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We have analyzed the NA58 data &h/y suppression in PbPb collisions.J/¢ production is assumed to be
a two step processi) formation ofcc pair, which is accurately calculable in QCD afig formation of J/ ¢
meson from the&c pair, which can be conveniently parametrized. m/A&AA collision, acc pair gains relative
sguare momentum as it passes through the nuclear medium and some af faérs can gain enough
momentum to cross the threshold to become an open charm meson, leading to supprgséigvAircolli-
sions. A new prescription is proposed for the gain in momentum square, consistent with Krammer process. The
model could explain th&; dependence al/ ¢ over Drell-Yan ratio.
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In relativistic heavy ion collisions)/ ¢ suppression has cc pair to be consistent with theoretical understanding. We
been recognized as an important tool to identify the possiblargue that square of relative momentum gainedcbypair
phase transition to quark-gluon plasma. Because of the larder traversing a length in nuclear medium goes &< rather
mass of the charm quarks¢ pairs are produced on a short thanlL, as was proposed by Qt al.[10].
time scale. Their tight binding also makes them immune to We briefly describe the model of Q&t al.[10]. Produc-
final state interactions. Their evolution probes the state ofion of J/«4 meson is assumed to be a two step procéss,
matter in the early stage of the collisions. Matsui and Satproduction ofcc pairs with relative momentum squaeg,

[1] predicted that in presence of quark-gluon plas@&P,  and(ii) formation ofJ/¢» mesons from thec pairs. Steq(i)
binding of cc pairs into aJ/yy meson will be hindered, can be accurately calculated in QdmMO0,11. The second
leading to the so-calledl/¢ suppression in heavy ion step, formation ofl/¢ mesons from initially compactc
collisions[1]. Over the years several groups have measuregairs is nonperturbative. They used a parametric form for
the J/¢ yield in heavy ion collisiongfor a review of the step (ii), formation of J/¢ from cc pairs. Theld/¢ cross
data and the interpretations see R€253)). In brief, experi-  section inAB collisions, at center of mass energlg was
mental data do show suppression, which could be attributeghen written as
to the conventional nuclear absorption, also presentAn

collisions.

The latest data obtained by the NA50 Collaborafidhon ~ A+ B—dy+x(S)
J/¢ production in PB-Pb collisions at 158 GeV is the first .
indication of the anomalous mechanism of charmonium sup- ~ — k> J qu(ab_;“> f AXe ap(Xa,Q?) duss
pression, which goes beyond the conventional suppression in ab Q
a nuclear environment. The ratio df s yield to that of
Drell-Yan pairs decreases faster wih in the most central X (xp,Q?) XaXb
collisions than in the less central ones. It has been suggested Xat Xp
that the resulting pattern can be understood in a deconfine-
ment scenario in terms of successive melting of charmonium 2
bound state$4]. Essentially in a QGP-like scenario, assum—Wherg 2ap runs over all _parton flavors, an_@ —d
ing all theJ/¢ melts above a threshold density, NA50 data+4mc . The K fagtor tqkes into account the h|ghe.r order
could be explained as an effect of transverse energy fluctu£2Tections. The incoming parton momer;tum fractions are
tions [5—7]. The data could be also be explained in the co-fixed by kinematics and are,= (\x2+4Q%s+xg)/2 and
mover approach without invoking QGP-like scenafRl.  Xo=(VXg+4Q%/s—Xg)/2. Fes.3,(a%) is the transistion
Recently we have showf®] that the NA5SO data could be probability to form aJ/ meson from the initially compact
well explained extending the model of Qatial.[10]. Inthis ~ cc pair. Subprocess cross sections can be fourjd1h
model suppression is due to gain in relative square momen- In a nucleon-nucleus/nucleus-nucleus collision, the pro-
tum of cc pair, as it pass through the nuclear medium. Somelucedcc pairs interact with nuclear medium before they
of the cc pair might gain enough momentum to cross theexit. Observed anomalous nuclear enhancement of the mo-
open charm threshold. mentum imbalance in dijet production led Qiu, Vary, and

In the present Rapid Communication, we further analyzeZhang[10] to argue that the interaction of @& pair with
the problem and alter the prescription used by €ial.[10]  nuclear environment, increases the square of the relative mo-
to calculate the gain in the relative square momentum of thenentum between thec pair. They prescribed that if the

pair traverses a length in nuclear medium, then the rela-
tive square momentung? in the transition probability
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q°—g%+e?L (2 3
{ 0 p(450GeV/c)-A (A=p,d,C,Al,Cu,W)

with &2 being the square of relative momentum gained by the 1 ®  p(200GeV/c)-A (A=Cu,W,U)
pair per unit length of nuclear medium. In Ref$0,9] it was 1l & 0O(200GeV/c)-Cu,U;S(200GeV/c)-U
shown that with appropriate transition probability, Eq. 2 can :% ®  Pb-Pb (158GeV/c)
describe the total/¢ cross section apA/AA collisions. 2]
However, the NA50 data on transverse energy dependence of 2 1
the ratio J/ over Drell-Yan requires? to be scaled by a Q ;l[J
factorL/{L) [9]. The square of the relative momentum gain, s
for traversing a length of nuclear medium goes &< rather T
thanL. The dependence is consistent with Brownian motion m:ft
of the realtive square momentum of tiee pair. Kramers 1
equation is a special Fokker-Plank equation for the distribu-
tion function in position and momentum spdde]. For har-
monically bound particles, the steady state variances can be
written as[13]

0 . . . .

(x=X)2)=v{/w}, ) 0 2 4 6 8 10

L(A,B) (fm)

(v=v)?)=vf,, (4) ~ - i i
FIG. 1. TotalJ/¢ cross sections with the branching ratio to

wherev,= JT/m is the thermal velocity of a particle with ,L_L‘_f,u‘ in proton-n_ucleus, proton-qucleus, and nucleus-nucleus col-
massm. In an external force free condition, above eqautiondisions, as a function of the effective nuclear lengtA,B).

lead to ) ) . )
gluonic bath has been estimated in Hé®6]. It is 0.89 fm at

((ps—Pi) 2y { (Xg—Xi)?). (5) RHIC energy and 1.6 fm at LHC energy. It is difficult to say
what its value will be at SPS energy, and in a nuclear me-
In other words, for a Krammer-like process, square ofdium, consisting of pions, nucleons, etc. However, we expect
relative momentum gain goes &3 rather tharL as in Eq. it to be much larger than 0.13 fm. If indeed, the relaxation
(2). Accordingly, we suggest that for traversing a lengtim  time scale of charm quarks is much larger than 0.13 fm, then
nuclear medium, the relative momentwrhin the transition Eq. (5) will not be valid for pd collsions.

probability F ¢c.5,(9%) should be changed to We now apply the model to obtain transverse energy de-
pendence of thel/ys over Drell-Yan ratio. The Drell-Yan
2_) 2+£2L2 (6) X . A k
a—q : pairs do not suffer final state interactions and the cross sec-
tion at an impact parametdr as a function ofE; can be

The parametes? was obtained by fitting NA50 dafd 5]
on J/ ¢ production inpA and AA collisions. For the transi-
tion probability, we use the following forrfi10,9]:

written as

d?0PY/dErd?b= oDy, J d%sTA(s) Tg(s—b)P(b,E7),

Fee24(0%) =Ny, 0(0?) 6(4m'?— 4mZ—g?) ®
q | oy o
X[ 1m——m—— | (7)  where og) is the Drell-Yan cross section itNN col-
4m’e—4mg lisions. All the nuclear information is contained in the

. nuclear thickness function s)(=/dz s,2). Pres-
and we have used CTEQ5M parton distribution funcfib4] ently we have used theT%ﬁc()v%i(ngf pa?g’r%(etri(): form. for

in the calculation. In Fig. 1, we have compared NA50 ex- (r) [5]:
perimental dat@15] with the best fitted curve. Except for the Pa '
pd reaction, all the data points are correctly reproduced. The

cross section fopd reaction is underpredicted. Indeed, we pa(r)=
do not expect Eq(5) to predict correctly the suppression in 1+ex;< r—ro
pd collisions. The equation was obtained assuming Brown-

ian motion of charm and anticharm quarks in a nuclear me-

dium (heat bath The deuteron can provide hardly any with a=0.53 fm, r,=1.1AY3. The central density is ob-
nuclear medium. It is evident from the length of nucleartained fromfp(r)d3r=A. In Eq.(8), P(b,E7) is the prob-
medium inpd collision, which is 0.13 fm only. Also, Eq5)  ability to obtainE; at an impact parametér The geometric
(Ap?xAx?) corresponds to the steady state, i.e., tforo. model has been quite successful in explaining the transverse
In order to be valid, the size of the system must be largeenergy as well as multiplicity distributions iRA collisions

than the relaxation time scale of the charm quarks. Relaxt17,18. Transverse energy distribution in PBb collisions
ation time scale for charm quarks in a nuclear environment islso could be described in this modél. In this model E

not known. Thermalization time scale of charm quarks in adistribution is written in terms oE distribution inNN col-

Po
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lisions. One also assumed that the gamma distribution, with
parametersy and 8 describe theéE distributions inNN col- 40 without E fluctuations
lisions. PbtPb data orEq distribution could be fitted with — — with E7 fluctuations
a=3.46+0.19 andB=0.372+0.021(6].

While Drell-Yan pairs do not suffer interactions with 30 4
nuclear matter, thd/¢ mesons do. In the model, the sup-
pression the factor depends on the length traversed bydhe
mesons in nuclear medium. Consequently, we writeJihje
cross section at an impact parametess

a2 dEd%b
10 A

= Uﬂﬁf d’sTa(9) Te(s—b)S(L(b,s))P(b,Ey),

(10 0 50 100 150
Iy

where oy is the J/¢ cross section inNN collisions ET (GeV)
and S(L(b,s)) is the suppression factor due to passage _ o
through a lengthL in nuclear environment. At an impact FIG. 2. Open and closed circles are thig/ to Drell-Yan ratio in

parameterb and at points, the transverse density can be a Pbt+Pb collision obtained by NA50 Collaboration in 1996 and
calculated as ' 1998, respectively. The solid line is the model prediction obtained

without anyE+ fluctuations and the dashed line is obtained includ-
n(b,s)=Ta(s)[1—e" O’NNTB(b—S)] ing E; fluctuations.

+Tg(b—9)[1—e INNTAOT], (11)  excellent description of the data, throughout g range.

The results clearly show that the rapid fall of they over

Drell-Yan ratio beyond the knee of the; distribution is due

to E fluctuation only. The present calculation also estab-

lishes that it is not essential to assume a deconfined scenario
L(b,8)=n(b.5)/2po. (12 to explain the NA50 data od/ ¢ to Drell-Yan ratio. Nuclear

Suppression factoiS(L(b,s) is then easily calculated absorption alone is capable of explaining it.

using Eq.(1). To summarize, we have analyzed the NA50 data on
Fluctuations ofET, at a fixed impact parameter, p|ay an transverse energy distribuﬂon Oflﬂ in Pb+Pb collisions at

important role in the explanation of NA50 data. Following CERN SPS. In the modet,c pairs gain relative square mo-

Blaizotet al.[5], we take into accourf; fluctuations by the mentum &2 as it travels a square of length® through

and the lengti.(b,s) that theJ/¢ meson will traverse can
be obtained as

following replacement: the nuclear environment. Suppression occurs as some of
the pairs can gain enough momentum to cross the threshold
L(b,s)—L(b,s)E7/E1(b). (13  to become an open charm meson. The parameters of the

model were fixed by fitting experimentdl ¢y cross section
in pA and AA collisions. The model could very well de-
scribe the transverse energy dependenceJbf over

In Fig. 2, we have compared the model prediction with
the NA50 experimental data afiy over DY ratio. The solid

line is the ratio obtained without an/y fluctuations. The  prell-van ratio upto the knee of thE; distribution. It ex-

data are reproduced up to the knee of Egdistribution. 5 5ins the data, throughout tHe; range if E; fluctuations
Beyond the knee of thé&y distribution, model prediction 4.6 included.

saturates, while the data show rapid fall of the ratio. The
dashed line is the model prediction obtained includingghe The author would like to thank the Lady Davis Fellow-
fluctuations. The model without anfyee parametergives  ship trust for supporting his visit to Technion.
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