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. 1. The multiplicity dependence of the. particle distribution in
CORRELATION BETWEEN CHARGED-PARTICLE MULTIPLICITIES AND R
PP collisions had been obtained at the ISR by Thoré et al. [1].
PSEUDC-RAPIDITY DISTRIBUTIONS IN HYDRODYNAMICAL CLUSTER MODEL
The essentizl feature of those data was the double-bumped
structure of the n-distributions at low multiplicities,

Y, Hama and F.S. Navarra suggesting fragmentation of the incoming protons, and the
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disappearance of these peaks as n increased. Recent
C.P. 20516, 01498 83c Paulo, SP, Brasil

experiments at the pp collider [2,3] have confirmed the
persistence of this behaviour at higher energies and moreover
shown that as n increases the peaks move toward smaller

values of |n| (or there develop new bumps in the plateau

ABSTRACT A .
region as interpreted by the authors of Ref. [2]). The data
mentioned above seem us to be somewhat conflicting about
It is shown that the correlation between charged- this point. .

particle multiplicities and pseudo-rapidity distributions, such Besides the semi-inclusive distributions reported in

as the one observed in ISR as well as in recent pp collider the above papers, another experiment [4] has shown that, in

experiments may well be understood in terms of the previcusly these collisions, the final particles appear in general
studied hydrodynamically-expanding large-cluster model. distributed with réspect to the center of mass in a highly
. asymmetric way*. Although it is possible to interpret this
aéymmetry as due to fluctuations, if a random small-cluster
emission is assumed [4], we shall prefer to adopt an
alternative interpretation by which the asymmetry is due to
a formation of large-mass clusters (as will be explained in
the next sections), which appear asymmetrically in the
center-of-mass system. That is, we interpret these data as
showing a definite tendency of the produced particles to

select either the forward or the backward direction, forming

large clusters.

*See especially Fig. 1 of the present paper, where we have

reproduced the data shown in Fig. 4 of [4].




. 3.

2. In a previcus work [3], we have studied the correlation
between <p;> and the central multiplicity and compared
with the recent collider's data [6], by using a model in
which one or two large~mass fireballs are formed. The
description of these {initially pancake shaped) fireballs
is given [7] within the usual hydrodynamical model [8] and
their transverse expansion would cause the increase of <p >
as the fireball mass M increases (and so deoes the multiplicity

n). The point is that M is not fixed and it varies from

event to event, soc that, for large-M events, both <p,> and
n are on the average large. - Recently published ISR data [9]
confirn our prediction, exceﬁt for the extreme low mxltiplicity
points*. In the present paper, we shall therefore apply the
same idea above for the study of the longitudinal distribution
and see whether the model is still useful in order to.

understand the main empirical features mentioned in 1.

3. Assume, then, that during a collision between two hadrons
(p an@ p to fix the idea)}, hot blobs are excited around
one or both of the incident particles. As explained in [7],
this assumption together with the equation of state (we
assume here- p=-%) allow us to establish a definite relation
between the mass of the fireball M in one hand and the
thermodynamic quantitigs such as the initial temperature

and the entropy on.the other hand. The existence and the

*We think these points are in conflict with the well known

inclusive <p,> , which is much smaller. S5ee, for imstance,
[10], where the data are parametrized & i%ln o= exp[—pr2+mﬂ ,

- o 1
with B=7.1-7,2 Gev™'. o p i3
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dominance of such a mechanism of production {illustrated by
Fig. 2} are supported by the results we have aiready
reported {7,11] and moreover give a simple explanation of
the forward-backward asymmetry mentioned ahove. Although
we do not exclude other possibilities, this is also a natural
way to separate the leading particle as discussed in [7]1.,
giving a simple description of the rest of the system. In
our medel, only one leading particle may appear in each .
event, which in our opinion is not in contradiction with the
existent data.

Consider a cluster of mass M. Following Ref. [5],

the average charged multiplicity is

<n > (M} = 2.2 VM . {1)
As stressed in 2, M is not fixed, but varies from event
to event and so does <nch>(M). S50, once Dih is fized®,
we may in first approximation (we neglect all the fluctuatioas
in nch) determine the corresponding M and then compute
dog/@n . As in [5], we assume factorized particle distribution

dn

a—j;;:— = £(V5,M,y) gi{M,p,) . (2)
¥ Py

where, according to hydrodynamical model,

<n_, > (M) (v~ vy) 7
£0EMy) = —B expl- — M4 (3)
r""'LM M -

* . .
In the actual calculation, we took intc account that the measured
LI is not the total charged multiplicity, but that n-interval

is restricted.
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Here; following Milekhin's result [12], which takes the
transverse expansion intd account, we have slightly changed
LM as compared with the value we have used in [5]. This
modification; however, does not change the results reported
there in any considerable amount.

s for the transverse part g{M,p,) , instead of the
assumption £ =<£> as in [5], we parametrize it in a more
realistic (exponential} form

gM,p,) = ——“"—j——zg— exp (- ‘_Efi—_

2 2
e
Moy T

which is normalized and gives mikekhin's result [12]

2
1 (y-v,,) L
<p;> = Cm“M/7 exp—3—LM z CmﬁM‘/7 R (6)
M
with
¢ = _._0_'__5:]3-/_ . ’ ) (7)
2 1s
(mp)

In (6), for the sake of simplicity we have neglected a

slowly varying y-dependent factor.

We are now ready to compute eveérything we need by using the
ingredients given in the preceding section. In doing so,

recall that all the available data [1-4] are referred to n

.6.

and not to 'y . ‘Although these variables are almost identical,

- some differences appear between two descriptions, especially

in the central region [13]. Probably, the two-bump structure
which is seen in the very-large multiplicity data on do/dn
and reported in [2] as a new characteristic of these phencmena
is due to the use of n instead of y , with respect to

which the distribution_would be flat, or even with a peak at
¥y=0. The explicit inclusion of p, dependence in egs.
(2,5) is precisely to account for this effect. Instead of a
direct comparison dn/dy =dn/dn as given by (3), we rewrite
it in terms of n, integrate it to obtain dn and then

dn
compare with the data.

Forward-Backward Asymmetry.__One of'the characteristics of

our model is the strong forwafdubackward asymmetry in the
particle distribution, This is especially so, if one-cluster
events, Fig. 1(a,b), are dominant, buf it alsp manifests in
the case of two-cluster evenfs, since presumably M) £ M,

in the most of these events. _ .

In Ref. [4], charged particles produced in pp collider
had been detected in the two intervals 1< {n| <4 and the
events classified according to the forward and the backward
multiplicities np and oty -
backward distribution is_plotted for a fixed value of

In Fig. 1, the forward-

nSE L In order to compare our model with these data,
we have computed the distributions corresponding to ghe two
extreme caées, nanely i) when all the contributions come

from equal-mass double-cluster term, Fig. 1{c}) with M; =M;

(which gives the binomial distribution}; and 1i) when all

the contributions come from one-cluster term, either Fig. 1(a)
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or {(b). The corresponding mass in the case of ng = 12 is
M=96 GeV and the distribution has been computed by assuming
a random production of particles with the probability in

each pseudo-rapidity interval An given by

dn

P{An) = H dn A ) {8)

An

It is clear from Fig. 1 that, for this multiplciity, neither
of the extreme cases gives a quantitative agreement with the

data, but some 50% mixture may give a nice account of them.

Semi-Inclusive Pseudo~-Rapidity Distributions. Fron the

discussion above, it becomes apparent that the ohe—cluster
or else the two-unequal-cluster formation plays an important
role in our model. At this point, a word of remark is in
order. As explicitly stated in Refs. [2] and [3], the
trigger condition in these experiments was such that at least
one charged particle was required in coincidence in each of
the hemispheres. So, at first sight, one-cluster events
would be completely excluded, but a detailed analysis shows
that this is not so. Following the experimental condition
stated in [3]}, we have verified that if a cluster of mass

M 2 44 GeV is formed in the forward direction, then
nch(n<-—1.6) 21, which means that almost all of these events
have been detected. If one considers that the above bound
corresponds to n_, ({n{<3.5) = 7.9 'and looks at Fig. 3,
one realizes that only in the lowest-multiplicity case the
required condition is not satisfied by the majority of the
events.

We are now ready to compare the predictions of the

.8.

model with the data. In Fig. 3, we have plotted several
curves computed on the assumption of the one-cluster
dominance. If one includes also the two-cluster events, tbe
peaks move slightly to higher values of n. As we have, at
the present, no explicit formula giving the mass distribution
for the two-cluster events, we are not going to compute
£hese curves here. Coming back to Fig. 3, one sees clearly
that the main experimental features are well reproduced both
qualitatively and quantitatively. Observe that although the
maximum of f£(vs,M,y} for M= 360 GeV is at y=0.41
according to eq. (4) and so probably at y=0 in the final
semi-inclusive gn . it appears at n=1.7 in Fig. 3,

dn
confirming what has been said in 4.

To conclude this paper, we summarize the results obtained so
far, by using our simple model. First, it has supplied a
very nice overall description of the large missing-mass
c¢lusters, yielding the average multiplicity <nch> {M} , the
mulfiplicity distribution as a function of M and the rapidity
distributions for fixed M, all of them in agreement with
the data [7,11)]. When the transverse expansion has been
taken into account, it has shown the correct multiplicity -
<p,> correlation [5]. Now, from the discussicn above, we
conclude that it exhibits al;o the gross features of - the
pseudo-rapidity distributions for fixed charged multiplicities
0.
Some problems which have to be solved to go one step
further.should be mentioned here. First, the mechanism of
fireball excitation has not been so far studied in a satisfactory

way. In our opinion, it is not reasonable (in hadron-hadron
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FIGURE CAPTIONS
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1 — The forward-backward distribution for 185 events with

2 -

3 -

nS.E nF-pnB = 12 'in - pp collisions at 540 GeV.
nF-and'.nB- are: respectively the numbers of the forward
and the backward charged secondaries in the pseudo-
rapidity intervals 71<in] <4 . The curves are explained

in the text.

Diagramatic representation of the model explained

in 3.

Normalized pseudo-rapidity distributions for various
charged multiplicities, predicted by one-cluster model.

The mass values are from the bottom to the top:

M = 18, 50, 140 and 360 GeV. The data compared are

- from.Refs. [2,3]. -
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