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J/ ¢ production in relativistic heavy ion collisions from a multiphase transport model
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Using a multiphase transport model, we stullys production from interactions between charm and anti-
charm quarks in the initial parton phase and betw@eamdD mesons in the final hadron phase of relativistic
heavy ion collisions at the relativistic heavy ion collider. Including also the inverse reactidig absorption
by gluons and light mesons, we find that the net numbel/ ¢ffrom the parton and hadron phases is smaller
than that expected from the superposition of initial nucleon-nucleon collisions, contrary d6ytrenhance-
ment predicted by the kinetic formation model. The productiod/gf is further suppressed if one includes the
color screening effect in the parton phase. We have also studied the dependeéi¢epobduction on the
charm quark mass and the effective charm meson mass.
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[. INTRODUCTION action is important in the quark-gluon plasma with tempera-
tures between those fdr s dissociation and the deconfine-
A central interest in modern nuclear physics is to producenent, and would lead to an enhanced productiod/af in
and study the quark-gluon plasrf@GP predicted by quan- heavy ion collisions at RHIC. A possible signal for QGP at
tum chromodynamic$QCD) [1]. Studying the properties of RHIC has thus been changed fraifys suppression td/
the QGP and the deconfinement phase transition is not on§nhhancement. The statistical fragmentation mg@eh23,
important for understanding the QCD but also has astrowhich has been extensively used for studying particle pro-
nomical implications[2]. Experiments at the Super Proton duction in heavy ion collisions at SPS energies, predicts a
Synchrotron(SPS involving collisions between heavy nu- comparablel/ production. The main assumption of this
clei have shown that a large amount of energy is depositef0del is that/y formed during hadronization of the QGP is
around midrapidity, and the energy density may already b&" chémical equilibrium with charm mesons.

sufficiently large for the formation of the QGP during the d In the k_|n(=;t|c Io&matlhon mtpde”I, tflle heavy ion coII|t_st|otr.1
initial stage of collisions[3]. More recent experiments at ynamies 1S treatéd scnematically. -or a more quantitative

RHIC at Brookhaven National Laboratory, where the colli- study of this newd/y production mechanism, we studyy

sion energy is much higher than at SPS, have also Shov@roductlon from both the charm-anticharm quark interactions

ible effects due to the f i ¢ fonic mdtté nd the charm-anticharm meson interactions using a multi-
possible efrects due 1o the formation ot a partonic maeer: phase transportAMPT) model [24—-26§. In particular, we
To find the signal for the quark-gluon plasma in relativis-

consider central {=0) Au+Au collisions at the highest

tic heavy ion collisions, Matsui and Satz proposed to stud;hHlC energy\s=200A GeV. With this dynamic transport
J/ 4 production in these collision$]. Based on the fact that model, we find that the net number of producée from the

the eﬁect_ive potential between charm aqd anticharm quarkﬁarton and hadron phases is smaller than that expected from
changes in the QGP due to color screening effect, no b‘?‘!” itial nucleon-nucleon collisions, contrary to tt#y en-
states can be formed between them beyond a certain criticgb L cement predicted by the kinetic formation model. The

temperature, which is somewhat hlgher_ the_m the deconflnep'roduction ofJ/ ¢ is further suppressed if one includes the
ment temperature. As a result,y production is expected to color screening effect in the parton phase

be suppressed if the Q.GP is forme_d in heavy ion coIIi_sions. In Sec. Il, we give a short description of the multiphase
There are other possible mechanisms J6¢ suppression transport model. Results are presented in Sec. IllJiaf

[Gﬂ.S]. in hee_l\;]y.ion cqllisionsl, gy C"?‘?] b? des‘!"yﬁd t_>y_ production from the initial parton phase and the final hadron
collisions with incoming nucleons or with gluons in the ini- phase. In this section, we also discuss the dependenie/of

tial parFonic mattef9,10] or with comoving hadrons in the production in the parton phase on the charm quark mass and
hadronic mattef11-18. The observed abnormal suppres- in the hadron phase on the charm meson mass. Finally, we
sion of J/¢ in central Pb-Pb collisions at SPS may require summarize the paper in Sec. IV,

S

the formation of the quark-gluon plasma in these collision
[19,3].

For heavy ion collisions at RHIC energies, unlike in pre-
vious fixed target experiments at SPS, multiple pairs of
charm-anticharm quarks can be produced in one event, and
these charm and anticharm quarks can interact and produce The multiphase transport moded4—26 that we use for
the J/¢ [20]. This mechanism is the inverse reactionJbfy  the present study is a hybrid model based on three Monte
absorption by gluons. Using a kinetic approach, it was foundCarlo models for the three stages of relativistic heavy ion
that despitel/ ¢ dissociation due to color screening, this re- collisions, i.e., the heavy ion jet interaction generator

II. MULTIPHASE TRANSPORT MODEL AND J/W¥
PRODUCTION MECHANISMS
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(HIJING) [27,28 for the initial conditions, Zhang’s parton cas- phase. As the primary/ number is much smaller than the
cade (zpo [29] for the parton evolution, and a relativistic number of other particles participating in the equilibration,
transportART) model[30,31] for the hadron evolution. In the primary J/ evolution will not affect secondard/ s produc-
HIJING model, nucleons are distributed according to thetion. We do not include primaryd/’s in the following
Woods-Saxon distribution. The parton distribution in acalculations.

nucleon is adjusted according to the transverse position of The charm and anticharm quarks are generated from the
the nucleon and a shadowing function based on the MuellefyTHia model[38], with a cross section of 35b for pro-

Qiu parton recombination mechanisf82]. These partons ducing a pair of charm-anticharm pair in a nucleon-nucleon
undergo hard or semihard collisions and generate an initiado|lision. This cross section does not include nuclear shad-
parton system after the passage of two colliding nucleigying effect of gluons, so the present study gives an upper
HIJING provides the momentum space information of the pary,5,nd for charm meson antf » production in heavy ion

tons produced in the hard or semihard collisions. The formag, jjiisions. In the partonic stage of heavy ion collisiods)’s
tion time of a parton is generated according to the Gyulassy:- '

Wang model of parton coherent productig83]. The are then produceq from_charm-anticharm quark interactions
position of a physical parton is then obtained from the posifhrough the reactiort+c—J/¢+g. The J/4 can also be
tion of its parent nucleon by adding a displacement given bylestroyed by gluons through the react@ph J//—c+c. We

its velocity times the formation time. The resulting partonfurther include the dissociation df s due to color screening
phase space distribution is used as the initial conditions foin the partonic matter. To treat this process, we follow the
starting thezpc parton evolution. In the present version of method used in Ref35] by introducing a critical radius in
the zpc model, only elastic gluon-gluon scattering are in-the transverse plane of a heavy ion collision, within which
cluded with a cross section of 3 mb, which is consistent withthe parton energy density is larger than the critical energy
the estimated average screening mass in the partonic matigénsity forJ/y dissociation by color screening and they
formed in the collisions. When the partonic matter stops inthus cannot be formed. The critical radius decreases as the
teracting, partons are connected back with their parent nuclgyartonic matter expands. The time evolution of this critical
ons, which also suffer soft interactions through string excitayadjus in AurAu collisions atys=200A GeV has been pa-
tions. The Lund fragmentation mod&4] is then called from  rametrized in Ref[35]. In addition to producing the/y,

the HUING model to convert these wounded nucleons intocharm and anticharm quarks also undergo elastic scattering
hadrons. These hadrons become physical after a formatiqiith gluons. This elastic cross section is taken to be 3 mb in
time given by the average freeze-out proper time of partonghe present study.

in a string plus an additional 0.7 fm/to account for the After partons stop interacting, charm and anticharm

Ell.rr?g etrk:;tjif rhe;] durlcr)?\defl?)rlu?igond?sc'r:% d%?:(;kl;amuﬁ:g dz?'rs'quarks are converted © andD mesons. This conversion is
9 y carried out using a delta function fragmentation scheme. In

that takes into account interactions among nucleons, antl[-h. approach, the momentum of a charm meson is taken to
Of ’
t

nucleons, mesons, and resonances. For a better descriptionb he same as the momentum of its parent charm quark. A
experimental hadron spectra, the origirat model has formation time of 1 fm¢ is also introduced in combining the

; : ) . . X
betgn |rr|1proved (tj)y ;ncludmg :hlé meso.ntlnter?ctlons, the charm quark with a nearby light quark. Because of the large
antinucleon production, and temeson interactions. mass of charm quark, the delta function fragmentation

We dha\r/]e prewously usefd th's mlultlphgsi;rar_lsr;]ort mOdeécheme gives a reasonable description of charm quark frag-
to study the suppression of primarily producld in heavy o qiaiion in hadron reactions. For simplicity, we do not dif-

ion collisions at RHIC[35]. TheseJ/y's are produced in ferentiate betweed mesons and* mesons. Instead, we

nucleon-nucleon collisions during the initial passage of tWO\/ary theD meson mass to study the influence of different

colliding nuclel. Because of color screening, thasg’s are roduction thresholds fod/¢ production from charmed
not physical ones but correlated pairs of charm-anticharny o 4.0ns

uarks close in phase space. They become phydigas if . — .
?hey remain cIospe whenpthe partor¥ic matter ([:)ogls below the M the hadronic phasé) andD mesons can Interact to
J/y dissociation temperature. Otherwise, they will combineProduce al/¢ and a light meson through the reactibD
with nearby light quarks to form charm mesons at hadroni-—J/#M, whereM denotes a light meson. TRéy can also
zation. Gluons can also destroy the phase space correlati®¥¢ destroyed by light mesons through the inverse reaction
between the charm quark and antiquark pairs and hence déf/yM —DD. We only include reactions that involve me-
stroy theJ/ . It was found that finite space size and lifetime sons orp mesons as they are the most abundant ones in the
have significant effects od/ suppression, and different nearly baryon free matter formed in heavy ion collisions at
mechanisms lead to different suppression factors. Also, th&HIC. The cross section for light meson destruction)bp
dependence ad/ s suppression on the size of colliding nu- is taken to be 3 mb as in previous transport study at SPS
clei was shown to be useful for differentiating the different energied13-18. This cross section is consistent with those
suppression mechanisms. Similar results have also been oftem recent theoretical studies based on effective hadronic
tained in other studief36,37). Lagrangiang 39—41], the quark-exchange modgt2], and

In the present study, we include the reactiond/af pro- the QCD sum rule$43]. The cross section for the inverse
duction from charm-anticharm quark interactions in the par+eaction ofJ/¢ production fromD mesons is calculated ac-
ton phase and from charm meson interactions in the hadrocording to the detailed balance relation. As we do not differ-
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entiate betweerD mesons and* mesons, the spin and 1.5 - .
isospin degrees of freedom for bofhand D* mesons are b lygl<t
used in evaluating the inverse reaction cross section. This is [
equivalent to including all possible combination bf and o 0.1adN
D* states. We will vary th® meson mass to study the effect e
due to changingl/ s production threshold.

In earlier studies based on kinetic modgdgl|, J/ pro-
duction from the hadron phase of relativistic heavy ion col-
lisions was found to be important only at LH@4,45 but

not at RHIC as the cross section foD—J/#M used in
these studies was smaller than that used in the present study.
Although multiple pairs of charm quarks are expected to
be produced in each AuAu collision, the number of charm
guarks is small compared with other particles. For example,
the rapidity density of charm quark pairs is about 1.5/at
=200A GeV. The expected number dff ¢y per event is t (fm/c)
even much smaller. To obtain sufficient statistics o/
production, charm particles and tldéys are treated in the

trans_port m(_)del by the perturba_tlve me_tfj[d@,47_|, 1.e., ne- lyar4/<1 in the parton phase with the color screening effect. The
glecting their effects on heavy ion collision dynamics. This iy gashed line denotes the collision rate per unit rapidity of charm

method has been used extensively for studying rare particlg,q anticharm quarks which would have producedXhi if color
production in heavy ion collisions at low energies. EXplicitly, screening effect is absent.

we include many charm quark events from primary nucleon-

nucleon interactions in the evolution of partons from asingle,[im volution of the number of producddy and the num-
HIJING event. However, only charm quarks from the same, e evolution of the number of producddy’ a e nu
er of destructed/ as well as the nel/ number in Fig.

event are allowed to interact among themselves, and th
usual method of treating binary collisions in transport mod-~; The number 0d/¢ saturates at about 3 fm/lt decreases

els is used in treating these collisions. For collisions betweersflowIy afterwar(gls as thf} prod_uc'g(_)n ind destruction rates be-
charm and uncharm patrticles, we keep their effects on thEOME comparablé as shown in Fig. L.

charm particles but neglect those on the uncharm particle?. In thﬁ absenge <th (r:]olor screEnmgtheffect,t cqlhsmas tt)ﬁ-t
In this way, the dominant computation time for the interac-. WE€N charm and anticharm quarks in thé partonic matter tha
ig above thel/y dissociation temperature can also produce

/dt

screening

| dN

ccbar—>Jhpg

/dt

dN/gt (107%c/fm)

FIG. 1. Time evolution of the production ratdashed lingand
the destruction ratédotted ling per unit rapidity forJ/« with

tions between uncharm particles remains the same as for /4. This lead hioB/ duct bef
single charm event. Since there are much more uncharm pat’€ . This leads to a very higVs production rate before

ticles than charm particles, e.g., about 300 gluons versu 5 fm/C as l'ShOW” inhFig._ 3. Thélilﬂ dFStru?tiOS rate (/jurir;gh
about 3 charm and anticharm quarks per unit rapidity, nelliS time also reaches its peak value of about 1/3 of the

glecting the effects of charm particles on the heavy ion CO|_maximum production rate. In contrast to the case including

lision dynamics is expected to be a very good approximation(.:()lor screening effect, the production and destruction rates

Ill. RESULTS 2 . .

A. J/ ¢ production in parton phase Ypl<1

We first studyJd/« production in the parton phase. Unless
otherwise indicated, the rates and numbers in the following -
are all rapidity densities averaged wijtj<1. Figure 1 gives Nocoar-»vo e
the time evolution of the production and destruction rates per L
unit rapidity forJ/¢’s with |y;,,|<1. Also shown is the rate
per unit rapidity for collisions between charm and anticharm - /
quarks which would have produced thg) in the absenceof [/ 7 T
color screening effect. These unsuccessful collisions mainly
occur before 0.5 fn/when most partonic matter have effec-
tive temperatures above thH ¢ dissociation temperature.
The screening effect largely diminishes after 1dmhen the
parton density decreases due to expansion. At this time, the 0
J/ production rate starts to increase quickly, and this is
followed by an increase of th&/ s destruction rate. After
reaching their peak values, both the production and destruc- FIG. 2. Time evolution of produced numbétashed ling de-
tion rates decrease and become comparable at aboutt4 fmétructed numbetdotted lind, and net numbefsolid line) per unit

To see more clearly the relative importanceJéfs pro-  rapidity for J/y with |y;,|<1 in the parton phase with the color
duction and destruction in the parton phase, we show thecreening effect.

0°N

05

kkN

Jiyg->cebar

0 2 4 6
t (fm/c)
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FIG. 3. Time evolution of the production rateolid line) and the 0 10 20 30
destruction ratédashed ling per unit rapidity ford/y with |y, t (fm/c)

<1 in the parton phase without color screening effect.
FIG. 5. Time evolution of the production rateolid line) and the

become comparable already at about 0.5cfrAs shown in  destruction ratédashed ling per unit rapidity ford/ with |y,

Fig. 4, these result in a much faster increase in the numbers1 from the hadron phase for three valuesomeson mass. Color
of produced and destructédiy, and an earlier peaking in the screening effect is included in the initial parton phase.

netJ/ number than in the case with color screening effect.

Since the destruction rate after 0.5 &g still slightly larger  per unit rapidity to be produced in AuAu central collisions.
than the production rate, the nétys number slowly de- This is much larger than the predictions of 0.0007 and
creases from its maximum value of about 0.003 to a finab,0014 from the dynamical multiphase transport model. Our
value of about 0.0014 per event. This number is about &tdy thus predicts a suppressionJfs production in the
factor of 2 larger than the final néf ¢y number for the case parton phase of heavy ion collisions at RHIC, and this is

with color screening effect, which is about 0.0007 per eventyyosite to the enhancement predicted by the kinetic forma-
The number ofJ/y expected from primary nucleon- o0 model.

nucleon collisions in Ad-Au central collisions can be esti-
mated from thel/« production cross section ipp colli-
sions. The cross section per unit rapidity afs
=200A GeV is 0.63 ub [48]. Using the nuclear overlap In hadronic matter, the threshold fd/y production is
function Tp,. al(b=0)=30 mb !, we expect 0.019/¢  reduced in comparison with that in the partonic matter as the
D meson mass is larger than the charm quark mass. This
10 . . threshold effect is expected to compensate for the lower
charm density in the hadron phase than in the parton phase.
To demonstrate this threshold effect, we vary eneson

B. J/ ¢ production in hadron phase

1Y <1

8T ] mass in studying/ s production in the hadronic matter. Fig-
ure 5 shows the time evolution df ¢y production and de-
6L struction rates per unit rapidity in the hadron phase for dif-

,,,,,,,,,,,,,,, ferentD meson masses. These results are obtained with the
/ Noctar-suivg color screening effect included in the initial parton phase.
o The upper panel is fanp=1.70 GeV, which is smaller than
the D meson mass in vacuum. We use this smaller mass
because theoretical studies have shown thatDhmeson
mass may be reduced in mediji#®-52. The middle panel
is for my=1.87 GeV, which is theD meson mass in
vacuum. Here, we tredd* meson mass a® meson mass,
and the results are thus a lower bound 3¢ production.
The lower panel is fomp=2.01 GeV, which is theD*
mass in vacuum. Treatir@ meson mass d3* meson mass
FIG. 4. Time evolution of produced numbéashed ling de-  in this case then gives an upper bound J6¢ production.
structed numbetdotted ling, and net numbe¢solid line) per unit ~ The destruction rates for all thré& meson masses are seen
rapidity for J/¢ with |y;,/<1 in the parton phase without color to have similar magnitude. For the production rate, it is
screening effect. larger for largerD meson masses.

10°N

t (fm/c)
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[ T T T T T ] 15 T T
08 r m,=1.70 GeV [N m,=1.70 GeV
0.6 1F ¢/ \\ 7
0.4 0.5 / AN
0.2 T NN
25 z 3
2.0 r 5 5
=z 15 ! I ]
5 =
© 1.0 = 1r 7
0.5 g
6.0 © 6
5.0
40 “ ]
3.0
2.0 2
1.0 0 —r== -
0.0 0 10 20 30
t (fm/c)

t (fm/c)
] ) ) FIG. 7. Time evolution of the production rafeolid line) and the
FIG. 6. Time evolution of produced numbetashed ling de-  gestruction ratédashed ling per unit rapidity ford/¢ with A
structed numbecdotted ling, and net numbefsolid ling) per unit 1 from the hadron phase for three valueaieson mass. Color

rapidity for J/y with [y,,|<1 for three values oD meson mass.  screening effect is not included in the initial parton phase.
Color screening effect is included in the initial parton phase.

0.0024, and 0.0057 fomp=1.70, 1.87, and 2.01 GeV, re-
In Fig. 6, we show the time evolution of the numbers of spectively.
produced and destructells together with that of the net
J/ ¢ number. Formp=1.87 GeV andmp=2.01 GeV, the C. Discussions
number of produced/ is always greater than the number

. . The relative i ion f h -
of destructed)/ ¢, leading to a net production & ¢ from  relative importance a/y) production from the par

ton and hadron phases is more clearly seen in Fig. 9, where

Fhe hadron phase of relativistic heavy ion collisions._ With e show the number of producddiy per unit rapidity with
increasingD meson mass, the destructdtiy number in- |YJ/¢,|<1 as a function of thed meson mass. The results

creases slightly while the producédty increases drastically. \yith color screening in the parton phase are shown by open
Formp=1.70 GeV, the produced and destruc#¢gh num-

bers are about equal, and the final dé# number is thus 15 .
about the same as that from the parton phase. On the other m,=1.70 GeV
hand, formp=2.01 GeV, the final/¢ number equals ap- 1
proximately the number of producell ¢y from the hadron
phase. The final/ s number reflects essentially the one pro- 0.5
duced from the hadron phase. 3
Quantitatively, the final net number df ¢ per unit rapid-
ity averaged ovety,,|<1 is about 0.0007 per event for > 2
mp=1.70 GeV and increases to 0.0019 fomp 7
=1.87 GeV and to 0.0053 fomp=2.01 GeV. The time - 1
evolution of the nefl/ s number in the three cases are similar
as it is largely determined by the heavy ion collision dynam- 6
ics. Thed/ ¢ number saturates at about 15—20dnwhich is 4
about the lifetime of the hadronic matter.
The results for neglecting the color screening effect in the 2
initial parton phase are shown in Fig. 7 for time evolution of
the J/ ¢ production and destruction rates and in Fig. 8 for the 0 0 10 20 30

time evolution of the numbers of produced and destructed
J/ as well as the nel/ ¢y number. Although there are more

J/y’s destructed in the hadronic matter, particularly fog FIG. 8. Time evolution of produced numbétashed ling de-
=1.70 GeV where the number of destructéd) is even  structed numbetdotted ling, and net numbessolid line) per unit
larger than the number of producéd) in the hadron phase, rapidity for J/y with |y,,|<1 in the hadron phase for three values
the final /¢y number is larger than in the case with color of D meson mass. Color screening effect is not included in the
screening in the parton phase. Their numbers are 0.001thitial parton phase.

t (fm/c)
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FIG. 9. Number of produced/y per unit rapidity with|y,,| . - B
<1 as a function oD meson mass. Open symbols are for produc- FIG. 10. Midrapidity densities of charm quarks befgtewer
tion in the parton phase while filled symbols are for the final num-dashed lingand after(lower solid ling parton evolution as well as
ber including production from the hadron phase. Circles and dia®f charm mesons befor@pper dashed lineand after(upper solid
monds are, respectively, the results with and without colorline) hadron evolution.
screening in the parton phase. Error bars are statistical.
J/¢ rapidity density as a function of the charm quark mass.
To get the upper limit ofl/ ¢ production, theD meson mass
s set to be 2.01 GeV and color screening is not included.
hle'he J/y number increases by a factor of 72% when the
&harm quark mass increases from the value 1.35 GeV used in
YTHIA to 1.5 GeV used in the constituent quark model. If
e charm quark mass is taken to be 1.8 GeV, we observe

circles for production from the parton phase and filled C|rcle
for the finalJ/ ¢ number including production from the had-
ron phase. Without color screening in the parton phase, t
corresponding results are given by diamonds. As expecte
including color screening effect leads to a decrease in th
final 3/ number. As theD meson mass increases, the finalt
J/y yield increases strongly due to production from the had- about a factor of 4 increase iy production from the par-
ron phase, and the effect due to color screening becomes e phase compared with tig,=1.35 GeV case.

: ; _ : In the kinetic model approach of RéR0], the midrapid-
important. The results usi =2.01 GeV give the upper .
boEnd for J/y productri‘g]rg) while thosge usingrlrc:s ity density of charm quarks in Reff20] is about 2.5 because

—1.87 GeV give a lower bound. We note again that the ne{he largest rapidity range for about ten pairs of charm and
effect of a reduced meson mass ai.=1.70 GeV is the anticharm quarks is 4 in that study. This is larger than that
D_ .

destruction ofl/¢’'s produced from the parton phase in the shown in Fig. 10, which is about 3.48#21.74. Sincel/y
absence of color screening.

Part of increased production df ¢ in midrapidity when 10 ' ' ' ' '
the effectiveD meson mass increases is due to increase in
the charm meson rapidity density during hadronization. This 8 1y, l<1 |

is shown in Fig. 10, where we give the midrapidity densities
of charm quarks befor8ower dashed lineand after(lower
solid line) parton evolution as well as of charm mesons be- 6 z= |
fore (upper dashed lineand after(upper solid ling hadron
evolution. During parton evolution, the rapidity density of
charm and anticharm quarks decreases slightly due to colli-
sions with gluons. Hadronization increases the midrapidity
density of resulting charm mesons, and its effect increases
with increasing charm meson effective mass. The midrapid- oL _

ity density of D and D mesons is seen to increase by 8%

when mp increases from 1.70 to 2.01 GeV. However, this

would lead to at most 20% increase in thiy midrapidity 01 3 1'4 1'5 1'6 1'7 1'8

density and cannot account for the more than factor of 5 ' ' m (Ge:v) ' '

increase inJ/ ¢ production shown in Fig. 9. The dominant ¢

effect for such a larger increase is thus due to the reduced F|G. 11. Midrapidity density ofi/ as a function of the charm

threshold ford/ ¢ production wherD meson mass increases. quark mass for the production in the parton phaseen diamonds
The charm quark mass strongly influences the number odnd the final number including the production in the hadron phase

J/ produced from the parton phase. Figure 11 shows théilled diamonds. Error bars are statistical.

107°dN,, /dy
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production is roughly proportional to the square of the num-in the same space-time region. This allows for production of
ber of charm quarks, this can lead to about a factor of 2/4's in the mixed phase. At RHIC energies, the multiphase
difference between our results and those from [R&J]. On  model shows that hadron medium effect may lead to a net
the other hand, the cross section we useJfaf production  destruction of thel/¢ produced in the parton phase. In ad-
from the charm and anticharm quarks is about a factor 2lition, color screening is shown to have significant effect on
larger than the peak value used in the kinetic model. Thehe finalJ/y yield.

effects due to different midrapidity charm quark densities In the present study, we have not included the effect due
and J/ ¢ production cross sections in these two studies aréo gluon shadowind54], which would reduce the charm
thus largely cancelled out. The different conclusionslof  quark andJ/« numbers. As the multiphase transport model
suppression in our study addys enhancement in the kinetic predicts an overall suppression of the directly produtief
approach are results of different heavy ion collision dynamdincluding gluon shadowing effect on the initial charm quark
ics used in the two studies. In our approach, the parton phagi#istribution will not change qualitatively the conclusion from
is generated from the minijet gluons from initial hard andthe multiphase model. Alsal/y from decays ofiy" or x.
semihard collisions between nucleons and is evolved usingias not considered in our study. The contribution from pri-
the transport model. In the kinetic approach, an equilibratednary ¢' or y. to final J/ are negligible due to their large
quark-gluon plasma is assumed to be formed in the initiatlestruction cross sections compared with thatJop. Al-
stage and later expands according to the 1D Bjorken hydrathough the production cross sections figf and . from
dynamical mode[53]. Further studies are required to deter- charm quark interactions and charm meson interactions are

mine the validity of these predictions. expected to be larger than those fiy, the thresholds for
these reactions are also higher. In particular, the statistical
IV. SUMMARY fragmentation mode[21,22 indicates that the feeddown

should be small for central collisions. We thus expect that

_ In this paper, we have studied the effects due to interacq - conclusion ofi/ ¢ suppression in heavy ion collisions at
tions between charm and anticharm quarks in the initial parg ¢ will not be qualitatively modified.

ton phase and between charm mesons in the final hadron
phase onJ/¢ production in central Ag-Au collisions at
RHIC. Using a multiphase transport model, we find that be-
cause of the high density of charm quarks at early times, the
J/ can be produced from the interactions of charm quarks. We thank P. Braun-Munzinger, M. Gyulassy, J. Kapusta,
This is consistent with the conclusion of the kinetic forma-S. Pratt, R. Rapp, A.T. Sustich, C. Teal, R. Thews, W. Weise,
tion model. However, the more realistic space-time evolutiorand I. Zahed for helpful discussions. We also thank the Par-
given by the transport model leads to an overall suppressioallel Distributed System Facility at the National Energy Re-
of J/¢ particles in the parton phase, instead of an enhancesearch Scientific Computer Center for providing computer
ment predicted by the kinetic model. resources. This work was supported by the U.S. National

We have also shown thal/s can be produced in the Science Foundation under Grant Nos. 0088934 and 0098805,
hadron phase at RHIC. This is due to the lalgmeson mass the Arkansas Science and Technology Authority under Grant
compared with charm quark mass. Although we have noNo. 01-B-20, the Welch Foundation under Grant No.
taken into account parton-hadron interactions in the multi-A-1358, and the Texas Advanced Research Program under
phase model, both parton phase and hadron phase can ex@&tant No. FY99-010366-0081.
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