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I. INTRODUCTION

Much has been made already of the promise ISABELLE holds for revealing
new featurés of the weak interaction, and of the guarantes that we shall »
learn from ISABELLE how {(or if ?) unitarity is implemented in Nature. I will
concentrate here onisome of the ways we may expect to learn more about the
constitution and interactions of hadrons by means of strong and electromag- —"

. netic interaction experiments at ISABELLE energies. I shall discuss reactions
leading to many~-particle final states in both pp and ep collisions, with some
emphasis on experiments well-suited to storage rings. A

The body of my talk will be divided iﬁto three segments. In Section 1I,
I will review what the ISR experiments are telling us, and some of the ques-
tions ISR may not be able to settle. [Whether ISABELLE can give all the an-
svers is left as an.exercise for the Summer Study.] In Section 111, I summar-
ize some recent work on multiplicity fluctuations }n high-energy_collisions
vwhich was done in collaboration with Wang and Yang. Some speculations on the
reactions etp -+ -hadrons in the Bjorken limit, made in coilab&%ation with .

Wang, take up Section IV.

: x - ‘ - . .
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II. RECENT RESULTS FROM ISR

In a bgief review it is of course impossible to do justice to the multi-
tude of exciting physics results emerging from the intersecting storage rings
program at CERN, I shaliAconfine my attention to results on single-particle
inclusive cross sections, but even with that restriction will barely scratch
the surface. For a more complete survey, see J. C. Sens' talk at the Oxford
Conference (April, 1972).1 Results on t;e fragmentation region indicate that
the concepts of limiting fragmentation aﬁd scaling and the tools of Mueller-
Regge phenomenology, all so fruitful at AGS energies, remain usefQI in.the
new energy regime.2 But the new info£matibn we are getting from the ISR con-
‘cerns the "central" region of x = p“*/p:ax X 0 (the asterisk denotes cm quan-

titles). The data in Figs. 1 and 2 indicate that for the reactions pp + =+

anything limiting'behaviOt ig;approached near x = 0 at ISR energiés, i.e.,

—

e

that

do{s;x.pf)

2
+ o,(x,p) ,
d3p/E 1"
independent of s. In addition these data verify a Pomeranchuk Theorem sort

-of expectation of equal cross sections for particle-antipartiecle production,

near x = 0, as g8 + =, ’ -

Some puzzlemenf has been expressed over the tendency of x é 0 cross sec-'
tions to rise to their asymptotic limits between AGS and ISR energies. Bear
in mind that if the wmean multiplicity of secondaries is to vary linearly with
log s, the inclusive cross section do/dx wmust approach a-llx.}orm near x = 0.
To the extent that this singularity is not present at AGS energies, it must

be built by a cross section rising with s. But how does the cross section
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rise? Ferbel™ finds that all the x = 0 cross sectiong-for the reactions

atb » 7 + anything could be consistent with
1 do
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as Mueller- ge phenomenology would suggest.6 ﬁis data compilation is shown

in Fig. 3. Again, th strong enough prejudicqé, one can find thg asymptotic

GS energies. From ihe standpoint of dual resonance

trends present already a
model interpretations of the Mueller thé;rem,fthe rising cross sections are a
fly in the ointment, for in straight ard #ﬁplications of the dual resonance

their asymptotic limits.

model7 x = 0 cross sections should descend ™
Also found at the ISR is something regémb1 a "central platea;"

(which is concomitant with the logarithmic increase of ltiplicities and

do/dx « 1/x) for inclusive pion pr:odl.xct:i‘:m.:B

Fig. &4 shows that not evefything is so asymptotic as the pio

' tions, as the x = 0 cross sections for

p+p + (p,p) + anything
' ' still differ by

a factor of 2 at Prap - 1500 GeV/c. It is not clear whether one can give a
rigorous Pomeranchuk Theorem for inelastic reactions,9 but in any model
worthy of serious contemplation, the x = Q proton and antiproton cross sectioms
vill have to become equal at high energies.. If it is true that the difference
between proton and antiproton cross sections at x n 0 varies as pitn, the cross
sections will still differ at ISABELLE by a factor of 3/2. Lacking as we do
;ny_real understanding of the reluctance of pp pairs to be pfbduced-it will be
‘1nportant to have precise measurements of do/dx for pp + p + anything not only
at ISABELLE, but also atllower energies now available. It is unthinkable that
this cross section should fail to approach a 1/x form; therefore it is important

i

to check. . -




I11. MULTIPLICITY FLUCTUATIONS AND MULTIPARTICLE

DISTRIBUTION FUNCTIONS IN HIGH ENERGY COLLISIONS

I will briefly recount here some work dune recently with Wang and Yang,lo

. emphasizing the kinds of experiments appropriate for storage rings. The study
of multiplicity fluctuations is especially suited to étorage rings because we
can gain insight into the nature of the interaction without making momentum
measurements. One of the important questions to be resolved is whether the
incoming particles fragment independentiy, or whether they first gmalgamate
and then break up into secondaries. The first possibility is characteristic
of the so-called "fragmentation models", whereas the second represents "inde-
pendent emission models" of the multiperipheral or bremsstrahlung type. In
independent emission models, wide multiplicity fluctuations are quite unlikely.
However according to the hypothesis of limiting fragmentation, wide fluctua-
gions are allowed because fragmentation into very few fragments is éxpected to
’ occur with finite probability, although the average multiplicity continues to

increase with s.

Let us discuss the multiplicity of charged pions produced iﬁ pp colli-

sions} and define

n = nR + nL' >
where the superscripts R and L refer to the right and left hemispheres in the
c.m. system for the outgoing momenta. The hemisphére R is defined as the one

for which x > 0. According to the hypothesis of limiting fragmentation, for a

fixed nR, the cross sectioﬁ &(n') approaéhes a limit at high energies. Existing




" data, collected in Fig. 5, do not test this idea adequately. Assuming con-

stancy of the total cross section, and assuming that <nR> increases linearly

with log s, it is natural to take

1in o) = constant/(nR)z, for large nt.
8= '
This choice leads to moments of the multiplicity distribution
<(nk)2> « /5., .o -
[ -

< (nR)3> « 8,

etc., in contradistinction to the expectations of independent emission models

in which the moments are proportional to logarithms of s.

A number of othet expectations can be checked with data at a single (high)

—

energy. Because we picture independent fragmentation of the two incoming

g
o

hadrons,

<nk nL> -> <nR$<nL> , asg-+®; '

<(nk)2> >> <nR nL> s Aas g+ =, T

If these speculations are correct, the multiplicity fluctuatiom will be large

within each hemisphere, and measurements of <(nR + nF)2> would see a watered-.

down effect. Independent of the shape of the uultipliciﬁy cross section dis-
tribution o(nn), the basic notion of two separately fragmenting hadrons im-

plies that the relative cross sections d(nn) should be eséehtially independent .

of pL. i - : , .

Another way to display the same kind of experimental informatiohll is to

plot the cross sections for observing nL charged pions in the left hemisphere



" and n-nL charged pions in the right hemisphere, for a fixed total number of
particles n, as a function of nL. In pp collisions this distribution is neces-
sarily symmetric about nL = n/2, but its behavior near the symmetry point is
quite sensitive to the shape of a(nR). xnga fragmentation picture, with the

. 13
possibility of large fluctuations within each hemisphere,

a(nL,n-nL) « (nl')-z(n-ﬂl')-2
' - - is minimal
for nL = n/2, as .shown in Fig. 6. in a simple multiperipheral model, il-

lustrated in Fig. 7,
o@n-n") « [al1]7! (@Bt | .

is maximal for nL = nf2. In fact it is not hard to show that if c(nL) goes to
zero faster (slower) than an exponential for large nL, the distribution
o(nL;n-nL) is maximal (minimal) at the symmestry point nL = nf2.

In addition to these rather general questions, we have many specific
expectations for the inclusive cross sections10 which can be confronted if
momenta ares measured, but in the interest of brevity, I shall not discuss

them here.

I¥. INCLUSIVE SPECTRA IN DEEPLY INELASTIC ep COLILISIONS

The_electron ring option for ISABELLE will allow exploration of hitherto
uncharted reaches of the (Qz,v) plane. [I adopt the standa;d notation
Q2 = ~(invariant mass of the virtual photon)z, v = energy of Yy in the target
préton rest gsystem, X = QZIZMv. The laboratory momentum of Tqis defined as

longitudinal.] Beyond the question of whether Bjorken scaling persists in new

.



kinematic regions, we shall be able to study how very virtpal systens inter-
act by measuring inclusive hadron spectra in the Bjorken limit X = fiied.

Q2 + o, Wang and I have recently written down some speculations about YyP col- \
. 1lisions in the ISABELLE regime, in terms of some simple and specific models.12
Here I shall simply describe the background to and spirit of our work, without
entering into the mathematical details.

Some four years ago, when the MIT-SLAC experiments first revealed scal-
ing of the 1nvat1ant electtop:;duction structure functions, the'theorecic;l
models of the day were uniform in their prediction that the mean multiplicity
of produced hadrons should depend on Q2 and v only through ﬁhe scaling vari-
lkble X. Such a prediction is however at odds with nearly everyone's gut feel-
ing that when you hit a hadron harder, more pieces will come ocut. Chou and

Y’angl3 gave kinematical reasons why very virtual photons are unable to frag-

ment in gentle collisions as real hadrons do, and it is helpful to review ~—~

. their argument. The reasoning is moat easily followed in the brickwall frame
for the ep collision, in which i will specify the two~momenta of the colliding
particles aé (pw,E). Initially these are (Q,0) for Ty and (-Mv/Q,Mv/Q) for
the target proton. In the Bjorken limit the proton is fast, has timelike mo-
mentum, and can fragment as usual in a gentle collision involving an infini-
tesimal energy transfer, an infinitesimal longitudinal momentum transfer, and
a finite transverse iomentun transfer. Because of its eﬁergy deficiency Ty
cannot so fragment. But we suppose that Ty join, with a fraction y of the
proton ‘to form an amalgam with timelike momentum (Q-yMv/Q, yMv/Q) which can
fragmeat. The condition that the momentum of the amalgam be.tinelike is

'y 2 X, 1In the spirit of the hypothesis of limiting fragmentation it is supposed
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that the largest allowable fraction of the proton fragments as usual, i.e.,

that y = X,

Fragments of the proton behave as in normal collisions of real hadrons,

. except that their total momentum in the YyP c.m. 1s %(1-X)W, not %W (where

W= (2My ~ Q2 + Mz)l’ is the invariant mass of the YyP system). What of the
pleces of the amalgam? The process of amalgamation and subsequent breakup,
vhich Chou and Yang call "pulverizatien", is a viélentone, so it is appeal-
ing to assume that the pulverization multiplicity is large, of ordér va(x),
where a(o) = 0. As an example they take a(X) = aX, a <!, which gives

<n> « vax. In the absence of experimental results, how violent an occurrence
the breakup of the amalgam might be is a matter for conjecture. Chou and
.Yang envisage a pulverization process so violent that only large multiplicity

events can take place, in the Bjorken limit. This leads them to expect that

in terms of the coordinate x, the pulverization products give rise to a §(x)—

. distribution. The possibility raised by them seems to us not to be unique,

but only the most extreme possibility which can be entertained. We agree that
the more violent a collision, the less likely .should be the production of low
multiplicities. However, uncertainty principle arguments suggest to us that
the coherence of Yy and the violence of the YyP collision are determined by X,
rather than Qz as believed by Chou and Yang.
Abstracting from these arguments, Wang and I formulated a simple mathe~-

matical mode:'l. which exhibits the following propert:!.es:

(1) Inclusive hadrc;n cross sections satisfy the hypothesis

of limiting fragmentation; . B ‘
(11) 1In the limit of real photons (Qz + 0) the model of Ref. 10

is recovered;

-

-



(111) Wide multiplicity fluctuations and correspo_nd:l.ng. strong
correlations in multiparticle distribution functions oécut;
(iv) Invariant structure functions scale in the Bjorken limit;
(v) The mean multiplicity of produced hadrons does not scale,
but increases like a power of sz <n> « (Qz)ax;
(vi) For x = 0+ (slow cm gsecondaries in the direction of YV)’
do/dx =« x~ (1+2aX) ; 1.e,, the inclusive cross section be-

comes more sharply peaked near x = 0, the more virtual

(as measured by X) is Yy

All of these predictions, which are discussed in greater detail in Ref. 12,

can be tested at ISABELLE, :ln.s:lngle-am and double-arm spectrometers.

-

V. SUMMARY

Although I have used épecif:l.c physical pictures, I have tried to con- —
. centrate on gross properties of high-energy :oll:l.sic.;ns which can be illumi-
nated through relazively simple strong and electromagnetic interaction ex-
periments at ISABELLE. While the CERN ISR is showing us how exciting storage-
ring physics can be, especially for the study of inclusive reactions, -it yill
not be capable of all the interesting experiments we can contemplate even at
this early moment. Deeply inelastic ép collisions at ISABELLE ﬁll allow“us

to uncover the connections between Bjorken scaling and the hypothesis of limit-
ing fragmentation, provided both persist. How very virtual phot‘o:is behave 1is

of key importance for refining our ideas about the constitution of hadrons.
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