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Physics projections

The Serpukhov study group outlined some of the unanswered questions in high-
energy physics and identified the special capabilities of each type of PEQ=
jected accelerator.

Among the key questions, the group said, are: ''Do quarks exist and, if
so, how are they confined in hadrons, and what are the forces betwesen them?
The recent results about hadron collision products which possess high trans-
verse momentum have shown how little we understand about the internal dynamics
of hadrons. Secondly, is the Weinburg-Salam gauge theory of weak interaction
pointing towards the real solution or is it a wrong approach? The quanti-
tative agreement of neutral-current data with theory is strong encouragement
for gauge theories. Nevertheless, no deviations from a four-fermion structure
of the weak force have yet been observed.'

For weak interactions, it is expected that at about 1000 GeV (center-
of-mass system) the simple four-fermion theory will break down. There might
be a whole series of intermediate bosons, Higgs bosons of different kinds and
a series of heavy leptons and neutrinos.

For strong interactions, there is no indication of a definite critical
energy range. One would like to know whether or not further quantum numbers
exist, such as charm, flavor, color and so on.

The accelerators and storage rings being discussed for the VBA each
have their advantages:

= Proton-proton and proton-antiproton storage rings, which reach the
highest practicable center-of-mass energies at the price of lower luminosity,

appear adequate for finding the weak-interaction intermediate bosons, provided




the Drell-Yan production model can be applied. In studying strong inter-
actions, total cross sections and energy dependence of particle-production
mechanisms will be probed in a significant way.

# The importance of conventional proton synchrotrons is in their higher
luminosity, diversity of external beams and the opportunity to use nuclear
targets. E

@ Electron-positron colliding beams allow the clean study, not only of

quantum electrodynamics and electromagnetic production of hadrons, but of

weak interactions as well. In addition any charged heavy leptons or other

charged non-hadronic pairs (including intermediate bosons)would be produced

at a measurable rate, if they exist.
“  Electron-proton rings permit the clean study of strong interactions
at small distances. They can test the idea that the strong interactions weaken
at small distances and grow at large ones (asymptotic freedom). One can
study the nature of proton constituents and how (or whether) they are confined.

Finally, heavy leptons might be produced (if they exist).




Prcjected High-Energy Physics Facilities

Maximum Energy (GeV)

el e

circumference (km)
{chm.sl)

* -
Region Facility Status p{l.s.) e (1.s.) pp(c.m.s.) pp (e.m.s.) pe (c.m.s.)

Japan - proposed 180 17 360 40 34 Lt i 0

West tra funded 19 38
Germany . ‘FE

CERN planned

nations
planned

funded 200

partially

Doubler funded

1000
isabelle  proposed 200

= proposed 1000
VEPP-4 proposed
UNK proposed 2000 4000 4000
Internas

tional studies in10 000 720 000 720 000
progress

studies in 2100 >200 >50.0
progress

* i o b
Abbreviations: _.p=protons, p= antiprotons, e = positrons, e = electrons, l.s. = laboratory system, c.m.s. = center-

of-mass systen
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Physics Issues and the VBA

J. D. Bjorken

These notes represent a summary of some of the homework I have been
doing on VBA issues. Prime consideration was given to the scope of what
machines and physics issues should be considered. I consider fair game any
accelerator or rings up to 10-20 TeV for protons, 25 GeV for electrons, and
100+ 100 GeV for ete~. I have worked up additional material—mainly "laundry
lists' or miscellaneous calculations and curves—which I will only circulate on

request.

Contents:

Does futurism work?

Energy landmarks, past and future: how VBA's fit in.

Hints from cosmic rays.

Fundamental issues and various questions.

Projections of existing phenomena to higher energy regimes.
New phenomena and processes.

How specific VBA options apply: a summary.

Questions needing detailed work.

Some personal biases and judgments.
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Futurism: does it work?

Does physics output of machines have anything to do with the prognostications '
futurists made before they were built? I catalogued some previous machines along
with the phenomena I believe were anticipated, how they were manifested, as well
as surprises. Catalogue available upon request. My tentative conclusion: in broad

sense, futurism works.

Generally what was hoped or expected to be uncovered actually was. Major
unanticipated surprises were expected to occur—and did. Only those who hoped
for quarks, W's, monopoles, tachyons, etc., were disappointed; all of those hopes
were long shots.

II. Energy landmarks and how machines fit in

Figure 1 lays out the energy level diagram for machines. I have taken ep to
be ~3 times as efficient as pp in turning s = (cms energy)? into physics, and ete
10 times as efficient. These numbers are negotiable; ete™ may be a little under-
estimated.

Comments:

Dynamic range between VBSA (10 TeV + 10 TeV pp rings?! ?) and ISR is
same as from ISR to low energy (~40 MeV protons). Plenty of room at the top.

Energy isn't everything. Luminosity, flexibility of beams, etc., favor
synchrotrons. Cleanliness of interpretation may favor ete™ (or ep) over pp.
And so on.

Energy landmarks discussed and sharpened some later on.




FIGURE 1 — Energy Levels of Machines
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IOI. Hints from cosmic rays

Main sources: McCusker, Phys. Reports C20, 229 (1975)
Yodh; summary of 1975 Munich Conference

The status in brief:
1. Relatively quiet below 100 TeV.
2. Hints of new phenomena above 100 TeV.

Philosophy: emphasize those observations which are very direct and difficult
to understand within conventional ig{)eology.

{28

Examples: i = ' —
Best: Niu's charm event:{ E ~ 10-20 TeV, But not because of charm;
because of high multiplieity.
Leading fireball accompanies charm candidate
Nop ~ 25 in Ay £ 2
Event initiated by a neutral particle

Centauro: E ~ 300-1000 TeV.
Again high i and big leading "fireball"
fi ~100 at production; "fireball" mass ~200 GeV. Apparent
absence of 7°'s at production.

Schein multigamma cascade:
Energies of these relatively low. (Available even to FNAL,
but nothing like them yet seen.)

Bristol event (cf. P. Fowler, CERN 61-22, p. 125 (1961)):
Two electromagnetic showers (10-50 TeV) in very high energy
event which show unusual penetration (> 16 RL)

Good: Tien-Shan calorimeter measurement of hadron cascades.
(increase in mean penetration at E> 100 TeV from ~700 to
~1100 gm/cm?).

More Indirect: Evidence from several experiments for high-p multiple
cores (again above 100 TeV!). L

I welcome additions to this list.

Messages:

1. 100 TeV is a possible landmark energy for new phenomena. If so, case
for super-high energy pp rings (even with abysmal luminosity) is strengthened.
2. High multiplicity (@ >> 100, at least some of the time) may be a new
feature of strong dynamics at these energies.
3. Centauro, Schein, Bristol events remind us that we may have shockingly
different phenomena to study.
Lots of high-p, hadron cores from strong interactions can mess up
searches for weak or electromagnetic phenomena (e.g., ISR experience).
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IV. Fundamental issues and miscellaneous questions

1. What kind of physics will dominate our interest at multi-TeV energies?

a) Predictable extensions of present interests.

Laundry list available upon request.

b) New directions in strong interactions; e.g., high-n events,
acoplanar high-pl events, peculiar composition (e.g., Centauro,
Schein).

¢) Dynamical structure of weak interactions -

i) Mediated by W's, Z's 2?

ii) Weak-electromagnetic synthesis? ?
iii) If so, existence of Higgs sector?
iv) If not, strong ¢7 (or W-W) interactions?? (See

comment 2a below.)

Symmetry and group-structure of the sundry interactions: what
is the weak group? The strong group? (How many flavors, etc. ?)
Study of production and decay of a zoo of new particles. Zoo
exhibited in Section VI.
Breakdown of QED.
Breakdown of foundations

i) Quantum mechanics nonlinear at short distances?

ii) Lorentz or Poincare invariance goes bad?
iii) Conservation laws deteriorate at short distances? ?
iv) Causality goes bad at short distances ?

2. Two comments which may bear on question 1:
a) The options I can see for the future of weak interactions at high
energy are:
i) No W's, Z's, etc. exist. Then £{ (or qq) scattering strong
at \s > 500 GeV.
ii) Z's, W's exist. No gauge theory cancellations. No renor-
malizability. W-W scattering strong at /s 3 1 TeV.

iii) Renormalizable gauge theories. Then Higgs-scalars must
exist. If Higgs-scalars h weakly coupled to each other (and
to ordinary world), then they shouldn’t be much more massive
than W, Z; perhaps lighter (but heavier than a few GeV).
There could very well be quite a few of them.

iv) If Higgs' strongly coupled to each other, typical masses
expected to be > 300 GeV.

Conclusion: Unless a number of 'light" (<100 GeV) elementary

Higgs scalars exist, it appears difficult to avoid the existence of

a new class of strong interactions at /s > 1 TeV. It may become

as much a future goal to reach this threshold as it is now to reach

the gauge-theory W-threshold at Js ~50-100 GeV. (Notice

Js 2 1TeV => Epgp 2 1015 eV, in the middle of the cosmic ray

activity. Can they be related? Don't know.)

Operationally, weak parton-parton cross sections get as strong

as em at 8 » 50-100 GeV;also weak decay widths bigger than

electromagnetic, which in turn are bigger than strong Zweig-rule

violating widths when m > 50 GeV (cf. Fig. 2). High-p, hadron
production might show the same pattern: For p; > 50 GLeV, weak
production > electromagnetic > strong (using CCR parametrization).

(Is there a basic message in this confusing situation?? Don't know.)
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FIGURE 2 — Mass-width space, along with some of the beasts which
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Drell-Yan and parton concepts condition most thinking on weak and electro-
magnetic phenomena in pp collisions. This is potentially very dangerous:
i) A critique of experimental status needed. My view: data a bit high

at low mass and low at high mass. But generally pretty good.
ii) Are there any alternatives? ?

Despite the dangers, I'll use Drell-Yan (and scaling) uncritically in what follows.

4. Practicalities and priorities.

i) Exploration at high s and lower luminosity vs. development at lower
s with higher flexibility and sensitivity. What are variables of over-
riding importance ? ?

Energy
Luminosity
Incident beams available
High (or low) vprst advantage or disadvantage? ?
High precision
Even if rate for new phenomena is adequate, are the new phenomena
detectable ? ?
Acceptance
Backgrounds
Accidental rates, ete.
Branching ratios for new particles into easily detectable
modes may be small
What are likely detection methods? Which get easier at higher
energies? ? Some that do:
Calorimetry
Transition radiation
High n ‘
v, 4, e, detection in sea of 7's (especially at high p )
Some that don't: Flavored hadron searches using two-body — hadronic
decays
Exclusive channels of almost any type; 1c and 4c
physics.

5. How do present frends in theory impact ? ?
a) Weak-electromagnetic gauge theories very much, obviously
b) Parton model very much
(scaling laws, Drell-Yan)
c) Asymptotic freedom; QCD moderate test of scaling
breakdown
: (ep colliding beams, etc.)
d) Pomeron physics moderate
Argues for highest s at not
all that high a luminosity.
Determines length of straight
sections in all colliding- .
beam machines. '
Argues for importance of
nuclear target.
Strings, lattice gauge theories, Not yet, but might in the
solitons, bags, homotopy groups, future.
fiber bundles, ete. Quark con- '
finement schemes.
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Flavor and color physics moderate

(higher strong-interaction But extrapolation to higher

symmetries) masses looks like tough
territory. Ideas needed.

g) Onium spectroscopy (I think very much.
this belongs more to Schreedinger Could be important at
equation than to QCD.) higher masses as well.

V. Projections to higher energy of existing experiments and phenomena

This is mainly laundry lists (available on request for a,b, c).
a) Strong interactions
b) Electromagnetic interactions
c) Weak interactions
d) Standard exotica: tachyons, monopoles, quarks
e) CP violation:
pp — ?; search for asymmetry
Decays of new heavy states
Precision studies of ete™ processes at high energy
f) Gravitation: out of reach by only 20 orders of magnitude

VI. New phenomena and processes

This is more laundry lists, but shorter, as a consequence of (my) lack of
imagination. Additions eagerly solicited:
a) Superheavy fireballs; very high multiplicity
b) Exotic composition (multi-y, multi-u, Centauro, etc.)
¢) Highly acoplanar high—pj_ events
d) New thresholds
Sharp rise in oy
Sharp change in 1, composition or other internal properties
e) New-particle production
Onium
New flavors of hadrons Ly e
W's, Z's, ete. (including superheavy, e.g., W —e u , ete.)
Higgs sector ‘
Pseudo-goldstone bosons
neutral
New leptons{charge d
Super-high spin hadrons
Colored bosons (or colored fermions)
Leptoquarks
Diotons
Glueballs
Lee-Wick boson
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VII. How do specific VBA options apply? A summary.

I took the preceding material, especially the laundry lists compiled under
topics 5 and 6, and tried to classify them into two groups; those topics "owned!"
by a given type of machine and those that are common. The latter category then
may need further comparative studies.

a) Areas more or less highly preferred for a given machine.

i) Multi-TeV proton synchrotron
Nuclear targets and cascading
Exotic beams (Y*, £*, charm?)
Nuclear effects in electroproduction or v reactions

Electron target ¥_,F.., ("W,) , B, ete.
T K 2 K'Y

Photon target (Primakoff) for exotic beams (e.g. yZ ™~ — Y*)
47 visual detectors (bubble, streamer chambers)
v“e, L5 physics, v oscillations?

High- P strong interactions (!!)

Advantages: high luminosity
diversity of beams
CMS motion good for calorimetry

(But this question needs study; pp rings may still have
some advantage if very high P is accessible. )

ii) pp storage rings
Bread and butter strong interactions very high rapidity
increase is highest
priority
Highest CMS energy
iii) ep rings
Deep inelastic scaling tests
Photoproduction at highest energies
Leptoquark production
iv) e'e” rings
QED tests
Exploitation of narrow resonances
Study of sharp thresholds
Virtual y target
vy collisions

Major themes common to all machines but approached differently:

Search for narrow heavy states

Direct leptons, ¢y, multileptons, multi v, as signature for
new physics or new particles

Properties of hadron final states in deepinelastic vp, ep,
up, ete~, W, Z decay




iv) Properties of hadron currents coupled to leptons
Weak charged
Old
New
Weak neutral
old
New ??
Weak jets in pp collisions
Electromagnetic current at high Q2
Spacelike (ep)
Timelike (e*e™)

v) Decays of new heavy particles as sources of other new particles

vi) New lepton production

Comments on the previous items (i.e., those under subheading VIIL.b)

i) Particles which decay into qq or £{ can be produced resonantly in e'e”
or via Drell-Yan. Figure 2 summarizes known classes of such resonances in
I', m space. Figure 3 relates quarlwanuquark fluxes (luminosities) to the
resonance production. For ¥ ~ 1032 (or o = 10-36), Figs. 4-8 show the
- accessible values of T' and m for a given cms energy. For a 10 TeV synchrotron,
we letio = 10“4_O and get the region shown on Fig. 8. For ete™ rings, I guess
the limit on T'yy is of the order reached at SPEAR, more or less independent of
energy (< 100 eV or so). pp and efe rings look best. Other resonances are
perhaps best found (i) as decay products of the previous class, or (ii) singly
produced by leptons (v, u, e) deep inelastically.

ii) The issues here are luminosity, cms energy available, and expected
signal/noise. At best the considerations will be pretty diffuse: not enough
experience. Perhaps it can be said that production of heavier flavored hadrons
or onium (in pp collisions) does not bode well beyond the mass range 20-30 GeV
(Figs. 2 and 9).

iii) The principal figure of merit here is W2 and the next is ease of
studying the hadron final state in detail. Here ep rings clearly seem to be best
for deep-inelastic from a proton; e*e” likewise is best for jets from aq frag-
mentation (if that concept survives). pp more complex because low-p, ordinary
hadrons produce confusion right in the midst of the rapidity space of interesting
jets.

iv) Several questions enter here:
a) One is the available range in Q2 for electromagnetlc scattering.

For ep or up (assuming scaling)
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where the lepton-quark luminosity is defined and plotted in

Fig. 10, along with quark-%uark integral luminosities. Assume
for & ~ 1032, that ¢ = 10 6 cm? should be accessible. Thus
unless Q2 = 109, it is'S than.limits @2, not rate.

For given S, & (and precise measurement of Qz) become of
importance. Interesting comparison:
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Clearly 25 GeV X 2

10 TeV is a winner 2

b) Weak processes
Much depends upon energy-dependence (cf. Fig. 11). Other thanat
resonances, elementary cross sections uncomfortably low. Study
of energy dependence is

i) Good, clean ine'e” (at /s >> 30 GeV).

ii) Possible in ep — v hadrons (at /s >> 100 GeV).

iii) Dirty in pp; only easy if no gauge theory cutoff; p; > 50 GeV
(s >>200 GeV) needed. Note: with gauge theory, weak
jets from ud — du always confused with (at least) em jets
(uu — uu via y exchange) at all s, Q2

Study of different types of currents, (multi leptons, etc.,
diffractive excitation) argue for conventional » beams,
or for ete™. Cleanliness and freedom from background
needed for such questions.

Weak-em interference at VBA energies are maximal
(except for up? ?). e'e” and up look best (can anything be
done with ep? ? Looks hard.) But for VBA, should strive
for direct weak effects, not by small perturbations.
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¢) Production of flavored hadrons (containing flavored quarks of
mass mf by leptons "9
i) Weakly: for > m¢, signal to noise may be better
than 10% for single production of a flavored quark.
Diffractive production of flavored mesons carrying
guantum number of flavored current is smaller but
clean in ¥ reactions. High luminosity a must.

Electromagnetically: For Q2 >> 4mf2 not-too-bad argu-
ments exist for ratio of flavor production to background
to be as good as in ete™. This argues toward ep rings.
Comparison with eTe™, however, is needed.

v) This is vitally important especially if there isa Z. K Z =Z, . Py
mep =80 GeV; ete- —~ Z at resonance gives, for ¥ = 1032, 30 Z/sec};%%l.n clg
Rare decays of Z are sources of all kinds of wonderful things:

Z—~ W+ (higgs)+ if charged Higgs exists and is light

7 — (higgs)0 + 1.c++ g (if higgs mass < 40 GeV, B > 10
Z — heavy leptons

Z -= flavored hadrons

Z — quark jets

Z — new, unexpected objects

4,

vi) Charged leptons best with ete” (up tom < 0.4 \/s); ¥N, gN, eN may

be best for neutral heavy leptons. Up to unknown factors, o ~ o s for

0.3./s.

/s < 0.1. From Figs. 10-11, ep (certainly vp) OK up to m,

mlepton epton <
Searches in debris of Z-decay also good.

pp seems less encouraging.

VIIL. Questions needing detailed work.

1. Better cross-section estimates for many of preceding items.

2. Critique of Drell-Yan.

3. Study of high-p| hadron jet production; does it mess up weak-em
physics at VBA energies??

4. Specifics of W and Z physics a la Weinberg model + Drell-Yan + partons.




Personal Judgments:
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Weak interactions will be dominant theme in the next energy regime:
i) Dynamics: how low energy structure is modified at high energy.
ii) Symmetries: new currents

symmetries of couplings

What is underlying group?

A very powerful tool in studying symmetries would be study of
decays of W's, Z's, new-flavored hadrons, etc., etec. (if they indeed
exist).

Success of gauge theories for neutral currents encourages hope that
65 GeV W and 80 GeV Z do exist.

Major surprises even in strong-interaction dynamics are not out of the
question, based on cosmic-ray hints. (For this, high luminosity is
not so crucial, but high energy is.)

A push to very highest s via pp storage rings in order to rough out
the territory should be very high priority. If VBA =10-20 TeV
synchrotron; should be built with SSR, electron, and ISR-type options
if at all possible.

If W's, Z's, etc. can be found with pp storage rings, it may be most
efficient to find them and then design ete™ system to exploit them.
Z.-factory is great. But should be optimized for Z-physics, if a Z or

Z's indeed exist.

ep systems probably interpolate in physics interest between pp and
ete~; they may for that reason have somewhat less priority.
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FIGURE 3 — Differential luminosity of partons in pp collisions:

dxl dx

Z —(1) = = —x-zz [u(xl)'ﬁ(xz)+u(x2)ﬁ(xl)]a(xlx2—-r)

For resonance of mass m, 7 = mz/s. No factor 3 for color included.

Instructions for use:

3 “uu

5 :
2 e~ 12077 (25+ 1 i o :
Upp(m ,s)Bf = ( )Bf [Buu F —(7) + ]

3
m
with J = spin of resonance, Bf = branching ratio into observable final states,

B, = branching ratio into uu, and I' = total width.
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FIGURE 9 — Cross section (at highest energy) vs. mass for production of
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FIGURE 10— Integral luminosity of parton-parton collisions. Instructions for use:
Let /T = fraction of total cms energy \/g in hard collision of partons. Let
O’O(T 8) be elementary cross section for this hard collision. Then to good accuracy

cpp(s, T) (or oep(s, T)) = total cross section for hard collisions having

subenergy >./7s = L(T)O’O(‘TS).
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Report by L. Lederman and V.F. Weisskopf
on the ICFA Discussions in Hamburg
29 August 1977
(Written 2 September 1977 without knowledge
of what happened in the meeting of the IUPAP

Committee on Particles and Fields held on
August 30th)

Persons present

B. Gregory Chairman
A. Rousset Secretary
J. Adams CERN

G. Von Dardel Sweden

W. Paul Germany
L. Lederman UsA

E.R. Wilson i

V.F. Weisskopf o

K. Lanius JINR

V.P. Dzhelepov USSR + JINR
V. Yarba USSR

K. Myznikov USSR

Y. Yamaguchi Japan

First item of action was the selection of a chairman.
V.F.W. proposed Gregory. It was unanimously accepted. He asked to
be allowed to have A, Rousset as helper and secretary. It was

aeeepiteds

After a few tentative attempts by Gregory to formulate
what we are supposed to do, it was accepted to use the recommend-

ations of the Serpukhov meeting of May 1976 as a basis. They are :

1) Efforts should be made to co-ordinate the design and construction
of new regional facilities. Consultations and exchange of expe-

riences should be encouraged in order to optimize the diversity of

facilities and to enhance the efficiency of construction and opera-

tion. The study group also recommends joint studies of new techno-

logy (e.g., superconductivity, new detectors and other experimental

apparatus) and joint design and/or construction of components of

regional projects.




2) Joint utilization of regional facilities by scientists of differ-

ent regions should be organlzé% on-the basis of present and future

arrangements or agreements. The general availability of regional
installations is essential to enable scientists of different regions
to take advantage of facilities with complementary research poten-

tiglities.

3) International collaboration should provide for studies leading
towards the realization of a next generation of super-high energy
facilities, following the regional projects referred to above.

It is expected that these facilities will be
so large that their realization will be possible only by pooling the
resources of all regions concerned into common international projects.

Creation of a super-high energy accelerator complex (VBA) involves
especially complicated scientifiec, technical and organizational pro-
blems. These will require several years of continuing studies and
discussions. The study group recommends that these discussions begin
in the near future leading to the start of the design of the VBA in

about 10 years.,

4) In view of the need for these extensions of international collabo-
ration, the study group suggests to the IUPAP Division of Particles

and Fields to initiate these activities in an appropriate form, for

example, by appointing a sub-committee for the purpose of organizing

working groups and future meetings such as the present one.

The assembled group considered itself as the sub-committee

Lenerred SoSn S nonmnt, 4).

Then the content of a Table describing planned regional faci-
lities compiled at the May 1976 meeting was discussed and brought up to

date. A copy of the new Table is enclosed.

Some discussion was devoted to a better definition of the
scopes of regional projects versus projects suitable for international
construction. J. Adams introduced a useful criteria by stating that the
presently planned regional projects are dealing with tunnels of roughly

3 ms radius, where, e.g., larger projects, such as > 10 TeV fixed target




accelerators or e e  colliding beam facilities of > 100 GeV, would

regquire tunnels of the order of 10 km. It therefore would be logical
to think of an inter-regional laboratory having a multi-purpose tunnel
of ~10 km radius. This consideration helped to separate the two types
of projects, although it is not gquite clear in what category a L.E.P.

o ONG eV be liorssi

Proposals were made to accomplish the tasks set in points
ok 2), 3). After a lengthy discussion it was proposed to set up two
study groups A and B, The group A should deal with the problems 1)
and 2) ; the group B with the problems of 3). One of the main problems
of 1) and 2) was the extent in which the West should and could help the
USSR in constructing the UNK complex. This problem and also the pro-
blems of collaboration ocn other planned regional facilities was dis-
cussed but no definite agreement obtained. It was proposed to ask
the three main regions to deliver to Gregory within two months a pos-
sible agenda of topics to deal with by study group A and B. The two
groups are different in character. It was expected that the members
of the study group A should be experts nominated by the lab. directors
whereas the members of group B should be more of senior character, to

deal with problems of organization and principle.

Remarks

1. The ICFA committee met before it was officially approved by the
IUPAP commission. Its recommendations (even its existence) could
have been challenged in the subsequent meeting of the commission. In

fact, it was accepted with one vote against.

2. 1t seems clear that the two "eamps" are pursuing rather different
aims. The USSR camp seems to be interested to get technical help
and moral support for the UNK complex. We believe they are aware of the

difficulties of reaching the aim of 3 TeV and successful colliding
systems without intensive help from Western experts. They do not seem
concerned about monetary support, but about design, planning and proto-
type production, in particular in respect to super-conducting magnets.
The USSR is not much interested in the 10 km projects at this time.
They are afraid of discouraging their government when telling about

the next step.




The West, on the other hand, is not very interested in the
success of UNK and is not enthusiastic of devoting much valuable man-
power to an effective help of UNK., It is much more interested in

getting on with the planning of future steps, in particular with the

possibility of a large ete” facility on a regional or inter-

regional basis.

3. We suggest that a meeting should be organized this fall in order
to discuss the U.S. attitude to these problems. We believe that
this meeting should be attended by representatives from the office
of Frank Press, by Wellenmayer and Bardon, by the lab. directors, by
S. Drell and by some representatives of the A.,P.S. - Division of
Particles and Fields, and perhaps also by the U.S. representatives

in the IUPAP Commission for Particles and PFields.

,{ - / Cion Z&,\éc*iud_,m,.__.
S el Z“J VFw

Léon Lederman

’

(f‘ DQL&-« %—F\/ ‘»//&Q/t‘ﬁsﬁrrf

Victor F. Weisskopf
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F. | Intreocauctien

The historical develqpment of science has madé 18
cépecially appropriate that the physicists of all countries
which are active in the exploration of the deepest aspects of
atonic nature should be collaborating so intensel: It is

this collaboration has resulted in so much
in our knowledge about the particles of which the world
is made and of the laws that govern their behavior.‘ It is
equaily—gratifying that governments have provided the nec-
essary framework within which the collaboration could take
place. The fundamental knowledge being developed will become the
ba;is of future technology and, equally important, will provide
mankind with a greater insight into the nature of the universe.

The struggle for this knowledge is difficult, and although
many cqpcepts of nature have been deepened and new concepts have
emerged, nevertheless, it is anticipated that‘vastly more ex-
tensive investigations will be rgquirod bcfére our knowledge of
the basic partieles is as firm as is our understanding, for

example, of electromagnetism.

S

The tools for investigating matter have become moxre complex

and more expensivc-as we have penetrated deeper into the inner

Sp;EG of the atom. For this reason orgahizational_col}aborations
have developed between groups of nations to allow them to partici-
pate in this exciting and necessary development. Thus the member

nations of CERN and the member nations of JINR have established

‘organizations which have enabhled them to successfully develop




research in this field. Most importantly, the close col-
1aborati0n between the regional laboratories has amplified
their individual efforts.

‘As facilities that are now being planned on a regional basis
are developed, ways should be found to help in coordinating that
planning. Such mutual discussion and advice would ensure the
coverage of the broadest possible program of research. Joing-
studies of new technclogy and organization of ﬁiderlcollaborative
use of pres&nt facilities should occur. Joint construction of
sub-elements of regional projects should be exélored.

It can already.hu expected that the facilities needed to
explore and clarify the next level beyond that availablé to
faqilities presently being contemplated will be so large that
their realization will be greatly optimized -- and may only be

possible -- by the pooling of the resources of all regions in a

common effort.

We underline the statement of the countries participating in

the "Helsinki Agreement on Security and Cooperation in Furope",
which'specifically mentions high-energy physics as a field for co- (
operation.'jlt says that "scientific and technological cooperation
constitutes an important contribution to the strengthening of
security and coopefation among (thecmfntxieS}in that it assists

the effective solution of problems of common interest and the

improvements of the conditions of human life".




Conclusions

LD .

Thé foregoing survey leads us to the foilowing conclusions:

A) The present status of the science of th@'structure of matter
poses fundamental problems which require a new generation of facilities
of the types listed in Table I. Such facilities are within the
Cdbaﬂl Lities of the individual regions and are needed for continued
progress of this field of research. p

The success of regional and interregiona 1 collaboration in

the past provides a good basis for extending and strengthening this
‘collaboration in the new gener'tﬁon OE regional facilitics.

C)‘ Looking beyond this new generation of regional accelerators

7e foresee the need for .an accelerator complex (VBA) which will reguire

international collaboration of all regions concerned.

WA - Redommendations

1) Efforts should be made to coordinate the design and

construction of new regional facilifies. Consultations and exchange
of experiences should be encouraged in order to optimize the diversity
of facilities and to enhance the eff ficiency of construction and
operation. Tﬁe Study Group also .recommends joint studies of new
technology (e.g. superconductivity, new detectors and other experi-
mental- apparatus) and joint design and/or construction of components

of regional projects.
2) Joint utilization of regional facilities by scientists

ent regions should be organized onthe basis of present and future

rangements or agreements. The general availability of regional

installations is essential to enable scieﬁtimts of different regions

to take advantage of facilities with complementary research gw)fCUEH

=15~




International collaboration should provide for studies
leading towardsrthe realization of a next generation of super-high
energy facilities, following the regional projects referred to
above (examples are given in Table II). It is expected that

so large that their realization will be

possible only by pcoling the resources of all regions concerned

into common international projects.

Creation of a super-high energy accelerator complex (VBA) in-

volves especially complicated scientific, technical and organizational
problems,. These will reguire several years of continuing studies

and discussions. The Study Group recommends that these discussions
begin in the near future leading to the start of the design of the

o
L

YRR 3 mlran 30
¥ e Ll% i b Cadr s nd e

VEREs.
4} TIn view of the need for these extensions of international

collaboration, the Study Croup suggests to the IUPAP Division of

-

. Particles and Fields to initiate these activities in an appropriate

form, for example, by appointing a sub-committee for the purpose of
r ] RIS d E

organizing working groups and future meetings such as the present

§
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Appendix 2

AGEMDA

Morning Session ; Chairman: V. Weilsskopf

(58] e e - . o ‘.. C
HORLE S Status of national and regional facilities.

1) PETRA, PEP
Speaker: G

2)  VEPP-4
Spedkersy R

3) Energy Doubler
Speaker: R. Wilson

Aflterncon Session Chairman: ©. von Dardel

Topic 1L: Presentation of scichtific and techniecal sspects
of big accelerators. .
1) . POPAE
: Speaker: R. Diebold
2) ISABELLE
_ Speaker: M. Barton
3) LSR-pp
Speaker: Johnsen

Morning Session _ Chairman: A.A. Logunov
4) LSR-ep
Speaker: K. Johnsen

UNK ‘ :
Speaker: V. Yarba

6) Colliding pp -~ rings
: Speaker: A. Budker

! 7) TRISTAN
- Speaker: Y. Yamaguchi

Afternoon Session Chairman: K, Lanius

Topic IIX: Presentation of general scientific and technical
aspects in the construction and utiligation of
high-energy systems.

1) 10 TeV proton accelerator with a fixed target
Speakers: D.B. Thomas
R. Wilsen

2) 100x100 GeV electron storage ring
Speaker: K. Johnsen




Morning Sessic : : Chairman: VY. Yamaguchi

Topic IV: Physics Projections

1) ‘Theoretical Considerations
Speakers: IM.A. Markov
J. Bjoxrken

Afternoon Session Chairman: L. Lederman

2y  Physics to 1980 -~ Existing Pacilitiesg
' Speakers: L. Lederman - FNAL pp
A Rousset = S5PSEgE a6l
U. Amaldi —~ ISR

Physics to 1 ~ Next Generation of Regional
Accelerators
Speakers: U. Amaldi -~ LSR
Y. Prokoshkin - UNK

-

20 May Morning

Vicsit te the IFEP Laboratoriss

Afternoon ScsSsion Chairman: U. Amaldi

Continuation of previous session
Speakevs: SV Gerztein = UNK
. won bardel = PERRA
Topic V: Physics Beyond 1985: VBA
Speakers: A. Rousset — v at 10 TeV
G. von Dardel - hadrons at 10 TeV

Topic VI: Experimental techniguecs Beyond 1985
Speakex: R. Diebold

Morning Session Chairmensy L. Soleview

Topic VII: Concluding Discussions
g 1) Review of situation - V. Weisskopf

2) General discussion

Afternoon Session Chairman: V. Djelepov

3) General discussion

24/25 May

Preparation of Final Report




J.I St of papers sub mitted at meeting:

From CERN Member States:

vVBA/CMS/ L W. Willis, “Sunmary of the 1976 CERN Study on the
Use of a 10 TeV 1roton Accelerator and of Electron-—
proton Colliding Beams", CERHN-ZD Note No. 1.

VBA/CHMS/2 W. Willis, "Future Trends in Detectors for Multi-
TeV Accelerators", CERN-SD Note No. 2.

VBA/CMS/3 G. Charxrpak, "Some Considerations on the Future of
Proportional Chambers", CERN~SD Note Ho. 3.

VBA/CHS/ 4 e 2maltdl and L. Di Lells, "Physies at the CERY
CERN-SD Note No. 4. ’

VBA/CMS/5 K. Johnsen, "Studies of New Large Storage Rings
CERN: pr, bp ang ep, CER=8Dh Nate Tlos 5.

VBA/CMS/6 R. Billinge, "VBA Fixed Target Parameter List"

VBA/CMS/ 7 U. 2maldi and H. Lengelexr, "Collinear Accelerators
High Encrgy ete~ Collisions!", CERN-ED Note No. 7.

VBA/CHMS /8 G. von Dardel, "Hadronic Physics at a 10 TeV Fixed
Target Machine" .

VBA/CHMS/9 G. von Dardel, "The PETRA Physics Program”

VBA/CMS/10 D, B.. Themas, uupciconducLLng Magnets for a 5 to 10 TeV
Proton Synchrotron"

VBA/CMS/11 "LEP Parameter Lis t", Version 1, compiled by E. Keil.

_VBA/Lhu/lZ : “Pafameters for Superconducting LSR"™, Version 1, edited
by K. Johnsen, CERE/ISR=1.Th/ /530,

&

VBA/CMS/13 M.G.N. Hine, "International Data Communications for
i Buropean High Energy Physicists - and others”.

\

"From USA:

Mark Barton/W.B. Sampson. "“Impact of A-15 Superconductors on
Future Machines" s

"2 Proposal for Construction of .a Proton-Proton Storage Accelerator
Facility - ISABELLE 1976 (rQViSOd)
1000 GeV on 1000 GeV Proton-Proton Colliding Beam Facility",
(BRI,
Wilson. "A Ten TeV World Accelerator,” May 1976.

Bjorken. “"Physics Issues and the VBA," May 1976.




From USSR:

"Accelerating-Storage Complex on the Basis of the IHEP Accelera-

tor (UHK, 2-5 Tev)",

A, Budker, “Electron Cooling of Antiproton for




The development of high energy physics in the last +tvo
decqﬁeb has led to a situation where there exist many facts, synthe-
sized by theoretical ideas. These ideas have not yet reached a
fundamental character similar to theories of elec llrrd(jm tism

and gravitation. I\f“\F(""i heless, the present knowledge makes it

-

to formulate long-standing fundamental questions of

physics in rather detailed form. This makes it most probable

that the discoveries made by the next generation of accelerators

=2

e

should provide us with new fundamental knowledge, first of all

about the nature of weak interactions and their possible con-

nection with electromagnetic interactions and also about the
in?erior structure of hadrons and the range of vaiidity of the
guark hypothesis. Some of the most important unanswered questions
are ‘these:
ququarks exist and, if so, how are they confined in hadrdnsf
and what are the forces between them? The recent results
about hadron collision products which possess high trans-
verse momentum have shown how little we understand about
the internal dynamics of hadrons.
Secondly,
Is the Weinbefg~5alam gauge theory of weak interaction
poi inting towa the real solution or is it the wrong
approach? The quantitative agrecment of neutral current
1 .
data with theory is Lrong,encoxldgcmanL for gauge-
theories. Nevertheless, no deviations from a four-fermion

structure of the weak force have yet been obscrved.




We believe that the energies of the planned regional
facilities are indeed suf;i‘ji_c:i,mit.to br.:-tjin attacking these
problems. In the case of weak interactions there are definite
energy ranges whére we expect new phenomena to occur: At
about 1000 GeV (center—of-mass) the simple four-fermion theory

Tt is vital to reach this energy in order to fully
observe the structure of the weak force in its‘natural domain.
The gauge theories suggest that there are new phenomena, such
as intermediate bosons, already at about 100 GeV. 'his situa-
tion.is analogous to what happened in the 1930's in electro-
dynamics: The natural limit was the classical electron radius
(lOulBCm) corresponding to 100 MeV wheieas new phenomena (paixr
création} occur already at 1 MeV.

Our. present knowledge of strong interactions does not

indicate yet any definite critical ecnergy range. The higher the

energy, the more information we will get. We need to know

whether further quantum numbers xist, such as charxm, flavor, color

etc., and at what energies they will appear. Some cosmic ray

observations indicate that there are unexpected phenomena occur-
ring at about 300-500 GeV (center-of-mass) which may point to
new directions in strong interaction dynamics. k¢

-~ Also in the weak interactions the number of entities is
still unknown. There may !> a whole series of intermediate
bosons, there may be Higgs-bosons of different kinds and a .
series of heavy leptons and neutrinos. The appearance of these
seemingly unlimited number of entities of a given type, even in

weak interactions, is reminiscent of the discoveries of elements
F

in the 19th century. We have a few organizing principles,
it




analogous to Mendelecv's c}usﬁificution. But the need for
furthcr synthesis is” clear. We have much more to discover about
the behavior of matter at energies higher than those available
today. -

The accelerators and storage rings which have }Dczﬁzli pid=
poséd address these problems in different ways:

1.  Proton-proton and proton-antiproton storage rings
attain the highest practicable center-~of-mass energies at the
price of lower luminosity. But the luminosities appear adequate
for finding the weak-interaction intermediate bosons, providec
the Drell-Yan produétion model can be applied. Present data are
of some support for this model but far from conclusive.

The high center-of-mass energy available in storage rings
is also of special significance in the study of strong inte

,

actions. The nature of the increase in the total cross-secticns

and of the enerqv-—-dependence of particle production mechanisms
ot o

will be probed in a significant way. These facilities are also

very useful to study the production of hadrons at high trans-
verse momentum.

2. VY¥uture conventional proton synchrotrons, which provide
high-energy particle beams incident upon stationary targets,
will most likely explore frontiers different from that of centexr-
of-mass energy. Their importance liesin the much higher lumin-
osity available, in thé diversity of external beams av&ilable,
(including u,v,e,y,m,K,p,A,%,2,2), and in the opportunity of:
using targets of various atomic nuclei in ordexr to study the
nature of the produced systems in "status nascendi". High

luminosity and choice of hadron beams are properties of

...G_:




special significance in studving tﬁo production of hadrons of
high P The leptwl~beams, espacially the neutrino beams, are
expected to continue to play the important role that they
presently do in exploration of weak and electromagnetic inter-
actions,

3. Electren-positron colliding beans at encrgies bevond

PEF "and PETRA allow the clean study of not only quantum electro-

- dynamics and electromagnetic production of hadrons, but of weak

interactions as well. Also, any charged heavy leptons or other

charged non-~hadronic pairs (including possible intermediate
bosons Wi) would be produced, at a measurable rate, if they
exist. Such storage rings are extremely powerful tools-for
finding heavy resonances with an appreciable partial width into
an electron-positron pair. As already exemplified by the J/y
and ¥', the.decays of such resonanées provide detailed, clean
information, difficult to obtain by other means. For exanple,
the Weiﬁberngalam theory prediqts the production of a neutral

32 =2 i
c

boson %z°, with mass = 80 GeV, (at luninosity ~10""cm “se 3} ak

a rate exceeding 10 per second. Thus e e rings of such energy
may be an.é§cellent way to study weak interactions. This may he
the only.methoa (br at least the best) to find and study Higgs
bosons predicted by weaknelectromagneﬁic gauge theories. If
thé:mass of such a particle is less than 40 GeV, the bfanching
ratio of 2° into it (plus a charged lepton pair) is estimated to

exceed 10_4' . , :




4. Elcctron-proton rings allew the clean ﬁtu&y of the

behavior of strong-interactions at short distances. The present
at

small éistancés, and their growing at large ones (asymptotic
freedom), as well as the ideas of point constituentis of the
proton, are best tested in electron-proton scattering at the
energies attainable by these storage rings. The question of “the
nature of proton constituents, and how (or whether) they are
confined may be elucidated by study of the way hadrons are
emitted after such a constituent is struck by the incident
electron. . The e-p storage rings may be a good way to produce
and study heavy leptonﬁ (especially neutral), if they exist.
Finally, weak interactions oﬁ the electron with hadrens arve
accessible as well, and Such information would be a valuable

supplement to what is obtained by other means.

In" summary, it is expected that the planned regional

facilities will lead to the solution of many outstanding

problems and to new important discoveriesf For example, when

the centerfbf—massrenergy of a few hundred GeV is reached, it

is most probable that the existence or non-existence of the
intermediate bosonfwiil be known. We .then will know much more
about weak interactions and their connection with otheg'

forces. Moreover, the‘range of understanding of strong interact-
ions will be considexably widened, and the internal structure of
nucleons will be much bettexr known. It is possible that free
quarks or new unexpected particles may be produced. Some of

the larger regional projects may even yield information regarding
the rogion of 400-500 GeV in the center-of-nass, where there are

indications from cosmic ray data of new phenomena.




of the importance of the energy regions explored
by the regional plans, the need of higher encrgies and more

.

variced beams will remain. After all the Fnergics necesgary 158!
get into the ;ntcronting régicns are attdinable only by celliding
beams of protons or electrons, and their antiparticles; they need
to be supplemented by beamws of other particles and by beams of
higher intensity. The ISR had to be supplemented by statiohaty
machines with comparable (though smallerj CQHtGI*Of”méSS
an order to experiment with particles other than protons
those energies.
We definitely expect that the regional facilities will make
.

important discoveries in the next 15 years and that some of the

problems will be solved. But it is probable that a good part

will still remain unsolved. We therefore strongly believe that

so-called VBA facilities will be needed such as a proton

accelerator with B > 10 TeV and with the posSibility of p-p

colliding beams, e'e celliding heam faeility of B e
=

200 GeV.




TII. Instrumentation Projections

While the eﬁperimental exploitation of a wery high energy
accelerator will in general reguire more sophisticated techniques,
many experiments can use straightforward extensions of present
methods. The initial exploratory experiments ﬁny well be less
complicated than those which will be in progress at the lower-
energy regional laboratories. : :

An active and vigorous experimental progrﬁm could be carxried
out with present techniques, but improvements may be anticipated
in mdny areas, such.as |

.a) electronics —- integrated circuits will drastically

fower the cost of multiwire proportional chambers and

drift chambers. Drift chambers are already capable of

good precision, <+50um, and will be very useful in the

measurement of angles and momenta.

.calorimcters -- these devices are well suited to high

energies; especially for the studyjof multiparticie

processes over a wide range of angles, as for example,

fo; measurcment of Jjets at large transverse momrentume.
»

Recent work using liguid argon and uranium plates has

resulted‘in improved resolution.

Cerenkov counters =- techniéhes are being developed to,

achieve good velocity resolutién with lncredased. acs

ceptance.

transitioﬁ radiation -- this technique will take over

particle identification from Cerenkov counters in the

TeV range.

computers -- microprocessors secm destined to play a

—-10-




large role in control, data acquisition, and initial
analysis of future oxperimanﬁs. In addition, signifi-
cant advances can be expected from large data proces-
50rs.

large magnets —-~ superconducting spectrometcr magnets
will provide more magnetic field at a fraction of the
powexr cost of conventional magnets.

data transmission between regional ané/or nati

ities —- this should be implementod in ‘the most ef-
ficieht way in order to optimize analyses of experi-
mental data. In particular, data transmission at high

rates utilizing satellites should be studied.

Other technigues, not yet conceived, may well play important

roles in future experiments.

'he development of experimental techniqgues is best accomplished
through %he work of individuals and small groups. Close communi-
cation between groups throughout fhe world is very important to
the timely and efficient development of these techniques.

Although many experiments will become more difficult at high
energieg,otﬁers will become simpler. In many cases thé techniques
will be changed as the enexrgy increases, so that the required pre-
cision and the cost do not become prohibitive. Some specific

. i
experiments were considered in the report of a CERN study group .
We,concluﬂe that in general the experimental costs will_not
increase relative to machine costs, but may cven decrease.

* A summary appears in VBA/CMS/1.

S}




IV. Accelerator Rxgjgg@jong

.I'Iav;';_ng analyzed the design features presented at the
meeting of tﬂe international study group on superhigh energy
accelerators we have drawn the following conclusions.

The status of the various facilities with center-of-mass
one;gies above 10 GeV can be divided into three groups:
Group 1l: The facilities that are now operating successfully on
a productive physics program (such as the FNAL accelerator of

= 500 GeV and the proton-proton ISR at CERN with

“ o 2%31 GeV), as well as those in the running-in stage

(such as the CERN SPS of Ef & = 400 GeV).

Group 2: Accelerator and storage rings under construction (such

y o :
as the three e e colliding beam faclllties under constructien

(PEPRA An FRG with B = 2% (5-19)GeV, PEP in USA -0of E

tt'e

C.lll.

2% (5-18)GeV and VEPP-4 in USSR of Ec = 2x (5-7)GeV) together with

planned projects and facilities under study. If these regional

projects are realized they will form the basis for a vigorous

experimental program of elementary particle physics until 1990.

The projects in this second group vary widely in cost and

o , . e
scope, but.their construction is assumed to be within the resources

of a single region. . .

The principal parametexrs of this group are presented in
Table I. The proton facilities on the list assume superconducting

magnets, and the recent advances of this technology have made

this a very realistic assumption.

Group 3: Preliminary ideas concerning very big accelerators

oy

and storage rings with average orbit radii of 5-15 km and costs
in the range of 3-6 times the cost of the FRAL accelerator ar

the CERN-SPS. Conceptual designs of cxamples ol such faeililties




were presented to the meeting and they are 11 in Table
i ¢

The presentations made might be considered as the initial stace

of an accelerator complex to form the basis for the'ﬁnter~
regional program of experimental high-energy physics after 1990.
ie hoped that by the time such a project Comes near ta
its realization, advantage can be taken of further progress in
technology, and that, for instance, for the magnets for a fixed
target accelerator superconducting materials of higher critical
paranmeters cgn be used in magnet construction. For the r;fb
systems for a possible large e+e", it is hoped that the develop--
nent of superconductihg r.f. cavities can be further advancea.
In both these fields, development work should be strongly
encouraged.
In conclusion it is not easy to determine what ultimﬁte
limits will be imposed on new accelerator projects by technical
‘cOnsiderétions. It appears' that the size and scope of projects
presently envisaged will be limited by financial resources only.
Technological developments over the next oncAor two decades may
indeed result in more economical solutions being found for the
construction’ of high energy accelerators.

5

It is recommended that a continuing study should be

undertaken through an inter-regional ccllaboration to ensure

that the technologies which are likely to influence future ac-:

celerator design are covered by adequate development programs
with minimum ncedless duplication. It should be recognized

however, that the potential industrial importance of such tech-

A U A A B e b St

S

e

nologies adds a further dimension to the problem of ainternatioenal

collaboration.
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CONCLUSIONS OF THE IUPAP MEETING
HELD IN TBILISSI ON THE 20TH JULY 1976

IN THE CONCLUSIONS OF THE SERPUKHOV MEETING (MA& 76) THE STUDY

GROUP RECOMMEND TO THE IUPAP DIVISION OF PARTICULES AND FIELDS

TO INITIATE ACTIVITIES OF INTERNATIONAL COORDINATION AND COLLABORATION
ON THE FUTURE HIGH ENERGY FACILITIES INCLUDING REGIONAL AND INTERNATIONAL
ACCELERATORS,IT SUGGESTED TO APPOINT A SUB COMMITTEE WITH THE PURPOSE OF
ORGANIZING WORKING GROUPS AND FUTURES MEETINGS.

THE IUPAP GROUP ACCEPTS THE SERPUKHOV STUDY GROUP PROPOSAL AND SHALL
CREATE THE ICFA COMMITTEE (INTERNATIONAL COMMITTEE FOR FUTURE ACCELERATORS),

THE AIMS OF THIS COMMITTEE SHOULD BE :

- TO ORGANIZE WORKSHOPS FOR THE STUDY OF PROBLEMS RELATED TO AN INTERNATIONAL
SUPER HIGHENERGY ACCELERATOR COMPLEX (V,B,A) AND TO ELABORATE THE FRAMEWORK
OF ITS CONSTRUCTION AND ITS USE,

- TO ORGANISE MEETINCS FOR THE EXCHANGE OF INFORMATION ON FUTURE PLANS OF REGIO-
NAL FACILITIES AND FOR THE FORMULATION OF ADYICES ON JOINT STUDIES AND USES,

11 MEMBERS WILL CONSTITUTE THE ICFA COMMITTEE :

- 3 MEMBERS FROM THE USA
= 3 MEMBERS FROM CERN MEMBER STATE
3 MEMBERS FROM USSR AND DUBNA JINR MEMBER STATES
1 MEMBER FROM JAPAN
THE CHAIRMAN OF THE IUPAP DIVISION OF PARTICULES AND FIELDS AS THE
REPRESENTANT OF ALL THE OTHER COUNTRIES,

THE MEMBERS OF THIS COMMITTEE SHALL BE NOMINATED BY THE RELEVANT AUTHORITIES
FROM THE STATES OR THE REGIONS AND APPOINTED BY THE IUPAP COMMITTEE,

THE ICFA COMMITTEE WILL CHOOSE ITS CHAIRMAN AMONG ITS MEMBERS
THE ICFA COMMITTEE WILL REPORT ON ITS ACTIVITIES AT THE ANNUAL
INTERNATIONAL CONFERENCE ON HIGH ENERGY PHYSICS,




Telegram to E. L. Goldwasser from A. Rousset Date: October 6, 1976

Following many suggestions from IUPAP members Professor Gregory accepts
to introduce changes in the first version of the Tbilisi conclusions.
Is the following text acceptable to you? If yes, we shall try to negotiate
it with Professor Soloviev.

Conclusions of the IUPAP Meeting Held in Tbilisi on the 20th of July 1976

In the conclusion of the Serpukhov meeting the study group recommended
to the IUPAP Division of Particles and Fields to initiate activities of

international ccordination and collaboration on the future high energy facilities

including regional and international accelerators. It suggested to appoint a
subcommittee with the porpose of organizing working groups and future meetings.

The IUPAP group accepts the Serpukhov study group proposal and shall
create the ICFA Committee (International Committee for Future Accelerators).

The aims of the committee should be:
=  To study the justification of an international super-high-energy
accelerator complex (V.B.A.) and to elaborate the framework of its

construction and use

To examine future plans of regional facilities and to give advice
on joint sutdies and use i

11 members will constitute the ICFA committee:
3 members from the U.S.A.

3 members from CERN member states

3 members from USSR and Dubna JINR member states

1 member from Japan

the chairman of the IUPAP Division of Particles and Fields

as a representant of all other countries.’

The members of this committee shall be nominated by'thg_;glgygpg_authcrities_

~ from the states or the regions, and appointed by the IUPAP committee,

The ICFA committee will choose its charman among its members. The ICFA com-
mittee will report on its activities at the annual international conference on
high energy physics. '
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The chairman of the IUPAP Division of Particles and Fields will send
a letter to Professors Drell, Logunov, Nishikawa and Van Hove and ask them

to take the necessary steps with their relevant authorlt;es in order to
nominate the members of the ICFA committee, R T e




Telegram to A. Rousset from E. L. Goldwasser : Date: October 8, 1976

In response to your telex of October 6 I am in general agreement with
the Gregory proposal. I have several questions, however. It is my
impression that the comsensus of Commission members was that the committee,
itself, should not be expected to make the studies, to do the work, to give
the advice. Rather it should be expected to organize appropriate groups,
on au ad hoc basis, to make the various studies, to do the work and to
arrange information exchanges which might lead to advice. If Professor
Gregory ageees with that interpretation of responses we have received, I
would suggest the following small changes in your text:

The aims of the committee should be:

- "to organize workshops for the study of problems related to
an international, super-high-energy accelerator complex (V.B.A.)
and to elaborate the framework of its construction and its use."”

"to organize meetings for the eéxchange of information on future
plans of regional facilities and for the formulation of advice
on joint studies and uses."

If Professor Gregory agrees that this wording most closely reflects the
opinicns of Commission members, I would be pleased to see my suggestion adopted.
If, on the other hand, he strongly disagrees, I would with some misgivings
accept the wording proposed in your telex to me.

Your new suggestion of membership for the ICFA committee came as a surprise
to me, but I have no objection, whatsocever. It clearly departs from what I
thought was a unanimous agreement expressed at our Thilisi meeting, but it may
be the best sclution to the reservations expressed, ex post factor, by the
Commission representatives from the USSR. I would leave it to Professor Gregory
to decide whether or not we need to receive explicit agreement from other
Commissicn members regarding the change in proposed membership of the ICFA committee.

As an 'editorial comment, I would suggest that the phrase "as the representative
of other countries" be substituted for the phrase "as the representant of all
other countries" as it appeared in your telex.

Finally, I would suggest that we retain the procedures which were adopted
at Tbilisi and which were outlined in the last paragraph of your telex, namely
that Drell, Logunov, Nishikawa and Van Hove, after consulting with their relevant
authorities, should nominate candidates for the new committee., That is somewhat
different from the procedure suggested in the earlier paragraph of your telex
where you have indicated that the committee members will be nominated by the
relevant authorities.,

I apologize for'splitting'hairs.




I have now expressed my reactions to your proposal as clearly as
I can. T encourage you and Gregory to proceed as you think best. I
am confident that you will take my thoughts into comsideration, but
whether or not you adopt my considerations, I urge you to proceed without
seeking further approval from me, .

Sincerely,

E. L. Goldwasser




The following is a translation of a full page article that appeared in the
Helsingin Sanomat, the leading Finnish newspaper, on Sunday, September 19th,
1976. The author is a professor of Physics at the Helsinki'Uuiversity and one
of the leading physicists in Finland.

Professor Keijo Kajantie:
THE VERY BIG ACCELERATOR AND FINLAND

The study of the smallest building blocks of matter, elementary particles,
requires a great deal of money and very large accelerators. At present, only
the very biggest countries have the resources to finance by themselves the build-

ing of such large machines.

The improvement of international relations provides the opportunity for
international collaboration in this field, too. In the opinion of Keijo Kajantie,

professor of Physics at the University of Helsinki, it is feasible that the Very

Big Accelerator, which may be built in the next few decades by an international
collaboration, could be located in Finland, the host country of the Helsinki Con-

ference on European Security and Cooperation.

Particle Physics is the branch of science which investigates the ultimate
secrets of the structure of matter. Consequently, its results are quite removed
from our everyday life, and are much less discussed in public than, for instance,
the new achievements in space research. During the past couple of years, how-
ever, there have been several important discoveries in the field of particle
physics. Perhaps the most surprising of these was the much publicized discov-
ery of the psi particles two years ago.

Expensive but Necessary

As is well known, particle physics is a very expensive branch of basic re-
search. This is due to the fact that it is necessary to accelerate particles to
a great velocity, in order that they may penetrate each other. These very fast
particles may only be steered and controlled by very large machines.

As a result, the most powerful particle accelerators are magnetic rings
whose diameters may be as much as several miles. The constructionand opera-
tion of such apparatus obviously requires a lot of money. No way of avoiding -
this difficulty has yet been devised.

Because particle physics is so costly, only the wealthiest industrial nations
are able to pursue it, and even then often only through international collabora-
tion. Indeed, the best examples of extremely succesful international coopera-
tion are the nuclear research center of the Western-European countries, CERN,
in Geneva, and the corresponding center of the socialist countries, JINR, in
Dubna. Both these organizations have been in operation since the 1950's and
are active and productive research centers.




sor

At this very moment, a new big accelerator is becoming operative at CERN .
This machine, which can accelerate particles up to an energy of 400 GeV (billion
electron volts), will be the centerpiece of the laboratory's operations for at
least the next ten years. The biggest accelerator in the world, however, will
still be in the United States near Chicago. In a few years' time, it may allow
one to reach energies up to 1000 GeV.

The estimated cost of the new big accelerators now being planned#ary from
a couple of hundred million Finnish Marks (FMK) up to a billion FMk. The
only individual countries which may afford to invest such amounts of money in
basic research are the United States, the Soviet Union, and perhaps also the
Federal Republic of Germany and Japan.

However, even in these countries the support given to particle physics has
declined, or at best remained constant, in the past ten years. It is also clear
that, under current economical circumstances, the government of none of the
above-mentioned countries is willing to increase substentially its support for
basic research, at least in a field which is as removed from practical applica-
tions as particle physics is.

On the other hand, it is obvious that the extension of man's picture of the
world in the direction of smaller and smaller distances will end unless the building
of new and even more powerful accelerators is continued. Even the most brilliant
minds cannot solve the mysteries of Nature without solid experimental facts.

Facing this clash of interests between the desire to increase human knowledge
and limited financial resources, the particle physicist, while planning the develop-
ment of their field in the beginning of the next century, have once more taken up
an old idea: Why not put together the resources of all the countries of the world
and - in the very spirit of the Helsinki Conference - build a really big accelerator,
the so-called VBA (Very Big Accelerator).

Progress through Cooperation

Previously, the idea of building a world accelerator was not contemplated
for two main reasons. First, since it has been possible to make good progress
in physics with equipment of a smaller scale, there has been no real need for a
World Collaboration. Second, and most important, the realization of such a
collaboration requires much more cooperation between the socialist and capital-
ist worlds than has been possible in the past. However, in Western Europe,
where political parties have especially wished to show their unity, cooperation
has been most smooth and successful.

To many countries, such as all the Nordic countries, participation in the
activities of CERN has meant very heavy economic sacrifices. CERN appropri-
ations have been criticized, in particular, by scientists working in fields other
than particle physics. However, the political desire of governments to demon-
strate their membership in the community of European nations has been strong
enough that they have been ready to spend a great deal of money on this branch of
pure basic research, which is of no apparent practical value. ‘

The signing of the Helsinki agreement last year removed the first political
obstacles from the road that may eventually lead to the building of the World
accelerator. Indeed, in the Helsinki agreement high energy (particle) physics

Y1 $ Us=4FMk
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is explicitely mentioned as one of the fields in which there are good opportunities
to expand international cooperation. But unfortunately, ""Helsinki-spirit'" is not
yet accepted without reservations by all the parties concerned, and the develop-
ment of friendly relationships must progress much further before the political
authorities are ready to seriously consider the building of a World accelerator.

Assuming that the easing of world tensions progresses, it is probable that
the governments of the wealthy industrial nations will take the same stand toward
the World accelerator as the nations of Western Europe have taken toward CERN:
they will be ready to support it as a symbol of their togetherness. The joint
Apollo-Sojuz space flight may be regarded as an early example of such an
attitude. Of course it also had importance for space research, but its main
value derives from the fact that it demonstrated in an impressive way the desire
and ability of the Soviet Union and the United States to cooperate.

In the planning of the World accelerator, particle physicists have proceeded
with more or less the following time table in their minds. To clarify the Political
basis of the issue will take the next ten years. The actual technical design of the
accelerator, the choosing of the building site, etc. will begin after ten years'
time and the building of the machine will be carried out during the 1990's, so
that the machine will begin its operation in the beginning of the next century.

As we see, this is real long-range planning. From the standpoint of particle
physics the planning is easy and clear-cut. The external uncertainty factors,
however, are huge: first, the direction of future political developments is in-
calculable and second, it is unclear what changes will occur in the next twenty or
thirty years in industrial societies, whose present economy is based on burning
oil.

Finland - a possible location for the VBA

From the Finnish point of view, the World accelerator project has particular
interest. Just as our country had a decisive role to play in the organization of the
European Conference of Security and Cooperation, Finland, as a country having
good relationships both to the socialist and to the capitalist worlds, may contribute
towards the realization of the World accelerator plan. In fact, it is by no means
impossible that the location of the accelerator could even be in Finland. The
following scenario is entirely possible:

The development of friendly relationships between the leading industrial
nations continues. The cost of energy increases, but slowly enough that the
foundations of commercial and industrial life are not shaken. The particle
accelerators which begin their operation at by the end of the 1970's provide
startling new results about the structure of matter. In the same time, how-
ever, they raise new questions which may be answered only with the help of
an even bigger accelerator. ‘

The particle physics community, represented by its international organiz-
ations, takes a unanimous stand in support of the building of the World accelera-
tor. The political authorities are informed. The Soviet Union and the United
States have developed a genuine and warm relationship, and the governments of
these two countries decide to open official negotiations about the matter in 1984.

About twenty countries began to search for a location for the accelerator.




A public debate upon the matter begins in Finland, too. The general public is
informed about the nature of the project. The accelerator itself is a ring with a
diameter of about 10 kilometers. It is, however, located completely underground
and doesn't disturb everyday life above it. The area of land needed on the ground
is about a thousand hectares*, which will house the scientific, technical and ad-
ministrative buildings of the laboratory.

In Finland, the choice of possible building sites is rather restricted: the site
must lie within a half-hour distance by car from the Helsinki airport. The laboratory
~will provide work for approximately two thousand people, half of which are highly
educated scientific and technical specialists from all over the world.

After a lively and exhaustive debate lasting a year, public opinion in Finland
takes a firm stand in favor of the accelerator project: with an investment of 200
million FMk for land, buildings and sanitation, Finland gets an institute on her
territory whose annual budget of 500 million FMk is financed mainly from abroad.
Furthermore, the laboratory will provide employment for a considerable number of
people, in particular if its secondary influences on Finnish economic life are taken
into consideration. But the principal importance of placing the laboratory in Finland
would lie in that it would be a convincing international recognition of Finland's
neutrality.

Competition for the accelerator

Conservation organizations, as well as the counties surrounding the city of
Helsinki, accept the project after having realized that it will put no pressure on the
environment other than the appearance of a thousand foreigners in Finland and an
increase of 100 Megawatts in energy consumption. Public debate upon the matter
ends, and the Finnish Government decides by the end of the 1980's to make an official
offer to house the World accelerator within Finland's territory.

At the same time that Finland makes her offer, many other countries, especially
the neutral Central-European ones, also make their bids. They ¢an offer many things
that our country lacks: more money and experience, a more international atmosphere,
warmer climate, the Alps, etc. The final decision concerning the location of the
laboratory is made by the end of the 1980's on purely political grounds. It will depend
mainly on the stand taken by the wealthiest participating countries, the Soviet Union
and the United States.

At this place we had better stop dreaming and observe that in reality Finland's
chances of obtaining the laboratory are rather small. But they are large enough that
the planning of the World accelerator should be closely watched in Finland, and that
Finland should be promoted as a possible location for the laboratory.

- Figure caption: The biggest accelerator laboratory in the world is located in the
United States, in the State of Illinois. In the planning of the laboratory, named after
Enrico Fermi, particular emphasis was put on the comfort of the working spaces and
the preservation of the environment.

*) 1 hectare =2.47 acres
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Report of the

International Study Croup

on Future Accelerators and High Energy Physic:
sexrpuithov) May 17=25 1976
{:

Abstr ey
the Seminar "Perspectives in High Energy Physics®
rleans,  Bamah U995 oS sieE s iialie s o BCuayY Geons Eo
LRnCE Teqhiirenen s For facililias  in Eigh Dncrey P ;<::;.
croup met dun GHIY, CGcltober 1975, andl planned an hgenda for
r which was I Id iw Sersukhty, U.S.58.0120, in Mo, L9060 in
: a svmmary of the work done in Sexrpukhov is given.

It begins with a review of the E:JL:L‘L'L.
ledge of the fundamental structure of matter and e statement of
those future- problems whic an pe cle Vo1c ified now and
which will reguire new facilities for Sl =0 i Thasiis
followed by a brief description of the status today ' s accelera
tor tecehnoloay and a review of projects that are now under active
study as regional facilities. The study groun has noted the nced
f0r "cloze collaboration during the 5electlou of .the range of new
regional faciliities to ensure coverage of the broadest poséible
program of research. Included in this range ma - voton
targettacceleraltor of up 1o several va Ladld

with a center-of-mass Enerar ot e

proteons, up to several hundred GeV for el L;ons

and up to akout 200 GeV for electrons against positrons.
pants have emphasized the umportance of joint utilization of

facilities by scientists of different countries.
Y

The Study Group has stressed that the furthﬂr progress of il
Enexgy Physics will T(OUJIG in the future the developuent of an
'acce oraror comnim" Unlf_CdP 1y more powe exful than those planned

1t.Lc‘ . This complex is 1i ikelvetoshaiofisudn =

cost as Lo be bevond the cepabilities of any single xregion. lxamples

incluGe facilities such as a proton accelerator of ence:
than 10 TeV and an electron-positron colliding beam fa
than ?GO Gev in thc CQHIOV“OJ“mnou. In in)b (OﬂnhFuH

n ¢00Pjng torattai
laboration which is a fiu
the ‘stated fﬂ)] cctives, th
national Union of Pure an
Division) be asked to ini

in the more intensive internafional col-
incl “mental prevequisite for prooress tovard
1e Study Grour reconmends that the Inter-
1 Zoplied Physics (Particles and Fields
late appropriate activities to this ond.

T
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The historical develqpmentrof science has mudé it
cépocially appropriate that the physicists of all countrics
which are active in the exploration of the decpest agpectss ol
atomic nature should be collaborating so intensely. N Tt is
gratifying that this collaboration has resulted in $0 much
progress in our knowledge about the particles of which the world
is made and of the laws that govern their behav;or._ ITbiis
equaily.gratifying that governments have provided the nec-
essary framework wvithin which the collaboration could take
place. The fundamental knowledge being developed will become the’

basis of future technoldgy and,.equally important, will provide

mankind with a greater insight into the nature of the universe.

g The struggle for this knowledge is difficult, and although

i

many concepts of nature have been deepened and new concepts have

emerged, nevertheiess, it is anticipated that_vastly more ex-
tensive investigations will be required bef&re our knowledge of
the basic particles is as firm as is dﬁr understanding, for
example, of electromagnetism.

N

The tools for investigating matter have become more conplex

and more expensive'as we have penetrated deeper imto the inner :
spgée of the dtom. ' Poxr this reason orgdnizational‘col}aborations
VhaVe_developed between groups of nations to allow them to partici-
pate in this exciting and necessary development. Thus the member

nations of CERN and the member nations of JINR have catablished®

‘organizations which have enabhled them Lo successfully develop




resgarch in' this faeld. Most importantly, the close cbl~
1aboration between the regional laboratories has_amplifiud
their individpal selfforis. fe

As facilities that are now being planned on a regional basis
are developed, ways should be found teo help in coordinating that
planning. Such mutual discussion and advice would ensure the
coverage of the broadest possible program of re;earch} Joing.
studies of new technclogy and organization of ﬁider_collaborative
use of present facilaicies should occur. Joint, construcktlion of
sub~elements of regional projects should be exﬁlored.

It can already'be expected that the facilities needed to
explore and clarify the next level beyond that availablé to
faqilities presently being contemplated will be so large that
their realization will be greatly optimized -- and may only be

possiblew== by the pooling of the resources of all regions in a

common effort. -

We underline the statement of the countries participating in

the "Helsinki Agreement on Security and Cooperation in Europe"”,

which'5pecifically mentions high-~energy physics as a field for co-
. . _

operation. It says that "scientific and technological cooperation

constitutes an important contribution to the strengthening of

security and cooperation among (the cotntries) in that it assists

the effective solution of problems of common intercst and the

improvements of the conditions of human life".




Conclusions

The foregoing survey leads us to the following conclusions:
= L4 8

A)  The preszent status of the science of the structure Of matter

CL

poses fundamental problcms which LCAUITe & no gengratjon of facilities
of the types listed in Table T, BHchSiacil o tienlarati i the
caéabi%ities of the individual regions and are needed for continued
progress of this field of research,. ]

B) The success of regional and interrogionai collaboration in
the past provides a good hasis for extending and strengthening this
‘collaboration in the new generaﬁion of regional facilities.

C)‘ Looking beyond this new gencration of regional accelerators.

we foresee the need for an accelerator complex (VBA) which will reguire

international collaboration of all regions concerned.

VI Recommendations

1) Efforts should be made to coordinate the design and

construction of new regional facili£ies. Consultations and exchange
of experiences

of facilities and to enhance the efficiency of construction and
oOperation, The Study Group also .recommends Jjoint studies of new

technology (e.q. superconductivity, new detectors and. other experi-

mental- apparatus) and joint design and/or construction of components

of regional projects. )
2) Joint utilization of regional facilities by scientists of differ=

ent regions should be organized onthe basis of present and future ar-

rangements or agreements. The general availability of regional

installations is essential to enable scicﬂtists of dififerent regions

to take advantage of facilities with complementary research poicn"

o =15~




tiallityes,

Sile lnLDlhdLlOHdL collaboration should provide for studies

‘.

leading towards the realization of a next generation of super-high
encrgy facilities, following the rogional projects referrod to
above (examples are given in Table T1).' It ds expectod that
EheseSfac il i on e 11 Be o large that their realizationtvwill b
possible only hy pecoling the resources of all regions concerned
into common international projects,

Creation of a super-hich energy accelerator complex (VBA) in-

volves eqpe01a11y comEl?raLed scientific, . technical and organizatienal

problems. These will require several years of continuing studies
and dlscu551ons. The Study Group recommends that theée discussions
beg gttty the near future leading to the start of the des Sign of ‘the
VBA in about 10 years. |
}4) In view of the need for these extensions of international
collaborat1on, the Study Qroup SugoesistkEag S tha IUPAP Division of
;Particles and Fields to initiate these activities in an appropriate
form, for examplo, by ap001ntlng a uUb"COlifLOE for the'purpose.of
organizing worklng groups and futurec neoLlngu such as the present
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MEMORANDUM REGARDING THE PRESENT V.B.A. SITUATION

V.F. Weisskopf - June 1977

One year has passed since the Serpukhov discussions. Although
the TUPAP meeting in Tbilisi in August 1976 has formally accepted
the recommendations of Serpukhov and asked the Chairman B. Gregory
to form a Study Group, this group has not yet been established.
The reasons for this delay are, partly, dissatisfaction of the
Russians with the number of Sowjet members in the Group, partly a
lack of enthusiasm in Europe. It is hoped that this will be remedied
at the next IUPAP meeting in Hamburg in August 1977. The Americans
are pressing strongly for quick formation of the Study Group and
would be ready to add one Russian more to the group if necessary.

In the meantime the three regions have become more definitive in
regard to their own future regional plans for the next 10 years
(that is, before the envisaged start of design of the V.B.A.). The
USA proposes to increase the energy of the Fermi-Lab. accelerator
to 1000 GeV and to construct "ISABELLE", that is a colliding beam
facility with 300 or 400 GeV in each beam. (Neither of these proposals
have yet been approved by the Government). The Europeans are studying
the possibility of construction of an electron-positron colliding
beam facility of about TO GeV in each besm as the next European step.

No Government approval has yet been given.

The Sowjet Physicists are proposing a large increase of the

Serpukhov accelerator to 2000-3000 GeV, with possible electron-
proton collision facilities. It is not clear how Tar the Government
will support these plans.

The Physicists in all three regions are still conviced of the
necessity to plan for accelerators of still higher energies (V.B.A.) s
as the next step to be taken in 10 or 15 years from now. The only

way to do this is international construction by all three regions




with participation of Japan and perhaps other industrialized regions
(India, South-America). ¢

I believe that the lack of enthusiasm and the slowness of the
IUPAP procedures are caused by the fear of many physicists in all
three regions, that public knowledge of the VBA-plans may discourage

governments to approve the plans for the next decade. Thosz2, who

press for discussions of the VBA hold the opinion that the govern-

ments would be more inclined to support further regional developments,
if they know that it will lead eventually to true international
cooperation. Clearly an international laboratory would have
political significance beyond the scientific values.

So far the location of the planned international laboratory was
not discussed at anyof these meetings. Nevertheless, it is almost
evident that it must be at a central location for the three regions;
that means Europe. Also, it must be in a neutral country, preferably
with highly developed industries. Obviously, Austria would be a most

suitable candidate.




CONFIDENTIAL

May 30, 1976

Personal comments to the Report on the Serpukhav Conference

The following comments are my personal impressions of
the Serpukhov discussions. I assume that the reader has read
the Abstract and the Conclusions and Recommendations in the
official Report.

We distinguish two time periods. Period I considers the
next 10 to 15 years; Period II .is what follows those years.
In the first period we expect that new regional facilities
will be C(“SLT”FLL$, such as the installations referred to in
Table I of the Repor: e

There were three recommendations:
One is to coordinate the design and construction of the new
regional facilities in the next 10-15 years. The second is
joint utilization of regional facilities for scientists in all
regions; in other words, general useability of the newly con-
structed machines, and also of course those that are already
here. Third, international collaboration should provide
studies leading toward the realization in Period II of a new

generation of super-high facilities on an international basis.
-1~

In other words, (1) coordination of future plans in the
future, (2) better exploitation (international) of present
and future facilities and (3) the planning of a world machine

Let me first say a few words about coordination. None of
the three parties desired a really close coordination, that
means in exact distribution of types of machines to the three
regions. Clearly each of the regions were afraid of not being
able to realize their project, That goes also for the
Americans, and in particular for the Russians since they are
somewhat afraid that if too much coordination would be planned
they may not be able to construct their 1-2 TeV machine because
it is somehow a duplication of possible future plans at FERMILAB.
Clearly also the FERMILAB is concerned about toc strict co-
ordination because it may not allow them to go ahead with their
plans having for example a 1000 vs. 1000 proton colliding beam
machine if the Russians build something like that. The same
fear, of couvrse, is held by the Russians. .

The 'situation is in fact made rather difficult because of
the previous cases of lack of coordipation. First of all, it
is very unfortunate that PETRA and PEP are constructed at the

same time. It would have been much more in the spirit of a
rational coordination if for example Germany would have built
PETRA but PEP would have been the next step -- maybe 60 ox 70
oxr even 100 GeV electrons against positronsn This would have
required all resources from the Amcrican side and would have




left little for ISABELLE or POPAE. On the other hand it would
have allowed the Europeans to go ahead with a 400 against 400
storage ring as an addition to SPS. Another scenario would be
the same the other way around, namely that PEP would be con-
structed the same way as planned and that PETRA should be
enlarged to be not only a German but a European international
collaboration of considerably higher energy, maybe 60 against
60 or more. Then the Europeans would have constructed another
large facility and the Americans could have used the means and
the time and the manpower to build ISABELLE or POPAE. Un-
fortunately the doubling of PETRA and PEP makes reasonable co-
ordination even between Europe and America almost impossible.
If America chooses as the next step the proton-proton colliding
beam machine, the Europeans will not build it. Then all they
could do and should do, is to build a larger electron-positron
colliding facility of 60 or 70 GeV, but this is nothing but a
repetition of PETRA on a much larger scale, and this feature
does not lock to them, (neither to me), to be a very attractive
possibility. What many Europeans woula like to.dg 45 get &
proton-proton colliding beam facility of 400 against 400 at
CERN. However, they expect correctly, that a decision for a
proton-proton facility will be made in America in the next f=ow
years before 1980. It is hardly thinkable or possible that
Europe would indeed approve a new big project before 1280,

So much for the coordination between America and Burope.
The Russian situation is perhaps a little easier although it
also represents a kind of duplication. The Russians' plan is
to use the present Serpukhov machine as an injector to a
1000 GeV or perhaps 2000 GeV machine which then at a Later
stage might develop into a p-p storage ring. It seems that,
before they develop a p-p storage ring, they would add an
electron ring of about 20 GeV in order to get a e-p faollity.
In other words, what they are aiming at immediately is a
1000-2000 stationary target machine and an e-p Facr i by
Somehow this program does, of course, duplicate FERMILAB
efforts, in particular if the energy doubler will be realized
and the energy doubler would lead to a POPAE 1000 against
1000, and also if the FERMILAB thinks of the electron-proton
colliding possibility. So the whole coordination picture
doesn't look too good if everybody gets more or less what
they want. It will end up with proton-proton storage rings
in America, perhaps even with a e-p addition, a The R ER
stationary machine in Russia with e-p addition, and perhaps
something in Europe which may be a 60-60 ete™.  Europe 'is
- worst off because they just are about to finish their last
step, the SPS. Therefore, in my opinion, it would be in
Europe's interest not to press for a larger regional projecct,
but to press very hard for the realization of a world machine
which after all must be in Iurope, and therefore Lurope
~would have the greatest advantege of it. However, the world
machine is unsure enough and would appear to the Europeans to
be too risky. If it fails, there may not be any machine at
all in Burope after the SPS and PETRA.
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A few words abowi the second point, better international
exploitation of regional facilities. We know that there are
difficulties with the Soviet collaboration, both in USA and
in Europe. The new directorate of CERN takes a much tougher
stand now. ne possible bit of good news, however, is an
assurance from Logunov that, starting July 1, Soviet physic-
ists working at experiments abroad will have permanent visas,
allowing them to come and go whenever they want.

Another item that was mentioned in connection with
improving collaboration, was matual help in constructing new
regional facilities. It means borrowing experts from one
region to the other, say from Europe to USAh for the construc-—
tion of ISABELLE or to USSR for UNK.

Now the world machine situation. The Russians did not
like the term "world machine". They preferred "international"
or "interregional" project. Their reasoning (not completely
without foundation) was that not the whole world will be inj;
China, Africa, South America, India, etc. are probably not
going to participate. There was no objection against the
term VBA. The ones that pressed the most for the VBA were the
Americans, and in particular Wilson and Lederman and to some
extent myself. The Russians did not quite understand why we
are pressing so hard for it. Tndeed at one occasion I happened
to be alone with Logunov in an automobile and he asked me
point blank: "Why is it that your colleagues are so strongly
for a world machine". I answered as follows: I said that our
Government is dissatisfied that we are always asking for bigger
and bigger machines and our Government would like to see scien-
tific planning on a world scale. Therefore, if we can show
them that we are working very hard for a woxrld machine to be
constructed after the next step, (ISABELLE or POPAE) , we have
a greater chance that our Government would approve this step.
Of course, I, myself, am not sure whether that is correct
reasoning. Logunov understood it but I do not think the
situation in Russia is parallel to ours.

_ The European attitude toward the VBA 1= rather complicated
and quite different. The CERN directorate is rather lukewarm
toward the whole idea, being afraid that the governments will
get scared by new expenses on big programs. And certainly e
CERN directorate and those who think likewise do believe that the
talking about a world machine right now will make it impossible
to get funds for the next big step after the SPS, whichi S attor
all, still would be a regional step. However, at the last

ECFA meeting, ECFA rather enthusiastically endorsed the VBA
idea, and also nominated the European delegation to the
Serpukhov conference. This delegation consisted of people who
indeed are rather enthusiastic about the VBA. Von Dardel is
strongly in favor and both Andre Rousset and Ugo Amaldi have
supported the VBA idea with great vigor in all discussions.
. However, we should not make the mistake to thinic that they

are representative of European opinion among high encrgy
physicists; they might well be exceptions.




Under these conditions it was impossible to start
immediately an all-out effort towards the VBA. Indeed I am
surprised that we were able to get such reasonably strong
statements accepted as on Page 1, paragraph 3, or Page 16,
paragraph 1 and 2 of the Report. There was much urging of a
"gentle" approach to the VBA questions, at least for the next
five years.

In order to put all collaboration efforts into a
respectable administrative framework, it was proposed to
request the Division of Particles and Fields of IUPAP to
appoint a subcommittee, which is supposed to organize further
neetings and further work on the collaboration, including
further studies towards the realization of a VBA. It will
depend a lot on the mood within the Division of Particles and
Fields whether or not this will be successful. I saw the
Chairman, Bernard Gregory, in Paris after the meeting, and T
was assured that he will support this plan whole-heartedly.

The present American members of the Division, Ned Gold-
wasser and Francis Low, will see to it too. Gregory intends
to make A. Rousset the Secretary of the subcommittee and I
hope that Lederman will be a member. I suppose that other
members will be U. Amaldi, Yarba, Lanius and Yamaguchi.




Telegram to A. Rousset from E. L. Goldwasser Date: October 8, 1976

In response to your telex of October 6 I am in general agreement with
the Gregory proposal. I have several questions, however. It is my
impression that the consensus of Commission members was that the committee,
itself, should not be expected to make the studies, to do the work, to give
the advice. Rather it should be expected to organize appropriate groups,
on an ad hoc basis, to make the various studies, to do the work and to
arrange information exchanges which might lead to advice. If Professor
Gregory ageees with that interpretation of responses we have received, I
would suggest the following small changes in your text:

The aims of the committee should be:

- "to organize workshops for the study of problems related to
an international, super-high-energy accelerator complex (V.B.A,)
and to elaborate the framework of its construction and its use."

"to organize meetings for the exchange of information on future
plans of regiomnal facilities and for the formulation of advice
on joint studies and uses."

If Professor Gregory agrees that this wording most closely reflects the
opinions of Commission members, I would be pleased to see my suggestion adopted.
if, on the other hand, he strongly disagrees, I would with some misgivings
accept the wording proposed in your telex to me.

Your new suggestion of membership for the ICFA committee came as a surprise
to me, but I have no objection, whatsoever. It clearly departs from what I
thought was a unanimous agreement expressed at our Tbilisi meeting, but it may
be the best solution to the reservations expressed, ex post factor, by the
Commission representatives from the USSR. I would leave it to Professor Gregory
to decide whether or not we need to receive explicit agreement from other
Commission members regarding the change in proposed membership of the ICFA committee.

As an editorial comment, I would suggest that the phrase "as the representative
of other countries" be substituted for the phrase "as the representant of all
other countries" as it appeared in your telex.

Finally, I would suggest that we retain the procedures which were adopted
at Tbilisi and which were outlined in the last paragraph of your telex, namely
that Drell, Logunov, Nishikawa and Van Hove, after consulting with their relevant
authorities, should nominate candidates for the new committee. That is somewhat
different from the procedure suggested in the earlier paragraph of your telex
where you have indicated that the committee members will be nominated by the
relevant authorities,

I apologize for splitting hairs.




I have now expressed my reactions to your proposal as clearly as
I can. I encourage you and Gregory to proceed as you think best. I
am confident that you will take my thoughts into consideration, but
whether or not you adopt my considerations, I urge you to proceed without
seeking further approval from me.

Sincerely,

E. L, Goldwasser
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The Seminar "Perspcoctives in High Energy
Pov Dy teans, W Mereh 19750 coastabliched g Ofn f}
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sl '-u_wmp rel in CLEN, Cctober 1975, cnd planned an Agenda for
ineeting which was held in Selﬁu]nuv, VeS8 RO St Maso G G55 T
this paper a summary of the work done in Scrpukhov is given.

It begins with a review of the status of our present know-
ledge of the fundamental structurce of matter and a ota ALCen e b
thoze future~pvﬁb]ﬁm" hlcl can be ciearly ddentified now- and
which will require new facilities for thedly ‘solutieon.h This is
followved by a brief description of the status of today's accelera-
tor te¢hnology and a review of projects that are now under active
studvtas Fegional facilities.! The study grour has noted the ncegd
for close collaboration during the selectiecn of tho range of ncw
regional faciliities to ensure coverage of the broadest DGS“lbLO
program of research. Included in this rance may be a proton f
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with a center-of-mass encrgy of upiboRecgorelsie Ve for nn o ke
protens, up to several hundred CGeV for electrons against PEOLOA
and up LO about 200 GeV for electrons againsi positrens., ]
pants have emphasized the importance of joint ntilizaii
facilities by scientists of different countries.
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The Study Group has stressed that the further pProgress
Enexrgy Physics will rcaujre in the future the developuent of
‘accelerator complex sicgnificantly more po‘e“"ul than those pla nned
for Jeqwonui racx]vt+eu. This comp 10? =Rl Gk e R S e
cost as to be bevond the CuPubJ]LLLQS 6Ff any Single rs
includc facilitics such'as a proion accelerator of en
than 10 TeV and an electron-positron colliding beam 7
than 200 GeV in the CeRversaf-nacsc ST thils LOﬂHOCLiUD Seizec el
conceptual designs of that kind wvere presented and discussed.
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In seeking to att 1 the more intengive international col-
laboration which is a f mental prereguisite £o0r progrvess kowvard
Ehel ot cldtel joatives W utUuy Crob recomiends that the Inter-
national Union of Pure and Zoplied Phyaics (Particles and Fields
Division) be asked to initiate appbropiriate adetivities Lo thislend:
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beplatrosuctcn '

The historical develqpmentnof science hag madé i
cépecially appropriate that the physicists of all countries
which are active in the exploration of the deopestiaspeats of
atomic nature should be collaborating so intensely. It is
gratifying that this collaboration has resulted in 50 much
progress in our knowledge about the particles of which the worilgd
is made and of the laws that govern their behavior._ Ik 1=
equaily'gratifying that governments have provided the ncc-
essary framework within which the collaboration could take
placé. The fundamental knowledge being developed will become the
ba;is of future technology and,~equally important, will provide
mankind with a greater insight into the nature of the universe.

‘ The struggle for this knowledge is difficult, and although
manylcqpcepts of nature have been decpened and new concepts have
emerged, nevertheiess, it is anticipated that_vastly more ex-

tensive investigations will be required before our knowledge of

the basic particles is as firm as is our understanding, for

example, of electromagnetism.

S

The tools for investigqting matter have become.more complex
and more expensive'as we have penetrated deeper imto the inner
spgéo of the atom. TFor this reason orgahizatianal_col}aborations
have developed between groups of nations to allow them to partici-
pate in this exciting and necessary development. Thus the membor

nations of CERN and the memnber nations of JIFE have eslbablighed*

.zations which have enabled them to successfinlly develop
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rescarch in this field. ‘Mest limportently, the ‘elose Cdl“
ldbo;ation between the regional laborxatories hag amplified
Lheirsandividual et forts. te

As facilities that arc now being planned on a regional basis
are developed, ways should be found to help in coordinating that
planning. Such mutual discussion and advice would ensure the
coverage of the broadest possible program of re;oarch} Join;.
studies of new technclogy and organization of ﬁider_collaborative
use of present faellities shoula oeeur. i Joinlk constructionfof
sub-elements of regional projects should be exﬁlored.

It can already'be expected that the facilities needed to
explore and clarify the next level beyond that availablé to
faqilities presentiy being contemplated will be so large that
theixr realization will be greatly optimized -- and may only be
possibief=—tby the pooling of the resources of all regi&ns in a
common effort. : :

We underline the statement of the countries participating in

the "Helsinki Agreement on Security and Cooperation in Europe",

which.specifically mentions high-energy physics as a field for co-
' i
operation.: It says that "scientific and technological cooperation

constitutes an important contribution to the strengthening of

security and cooperation among (the covntries) in that it assists

the effective solution of problems of common interest and the

improvements of the conditions of human life".
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Conclusions

Thb foregoing survey leads ug to the fmilowing conelusions:
= Yo 5
A} The present status of the science of the.structure of
poses fundamental problems which require a new gencration OfSEacy it 1ae
of “the types listed in Table I. Such facilities are within the
caéabi%ities of the individual regions and are needed fqor continued
progress of this field of research. i

B) The success of regional and interregional ‘collaboration 1

oy

the past provides a good basis for extending and strengthening this
‘collaboration in the new generaﬁion Griregional faciiities.

C). Looking beyond this new generation of regional accelerators.
we foresee the need for an accelerator complex (VBA) whichlwill require
international collaboration of all regions concerned.

VI.; Reéommendations

1) Efforts should be made to coordinate the design and

construction of new regional facilifies. Consultations and exchange
of experiences should be encouraged in order to optimize the diversity
e tacilitics and to enhance the efficiency of construction and |
Operation. The Study Group also recommends Jjoint studies of new
technology (e.q. superconductiﬁity, new detectors andsother experi-
nental- apparatus) and joint design and/or construction of components
of regional projects. i
2) Joint utilization of regional facilities bySsoientietslicridi Bhehe
ent regions should be erganized onthe buasis of present and futuxe ars
.rangcments or agreements. The general availability of regional

installations is essential to enable scientists of differeont regions

to take advantage of facilities with complementary research poten—




taalitine.

3) S inarational collaboration should provide for studies
Yo

leading towards.the realization of a next generation of super-high
energy facilities, following the regional projects referrod to
above (examples are given in Table B NN expected that
these Waeilitdac Wwin T B oo large that their realization will be
possible only by pcoling the res sources of all regions concerned

into common international projects,

Creation of a super-high energy accelerator complex (VBA) in-

( volves ecspecially complicated scientific, technicalland organizztional

problens. «These will require several years of continuing studics
and dlgcu551ons The Study Group recommends that these discussions
begwn in the near future leading to the start of the design of the
VBA in about 10 years.

Z) In view of the need for these extensions of international

collaborat%on, the Study Group suggests to the IUPAP Division of

.Particles and Fields to initiate these act1v1tle in an appropriate

form, for example, by apD01nLlng a QubucommltLoo for the purpose of

( organizing working groups and future meetings such as the present
i




‘ : Appendix L

PARTICIPANTS

USSR ‘ : , e

A.A. Louunov V.F. Veisskopt

A.A. Vassgilycy R.R. Wilson

M.A, Markowv ' L. Lederman

V.A. Glukhikh M. Barton

L.D. Soloviev R. Dichold

LoVe YRahuwd Io - e Ja - Broplen

V.A. Yarbe : D. Eulian {secretary)

ASHEe> pEn Soh

A ST ot g ' . ‘s CERN | Member States -

= '{ e A
?.PBuiégz o G. von Dardel
e et SZ

e U. Analdi
N C‘]uhllr-nﬂ v D. Husmann
. Ekripchk

Yo K. Johnsen
AL Xasd}llev A. Rousset
Bl ity o

P,

D.B. Thomas
Kuleshov %

dEfERDEL EE

A
AL
AL

N.
V.

JINR

Ke Lianins / : G.A. Vogs
V.P. Djelepov

. JAPAN

Y. Yamaguchi

.

The dolchtlon from the CERN Member States was selected
by the.CERN Scientific Policy Cormittec and was under
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MEMORANDUM REGARDING THE PRESENT V.B.A. STITUATION

V.F. Weisskopf - June 1977

One year has passed since the Serpukhov discussions. Although
the IUPAP meeting in Tbilisi in August 1976 has formally accepted
the recommendations of Serpukhov and asked the Chairman B. Gregory
to form a Study Group, this group has not yet been established.

The reasons for this delay are, partly, dissatisfaction of the
Russians with the number of Sowjet members in the Group, partly a
lack of enthusiasm in Europe. It 1s hoped that this will be remedied
at the next IUPAP meeting in Hamburg in August 1977. The Americans
are pressing strongly for gquick formation of the Study Group and
would be ready to add one Russian more to the group if necessary.

In the meantime the three regions have become more definitive in
regard to their own future regional plang for the next 10 years
(that is, before the envisaged start of design of the V.B.A.). The
USA proposes to increase the energy of the Fermi-Lab. accelerator
to 1000 GeV and to construct "ISABELLE", that is a colliding beam
facility with 300 or 400 GeV in each beam. (Neither of these proposals
have yet been approved by the Government). The Europeans are studying
the possibility of construction of an electron-positron colliding
beam facility of about TO GeV in each beam as the next European step.
No Government approval has yet been given.

The Sowjet Physicists are proposing a large increase of the
Serpukhov accelerator to 2000-3000 GeV, with possible electron-
proton collision facilities. It is not clear how far the Government
will support these plans.

The Physiecists in all three regions are still conviced of the
necessity to plan for accelerators of still higher energies (V.B.A.)
as the next step to be taken in 10 or 15 years from now. The only

way to do this i1s international construction by all three regions




with participation of Japan and perhaps other industrialized regions

(India, South-America). ‘.

I believe that the lack of enthusiasm and the slowness of the
IUPAP procedures are caused by the fear of many physicists in all
three regions, that public knowledge of the VBA-plans may discourage
governments to approve the plans for the next decade. Thoss, who
press for discussions of the VBA hold the opinion that the govern-
ments would be more inclined to support further regionalldevelcpments,
if they know that it will lead eventually to true international
cooperation. Clearly an international laboratory would have
political significance beyond the scientific values.

So far the location of the planned international laboratory was
not discussed at anyof these meetings. Nevertheless, it is almost
evident that it must be at a central location for the three regions;
that means Europe. Also, it must be in a neutral country, preferably
with highly developed industries. Obviously, Austria would be a most

suitable candidate.
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The Seminar “"Perspoctives in High Energy PhvsicsY held 5n
1 b

Hew Orleans, Maxch 1975, cstablished a Study Crouniserla sonye o i
long-range reguirements for facilities in Eioh Ineroy Physics.s A
sub-group met in CIRN, October 1975, and planned an hgenda for a
weeting which was held in Serpukhov, U.S.S8.R. in Dy RO T S iy
this paper a summary of the work done in Serpukhov is given.

It begins with a review of the status of our presc
ledge of the fundamental structure of matier and a st
those future: problems which can be chearlyviddentd pieadesnorils
which will reguire new facilities for their solution. i
followed by a brief description of the siatus of tocay's acce
tor technology and a review of projects that are now under
study as regional facilities. The study group has noted the
for close collaboration during the selection of the TERge (Or
regional facililities to ensure coverage of the broadest pecsszible
program of research. Included in this range may be a proton fix:
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with a center-of-mass energy of up to several TeV fo
protons, up to several hundred GeV for elactrons aga
and up to about 200 GeV for electrons against positro
pants have emphasized the importance of joint utiliz
facilities by scientists of different countries,
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The Study Group has stressed that the further progress’of High

Enezgy Physics will recuire in the futu e the deveiopwent of an
; i g ¢ g

accelerator complex significantly nore poverful ‘theon thoseolanred
for regional facilities. This complex is likely to be of such a
cost as to be beyond the capabilitiecs of any single regioni¥ Iranples
incluGe facilities such as a proton accelerator of energy higher
thand Lot SeV i and an electron-positron colliding beam EarcE eyl R e Yo
than 200 GeV in the center-of-mass. In this connection several
Conceptual designs of that kind were presented and discussed.

hY

In seeking to attain the more intensive international col-
laboration which is a fundamental prereguisite for progress tovard
the stated objectives, t Study CGrouvp recommends that the Intor-
national Union of Pure and Applied Physics (Particles and Ficlds
Division) be asied to initiate appropriate activities to this end.
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I. Introduction
The historical devmlqpmmntrof science hags m;dé gz

eépecially appropriate that the physicists of all countries

which are active in the exploration of the decpestiagpests of

atomic nature should be collaborating s Lntenge LR &

gratifying that this collaboration has resuited_in 50 much

progress in our knowledge about the particles of which the world

is made and of the laws that govern their behavior._ Tt ic

equaily-gratifying.that governments have provided the nec-

essary framework within which the collaboration could take

place. The fundamental knowledge being developed will become the

ba;is of future technology and,‘equally important, will provide

mankind with a greater insight into the nature of the un?veroe.
The, struggle for this knowledge is difficult, and although

many concepts of nature have been deepened and new concepts have

emerged, nevertheless, it is anticipated that vastly more ex-

tensive investigations will be required before our knowledge of

the basic particles is as firm as is oﬁr understanding, for
example, ijelectromagnetism.
The tools for investigating matter have become'mgre complex
and more expensivc.as we have penetrated deeper imto the inner
spé&e clthe aton N Forithis veqcon orgahizational_col}aborations
‘haVe developed between groups of nations to allow them to partici-
pPate in this exciting and necessary development. Thus the membor

nations of CERN and the member nations of JINR have cstablished®

‘organizations which have enabled them Lo successiully develop




rescarch in this field.  Most importenily, the close col-
J‘a},borqtion between the regional laboratories has amplified
thoiryindividua e iforts. I

As facilities that arc now being planned on a regional basis
are-developed, ways should be found to help in eoordinating that
planning. Such mutual discussion and advice would ensure the
coverage of the broadest possible program of re;earcﬁ} Joint
studies of new techinclogy and organization of Qider_collaborative
use of present Faciintiestshoul dioccur S goipnt S conctriictiontaf
sub~elements of regional projects should be explored.

It can alreadynbe expected that the facilities needed to
explore and clarify the next level beyond that availablé to
facilities presently being contemplated will be so large that
their realization will be greatly optimized -- and may only be
possible . ~-"by the pooling of;the xesources of all regions in a

common effort.

We underline the statement of the countries participating in

the "Helsinki Agreement on Security and Cooperation in Europe",
which.specifically mentions high~ener§§ physics as a field for co-
Operation.'th says that "scientific and technologica} cooperation
constitutes an important contribution to the strengthening of
security and coopefation among*(thecmfntrios)in that ‘it assists

the effective solution of problems of common interest and the

improvements of the conditions of human life".
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Conclusions

The foreyoing survey leads us to the following conclusions:
= 1, 7

T S b A i M e e U B S

A} The present statuz of the science of the struckture of m:

poses fundamental problcms which require a new generation of ey el

of the types listed in Table I. Such facilities are within the

capabilities of the individual regions and are needed for continued

progress of this field of research. :
B)  The sucdess of regional, and interregionai collabeoration in
the past provides a good bhasis for extending and strengthening this
collaboration in the new generaﬁion of regional faciiities.
C) Looking beyond this new generation of regional accelerators
we foresee the need fo}.an accelerator complex (VBA) which.will reguire
international collaboration of all regions concerned. |

.

S7p Reéommendations

1y Efforts should be madd 1008 [SEOEBILnEIEE e design and

construction of new regional facilifies. Consultations and exchange
of experiences should be encouraged in order to optimize the diversity
of facilities and to enhance the efﬁiciencg Qi collstrnchion. and
oOperation. Tﬁe Study Group also .recommends joint studies of new
technology (e.g. superconductiﬁity, new detectors andsother experi-
mental.- apparatus) and joint design and/or construction of components

of regional projects. i

2) Joint utilization of regional Ffacilities byl scientists o dlffer-

ent regions should be organizeéd on the bagis of prosent and Laturefar-
.rangements or agrecments. The general availability of regional
installations is essential o enable scicﬁtists of differentircgions

to take advantage of facilities with conplementary research pofcnm

—-]5~




tralities.

1

3) " International collahoration should provide
. £

leading towards the realization of a next generation of super-high
enecragy Facilitias! following the regional. projecte referred to
above (examples are GuvenSin o Tel may e T expected that
theseFacilhtiealwill boen large that their realization will be
possible only hy pecoling the resources of all regions concerned
into common international projects,

Creation of a supey—higd chergy aceelerator complez (VBA) in-

volves cspecially comp lj cated scientific, technical and organizg LLOﬂol

problensttif These wiil require several years of continuing studics

and dlscu551ons The Study Group recommends that the e discussions
bog1n in the near future leading to the start of the de Tgniof the
VBA in about 10 years.

4)  In view of_the need for these extensions of international
cbllaboration, the Study Gréup suggests to the iUPAP Division of
;Particles and Fields to initiate these act1v1t1e5 in an appropriate
foxm, for example, by apD01nt1ng a uub~comm1ttoe torthe purpo)e ol

.

organizing working groups and futuvre meetings such as the present

vl
one, /
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o PARTICIPANTS

USSR ' ‘ USA

——— PSRN

A.A, Lovunov V.F. Vleisskopf

A.A. Vassilycv R.R. Wilson

M.A. Markow ‘ L. Lederman

V. A G lukhiilh M. Barton

L.D. Soloviewv R. Diebold

L. Vil Tehuvilo : : Jo Biorken

Vol Yarha : D. Eulian (secretary)
asierpents:

A.Ts. Amatuni ' : i CERN Member States -
A. Budker : i e e
N.A. MHonoszon
A.A. Naumoy
A.N. Skrinsky
V.A, Vassiliev
N.E. Tyurin
V.F. Kuleshov

von Dardel
Amaldi
Husmann
Johnsen
Rousszet
«B. Thomas

as expert: s
JINR

K. Lanius : G.A. Voss
V.P. Djelepov

4
/

. JAPAN ‘
" Y. Yamaguchi |

.

The delegation from the CERNW Member States was selected
by the .CERN Scientific Policy Committee and was under
the leadership of the Chairman of the European Committec
for Future Accelerators. : ' S
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MEMORANDUM REGARDING THE PRESENT V.B.A. STITUATION

V.F. Weigsskopf - June 1977

One year has passed since the Serpukhov discussions. Although
the IUPAP meeting in Tbilisi in August 1976 has formally accepted
the recommendations of Serpukhov and asked the Chairman B. Gregory
to form a Study Group, this group has not yet been established.

The reasons for this delay are, partly, dissatisfaction of the
Russians with the number of Sowjet members in the Group, partly a
lack of enthusiasm in Europe. It is hoped that this will be remedied
at the next IUPAP meeting in Hamburg in August 1977. The Americans
are pressing strongly for quick formation of the Study Group and
would be ready to add one Russian more to the group if necessary.

In the meantime the three regions have become more definitive in
regard to their own future regional plans for the next 10 years
(that is, before the envisaged start of design of the IV E S/ ST
USA proposes to increase the energy of the Fermi-Lab. accelerator
to 1000 GeV and to construct "ISABELLE", that is a colliding beam
facility with 300 or 400 GeV in each beam. (Neither of these proposals
have yet been approved by the Government ). The Furopeans are studying
the possibility of construction of an electron-positron colliding
beam facility of about TO GeV in each beam as the next European step.
No Government approval has yet been given.

The Sowjet Physicists are proposing a large increase of the
Serpukhov accelerator to 2000-3000 GeV, with possible electron-
proton collision facilities. It is not clear how far the Government
will support these plans.

The Physicists in all three regions are still conviced of the

necessity to plan for accelerators of still higher energies (V.B.A.)

as the next step to be taken in 10 or 15 years from now. The only

way to do this is international construction by all three regions




with participation of Japan and perhaps other industrialized regions

(India, South-America).

I believe that the lack of enthusiasm and the slowness of the
IUPAP procedures are caused by the fear of many physicists in all
three regions, that public knowledge of the VBA-plans may discourage
governments to approve the plans for the next decade. Those, who
press for discussions of the VBA hold the opinion that the govern-
ments would be more inclined to support further regional developments,
if they know that it will lead eventually to true international
cooperation. Clearly an internmational laboratory would have
political significance beyond the scientifiec values.

So far the location of the planned international laboratory was
not discussed at anyof these meetings. Nevertheless, it is almost
evident that it must be at a central location for the three regions;
that means Burope. Also, it must be in a neutral country, preferably
with highly developed industries. Obviously, Austria would be a most

suitable candidate.




CONFIDENTIAL

May 30, 1976

Personal comments to the Report on the Serpukhav Conference

The following comments are my personal impressions of
the Serpukhov discussions. I assume that the reader has read
the Abstract and the Conclusions and Recommendations in the
official Report.

We distinguish two time periods. Period I considers the
next 10 to 15 years; Period II .is what follows those years.
In the first period we expect that new regional facilities
will be constructed, such as the installations referred to in
Tabla 1 oF the Report.

There were three recommendations:
One is to coordinate the design and construction of the new
regional facilities in the next 10-15 years. The second is
joint utilization of regional facilities for scientists in all
regions; in other words, general useability of the newly con-
structed machines, and also of course those that are already
here. Third, international collaboration should provide
studies leading toward the realization in Period II of a new
generation of super-high facilities on an international basis.
In other words, (1) coordination of future plans in the
future, (2) better exploitation (internaticnal) of present
and future facilities and (3) the planning of a world machine.

Let me first say a few words about coordination. None of
the three parties desired a really close coordination, that
means in exact distribution of types of machines to the three
regions. Clearly each of the regions were afraid of not being
able to realize their project, That goes also for the
Americans, and in particular for the Russians since they are
somewhat afraid that if too much coordination would be planned
they may not be able to construct their 1-2 TeV machine because
it is somehow a duplication of possible future plans at FERMILAB.
Clearly also the FERMILAB is concerned about too strict co-
ordination because it may not allow them to go ahead with their
plans having for example a 1000 vs. 1000 proton colliding beam
machine if the Russians build something like that. The same
fear, of course, is held by the Russians.

The situation is in fact made rather difficult because of
the previous cases of lack of coordination. First of all, it
is very unfortunate that PETRA and PEP are constructed at the
same time. It would have been much more in the spirit of a
rational coordination if for example Germany would have built
PETRA but PEP would have been the next step -- maybe 60 or 70
or even 100 GeV electrons against positrons. This would have
required all resources from the American side and would have




left little for ISABELLE or POPAE. On the other hand it would
have allowed the Europeans to go ahead with a 400 against 400
storage ring as an addition to SPS. Another scenario would be
the same the other way around, namely that PEP would be con-
structed the same way as planned and that PETRA should be
enlarged to be not only a German but a European international
collaboration of considerably higher energy, maybe 60 against
60 or more. Then the Europeans would have constructed another
large facility and the Americans could have used the means and
the time and the manpower to build ISABELLE or POPAE. Un-
fortunately the doubling of PETRA and PEP makes reasonable co-
ordination even between Europe and America almost impossible.
If America chooses as the next step the proton-proton colliding
beam machine, the Europeans will not build it. Then all they
could do and should do, is to build a larger electron-positron
collidingrfaei i Eviof 60 oW 08GeV Nt thisis s nothingibutsa
repetition of PETRA on a much larger scale, and this feature
does not look to them, (neither to me), to be a very attractive
possibility. What many Europeans would like to do is get a
proton-proton colliding beam facility of 400 against 400 at
CERN. However, they expect correctly, that a decision for a
proton-proton facility will be made in America in the next faw
years before 1980. It is hardly thinkable or possible that
Europe would indeed approve a new big project before 1980.

So much for the coordination between America and Europe.
The Russian situation is perhaps a little easier although it
also represents a kind of duplication. The Russians' plan is
to use the present Serpukhov machine as an injector to a
1000 GeV or perhaps 2000 GeV machine which then at a later
stage might develop into a p-p storage ring. It seems that,
before they develop a p-p storage ring, they would add an
electron ring of about 20 GeV in order to get a e-p facility.
In other words, what they are aiming at immediately is a
1000-2000 stationary target machine and an e-p facility.
Somehow this program does, of course, duplicate FERMILAB
efforts, in particular if the energy doubler will be realized
and the energy doubler would lead to a POPAE 1000 against
1000, and also if the FERMILAB thinks of the electron-proton
colliding possibility. So the whole coordination picture
doesn't look too good if everybody gets more or less what
they want. It will end up with proton-proton storage rings
in America, perhaps even with a e-p addition, a 1-2 TeV
stationary machine in Russia with e-p addition, and perhaps
something in Europe which may be a 60-60 efes s Burope is
worst off because they just are about to finish their last
step, the SPS. Therefore, in my opinion, it would be in
Europe's interest not to press for a larger regional project,
but to press very hard for the realization of a world machine
which after all must be in Europe, and therefore Europe
would have the greatest advantage of it. However, the world
machine is unsure enough and would appear to the Europeans to
be too risky. If it fails, there may not be any machine at
all in Europe after the SPS and PETRA.
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A few words about the second point, better international
exploitation of regional facilities. We know that there are
difficulties with the Soviet collaboration, both in USA and
in Europe. The new directorate of CERN takes a much tougher
stand now. One possible bit of good news, however, is an
assurance from Logunov that, starting July 1, Soviet physic-
ists working at experiments abroad will have permanent visas,
allowing them to come and go whenever they want.

Another item that was mentioned in connection with
improving collaboration, was mutual help in constructing new
regional facilities. It means borrowing experts from one
region to the other, say from Europe to USA for the construc-
tion of ISABELLE or to USSR for UNK.

Now the world machine situation. The Russians did not
like the term "world machine". They preferred "international"
or "interregional" project. Their reasoning (not completely
without foundation) was that not the whole world will be in;
China, Africa, South America, India, etc. are probably not
going to participate. There was no objection against the
term VBA. The ones that pressed the most for the VBA were the
Americans, and in particular Wilson and Lederman and to some
extent myself. The Russians did not guite understand why we
are pressing so hard for it. Indeed at one occasion I happened
to be alone with Logunov in an automobile and he asked me
point blank: "Why is it that your colleagues are so strongly
for a world machine". I answered as follows: I said that our
Government is dissatisfied that we are always asking for bigger
and bigger machines and our Government would like to see scien-
tific planning on a world scale. Therefore, if we can show
them that we are working very hard for a world machine to be
constructed after the next step, (ISABELLE or POPAE), we have
a greater chance that our Government would approve this step.
Of course, I, myself, am not sure whether that is correct
reasoning. Logunov understood it but I do not think the
situation in Russia is parallel to ours.

_ The European attitude toward the VBA is rather complicated
and quite different. The CERN directorate is rather lukewarm
toward the whole idea, being afraid that the governments will
get scared by new expenses on big programs. And certainly the
CERN directorate and those who think likewise do believe that the
talking about a world machine right now will make it impossible
to get funds for the next big step after the SPS, which, after
all, still would be a regional step. However, at the last
ECFA meeting, ECFA rather enthusiastically endorsed the VBA
idea, and also nominated the European delegation to the
Serpukhov conference. This delegation consisted of people who
indeed are rather enthusiastic about the VBA. Von Dardel is
strongly in favor and both Andrée Rousset and Ugo Amaldi have
supported the VBA idea with great vigor in all discussions.
However, we should not make the mistake to think that they

are representative of European opinion among high energy
physicists; they might well be exceptions.




Under these conditions it was impossible to start
immediately an all-out effort towards the VBA. Indeed I am
surprised that we were able to get such reasonably strong
statements accepted as on Page 1, paragraph 3, or Page 16,
paragraph 1 and 2 of the Report. There was much urging of a
"gentle" approach to the VBA questions, at least for the next
five years.

In order to put all collaboration efforts into a
respectable administrative framework, it was proposed to
request the Division of Particles and Fields of IUPAP to
appoint a subcommittee, which is supposed to organize further
meetings and further work on the collaboration, including
further studies towards the realization of a VBA. It will
depend a lot on the mood within the Division of Particles and
Fields whether or not this will be successful. I saw the
Chairman, Bernard Gregory, in Paris after the meeting, and I
was assured that he will support this plan whole-heartedly.

The present American members of the Division, Ned Gold-
wasser and Francis Low, will see to it too. Gregory intends
to make A. Rousset the Secretary of the subcommittee and I
hope that Lederman will be a member. I suppose that other
members will be U. Amaldi, Yarba, Lanius and Yamaguchi.




VERY CONFIDENTIAL

Now I would like to say a few words about my own conversa-
tions with Academy members. When I saw Markov the first time,
I told him that I intended to visit Sakharov when I passed
through Moscow. He said, in a friendly tone, that this is my
private business and, naturally, I am free to visit anybody I
wished. A few days later, Logunov told me privately that the
Academy intended to elect me as foreign member at its next
session which took place on May 31. A few days later I was
requested by Markov and Logunov to see the Secretary of the
Academy and I was asked officially whether I would accept such
an election. I said I would, that it would be a great honor,
and also a help in respect to collaboration between East and
West. The next day, however, I asked Logunov and Markov for a
confidential conversation. I said to them that I was most
pleased by this election, but I would like to draw their
attention upon one fact -- I am worried about the case of
Sakharov. If the Academy would expel Sakharov, I would be
forced to resign and I would like them to be aware of this.

If this statement of mine would perhaps induce them to change
their mind and decide not to offer me membership, I would by

no means be offended, and I would understand the situation.
They were seemingly not surprised by what I said and answered
me in a rather light-handed and not at all offended way. [I did
tell Markov a-feéw days earlier that I intended to wisit

Sakharov when I passed through Moscow.] They said there is no
intention to expel Sakharov from the Academy -- and what I do
in case such things would happen is my own business and I am
free to do what I want.

Later on I visited Piotr Kapitza (the old man), who
already knew that they intended to elect me and read to me the
summary of my activities as it was communicated to all members
for a vote. I told Kapitza about my conversation with Logunov
and Markov in respect to my possible resignation if Sakharov
were expelled. Kapitza was glad that I did so and told me that
he considers such a possibility as highly improbable, because
they need a 2/3 secret vote in order to expel a member, and he
doesn't think it would ever get 2/3 in the case of Sakharov.

I also wrote a letter to Logunov in which I mentioned that
the feelings between CERN and DUBNA and the Soviet Union are
somewhat tense and that the present directorate is not too
sympathetic to collaboration with the Soviets. I said that an
extended visit of Gribov to the Theoretical Division at CERN
could make an enormous difference in the attitude of the CERN
directorate towards collaboration and would make it much easier
for me to help improving the situation. I urged him to do his
utmost to make such a visit possible. I really believe that it
would make a difference and I am curious whether Logunov will
follow my advice or not. I also told the same thing to Yarba.
Indeed I gave the letter directly to Yarba so that it doesn't
go through the administrative apparatus of the Academy but will
go directly into the hands of Logunov.




Coming back to Kapitza -- I asked him about his opinion
as to the general situation in respect to Jewish scientists
who want to emigrate. He told me the situation is by far not
as bad as the Western press made it. Many people are allowed
to emigrate. In fact a large number of artists, musicians,
and painters have emigrated. This fact was also told to
Wilson, by Alichanian. Kapitza says there are a few cases in
which permission for emigration has not been granted yet, like
the case of Levitch (he is convinced however that the Levitch
case will be solved soon). So he thinks the West exaggerates
the situation -- I hope he is right but I am not sure. ZXapitza
is most sympathetic towards Sakharov.-- he refers to Sakharov
as a saint. He said to me that, when I see him, I should tell
him he should do more physics since this would make it easier
for all of us to help him.

On my last day I did visit Sakharov and had a long conversa-
tion with him. It was very warm and human. There are few facts
I can report except that he has difficulties with his apartment;
they did not give him the right of residence in Moscow and the
Academy doesn't 1lift a finger to help him. The children of his
wife are still badly off -- nothing much has changed in that
situation. His daughter is without job, his son-in-law has a
job but not a very satisfactory one.

I also saw Engene Feinberg and Eugene Lifschitz when I was
in Moscow. Both have given me slightly different versions of
the situation. Feinberg is in general an optimist and says
that things are getting somewhat better. Anti-semitism still
exists, and is partly caused by the envy of other people -~
envy that some Jews have the right to emigrate whereas the non-
Jews cannot. There seems to be still difficulties for Jewish
kids to be accepted at the university, a fact that Kapitza
denied by saying that 3% of the students at Moscow University
are Jews. Feinberg and Lifschitz told me, it is extremely
hard for Jews to enter the Moscow University. Those two
statements may not be, by the way, contradictory. It is also
extremely difficult for young Jews to get the kind of job they
want. Lifschitz is more pessimistic; he says the situation is
deteriorating and the Jews have a more and more difficult
time, and, in general, freedom and civil rights are diminishing
and things get slowly worse. I don't know who is right.
Lifschitz is known to me in the past as a man who always has a
tendency of seeing things darker than they are. However,
there is no denying that Lifschitz has now gotten the permis-
sion for travel abroad which he considers a fluctuation.

But Feinberg and I consider it as a sign that things are
getting slightly better. I heard three views on the Jewish
question from three people who talked to me openly and frankly:
Kapitza, Feinberg and Lifschitz. Their opinions range all the
way from "not so bad" to "very bad".




Report of the
International Study Group

on Future Accelerators and High Energy Physics

Serpukhov, May 17-25 1976

Abstract

The Seminar "Perspcctives in High Energy Physics"” held in
New Orleans, March 1975, established a Study Group to discuss th
long-range requirements for facilities in Eigh Eneray Physics. A
sub-group met in CERN, Cctober 1975, and planned an Agenda for a
meeting which was held in Serpukhov, U.S.S.R. inp May, 1976. [@In
this paper a summary of the work done in Serpukhov is given.

It begins with a review of the status of our present know-
ledge of the fundamental structure of matter and a statement of
those future  problems which can be clearly identified now and
which will require new facilities for their solution. This is
followed by a brief description of the status of today's accelera-
tor technology and a review of projects that are now under active
study as regional facilities. The studyv group has noted the ncpd
for close collaboration during the selection of the range of nev
regional facilities to ensure coverage of the broadest poss 1blﬂ
program of research. Included in this range may be a proton fixed
target accelerztor of up to several TeV, colliding beam facilities
with a center-of-mass energy of up to several TeV for protons against
protons, up to several hundred GeV for eleactrons against protodg,
and up to about 200 GeV for electrons aqawnab pasitrons., The parbasi-
pants havd emphasized the importance of joint utilization of ali such
facilities by scientists of different countries.

The Study Group has stressed that the further prorreqf of High
Energy Physics will require in the future the developuent of an
‘accelerator complex significantly more powerful than LhO 3¢ planned
for regional facilities. This complex is likely to be of such a
cost as to be beyond the capabilities of any single region. Examples
include facilities such as a proton accelerator of enexgy nigher
than 10 TeV and an electron-positron colliding beam facility of more
than 200 GeV in the center-of-mass. In this connection several
conceptual designs of that kind were presented and discussed.

In seeking to attain the more intensive internations
laboration which is a fundamental prerequisite for progr
the statecd objectives, the Study Group recommends that
national Union of Pure and Applied Physics (Particles &
Division) be asked to initiate appropriate activities to t




T. Introduction
.The hizstarical develqpment of science has made it

eépecially appropriate that the physicists of all countries

which are active in the exploration of the deepest aspects of

atomie nature shéuld be collaborating so intensely. It is

gratifying that this collaboration has resulted in so much

progress in our knowledge about the particles of which the world

is made and of thc laws that govern their behavior. It is

equally'gratifying that governments have provided the nec-

essary framework within which the collaboration could take

place. The fundamental knowledge being developed will become the

bagis of future technology and, equally important, will provide

mankind with a greater insight into the nature of the universe.
The struggle for this knowledge is difficult, and although

many concepts of nature have been deepened and new concepts have

emerged, nevertheless, it is anticipated that‘vastly more ex-—

tensive investigations Wili be required befére our knowledge of

the basic particles is as firm as is our understanding, for

example, of electromagnetism.

The tools for investigating matter have become more complex

and more expensive.as we have penetrated deeper into the inner
spé%e of the atom. For this reason organizational_col}aborations
have developed between groups of nations to allow them to partici—
pate in this exciting and necessary development. Thus the member

nations of CERN and the member nations of JINR have established

organizations which have enabled them to successfully develop




research in this field. Most importantly, the close col-
laboration between the regional laboratories has amplified
their individual efforts.

As facilities that are now being planned on a regional basis
are developed, ways should be found to help in coordinating that
planning. Such mutual discussion and advice would ensure the
coverage of the broadest possible program of research. Joint—
studies of new technclogy and organization of ﬁider.collaborative
use of present facilities should occur. Joint construction of
sub-elements of regional projects should be exﬁlored.

It can already-be expected that the facilities needed to
explore and clarify the next level beyond that available‘to
faqilities presently being contemplated will be so large that
thelr realization will be greatly optimized -- and may only be
possible -~ by the pooling of the resources of all regions in a

common effort.

We underline the statement of the countries participating in

the "Helsinki Agreement on Security and Cooperation in Europe",
which'specifically mentions high-energy physics as a field for co- (.
operation.';It says that "scientific and technologica% cooperation
constitutes an important contribution to the strengthening of
security and cooperation among (the countries) in that it assists

the effective solution of problems of common interest and the

improvements of the conditions of human life".




II. Physics Projections

The development of high energy physics in the 1ast tm
decades has led to a situation where there exist many facts, synthe-
sized by theoretical ideas. These ideas have not yet reached a
fundamental character similar to theories of electromagnetism
and gravitation. Nevertheless, the present knowledge makes it
possible to formﬁlate long-standing fundamental questions of»
physics in rather detailed form. This makes it most pfobable
that the discoveries made by the next generation of accelerators
should brovide us with new fundamental knowledge, first of all
about the nature of weak interactions and their poesible con-
nection with electromagnetic interactions and aiso about the
interior structure of hadrons and the range of validity of the
quark hypothesis. Some of the most important unanswered questions
are these:

Dq_quarks exist and, if so, how are they confined in hadrdns,

and what are the forces between them? The recent results

about hadron collision products which éossess high trans-

verse momentum have shown how little we understand about

the in‘ternal dynanics of hadrons.
Secondly, |

Is the Weinbeig—Salam gauge theory of weak interaction

pointing towards the real solution or is it the wrong

approach? The quantitative agreement of neutral current
! .

data with theory is strong .encouragement for gauge-
theories. Nevertheless, no deviations from a four-fermion

structure of the weak force have yet been observed.




We believe that the energies of the planned regional
facilities are indeed Sufficient'to begin attacking these
problems. 1In the case of weak interactions thererére definite
energy ranges wheére we expect new phenomena to.occur: At
about 1000 GeV (center-of-mass) the simple four-fermion theory
breaks down. It is vitai to reach this energy in order to fully
observe the structure of the weak force in itsvnatural domain.
The gauge theories suggest that there are new phenomena, such
as intermediate bosons, already at about 100 GeV. This situa-
tion is analogous to what happened in the 1930's in electro-
dynamics: The natural limit was the classical electron radius

lacm) corresponding to 100 MeV whereas new phenomena (pair

(107
creation) occur already at 1 MeV.
Our. present knowledge of strong interactions does not

indicate yet any definite critical energy range. The higher the

energy, the more information we will get. We need to know

whether further quantum numbers exist, such as charm, flavor, color
etc.,-and at what energies they will appear. Some cosmic ray
observations indicate that there are unexpected phenomena occur-
ring at agout 300-500 GeV (center-of-mass) which may point to
" new directions in strong interaction dynamics. -

= Also in the weak interactions the number of entities is
still unknown. There may '=» a whole series of-intermédiate
bosons, there may be Higgs-bosons of different kinds and a
series of heavy leptons and neutrinos. The appearance of these
seemingly unlimited number of entities of a given type, even in
weak interactions, is reminiscent of the discoveries of elements

in the 19th century. We have a few organizing principles,
: .




analogous to Mendeleev's classification. But thé need for
further synthesis is clear. We have much more to discover about
the behavior of matter at energies higher than those available
today.

The accelerators and storage rings which have been pro-
poséd address these problems in different ways:

. 1. Proton-proton and proton-antiproton storage rings

attain the highest practicable center~of-mass energies at the

price of lower luminosity. But the luninosities appear adequate
for finding the weak-interaction intermediate bosons, provided
the Drell-Yan production model can be applied. Present data are
of some support for this model but far from conclusive.

The high center-of-mass energy available in storage rings
is also of special significance in the study of strong inter-
actions. The nature of the increase in the total cross-sections
and of the energy-dependence of particle production mechanisms
will be/probed in a significant way. These_facilities are also
very useful to étudy the production of hadrons at high trans-
verse momentum.

. 2. Future conventional proton synchrotrons, which provide
high-energy particle beams incident upon stationary targets,
will most likely explore frontiers different from that of center-
of-mass energy. Their importance liesin the much higher Jumin-
osity available, in the diversity of external beams av;ilable,
(including u,v,e,y,w,K,ﬁ,A,Z,s,Q), and in the opportunity of-
using targets of various atomic nuclei in order to study the -
nature of the produced systems in "status nascendi”. High

luminosity and choice of hadron beams are properties of

u6._‘.




special significance in studying the production of hadrons of

high P+ The lepton-beams, especially the neutrino beams, are
expe&ted to continue to play the important role tha£ they
pfesently do in exploration of weak and electromagnetic inter-
actions.

3. Electron-positron colliding beams at energies bevond
PEF and PETRA allow the clean study of not only gquantum elecg;o—
- dynamics and electromagnetic production of hadrons, but of weak
interactions as well. Also, any chargéd heavy leptons or other
charged non-hadronic pairs (including possible intermediate
bosons Wi) would be produced, at a measurable rate, if they
exist. Such storage rinhngs are extremely powerful tools for .
finding heavy resonances with an appreciable partial width into
an electron-positron pair. As already exemplified by the J/¢
and ¢', the.decays of such resonanées provide detailed, clean
informat;on, difficult to obtain by other means. For example,
the Wei;berg—Salam theory predicts the production of a neutral
boson Z°, with mass = 80 GeV, (aﬁ luninosity ~1032cm-2sec"l) at
a rate exceeding 10 per second. Thus e+eh rings of such energy
may be an.ekcellent way to study weak interactions. ?his may be
the only.methoa (é; at least the best) to find and study Higgs
bosons predicted by weak-electromagnetic gauge theories. If
théfmass of such a particle is less than 40 GeV, the b?anching
ratio of %° into it (plus a charged lepton pair) is estimated to

exceed 10—4.
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4. Electron-proton rings allow the clean study of the

behavior of strong-interactions at short distances. The present
theoretical ideas of the weakening of strong interactions at
small distancés, and their growing at large ones (asymptotic
freedom), as well as the ideas of point constituents of the
proton, are best tested in electron-proton scattering at the
energies attainable by these storage rings. The question of the
nature of proton constituents, and how (or whether) they are
confined may be elucidated by study of the way hadrons are
emitted after such a constituent is struck by the incident
electron. The e-p storage rings may be a good way to produce
and study heavy leptoné (especially neutral), if they exist.
Finally, weak interactions oﬁ the electron with hadrons are
accessible as well, and such information would be a valuable
supplement to what is obtained by other means.

In'éﬁmmary, it is expected that the plannea regional
facilities will lead to the solution of many outstanding
problems and to new important discoveriesf For example, when
the centerfbf—mass_enefgy of a few hundred GeV is reached, it
is most probable that the existence or non-existence of the
intermediate bosonfwiil be known. We .then will know much more
about weak interactions and their connection with other
forces. Moreover, the.range of understanding of strong interact-
ions will be considerably widened, and the internal structure of
nucleons will be much better known. It is possible that free
quarks or new unexpeccted particles may be produced. Some of
the larger regional projects may even yield information regarding
the region of 400-500 GeV in the centerudfnmass, where there are

indications from cosmic ray data of new phenomena.

S




In spite of the importaﬁce of the energy regions explored
by the regional plans, the need of higher energies and more
varied beams will remain. After ;ll the pnergies necessary to
get into the interesting regions are attainable only by colliding
beams of protons or electrons, and their antiparticles; the? need
to be supplemented by beams of other particles and by beams of
higher intensity. The ISR had to be supplemented by stationary
target machines with comparable (though smaller) center—of—méss
energy in order to experiment with particles other than protons
at those energies. |

We definitely expect that.the regional facilities will make
important disédveries in the next 15 years and that some of the
problems will be solved. But it is prébable that a good part
wiil still remain unsolved. We therefore strongly believe that

so-called VBA facilities will be needed such as a proton

accelerator with E > 10 TeV and with the possibility of p-p

colliding beams, and/or e+e“ colliding beam facility of Ecms >

200 GeV.




TII. Instrumentation Projechbions

While the experimental exploitation of a very high energy
accelerator will in general require more sophisticated techniques,
manyrexperimehts can use straightforward extensions of present
methods. The initial exploratory experiments may well be less
complicated than those which will be in progress at the lower-
energy regional laboratories. . :

An active and vigorous experimental progrém could be carried
out with present techniques, but improvements may be anticipated
in many areas, such as

ra) electronics -- integrated circuits will drastically

lower the cost of multiwire proportional chambers and
drift chambers. Drift chambers are already capable of
good precision, <#50um, and will be.very useful in the
measurement of angles and momenta.

.calorimeters -- these devices are well suited to high
energies, especially for the study of multiparticle
processes over a wide range of angles, as for example,
fqr measurement of jets at large transverse momentum.
Recent work using liquid argon and uranium plates has
resulted_in improved resolution.

Cerenkov counters -- technigues are being developed to,

achieve good velocity resolution with increased ac-

ceptance.

transitioﬁ radiation -- this technique will take over
particle identification from Cerenkov counters in the
TeV range.

computers —-- microprocessors seem destined to play a

==




1argé role in control, data acquisition, and initial
analysis of future experimenﬁs. In addition, signifi-
cant advances can be expected from large data proces-
sors.

large magnets —-- superconducting spectrometer magnets
will provide more magnetic field at a fraction of the
power cost of conventional magnets. : .
data transmission between regional ané/or national facil-
ities -- this should be implemented in the most ef-
ficient way in order to optimize analyses of experi-
mental data. In particular, data transmission at high

" rates utiliziﬁg satellites should be studied.

Other techniques, not yet conceived, may well play important

roles in future experiments.

The development of experimental techniques is best accomplished
through éhe work of individuals and small groups. Close communi-
cation between groups throughout ﬁhe world is very important to
the timely and efficient development of these techniques.

Although many experiments will become more difficult at high
energies,otﬁers will become simpler. In many cases thé techniques
will be changed as the energy increases, so that the fequired pre-
QiSionfﬂﬁithe-COSt'do not become prohibitive. Some specific
experiments were considéred in the report of a CERN study group*;

We conclude that in general the experimental costs will not

increase relative to machine costs, but may even decrease.

* A summary appears in VBA/CMS/1




IV. Accelerator Projections

.Having analyzed the design features presented‘at the
meeting of the international study group on superhigh enexrgy
accelerators we have drawn the following conclusions.

The status of the various facilities with center-of-mass
eneggies above 10 GeV can be divided into three groups:

Group 1: The facilities that are now operating successfully on
a productive physics program (such as the FNAL accelerator of
= 500 GeV and the proton-proton ISR at CERN with

Loty

Ec i 2x31 GeV), as well as those in the running-in stage

(such as the CERN SPS of E = 400 GeV).

S
Group 2: Accelerator and storage rings under constructibn.(such
as the three el colliding beam facilities under construction
(PETRA in FRG with E__ = 2% (5-19)GeV, PEP in USA of E_ =
2% (5-18)GeV and VEPP-4 in USSR of Ec.m. = 2x(5-7)GeV) together with
planned projects and facilities under study. If these regionai
projects are realized they will form the basis for a vigorous
experimental program of elementary particle ﬁhysics antil 1990,

The projects in this second group vary wid;ly in cost and
scope, but . their construction is assumed to be within the fesources

- of a single region.

The principai parameters of this group are presented in

Table I. The proton facilities on the list assume superconducting

magnets, and the recent advances of this technology have made
this a very realistic assumption. |

Group 3: Preliminary ideas concerning very big accelerators
and storage rings with average orbit radii of 5-15 km and costs
in the range of 3-6 times the cost of the FNAL accelerator or

the CERN-SPS. Conceptual designs of examples of such facilities

-12-
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were presented to thé meeting, and they are listed in Table II.
The presentations made might be considered as the initial stage
of an accelerator complex to form the basis for the'inter~
regional program of experimental high-encrgy physics after 1990.

It is hoped that by the time such a project comes near to
its‘realization, advantage can be taken of further progress in
technology, and that, for instance, for the magngts for a fixeg
target accelerator superconducting materials of higher critical
parameters can be used in magnet construction. For the r.f.
systems for a possible large e+e—, it is hoped that the develop--
ment of superconductihg r.f. cavities can be further advanced.
In both these fields, development work should be strongly
encouraged.

In conclusion it is not easy to determine what ultimﬁte
limits will be imposed on new accelerator projects by technical
‘considergtions. It'appears'that the size and scope of projects
presently‘envisaged will be limited by financial resources only.
Technological developments over the next one.or two decades may
indeed result in more economical solutions being found for the

construction’of high energy accelerators.

5

It is recommended that a continuing study should be

undertaken through an inter-regional ccllaboration to ensure

that the technologies which are likely to'inflﬁence future ac-
celerator design are covered by adequate development programs
with minimum needless duplication. It should be recognized
however, that the potential industrial importance of such tech-
nologies adds a further dimension to the problem of international

collaboration.
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Conclusions

Thé foregoing survey leads us to the foilowing conclusions:

A) The present status of the science of the structure of matter
poses fundamental problems which require a new generation of facilities
of the types listed in Table I. Such facilities are within the
caﬁabi%ities of the individual regions and are needed for continued
progress of this field of research. >

B) The succeés of regional and interregionai collaboration in
the past provides a good basis for extending and strengthening this
‘collaboration in the new generaﬁion of regional facilities.

C) Looking beyond this new generation of regional accelerators

we foresee the need for an accelerator complex (VBA) which will require

international collaboration of all regions concerned.

WAL, Redommendations

1) Efforts should be made to coordinate the design and

construction of new regional facilifies. Consultations and exchange
of experiences should be encouraged in order to optimize the diversity
of facilities and to enhance the efficiency of construction and
operation. The Study Group also .recommends joint studies of new
technology (e.g. superconductivity, new detectors and oﬁher experi-
mental- apparatus) and joint design and/o£ construction of components
of regional projects.
2) Joint utilization of regional facilities by scientists of differ—

ent regions should be organized onthe basis of present and future ar-
.rangements or agreements. The general availability of.regional
installations is essential to enable scieﬁtists of different regions

to take advantage of facilities with complementary research poten-

] 5~




tialities.

3) International collaboration should provide for studies
leading towards.the realization of a next generation of super-high
energy facilities, following the regional projects referred to
above (examples are given in Table II). It.is expected that
these facilities will be so large that their realization will be
possible only by pcoling the resources of all regions concerned
into common intérnational projects.

Creation df a supe;—high enerqgy accelerator complex (VBA) in-
volves especially complicated scientific, technical and organizational
problems.r These will require several years of continuing studies
and discussions. The Study Group recommends that theée discussions
5egin in tﬁe near future leading to the start of the design of the
VBA in about 10 years.

4) 1In view of the need for these extensions of international

cbllaboratﬁon, the Study Group suggests to the IUPAP Division of

_Particles and Fields to initiate these activities in an appropriate
form, for example, by appointing a sub-committee for the purpose of
organizing working groups and future meetings such as the present

7]
one. :
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Speaker: A. Skrinsky
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Speaker: R. Wilson
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R. Wilson
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J. Bjorken
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-
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Topic VI: Experimental techniques Beyond 1985
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Thed
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From USSR:
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