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1. Introduction

Considering the physics potential of the ISR over the comlng flve years,
the possibility of studying pp interactions with luminosities of the order of
1029 em™2 571, is of very great interest. A full day plenary session of the Work-
shop was therefore devoted to assessments of what to expect along different lines

of investigation, classical ones, such as very high energy collisions but also

‘unorthodox ones such as low energy PP reactions, This session served as an intro-

duction to the discussion sessions, chaired by C. Rubbia, and the conclusicns of
which were presented by P. Strolin at the end of the Workshop.. P. Strolin's
summary is separately available as document ISR WORKSHOP/Z-16. The present report
comes back in much greater detail on what wag already discussed during the first
session of the Workshop and summarized in "Physics with antiprotons, deuterons

and heavy ions" by L. Bertocchi et al. It puts together the write-ups provided by

the different speakers.

This report starts with a paper by A. Donrachie "pp at the ISR ~ Why?"
which surveys the physics potential of pp interactions at ISR energies. Next is
a report by K. Hibner which discusses what to expect from present technigues which
include the construction of an intense source of p, as obtainable from cooling and

developed for use in the SPS.

Next follows a series of contributions which review different types of
reactions and describe how experimentation with P can proceed and how far it can
go, probing interesting kinematical ranges. In practically all cases, experimen-
tal equ1pment already avallable could be used to extend whatever was developed for
PP reactions to the ana1y51s of PP reactions. First comes a report by G, Matthiae,
which discusses low mult1p11c1ty Teactions. Next comes a report by P. Braccini
which covers large cross—section reactions. In these two cases the further develop-
ments in %n s physics ‘at the ISR should much benefit from a comparlson between PP
and pp induced reactions, analyzed through the same detectors. This is emph351zed

in G. Bellettini's report ISR WORKSHOP/2-17.

One then considers low cross-section reactions of special. toplcal inte-

- rest in view of their relevance to hadrom structure. In such cases a comparison

between pp and pp induced reactions in the ISR energy range looks as partlcularly
lnterestlng The question of large Py phenomena is first reviewed by K. Hansen
and the question of lepton pair productlon is then covered in the report by

F. Vannucc1

This concludes the dlSCUSSlon of hadron phy51cs at very high energy-

corresponding to what is typically expected at the ISR,
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It is however conceivable to use the ISR in another way, having protons
and anitprotons circulating in the same direction, This is referred to as an
Ortho-ISR scheme. TFor practical reasons one would actually stack p and H~ in the
two respective rings. Experimenting along such unorthodox lines one could study
pp interactions at low energy (in the topical baryonium region) but get such a
system at very large momentum, which makes available some very interesting laser
techniques. This is discussed by U. Gastaldi who has given much attention to this

very ingenious possibility.

From what is discussed here it can be concluded that a very rich physics
programme can be expected from pp at the ISR, with the luminosities which are

presently envisaged, and with the available detectors. It is hoped that this

" report will be of some use in generating new proposals for the few but interesting

years of pp experimentation.

2. pp at the ISR - Why?

This section follows the presentation by A. Donnachie.

There are three main areas of interest in pp interactioms at energies

up to those obtainable at the ISR.

a) 2n s physics, i.e. primarily the study of the Regge aspects of high energy

interactions.

b) Drell-Yan physics, both in the continuum and for the production of specific

states (J/v, ', etc.).

c) Large Py physics, both for single particle inclusive spectra and for the

study of jets.

At the energies in question, the objective is to open a fresh door into
existing physics via comparison with the corresponding pp interactions. It is

uﬁlikely that pp will provide any new physics at these energies.
For this comparison, the energy requirements are:
(i) - to be sufficiently high for reasonably simple models to be applicable,
(ii) to be sufficiently low for pp-pp differences and/or ratios to be meaningful.

In practice this means ranging between top SPS energies and middle ISR
energies, although one must always be aware of special cases, e.g. if there is
sufficient luminosity teo study T productiom, then this would require top ISR
energies and it should be recalled that the Omega beam dump experiment has produced

significant results on J/¢ production in pp interactions at 40 GeV/c.

=%
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In this talk we discuss these three main areas in turn, outlining briefly
the present level of our understanding and illustrating some of the ways in which
a compariéon of pp with pp can be used to extend our knowledge. This also serves
to give some indication of the quality of data required in pp physics to achieve a

meaningful comparisom.

2.1 Large p_ physics

The standard mechanism for large P, phenomena is shown in Fig. 1, viz.
the hard central hard scattering of partons. Power law scaling for single particle

inclusive spectra arises naturally in this class of model, i.e.

where Xp = 2pt//s. This is consistent with existing data for p, > 1.5 GeV/e,

Vs » 10 GeV. The observed jet structure of large Pt events is also a natural

ingredient and the overall evidence for this class of model is strong.

However, there is considerable uncertainty as to the details of the
model and in particular to the nature of the partons. The data point strongly in

a definite direction, but do not provide an unambiguous solution.

1. Both 7 and K data have n 24 B over the measured X, range (0.05& X < 0.6)
50 that dimensional counting arguments imply that there are six elementary fields

in the hard scatter.

2. The large ratio of jet to single particle cross-sections is essentially
a consequence of trigger bias and is understandable in any model which explains
the towards side correlation data. 1In particular, this includes models with meson

jets, i.e. excited qq states.

3. The away side rapidity distributions provide strong constraints on the
degree of peripherality of do/dE, the parton-parton differential cross—section.

It is consistent with simple ome-particle exchange models in which the exchanged

- particle has spin %, but not Q or 1, i.e. it is natural to identify the partons

with quarks,
These considerations lead naturally to the three models of Fig. 2,
a) Quark fusion (QF) 7
g+q+M+M
b) Constituent interchange model (CIM)

g+M+-M+q
g+ M-+M+ g




+e) Diquark model (DQ)

g+ qg-—+M+qq

g+gd-M+3g

‘The predictions of these three models have been discussed in detail
recently by Chase and Stlrllngl) They show that each model by itself has
difficulties with one or other aspect of the single particle inclusive data, but
that the descrlptlon is greatly 1mproved by taking natural comblnatlons of them,

elther QF and CIM or QF and DQ.

An alternative approach has been proposed by Field and Feynmanz) who

prefer a quark scattering model,
4+q-+q+gq

This has some quantitative problems with the 'meson jet' requirement,

" and obtains the necessary degree of peripherality of the parton-parton differential

cross—section by specifying a suitable phenomenological form for do/df. In general,

the Field and Feynman (FF) model provides a good description of the data, but it

it much more phenomenological than the other three models.

~The basic ingredient of the models is knowledge of the parton distribu-

tions in the beam and target hadrons:

th,th H th’smh’ h=w,p, ...

The quark distributions th,s p ¢an be obtained (at least 1n principle)

q
from deep inelastic scattering and lepton pair production. For the meson distri-
butions it is normal to use the simplest forms comsistent with Regee behaviour

. 1 .
(5 ; - const, V., + X% as x » 0) and dimensional countine.
mh mh ! g

The 51ng1e partlcle inclusive cross- sectlons are of the form

iqh - c p f »1 ._
Edaf- z "P? ! aior R YOy B, (3 )ﬁ,pﬁﬂ(?%‘}

‘where C'is a constant % and m depend on the partlcular model and

X ’X 4!4:-{‘ 9‘:” xl_,;_e.ix.rl'-, fﬁ
2 2
Comparison with the available data show that QF is untenable by itself
and that both CIM and DQ are in difficuityl). However, if CIM or DQ exist, then
QF must also exist at some level, so it is natural to try mixtures of CiM an& QF
or DQ and QF. Typical consequences of doing this are shown in Figs: 3-5, which

are taken from Chase and Stlrllngl)




-Figure 1 :

o

Figure 2

M
a)

: The irreducible subprocesses for the models QF(a),

- DQ(d)

9

(b)

(c) -

The hard scattering model for the large transverse momentum
process A+ B> (C + X

- 99
- (d)

CIM(b), (c) and
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The situation is complicated. On the one hand, there is-FF w1th pehno-
menological parameters and on the other a mix of more specific models, but with
the possibility of different quark distributions. It is clear that we require as

great a variety of data as possible.

- Can -pP help? The answer obviously is yes, 51nce 1n this context the p
provides a beam of antiquarks. A typical example is shown in Fig. 6, whlch is the
ratio (pp + 7°X)/(pp + 9X) showing very large variations among the models (FF
has this ratio identically 1). As a comparison, Fig. 7 shows the ration

(vFp & 7°X) /(n™ p + 7°X) which shows very little variation among the models,

Of course, pp is by no means the whole answer. Different data are
sensitive to dlfferent models and/or to different aspects of the models, and no

single set of data will solve the problem.

2.2 Drell-Yan (and hidden flavour)

_ For Dreli-Yan the process (Fig. 8) and 1ts interpretation are standard,
viz. quark fusion to form a massive virtual photon. The basic ingredients are
the quark distributions in the beam and target particles, Thé major -uncertain-
ties are an inadequate knowledge of the q distributions and the charm (and new
flavour) component in the sea. Nonetheless, ignoring new flavours and assuming
the sea to be SU(3) but not SU(4) symmetric (i.e. ¢ content less than u,d,s

content) yields satisfactory agreement with the data.

For pp -+ 4+&~X contributions arise from VS and 3§ terms, and for.
pp + 2*2™X there is an additional contribution from the VV term. This 1atter

dominates for m/vs large (i.e.s»= 0.1 - 0, 15} and so in most situations o(pp) will

be significantly larger than ol(pp). If we accept that the Drell-Yan continuum

does not begin until M+, — ;;ti GeV, thlS statement will hold even at ISR energles,

although at the top of the ISR range the VV term will no longer be dominant,

The comparison of pp + 2%47X withpp+ 4*0™X is ideal for the study of
the Drell~Yan mechanism, since the reactions involve the same quark and anti-
quark distributions. The interpretation of the results is mnot necessarily straight~
fdrward. since it depends on the explanation of the breakdown of scaling in deep
1nelast1c scattering., Whether this is due to new quarks and anti-quarks in the sea
(i.e. threshold effects) or whether it is due to 'ordinary' quarks giving contribu-
tions varying with Q2, the comparison of pp with pp Drell-Yan will certainly pro-

vide valuable and 1ndeed essential. 1nformat10n.
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e Figureué : The quark fﬁsion.quel for the Drell

~Yan production of massive
lepton pairs : : :

(k)

Figure 9 : The quark fusion model for J/¢ production, a) normal (u,d,s) quarks,
b) charmed quarks : _ : . :
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For J/y production, two basic mechanisms have been proposed. The first
of these is quark fusiona), either by a normal (u,d,s) quark-anti~quark pair con-
verting to the J/y via an OZI violating coupling (Fig. 9(a)} or a charmed quark-
anti~quark pair converting to the J/¥ via a normal hadronic couplihg'(Fig 9(b)).
For normal quark fusion, pp » J/w can have either VS or SS contributions, while
pp + J/V has additionally a VV term. 1If this were the only mechanism, thensat low
energies (M/Vs large) we would expect-c(pﬁ))}'q(pp) and at high energies (M/+s
small) we would expect.u(pﬁ);g u(ppj. For charmed quark fusion, both pp + J/y
and pp + J/y can proceed only via an S§ term, so we would expect ¢(pp) = o(pp)

at all energies if this were the only mechanism,

The second basic mechanism is by cascade uroduction from a y state which
has been produced by gluon exchange“) (Fig. 10). 1In this case we expect
o(pp) = o(pp). An important aspect of this mechanism is that a photon sheuld be
seen in coincidence with the J/y. Note, however, that while the absence of &
photon excludes cascade decay froﬁ a X state, the presence of a photon does not
necessarily imply gluon exchange since a X state can also be produced by quark
fusionS). Experimentally, it is found that a fraction of the J/y's observed in PP
‘collisions at the ISR do come from cascade decays), but this cannot be the sole

mechanism. -

" A comparison of pp and pp production of J/¢ is available at 40 GeV/c?)
where it is found that o(pp)/o(pp)= 7 + 3. This clearly exeludee charmedrquark
fusion (or gluon exchange) as the wole mechanism but is not sufficiently large to
invoke -only normal quark fusion, so at least two mechanisms must bé operative;"
All existing data om J/y production are compatible with a mix of the two quark
iusion meehanisms (e.g, Eigsr i, 12, 13), with normal quark exchange dominating
et-luW'energy (the VV term compensates for the small OZI‘violeting .coupling) and
with charmed quark exchange dominating at high energy (the S8S term is compensated

‘by the large normal hadronic coupllng) : _ L o Lo

~In this model, the 'cross-over' in pp - J/¥ occurs'atﬁQ;BO GeV ‘and in -~
PP~ J/Y at %% 100 GeV, and we would expect o{pp) - o(pp) at ISR'energies.‘-Theré'
is no heed for gluon exchange but it cannot be excluded: it can .be added An -
addition to or in place of charmed quark fusiom. It has been argued that the
failure to observe expllclt charm con301ntly Wlth the J/w, whlch is a natural ,
‘”consequence of normal quark fusion or gluon exchange mllltates agalnst charmed
quark fusion in which some assoc1ated charm would be expected However, there are
possible strong suppression mechanisms, and the current experlmental llmlts are

above what would be expected on this basis.
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Figure 10 : The gluon exchange model for J/y production A

For the present, the choice of model is largely a matter of personal
prejudice. The study of the variation of o(pp -+ J/¥)/o(pp + J/¥) with energy
will be of considerable interest, especially if information can be obtained on
the cascade contribution. The extent of the experimental problem is clear from
Fig. 13, and it must also be remembered that the Drell-Yan background in pp is

much larger than that in pp.

It may be that ¢' production will provide a better test, despite its
smaller cross—section, since there are no narrow ¥ states from which it can be

produced by cascade decay.

The T will alsoc prove of considerable importance. It is interesting to
note that M/Vs for J/¢ at the  beam dump experiment (40 GeV/c) is the same as
‘m/vVs for T at ISR energies, so naively we would expect o(pp)/o{pp) to be the same, o
However, with the multiplicity of mechanisms available it is dangerous to make
any statement other than that comparison of J/y with T for p and p interactions

"will clearly be important.
2.3 4&n s Physics

Differences between particle and antiparticle interactions often show .
structures and/or regularities which are not obvious in interaction cross—sections
themselves, e.g. the power behaviour of. total cross-section differences, and

the cross—over in elastic scattering.
The main aspects of the study of differences are:

a) the behaviour of amplitudes odd under cross—channel charge conjugation,

i.e. no Pomeron to confuse the issue.
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Figure 11 : do/dx, for w* and =~ + J/y at 40 GeV/c
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B dd’/dxF (n.b.) -

o

Figure 12 : dcr/dxF for 7t + J/¢ and p +-J/Y at 240 GeV/c
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Figure 13 ; op for B+ J/¢ and p ~ J/y
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b) is the simple Regge pole/Regge-Mueller picture successful for
differences?

c)  to what extent do differences depend on specific mechanisms, e.g.

does annihilation play any rdle in pp vs. pp?

This subject has been comprehensively reviewed recentlys) and here we

simply list the relevant features.

. ].o UTOt

All particle—antiparticle cross—section differences are consistent with

‘a power decrease, Ac = ys® !, implying a simple Regge picture (Fig. 14). Does

this behaviour continue through the ISR energy range?
2. do/dt

The cross-over (n¥p, Kfp, p¥p) étft]g;—o.l > -0.2 (e.g. Fig, 15) has no

dynamical understanding in a pure Regge pole picture, the explanation being in

terms of absorption. If the absorptive correction is proportional to the comvolu-

tion of elastic and Regge pole exchanges, then
pp : Kp : np 10 op(pp) : & op(Kp) : 2 GT(Fp)
15 : 4 : 2 |
3. Inclusive particle production

The Mueller~Regge approach has difficulties with some features of inclu-
sive cross-sections. However, it does appear to provide a useful model if Pomeron

effects are removed.
a) target fragmentation

The qualitative features of the data are readily explained, but we need

better data (K¥p as well as p*p) for a conclusive test,
¢) central region

At present, detailed checks of models are not possible, although qualita-
tive analyses indicate difficulties for the theory. Considerably more data

(r%p, K¥p as well as pfp) are required.
4, Topological cross—-sections and moments

For wip, Kip Ao, is small and the difference is mainly in the low multi-

plicities. For p*p, Ao, is significant, even for large multiplicities (Fig. 16).

For example, at 100 GeV/c,

9.06 = 0,56 for pp
6.32 * 0.07 for pp

1+

I

Deh

+
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With the usual assumption of &n s dependence, pp will not reach this

pp value of <nch> until ~r 1000 GeV.

2.4 Summary
. Even on the basis of this brief look at the gross features of pp vs. pp
it is clear that there is an interesting programme of physics with p at high

energies, in both SPS and ISR ramges.

tn s physics: oy, do/dt, inclusive single particle cross—~sections, topological

cross—sections and moments.

parton physics : P vs. p providés an excellent test-bed for reaction mechanisms

in large p., Drell-Yan, and J/y, ¥', T production,

Not all the p physics is suited to the ISR, but much of it is and could
form a valid programme. However, the pp-pp differences are expected to be small,
in many cases smaller than the errors on much of the earlier ISR pp data. The
present generation of pp experiments on the ISR is clearly improving markedly on
earlier results, and the important question to ask is whether pp experiments could

match this?
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3. ISR Performance with Antiprotons

This section follows the presentation by K. Hiibner.
3.1 History
Table I

Earlier estimates (normalized to normal Bv* =14 m, IP = 40 A)

Date Author L en? 571 collgction Method

time
1970 vaml? | 4.1025 - 4.1026 24 h SPS - antihyperons - P
1973 u2) 1025 - 6.1025 3h SPS -+ p
1975 HIK3) 7.102% 2 h SPS +
1976 | BoMssT®) | 2.1028 | : 24 h | PS > 5 accu. + e-cooling
1976 MSTS) 3.5.10%8 24 h PS -» p accu. + stoch. cool.
1976. HMSTE) 2.1028 24 h PSl+ P accu. + stoch. cool.

3.2 Upper limit of L -
Ppe o PP

Assume Nﬁ = 0.5-10!2 at 3.5 GeV/c from shutt1e~ring7);

Accelerate in ISR to £ 31 GeV;

i v = 441030 i ~
Scale from the design alue.of LPP 4 10°Y weing L IlIZ/heff
= . 30 . 4_0. w .-.}:.[.}.. . .
Lpﬁ 4+10 (20) ( 20 5 1.4 7

A proton current of 40 A and an antiproton current 6f 20 mA is assumed.
The effective height heff is nowadays 5 mm instead of 10 mm and a perfectly cool
P beam reduces h.f¢ by another factor 1.4; if the superconducting low B is used,
hoss diminishes by a further factor 7. Hence ' '

X L 9,1028 |, 7
PP faon e 2

Table IT

- Reasonable Expectation for Lpﬁ

Normal B: = 1l4m Low Bi = 0.31m

1028 1029




: bunches; they were trapped and accelerated to 4.06 GeV/ca).

where the following accuracy is 107 %, _ _ Y
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3.3 Items examined

a) p-source

Momentum of 3.5 GeV/c is low. We plead for a higher energy, if possiblé
above ISR-transition (= 8.3 GeV/c). We expect that the antiprotons come in 5

bunches éreated by a 9.5 MHz system in the shuttle-ring.
b) Transfer

p's remain in TT2a until they are past the puised part of TT2. They

" will be transferred to TT2 by two slow switching magnets. Fig. 1 shows the lay~

out.

c) Injection and trapping

Has been tried with protons at 3.8 GeV/c. We injected 18 mA in 4

I'=0 U =16 kv - Ahucket = 0.038 g = 360 Hz

. ‘the RF accepts a bunch area of Ab = 0,032 = 2 times the usual proton bunch area.
" the lifetime was 80 minutes when the kicker was withdrawn. A proton beam was

~injected at 3.5 GeV/c and accelerated to 8.3 GeV/c in a recent experiment

{A. Hofmann et al.).
d) Acceleration

According to S. Oliver p/p = 3.10™% s7! is used for accelerating stacks
from 26 to 31 GeV, Single pulses have been accelerated with 4.107% s ! with a
following accuracy of 5.107"% in the power supplies. . Since one wants to be very

careful with the p-pulse the rate should be limited to -

p/p = 6.107% ™1

Attenuation of the magnetic field by the copper heat-shields sets in

only at ﬁ/p <1587} 9), and is therefore of no importance.

The present tuning system of the ISR-RF system provides f = 40 kHz/min
but can be speeded up easily, if required, according to H. Frischholz. The finite
ﬁoltage of the RF (=16 kV) and the réquired bucket area set another limit to
acceleration. If one assumes a bucket area of 15 mrad, about the usual proton
bunch area, one gets the rate shown in Table IIT which gives a summary of these

limits.
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Table IIT

Limits of Acceleration Rate

, Poax in (MeV/c)/s limited by
GeV/ec | RF-tuning RF voltage Power supplies . Comments
3.5 | 205 2300 (r=0.45) 2.2 injection
8.8 3260 - 5.3 Y = Yer
14.3 14000 - 4300 (1=0.84) 8.9 = Y = Y, o V3
31 14200 4400 (T=0.87) 19 top energy

Howéver, it is believed that neither of these limits will determine the
total acceleration time, but rather continuous control of Q and orbit, which is

known to be very tedious.
el Transition,

A, Hofmann proposed to cross transition by displacing the bunch across
the aperture. Let us assume that the magnetic field is constant. TFig. 2 shows

v and Yiy versus x for the FP-line. The pulse sits at - 40 mm prior to crossiﬁg

occupying for €y = 20m mrad mm a width of
: g /7 max
§xg = ¢ =% 9,6
. B ‘ BY BH 9 mm
5><p = = 1 mm<< §xB

Accelerating the bunch (15 mrad) in a three times blgger bucket w1th
C =16 kv, I = 0.5, p= 2.6 GeV/c/s brings it within 67 ms to trangition. The
change in parameters is very non-adiabatic since the particles will have made only
1/30 of a phase—oseillation during this time. Thus tran51t10n can be passed

ea511y in this way in the limit of vanishing space charge forces,

. However, it is known from the PS that space charge and negative mass

1nstab111ty play a r8le at 101! particles per bunch. A preliminary estimate hy .= . "

W. Hardt with our parameters indicates that these effects are indeed serious.
By how much this will blow up the bunch and cause concurrent beam loss due to
limited RF—acceptance is not known aﬁ present; only a detailed.study.would re- -
veal it. This study could also examine the beneficial effect of a Yip —jump as
used In the PSIO) The table below gives a comparison between available speeds;

the ISR values were taken from Fig. 2 taking into account y = 2,6 s~ from before.
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Table IV

Comparison

ISR PS (ytr-Jump)
S—l S"'l
Y 2.6 50
Yep ™ 7.9 - 120-50 ‘

Debunching the p-beam at injection and trapping it in 30 buckets might

alsc be helpful since it reduces the intensity per bunmch by a factor 6.

f)  Cooling and beam blow-up at 26.6 GeV T

In order to gain = 1.4 in luminosity the height of the antiproton beam
mest be reduced from, éay, Smm to 1 mm by a stochastic cooling system which has

also to maintain this small height of the beam over many hours.
The results of the cooling experiments indicate, according to W. Schnell,
that one may hope for an initial rate of ‘ '

1o 27 per min
Te

and a compression factor 5 within two hours from the 1 ~ 2 GHz system without
undue extrapolation. As a matter of fact, L. Faltin has achieved this compression
factor with 500 A and H. Henke has shown that the initial cooling rate of a 5 mA

beam is identical to the one measured with 500 pA.

g) Experimental magnets : N
i

SFM

According to K. Brand the crossing point will be displaced by 27 enm
(cf. Fig. 3) in the longitudinal direction; hence a new vacuum chamber is required.
On top of it an aperture restriction for the p's will be generated in the shielding
channels of the SFM because they are adjusted for operation with protons. However, - -
L. Resegotti suggested that this limitation could be overcome by making the channels
moveable, The SFM field would be reduced by pinj/pfinal during p injection and
acceleration, then ramped to the desired value. Only then would one inject the

protons.
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Solenoid

The proton beams are displaced by 9 mm in the centre of the solenoid,

the antiprotons by ~ 9 mm if the present correction scheme is applied, K. Brand

has designed special bumps to make the displacement zero in both rings. TFig. 4

shows these bumps for the p-ring; the bumps in the p-ring are the same except of

opposite sign. Obviously, these bumps will reduce the vertical aperture_ﬁp— and

downstream of the intersection for p's and p's. The bumps should be re—examined

for the superconducting low R insertion.

T. Taylor

3.4

increased

3.5

Axial Field Magnet

The same considerations as for the solenoid apply. According to

the displacement is only 4 mm which eases the correction.
h) New hardware

* Transfer of p from TI2a -+ TT2
* Polarity reversing switches for main magnets

% Lenses and power supplies for a Yep—jump?

i) Operational problems

Low intensity beams which are very rare.

Conclusions
® A luminosity between 1028 to 10?° cm 2 s™! seems to be possible.
® Crossing of transition needs attention. Two lines of attack are

recommended: i) theoretical study
ii) try it with protoms injected close to transition
" to avoid painful ramping.
® A cooling experiment with a 20 pA beam should Ee performed to
demonstrate that our extrapolations are justified,
® A higher injection energy would be extremely useful, especially
if one could avoid crossing transition!
* All experimental magnets can be used if adequate provisions are

made,

C. Rubbia suggested to consider whether the luminosity could not be

by using low intensity but well cooled beams.

Acknowledgements

This compilation is based on the discussions between K. Hubner and

many of the colleagues in the ISR. They are all thanked for their interest.




10)

_32_

References

1) 8. van der Meer, GERN-ISR-PO/70-5 (1970)

2} K. Hubner, CERN-ISR-TH/73-19 (1973)

3) K. Hibner, K. Johnsen, G. Kantardjian, CERN-ISR-LTD/75-45 (1975)

4) D. Mohl, L. Thorndahl, P. Strolin, G.I. Budker, N. Dikansky, A.N. Skrinsky,
CERN-EP/76-03 (1976) -

5) D. Méhi, T_;. Thorndahl, P. Strolin, CERN-EP/76-05 (1976)

6) K. Hilbner, D. MShl, L. Thorndahl, P. Strolin, CERN-PS-DL/76-27 (1976)

7} 5. van der Meer et al,, CERN~SPS-DI-PP/77-9 (1977)

8) A, Hofmaunn et al., ISR Performance Report, 12.9,77

9} J-P. Gourber and K. Riubner, ISR Performance report 2.12.73

W. Hardt, IXth Int. Conf. on High Energy Acc., Stanford (1974) 434,

A, .-“
S




o

o

_.33_.

4. Low Multiplicity Reactions with Antiprotons in the ISR

" This section follows the presentation by G. Matthiae,
4.1 Introduction

The success of present coollng technlques allows one to expect 31zeab1e
values for the luminosity of antlproton—proton colllslons at the ISR, Actual
estlmates lead to the value L & 2 x 1028 ¢n™2 57! in a normal straight section
whlle in'a 10w~B section the 1um1n051ty will be about 7 times larger. As showm in
F1g 1, the expected value of the pp 1um1n031ty at -the ISR compares rather well
to. that obtalned with secondary beams and fixed target experiments at conventional

accelerators.

S

The 1uminoaity of }028 em™2 571, whiech is about a fector of one thousand
less than the present 1uminosity of the ISR for pp collisions, will be obtained
with a proton current of 30 to 40 A and an antiproten current of about 30 mA. The
signal over background ratio will therefore be about one thousand timea 1eséffbf

pp collisions than it is at present for pp collisions. This may cause difficulties
in experiments at low counting rate and in th05e which are especially sensitive to
background. On the other hand, for elastic scattering experiments there«shquld

be no problem. 1In fact, tests made with proton currents of a few Ampa in oné ring
only using the small angle elastic scattering set-up (CERN—Rome) and the elast1c
trigger at the SFM of the CHOV group, demonstrated that elastic scattering measuke-
ments would be feasible even for a luminosity of ~ 1026 cm—2 e -1 (Amaldi et al.

CERN 76/12, page 152).

4.2 Total Cross—section

By extrapolating the power law trend of the tdtal erose—section aiffe—_
rence (pp)~(pp), one finds at ISR energies values of 1 - 2 mb (Fig. 2.a)). This
conclusion is supported by the high-energy extrapolation of pp and pp total cross-—
sections as obtained by 1nsert1ng into dispersion relations the recent ISR results

on the real part of the pp forward elastic amplitude (Fig. 2.b)).

At the ISR, by measuring the total interaction rate and the small angle
elastic scattering rate at the same time, both the total cross—section. and thHe
machine luminosity were determined (PSB + Cr, 1975). ‘The value of the-luminOSity

given by this method, agreed with that obtalned from the _standard Van der Meer

method within #0,9%., Omce it is known that the Van der Meer method provldes the

absolute calibration of the machine luminesity to better than *1%, the simplest’
method for measuring o is that based on small angle scatterlng.r This method is
also’ leSq sensitive to background than that. based on the measurement- of the inter—

action rate.
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The accuracy on g_, reached for pp collisions was of 0.3 to 0.4 mhb.

t
For pp, the forward slope being larger, one may guess an error of about 0.5 mb.
Consequently the total cross-section difference (pP)=-(pp) would be measured with

an error of about 0.6 to 0.7 mb.

4.3 Elastic Scattering

The measurement of elastic scattering in the Coulomb interference region

is feasible. However, the requirement of narrow and clear beams, which implies

. a proton current of only a few Amps, together with the need for a large statis-

tical sample, makes the determination of the real part, with the same accuracy

which may be reached in pp collisions, rather problematic. The knowledge of the

real part is, however, quite important in view of the fact that it complements
the measurements of the total cross-section and, through dispersion relations |
analysis, allows to estimate the behaviour of the total cross-section at higher (

energies. , (e

A compilation of data on the ratio p of the real to the imaginary part

of the forward amplitude for pp and pp scattering is shown in Fig. 3.

Data on the slope of the forward elastic peak are shown in Fig. 4 for

pp and pp scattering. In the very small t region, around 0.05 GevZ, data are

available only for pp scattering. They came from gas jet experiments and from

the ISR.

Results on pp and pp elastic scattering from 50 up to 175 GeV/c and for
-t £0.8 Gev2 as measured by the Single Arm Spectrometer group at FNAL are shown
in Fig. 5. From the comparison of the pp and pp data, the position of the cross-

over point, tes is obtained, which seems to show some energy dependence.

For pp scattering, largeltldata abovea few GeV/c incident momentum are

missing (Fig. 6). . _ (ﬁi

It should be stressed.that detailed studies of the'shapé of pp and pp
angular distributions in "the diffraction peak region can easily be made at the ISR
even with a luminosity of the order of 10%% em™2 71, 1In fact a sample of data
{ ~ one million events) similar to that collected in 1971 by the ACGHT collabora-
tion (Fig. 7) could be obtained in pp collisions with L = 1028 cm™2 s~! in about

2 days of running time.

In Fig. 7 the most recent ISR data on large t elastic scattering from
the CHHOV group are also shown. These data were obtained ﬁith the SFM using the
elastic trigger which has a-iarge acceptance (30 - 40%). The same experiment, if
repeated for pp with a luminosity of ~1028 ™2 g7 would lead to explore elastic
scattering up to a eross-section value of about 5 x 10~8 mb/GeVZ2, corresponding

for the pp case to a maximum |t] of about 4 GeVZ. - The displacement of the crossing
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point in the SFM for pp collrsrons, which was calculated to be of about 30 ¢cm (see

K. Hubner's report), should not cause any serious complications.

The simplest and. intuitive way- to understand‘differences between thé
pp and the pp systems is provided by the impact parameter representation. A
summary of results on the values of the inelastic functlon G (b 8) at b =0 as
a functlon of s for pp and PP, on the dlfference of the two’ proflle functlons
[pp(b) and [pp(b) and on the energy dependence of Gin(b) for pp COIllSIOnS is

shown in Fig., 8,

The picture that emerges from these data concerning the validity of
geometrical scaling and the increasing peripherality of the collisions at higher

energles would clearly benefit from studies of pp scatterlng at ISR energies.

4 4 Twombody Inelastlc Reactions

Quite a lot of work has gone into single and double diffractive dissocia-
tion et_the ISR. Limiting ourselves to the reactions where the excited system
'ié identified, i.e. its ‘quantum number is known, a summary of results is shown in
Fig. "9. The excitation of systems with T = % shows a very, weak energy dependence.:
On- the contrary, the charge exchange reaction pp + nA** shows at’ low energy
(PLABf% 25 GeV/c) the well known behaviour o "’PLAB which' is usually interpreted

as due to m exchange, However, recent data from the CHHOV collaboration ShOW‘that;
just in ‘the ‘energy range of the ISR, the energyrdependence'ofrthe'cross-section
becomes more gentle (g ~ PLAEI)' This result indicates that at high energy the

_ exchange of trajectorles with higher 1ntercept5 (p, Ao) becomes the dominant con-

trlbutlon.,‘ -

il

] W

W.‘,.f For“pp collisions a eompilation of reactipn; with Charge exchange
(ep ~ nﬁ),,srrange meson exchange (pp - AL) and baryon exchange (pp » n'1') is
shown in Fig, 10. For the first two reactions the expected crosss -section 1n=‘w‘_
the ISR range.is of 0.1.~ 1 ub which, for L = 1028 cm T2 871, leads to‘expect,dl

L

few hundred events per day S o T it
4,5 Conc1u51ons

Even- Wlth the rather low 1um1n051ty Of 1028 em 2 §7! there is room for

' ‘1mportant measurements’ on the pp system.' The pp total cross—section can and should

Tbe. measured Flastic. scatterlng could be measured up to -t = 4 GeVz, well beyond

the dip of pp scattering, using exlstlng equrpment (SFM). The accurate comparison

of the shape of the angular dlstrlbutlon of pp and pp elastic scatterlng is perhaps

the most 1nterest1ng toplc.'
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5. Large Cross—sections

This section follows the presentation by P.L. Braccini,

According to prevailing theoretical -ideas, pp and pp induced reactions
are expected to converge to a common behaviour with increasing emergy. This is
most generally'expreSSed in terms of Pomeron dominance. The Pomeron now appears
as a complicated object when analyzed in terms of J plane singularities. Never-
theless it remains even under charge conjugation with identical contributions to

pp and pp reaction amplitudes.

5.1 Total cross—section

Accordlng to the Pomeranchuck theorem the ratlo of the pp and pp total

‘cross— sectlons is expected to become unity at asymptotlc energies. According to

prevailing theoretical models the pp and pp ‘cross-sections are expected to quickly
and monetonically become equal, their difference decreasing:according to am in-
verse power (Regge) behaviour. This is compatible with present data (Fig. lj

and calculations of p, which meet so well the CERN-Rome data, take into account the

rising pp cross~section but also its merging with the pp cross-section. As is

‘well known, this implies that the pp total cross—section should rise over the ISR

energy range (Fig. 1} a property which should be tested.

If one may check that the pp total cross-— sectlon reaches indeed the
expected values, one may however not hope for a very precise measurement. Thls
is illustrated by Figs. 2 and 3, Fig. 2 shows how total cross- sectlon measure-

ments at the ISR have improved with tlme. One has arrlved at a preclslon whlch 1s

well helow the mb. Nevertheless, the dlfference between the pp and PP total cross-

sectlons ie also expected to be of that order of magnrtude. Thls 1s shOWn exp11~
cltely in Fig, 3 which glves the extrapolated (Regge) behav1our expected to hold .
through the ISR energy range, together w1th the type of prec1510n whlch could

be reasonably hoped for. Onre should be able to reach the prec131on of present PP

measurements. However, one cannot expect to go beyond

One may then conclude that the aim 1s elther to ver1fy that the pp total
cross-— sectlon behaves as predicted (Flgs. l and 3), or to flSh for a v101ent

dlsagreement which we have however no reason to ant1c1pate from the present

"knowledge of p. If a check of the expected behevlour results one should say that

nothing very precise could be expected as to how exactly the two cross-sections

-approach their common behaviour (Fig. 3).

5.2 Particle production

At low energy the annihilation channels, proper to pp, provide important
and specific effects. Their relative importance is expected to disappear as one

goes to higher and higher energies. This can be first verified with mean multi-
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plicities and multiplicity distributions. Experimentation of the ISR can be

conducted in such a way that pp and pp induced reactions can be studied in turn
with the same detector. Many systematic errors can thus be eliminated. Fig. 4
shows the mean charged multiplicities in pp and pp reactions, together with the

(Werbensky) parameter &n_»/D.

At lower (Serpukhov and Fermilab) emergies one knows that pp and pp
induced reactions differ mainly through their rather low multiplicity components.
This is shown in Fig. 5. This is readily associated with the annihilation cross-
section and, as shown in Figs, 5 and 6, the corresponding contribution decreases
rapidly with energy. It would however be very interesting to follow this trend
through the ISR energy range. Similarities and differences in large multiplicity
configurétions, the analysis of which has recently made much progress (see
ISR WORKSHOP/2-17), should also provide important information about hitherto

poorly knmown production mechanisms.

The difference in topological cross-sections shifts to higher and
higher multiplicities as it falls in magnitude. This is an expected behaviour for
a contribution associated with annihilation. Yields in particle production in pp
and pp reactions are expected to converge toward each other to the extent that
their respective increases are associated with the contribution from the central
region. This is shown in Fig., 7. Rapidity distributions still show important
differences at Fermilab energy. Whereas proton fragmentation into ©~ appears

(as expected) to be the same whether bombarding the target proton with proton or

 antiproton, the low center of mass energy particles are still in excess in pp

induced reactions. This again is most generally expected from the contribution
of annihilation reactions (Fig. 8). One then expects however the difference in
pion yields at wide angle to decrease with energy. As shown by Fig. 9, the ISR

range is such that this difference should still be non-vanishingly small.

Conclusions are then similar to those arrived at in the case of the total

- eross—~section, There are differences in yields which are expected to gradually

disappear with eneérgy. They should still be sizeable over the ISR energy range

to allow for checks of the expected behaviour. One should find that yields con~

verge as they'are expected to (within errors) or meet an unexpected behaviour with

‘large differential cross-section differences.

The energy behaviour of the annihilation cross-section can certainly
be followed through the ISR range., Specific triggers could be implemented.. This

is a very interesting topic.
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Improvement in detectors (in particular the upgraded split field magnet)
should allow for some quantum number identification over a wide angular range,
One could also think of A and K distributions as determined by V®'s. Comparison
between pp and pp induced reactions would then be very useful at analyzing quantum

number correlations.

One may indeed say that quantum number excitation is a very important
phenomenon at very high energy, with cross—-section for strange particle énd baryon-
antibaryon pair production increasing rapidly from PS to SPS energy. Yet, little
is known about the relevant dynamics for lack of information about quantum number

correlations. This still deserves much effort.

One may think of comparing diffractive excitation reactions in pp and pp
induced reactions to actually check the diffractive character of the process more

than anything else. The relevant information would nevertheless be very useful

in view of questions raised about the detailed enerpy behaviour of inelastic

diffractive processes, as discussed in ISR WORKSHOP/2-10 and 2-17.
3.3 Conclusion

Even though no drastic effects are expected, differences between pﬁ and
pp induced reactions are large enough to be measured, Expected convergences
should be checked even though one¢ may not hope for any detailed determination of
how cross-sections merge. Surprises could still be met. The rdle of annihila-
tion at such high energy is worth an anﬁlysis. Quantum number excitation still
offers interesting questions. A comparative analysis of pp and pp reactions should

be very useful.

6.. Large p. Phenomena in pp and pp Collisions

This section follows the presentation by K., Hansen.

I cannot talk in general about what and how we could do in the field of

large Py Physics, if we had antiprotons in one ISR ring and protons as usual in

the other. So I have to keep to a couple of p01nts and examples.

What eventually can be studied in this fleld are the patterns of momen-
ta and quantum numbers carrled by the partlcles emitted from the collisions, and

in particular as stressed by Domnachie in his presentation comparisons between

these patterns from pp and pp collisions.

As well the single particle inclusive spectra as the correlations between

two or more particles are potential sources for such studies.
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What we are after are of course useful landmarks for the possible ideas
about the relations between the high Py phenomena and the quark beams brought in

by the colliding hadrons. Discussions of the rSles of possible basic schemes.like

qq = 44
gM + gM
qq > MM

may serve as examples.

From the field of single particle inclusive spectra we know already

interesting quantities like particle ratios, as for example:

do_(pp ~ K* + X}
do (pp + K~ + X)

do (pp » at + X)
do (pp > 1 + X)

as functions of X = pt/Pbeam at a fixed cms angle, and so-called beam ratios like

do_(pp » 7° + X)
do (v p > 7 + X)

as functions of x, and collision energies at a fixed cms angle,
I refer here to the review of this field given by Professor Donnachie.
It is clear that beam ratios like for example

do (pp > K~ + X)
do (pp ~ K + X)

will be useful pointers for the ideas trying to conmmect the large p, phenomena

with the quark beams and their collisions.

Note that all the interesting, useful information from these quantities

oceur at xg ;5 0.1.

As for the correlations between the quantum numbers carried by the par-

tlcles in hlgh p, events I will use our own (BFS) preliminary results from R 413

experiment as an example of the type of phenomena.

In R 413 (British-French-Scandinavian Collaboration) we study pp colli-
sions (Vs = 53 GeV), in which a high—pt charged hadron is emitted at 90° in cms,

The triggering hlgh P, hadron is measured and identified in the momentum range

0.5 ~ 4.5 GeV/c by use of the old Brltlsh-Scandlnav1an spectrometer, WAS (Wlde

Angle Spectrometer), and the associated particles are studied with the Spllt Fleld
Magnet and its detector, giving electric charge and momentum vector for about 2/3

of the associated charged particles,
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Here we have learned that the general, global features of the events
-assocliated to a given type (ri, Kt, pi) of trigger particle does not depend very
much on the trigger type. Over most ofrphase—space there are only small (~107)
differences between the particle densities associated to different trigger types,
but in specific high—pt regions we do see some differences, when one type of

trigger particle is exchanged with another one,

A particular interesting effect is pointing out K~ and p as something

spec1al among the six types of trlgger partlcles.

In Flgure 1 is shown a comparison between the average number per event

of observed particles recoiling on the away side in the region

transverse momentum : P, > 1 Gev/e
rapidity : ylel
azimuthal angle : (6] 300

(¢ = 0° in the beam—trigger plane)

for each of the six trigger types as a function of the trigger momentum. The
above-mentioned close similarity between the observed associated particle densi-
ties is seen together with an indication of a deviation from the common pattern

in the case of K and § triggers with trigger momentum above 3 GeV/c.

If ome goes a step further out in p, of these recoil particles, to
pt<> 1.5 GeV/c, we see the picture, shown in Figure 2, It is seen that for
Prrig > 3 GeV/e the recoil to K~ and § contains few negative particles compared
with the recoil to ~ triggers, while the content of positive particles is approxi-

mately the same.

The p, dependence of the observations is shown in Figure 3; where it is
:seen that p, of the reccil particle must be larger than about 1.5 GeV/c before

the effect shows up clearly.

The observed effect is summarized in Figure 4, which for trigger momenta
3L PTr1g<: 4.5 GeV/c gives the average number per event of observed pOSlthE and
negatlve particles on the away side in the region ' '

ly] <1
Py »L.5 GeV/c
for thé sixz dlfferent types of trlgger partlcles. The ratlo between the observed

densities of aSSOCIatEd positive partlcles and assoc1ated negatlve particles is

”‘close to 1 except for K ‘amd p trlggers, for whlch the ratio is close to 2.

The ¥y dependence of the observed assoc1ated particle densities -is shoéwn

in Figure 5.
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No correction for acceptance effects have been applied to any of the

quoted preliminary results.

Note that the effect is only visible, when the trlgger particle fulfills
the condition x. » 0.1.

Such correlations between the quantum numbers of the leading particles
in the two jets are not contained in a straight forward picture built on the idea

of collisions between the two incoming beams of valence quarks.,

Looking for a general reason for the observed features we note that X~
and p are distinguished among the six trigger types (n¥, K*, p*) in their relation
to the colliding protons by not having any valence quark in common with the pro-
tons. Therefore the particular behaviour of events triggered by a K~ or p with
xt;> 0.1 could well be a consequence of 2 mechanism, which requires a collision

of a sea quark and a valence quark in order to give the required K~ or p trigger.

This is different in pp collisions where all six particle types have

at least one valence qudark in common with one of the incoming particles.

If this difference in "quark sharing" really is the main thing behind
the observations, we should therefore not see the similar effects in pp collisions.
(At 90° in cms charge conjugation symmetry will of course give rise to special

constraints in pp so investigations must be carried out also away from 90°.)

This is an example of a quantum number correlation effect, which,
together with the particle ratios and beam ratios derived from the single particle
inclusive spectra, to my mind indicates sufficient interest in comparative studies

of pp and pp collisions to make them worth while, if possible.

Are they possible, if we can have one ISR proton beam replaced with a

p beam leading to a luminosity 1073 - 1072 times the present pp luminosity?

In two directions we can see a development from the past experlments to
the future ones, which will lead to an increase in efficiency of trlggerlng on
high Py reactions and in analysis power by factors, which are'blg enougn to fight

the decrease in luminosity.

In the period from the start of the ISR and up to now the apparatus -used
for measurements of single particle inclusive spectra and for triggering on identi-~
fied hadrons with large P, have had acceptance solid angles of a few to ten mster,
while some of the apparatus (for example R 807) now planned or under comstruction
aims at corresponding solid angles of the order of one steradian, This increase
by a factor of mg 100 in acceptance solld angle is one of the developments that

" ean balance the decrease in luminosity.
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Another way of increasing the efficiency of triggering on high p, reac-

‘tions is the use of a calorimeter trigger as now under way for example in R 807.

From the recent calorimeter experiments at FNAL (E 260) and from "charged particle
calorimetry" experiments performed by analysis of the Minimum Bias samples studied
in R 413 we learn that a "jet-trigger" is more frequent by a large factor (-w100)

than a single particle trigger in the p, range 3-5 GeV/c, 80 also here is a useful

factor available to balance the low luminosity,

-Bo my conclusion is that it is both possible and promising to study
high P - phenomera from pp collisions in the ISR, even if the lumanSLty is as low

as 1073~ 1072 times the present one.

Finally T would like to stress that while the region x. » 0.1, where the

. interesting high Py quantum number effects show up, is accessible for experimental

investigations for pp collisions at ISR energies, where it is populated by particles
with p. > 3 GeV/c, it will be extremely difficult to investigate in general for
pﬁrcollisions in the SPS with 2 x 270 GeV/e. But of course the 2 x 270 GeV pp in

' 8PS are promising in other respects, as for example a #° search.

7. Lepton Production in pp at the ISR

This section follows the presentation by F., Vannucci,

It has been proposed to fill one ring of the ISR with an antiproton beam
coming from the cooling facility envisaged at CERN. The energies reachable in

such 'a machine would be comparable to the ones achieved now i.e. up to 31 GeV per

- beam, but the luminosity would be of the order of 102% c¢m™2 s~ ! while the present

pp machine easily reaches a luminosity higher by 2 orders of magnitude.

We study here the interést of such a new machine in'the domain of lepton

physics,

7.1 Leptons as Probe for New Phenomena

Most if not all of the experiments now running at the ISR are searching

w.for leptons, either in pairs or produced at high transverse momentum. Thls fashlon

seems to have been triggered by the dlscoverles of the past few years and every~
body now hopes to see a bump in a dilepton mass distribufion or an anomaly in
some correlation preferably involving leptons. Historical reasons are not the
only ones to explain the present interest in .lepton searches, and I see two good

reasons to continue lepton hunting in the present and in the near future: :

a) new phenomena appearing at one time, always show up with very small cross-
sections (otherwise a previous generatlon of detectors would have detected them).
The search for "new physics" ‘in hadronic reactions is then extremely difficult,

because of the overwhelming background due to the "old physics'. Experimentally
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leptons have the advantage of a characteristic signature, and are relatively easy
to extract out of an hadronic ocean. Both muons and electrons allow a trigger

on rare events and it is tempting to link rare events with rare phenomena.

- Theorists then give arguments to look for leptons : 2Z°, W, new qq states are
predicted to have important branching ratios into purely leptonic decays. Besideg
this lepton pair production is a priori one of the best tests to study nucleon
structure. Lepton pairs are produced, at least for some fractiom, through the

so—called Drell-Yan mechanism, and testing the predictions of this model gives a

good way of observing effects related to particle constituents.

7.2 Advantages of pp over pp Reactions

The Drell-Yan process and some of the models trying to explain the new

particle production involve an annihilation at the level of the hadron constituents.

Very naively we can picture this process as follows : a quark of momen-
tum xj 7; annihilates with an antiquark of momentum X, 7; to produce a virtual
photon of mass M2 = X, X, S. In pp reactions we have to have annihilation between
one valence quark and a sea antiquark. On the contrary in pp the annihilation can
take place between a valemce quark and a valence antiquark from the p. In that
case x,as le;-% (?) and one can reach %; fairly high (+1 ?)}. 1In the pp case
X, <€ X, and %r is expected to be much smaller.

- 2
Thus pp allows regions of %?- much higher than pp, and the difference

between pp and pp will better reveal itself at large %; » that is at high dilepton

- masses, for similar initial energies.

An interesting experimental result has its. place here : the omega spec—
trometer group at the SPS studied production of J/Y initiated by beams of p and p.
They found the following ratio between cross—sections : .

g (p) / o (p) = 0.16 ?_r 0.08
) )

. In that experiment E%jﬁﬁo.l. This result seems to support the annihilation scheme

in the formation of new particles, and at the same time emphasizes the interest

of.ﬁ for such productions.

Now for the production of the dileptom continuum, Drell &nd Yan have
suggested that this production is dominated by the elementary process of qg

annihilation into a time like vy which then comverts into a dilepton

i
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The Drell-Yan mechanism predicts a scaling behaviour :

2 2
3 d“o - m.
dmdx - F S)
where . F (—"J I k qk (x,) qk ()

k=

qﬁ (x) is the fractional momentum distribution of flavor k in particle A. The sum
runs over all quarks and éntiquarks. X * = exp (iy) ézu Vs is the center of mass

entergy, y and m the rapidity and mass of the lepton pair.

In pp the main uncertainty comes from the parametrization of the anti-
quark distribution in the sea, Figure 1 shows various fits to the Fermilab dilep~
ton results with various antiquark distributions. In PP the annihilation mainly
takes place among valence quarks, and this process is much easier to 1nterpret.

By comparing pp and pp data, taken in similar conditions, one cam estlmate the

sea quark contribution and in pp extract in an easier way the valence quark distri-
bution. This test of comparing pp with pp is best dome in a region where- this
difference is large. Again the region of interest is Egiéb 0+1. This is clear on

Figure 1 where a Drell-Yan caleculation for PP is shown. Practically the machine

-which is proposed would give beams comparable in energy to the energies obtainable

now at the ISR but with a real limitation coming from a luminesity roughly 2 orders

of magnitude lower than presently achieved for pp collisions.

We saw that we can expect a gain in cross-section for the production of
new particles by using pp instead of pp. This gain is at most a factor smw

100 for E%—;: *l and thus just compensates the loss in luminosity for masses around

.20 GeV/c2 if the machine rums at vs up.to'60 GeV. For smaller masses the whole

luminosity loss directly affects the countlng rates. At high masses the cross-
sectlons become very low anyhow.and it is fair to say that if no new state is
found in pp with the present detectors it is very improbable that pp would help

us make any discoveries.

On the other hand the study of the continuum must bring some new infor-
mation about hadron structure. <Quark distributions in the hadrons presently come
from deep inelastic scattering experiments. The comparison between dilepton mass
distributions is most revealing where the difference is largest : at high %; .

The present ISR produce masses above 15 GeV/c2 at neasurable rates, and so this
comparison study seems a realistic enterprise. Actually the ISR are very well
suited for this study. Because of the scaling low predicted by the Drell-Yan
formula, the cross-section for a fixed mass increases when s increases but the gain
levels off. A higher energy machine would have more difficulty to reach the.same
%; and it seems that the ISR have here a "creneau" to take advantage of. Obviously
cross—-gections in the region of interest stay extremely small and this entails the

use of large acceptance detectors.
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7.3 Lepton detection

a) Muons

Experimentally muons are what is left over when hadrons have been fil-
tered out by shielding. There are two main sorts of background when one is dealing
with muon detéction : badron punch through and = or K decays before the absorber.

A good muon filter has many collision lengths stérting as close as possible to the
production vertex, But matter also means multiple scéttering and the momentum
resolution is relatively poor if the measurement takes place inside or after the

magnet.

As an example the present R 209 detector is shown in Figure 2. It is
composed of large slabs of magnetized iron which give a minimum of 15 collision
lengths on the path of the particles, starting 50 em from the interaction.

Because of its relative simplicity the detector covers about 60Z of 4w total angle

but the mass resolution for dimuon pairs is not very good : %§4ﬁ 10Z.
b) Electrons

There are several ways of detecting electrons. One can use gas Cerenkov
counters, one can detect the development of the electromagnetic shower in lead-
scintillator sandwiches, lead glass counters or liquid argon calorimeter. The
rejection against hadrons can be very good if one uses simultaneously different
kinds of detectors and checks the compatibility between shower energy measurement
and momentum measurement in a spectrometer. Little matter seen by the tracks,,

allows very good resolution.

As an example experiment R 806, pictured in Figure 3, uses tramsition

radiation detection and liquid argon calorimetry. The relative complexity of the

apparatus and also the necessity of using various cuts to select the wanted signal,
limit the acceptance to a few per cent of 47 but the resolution Am/m & .10/vm can

become very good at high masses.

Mucn and electron detections represent two very different problems to

solve:

Muon detection works well in a hot environmment, thus allowing high lumi-
nosity and giving high sensitivity.' Large acceptance detectors can be built with
hadron rejection quite adequate at high momenta. But the limitation remains the

poor resolution, due to multiple scattering in,the'absorber?

On the other hand electron detection allows better hadron rejection,

much better resolution but the luminosity cannot be too high.
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The ISR fllled with p in one rlng Wlll be a low luminosity machlne.
One does not expect more than 101+ charged tracks produced per second. This is
fully tolerable for good electron detectlon and the advantage of u51ng muons
instead is lost. ' It seems then reasonable to concentrate on electron physics in

this proposed machine, in order to get the best possible precision. If quantity

cannot- be achieved in any case because of the machine limitation it is certainly

wise to try to achieve quality of measurement, This does not exclude some muon

~detection ‘in conjunction with the electron detection, to study yi, e correlations.

Among the set-ups now runﬁing at the.ISR, R 108 seems to be the ciosest
to match the above requirements. The detector is shown in Figure 4. Its eesential
characteristic is the use of a superconducting solenoidal magnet. The solid angle
covered for charged tracks is around 60% while lead-glass counters cover 107 of
4n for electron identification. The resolution is Ap/P 2 .07/VE in the lead glass
erray. The weak point of this detector is the relatively small solid angle where
electron detection is possible. If no new apparatus specially conceived for pp

reactions is to be built, it seems that an improved R 108 would be a well suited

detector. Improvements could go into two directions: larger solid angle coverage

for e identification possibly by detecting electrons imside the magnet, and muon

identification outside the magnet, using the return yoke as filter.

Still lepton physics basically is a physics of high luminosity. The
machine now envisaged will probably give some interesting results, but the low

luminosity will remain its greatest limitationm.-

8. The Ortho-ISR Scheme for Protonium and Baryonlum Spectroscopy in Fllght

ThlS section follows the presentatlon by U. Gastaldl. _
8.1 Introductlon

Precise and complete experiments on the PP system at low energy -can: pro-

vide, in addition to a better understanding of the pp interactions, a complementary

approach to high energy pp experiments for the study of the structure and- of the
dynamics of the proton and of the antlproton 1n terms of thelr 1nterna1 more ele-
mentary constltuents. In effect the ann1h11at10n which is dlStlnCtlve of PP

interactions when compared to pp 1nteract10ns, has'a cross-section 1ncre351ng

“roughly as the inverse ‘of the relative velocity v of the two particles and domi-

nates the other channéls at low v: the low kinetic energy region and pp bound

-states are then: the most natural places.to study this process which is likely to

provide-a lot of information about the intimate. core of the (anti)proton. More-
over the pp system has access to.a wide variety of J¥C states which are expected
to form around the two nucleons mass threshold and can be described in terms of

the elementary p and p constituents. TFinally strong interaction effects perturb
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the energy levels of the pp atom (protonium) and this effect can be used as a

sensitive probe of a basic theory of strong interactioms.

Paradodoxically the most accurate study of the pp system at low energy
in the mass centre can be performed if the pp system moves at high velocity in
_;he labl#2): this leads naturally to the ortho-ISR scheme and, as a consequence,
fhe storage rings represent the most powerful tocl to study both very high and
very low energy phenomena. We shall confine to experiments at and below the two
..nucleons mass threshold where the application of an ortho-ISR scheme to ISR would

be optimal.
The following topics will be discussed sequentially:

a) the principle of the measurements,
- b) the ortho-ISR scheme,

) the physics potentialities,

The present experimental and theoretical situations have been recently
reviewed by L. Montanet3) and F. Myhrer“). Further new experimental results have

‘been presented at the Budapests) and ZurichG) conferences.

8.2 The Principle of the Measurements

pp atoms {protonium)} are formed in vacuum in excited n, % levels. The
x-ra& transitions between pp atomic states are detected in coincidence with the
v's emitted in transitions to baryonium levels and/or the annihilation products
(Figure 1).
The x-ray signes the quantum numbers (n, £, sometime J) of the initial

atomic state formed before the y transition and/or the annihilation occurred.

The width of the x-ray line provides the total annihilation rate Fn .
L]

of the initial state. The shift and width of the atomic levels and the intensity

. of the x-ray transitions give direct information about the effect of pp strong

interactions on the pp coulomb system.
To perform these measurements two requirements have to be satisfied:

a) form in excited states as many DD atoms as possible, B
b) get the best energy resolution and the lowest threshold for the detec~

tion of x-rays, so as to see as many atomic transitions as possible.

The ortho-ISR method allows to satisfy fairly well point a), and offers
a dramatic improvement with respect to point b) when comparing to experiments

where pp atoms are formed stopping p's in fixed targets.
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8.3 The Ortho-ISR Scheme

a) The scheme

Two stored beams {p and p, or p and H ) circulate in the same direction
and with the same average velocity in two separate rings, and the beams overlap

in a common straight section (Figures 2 and 3).

pP. Overlapping storage rings{pB OSR)

. Bring F v S e . , u,

Storage energy =E = my
-m(l- v’Ic v
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Figure 2
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pp atoms form in vacuum via radiative capture in the first case (Figure
2) and (mainly) via Auger capture in the second one (Figure 3). The velocity of
the pp atom is determined by the storage emergy in the § ring.

By changing independently the storage energies in the two rings so that
the beam average velocities remain equal, it is possible to vary continuously

the velocity of the pp atoms keeping unchanged the probability of formation of

the atoms.

This scheme offers many unique advantages for the emission and detection

of the pp x-rays.

a) The pp atoms form and travel in vacuum + the atomic cascade is not influenced
by molecular and atomic processes with the surrounding medium and is then

determined only by the internal properties of the pp system;

b)  The angle of emission of x-rays is isotropic in the'pﬁ c.m. and shrinks
forward in the lab so that at higher pp velocity a given x-ray detection
system covers a bigger solid angle. -

cosb _ +
PP B

eLAB = arccos E“ETEEEERTTT"
PP

'eLAB is the angle of emission of the x~ray in the lab. relative to the_p§ atomic

beam direction (Figure 4).

Figure 4 : Angular distribution of x-rays emitted by the pp atom in the
.. . forward hemisphere '

- a) in the pp rest system
b) in the 1lab. (eLAB = arccos 8)
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c) The energy of the x-rays emitted in the cascade of the pp atom to less exci—
ted atomic states is magnif‘ied in the lab so that more atomic transitions
are detectable in the lab. The magnif.ication factor & (BLAB’ v) is given by

the relativistic doppler formula

EBrap T Bpp € (prape ¥
= E.em A L.
pI_J' ; 1- Beos. &

LAB
Half of the emitted x-rays have an energy magnification ranging from y to 2y.

d) 'The<energy of the emitted x-rays can be measured with extraordinary high
~ resolution combining the differential x-ray absorption technique with the
possibility of varying continuously in the lab the energy of a given transi-

tion (by varying the storage energies of the two beams in parallel). : )

Many differential absorbers with sharp absorption edges are useable. These
absorption edges ‘are known with accuracy better than 107° so that the limit

to the resolution are given by the uncertainty on BL and by the momentum

AB
spread Ap of the stored beams.

The error on BLA_B can be minimized by using little x-ray detectors and recon-
structing the pp annihilation vertex using the charged pp annihilation

products.

A —%R as 1073 will then provide a %N 1073 for all detectable lines indepen-

dently from their energy: as soon as the doppler magnification is enough

to bring the emergy of a transition above the threshold of the detector its

energy can be measured by lo'oking at which y it is suppressed by an absorber

with absorption edge above the detection threshold (e.g. Al K edge 1.55988KevV,

8§ K edge 2.47048KeV). - A simplified scheme of set up is shown in Figure 5, (

P - Magnet (opens ihe trajectories of charged
annihilation products away from the detector)

pp atem beam
Solid state

AZ detecior
R Z“’ .

]

X-ray differential
-absorber foil (removable
and exchangeable)

. Storage energy common to the
pp OSR two rings end va_riabig in parallel

Figure 5 : pp ISR with variable storage energy and X-ray differential absorption
technique (detection of X-rays from pp atoms annihilating with no neutrals)
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e) Tran51t10ns between pp atomlc states can be induced using .commercial powerful
monochromatlc (not tuneable) lasers?: 8), The regonance frequency can be
attained simply by varying the velocity of the pp atom that sees the laser
light doppler shifted in its rest system. The resonance freqﬁency can be
detected measuring enhancements or depressions of the yield of x-rays of a
given transition. A set-up as sketched in Figure 6 would maximize the

density of radiation useful to induce the transitions.

Laser %[L

e

~ Light -beam

. : : Dipole magnets ) ' T
e N i3 :
o R /rn ml ) by [ |
| - oo e | H -

pp atoms [EH —

.~ Mirror

—

Co . . ~ beam
p.p beams
overigpping Solid - state
region . X -ray detectors .
' array _
High'vacugm tight ) : Scintillation
opticai window - counters array
Figure 6
<«\ : b) Luminosity and formation rates of'pﬁ aﬁoms
/

The luminosity L, for the formation of pp atoms in the overlapplng reglon

“is ‘given, for coastlng beams, and assumlng a flat transversal spac1a1 dlstrlbutlon,

by3)

T R s
‘where D = length of the overlapping region
2mr = length of the storage rings ( 105 cm fof ISR)
* 8 = beam cross-sections in the overlapplng reglon o
- Nz = number of stored p's
= number of stored p's (H ls)

v '= relative velocities of p's and p's in the pp mass centre system.
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The typical cross-section og for the radiative atomic capture proceSS

~is op 10726 cm? for v = 1073 ¢ (p ‘and p beams), The typical cross- section oy

for Auger capture is-aa = 10720 cm2 for v = 10 3¢ (p and H™ beams)

Assuming D = 102 cm, vs = 1 em? , N5 =_N - =.5-1011,_u 1Q_3 c
one géts-Lo =.75_1021 cm 2 sec” !,

In the pp overlapping mode only few pp atoms per hour are formed, while
in the p H™ overlapping mode the rate RH' of formation of pp atoms is-

RH_ 750 sec 1.
g 120

Y _ . S
The advantage of using an H beam is evident comparing these two rates.

Moreover the Auger capture favours the formation in high n levels, while the radia-
tive capture populates preferentially low n states2’7). We shall then restrict

the discussion of the ortho-ISR scheme to the case of a § H —-Ortho-ISR

c¢) The p H —ortho-ISR

The handling and the storage of an H™ beam is much more dlfflcult than

in the proton case as gas stripping and electromagnetlc strlpplng of the extra

‘electron may cause big beam losses. The gas stripping rate can be estimated

using the formula Carp = 1.2 10718 ?72T em? which fits nicely the existing expe-

rimental data in the energy region 1-500 MeV kinetic emergy of the H_ ion9).

With the typical ISR vacuum of 107'? torr the pas stripping lifetime of
H™ ions is TGAS;: 3000 sec at v = 3. The electromagnetic stripping is due to the
fact that in the H rest system an electric field E = gy 3 102 B (gauss) V/em is
present when the ion goes through a magnetic field B. This electric field causes
stripping of the extra electron (binding energy W= 0.75 e) via tunnel effect.
The lifetime depends quite critically on the electric field value; for

Ex 1 M V/em the H electromagnetic stripping lifetime 7y is of the order of many

hours, while for Ex 1.2 M volt/cm TE ",100 sec.

_ Con51der1ng that the total length of the bendlng magnets in one ISR

'Zrlng 1s 450 m it turns out that the maximum vy at whlch the machine can be. opera-

'”ted w1thout 1mportant electromagnetic stripping is i 310).

A low momentum spread Ap of both p and H beams and a perfect matching
of the average beam velocities are necessary to get a good rate of pp atoms forma-

tion and to minimize the background. ‘The importance of having a low pp relative

"velocity v is due to the fact that o) increases with decreasing v faster. than the

cross-section for H stripping induced by thelﬁ beam in the overlapping region.
The H® beam produced by gas and p étripping.in the overlapping region will presu~
mably represent the bigger source of noise, However, the. induced background :
should be manageable as the annlhllatlon pattern. of the pp system is quite unlque

and it is requlred in coincidence in all the measurementas.




S

O

_81_

The value v 2210 3 ¢ assumed in our luminosity estimation implies a
Ap 1 MeV/ec and, at vy = 3, a %E-ﬂ'S 10™%, This should be easily satisfied by
the cooled p beam, while for ‘the ' H beam a momentum selection of the beam provided
by the PS will be probably necessary (the H beam cannot be cooled in the cooling
ring as the vacuum foreseen is too poor to allow. H beam surv1va1 against gas
stripping; in the case of electron cooling add1t10na1 strlpplng would be induced
by the e beam; 'H™ stochastic cooling in the # ring could be considered, The

general scheme of the p H —ortho-ISR facility could be;es indicated in Figure 7.

Every‘ﬁour a fresh filling of # ion could: be obtained running for short
time the PS with inversed polarity and using as a source the second Linac. The

p filling would be the standard one.

The H™ beam would circulate on one modifiedgiSR ring. The modification
would affect 1/4 of the ring and would consist in any external by-pass long-
circuiting 2 normal interaction points and overlapping the second ring in ome

region of maximum bending.

The extra magnets necessary‘to provide the external by-pass would be
cheaper than the present ones as they should operate at a maximum field >
By « 1000 Gauss as all the other magnets in the machine (y <yy = 3). The total
ISR power consumption in the p H™ overlapping mode would be then reduced by a

factor ~+100,

The ppP beam will come out.tangent to the external wall of the tummel.
By-passing interaction regions 1 and 2 the exteriorlof”the I-1 hall could be used
as an experimental area. The ideal experimeqtal area shoqld be quite long (250 m)
as the pp atom lifetime when formed in high n states"(as'it'occurs when the forma-

tion process is Auger capture)} can be 1oﬁger'thao_one microsecond in the lab.
The experimental apparatus should consist of 3 main parts:
a) an x-ray detector array with cylindrical symmetry along the pp atom beam

installed inside the vacuum chamber and movable along the beam,

b) a spectrometer, with magnet located upstream and chambers and SClntlllatlon
_counters upstream and as1de of the X-ray detector, to locallze ‘the annlhlla-
tion vertex and measure the momentum of the:charged products of the pp

annihilation,

" ¢) a detector of neutrals installed behind the x-ray-detectors.

A short dipole with very high magnetic field installed upstream could
be used to eliminate, via stripping and sweeping of the p™ and e, the H° atoms

coming along the beamline which otherwise would reach the X and v detectors.
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The dipole magnets aligned on the pp atom beam line can be used to ﬁer—

“turb the pp atom cascade via the electric fleld ‘induced in the PP C.m. rest

system (stark mixing of atomic levels),

8.4 Physics potentialities

Working arouﬂd.y = 3 and using solid state detectors mounted inside the
vacuum chamber without mechanical protection window, so as to have a detection
threshold below 2 KeV, it would be possible to detect all the tramsition to the
levels n.= 1, 2, 3 and & (the pp Rydberg is 12.5 KeV).

This means 1n partlcular that the populatlon of the levels 15, 2P,

3D and 4F could be monitored event by event.

Moreover for vy«£ 3 using commercial lasers (COZ’ €O, Nd, Ruby, Auger)
transitions between levels separated up to 15 eV can be induced with high transi-

tion probability.
Within this frame the following physics would be feasible:

1) Study of the pp amnihilation from signed §, P, D F atomic states (of known
energy) (branchlng ratios; conservation laws, rare channels, total annihila-

tion rate provided by width of atomic line).

2)  Study the spectroscopy (energy levels, quantum numbers) and of the annihila-
tion of the baryonium states with M < 2mp,popu1ated via vy transitions from

initial atomic states of known quantum numbers.

3) Emission and induced spectroscopy of the pp atom. With a %? 1074, which
seems a reasonable assumption in the data taking phase, measurements of
strong interaction effects (line width, shift) with relative accuracy from
1073 (emission spectroscopy) to 10™* (induced spectroscopy) will be feasible.
This could represent the transposition of the lamb shift measurements in the

domain of electro-dynamics to the strong interaction field.

The mass and the magnetic moment of the antiproton would be measured

with the same kind of precision.

4) Finally the unique facility of a beam of insulated PP atoms travelling at
high speed in vacuum and a detection system capable of revealing each single

cascade process would be available and could be used for basic experiments.

All this represents quite an extended and exciting research programme

which could motivate the important transformations necessary to provide ISR with

the H source, the by-pass and the overlapping region. This facility could main-

tain a leading r8le for ISR when the normal ISR pp programme will arrive at its

ebb and ISABELLE will polarize the interest for high energy frontal collisions.
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