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CORRELATION: BETWEEN <p,> AND TﬁE CENTRAL

MULTIPLICTITY IN HYDRODYNAMICAL MODELY

¥, Hama and F.S., Navarra*
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It- is shown that the recently observed growth of
<p,>» when the central multipiicity inéreases may be interpreted
as a natural conseguence of hydrodynamical expansion of highly
dense hadronic matter which is formed during multiparticle

production processes.

*The main points of the present work have been presented to
- T CONGRESSINO DI FENOMENOLOGIA DELLE PARTICELLE ELEMENTART
{Torinoc, Italy, Feb. 1983).

*Post-Graduate fellow of Fundagac de Amparo.a Pesquisa do

Estadco de Sac Paulo.

2.

One .of thé characteristics of multiparticle production processes,
revealed by experiments at the CERN pp collider, is a close
correlation between the number of particles. produced. in each
évent and the average p, of these particles. [1]. Quanti-

tatively, when the number of charged particles.per unit of

‘rapidity in the central regiom (jy]| = ¥g = 2.5)
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increases from 1 to 10, <p,>..-grows by a factor:of abou{ 50%.
For larger values cf n , it_seeﬁs that <p,> remains
constant.

As far as we kKnow, no such correlation has ever been
reported at lower energies including the ISR experiments*r.
However, as will be discussed later, one should not .interpret
this as an indication_of_an_eésential energy dependence of
the phenomencn, but it should rather attributed. to the lack

of information.

A possible explanation of this phenomencn has been given by
Van Hove.in terms of thermodynamics [4]. 'Accordingly, higher
multiplicity would mean larger. entropy, sc more violent
collision and generally larger temperature, leading to a
flatter p, -distribution.. At a certain. temperature - TC .

a phase transition would occur:from hadron gas.-to .guark-

gluon plasma, implying the near.constancy of <p;> . above .

*TThe only published daza we could find dne.thOAQ-oﬁ-Reﬁ. [21.
However, they ane noit consdsfent with The wel? hnown inclusive
<p,>, which L& much Lower. Forinsiavce, see [3].
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a certain multiplicity. This would be-sSo-bhecause the hot
blob: would undergo- firsta process of expansion and cooling,
and thus: the: final temperature - of the hadronic matter would
never be larger than TC .

Although this version is quite appealing, we think,
however, that it contains some difficulties. Namely, since
the volume in which the incomming particles. interact is
expected to be small, these biobs>theitselves,areeinitialiy
very small in spatial exténsionm Then, it is hard to imagine

so many hadrons {-50F in so small velume unless. their properties

"&réFcompletely'different~ingthese;states. One may- argue that

the: blob+is: formed at the:beginning: of a few heavy hadrons
which: would: subsequently: decay until arriving .at final light
hadronst: Butr in: this case, as far as p, distribution is
concernedg'the:w&y how these decays occur may become much
more important than- the initial témperature and we cahnot see
a clear.corrglation_hetween;thesefquantities. Many other
specificrassumptions. would bé required: in order to allow a

gquantitative confront with. the.data, along this line.

. The:. purpose of“thelpresentﬂworktis.to-present an alternative

" view of the. phenomencn, in. Some-sense. an improvement of the

preceding interpretatiom.  Following the general concepts of
Landaw's: hydrodynamical model [5}*2, we consi&er'the'aqmmsion
of the: initially: hot: blob. until some dissociation temperature
Ty=T, (?} is reached. The final p, distribution is thus a
result - ofi- two independent factors: a) thermal motion which

is constant (because it is computed when T:'Td = mﬂ) and

*3 ' )
For a recent nevdew in the Q0P framework, see Shuryak [6].
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b) transverse expansion which is dependent on the initial.
temperature and so responsible for the variation of <p,>.
The phase transition invoked in Ref- (4] , in order to explain.
the approximate constancy of <p.> ahove a certain miltiplicity,
is in our view always present. . However, it does nat neces— .
satily imply the independence. of- <p,> of the initial
temperature. According to our wview, a larger multiplicity
means on the average a larger mass of the praduced cluster,
implying a higher initial temperature and so a larger
transverse expansion. This -will finally cause a flatter p,
distribution. The slowing down of the increase of <p,>

with multiplicity is.due te the existence of a natural upper
bound in the cluster mass, which will limit tha-tr&nsverse
exéansion of the blbb, although the: actual number of charged
particles detected in the.central region may stiLLhiﬁcrease;

due to a fluctunation,

Although other versions of hydrodynamical model are not
excluded, we assume in crder to make a quantitative prediction.
that the hot blobs which have been mentioned above are

formed around one or both of the incident particles during
their interaction. As expla;ned in an earlier work [7], this
assumption togethet with the.equétion-of state (we assume
here p = %) allow us to establish a definite relation
between the mass of the blob in one hand and the thermodynamic:
quantities such as the initial temperature and the entropy on
the other hénd. The existence and the dominance of such a
mechanism of production (illustrated by Fig. 1) are moreover
supported by the results we have already reported [7,8] and

also by some other collider data. We will come back to. this
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point in a future publication.
Consider then a cluster of mass M. Following

Refs. [7,8], the average charged multiplicity is
n> (M)o= 2.2 /K ; (2)

The longitudinal rapidity distribution has well been studied
in the past and, when appliad to the present case, turns out

to be approximately [5,9]

2

dr “Pen” exp|- izifﬂi_ (3
dy m LM ’
where { Yy ¥ &n %% ; {center of mass of the cluster)
! . (4)
{ Ly *32&nm

As for the transverse expansion, no complete solution
of the hydrodynamical equations has ever been obtained and
‘what is uéually done is to neglect it because it is very
small and-almost constant in confront with the longitudinal
moticn. The only guantitative result known is the one
cbtained by Milekhin [9], who studied everything in terms of
average quantities. Applied to the present case, his result

reads

1
shef> = M7 exp|- — (5)

2
0.53 ly-yy)
1 T
2 2 15 M
( mp)

where £ 1s the transverse rapidity of the fluid. We will,
in the following, accept this result, except for the constant

factor in front of it, which turns out to be smaller.

.6.

“Let us now put all the'ingredients above together and establish

" & relation between the central multiplicity and <p,>. To

fix our idea, let us here consider one cluster formation
({Fig. 1, @ and b). Then, from egs. (1), (2) and {3) it

immediately -follows

Y =Y (Y. ¥Y
n = % Erf[—o——mﬁ] ¥ Erf[ =S M}:| . (6}
[e] VLM . JLM
To obtain <p,> , we first write é%L., by assﬁming
. . N

£ = <£> given by {5), recalling that the overall momentum
*3
distribution is cigar-shaped with a very sharp p, cut off .

Then, in the dominant order (we assume Td=mTT as in [7,8])

dg

™
ay. # const.yshy,chy, ch(y,-<E>) exp[; TE ch(yl-<£>)] PR S
+ d

and <p,> 1is now written

<p> = i . (8}
[
Given M , egs. (6} and (8} establish the relation we.are
seeking. As is readily seen.in {6} and (B} ({(where <&>  is
given by (5)}, when M increases both. n and <p,> grow
as required by the experimental. data. &as mentioned hefore,

M cannot be larger than s .and so both <n> and <p,>

have upper bounds. However, we are dealing with average

*3322, fer example, Red. [10] fon the defadils.
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guantities and indeed there exist fluctuations, which never-
theless become small when M increases., WNaively, we expect
that both <p,> and <p,> become.smaller when the multiplicity
exceeds <n> ., ag a reflecticn of the energy-conservation,
but we will not consider this fluctuation for the sake of
clearness. Another fluctuation, which is present even when
the total (charged + neutral} multiplicity is fixed, refers

to the actual charged multiplicity detected in the central

region, and this does not affect <p,> . Cur conclusion is
that events with- n larger than the value given by (6), with
M= /s ; may exist, but the corresponding <p,> cannot be
larger than some upper bound. '

In the. case of the two-cluster formation with masses
My and: M, {as shown by Fig. 1,c), similar calculations may
be perfofmedufor each cluster. The final multiplicity will
then be the sum n = my +n; , whereas ‘p.”> is an average of

SPyr and <p,r; .

We are now going to compare the preceding results with
experiments., Bvidently, to obtain the final <p,> we etill
need informations about the relative weight of the single-
to: the double-cluster. events, as well as how M, and M,
are distributed in- the latter. While.an implementation of
this is indeegd possible, this may however obscure the clearcut
relation between the. fundamental physical ideas and the
results which follow, without bringing any gualitative new
consequence. Instead, we prefer to consider just the two
opposite situations which give the upper and the lower bound
in <p,> as a function of the central multiplicity. Namely,

they are i) one-cluster events and. ii). two-cluster events

with M; = Mjs . We plot in Fig. 2 the curves obtained for
these cases at the collider energy (Vs =540 GeV} and an ISR
energy (v¥sS =63 GeV}). The only change with respect to the
preceding results, egs. {4)-(8), which we had to introduce in
this comparison was the reduction of the proporticonality
constant in Milekhin's formula, egqg. (5}, by a factor of %.

As can be seen, the agreement with.the—collider‘s data is

very good,.supporting cur peint of view. Recall that the

only parameter which has been chosen-in the present analysis
is the constant mentioned above, which actually contains some
uncertainty in the original Milekhin's work; As for the
prediction.at the ISR energies, it does show the same kind of
corrélation, the plateau being reached at lower ' <p,> and

n values. When_compargd with- the data of Ref. (2], one sees
that the‘agreement is very nice in the whole plateau region
and we presume the inconsistency we mentioned before*T is
caused by the small-multiplicity events. Actually, preliminary
results at the ISR do indicate a pronounced <p,>-n &Qr—

relation for smaller. - n [11].

‘The authors. aknowledge that the main part of the
present work has been done while one of them [Y.H.] was visiting
CERN's TH Division within the framework of the CNPg-CERN
agreement. He is.especially indebted to L. Van Hove for
stimulating discussions. We also. thank G. Giacomelli for useful

experimental informations.
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FIGURE CAPTIONS

FIG. 1 - Diagramatic representation of the model explained

in 4.

FIG. 2 - Predicted n-dependence of <p,> at /s = 540_éév
(solid lines) and at +s = 63 GeV (broken lineé).
The upper lines correspond to one-cluster events and
the lower ones to two-cluster events with M; = M, o

The data points are from [1].
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