in the regular operation for high energy experiments since 
May 1977. Besides, a 2.5 GeV electron linac is now under construction 
as the injector for the electron storage ring dedicated to synchrotron 
radiation researches. Then, the proton and electron injector for the 
TRISTAN are virtually in existence. 

The following table summarizes the current e-p colliding beam 
proposals. 

Proposal Electron Energy. 
(GeV) 

Proton Energy 
(GeV) 

Luminosity 
(cm sec ) 

TRISTAN 
(KEK) 15 •*. 17 180 -v. 200 31 8 x 10 

PROPER 
(DESY) 17 "\» 20 280 32 >10° 

PEP 
(SLAC) 15 150 32 

CHEEP 
(CERN) 25 270 31 32 

I O ^ -v io 
FERMILAB 12 1000 -V10 3 2 
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In this talk, first we make some general remarks about collision 
schemes and luminosity limits of high energy e-p colliding machines, and 
then outline the preliminary design of the TRISTAN e-p rings. 

We can find comprehensive investigations of e-p colliding rings in 
the following reports. 
1) TRISTAN Design Group 

"TRISTAN Design Notes" KEK Internal Report (March 1978)?^ 
2) G.H. Rees 

"Beam-Beam Interactions in e-p Storage Rings" CERN 77-13, p.341 
(July 1977)V 

II. GENERAL CONSIDERATIONS ON e-p COLLISION SCHEME AND LUMINOSITY 

II-l. Collision Mode 

There are two possible ways of colliding electron beams with proton 
beams. One is collisions between bunched electron beams and bunched 
proton beams, and the other is collisions between bunched electron beams 
and unbunched proton beams. 

The luminosity is proportional to the number of protons in a bunch 
for the former, while it is proportional to the number of protons in 
the interaction length (£-™T < 1 m) for the latter, provided that the 
total number of electrons and transverse properties of the beams in the 

3) colliding rings are the same for both cases. Therefore, to obtain an 
equal luminosity for both cases, a larger number of protons in the ring 
are required for unbunched beams than for bunched beams. In the case 
of the TRISTAN, for instance, proton intensities which give a luminosity 

31 — 2 - 1 12 
of L <\J 3 x .10 cm sec for electron intensity of N e *v» 8 * 10 are 

e P 13 ii 
estimated to be N ^2.7 x 10 p/ring = 5 x 1 0 p/bunch x 54 bunches 

P ' 14 
for bunched beams and N i» 6 x 10 p/ring for unbunched beams. Then, 
the operation of the ring in the unbunched proton mode requires larger 
magnet apertures to stack such a large number of protons in the ring. 

Generally, the maximum luminosity attainable is limited by shifts 
of the tune (betatron oscillation frequency) due to beam-beam inter
actions. The txine shift arises not only from the effects of one beam 
on the other at the collision region (short range interactions), but 
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also from those at the region where two beams do not overlap each other 
but are close together (long range interactions). Usually, in the bunched 
proton beam operation, the bunch separation is much larger than the bunch 
length, therefore the bunched proton mode has an advantage that it is free 
from the long range tune shift effect. 

Nevertheless, in the following respects, the unbunched proton mode 
is thought to be preferable to the bunched proton mode. 
(1) The bunched proton beam operation requires accurate synchronization 
of electron bunches with proton bunches. The synchronization can be 
performed, for instance, by providing an adjustable path length in the 
electron ring and varying it as a function of the proton energy. How
ever, it will be difficult to change the proton energy over a wide range. 
(2) Beam instabilities inherent in bunched proton beams are regarded 
to be much serious than those inherent in unbunched proton beams. The 
most serious of the bunched beam is longitudinal instabilities arising 
from interactions of proton bunches with the walls of vacuum chambers, 
beam handling equipments and RF cavities. A theoretical investigation 
of the problem in the case of the TRISTAN shows that to realize proton 
intensities higher than 1 x 10 p/bunch will be very difficult without 
elaborate beam feedback, systems to damp strong coherent bunch oscil
lations. Experimental studies of storing intense proton bunch have 
just started at the CERN SPS for the p-p colliding beam project. In 
the case of unbunched proton beams, the vacuum instability, self bunching 
effect, and microwave instability during the RF stacking will become 
important. 

II-2. Collision Geometry 

In addition to the simple straight crossing collision (Fig.l-a), 
collisions between electron and proton beams can be made collinear by 
use of such a bending magnet at the interaction region as illustrated 
in Fig.l-b. In the collinear collision, the collision is heiad-on, 
and two beams are rapidly separated away outside the collision region. 
This considerably reduces the effect of the long range beam-beam inter
actions. As the beam-beam tune shift due to the long range intreactions 
could be at least as large as that due to the short range interactions 

4) in small angle straight crossing regions, higher luminosity limit is 
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attainable for the collinear collision than for the straight crossing 
collision. 

The collinear collision geometry, however, has the following 
drawbacks. 
(1) The magnet at the interaction region may interfere with installa
tion of experimental detectors. 
(2) Synchrotron radiation emitted in the magnet causes experimental 
background problems, especially for such an experiment as the photon 
tagging method in which tagged electrons travel in the same direction 
as the radiation. 
(3) Changes of the proton orbit during the acceleration of electron 
beams have to be compensated by use of some correcting magnets. 
(4) In addition to collisions between electrons and protons, experi
ments on collisions between positrons and protons will be needed to 
disentangle the possible interference between reactions induced by the 
weak interaction and by the electromagnetic interaction. The use of 
the magnet common to electrons and protons almost excludes the possi
bility of working with positrons without considerable modification of 
the collision geometry. 

In the case of the straight crossing collision, the smaller cross
ing angle gives the higher luminosity within the beam-beam tune shift 
limit. The minimum crossing angle is determined by the requirement for 
beam separation at the septum magnet to bend the electron beam away from 
the proton beam. As is illustrated in Fig.2, assuming that a magnet free 
region of 10 m is required on either side of the crossing point for 
installation of the experimental equipment, we can estimate the crossing 
angle to be 2(j> > 4 mrad for the electron and proton beams of the TRISTAN. 

Usually, the horizontal emittance is larger than the vertical in 
both electron and proton ring. As is shown later, in the horizontal 
straight crossing, the luminosity does not depend on the horizontal 
beam size, and is inversely proportional to the vertical beam size. 
Therefore, the beam crossing in the horizontal plane is preferable to 
that in the vertical plane. 

Another restriction on the collision geometry is imposed by the 
beam manipulation required for rotations of the radiative electron 
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polarization. As is well-known, electrons (positrons.) in the storage 
ring are expected to polarize antiparallel (parallel) to the magnetic 
field by emitting spin-flip synchrotron radiations. Growth of the 
polarization is given by 

P(t)=P Q (1 - e" t / TpoD, 

where P = 0.9238 is the asymptotic polarization and T 1 is the 
characteristic polarization time. For a storage ring with the bending 
radius p and the mean radius R, T , is expressed numerically as 

T .(sec) - 98.7 [ P ( m ) ] 3 „ • & , 
p o 1 [E (GeV)]5 P 

e 
where E is the electron energy. In the case of the TRISTAN electron 
ring, T ., is estimated to be T ,= 680 sec at E = 1 5 GeV. To make ° pol pol e 
use of this polarization for studies of weak interactions, however, the 
transverse polarization has to be rotated into the longitudinal one at 
the interaction region. Generally, an anomalous magnetic moment of a 
spin 1/2 particle causes the precession of the spin when the particle 8) moves in a homogeneous magnetic field. For electrons traversing a 
magnetic field perpendicular to the polarization, a precession angle 
(j) of the polarization direction is given by 

*p - m-cF * - V " (B V ' e e 
where m , cB , and g are the rest mass, velocity, and gyromagnetic ratio 
of electrons, respectively, and B and Z axe. field strength and length of 
the magnet. The precession angle can also be expressed as 

'f'p = *e — ' 6m ' 

where v = l V l - 8 , and 9 is the deflection angle of electrons in e e m 
the magnet. For electrons of 15 GeV, a bend of 9 = 4 6 mrad. gives a 
precession of the polarization of (j) = TT/2. The rotation of the polari
zation by an angle required can be performed by a sequence of vertical 
and horizontal bends. Figure 3 illustrates one of the possible con
figurations of the bends to rotate the traverse polarization into the 
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longitudinal direction for the e-p crossing in the horizontal plane. 
The symmetric ̂ cbhffiguration is required in the other side of the crossing 
point to rotate the polarization back to the transverse direction. To 
avoid undesirable effects arising from synchrotron radiation emitted in 
the magnets, the practical field strength for the bends is limited to 
rather low value, say <3 i» 5 kG. Then, it is essential to provide a 
straight insertion of 80 ̂  100 m on either side of the crossing point 
to realize the collisions of protons with longitudinally polarized 
electrons of E £ 15 GeV. It must be noted that the ideal ir/2 rotation e 
of the polarization can be achieved only at .one electron momentum for 
the fixed geometry, since the precession angle depends not only on the 
deflection angle, but also on the electron energy. 

II-3. Luminosity Limit 

The maximum luminosity attainable is limited by the beam-beam tune 
shift. For collisions between bunched electron beams and unbunched 
proton beams crossing at an angle 2<J> in the horizontal plane, the 
luminosity L and the linear beam-beam tune shift &\> due to the short 
range interactions are given by the following formulae, provided that 
variation of the beam size and the dispersion functions of both rings 
are negligibly small in the collision region. 

f N N 
L = _ § §_2_ 
ep 2irR 

T» ve vp 

N p r e g He A INT , , , 1 ^INT, 
A%e - 2rfT * IrT ' * , * . * , * ( 1 + 12 " ^ 

P e % ( f f H P

 + % ) ^He 

N o r e ^ve^IHT , , . 1 INT. 
v e 2TTR Tiye * ( * + * j 12 e * 2 

F vp Hp vp v e 

Av„ = e p np 
Hp B 2TTY * f * . * ^ 

e p a (o\ + a ) 

N 

t e x t e 
_* 

. e p vp_ 
vp - B 2TTY " * , * . * -w r e p a (o\ + a ) r v e t e v e 
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where Av , .. is the tune shift suffered by the electron (proton) beam 
due to the proton (electron) beam. Definitions of the parameters in the 
above formulae are listed below. 

N - . = total number of electrons (protons) in the ring, 

f = revolution frequency of electrons, 

2irR = circumference of the proton ring, 
* P 

°v(H) = v e r t i c a ^ (horizontal) rms beam size at the collision region, 
*2 *2 2 2 

CTte = °He + a L e t a n •• 
a. = rms longitudinal beam size of electrons, 

(3 ,„.. = vertical (horizontal) betatron amplitude function at the 
collision region, 

*INT = f ( C THe + C JHp ) = i n t e r a c t i o n length, 
r . . = classical electron (proton) radius, e(p) 
Y , i = 1//1 - 3 , ,2 'e<,p) He(p) 

B = number of electron bunches in the ring. 

To find the luminosity limit, we examine what limits are imposed 
on those parameters relevant to the luminosity by practical conditions. 
(1) The canonical permissible tune shift is generally thought to be 

Av < 0.05 for electron beams, and e ~ 
Av < 0.005 for proton beams. 
P ~ 

(2) In the usual conditions, the vertical beam size is much smaller 
than the horizontal, and the electron beam size is much smaller than the 
proton beam size. Therefore, the luminosity is limited principally by 
the vertical tune shift of electrons. 
(3) The optimum value of the vertical betatron function at the collision 
region for the electron beam, which yields the miTiiirmm vertical tune 
shift of electrons, is approximately given by 

KB ~ AIHT ' 
(4) To localize source points of the interaction, the interaction 
length must be shorter than *v>l m. 

* 

-85-



(5) The emittance is related to the rms beam size as 

2 
En „/ir ~ 4a /{$ for proton beams, and 

ri,v « ,v n,V 
2 

E„ /IT = CJ„ /3„ for electron beams. xi,v n,v n.,v 

The beam emittance in the storage ring is mainly determined by the quantum 
fluctuation of synchrotron radiation for electrons, and by the emittance 
of the beam transferred from the injector ring for protons. In the case 
of the TRISTAN e-p rings, the following emittances are estimated for the 
operation at 15 GeV for electrons and 180 GeV for protons. 

1 -2 
n 7.5 x 10 IT mm'mrad, He 1 + Ke 

Ke -2 
x 7.5 x 10 Tf mm'mrad, ve 1 + Ke 

Ke = horizontal-vertical coupling coefficient, 

E = 0.5 IT nmi'mrad, Up 

E = 0.2 ir mm-mrad. vp 

(6) The maximum beam intensity obtainable is determined by some prac
tical conditions. The RF power to compensate for synchrotron radiation 
in the electron ring sets limits of the electron energy and total number 
of electrons in the ring. While, the maximum number of protons which 
can be stored in the ring is limited by the beam parameters for the 
stacking injection and by various kinds of beam instabilities causing 
beam loss. For the TRISTAN e-p rings, we expect to achieve stored beam 

12 currents of 0.2 A for electrons at 15 GeV (N = 8 * 10 e/ring), and 
14 e 

14 A for protons at 180 GeV (N = 6 x 10 p/ring). 

Combining all these conditions, we can find an optimum value of 
the luminosity rather uniquely. If the following parameters are assumed 
for the TRISTAN e-p rings, 

R = 324 m e 
R = 324 m 

P 
2<j> = 4 mrad 

E = 15 GeV 
e 

E = 180 GeV 
P 

A I N T S l m 

12 N = 8 x 1 0 J - i 

e 
14 

H = 6 x 1 0 - " 
P 

Av S 0 .05 
e 
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the luminosity limit is estimated to be 

L ~ 4 * 10 cm sec ep 

The requirement for the proton tune shift sets a lower limit of the 
number of electron bunches as 

B > 70 for Av < 0.005. 
e ~ p -

Using the electron and proton emittances given above, we can also 
estimate the betatron amplitude functions at the crossing region which 
are required to give the above figure of the luminosity. 

E S 0 .68 : ve < 10 
(mm' 
ir 

•mr) 
a* = 0 . 0 8 ( n m i ) 

v e S* = 1 ( m ) 

ve 
(Ke = . 1 ) 

E„ = 6 . 8 x 
He 1 0 " 2 

IT i = °-3 4 z x-5 

(Ke = . 1 ) 

E = 0.2-ir vp 
* ~ 

a = 0 . 2 vp B* S o . 8 vp 

*Hp £ ° - 5 l T 

* ~ 
a„ = 0 . 7 Hp 

* _ 
B H P = 4 

As investigated by T. Suzuki, the luminosity limit of about twice 
as much as the above value is obtainable for the properly designed co-
llinear collision geometry. The high luminosity is of particular 
importance for studies of the weak interaction process, and it will be 
necessary to adopt the collinear collision geometry for at least one 
of the experimental insertions. 

III. PRELIMINARY DESIGN OF THE TRISTAN e-p RINGS 

III-l. Outline 

Ths aim of the TRISTAN project is to achieve collisions between 
electron beams of 15 ̂  17 GeV and proton beams of 180 **• 200 GeV. The 
2.5 GeV electron linac which is now under construction and 12 GeV 
proton synchrotron which is already in operation are available as in
jectors for the electron and proton colliding rings. Beam parameters 
of the electron linac and proton synchrotron are listed in Table 1. 
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Due to the restrictions imposed by the area and electric power 
available, the use of superconducting magnets for the proton ring is 
inevitable to accelerate and store proton beams beyond about 70 GeV. In 
this case, however, two unavoidable difficulties are foreseen for the 
direct injection and acceleration of 12 GeV protons in the superconducting 
ring. One is that the too low injection field at 12 GeV makes it impossible 
to attain enough spatial uniformity of the magnetic field due to hysteretic 
magnetization effects of the superconductor and the other is that the 
too slow acceleration cycle of the superconducting magnet makes crossing 
of the transition energy very difficult. Therefore, it is necessary to 
boost the proton energy from 12 GeV to 50 i> 70 GeV in a synchrotron of 
conventional magnets before the injection of proton in the superconducting 
magnet ring. An economical way of doing this is to use the electron 
ring for boosting the proton energy as well. That is, 12 GeV protons 
are first injected and accelerated to about 50 GeV in the electron ring, 
and transferred and RF stacked in the superconducting ring. After being 
filled with 50 GeV protons, the superconducting ring accelerates and 
stores the protons at about 180 GeV. Then, 2.5 GeV electrons are injected 
and accelerated in the electron ring, and put to collisions with the 
protons in the superconducting ring. However, the economical advantage 
of this scheme must be weighed against the possible complication of the 
experimental insertions where the electron beam is required to receive 
very intricate manipulations, and the insertion of electron or proton 
bypasses in the electron ring to avoid serious beam instabilities arising 
from interactions of proton bunches with the RF cavities for the electron 
acceleration. Therefore, at this stage of the design study, we plan to 
use the electron ring exclusively for electrons and have another con
ventional magnet ring to boost the proton energy from a viewpoint that 
the most important is to provide the most flexible experimental insertions 
possible. 

As shown in Fig.4, in the preliminary design, we adopt a colliding 
ring configuration in which the electron and superconducting proton ring 
are placed on the same horizontal plane in such a way that both rings 
intersect each other at four points. Another conventional magnet ring 
for the preacceleration of the 12 GeV protons to about 50 GeV is located, 
for instance, beneath the superconducting proton ring. To avoid possible 
geometrical interferences of this booster ring with the detector layout, 
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it will be necessary to move the proton orbit in the ring sideways by 
about 5 m at the intersecting regions. Figure 5 shows a tentative plan 
to install these three rings in a tunnel. Ri- II and III indicate the 
electron, proton booster and superconudcting proton ring, respectively. 
Preliminary parameters of the three rings are summarized in Table 2. The 
circumference of the rings are chosen to be 2036 m or six times the cir
cumference of the present proton synchrotron. The ring consists of four 
intersecting insertions of 100 m in length and four curved sections of 
229 m in average radius and 127 m in bending radius. Three long in
sertions are available for experiments and the remaining one will be 
used for beam transfers. As mentioned previously, however, the insertion 
of 100 m is not long enough to perform the rotation of the transverse 
electron polarization into the longitudinal direction. To provide 
longer insertions, we are investigating a possibility to accommodate the 
colliding rings seven times, instead of six times, as large as the 
present proton synchrotron in the KEK site. 

III-2. Lattice 

A preliminary design of the l a t t i ce structure has been done by 
2) 

T. Suzuki and S. Kamada. We can apply an identical lattice structure 
to the curved sections of the electron, proton booster, and superconduct
ing proton ring. For the curved section consisting of N identical normal 
cells, the tune is expressed as V = Np/2ir, where p is the phase advance 
per cell of the betatron oscillation. Taking account of the proton injec
tion energy of 12 GeV for the booster ring and 50 GeV for the superconduct
ing ring, it is reasonable to choose the transition energy of the proton 
rings to be about 20 GeV. Then, the horizontal tune of the proton ring 
is determined to be V = 20 correspondingly. As an advisable value of n. 
the parameter p is about tr/2, N = 80 is obtained for the number of the 
normal cells in the curved section. In the case of the electron ring, 
the horizontal tune is closely related with the beam emittance in the 
ring. Detailed investigations show that the choice of v„ = 20 is also 
fairly acceptable for the electron ring of the present e-p colliding 
machine. We adopt a simple FODO structure for the normal cell. Figure 
6 illustrates the structure and orbit parameters of the normal cell. 
Typical values of the bending field strength required are 0.66 and 3.9 kG 
for 2.5 and 15 GeV electrons, respectively, and 3.4 and 47 kG for 12 
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and 180 GeV protons, respectively. Field gradient of 10 x (bending field 
in T) T/m is required for the quadrupole magnet to give V = 20 in the 
curved section. 

The experimental insertion is designed to fill the following con
ditions . 
(1) A magnet free space of about 10 m must be provided on either side 
of the crossing point. 
(2) The insertion of the electron and proton ring must be made to cross 
at an angle of 20 mrad. to provide a separation of about 1 m between the 
two beams in the curved section. 
(3) This crossing angle must be reduced tj 4 mrad. at the collision 
point to achieve the maximum luminosity. 
(4) Dispersion functions of the both rings must be made as small as 
possible at the collision region. 
(5) Betatron amplitude functions at the collision region must have the * * values to give the luminosity limit. These are 2 ^ 1 m, B *v» 1.5 m, 
3 ^ 0.8 m and 0„ ^ 4 m. vp *hp 
(6) The configuration of the electron experimental insertion which meets 
all the above requirements must also be compatible with the beam manipulations 
required for the polarization rotation. 

The structure and orbit parameters of the proton experimental in
sertion is illustrated in Fig.7. We have not yet finalized the design 
of the electron experimental insertion in which the polarization rotation 
is properly taken into account. 

XII—3. Stacking of Electrons and Protons 
Electrons transferred from the 2.5 GeV linac are injected and stacked 

in the electron ring in the multi-bunch node. The radiation damping 
time of the transverse betatron oscillation in the electron synchrotron 
is given by 

_i - n oR\ rev D 
*H ~ P ' 2 E e ' 

_1 'rev P 0 
T 2E v e 
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where U_ is the total energy radiated by the electron beam during one 
turn, and a, p and R are the momentum compaction factor, bending and 
mean radius of the synchrotron, respectively. Substituting the parameters 
given in Table 1 and 2 for the above formulae, we obtain the damping 
time at 2.5 GeV for the present electron ring to be T„ ̂  T = 1.2 sec. 

H v 
Then, the electron stacking process can be repeated at a rate of about 
1 Hz. As the linac is designed to provide pulsed electron beams of 
50 I A x 1 ysec in peak current and pulse width, that is ft ̂  3 x 10 
— e TO 

e /pulse, it takes about one minute to stack electrons of 8 x 10 
("̂ 200 mA) in the ring, provided that the injection efficiency is about 
50 %. For positrons, however, the obtainable intensity is expected to 
be so low, about 0.1 mA x i ysec = 6 x 10 e /pulse, that it will take 

12 more than 8 hours to stack 8 x 10 positrons at the injection rate of 
1 Hz. Therefore, to have a reasonable filling time of 10 *\< 20 minutes 
for positrons, the intrinsic damping time of the electron ring must be 

2) reduced by an order of magnitude. As investigated by M. Kihara, this 
will be achieved by installing a wiggler triplet of the strength "^18 kG 
x 10 m in the ring to enhance the synchrotron radiation. 

Protons accelerated to 50 ̂  70 GeV in the booster ring are syn
chronously transferred and stacked in the superconducting colliding ring. 
Proton beam parameters at 70 GeV in the booster ring are estimated to 
be as follows from those of the present 12 GeV proton synchrotron. 

Energy = 70 GeV 
Intensity = 6 x (2 x 10 ) = 1.2 x 10 ppp 
RF frequency = 8 MHz 
RF voltage = 20 kV 
Bunch phase spread = ±40° 

-4 Momentum spread = ±4 x 10 
Horizontal emittance = 1.3 ir mm-mr 
Vertical emittance = 0.5 IT mm*mr 

*) If a high current linac of ̂ 200 MeV is added to the 2.5 GeV linac, 
positron beams of about 1 mA at 2.5 GeV will become available by produc
ing positrons with the high current linac and accelerating them in the 
2.5 GeV linac. 
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The injected beam is RF captured at V„_ = 20 kV and RF stacked at 
V R F = 2 kV in the colliding ring. To obtain a colliding beam intensity 
of 6 x 10 protons (̂ 14 A), the stacking process is repeated about 50 
times. If the cycle time of the booster ring is assumed to be ^20 sec, 
it takes about 20 minutes to fill the colliding ring. The momentum half-
width at half-height of the stack is given by 

,Ap, = ^ s ^ 
<• p Js 4TTP p Y p5 ' 

where k , A. and § are number of pulses stacked, RF bucket area for 
single pulse, and stacking efficiency, respectively, and y . = i//l - B2. 
Using the above parameters and assuming E, = 0.5, we can estimate the 
momentum width of the stack to be 

2(̂ E-) = 2 2 . p's 

This gives a width of 20 ram between the top and bottom of the stack at 
the injection point, where the dispersion function is assumed to be 
X = 1 m/(Ap/p). For the above emittances of the injected bean, the 
vertical and horizontal beam sizes at the injection point are calculated 
to be to _ ^ 5 mm and U L it 15 mm for the injected beam, and in •*» 5 mm 
and O L ^ 35 mm for the stacked beam, provided that the betatron amplitude 
functions at the injection point are f3 = 10 m and 3 n = 40 m. The injected 

V n 
and stacked beams are allocated in the aperture as illustrated in Fig.8. 
The emittance exchange between the horizontal and vertical plane will be 
effective to reduce the horizontal aperture by about 10 mm. 

III-4. Supplementary Remarks on the TRISTAN Project 

(1) Design studies 

In the design of the TRISTAN e-p colliding rings, one of the most 
important parts, that is the experimental insertion, is left without 
investigated in detail. Compared with p-p and e -e colliding rings, 
there are such problems which are rather special to e-p colliding beams 
as complications in the collision kinematics due to the moving center 
of mass system, background problems due to synchrotron radiation, and 
requirements for the rotation of the radiative polarization. These 
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will impose strong restrictions on possible configurations of the beam 
handling equipment in the experimental insertions. 

(2) Technical developments 

In the accelerator construction, what requires the most urgent 
developments is engineering technique to make superconducting magnets 
and cryogenic systems on a large scale. To start the detailed design 
of the superconducting magnet system, we must first make a decision 
on what type of the magnet system we adopt among the warm bore-warm 
iron, warm bore-cold iron, cold bore-warm iron, and cold bore-cold iron 
system. 

(3) Time schedule 

In KEK, the construction of the facility for the synchrotron radi
ation research, the photon factory project, has just started this April, 
and will take about four years for the completion. Taking this and the 
time required for the further design studies and technical developments 
into account, we envisage that the TRISTAN project is authorized by 
1981 and the construction starts in 1982 at the latest. It will take 
about five years to complete it. 
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TABLE 1 BEAM PARAMETERS OF 2 . 5 GeV ELECTRON LINAC AND 12 GeV PROTON SYNCHROTRON 

E l e c t r o n P r o t o n 

Ene rgy = 2 . 5 GeV 

P e a k Cur r en t = 50 mA f o r e"~ 

0 . 1 mA f o r e + 

P u l s e Width * 1 y. s e c . 

Ene rgy Spread "± 0 . 5 % 

R e p e t i t i o n R a t e = 50 p p s 

Energy = 12 GeV 
Present Intensity = 2 x 1 0 1 2 ppp 
Momentum Spread = ± 0.1 % 
Horizontal Emittance = 5 TT mm-mr 
Vertical Emittance = 2 Tl 
Cycle Time = 2 sec. 

TABLE 2 PRELIMINARY PARAMETERS OF THE TRISTAN e-p SINGS 

Particles 

Max. Beam Energy 

Max. Bending Field 

Bending Aperture 

Tune of Curved Section 

Max. Beam Current 

Max. No. of Particles 

RF Frequency 

Harmonic Number 

Max. RF Voltage 

Max. Rf Power 

Injector 

Filling Time 

Ring I Ring I I Ring I I I 

+ 
e , e P P 

17 GeV 70 GeV 200 GeV 

4.5 kG 19 kG 53 kG 

100x30 cm 70x40 cm 60 cm (dia) 

IOA-20 20 20 

200 mA 1.2 A 14 A 

8 .5x l0 1 2 5x10 1 3 6x10 1 4 

480 MHz 8 MHz 8 MHz 

3240 54 54 

71 MV 100 kV 20 kV 

15 MW 

2.5 GeV Linac 12 GeV KEK-PS ; Ring I I 

cl min fo r e " + 

20 min fo r e 
20^30 sec 

(cycle time) 
10^50 min 
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(a) Crossing collision vs. (b)"Co-llmear csSiuion. 
bending nrtaflwch" 

* 

Fig. 1 COLLISION GEOMETRIES FOR HIGH ENERGY e-p COLLIDING RINGS (Ep3J> E e) 

. p-bea**. e-bew*- septus 
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F l E . 2 MINIMUM CROSSING ANGLE ATTAINABLE FOR STRAIGHT CROSSING COLLISION GEOMETRY 
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HB = Horizontal Bend 
VB = Vertical Bend 

For ^ = g «* ISfcV 
8 a - 46 mr*. 

•94 
%0~- fOO W. 

Fig. 3 ROTATION OF THE TRANSVERSE ELECTRON POLARIZATION INTO 
THE VERTICAL DIRECTION AT THE COLLISION REGION 
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Service Insert io>v 

Circumference = 2036 m 
Intersecting Insertions = 100 m x 4 
Service Insertions = 50 m x 4 
Bending Radius = 127 m 

z.5 QeV 
e+e" 

F i g . 4 LAYOUT OF THE TRISTAN e-p RINGS 

F i g . 5 TENTATIVE PLAN OF THE TRISTAN RING TUNNEL 
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F i g . 6 NORMAL CELL STRUCTURE AND ORBIT PARAMETERS 

ihjstfci deam sftuked beam 
M l • • I H ^ » ^ — 

CZD 
x->v,|5 imwi -̂2©':•»•••* 

«g-
«-2o»»»»» 

^•35 mm 

•w* 

F i g . 8 ALLOCATION OF THE PROTON RING APERTURE FOR THE INJECTED 
AND STACKED BEAMS AT THE INJECTION POINT 
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PLANS FOR ELECTRON-PROTON STORAGE RINGS IN EUROPE 

G H Stafford, Rutherford Laboratory 

I. INTRODUCTION 

I have been asked to talk about plans for electron-pro.ton colliding beam 
machines in Europe. I must emphasise that the plans that I am going to 
speak about are very speculative. Our main drive in Europe is towards a 
large electron positron storage ring (LEP). This is the project which 
commands the highest priority amongst physicists in Europe so electron-
proton storage rings are taking something of a back seat at present. 

However, there have been extensive discussions in the past few years 
covering a number of possibilities: 

(a) In 1974 there were plans at the Rutherford Laboratory to construct 
a 14 + 14 GeV electron positron colliding beam facility - EPIC -
which was designed to allow the addition of a 200 MeV superconducting 
proton ring. No funds were available for this project and these 
plans are now dead and buried. 

(2) 
(b) Late in 1976 a proposal was made to install an electron ring 

capable of reaching 25 - 30 GeV in the SPS tunnel at CERN to 
collide the electrons with the protons in the main ring. 

(3) 
(c) Recently the DESY Laboratory has assessed the possibility of 

adding a 280 GeV proton riug to the 20 GeV PETRA ring. 

(d) Finally there is the possibility of providing an electron-proton 
facility at .CERN should LEP be located adjacent to the existing SPS 
machine 
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2. PHYSICS WITH AN ELECTRON-PROTON STORAGE RING 

It is not the purpose of this lecture to discuss in detail the physics 
which'can be carried out with a high energy e-p facility. There are 
many excellent reviews on this subject Csee for example references (5) 
and (6)) but for completeness I give a brief summary below. The most 
dramatic illustration of the power of such a facility is given by the 
2 Q - v plot (figure 1) where a comparison is made of the kinematical 

region accessible with a 25 electron + 270 GaV proton storage ring with 
that accessible with a 300 GeV muon beam. In more detail we would be 
able to study: 

2 
(a) e+p •*• e+X at momentum transfers of thousands of GeV to probe the -16 2 nucleon down to distances of 10 cm 

A study of scaling violations should reveal the structure of the 
strong interaction and in particular whether it is described by a 
gauge theory. 

Measurements of the final state will permit detailed tests of the 
strong interaction. 

Deep inelastic electroproduction is expected to be a fertile 
source of the associated production of quarks with new flavors. 

2 Measurements at large Q will also provide important information on 

the relationship between the weak and electromagnetic interaction. 

(b)_ e+p -» y+X 

Data on this reaction will yield information on the charged weak 
current at values of V 2 comparable with or even larger than the 
natural mass scale of the charged weak current. Measurements with 
electrons and positrons of both helicities will reveal whether the 
weak interaction is associated with a single W~ or whether many W's 
are involved. 

(c) "Electron proton collisions are very favourable for the production 
of new heavy leptons up to a mass of i> 100 GeV. 
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(d) Photo-production can be studied in great detail since millions of 
2 2 events are produced per day with Q < M . 

it 

If the photon continues to behave like hadrons at high energy this 
allows the study of all conventional hadron physics. 

Photon beams are a copious source of heavy vector mesons. 

3. CERN HIGH ENERGY ELECTRON PHOTON FACILITY (CHEEP) 

j.u November 1976 Wiik proposed that CERN should investigate whether e-p 
collisions could be obtained at the SPS by adding an electron storage 
ring in the SPS tunnel. This was followed in October 1977 with a study 
week sponsored by ECFA which was held at the Rutherford Laboratory. 
Figure 2 shows a cross section of the SPS tunnel with the electron ring 
above the SPS. By housing the electron ring in the SPS tunnel it is 
possible to achieve 25 GeV for a modest RF power consumption and 30 GeV 
was a possibility at a later stage by adding further RF. 

Colliding beam e-p operation could take place during the SPS acceleration 
cycle over a proton range from 145 to 400 GeV with the proton beam 
subsequently used for fixed target experiments. 

As an alternative an intermediate plateau in the SPS cycle could be used 
for e-p operation at a fixed proton energy of 270 GeV which is the 
maximum energy at which the SPS can run in a d.c. mode. The electron 
beam will circulate for many hours. 

3 2 - 2 - 1 The peak luminosity per intersection point is 0.5 x 10 cm sec for 
an electron energy of 25 GeV. The electron energy can be varied over a 
wide range without an appreciable loss in luminosity. An attractive 
feature of the scheme is that the high intensity proton bunches only 
need to live over one, somewhat extended, synchrotron cycle and not over 
many hours which eases a major problem of the long term stability of 
intense bunched proton beams. 

The electron beam lifetime of greater than 10 hours enables polarized 
electron beams to be produced (time constant for radiative polarization 
^ 0.5 hours) and the insertion region can be designed in such a way that 
the polarization vector can be rotated into the longitudinal direction. 
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FIGURE 2 
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As it was the intention to maintain the SPS for fixed target operation 
important design constraints were imposed notably: 

(i) a non-zero crossing angle was necessary 

(ii) no more than 2 interaction regions, and possible only 1, were 
available. 

The basic parameters are given in Table (I). 

TABLE 1 
BASIC PARAMETERS 

UNITS PROTON RING ELECTRON RING 

PEAK 
LUMINOSITY -2 -1 CM SEC 

32 0.5 x 10 32 0.5 x 10 

NOMINAL ENERGY GeV 270 25 (30) 

No OF PARTICLES 13 2 x 10 J 13 1.5 x I0 , J 

CIRCULATING 
CURRENT mA 140 104 

No OF BUNCHES 60 60 

ENERGY RANGE 
FOR COLLISIONS GeV 150 - 400 5 - 25 (30) 

INJECTION MOMENTUM GeV/c 14 4.8 
CROSSING ANGLE m rad ± 2.5 ± 2.5 

FREE SPACE FOR 
DETECTOR m ± 5 ± 5 

LIFETIME SPS cycle 20 h 

FILLING TIME 1.8 sec 0.5/40 min 

POLARIZATION 
TIME min 30 (40) 

TOTAL RF POWER mW 8 (15) 
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It is not, at present, the intention in Europe to proceed with this 
proposal. The main reason for this is the decision to concentrate 
our efforts on LEP. A secondary reason is that the installation of 
CHEEP would have involved too much down-time on the S?S, a situation 
which was not desirable in view of the heavy and important programme of 
work being done using the SPS in its conventional fixed target mode of 
operation. 

4. PROTON RING ON PETRA ELECTRON RING (PROPER) 

A second possibility in Europe is the construction of an e-p facility at 
DESY. This would be a development of the e e~ PETRA facility which is 
due to be completed this year. 

The additional equipment that would be required would be a 50 MeV proton 
LINAC and a 280 GeV proton ring with superconducting magnets which would 
be installed in the existing PETRA tunnel. 

The mode of operation would be as follows: 

Protons wouid be injected from a 50 MeV linear accelerator into the DESY 
synchrotron. They would be accelerated to an energy of 5 GeV. Eight 
proton bunches in DESY are rebunched into a single bunch and injected 
into the PETRA ring. After filling with 8 to 64 bunches the protons are 
slowly accelerated to an energy of 40 GeV. Kicker magnets then transfer 
the beam from PETRA into the superconducting storage ring where the 
protons are slowly accelerated to 280 GeV. When the final energy is 
reached the RF voltage is increased and a higher frequency system 
compresses the proton bunches longitudinally to a total length of 120 cm 
or less. The RF systems in the proton ring and in PETRA are then 
synchronized and electrons accumulated in PETRA. 

Up to 64 DESY cycles are needed to fill PETRA (at 5 seconds per cycle) 
Acceleration in PETRA takes 3 minutes and acceleration in the proton 
ring takes less than 5 minutes. Lifetimes in contrast are expected to 
be several hours. 
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There a re up to 6 i n t e r a c t i o n reg ions , 2 i n t h e long s t r a i g h t s ec t ions 
(15 m) and 4 in the sho r t s t r a i g h t sec t ions (.10 m). Luminosity i s i n 

32 -2 -1 
excess of 10 cm sec (see f igure 3 ) . A zero crossing angle i s 
p o s s i b l e . A long i tud ina l po l a r i za t i on of t h e e l ec t ron of 100% i s 
p o s s i b l e i n the long s t r a i g h t sect ions and 60% in the shor t s t r a i g h t 
s e c t i o n s . The o v e r a l l r i n g geometry i s shown schematically i n Figure 4. 
The b a s i c parameters of PROPER are given i n Table 2. 

TABLE 2 

UNITS PROTON RING ELECTRON RING 

PEAK LUMINOSITY 

NOMINAL ENERGY 

No OF PARTICLES/ 
BUNCH 

CIRCULATING CURRENT 

No OF BUNCHES 

ENERGY RANGE FOR 
COLLISIONS 

CROSSING ANGLE 

FREE SPACE FOR 
DETECTOR 

LIFETIME 

FILLING TIME 

-2 -1 cm sec 

GeV 

GeV 

m rad 

32 

32 

32 

0.94 x 10 
[280 GeV 
4.27 x 10 
£l76 GeV 
2.12 x 10 
[100 GeV 

280 

11 8 x 10 

136 mA at 280 Gev 
1.09 A at 100 GeV 
8 at 280 GeV 
64 at 100 GeV 

100 - 280 

0 

± 5 (A) 
±7.5 (2) 

HOURS 

14 

17.5 GeVJ 

11 GevJ 

6.3 Gevj 

17.5 

4.9 - 7.6 x 1 o11 

129 mA at 17.5 GeV 
0.67 A at 6.3 GeV 

6.3 - 17.5 

SHORT 
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Luminosity per I.P versus Energy 
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5. AN ELECTRON PROTON OPTION WITH LEP 

This clearly requires that LEP is so located at CERN that it is possible 
to design a point of collision between the LEF electrons and 280 GeV 
protons in, an SPS bypass. 

Two modes of operation can be considered depending on whether the e-p 
collisions occur at the same time 
electron ring is dedicated tp e-p. 
collisions occur at the same time as e e collisions or whether the 

In the parasitic mode where e e physics continues the maximum luminosity 
3Q -2 -1 is 1.4 x 10 cm sec at 70 GeV. In the dedicated mode where only 

e-p collisions occur the maximum luminosity is calculated to be: 

6.2 x 10 3 1 cm - 2 sec _ 1 at 58 GeV or 

1.1 x 10 3 2 cm - 1 sec _ 1 at 49. GeV 

It should be emphasised that so far only a very preliminary theoretical 
analysis has been done on the e-p option with LEP. It does not appear 
to be out of the question but many problems remain to be resolved before 
one can be sure whether it really is a technical possibility. 
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Talk to be given at the International Symposium on 
"Perspective and Future Projects in High Energy Physics" 

Tokyo, 24-25 August 1978 

LEP and pp 
by 

F. Bonaudi - CEBH 

This presentation will cover the two main activities of CERN in 
the field of storage rings for very high energies. 

The first is a study for a large electron-positron (LEP) ring to 
be built, say, in the years 1981 to 1988 and covering a wide energy range, 
namely 15 to 100 GeV per beam. 

The second is a project, already under construction, for building 
an intense antiproton source and providing by the year 1981 collisions of 
antiprotons with protons in the existing SPS (the super proton synchrotron 
of 400 GeV) ring up to energies of 270 GeV per beam. 

This presentation is necessarily rather abridged, and for further 
details the reader should consult the sources listed in the references. 

1. LEP 

The wish for a very high energy e e - ring (providing, say, energies 
of up to 100 GeV per beam) started to become quite wide-spread among western 
European physicists around the years 1976/1977. Very soon a wide consensus was 
reached, culminating in a strong recommendation by ECFA, the European 
Committee for Future Accelerators. The very exciting results coming from the 
e + e - rings in the lower energy range (up to 4 or 5 GeV per beam) contributed 
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significantly to this development. It is true that a brand new ring of up 
to 18 GeV per ring (PETRA) is just coming into operation at the DESY 
Laboratory in the Federal Republic of Germany and is looked upon with great 
expectation by all physicists, but discussions had to start on the generation 
of machines to come just after. 

JL.^._Early_s^ud_ies 

A review of the physics becoming possible with very high energy 
e e colliding beams was published near the end of 1976 and was soon 
followed by the accompanying conceptual study for a 100 GeV e e ring . 
These studies confirmed the great attraction of the physics domain and the 
feasibility of the experiments, while indicating that some serious problems 
existed for the machine, mainly because of its large size (sensitivity to 
closed-orbit distortions, leading to unstable and anti-damped closed orbits; 
low magnetic field at injection, preventing the use of distributed vacuum 
pumps; large number of bunches, requiring electrostatic separation at the 
unwanted crossings). This led to the decision to study in greater detail a 
ring optimized for a lower energy, namely 70 GeV per beam, and of a smaller 
average radius, i.e. about 3.5 km instead of 8.2 km. This detailed study, 

3) started xn June 1977 and now essentxally completed, is being published 

and is often referred to as LEP-70. I will summarize its main features. 

1.2. General 

The LEP-70 ring had to be designed for high luminosity 
32 -2 -1 (10 cm s at 70 GeV) and had to have 8 interaction poxnts, thxs xn order 

to offer sufficient opportunities for a wide physics programme. Four bunches 
each of e and e were chosen to avoid unwanted crossings. 

The choice of the other main parameters (circulating current, 
magnetic bending radius, average radius, focusing properties, etc.) were 
obtained after several iterations and were accompanied by feasibility studies 
of the many engineering aspects of the machine components. It. is useful to 
recall here a couple of the basic facts of electron rings, related to the 
synchrotron radiation emission: 

- the energy loss per turn is 

U a-L 
s p 

Y* Y - -=-

i-i»_ p = magnetic bending 
radius 



- the photon spectrum emitted has its power centred on a critical 
energy 

E a I c p 

For LEP-70 the energy loss per turn at 70 GeV is about 0.9 GeV, 
leading to a radiated power of about 19 MW at maximum luminosity. The corres
ponding critical energy of the radiated photons is about 320 KeV and substantial 
fluxes of photons of several GeV are emitted. 

1_. 3._ Parameters 

The main parameters of LEP are shown on Table 1. It should be noted 
that the Ligh luminosity of the machine leads to a rather short beam lifetime, 
about 6 hours, because of the beam-beam bremsstrahlung effect. This in turn 
requires frequent refills of the ring, and a very efficient injection system 
is needed in order maintain an acceptable overall duty cycle. 

Injection into LEP is foreseen at 15 GeV and two alternative injector 
schemes are investigated. One is a slow cycling, 15 GeV, synchrotron (0.4 Hz 
rep. rate), accelerating only a fraction of the total LEP charge per cycle, 
but cycling many times (up to 240 for the e filling) in order to build up the 
full charge. Total injection time would be about 12 minutes. This synchrotron 
would of course have its own injector system composed of an electron linac, a 
converter and a positron linac feeding a 460 MeV accumulation ring. The other 
alternative is based on a 15 GeV storage ring which would gradually build up 
the full charge needed by LEP (say, the positron charge, this being the one 
taking most time),without interfering with the LEP ring operation. The production 
time would be up to 20 min., but the injection process into LEP would take less 
than 4 minutes. The storage ring would have, its own injector system, composed 
of an electron linac, a converter and a positron linac feeding a 2 GeV booster 
synchrotro.n. The radio frequency proposed for LEP is 357 MHz, this appearing as 
a reasonable optimum between conflicting requirements (beam loading considera
tions, synchrotron oscillation frequency, higher mode losses, desirability of 
very high power amplifier tubes; cost of cavity structure, shunt impedance per 
. unit length etc.). 

Table 2 lists the main KF parameters. 
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Note the large generator power required (about 74 MW) to cope with 
beam power and cavity losses at 70 GeV. 

It is proposed to have two types of intersections, i.e. four with 
32 -2 -1 the highest possible luminosity (10 cm s ) and a total free space of 

10 m between the low-beta insertion quadrupoles, and four with twice as much 
free space and half luminosity (see Table 3). In this way it is hoped to match 
the needs of a wider range of experiments. 

^.^._P^rfj>rajm£e_and_optioiis 

It is important that LEP should cover with the best possible lumi
nosity the full energy range of 15 to 70 GeV, and that, with additional 
equipment if necessary, it should be possible to develop it to about 100 GeV. 
Fig. 1 shows the initial performance expected from the machine, and the impro
vements possible both below and above 70 GeV. The adoption of superconducting 
cavities for a Stage II RF system would allow very high luminosities up to 
100 GeV; a development programme on superconducting KF cavities is under way 
at the Karlsruhe Kernf orschungszentrum, in the German Federal Republic, with 

4) DESY and CERN participation . To make this development possible, all other 
machine components (bending magnets, quadrupoles, vacuum system) are designed 
for 100 GeV. The possibility of providing polarized beams is being investigated, 
following a proposal to circumvent the strong depolarizing effects which 
preclude the use of conventional schemes. 

The provision of e-p collisions would greatly increase the interest 
of LEP, and therefore this option is also being studied for the case that 
geographical proximity with the SPS would provide protons in the multi-100 GeV 
energy range. 

The siting of LEP is being studied; a location adjoining the present 
CERN site is under investigation and detailed engineering design lias started. 
A comparison with an idealized, very flat site is also under way. 

The construction time could be of the order of 6 years, and total 
. 9 

capital cost has been preliminarily estimated at about 10 Swiss Francs. 
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TABLE 1 

O v e r a l l Machine Pa rame te r s At Nominal Energy 

Energy pe r beam 

Number of i n t e r s e c t i o n s 

Number of bunches 

Machine c i r c u m f e r e n c e 

Average machine r a d i u s 

H o r i z o n t a l b e t a t r o n wavenumber 

V e r t i c a l b e t a t r o n wavenumber 

Momentum compact ion f a c t o r 

C i r c u l a t i n g c u r r e n t / b e a m 

Number of p a r t i c l e s / b e a m 

T r a n s v e r s e damping t i m e 

U n c o r r e c t e d c h r o m a t i c i t i e s 

Energy v a r i a t i o n of damping 
p a r t i t i o n number 

N a t u r a l rms ene rgy s p r e a d 

N a t u r a l rms bunch l e n g t h w i t h o u t 
ha rmon ic RF sys tem 12 .7 aim 

Rms bunch l e n g t h w i t h 
ha rmonic RF sys tem 32 mm 

Coupl ing 0 .25 

Beam-beam bremsstrahlung lifetime 6.57 h 
Quantum lifetime 

70 GeV 
8 
4 

22.208 km 
3.535 km 
66.208 
74.272 

3.121e-4 
10.54 mA 

4.875el2 
11.5 ms 

- 121.3 
- 185.8 

- 503 
L.24e-3 

24 h 
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TABLE 2 

RF Parameters 

Synchrotron energy loss/turn 
Synchrotron power (2 beams) 
Frequency 
Peak RF voltage/turn 
RF bucket height 
Stable phase angle 
Number of synchrotron oscillations/turn 
Shunt impedance 
Length of active RF structure 
Fundamental mode RF structure dissipation 
Total RF generator power 
Higher mode energy loss/turn 
Power loss to higher modes (2 beams) 
Number of RF stations 
Total number of live-cell cavities 
Total number of klystrons 

906 MeV 
19.1 MW 
357 MHz 
1243 MV 

7.871e-3 
120 ° 

0.1075 
24 MJ/m 

1.344 km 
50.8 MW 
73.9 MW 
173 MeV 
3.6 MW 
16 

640 
80 

TABLE 3 

Intersection region parameters 

Luminosity 
Horizontal amplitude function 
Vertical amplitude function 
Dispersion 
Horizontal rms beam radius 
Vertical rms beam radius 
Maximum beam-beam tune shift 
Crossing angle 
Free space around crossing points 

l .e32 0.5e32 l/cm~/s 

1.6 3 . 2 m 

0 . 1 0 . 2 m 

0 0 

320 452 microm 

20.0 28.2 microm 

0.0588 0.0588 

0 0 

± 5 ± 10 m 
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2. Antiproton-proton c o l l i s i o n s 

The p o s s i b i l i t y of col l id ing ant iprotons and protons in t h e same 
+ -

r i n g , as one does with e e , i s a fascinat ing way to reach extremely h igh 

energies in the cen t re of mass. The 400 GeV proton synchrotron of CERN, t h e 
SPS, can be operated i n a DC mode at 270 GeV, and therefore 540 GeV t o t a l 
energy becomes ava i l ab le i n pp co l l i s i ons . 

This exc i t ing p o s s i b i l i t y and schemes for real izing i t were proposed 

a t CERN as early as 1975 ' , and depended s t rongly on the a v a i l a b i l i t y of 

so -ca l l ed cooling methods i n order to increase the phase space dens i ty of the 

r e l a t i v e l y weak an t ip ro ton beams obtainable a t the source. 

Work on e l ec t ron beam cooling by the Novosibirsk group, i n i t i a t e d 
10 years e a r l i e r , gave very successful r e s u l t s i n 1976 and appeared as a 
promising solut ion . 

At CERN, s tochas t i c cooling had been proposed in 1972 and was 

inves t iga ted experimentally on the ISR ( I n t e r s e c t i n g Storage Rings) ' . 

I t has s ince been demonstrated , i n a CERN t e s t r ing described 

l a t e r in t h i s repor t , t h a t s tochas t ic cooling operates in .exce l len t agreement 

with theory and can provide the high phase plane dens i t i e s required. 

"l_-\ Antip_r£tTO_source ^nd s t o c h a s t i c cooling 

In the CERN scheme, antiprotons w i l l be produced in a t a r g e t by 

26.GeV/c protons coming from the PS (26 GeV proton synchrotron). The selected 

pp momentum wil l be 3.5 GeV/c, i . e . near the production maximum. These p wi l l 

be in jec ted into an Accumulator ring of 25 m average r ad ius , where successive 

b u r s t s , each of 2.5.10 p , w i l l be stacked u n t i l 6.10 p are accumulated. This 

process w i l l take about 24 h r s . Each burs t f i l l s the momentum acceptance of the 

r i n g , about 1.5%, and must be cooled down rap id ly in momentum to 0.2%, before 

the next burst can be in jec ted about 2 sec . l a t e r . The p are added t o the stack, 

which i s permanently under the control of cooling loops in the 3 phase planes , 

thus leading to a dense p beam for subsequent in jec t ion into the SPS. 
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The stochastic cooling method is based on an electronic feedback 
system: this consists of wide-band pick-ups, able to observe statistical 
deviations (in transverse phase space or in momentum) of short samples of a 
coasting beam, and of correction kickers or gaps which apply compensatory 
kicks or energy corrections to the same samples. As statistical deviations of 
the centre of gravity of the sample get regenerated, at least partially, during 
successive turns (because of longitudinal mixing) , the process can be repeated 
continuously. 

!• A £°ilisiqns_in the SPS_ 

The dense p beam stored in the Accumulator ring will be extracted 
in 12 successive batches, each of which is pre-accelerated in the PS from 3.5 to 
26 GeV/c before being injected into the SPS. This requires a somewhat compli
cated beam transport geometry (Fig.2) because of the relative layout of the 
machines. Just prior to p injection, twelve bunches of 26 GeV/c protons would 
have been transferred from the PS into the SPS, so that one has 12 bunches each 
of protons and antiprotons counter-rotating in the SPS. 

The acceleration from 26 to 270 GeV/c at a rate of 80 GeV/sec. will 
be done with the four travelling-wave RF cavities at 200 MHz, two of which will 
be fed with reversed power flow so as to accelerate the p only (and vice-versa). 
At top energy, the 12 bunches will be merged two by two into 6, by RF methods, 
so as to end with the wanted 6 bunches of p and 6 bunches of p, each containing 
1.10 particles. 

Low-beta insertions in the intersections (one intersection is included 
in the approved project, a second one is under study) will decrease the beta 
values to 5 m (horizontal) and 1 m (vertical) from the 48 m of the unperturbed 
machine, giving a gain in luminosity of about 20. 

The luminosity expected then becomes L=10 cm s . After the planned 
improvement of the vacuum system, the drop in luminosity in 24 hrs should be 
less than 40%. . 

One experimental area, in the form of a circular pit of 20 m diameter 
with an adjacent parking area into which experiments weighing up to 1000 tons 
can be translated, has been designed. 
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One major experiment, involving a 7 m long dipole magnet with 
horizontal field of 0.7 T, drift chambers, electro-magnetic and hadronic 
calorimeters and muon detection has been approved for this experimental area. 

Construction work for the pp project has started: it is planned to 
install all the components by end 1980, and to operate the SPS in the pp 
mode for a fraction of the time from 1981 onwards. 

Clearly, the intense p source will also be used for other purposes, 
like filling one ring •)£ the ISR with p, and providing very pure beams of low 
energy p for baryonium-type physics. These applications are under intense 
study. 

A-A l?!*1!?!. QPSliPE. Experiment (ICE) 

In order to verify the behaviour of stochastic cooling over a wide 
range of parameters, and also to experiment with electron cooling which was 
originally foreseen for the p source and may be used for the low-energy physics 
use of antiprotons, an_ experimental ring was quickly assembled in 1977, using 
mostly existing components. The ring has a diameter of 24 m and operates with 
protons up to momenta of about 2 GeV/c. 

ICE has been very successful in demonstrating that stochastic cooling 
works as predicted by theory and that cooling in each of the 3 phase planes 
operates independently of the others, thus providing the checks needed for 
the main p project. Initial cooling times as short as 15 sec. were obtained, 
and increases in momentum distribution density up to a factor 22 were measured. 
In the presence of simultaneous cooling in the 3 phase planes, the beam lifetime 
increased by a factor 40 

ICE has also been very successful in developing and testing measuring 
. 12 techniques for very low intensity beams, mainly based on Schottky noise analysis 

A brilliant demonstration of this was obtained at the end of July 1978, 
when a weak beam of antiprotons (240 particles) was injected in ICE and kept 
circulating for 3 \ days. This provided the first ever storage of p in a machine 
and allowed a lower limit measurement of the antiproton lifetime 
(T > 32 hrs in the rest frame, i.e. 9 orders of magnitude higher than the 
previously known value). 
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Figure Captions 

Fig. 1 LEP Luminosity vs. Energy 
Fig. 2 Site layout of pp project. 
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TEVATRON 

R. Yamada 
Fermi National Accelerator Laboratory 

The main ongoing project at Fermilab is called the Tevatron, meaning 
1,000 GeV in beam energy. The following is a list of major constituents 
for this project. 

I. Super Ring?' 
II. Upgrading External Beam Lines for Experimental Areas. 

III. Electron Cooling and Anti-Proton Acceleration.' 
IV. Colliding Beam Facility and its Detectors. 

At present the Super Ring is being built and installed in the Main 
Ring tunnel. Its injection line is completed and under test. Modification 
of the tunnel for the Switchyard beam lines is finished. All magnets for 
the Electron Cooling Ring are installed. Protons are being injected into 
the cooling ring for study. The designs for the colliding beam facility 
and its detectors will be finalized shortly. 

I. Super Ring 
The major components of the Super Ring are the superconducting magnets 

and the. crybgenic system. At Fermilab extensive efforts has been devoted 
to these two major fields.' Many new technical problems have been solved. 
The typical parameters for the Super Ring are shown in Table I. The 100 
GeV beam will be injected into the Super Ring at 4.2 kG. The typical 
operation cycle of the Super Ring will take one minute. The acceleration 
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will take about 20 seconds, corresponding to a 2 kG/sec field rise. The 
flat top will last about 20 seconds and the down ramp will take another 
20 sec. 

The superconducting magnets are installed underneath the existing 
Main Ring magnets. Already 40 superconducting magnets have been placed 
in the tunnel and 20 of them are connected cryogenically. These magnets 
are shown in Fig.l. The injection systetr to the Super Ring is completed 
and the beam put through it earlier this month (August 1978). A full 
cell of superconducting magnets (composed of 8 dipole magnets and two 
quadrupole magnets) are now superconductive and beam test will start 
shortly. 

I. 1. Superconducting magnets 
Before we started building the existing 500 GeV Main Ring magnets, 

the application of superconducting magnets was considered. At that time, 
about 10 years ago, the technology of superconductivity was not mature 
enough for building a synchrotron. Since then the technology has gradu
ally developed in Europe and USA. 

After the achievement of 200 GeV beam in the Main Ring in 1972, a 
small but serious group was formed and started construction of model 
magnets for the Super Ring. In the past several years many model magnets 
in 1engths of 1,5, 1C» and 20 foot have been made. Their character!stics 

2) were studied and many different technical difficulties solved.' At the 
same time the Energy Doubler group and "ts rel ated groups were gradually 
expanded. 

At the beginning of this year we started into production of our 
super magnet. We have built 60 production magnets. Meanwhile over 100 
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coils of 20 foot length were produced, including some experimental ones. 
By now we have solved all major technical problems related to 

superconducting magnet, which are listed in the following 
1. Achieving 45 kG at the central field 
2. Magnetic field quality 
3. Mass production procedure of the coil and the cryostat 
4. Test facility and procedure of production magnets 
5. Installation procedure in the tunnel 
6. Refrigeration system 
The cross section of a bending magnet is shown in Fig.2. The 

superconducting cable is of the Rutherford type, consisting of 23 strands. 
Each strand contains 2,200 filaments of 8 microns in diameter. The coil 
is rigidly supported from outside with stainless collars, which restrict 
the movement of the conductor cable. The outside steel lamination core 
(return flux path) is at room temperature. The space between the coil 
and the core is used for liquid helium and for vacuum space filled with 
superinsulation. 

The production magnets reach a maximum field, defined by short 
sample test data, within a few quenches. This is a quite successful 
achievement. The field distribution across the magnet gap at 4T is 
shown in Fig.3. The measured value and the the designed value are shown, 
which are only for the inside region of a magnet and exclude the end 
regions. The small difference is due to sextupole and decapole components, 
which are controllable. The aperture inside the beam tube is 3 inches 
for a bending magnet, and we plan to use a 2 inch width for beam accele
ration. The corresponding aperture for a quadrupole magnet is 3.5 inches. 
The field uniformity along the length of a bending magnet has been 
measured and is uniform to better than 0.1 %. This magnetic field accuracy 
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requires a mechanical positional accuracy of a few miles (= 0.1 mm). We 
have achieved this high mechanical precision. 

I. 2. Magnet Test Projects 
All superconducting magnets are being tested individually after 

production. Eventually we plan to test three magnets a day and are 
building a test facility for this purpose.' It takes several hours to 
install a magnet on a test stand and eight hours to cool it down. We 
need eight hours to test it using a computer and another eight hours to 
warm it up. All of the magnets are to be tested in an established routine 
method. 

At the B12 building along the Main Ring, strings of magnets have 
been tested. Eight magnets in a string were cooled down and excited up 
to 42.3 kG corresponding to 1,000 GeV.' Presently the power supply, 
safety circuit, and control system are being developed using these 
magnets. 

By the end of this September, about 70 superconducting magnets will 
be installed in the Main Ring Tunnel and will be tested using a 100 GeV 
beam. That will be a one twelfth of a ring. Probably by the end of this 
year, the whole sector A (one sixth of ring) will be filled with super
conducting magnets, and beam will be circulated around the Main Ring 
using this as a bypass. All components, including power supplies, 
safety circuits, beam monitors, control circuits as well as superconducting 
magnets and correction magnets will be tested. As has been said in the 
past, the Super, Ring will be completed in two years. 

f.' 3. Refrigerator Project 
For a bending magnet the heat leak is 6 watts and the ac heat load 
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is about 10 watts for operation at a one minute cycle rate. The estimated 
total refrigeration power for the whole magnet system is about 13,000 
watts; For this purpose there will be 24 satellite refrigerators and 
one large central helium liquidfier for the Super Ring system. 

A satellite refrigerator produces 690 watts, while consuming 92 
1/hr of liquid helium from the central liquidfier. The total available 
refrigeration power is 16,600 watts. The total electrical power needed 
for the whole refrigeration system is estimated to be about 15 MW for the 
operation of 1 TeV. This can be compared to the power consumption of 
50 MW for the Main Ring magnets at 400 GeV operation. This is the 
reason why we used the name, Energy Saver. 

The satellite refrigerators are under development, and one of them 
has been installed on the Main Ring tunnel. This one has been in operation 
and has transferred liquid helium into tunnel, making a complete cell of 
the Super Ring magnets superconducting. The central refrigerator is 
under construction and will be operational sometime next year. At full 
capacity it will be able to produce 5,000 1/hr of liquid helium, and 
will be the world biggest refrigerator. 

II. Up-grading External Beam Lines for Experimental Areas 
The extraction of 1-TeV beam from the Super Ring will be at 42.3 kG. 

The beam will be delivered to three existing experimental areas; Meson 
Lab, Neutrino Lab, and Proton Lab. The external beam lines are now 
being upgraded for 1-TeV operation. Modification of the tunnel for the 
Switchyeard has been done. Super Ring magnets will be used in this external 
beam line. A refrigerator system similar to that of the Super Ring is 
being tested for the Switchyeard area. 
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One secondary beam line in the Meson Lab and in the. Proton Lab are 
being converted into a superconducting magnet line for future usage of 
1-TeV beam. Their individual refrigerator systems are also being deve
loped. 

III. Electron Cooling and Anti-Proton Acceleration 
A rather independent project to accelerate anti-protons is being 

pushed.' The typical parameters for this project is shown in Table II 
and the present scheme is shown in Fig.4. Anti-protons of 5.2 GeV are 
produced using 100 GeV protons and then are collected and injected into 
the Booster Ring. They will be decelerated by the Booster RF and injected 
into the Cooling Ring at 200 MeV. The anti-protons will then be stacked 
into this Cooling Ring and cooled by electron beams of 110 keV. 

The cooled beam will be reinjected into the Booster Ring, and will 
be accelerated up to 8 GeV. Then it will be injected into the Main Ring 
and accelerated and stored. Similar proton beams from the Linac will be 
injected into the Cooling Ring for stacking and cooling. Then they are 
to be accelerated and collided with antiprotons either in the Main Ring 
or in the Super Ring. 

This project was started last year. The building for the Cooling 
Ring is finished, and all bending and quadrupole magnets are made and 
installed. The 200 MeV proton beam from the Linac was delivered up to 
the injection point, and cooling tests will be down this fall. 

IV. Colliding Beam Facility 
The Super Ring was started originally to accelerate a beam up to 

1 TeV. This beam will be used for high energy physics at the Internal 
Target Area, using gas jet targets, where many experiments have been 
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done using the Main Ring beam. And the beam will be delivered to up
graded experimental areas for many fixed target experiments. 

Meanwhile the colliding scheme was developed using proton-proton 
and proton-antiproton collisionJ As a first step to investigate the 
possibility of using the Main Ring as a storage ring the life time of a 
beam in it was measured. The beam decay time was about half an hours. 
This will be increased by improving the vacuum system in the Main Ring. 

A cylindrical building with a 50 foot diameter will be built at a 
straight section of the Super Ring early next year. A superconducting 
solenoid magnet for a detector is being designed, which is 5 meters long 
and 3 meters in diameter with central field of 1.5 Tesla. 

30 -2 -1 We are expecting the luminosity of 4 x 10 cm sec for a 1,000 
13 GeV proton beam and a 250 GeV proton beam with the intensity of 2 * 10 

28 2 1 
for both beams. The luminosity of 2 x 10 cm" sec" is expected fo r 

^n _? _i 
pp co l l i s ion at 250 GeV x 250 GeV and that of 10 cm sec for 1,000 

GeV x 1,000 GeV with the beam intensi ty of 1 0 1 2 protons and 10 a n t i -

protons. 
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Table I Typical Parameters of Super Ring 
I Principal Parameters 

Injection Energy 
Final Energy 
Magnetic Radius 
Max. Intensity 
Reptition Rate for "Doubler Cycle" 

Rise Time 
Flat-Top Time 

"Saver Cycle" 
II Dipole Magnet 

No. of Units 
Field at 1 TeV 
Current at 1 TeV 
Turn No. per Pole 
Coil I.D. 
Lamination Length 
Gross Length 

III Quardrupole Magnet (Normal Cell) 
No. of Units 
Gradient at 1 TeV 
Current at 1 TeV 
Turn No. per pole 
Coil I.D. 
Lamination Length 
Gross Length 

IV Refrigeration System 
No. of Satellite Refrigerators 
No. of Helium circuits 
Cooling Capacity per Satellite 
Central Liquidfier Capacity 
Total Cooling Capacity 
Total Load of Super Ring 

V RF 
No. of Cavities 
Ramp .Slope 
Ring Voltage 
RF Power to Beam 
Frequency 
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0.: TeV 
1.0 TeV 
788.49 m 
5 x 1 0 1 3 ppp 
1 pulse/min 
20 sec 
20 sec 
6 sec up to 500 GeV and 6 sec down 

774 
42.3 kG 
4240 A 
34 + 21 
3.0 in 
247 in 
264 in 

180 
7.25 kG/cm 
4240 A 
20 + 14 
3.5 in 
65 5/8 in 
115 in 

24 
48 
690 W with 92 1/h of LHe 
5,000 1/h of LHe 
16.6 kU 
13.0 kw 

4 
45 GeV/sec 
1.5 MV/turn 
400 kW 
53.1 MHz 



Table II Parameters of Electron Cooling Ring 
No. of p i n l ° 
Energy of p or p 
Corresponding Bend Field 
Magnetic Bend Radius 
Radius 
Focusing Structure 
No. of Dipoles 
Length of Dipoles 
No. of Quadrupoles 
Length of Quadrupoles 
Gradient of Quadrupoles. 

10 " in 3 hours at 15 Hertz 
200 MeV (=645 MeV/c) 
4.29 kG 
5.01 m 
21.56 m 
Separated Function, F0D0 
24 
48" 
32 
24" 
0.5 kG/in 
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Fig. 1. The Super Ring Magnets installed in the tunnel. The upper 
magnets are the Main Ring magnets and the lower ones are the 
newly installed Super Ring magnets. 
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IRON YOKE LAMINATION 

CO in I 

Fig. 2. The cross section of a bending magnet for the Super Ring. 
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Fig. 3. The field distribution across a bending magnet, measured at 4T. 
The designed value is also shown. 
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Conclusive Remarks of International Symposium: 
Perspective and Future Projects in High Energy Physics 

T. Nishikawa . 
National 'laboratory for High Energy Physics 

Oho-machi, Tsukuba-gun, ibaraki-ken, 300-32, Japan 

This has been a small symposium but a very interesting and informative 
one. X am pleased that the symposium has gone so well and would like to 
express our thanks to all of the participants, particularly to the 
speakers and chairmen, for their very active cooperation in making the 
symposium successful. 

The symposium was concentrated in the next generation accelerator 
projects or plans, that are" under constructions or under plans in many, 
places of the world. 

The symposium started with an exciting talk of Professor Schopper 
on the rapid progress of the PETRA project and its future extensions. 
From the SIAC Professor Gilman gave the present review of PEP putting 
emphasis oh its construction status. These two electron-positron colliding 
beam projects will soon become major new accelerator facilities in the 
world. They will bring about a great advance of experimental studies in 
the field of high energy physics. 

Three newly authorized large accelerator projects were reported 
successively, one from the U.S., one from the U.S.S.R. and one from the 
People's Republic of China. The ISABELLE, after a long-awaited years 
and an extensive research and development studies, has been authorized 
its construction from this fiscal year; its status was reported by Dr. 
Ozaki. Professor Soloviev, Serpukhov Laboratory, gave a talk on U.N.K.; 
the design feature of this world-largest synchrotron project was introduced 
in some details including pp and pp colliding beam schemes at TeV c m . 
energies. 

The second day, today, the session was opened with the Chinese High 
Energy Physics Program presented by Professor Tzu Hung-Yuan. It is, of 
course, the first time that the Chinese new project was orally presented 
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at an international meeting, and we very welcome our newcomer to the 
high energy acceleatpr society. As a partner in the Orient, I just gave 
a Lalk on the present status of KEK and its future plan TRISTAN. My 
brief talk was made up by the successive papers given by Professors 
Kimura and Arafune from viewpoint of accelerator design and physics 
program, respectively. 

The first priority of TRISTAN plan is now set on an e-p colliding 
beam system. Independent studies on such an ep colliding beam system 
have been in progress at other high-energy laboratories. In particular, 
Dr. Stafford gave a talk on the ep study in Europe. Starting from a 
historical review, he introduced the plans to add an electron ring to 
SPS, i.e. CHEEP, and to add a proton ring to PETRA, i.e. PROPER. He 
also noticed a development of LEP; its original plan as an electron-
positron colliding beam system was described by Dr. Bonaudi, CERH. 

More def inlte iplanŝ ? inf the labdratories having world-highest energy 
accelerators, i.e. the CERN and the Fermi Xab., were presented by Drs. 
Bonaudi and Yamada, respectively. Both: talks not only concern the 
extension-or options of 400 <\ 500 GeV proton synchrotrons in these 
laboratories, but also Include many engineering and technical develop
ments, in particular, research and development to explore possibility of 
proton-antiproton colliding beam experiments. 

He took great advantage of organizing this symposium on the occasion 
of the XlXth International Conference on High Energy Physics. By this 
we could have excellent speakers except myself from all over the world 
and were able to sum up the present status of the world high energy 
acclerator plans. The precious content of each talk will be published 
in the Proceedings of this Symposium. I just would like to summarize 
major points of the accelerator projects or plans presented at this 
symposium in following tables, Table I-III. The data in these tables 
were sent by the speakers at this symposium. As all of you probably 
know, Professor Panofsky gave an instructive figure in his article 
appeared in the June issue of Physics Today, 1973, i.e. the figure of 
effective luminosity vs center of mass energies of the existing or 
planned accelerator complexes. Now the figure should be revised as in 
Fig.l, including up-to-date data presented at this symposium. 
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In conclusion, I would like to mention a few points concerning that 
we have learned at this-symposium. First, continuous development of 
accelerator arts is, of course, of great importance in all the accelerator 
plans presented here. Throughout the symposium, it has been demonstrated 
how the use of a large superconducting magnet system becomes to be 
confident. Electron and stochastic cooling methods seem to work nicely 
and to be useful for stacking antiproton beams. In addition, design 
studies on experimental insertions of colliding beam system at very high 
c m . energies will require further development of instrumental and 
detector systems. 

Next, every plan presented at the symposium came originally from a 
regional groups particularly based upon activities in existing high 
energy physics laboratories. Some of them have strong supports in a 
specific region in addition to the national support. However, I think 
that we had better reexamine high-energy accelerator plans in the next 
generation in the viewpoint of international functions. It will be 
important for each project to have a good competitor in other laboratories 
such that PETRA and PEP have each other. This should be valuable to 
promote exchange programs between these laboratories both in scientific 
and technical fields. Another important point will be on that these 
plans should be complements each of others with unique character of 
their own. International share of studies in this manner will result in 
successful cooperation in physics viewpoints, and such an international 
share would become more important when the total construction cost and 
the man-power are limited. 

Finally, towards the end of this century, the VBA or Very Big 
Accelerator plan would seriously be considered as a world-^wide accelerator 
plan in addition to the regional projects or plans reported here. 

Thank you. 
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I 

NAME of E N E R G Y 

rowit OT P A R T I C L E S PRIORITY 
PROJECT (y-) 

PEp e~ + e 8 ^ 36 

PETRA e"+ e" 38 
45 

>60 

Super ii >200 
PETRA 

LEP e" + e + 140 <v 200 

Table I 

LUMINOSITY OTHER g g f ™ J C T I 0 M 

(cm~ 2 s~ 1 ) OPTIONS (or DESIRED) 

1 0 3 2 ( a t 30 GeV) e V at 48 GeV Finished 
0ct. '79 

2) 
ep 

1 0 3 2 (at 30 GeV) Started operation 
1.5 x 1 0 3 2 (at 38 GeV) 2 stage about '80 

^1 0 3 1 decision after tests 

'84 * '89 

1 032 e p "81 <», '88 
pol. beams 



Table II 

NAME OF. 
PROJECT \ 

PARTICLES ENERGY 
(GeV) 

PRIORITY LUMINOSITY 
(cm" 2s _ 1) 

or INTENSITY 

OTHER 
OPTIONS 

CONSTRUCTION 
PERIOD! 
(or DESIRED) 

Ex. Center for 
H;EgP. (CHINA) 
Tevatron 

UNK 

P 
p:+ p 

. P.+ P 
With 
cooling 

P 
P + P 

ISABELLE p + p 

pp (CERN) p + p 

50 

: 1000 
1000 + 250 
250 + 250 

1000 + 1000 

3000 
2200 (cm.) 
6000 ( " ) 

[ 800 ( " ) 

TRISTAN p + p 

540 ( " ) 1 

400 ( " ) 

K 2 x 1 0 1 3 ppp 

5 x 1 0 1 3 ppp 
4 x 10 
2 x 10; 

30 
28 

1 x 1 0 3 0 

6 x 1 0 1 4 ppp 
10 
10' 

32 
32 

2<v,10 x 10 
-30 

32 

10J 

10 34 

Might add 
a booster 

p + p 

p + p, e + p 

pp at 60 GeV 
& for lower 
energies 
p + p 

'78 ̂  '83 

2 ^ 3 years 

start Fy '79 
5 " W years 
'78 ̂  '81 



CO 
I 

Table III 

NAME OF 
PROJECT:: 

PARTICLES 
''•£'• 

ENERGY 
(GeV) 

P 
PRIORITY LUMINOSITY 

(cnfV) 
OTHER 
OPTIONS 

CONSTRUCTION: PERIOD 
(or DESIRED) : .' 

TRISTAN • •e + p 1&V171 ; 50^200 1 6-\-9 x 1 0 3 1 + -e e ('82 ^ '85) 
CHEEP e + p 25 (3°) : 270 1 5 x 10 3 1 UNCERTAIN 

PROPER e + p 17.5; I; 280 ADDITION 
TO 
PETRA 

9 x 10 3 1 

. NOT 
KNOWN 

ii 11 176 4.3 x 1 0 3 2 {•81 ^ '84) 
ii 6.3 100 2.1 x 1 0 3 2 * 

LEP 
DEVELOPMENT e + p 70 400 ADDITION 

TO 
LEP 

1.4 x 1 0 3 0 s. 
NOT 
ESTABLISHED 

ii 58 400 6.2 x lo 3 1 

II 49 400 1.1 x 1 0 3 2 J 

FNAL e + p 12 1000 ? 1 0 3 2 
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Fig. 1 
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Editor's Note 

This issue contains the texts of the invited papers 
presented at the Symposium. Most of the manuscripts were 
photoprinted as supplied originally by the authors. Several 
papers were retyped and some figures were rewritten in order 
to prepare camera-ready copy, the editor takes responsibility 
for any errors that might have been introduced as a result 
of these procedure. 

I wish to express my gratitude to Miss K. Kuramochi for 
her tremendous work in processing the manuscripts. 
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