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1. Introduction
Once we have agreed that multiperipheral 

models do a reasonably good job, as far as mo
dels of high energy Interactions go, in accoun
ting for the broad features of hadronic multiple 
production in the region of small transverse mo
menta, the basic residual problem still remains; 
experiments do not provide and,practically spea
king, cannot provide all of the detailed informa
tion reauired in order to select out of the myri
ad of possible formulations of the multiperiphe
ral n m d e l ^ - ^ . t h e  correct ones.Allow me for the 
purposes of this talk to refer to this as the 
"uniqueness problem” .

There are at least three directions which 
lead us away from this uniqueness problem. The 
first is at the phenomenological end - one con
structs over-simplified models with only enough 
complexity so as to satisfy the data approxima
tely. Thus a model of particle production with 
simple Lorenta-invarlant longitudinal phase 
spaoe (independent emission model) can be used 
to aocount for the observed approximate scaling 
and approximate central plateau in inclusive 
reactions. Suoh a model does not account for 
two-particle correlations, but a model ln the 
same spirit has replaced it which does, namely 
the Independent cluster emission model^/. In 
keeping with the effort to avoid cluttering 
models with details that are not uniquely con
strained by experiment is the search for measu
rable quantities which provide more nearly 
direct tests of the production mechanism, for 
example, the two-partlcle correlation function, 
the "oharge transfer" between production hemi
spheres^/ and more recently the rapidity gap 
distribution^8/ ar.d the fluctuation measure of 
Slansky/^/,



The second effort to avoid the uniqueness 
problem involves Invoking theoretical const
raints which limit the theoretical flexibility 
of the model. For example it ls useful to impose 
constraints of unltarlty on production ampli- 
t u d e s ^ ’10* 11р/. The topological expansion and 
related approaches^12 14/seek to draw together 
a unified description of the strong interactions 
and thereby to limit the choice of production 
mechanism."..

The third and ultimate solution may someday 
be provided by the quark-gluon models or string 
models. Having an explicit and constructive mo
del of the strong interactions would undoubtedly 
answer many of the questions of multiple produc
tion.

2 . How Rib are Clusters?
The recent interest in the role of clusters 

in multiple production is a gocd illustration 
of the phenomenological problems facing multi- 
peripheral models, iixperlmental measurements of
short-range correlations in two-particle inclu-

/15/sive reactions' inspired efforts at accounting 
for them through the notion that produced par
ticles are emitted in clusters/6 ’7 ’16/. The 
meaning of cluster depends, of course, on the 
model ln question. Clusters can be incorporated
into more elaborate description of multiple 

/3-5/production , This is necessary when dis
cussing specific exclusive processes. However,
I shall confine my attention to the cruder, 
but much simpler, Independent cluster, emission 
models/6 ’8/ and the broad question of how large 
clusters must be in this model. This is Im
portant since if most events have only two or 
three clusters, one wonders whether the multi- 
peripheral moael has much to do with the emitted 
hadron3.

Л good example of an independent cluster
/К/emission model is that of Uerger and fox' "  . It 

has the following ingredients:

(a) The clusters are produced uniformly ln 
rapidity according to a Poisson multiplicity 
distribution.

(b) The clusters decay isotropically in their 
rest frames with a Gaussian dependence on momen
tum.

(c) The multiplicity distribution of particles 
in tho cluster ls constant up to a maximum num
ber and then zero tor higher numbers.

(d) Some effort is made to take diffractive 
production into account.

They fit data on particle multiplcities and 

single and two-particle Inclusive rapidity dis

tributions above 50 GeV/c and conclude that an 

average per cluster of four pions of all charges 

is called for. Other analyses give similar re

sults/6 ’17/.

Recently there has been an Interesting dis
cussion about the significance of these results. 
The question was raised whether it is possible 
to determine the existence and size of clusters 
in the data independently of extraneous assump
tions, such as whether the number of clusters 
obeys a Poisson distribution or that many clusters 
are produced ln the central region. To make 
this point ls a vivid way, suppose we assume 
that each cluster decays into exactly charged 
particles, no more, no fewer. Then if the number 
of clusters obeys a Poisson distribution, the 
value of is rigorously determined by fitting 
the overall charged particle multiplicity dis
tribution. A value K c() of about 2 works fairly 
well. One might expect that some vestige this 
undesirable effect would remain if the cluster 
decay were made to be somewhat more flexible.

If clusters are really present, we should be 
able to tell from the particle production spect
ra. If the particles show distinct non-random 
groupings in rapidity event by event there 
would be no debate about their existence or size. 
Unfortunately, they don’t, at least in the non- 
dlffractlve component, and so one seeks some 
statistical measure oT clustering. Tne most
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traditional measure of clustering is the two- 

particle correlation function, defined in terms 

of the one-particle and two-particle inclusive 

cross sections as

/ и и i_J— r||Z’̂  —  i- . d S  , n
( к , L I "  e  и  dfa <*$г (1/

*■ ■ " /6/
In the Independent cluster emission model '

the correlation function in the central region

has the form

where 6 is a gaussian distribution normalized 

to unity and К is the number of particles emitted 

in a single cluster decay. The averages < K >  

and <  K{k-i)> are taken with respect to the single 

cluster decay distribution. This form for

has been used^^ to determine — 2S.

The expression (2) is based on the assumption 

that a large number of clusters are produced 

uniformly in the central region. It does not 

apply to diffractive events in a straightfor

ward fashion.

Morel and Plaut and Berger^4^ have proposed 

avoiding complications doe to diffraction by 
using the semi-inclusive data Instead. They 

argue that higher multiplicity events are less 

apt to be diffractive. They derive formulae 

similar to (2) for the semi-inclusive function 

1|г), which were adapted to a phenomenolo

gical analysis of ISB data by Eggert et al. 

and S .R.Amer.dolift et al У 1?/ with the result 

that <( 2.2+0.2 and 2.0+0.1 respectively.

Assuming that many clusters are produced in 

the central region may be begging tbe question 

about the size of the clusters, however. What 

if only three or four clusters are produced?

With proper constraints of energy and momentum 

conservation included, would Eq. (2) still be 

reliable? In an effort to free themselves from 

extraneous assumDtlnns about cluster production, 

Ludlara and Slansky^^ have proposed a statisti

cal measure of fluctuation which is to be ap

plied to events with a fixed number of observed 

partioles И  • The partiole rapidities are mea

sured. A quantity defined which
gives the difference between the number of par
ticles with rapidities to the left of ^ and to 
the right of . The left-right fluctuation 
density i3 then defined as

where is the semi-inclusive cross section 

flfaa normalised to unit area. If particle 

emission is independent, but weighted according 

to p(^) i then , However, energy and momen

tum conservation Introduces klnematioal corre

lations which cause deviations from randomness. 

Ludlam and Slansky use a model which does not 

begin with a Polsson distribution in the number 

of clusters, and which emphasizes energy momen

tum conservation. A comparison of their results 

with experimental measurements of К"и at 205 and 

303 C-eV/o pp collisions shows that an average 

of at least 4 charged particles per cluster is 

called for (see Fig. 1) or a total of 6 inclu

ding neutrals. Thus they would conclude that 

there are only two clusters on average at Fer

milab energies.

Fig. 1. Figure from Ludlam et al. R e f / 20/, Ave
rage fluctuation measure vs. number of charged 
particles in an event in f>p collisions at 
205 CeV/o. Dashed curves are calculated uelng 
an independent cluster emission model for an 
average of 6, *• ;ind 2 charged particles per 
cluster. The solid curve marked "lief," 1з for 
independent emission (no clustering). Error 
bars on data points are statistical.

Another recently proposed measure relating 

to cluster size in the independent cluster 

emission model is the rapidity gap diatribu-



tion/8/. iuigg) Fir11a, and Thomas fit thfi pro
bability f^'i) in Fermilab data of finding a gap 
of length t  In rapidity with a model in which 
dus te r s  have an average of two charged par
ticles per clustor. However Ludlam et al. claim 
that this measure ir> not very sensitive to 
cluster size. They fit the 200 GeV data with 
thair model, and a cluster size of up to 6 hadron 
of all charges per cluster, i.e., 4 charged 
hadrons/2®/(see Fi<;. 2).

Fig. 2. Figure from Ludlam and Glansky, Ref 
Distribution of rapidity gaps vs. gap interval. 
Data from the ANL-Fermilab-Stony Brook colla
boration (205 OeV/c). The solid curves are cal
culated from an Independent cluster emission 
model with 1, 3.2, 6.0 and 8.0 particles (inclu
ding neutrals') per cluster, in order of increa
sing steepness of the model curves.

Arneodo and P laut^^/ claim that the results 
of Ludlam and Slnnsky change if a leading 
particle is introduced explicitly and conclude 
that clusters are smaller.

Thus the existence of clusters is certainly 
agreed upon, but if we want to determine their 
size directly from rapidity distributions, the 
result so far depends on what one assumes about 
how they are produced. Clearly there ls a uni
queness problem here that need to be settled.
3. The Topological Expansion

Theoretical work toward a unified picture of 
strong interactions has also led to some novel

developments in multi peripheral models and 
Regge pole theory. Some years ago Veneziano/21/ 
proposed a topological expansion for scattering 
amplitudes based on duality d iagrams/22 >2",// 
which were associated with amplitudes that sa
tisfied some duality feature. This idea has 
been taken up by several authors/12 ^ /  and 
applied to a multiperipheral approach to par
ticle production. In the hands of Chew and 
Rosenzweig/12/ one is asked to imagine a lowest 
order planarS -matrix with properties that were 
inspired by the dual resonance model in the 
three approximation".

(a) Regge poles are present in exchange 
degenerate families but no Regge cuts or Pome
ron .

(b) Resonances of finite width are present 
and they are dual to the Regge poles.

These features are postulated, although we 
are urged to believe they could be derived 
rigorously from a well-defined set of bootstrap 
equations ca. \ed planar $ -matrix theory, which 
differs from ordinary $  -matrix theory in that 
certain contributions to unitarity are excluded. 
Each successive correction to planar unitarity 
ls to be obtained by relaxing step-by-step the 
restrictions on unitary. The key application 
to the multiperipheral model appears ln genera
ting the cylinder In the four-body amplitude 
from the unitarity sum over twisted planar 
graphs/21 i2,*i2V ,  this ievei one gees/2 6 ’2 '''/

(a) Breaking of exchange degeneracy
(b) Violation of the Iizuka-Okubo-Zweig 

ги1е/23Л

Indeed ln the I  = 0  channel exchange degenera
cy is broken in a rather remarkable way. The 
planar } -meson trajectory is elevated and the 
planar CO -trajectory ls lowered with respeot 
to the J? -trajectory. But ln the mo3t straight
forward analysis there is only one high lying 

/29/vacuum trajectory' . This cort.radi.ct3 the 
traditional wisdom that two trajectories are 
needed/22 . Iterations to higher order In



volving the two-pomeron out might well suffice 

to split the vacuum singularity.

What Is most striking about the approach
/ 2 1 1of Stevens, Chew and Roae'bzwelg' ' is that 

they propone as a consequence a major reassess

ment of the traditional view of the vacuum 

channel. First they note that at energies up 

to 30 GeV/c, total cross sections can be fit 

quite well with only one vacuum trajectory/32/. 

In Fig. 3 their fit is reproduced w l t h ^  p *

* 0.96 and with * 0.31. But, one naturally 

asks, what about at Serpukhov, NAL and ISR 

energies? Their second observation answers 

this and appears to be very anti-Regge pole. 

They note that as more massive quark degrees

Fig. 3. Figure 
from Chew, Rosen- 
zweig, and Ste

vens, Ref./27/. 
Regge pole fit to 
total cross seo
tions ln a model 
with the^ and P 
trajectories 
equated. Inter

cepts areo^_p«
* 0.96, =
= 0.31. Data from 
ten sources, cited 
ln R e f / 27/.

of freedom are excited, including baryon pro

duction, one might expect threshold effects 

to keep the cross section from falling/30/.

This was the same mechanism that was Invoked 

a few years ago ln an attempt to explain the 

rising total |Dp cross section at the ISr/33/, 

not without some criticism/-34/. In the multi- 

peripheral model these thresholds generate 

complex poles in the J  -plane, which are asso

ciated with oscillating cross sections. No os

cillations have yet been observed, though per

haps we are seeing only the upswing so far. But

traditional Regge phenomenologists may find 

it frustrating to have to deal with a set of 

poles which must be repositioned depending on 

the energy range which is to be fit. Perhaps 

they would be satisfied if future work in this 

field provides a well defined prescription for 

what they should use at what energy.

The identification of the Pomeron a n d f  has 

been criticized by Qulgg and Rabinovich's/who 

find that a two-pole fit works very well at 

energies from 6 to 300 GeV. They remind us that 

the combination of cross sections

^  ~ ̂ ( ^ ( 'p r ̂ t'p) ~(t-JT'p f 'f>) 
in the quark language is the total cross section

for scattering with Ф Ideally mixed, so

should have only pomeron exchange in the Hararl-

Rosner scheme/22/. The combination L is nicely
t d-L

fit to the pure power law with Ы. * 1.0755.

The single vacuum trajectory model of Chew and 

Hosenaweig taken literally predicts a slow 

decrease at energies below 30 Gev/c, an indica

tion of a systematic error in their fit; but 

they and Stevens argue that the quantity L  is 

most sensitive to the opening of thresholds for 

strange particles/27/. In their model

Jj ~
where ^  is also -dependent and rises from 0 to 

20° after strangeness is excited.

Thus we are asked to choose between the more 

traditional Harari-Freund picture of two vacuum 

singularities or the more novel approach of 

Chew and collaborators which makes a genuine 

effort to deal not merely with four-body ampli

tudes, but in a more profound way, with multiple 

produotlon processes which are related to them 

through unltarlty. Perhaps it would not be suoh 

a great loss to see some of our traditional 

prejudices reorganized, if in exchange we ob

tained a more unified understanding of the strong 

interactions.

Informative discussions with R.Slansky and 

J.Dash are gratefully acknowledged.
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