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Charmonium production and suppression in heavy-ion collisions at relativistic energies is investigated
within different models, i.e., the comover absorption model, the threshold model, the statistical coalescence
model, and the hadron-string-dynam{¢$SD) transport approach. In HSD the charmonium dissociation cross
sections with mesons are described by a simple phase-space parametrization including an effective coupling
strength|M;|? for the charmonium stateis= x.,J/, . This allows inclusion of the backward channels for

charmonium reproduction bypD channels—which are missed in the comover absorption and threshold
model—employing detailed balance without introducing any new parameters. It is found that all approaches
yield a reasonable description &f ¢ suppression in S+U and Pb+Pb collisions at Super Proton Synchrotron
(SPS energies. However, they differ significantly in tii¢/J/ ¢ ratio versus centrality at SPS and especially

at Relativistic Heavy-lon Collide(RHIC) energies. These pronounced differences can be exploited in future
measurements at RHIC to distinguish the hadronic rescattering scenarios from quark coalescence close to the
quark-gluon plasma phase boundary.
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I. INTRODUCTION Furthermore, it has been pointed out—within statistical
The dynamics of ultrarelativistic nucleus-nucleus colli- Models—that at RHIC energies the charmonium formation

sions at Super Proton Synchrotr¢8PS and Relativistic "0m open charm and anticharm mesons might become es-
Heavy-lon Collider(RHIC) energies are of fundamental in- Sential[31-34 and even exceed the yield from primaiN
terest with respect to the properties of hadronic/partonic syscollisions [35]. One of the prevailing questions is thus if
tems at high energy densities. In particular, the formation oPpen charm mesons and charmonia will achieve thermal
a quark-gluon plasméQGP) and its transition to interacting equilibrium with the light mesons during the nucleus-nucleus
hadronic matter has motivated a large community for morgeaction. Furthermore, does the distribution of chaamti-
than two decadefl—4]. However, the complexity of the dy- quarks over open and hidden charm mesons conform with
namics has not been unraveled and the evidence for the fothe statistical law at the same freeze-out parameters as an-
mation of a QGP and/or the properties of the phase transitioticipated in Refs[31-347?
is much debate@]. Apart from the light and strange flavor In fact, a previous analysis within the hadron-string-
(u,u,d,d,s,s) quark physics and their hadronic bound statesdynamics(HSD) transport mode|36] has demonstrated that
in the vacuum(p,n,7,K, ¢, A, etc), the interest in hadrons the charmonium production from open charm and anticharm
with charm (c,c) has been rising continuously since the mesons becomes essential in central Au+Au collisions at the
heavy charm quark provides an additional energy scalRHIC. This is in accordance with independent studies in
which is large compared tdocp. Thec,c quark degrees of Refs.[23,30. On the other hand, these backward channels
freedom are of particular interest in the context of the phaséave been found to be practically negligible at SPS energies.
transition to the QGP sincec meson states might no longer There is, however, an experimental claii®7] that open
be formed due to color screenifi,7]. charm might be enhanced by up to a factor of 3 in central
However, the suppression df ¢ and ¥ mesons in the nucleus-nucleus collisions. In this case the hidden charm re-
high density phase of nucleus-nucleus collisions at SPS ermgeneration processes might already be essent{aeimjcen-
ergies[8—13 might also be attributed to a large extent to tral collisions at SPS energi¢32—34. A possible reason for
inelastic comover scatteringcf. [3,14—2Q and references the open charm enhancement is an increase of the effective
therein) provided that the correspondinlf ¢-hadron cross production cross sections of heavy quarks in the strongly
sections are of the order of a few millibarf20-25. Theo- interacting medium[38]. Also strong secondary meson-
retical estimates here differ by more than an order of magnibaryon channels might be responsible for this enhancement
tude (cf. [25—28 and references thergirespecially with re-  as pointed out in Ref39]. In short, there are presently more
spect toJ/¢-meson scattering, such that the question ofopen questions than solid answers.
charmonium suppression is not yet settled. On the other Here we extend our previous studig] with respect to
hand, at RHIC energies further absorption mechanisms—ebservable ratios of charmonium states, i.e., in particular the
such as plasma screening and gluon scattering—might play & /J/ ¢ ratio, which is accessible by experiment. We com-
dominant role as suggested in Rgf29,30 and also lead to pare the HSD results to the calculations within the standard
a substantial reduction of th# ¢ formation in central Au scenarios(including only suppression channglss well as
+Au collisions. within the statistical coalescence mod8ICM) [31].
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Our work is organized as follows. In Sec. Il we remind before the final hidden charm mesons are formed. This ab-
the reader of the standard models of charmonium suppresorption cross section is therefore taken to be the same for all
sion as well as of the statistical coalescence model. We alscharmonia. The cross sectiof,=4.4 mb[42] is taken from
briefly recall the “input” of the HSD transport approach with the most recent SPS data analysis and is close to the theoret-
respect to charmonium and open charm degrees of freedontal prediction of Ref[43]. We assume that the same cross
In Sec. lll the results of all models are presented f0rPS+Usectionaa,DS prevails also at RHIC energies.
collisions at Vs=20 GeV, for Pb+Pb _collisions at's Those charmonia—that survive normal nuclear
=17.3 GeV, and Au+Au collisions at's=200 GeV. We suppression—are furthermore subjected to the comover
present the yields od/ ¢ and ¢/ as well as their ratio as a [3,14-2Q or quark-gluon plasma suppressi@d]. We recall
function of centrality. Section IV gives a summary of our that both scenarios describe successfully the centrality de-
findings. pendence of thd/ ¢ yield in Pb+Pb collisions at the SPS. In
the comover approach, an additional factor appe&s:
=350 [14], which depends on the density of comovers and
on aneffectivecross sectiomwr,, for charmonium dissociation
A. The standard models by comovers. The value¥=1.0 mb is obtained from the fit

The standard approach to charmonium production irPf the NASO data on/y production in Pb+Pb at the SPS

heavy-ion collisions assumes ti@bound states are created (N€W data[12] were addeyl It also agrees with the NA38
only at the initial stage of the reaction in primary nucleon- data for S+U collisions. This value corresponds to an aver-

nucleon collisions. During the subsequent evolution of the?d€ OVver all comover species, relative collision energies as
system, the number of hidden charm mesonstigpressed Well @s all charmonium states contributing to e} yield
by (i) the absorption of preresonance charmonium states ifirough their decays. From a fit of the to J/y ratio in S
nuclei (the normal nuclear suppressjotii) the interactions +U collisions at SPS we get the valug,=5 mb for the
of charmonia with secondary hadro®movers, and(iii) a  effective cross section o/’ suppression. We will assume
possible dissociation ofc bound states in the deconfined that the cross sectiong’?" are the same also at the RHIC
medium. The last mechanism was first expected in F8f. energies; however, the charmonium suppression at the RHIC
and it was proposed that charmonia might be used as a proli@comes stronger due to the higher comover density.
for deconfinement in the state of matter created at the early There are two reasons for an increased comover density at
stage of the collision. the RHIC relative to the SPSa) The multiplicity of pro-

Two basic versions of the standard scenarios have beetuced secondary hadrons per unit rapidity interval at midra-
considered in the literature that are both restricted to suppregjidity already increases by a factor of about 1.5 frgm
sion mechanisms only. One of them, the comover modek17 GeV to s=200 GeV in elementary nucleon-nucleon
[14], assumes that the charmonium increases gradually witbollisions; (b) the deviations from the wounded nucleon
the density of the strongly interacting medium created in thenodel become stronger at higher energies, which increases
collision. No abrupt changes of absorption properties of thehe comover density in central nucleus-nucleus collisions ad-
medium take place. The model of R¢#Q] represents the ditionally. The centrality dependence of the number of light-
opposite extreme: the suppression sets in abruptly as soon figvored hadrons per unit pseudorapidity interval in Au+Au

the energy density exceeds a threshold value, which is a fregllisions at the RHIC can be parametrized[44]
parameter of this model. This version of the “suppression-

II. DESCRIPTION OF THE MODELS

only” approach will be referred to as “the threshold sce- dNﬁuAu dNpP
nario.” The latter model is motivated by the idea that the q = 4y [(1=-X)Ny/2+XNeon], (2
charmonium dissociation rate is drastically higher in a quark- Y ly=0 Y ly=0

gluon plasma than in a hadronic medium. _ = .
For a brief description of the “suppression-only” approachWherex=0.11 forys=200 GeV[45], Ny(b) is the number of

let us consider two nucleh and B that collide at impact participants, antN..;(b) is the number of collisions. Both are

parameteb. The number of produced hidden charm mesong€Vvaluated in the Glauber approach. _
is given by[41] Calculating the centrality dependence of the charmonium

suppression, it is convenient to introduceraactantdensity

N in the plane transverse to the collision axis:
N/8(b) = UiNNABJ d’s Ta(I8) Te(IS-b))S(h,S), (1) P

whereo!'N is the production cross section of the charmonium Np(b,9) =[(1 =X)ng(b,$) + 2xne(b,S)]. 3
species in nucleon-nucleor(N+N) collisions, Ty, is the _ _
nuclear thickness function related to the nucleon density iffere ny(b,s) andn.(b,s) are, respectively, the densities of
the nucleus an(S(B §<1 is a factor responsible for the nucleon participants and collisions in the transverse plane:
charmonium suppression.
At the very initial stage charmonia experience absorption N.(b _sz -

- . - s S = s ny(b,S 4
S=5s, by interactions with nucleons of the colliding nuclei D) (b @
(see, for instance, Ref$14,41)). Bound cc states are as-
sumed to be absorbed in the so-called “preresonance statahd
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- the final hadron system is assumed to be equal to the number
Neoi(b) = f d’s neou(b,§). (5  of c andC created at the initial stage @&+A reactions by
nucleon-nucleon collisions. Only the distribution ®andc
Note that the multiplicity of light-flavored hadron®) is  among different hadron states is controlled by statistical laws
proportional to in terms of the hadron ga$1G) model parameters: i.e., tem-
peratureT, baryonic chemical potentialg, and volumeV. It
N;(b) = f d?s n;(5,§). (6)  appears that the number of hidden charm mesons produced
by a statistical coalescence mechanism depends weakly on
Motivated by this fact, we assume that the comattensity e thermodynamic hadronization paramefemnd ug. The
in the transverse plane, which is needed to calcusteis ~ charmonium yield is mainly defined by the average number
proportional ton; 3. of charmed quark-antiquark pail;c and blthe hadroniza-

In contrast to the comover version of the models, thetion volume parametey. We recall that, ifN:¢is not much
threshold scenari¢40] assumes that no charmonia are de-larger than unity, a proper account for the exact charm con-
stroyed by the medium until the energy density reaches gervation becomes essential as shown in [Red]. This is
threshold value. The excited charmonia which contribute crucial at SPS energies, wheles is less than unity, and

about 40% o the total/y yield, are suppressed’at lower o mains essential for moderate centralities in Au+Au colli-
energy densities compared to directly produdéd’s. We sions at the RHIC

have updated the fi46] to the SPS daténew NA50 data
[12] were addeyp using the corrected value of the normal
nuclear absorption cross sectiog,s=4.4+0.5 mb[47]. The
J/¢ to Drell-Yan ratio in nucleon-nucleon collisions is

The SCM formula for thetotal (47) charmonium yield,
that takes into account exact conservation of the number of
cc pairs, was obtained in Ref32]. In the real experimental

. . NN NN situation, however, measurements are performed in a limited
aproxmaiely_the sar_nze as in F_Q@G]' (_TZJ/‘/’/GDYzSB' Our rapidity windowAy. In the most simple case, when the frac-
results art Ny=2.0 f”_‘ andnJ,¢-3.8 fmT™. Heren, (ny,) is . tion of charmonia in the relevant rapidity window does not
the participant density in the tra_nsverse p_Iane corresp(_)ndlngepend on the centrality, one can merely use the formula for
to the threshold energy density at whioh charm_oma the total yield multiplied by some fact@r< 1. This approach
(J/y's) are fully suppressediThe change of tha/y yield ¢ \sed in Refg33,34 for studying the SPS data, where
d.ue to they’ IS neglepted.The thrgshold f(?r they’ SUPPIeS- the muiltiplicity of light hadrons, which determine the freeze-
sionn,,=1.7 is obtained from a fit of the to /¢ ratio in ¢ \ojyme of the system, are approximately proportional to
S+U CO"'S'ODS at the SPS. . . . the number of nucleon participarit at all rapidities. At the

Extrapolating to RHIC energies, one again has to take '”.?IHIC the situation is different: thtotal (47) multiplicity of
account that the number of produced hadrons per unit rapi jght hadrons is approximately proportional to the number of
ity a_nd, consequgntly, the energy density of the F?mduceéarticipantsN . While at midrapidity it grows faster with
medlu_m grows with the collision energy and centrality. Duel\Ipart [see Eq(p2)]. The centrality dependence of charmonium
to dgwatlons from_the Woun_ded hucleon m_o@l th? phar- production at different rapidities should, in this case, be also
monium: suppression sets in when tliﬁectlvepart|0|pant different. To compare the SCM prediction to the PHENIX
density ny(b,5) (3)—rather than ny(b,5—exceeds the data[50], which are related to thé/y yield at midrapidity
threshold value. The number of secondary hadrongfiec-  dN;,/dy, one has to derive a formula for the charmonium
tive participant pair at/'s=200 is higher than that at the SPS vyield in a finite rapidity intervalAy.
by a factor of about 1.5. The critical energy density at the To this aim leté,y <1 be the probability that & quark,
RHIC is re*ached, therefore, at Igwer effective participantproduced in a nucleus-nucleus collision, has rapigityithin
density: n=n,/15~13fm? ny,=ny,/1.5~25fm?  the intervalAy. The probability distribution of the numbig
andn w,znl,,,/l.Sz 1.1 fm2. of ¢ quarks inside the intervaly for events with fixedotal
(47) numberNg: of cc pairs is given by the binomial law:

B. Statistical coalescence model 1
cc

In contrast to the scenario described in Sec. Il A, the sta- f(kelNeo) = k! (Neo— ko)! gLyl (D)
tistical coalescence modg1] assumes that hidden and open e
charm hadrons are created at hadronization near the point Ghe probability distribution of the numbé&g of ¢’s inside the
chemical freeze-out, which might be close to the phasénterval Ay is assumed to bmdependenof k.. It conforms
boundary of the QGP. However, contrary to the pure thermaio the same binomial law. Event-by-event fluctuations of the
model [49] the total amount of charm in the system is notnumber ofcc pairs N created at the early stage AfrA
assumed to be in chemical equilibrium. Indeed the relaxatiomeactions in independent nucleon-nucleon collisions are Pois-
time for the number ot andc is expected to exceed the son distributed:
lifetime of the system. Therefore, the total charm content of

- This differs from Ref. [51], where an exact equalitk.=kg

“These numbers are different from those of HdB], where an-  within the chosen intervaly is assumed. In fact, the net charm is
other value of thel/ ¢ to Drell-Yan ratio in nucleon-nucleon colli- exactly zero only in the total system. In any finite rapidity interval,
sions o’/ opy~43 was assumed. however, event-by-event fluctuations wib# ks are possible.
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(NcéNcE ) ﬁc?: Neon(b) U(E%\I/O-i':llsl' (12
Nec!

P(Nc?; Ncﬁ = E'XF(— Nc@
Our statistical coalescence model calculations are performed

d- under the assumption that the open charm multiplicity is en-

The probability ofcc coalescence is proportional to the pro di I | llisi he SPS di
uct of their numbers and inversely proportional to the systerﬁ1ance In nucleus-nucleus collisions at the P according to
the experimental claim in Ref37]; therefore the effective

volume. The proportionality coefficient depends on the ther- ) NG ;
mal densities of the open and hidden charm hadrons, and fdarm production cross sectionz' in Eq.(12) is assumed to

the same as in the case of the total charmonium yia#j. ~ be larger by a factor of-3.5 than in elementary nucleon-
The average multiplicity of the charmonium speciest ~ nucleon collisions. This “enhancement” factor is expected to
fixed values ofk, andk is therefore given by52] become weaker at larger collision energi88]. Therefore,
we neglect it in our calculations for the RHIC.
ot g The charm production cross sectiofi has been mea-

Nk = ks o
y

In deriving Eq.(9) we used the fact that the thermal number = 650 ub. This givesN~16—-17 for central Au+Au colli-
of hadrons with hidden charm is much smaller than that withSions in line with the HSD calculations in R¢56].
open charm. Folding Eq9) with the binomial and Poisson ~ The SCM is applicable only to large systen,> 100

(9) sured at the RHIC by the PHENIX Collaborati¢®5]. The
result is consistent with PYTHIA calculationsoly’

p+p point and the most peripheral Au+Au point, corre-

- tot sponding toN,,,~ 30, cannot be used in the SCM fit proce-
NY =~ giy NecNee*+ D) — =5 ——, (100  dure. For this reason we restrict ourselves only to a rough
(No/2)” Vay estimate of the SCM prediction for the charmonium yield at

midrapidity at the top RHIC energy.

Wherfo[‘p is the thermal density of all open charm hadrons e fix the charm production cross section in nucleon-
andn;” is the total thermal density of the charmonium spe-p,,cleon collisions at its PYTHIA valuer\N=650 ub. Since

ciesi (in_cluding the decay contrtigutions from the_ higher there are no experimental data for the valug g, one can
charmonium statgs Both no and n™ are calculated in the ., ohy estimate it assuming approximately the same rapid-

i
grand-canonical ensemble with the QGP hadronization pqty distribution for the open charm anif ¢/'s in p+p colli-
sions. This leads td,,-;~0.3. We note that the charm ra-

rameters T,c%LB,VAy found from fitting the data of
light-flavored hadron yields in the rapidity intervaly. The 45 gistribution in Au+Au collisions might be broader
average number afc pairs Ng is, however, related to their than in p+p reactions due to rescattering ofand ¢ with
total (4m) yield. nucleons. This will not change our result essentially, how-
The distinctive feature of the statistical coalescence modedver. The estimate of the total charm production cross section
is that theratio of multiplicities of different charmonium s based on the single electron measurement at midrapidity.
species is the same as in the equlibrium hadron gas. Thergny extrapolation to the total phase space has been done
fore the ¢’ to J/4 ratio is practically independent on the assuming that the charm rapidity distribution does not
centrality and only slightly depends on the collision energychange fronp+p to Au+Au. The charm production rate per
(due to the change of freezre—out parameters binary collision at midrapidity was found to be independent
In Au+Au collisions atys=200 GeV the yield of light- of the centrality(at least within the present accuracy of the
flavored hadrons at midrapidity is fitted within the hadronmeasuremeint This implies that the total charm production
gas model withT=177 MeV andug=29 MeV [53]. The cross section should grow with the centrality, if there is a
centrality dependence of the volume is calculated from broadening of the rapidity distribution. Both effects, the de-

crease ofé,y-; and the increase CIf'CNE'\I nearly cancel each

1 dNGAY other in Eq.(10) such that the prediction of SCM does not
Vay=1= Ner(T, 48) 12 dyp (11 change significantly.

the coefficient 1.2 is needed to recalculate the number of
particles per unipseudorapidity( ) interval to that per unit
rapidity (y) interval [54]. Here n., is the charged hadron In order to examine the dynamics of open charm and
density calculated in the HG model. charmonium degrees of freedom during the formation and
The average number of the initially producedpairs in ~ expansion phase of the highly excited system created in a
our calculations is proportional to the number of binaryrelativistic nucleus-nucleus collision within transport
nucleon-nucleon collisions: approaches, one has to know the number of initially pro-
duced particles withc or ¢ quarks, i.e.,D,D,D*,D*,

3At the RHIC the strangeness as well as all other conserve@s,DgD;,D;,J/l//(ls)f W_(23)7Xc(1p)- In this WO!’k we fol-
charges, excluding charm, can be safely considered in the grarl@w the previous studies in Refg3,17,36,56 and fit the total
canonical ensemble. charmonium production cross sectiofis x.,J/ &, ') from

C. Open charm and charmonium dynamics in HSD
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NN collisions as a function of the invariant energ@by the dN .
function dxdpr (1 = [xe])° exp(= by pr), (16)

NI AN P oo wherepr=2.08 GeVv? andc=a/(1+b/\s’§). The parameters
o (9)=fia 1]7; m ovs=vso). (13 5 p are 'chosen asyn=13.5, byy=24.9 for NN collisions
anda_y=4.11,b,y=10.2 for #N collisions as in[36,54.

wherem denotes the mass of charmonitrwhile sy =m, The total and differential cross sections for open charm
+2my, is the threshold in vacuum. The parametergis)  Mesons fronpp collisions, furthermore, are taken as in Refs.
have been fixed to describe tléy and ' data at lower [36,58. We thus refer to the results of R¢66] which give
energy (Vs<30 Ge\) as well as the data point from the ~16DD pairs in central Au+Au collisions aty's
PHENIX Collaboration[57] at ys=200 GeV, which gives =200 GeV, a factor of-160 relative to the expected primor-
a(pp—J/ Y+X)=3.99+0.61stah+0.5g syst+0.40abg] ub  dial I/ multiplicity.
for the totalJ/ ¢ cross section. We use=0.2 mb,a=10, 8 Apart from primary hardNN collisions the open charm
=0.775. The parametefs are the fractions of charmonium mesons or charmonia may also be generated by secondary
statesi. For the present study we chooﬁg:0_636, f31, megqn-baryommB) reagtmns. Here we mcludg all secondary
=0.581,f,,=0.21 in order to reproduce the experimental ra-collisions of mesons with baryons by assuming that the open

tio charm cross sectioffrom Sec. 2 of Ref[56]) depends only
on the invariant energys and not on the explicit meson or
B(xe, — Vo, +Blxea — W0, baryon saate. Fu:thermore, we take into account all interac-
ot =0.344+0.031 tions of “formed” mesons—after a formation time of
31y =0.8 fm/c (in their rest framg [62]—with baryons or di-

] . quarks, respectively. As pointed out in RE§6] the produc-
measured inpp and 7N reactions[58,59 as well as the tjon of open charm pairs in central Au+Au collisions B

averagedpp and pA ratio reactions at RHIC energies is expected to be on the 10%
level.
[Buu(¥/) oy MBI ay,] = 0.0165 In order to study the effect of rescattering we tentatively

adopt the following dissociation cross sections of charmonia

(cf. the compilation of experimental data in Rg£7]). Here  with baryons independent on the enef@y line with Refs.
the experimentally measurell i cross section includes the [17 56):

directJ/ ¢ componentay,) as well as the decays of higher
charmonium stateg,, ¢/, i.e., o =6 mb, (17

expt_— ’

055 =03y * Blxe — oy, +BY — Aoy, (14) oye=4mb, 0, g=5mb,o,5=5mb.
Note, we do not distinguish here the;(1P) and x2(1P)  |n Egs.(17) the cross sectiorg stands for gcolor dipole
states. Instead, we use only thg(1P) state(which we de-  preresonancécc-baryon cross section, since tige pair
note asyc); however, with an increased branching ratio for produced initially cannot be identified with a particular had-
the decay toJ/ in order to include the contribution of ron due to the uncertainty relation in energy and time. For
Xc2(1P), i.e., B(x;—J/4)=0.54. We adoptB(y' —J/4)  the lifetime of the preresonan@e pair (in its rest framg a
=0.557 from[60]. value of 75=0.3 fm/c is assumed following Re{63]. This

For the total charmonium production cross sections fromyalue corresponds to the mass difference ofth@ndJ/ .
7N reactions we use the parametrizatiom line with Ref. For D, D", D, D'~meson(, 7, p, ) scattering we ad-

[15]): dress the calculations from Ref&2,23 which predict elas-
y tic cross sections in the range of 10—20 mb depending on the
o™(s)=f b (1 _m_') 9(\@_ \g) (15)  size of the form fac_tor employed. As a gu.ideline we use a
VS constant cross section of 10 mb for elastic scattering with

mesons and also baryons, although the latter might be even
with y=7.3 andb=1.24 mb, which describes the existing higher for very low relative momenta.

experimental data at lows reasonably wel(cf. Fig. 3 from As already pointed out in the Introduction th&y) forma-
[56]). Vsgi=m,+my+m_ is the threshold in vacuum forN  tion cross sections by open charm mesons or the inverse
reactions. comover dissociation cross sections are not well known and

Apart from the total cross sections, we also need the difthe significance of these channels is discussed controversely
ferential distribution of the produced mesons in the transin the literaturg26,27,31,35,64,85We here follow the con-
verse momenturp; and the rapidityy (or Feynmarxg) from  cept of Ref.[36] and introduce a simple two-body transition
each individual collision. We recall thax:=p,/p;®  model with a single parametét? for each charmonium, that
=~ 2p,/ Vs with p, denoting the longitudinal momentum. For allows us to implement the backward reactions uniquely by
the differential distribution inxc from NN and 7N collisions  employing detailed balance for each individual channel.
we use the ansatz from the E672/E706 Collaborafti: Since the meson-meson dissociation and backward reactions
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typically occur with low relative momentgcomovers’ it is set 2;||\/|W|2 = ||\/|X 1?=|My|?, v 2=1.9M,%
legitimate to write the cross section for the process 1+2 ¢
—3+4 as We have fixed the parameti¥ly|?> by comparison with the

E E.E.E +m,\é p J/ s suppression data from the NA38 and NA50 Collabora-
Orap 3ea(S) = 20 224 |\ I|2< —~ 4) =L (18 tions for S+U and Pb+Pb collisions at 200 and ¥6GeV,

S VS Pi respectively{10,11,13 (cf. Fig. 1 in Sec. ll). We obtain the
best fit for [Mo[?=0.17 fm/Ge\* (which is slightly higher
than in our previous studjB6] since the fractions of char-
monium stated; have been also modified hgre

The advantage of the model introduced in EB) is that
, [s—(mg+mp)?][s— (M - my)?] detailed balance for the binary reactions can be employed
= , strictly for each individual channel, i.e.,

whereE, and S, denote the energy and spin of hadioik
=1,2,3,9, respectively. The initial and final momenta for
fixed invariant energy's are given by

t 4s
_ (25 +1)(25+1) IO.
pf2 = [s—(ms+ m4)2i[ss_ (mg - m4)2] , (19) 0344-,1+2S) = T142-,344(S) (25, + 1)(25,+ 1) p , (22

where m, denotes the mass of hadrén In Eq. (18) W 2 and the role of the backward reactioftsc); + meson forma-
k . [

(i=xe,d/¢,¢/) stands for the effective matrix elelment tion by D+D flavor exchangecan be explored without in-

squared which for the different two-body channels is takerjrmducm.g any additional parameter onjég;|* is fixed. The
of the form uncertainty in the cross sectio(3) is of the same order of

magnitude as that in Lagrangian approaches using, e.g.,
|,\7|i|2: IM,[? for (m,p) + (O, — D+D, (20) SU(_4)ﬂavOr symmetry[22,23 since the form factors at the

vertices are essentially unknow@8]. It should be pointed

out that the comover dissociation channels for charmonia are

IMj|2=3M[? for (m,p) + (cO); — D" +D, described in HSD with the proper individual thresholds for
each channel in contrast to the comover absorption model
D+D' D +D" described in Sec. Il A.

We recall that(as in Refs[36,56,66—68 the charm de-
1 grees of freedom are treated perturbatively and that initial
M.12= =M. [2 * 0. D hard processesuch ascc or Drell-Yan production fronNN
I I 1 I S 1 .. . .
IMi|2= = [Mj|? for (K,K") +(c0); — D+ D p & p
3 collisiony are “precalculated” to achieve a scaling of the
inclusive cross section with the number of projectile and

D.+D target nucleons a&p X A when integrating over impact pa-
s rameterb.
- _ We typically perform 20 parallel runs for each impact
IMi>=[M;[* for (K,K") +(cC); — Dg+ D", parameterb in steps of Ab=0.5 fm from b=0.5fm tob
=2R;, whereR; denotes the target radius. Each parallel run
5 +D, D* + 5 E +D, 5* +D". here corresponds to a single Au+Au collision event. In cen-

tral Au+Au collisions we have-900 binary hard collisions
The relative factors of 3 in Eq$20) are guided by the sum at \Vs=17.3 GeV (cf. Fig. 8 of [56]) and ~1300 at s
rule studies in[28], which suggest that the cross section is=200 GeV. In every binary collision we produce one

increased whenever a vector mesdhor D* appears in the particle for each specie@.e., 3/, x., ¢, D, D,D*,D ,Ds,
final channel while another factor of 1/3 is introduced forD ,D;,Dy), but with a different weight. Thus, for 20 parallel
eachs or’ s quark involved. The factdi{ms+m,)/\SI°in EQ.  runs we get about 1:810* (or 2.6x 10% perturbative par-
(18) accounts for the suppression of binary channels withicles for each species.
mcreasmg\s and has been fitted to the experimental data for For each single parallel run at fixdédwe obtain the final
the reactionsT+N— p+N,w+N,®+N,K*+ A in Ref. [39]. particle multiplicity for all particle species as well as integral
In Ref. [36] we have usedfor simplicity) the same matrix quantities such as the transverse endgyas a function of
elements for the dissociation of all charmonium stéatés  rapidity y, the number of participants etc. Since we perform
=xc,J/ ¢, ¢') with mesons. However, there is no fundamen-20 parallel runs simultaneously, the spread in the distribu-
tal reason why these matrix elements should be identical. Itions of particle multiplicitiegor transverse energyvith re-
the present study we will explore the charmonium “chemis-spect to the individual runs provides some information on the
try” explicitly and consider two different scenarios: set 1, thefluctuations of particle multiplicitiesas well as integral
same matrix element for all charmonium staiess in Ref.  quantities. Vice versa, gating on events with fixed transverse
[36]; and set 2, the matrix element squared #ris en-  energyEs (in an interval[Er—AE;/2 ,E;+AE+/2]) from all
hanced by a factor of 1.5 relative 3 . impact parameteb we obtain a distribution in the impact
parameterb that reflects the variation in centrality for the
set 1:|Myy[?=[M, = [M,[? = [Mq|? (21 selected event class. However, for the observables presented
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in Sec. lll we have checked that the fluctuations in centrality

have a minor impact on the normalized particle yields or 50 S+U, 200 A GeV | 1
ratios.

The statistics is sufficiently good to reach an accuracy of 1 ®F e ® NAss -
particle yields of a few percent in central collisions. This f
accuracy becomes worth for peripheral collisions. Here we & 30 .
increase the number of parallel runs in order to obtain ap- 2
proximately the same number of charmonia and open charm % 201 i
mesons for fixed impact parameter as for central collisions. % e G
Note, however, that the statistics also becomes worth when 2 19|  ____ . mover model i
including experimental acceptance cuts at SPS or RHIC en- | ... threshold suppression
ergies. Thus, when comparing to data, the overall accuracy is 0 . . . .
only on the £5—7% level. This is also due to the fact that 0 20 40 60 80 100
only some fraction of the initial charmonia survive the dy- E. [GeV]
namical evolution due to a large number of dissociation re- T
actions(see below. S S S S A

%0 NASDQUOO: | ph+Pb, 160 A GeV_] 1
nal.
Ill. RESULTS FOR NUCLEUS-NUCLEUS COLLISIONS AT 3 40 | X anal. B —o—HSD i
SPS AND RHIC £ Al e —
A. SPS energies % 0L N\ .0 mmeee- threshold suppression

Let us compare the charmonium suppression at SPS ener- g -
gies with experimental data from the NA50 Collaboration. B’g i
This collaboration presents its results &) suppression as ]
the ratio of the dimuon decay df ¢'s relative to the Drell- 10
Yan background in the 2.9—4.5 GeV invariant mass bin as a
function of the transverse ener@y, i.e., 0 . - - .

0 20 40 60 80 1(;0 12I() l‘lll)
B0 )lo(DY)|20-45 (23 E,[GeV]

whereB,,, is the branching ratio fod/ ¢— u*u".
In the theoretical approaches we calculate g sur-
vival probability S;,, defined as

FIG. 1. (Color onling The ratioB,,o(J/#)/o(DY) as a func-
tion of the transverse enerdy; for S+U collisions at 208 GeV
(upper parnt and Pb+Pb collisions at 180GeV (lower parj. The

N‘flllr‘w// solid lines with the full squares indicate the HSD results, the dash-
Syy= W (24) dotted and short-dashed lines show the result of the suppression-
BB

only scenario(comover and threshold model, respectiyelyhile

WhereNgi/,‘f’ and NJB/éf denote the final number of » mesons the long-dashed Iin_e stands for the statistical coalescence model
and the number od/'s produced initially byBB reactions, (SCM). The experimental data have been taken from Refs.
respectively. In order to compare our calculated results 1610.12.13.

experimental data we need an extra input, i.e., the normal- )

ization factorB,, ,onn(d/ #)/ oy(DY), which defines thé/y  [10,12,13. The dash-dotted lines show results for the co-
over Drell-Yan ratio for elementary nucleon-nucleon colli- mover absorption scenario while the short dashed lines stand
sions. We choosB,,,oxn(J/ )/ oyn(DY) =53, in line with a for the threshold suppression m(_)ajel. Sec. Il A. Itis seen
recent NA50 compilatiofi47] obtained from experiments on tnat all models are compatible with the data for S+U as well
proton collisions with lighter targetef. Sec. Il A). as Pb+Pb, which is essentially due to the fit of the matrix

. ; AR . _elements|M;|? in Eq. (6) for the transport approachr,,
The experimental” suppression is presented by the rat'0:1.0 mb for the comover model, and the threshold partici-

B (& — uw ol pant densities =2.0 fm 2 andn,,,=3.8 fni? in the thresh-
B M(L‘(];p MM; E;ﬁ/))- (25) old suppressign model. The s'ébatistical coalescence model
unl I = ) oI (long-dashed line in the lower part of Fig) &lso demon-
In our calculations we adopt this ratio to be 0.0165 forstrates a good agreement with the data fsemjcentral
nucleon-nucleon collisions, which is again based on the avtNy,:>100 to 150 Pb+Pb collisions(the S+U data are

erage ovelpp, pd, pA reactiong47]. outside its domain of applicabilijydue to a fit of the free
Figure 1 shows the ratiB,,o(J/ )/ (DY) as a function parameterSTCNEN andé,,.
of the transverse enerdsy; for S+U collisions at 208 GeV For the proper description of the drop of the ra@3) in

(upper partand Pb+Pb collisions at 180GeV (lower par}. Pb+Pb collisions aE;=100 GeV one has to take into ac-
The solid line gives the HSD result within the comover ab-count fluctuations of the transverse enefg$,69 and en-
sorption scenario for the cross sections definedl8y while  ergy losses in the dimuon event samps,70. To repro-

the various data points have been taken from Refsduce these effects in the transport approach, one would need
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0.020 — T v — T
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FIG. 2. (Color onling The ratio(25) versus the transverse en-
ergy Er for S+U collisions at 208 GeV (upper part and Pb+Pb
collisions at 16@ GeV (lower par). The dashed lines with the open
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FIG. 3. (Color onling The calculatedl/ ¢ multiplicity per bi-
nary collision—multiplied by the branching to dileptons—as a
function of the number of participating nucleoNg,, in compari-
son to the data from the PHENIX Collaborati¢s0] for Au+Au
andpp reactions at/s=200 GeV. The assignment of the lines is the
same as in Fig. 1.

the threshold suppression model, while the long-dashed
(constantline indicates the SCM results for Pb+Pb. None of
the models, however, reproduces the ratio Egr=35 GeV

(for Pb+Pbh. All approaches roughly yield a constant
' 131y ratio for Pb+Pb as a function of centrality f@&
=60 GeV.

B. RHIC energies

circles and the solid lines with the full squares correspond to the Whereas the differences between the results of the models

HSD results calculated for two sets of parameters forgthenatrix
element—set 1 and set(21). The assignment of the other lines is

are rather moderate at SPS energies due to a fit of the model
parameters to the available data, the situation changes sub-

the same as in Fig. 1. The experimental data have been taken frogiantially at RHIC energies ofs=200 GeV. In Fig. 3 we

Refs.[13,71].

much better statistics, which is not feasible at present.
The ' 13/ ratio (25) is shown in Fig. 2 versus the trans-
verse energyEr for S+U collisions at 208 GeV (upper
part) and Pb+Pb collisions at 180GeV (lower pary in com-
parison to the data from Reffl3,71]. The dashed lines with
the open circles and the solid lines with the full square
correspond to the HSD results calculated for two sets of p
rameters for the)’ matrix element—set 1 and set(21).

Here the results for “set 1” overestimate the ratio for S+U a
high Et, whereas they are compatible with the ratio for Pb

+Pb for Ey=60 GeV. The calculations for “set 2"—
including a larger matrix element fog/—systematically
lead to a lowery’/J/ ¢ ratio as a function of centrality. We

note that no self energies for tHe,D mesons have been

show the calculated/« multiplicity per binary collision—
multiplied by the branching to dileptons—as a function of
the number of participating nucleom,,; in comparison to
the data from the PHENIX Collaboratioib0] for Au+Au
andpp reactions at/'s=200 GeV. The solid line with the full
circles indicates the HSD results, which roughly agree with
the SCM resultglong-dashed lingfor Np,= 100. The dash-

Sdotted line shows the results for the comover absorption sce-
3hario while the short-dashed line stands for the threshold

model (with the parameters fixed at the SP8& is seen that

the comover absorption model as well as the threshold sup-

pression model lead to an almost complete suppression of
J/ ¢ in central collisions(cf. also Ref.[56]). As argued in
Ref. [36] this large suppression in the comover model is

essentially due to a neglect of the backward chanbel®
— charmonia+meson. In fact, the HSD calculations—that

incorporated so far. The latter change with baryon density, ., e the various backward channels—lead only to a mod-

and temperature and differ fdd and D mesons[72]. As
pointed out in Ref[73] droppingD,D masses lead to an

erateJ/ s suppression roughly compatible with the result of
the SCM. This finding might suggest that th&/ and open

increase ofl/ ¢ absorption by mesons and to a net loweringcharm degrees of freedom reach approximate chemical equi-

of the ¢/ /J/ ¢ ratio for central collisions.

librium for mid-central and central Au+Au collisions at the

The dash-dotted lines in Fig. 2 show the results for theRHIC (see below Unfortunately, the present data from
comover absorption scenario, the short dashed lines stand f®HENIX do not allow us to exclude any of the models so far.
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0.018 . 1.4 7} . . I—-—.—v—|—v—
L " Au+ Au, S _2()0 GeV, midrapidity —I Au+Au, s =200 GeV, midrapidity -2
0.016_'§$\ i =
r 0014 l:-. —-—-= co-mover model ’ a=Ye
2‘ : i ‘. - threshold suppression ] =5
5 oot scm ~ o~ HSD,set 1 d 2
\-’i 0.010 | —u— HSD, set 2 ] -
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2" 0.008 | T 5
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2 o004l SSse o lIlTTC A 2 04r 1 —o— final J/¥ / BB prod. ]
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0.002 [ = 02 1
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0.000 ) . ) . . . ) . 0.0 = =v- - DDbar ann. / BB prod.
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FIG. 4. (Color onling The midrapidity ratio(25) for Au+Au ) ) ) —
collisions atys=200 GeV. The dashed lines with the open circles  F!G. 5. (Color onling J/4 absorption and recreation HyD
and the solid lines with the full squares correspond to the HSDRNNihilation versusNy, for Au+Au collisions at midrapidity at

results for two sets of parameters for e matrix element—set 1 S=200 GeV. The solid line with full circles shows thidy sur-
and set 221). The assignment of the lines is the same as in the” vival probability (24), i.e., the number of final/ » mesons over the

previous figures. In addition, the line with crosses displays the ralumbers o/ ¢ initially produced byBB reactionsdenoted asBB

pidity integrated ratio(25) from HSD for set 1, which is even Prod.). Note: in all cases h,ere the/ ¢ numbers include the/4
slightly above the SCM result for central collisions. from the decays of¢. and /. The dashed line with full squares
shows the integrated rate df s absorption by baryon&6) over

. . - . . “BB prod.”. The dashed line with open triangles stands for the rate
The 413/ ratio (25) at midrapidity provides further in- of J/ ¢ absorption by meson27) (normalized again to the primary

formation. It is displayed in Fig. 4 for Au+Au collisions at «gg prod.” and the dotted line with full triangles shows the inte-

\s 200 GeV versus the number of part'c'pam%“ The rated rate ofl/ ¢ recreated b)DD annihilations(28) (normalized
dashed lines with the open circles and the solid lines with th¢, «gg prod.”).

full squares correspond to the HSD results for two sets of
parameters for thgy matrix element—set 1 and set(21).
These calculations give the lowegt/J/ s ratio much below
the ratio from the SCMlong-dashed ling The geometrical
comover model(dash-dotted linegives a higher ratio for +.%
central collisions than HSD. We attribute this difference top'd'tY' L - .

the fact that in the geometrical comover model only a single With this aim we show in Fig. 5 thé/4 absorption and
effective cross section appears for all charmonia independefigcreation byDD annihilation versus the number of partici-
of threshold effects for individual channels. The thresholdpants Npa for Au+Au collisions at midrapidity forys
model (short dashed lineprovides the largest’/J/ ¢ ratio =200 GeV. The solid line with full circles, furthermore,
for central collisions even above the SCM results. Since théhows thel/ survival probability(24), i.e., the number of
predictions of the models differ by factors up to four future final J/» mesons over the numbers dfi/ initially produced
experiments with high statistics should allow to exclude atoy BB reactions(denoted as BB prod.”). We mention that
least some of them. the J/ ¢y numbers here include th¥ ¢ from the decays of.

In addition, we present in Fig. dy the line with crosses and ¢/. The dashed line with full squares shows the inte-
the rapidity integrated rati(25) from HSD for set 1, which ~grated rate of)/ ¢ absorption by baryons
is slightly above the SCM result for central collisions, but
still below the threshold model. This finding clearly demon- f”’ q dNyy+_x
strates that midrapidity and rapidity integrated ratios have to . t dt
be considered simultaneously before conclusions on the
amount of chemical equilibration can be drawn.

understand these differences in more detalil it is of interest to
have a closer look at the reaction rates from the HSD ap-
proach in total and in a differential way with respect to ra-

(26)

over the primary BB prod.”. As seen from Fig. 5 the final
J/ is dominated by the dissociation with baryons. The
dashed line with open triangles indicates the integrated rate

of J/ ¢ absorption by mesons
Whereas the results of the HSD transport approach for

J/ ¢ show a rough agreement with the predictions from the Joc
d

C. Quantitative analysis of reactions rates from HSD

. dNy/y+m—p+D

statistical coalescence model fafy (cf. Fig. 3, the ¢’ to "
t

J/ iy ratios differ considerably at midrapiditgf. Fig. 4). This
demonstrates that a full chemical equilibrium might not be
achieved in the transport calculations since the total numbgnormalized again to the primaryBB prod.”) which is
of ¢, ¢ quarks are about the same in both models. In order tslightly lower than the dotted line with full triangles, which

(27)

054903-9



BRATKOVSKAYA et al. PHYSICAL REVIEW C 69, 054903(2004)

o2 —.—.—-—I AusAu, $7=200 GeV, all y I-— rate ofJ/lp(upper part, xc (middlg parj, e_mdzp’ (Iowgr pqr)
. absorption by mesongdashed lines with open circlesn
s g comparison with the recreation HYD annihilation (solid
T o008t ) line with full squareg as a function of the impact parameter
%o b. As already seen from Fig. 5 th¥ ¢ recreation byD+D
g oml annihilation is larger than thé&/ ¢ dissociation with mesons.
---o---m abs. This situation is inverse for thg, (middle parj and ¢/
AT (lower pary and essentially related to the higher masgof
o.oo0 : - . : L - and ¢ which lead to substantially larger dissociation with
. pions due to the vicinity of th® +D threshold. On the other
W . hand the backward channels fgrand’ + meson recreation
s 0 %, 1 are suppressed by phase space relative to the chadhiel
T ” +meson. One note of caution has to be added additionally:
é 0041 % - Due to sizable differences in cross section heand ¢’
£ S dissociation extends to much larger times than the backward
= ozl msemais \ i recreation channels. Thus dynamically there is no common
—=—DDbar ann. - freeze-out; the higher mass charmonium stéjgsand ¢')
000 . . ‘ . s o decouple at later times thary and may only be absorbed at
0 2 4 6 8 10 12 late times but no longer recreatéske below.
asos]  w ' ' ' ' j Some further information on this issue is displayed in Fig.
o S 7 where the rapidity distribution of the individual channels is
® o00f e shown forJ/z/; (upper p{;ul and ¢’ (lower parj. Thou_gh aII. _
% oos \ production and absorption channels are rather flat in rapidity
g | for —2=<y=2 the finalJ/ ¢ rapidity distribution(thick solid
£ oo} ‘-\ _ line) shows a local minimum for —£y=<1. This effect—as
= ---o--- m abs. Bl a difference of large numbers—is related to the strong ab-
0005 —e—DDbar ann. - - 1 sorption with mesons and recreation by open charm and an-
0.000 s . . . —— ticharm mesons. Thus the absorptionJéf mesons relative
0 2 4 6 8 10 12 to the initial production by baryon-baryon collisiorggull

b [fm] squarey shows a nontrivial rapidity dependence. These ef-

fects are even more pronounced for ifie(lower pary since
the difference between the production and absorption chan-
nels is most effectively seen around midrapiditys=g<1,
where the density of formed mesons is high and not very
much delayed by formation time effects.
In addition we show in Fig. 8 the'/J/ ratio within the
_ SCM as a function of the temperatufeat freeze-out. The
stands for the integrated rate &fy that are recreated yD  midrapidity ratios from HSD for set 1 and set 2 correspond
annihilations to temperaturegin chemical equilibriuny of ~150 and
130 MeV, respectively, whereas the SCM default result is
J‘” dthD+5ﬂJ/z//+m (28) displayed forT=177 MeV. Thus in HSD the dynamical
. dt freeze-out conditions especially f@f correspond to a later
reaction phase than assumed in the SCM. This result is plau-
(normalized again to BB prod.”). Thus at practically all ~Sible in view of the large reaction cross sections for the chan-

centralities—except for very peripheral collisions—the back-nel D+D « ¢’ + meson. Note, that the rapidity integrated ra-

ward reactions byD+D annihilation overcompensate the tio from HSD for set 1 corresponds to a temperature range

“comover” meson absorption. Nevertheless, both integrateffom 175 to 190 MeV, which is significantly higher than at

rates are approximately comparable suggesting an approxpidrapidity. Consequently, one has to consider not only

mate dynamical equilibrium between charmonia, light me-midrapidity ratios but their rapidity dependence as well to

sons, and open charm mes@o6 Ref.[36]). However, a full obtain firm conclusions on freeze-out conditions.

chemical equlibrium is not achieved in the transport calcula-

tions since they’ to J/ ¢ ratio still depends on the matrix IV. SUMMARY

element for the charmonium+meson coupling as seen ex- o _ _

plicitly by comparing the results from set 1 with those from  In summarizing this work we have found th@ absence

set 2. of open charm enhancement in nucleus-nucleus colligions
The question remains why thg /J/ ¢ ratios at midrapid- the charmonium recreation by the backwé&rd D channels

ity differ significantly in comparison to the SCM. To shed plays no substantial role at SPS energies, which leads to a

some light on this issue we show in Fig. 6 the time integratedjood agreement between the comover and threshold suppres-

FIG. 6. (Color online Integrated rate ofl/« (upper par
Xxc (middle parj, andy’ (lower pary absorption by mesorslashed
lines with open circlesin comparison to the recreation HyD
annihilation(solid line with full squareas a function of the impact
parameteb for Au+Au at ys=200 GeV.
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— " T T T T T T T v 1 0.008 " . : .
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RHIC, all
&WWW‘Q\ g 0.006 | y
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FIG. 8. (Color onling The ratio ¢’ /J/ ¢ within the SCM as a
- function of the temperatur@. The upper and lower lines of the
] shaded area show the systematic uncertainty in the ratio that arises

from uncertainties in the branching ratios. The results for the midra-
pidity ratios from HSD for set 1 and set 2 correspond to tempera-

==o-= D+Dbar-¥'+m

—=a— BB prod.

< —c—Babs.  —v—¥.m->D+Dbar tures of ~150 and 130 MeV, whereas the SCM default result is
% x - mB prod. =——final quoted forT=177 MeV. Note that the rapidity integrated ratio from
10* HSD for set 1 corresponds to a temperature range from

175 to 190 MeV.

Ko o x X
B T R VIR

hadronic interaction cross sections since gheto J/ i ratio
still depends on the matrix element for thi¢ coupling to
mesons. The latter statement is solid since the cross sections

y employed for thel/ ¢, x¢, ¢’ + meson—D+D channels have
to be considered as upper limits because they are obtained
FIG. 7. (Color onling Rapidity distribution ofJ/ ¢ (upper pait ~ from a fit to the charmonium data from NA50 at SPS ener-
and ¢/’ (calculated with set Jlproduction and absorption channels gies by discarding further absorption channels in a possibly
for central(b=1—-4 fm) collisions of Au+Au atys=200 GeV. The  prehadronic phase.
ordering of the different lines is as follows. The solid lines with full  In addition we have provided predictions for tie/J/ ¢
squares stand for the rapidity distribution dfy(s/') mesons pro-  ratio versus centrality, where the statistical coalescense
duced by initial BB collisions while the solid lines with open model shows a larger value than the HSD approach at midra-
squares reflect the charmonia dissociation by baryBrabs); the  pjidity. On the other hand, rapidity integrated ratios in HSD
dashed lines with crosses show the productionnif collisions.  gre slightly higher than the results from the SCM. This effect
The dotted lines with open triangles show thej(y)’) dissociation  ¢oyid be traced back to a significant rapidity dependence of
by mesons while the dashed lines with full circles stand for theina final ¢ yield, since the nety’ absorption by mesons is
recreation of charmonia bD+D annihilation. The full solid lines  maximal close to midrapidity. These pronounced differences
give the final J/¢ (upper part and ' (lower pan rapidity  can be exploited in future measurements at the RHIC to dis-
distributions. tinguish a hadronic rescattering scenario from quark coales-

sion models and the HSD transport calculations at this en®"c€ close to the QGP phase boundary.

ergy. However, the backwarB+D channels become sub-

stantial in Au+Au collisions at/s=200 Gev such that now ACKNOWLEDGMENTS
an approximate agreement of HSD with the statistical coa-
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