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Percolation Approach to Quark-Gluon Plasma andJ /¢ Suppression
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It is shown that the critical threshold for percolation of the overlapping strings exchanged in
heavy ion collisions can naturally explain the sharp strong suppression/#f shown by the
experimental data on central Pb-Pb collisions, which does not occur in central O-U and S-U collisions.
[S0031-9007(96)01526-8]

PACS numbers: 25.75.Dw, 12.38.Mh, 13.87.Ce, 24.85.4+p

The NAS50 Collaboration [1] has reported a strong[15]. Also, as the energy-momenta of the original strings
suppression af /¢ production in Pb-Pb central collisions are summed to obtain the energy-momentum of the result-
at 158 AGeV/c. The suppression is much stronger thaning string, the fragmentation of the latter can produce some
the expected one due tb/y absorption corresponding particles outside the kinematical limits of nucleon-nucleon
to a cross section of 6.3 mb, by which the NA38 datacollisions if the original strings come from different nucle-
for O-U and S-U central collisions [2,3] and the hadron-ons [19,20]. The fusion of strings has been incorporated
nucleus data can be explained. The NA50 data shown several Monte Carlo codes. In particular, in the quark
a clear deviation from the previous situation [4]. Thegluon string model (QGSM) it is assumed that strings fuse
J /4 suppression in peripheral Pb-Pb collisions is similarwhen their transverse positions come within a certain in-
to the one corresponding to central S-U collisions, but deraction area [15]. The value ofa is determined to re-
sharp enhancement occurs as the centrality of the Pb-RisoduceA rapidity distributions in S-S and S-Ag central
collisions increases. collisions atp,, = 200 GeV/c and in Pb-Pb central col-

In this paper we draw attention to the fact that thelisions atp;,, = 158 GeV/c. .
continuum percolation of color strings can naturally Cascade reactions like 77p — KA, 7% —
describe the sharp difference in thigy suppression at K°A, #*A — K*p, and pA — 7*K° also con-
present energies between O-U, S-U, and peripheral Phribute to theA rapidity distribution but their effects are
Pb collisions on the one side and central Pb-Pb collisionsmaller than the ones due to string fusion, generating
on the other side. Predictions for relativistic heavy-ionuncertainties in the value @ of around 10%. From the
collisions (RHIC) and Large Hadron Colliders (LHC) value of a, the radiusr of the transverse dimension of
energies are given. The idea of applying a percolationhe string can be obtained, = 272 [21]. In our code
approach to strongly interacting matter is not a new oneonly fusion of two strings is considered, so the obtained
In fact, it was suggested already many years ago [5,6]. value,r = 0.36 fm, is an effective one, somewhat larger

The continuum percolation of color strings takes placethan the real transverse radius of the string. Denoting by
when the density of strings rises above a threshold, whichy; the number of strings which fuse infefold strings
can be calculated on geometrical grounds. In this pictureand N} and r.;; the number of all fused strings and the
the region where several strings fuse can be considerededfective transverse size of the string, respectively, we
droplet of a nonthermalized quark gluon plasma, in whichwill have
theJ /i is suppressed as predicted by Matsui and Satz [7].

Percolation means that these droplets overlap and the quark ANy = Z Njjmr?, 1)

gluon plasma domain becomes comparable to the nuclear /2

size. Ny =>N;. (2)
In many models of hadronic collisions [8—13], color Jj=2

strings are exchanged between projectile and target. ThEhe upper limit of the sum in (1) is determined by the
number of strings grows with the energy and with the num-<constraint (2). The values @f; and rZ were fixed in our

ber of nucleons of the participant nuclei. When the den<alculation by comparing the results of the string fusion
sity of strings becomes high, the string color fields begirmodel with the experimental data of production in

to overlap and eventually individual strings may fuse [14—central S-S collisions ay/s = 19.4 AGeV. Computing
18], forming a new string which has a higher color chargeV; in our Monte Carlo code we obtain from (1) the value
at its ends, corresponding to the summation of the color = 0.2 fm both for Pb-Pb and S-Ag collisions.

charges located at the ends of the original strings. The In nucleus-nucleus collisions many strings are ex-
new strings break into hadrons according to their highechanged. Inimpact parameter space these strings are seen
color. As a result, heavy flavor is produced more effi-as circles inside the total collision area. As the number
ciently, and there is a reduction of the total multiplicity of strings increases, more strings overlap. Several fused
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strings can be considered as a domain of a nonthermalizezteds a certain value and this energy density is taken pro-
quark gluon plasma. Following the arguments of Matsuiportional to the density of participants. The critical value
and Satz [7] thg /¢ cannot be formed inside this domain. is chosen to lie between the density of participants of cen-
Also, theJ /¢ will be destroyed by interaction with these tral S-U collisions and Pb-Pb collisions. With this choice
fused strings. Above a critical density of strings percola-a good description of the experimental data is obtained. In
tion occurs, so that paths of overlapping circles are formedur model the density of strings is proportional to the num-
through the whole collision area. Along these paths thédver of collisions, and we obtain similar quantitative results.
medium behaves like a color conductor. The percolatiotHowever, in our approach the critical value is naturally ex-
gives rise to the formation of quark gluon plasma on aplained on geometrical grounds.
nuclear scale. The phenomenon of continuum percolation In Fig. 1 the distribution of strings fusing into sets of
is well known [22]. It explains hopping conduction in a given number of fused strings is shown for central S-
doped semiconductors and other important physical prod collisions at./s = 19.4 AGeV and./s = 200 AGeV
cesses [23]. The percolation threshajldis related to the and also for central Pb-Pb collisions@t = 19.4 AGeV.
critical density of circles:. by the expression The first case is below and the second above the percolation
Ne = wrin.. (3) threshold. Itis seen that above the percolation threshold

n. has been computed using Monte Carlo simulationV® ¢an obtain many sets with a very high number of fused
rings.

direct-connectedness expansion and other different metft . ; . .
Referring to ¢/ suppression the experimental data

ods. All the results are in the rangg. = 1.12-1.175 | the following f :
[24-28]. Taking the above-mentioned valuerpthese ~r€veal the following features [1,30-32]:
(1) The ratioy’/ is constant irp-A collisions.

values imply B _ , (2) '/ decreases with centrality in S-U collisions.
e = 8.9-9.3 stringg/fm". (4) ~ The decrease seems to stop at high centrality.
One may introduce a hard core to model a repulsive (3) '/ is almost the same in central Pb-Pb and S-U
interaction between the circles, or to substitute circles byg|lisions.

squares. The percolation threshoid is only slightly  There are several explanations for the two first features
reduced in these cases. This enhances the conﬂdence[mgg_ge]. The equal absorption @ and ¢’ in p-A

its value and the application to our case where we do naip|lisions can be understood in terms of the breakup of a
know the dynamics of the interaction among strings. reresonance charmonium interaction with the nucleons of

In Table I the number of strings exchanged for centrakhe nycleus [2,36] considering an absorption cross section
p-p, S-S, S-U, and Pb-Pb collisions is shown together with

their densities. It is seen that at Super Proton Synchrotron
(SPS) energies only the density reached in central Pb-Pt& |
collisions is above the critical density. In Pb-Pb mini- £ 70 f
mum bias collisions the average number of strings at SP§o K
energies is 227, very similar to the value for central S-U
collisions, so the density is lower than the critical one.

The J /¢ suppression experimentally observed follows 2 [}}
the same pattern. The strong suppression is only observeg ° [}
in central Pb-Pb collisions. According to Table |, astrong < [
J /4 suppression is also expected in S-U collisions at RHICE & [

trin

60

mbe

energies and in S-S and S-U collisions at LHC energies. 5
Recently [29] it has been assumed that the produged % ol
is completely destroyed whenever the energy density ext
(8]
[0
TABLE I. Number of strings (upper numbers) and their & 20
densities(fm~2) (lower numbers) in centrgh-p, S-S, S-U, and
Pb-Pb, collisions at SPS, RHIC, and LHC energies. 10
Js (AGeV) Collisions C
p-p S-S S-U Pb-Pb o L v . .
0 2 4 6 8 10
194 4.2 123 268 1145 Number of fusing strings per fused string
1.3 35 7.6 9.5 .
FIG. 1. Percentage of the total number of strings exchanged
200 7.2 215 382 1703 jn the collision which goes into sets of a given number of fused
1.6 6.1 10.9 14.4  strings, for central S-U collisions afs = 19.4 AGeV (dashed
5500 13.1 380 645 3071 line) and /s = 200 AGeV (solid line) and for central Pb-Pb
2.0 10.9 18.3 256  collisions at/s = 19.4 AGeV (dotted line). The number 10 in

the horizontal axis indicates sets of 10 or more strings.
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