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Dileptons from a chemically equilibrating quark-gluon plasma
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We have studied the evolution and dilepton production of a chemically equilibrating quark-gluon system at
finite baryon density. We found that due to the increase of the quark phase lifetime with increasing initial quark
chemical potential and other factors, such as, higher initial temperature, larger gluon density, and gluon fusion
or quark annihilation cross section, thermal charmed quarks provide a dominant contribution to the dilepton
yield. This results in a significant enhancement of intermediate mass dilepton production.
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I. INTRODUCTION free QGP. Hammon and co-workdrk9,2( have calculated
the initial conditions of the nonequilibrium QGP produced at
Lattice QCD results have indicated, hadronic matter probthe RHIC energies, from the perturbative QCD within the
ably undergoes a phase transition into a unconfined quarkGlauber multiple scattering theory and indicated that the ini-
gluon plasma(QGP in ultrarelativistic nuclear collisions. tial system has finite baryon density. Majunder and G2ig
The Relativistic Heavy-lon CollideRHIC) and the Large have also discussed about the dileptons from the QGP with
Hadron Collider will provide the best opportunity to study finite baryon density, created at the RHIC energies. These
the formation and evolution of the QGP. Since the QGP eXshow that one may further study the effect of the chemical
ists only for a very short timeseveral fm in a small volume  gqujlibration on the dilepton production in a QGP with finite
(about 100 fm), a direct detection of this state of matter is baryon density. As pointed out in Refd7,18,22—24 the
not possible. Thus, various indirect signatures have to bgjstibution functions of partons in a chemically nonequili-

used for its detection, such as thiéy suppressionl],  prateq system can be described bittder distributions,
strangeness enhancemeiﬂl, dgleptonblspecérf, etd.3-5|. fq@:)\q@/(e(pxﬂq)/TH\q@) for quarks (antiquarks and

Among many experimental observables, dileptons are con-"%\ pIT_ .
sidered to be the most promising because they do not suffﬂ'g(p) Aol(e \g) for gluons. When the parton fugaci

strong final interactions and are, therefore, expected to retai S \; are mUCh less than unity, as may happen during the
the information about the QGP. early evolution of the parton system, the quantum effect may

Previously many authof§—11], considering that the cre- P€ neglected, the dist[ik()ujior)w/sT are approximated as Boltz-
ated QGP in collisions is a thermodynamic equilibrium sys-mann formfqg=\qge™**#«"" [25]. However, this intro-
tem, have studied the dilepton production, and some of therffuces an error of the order of 40% when the distribution
have found that dileptons are suppressed with increasing infPProaches chemical equilibrium as pointed out in REf].
tial quark chemical potentialand thus also initial baryon It should be stressed here that the most commonly used ap-
density. In recent years, Shuryak and co-workéi®,13 proximations are the factorized Fermi-Dirac distribution
have indicated that due to large initial parton density of thefunctions, fqq=\qq/(e®®*#/T+1) for quarks (anti-
QGP produced at the RHIC energies, the partons necessarwarks and factorized Bose-Einstein distribution function
suffer many collisions in a very short time r( fq(P)=\g/(e”T—1) for gluons. As can be seen from the
~0.3-0.7 fm), thus, the system may attain kinetic equilib-discussion in Ref[17], the calculated thermal screening
rium. However, in order to achieve chemical equilibrium, mass under this approximation coincides with that from the J
more quarks and antiquarks are needed, thus some energyligner distribution only neaxy=1, however, in the interme-
consumed, leading to the faster cooling of the system. Suchdiate region of thex, the deviation is quite significant. It
system may be away from the chemical equilibrium. In par-shows that it is difficult to study the whole process of the
ticular, taking into account transverse expansion, the largehemical equilibration of the system, and to obtain better
velocity gradient may drive the system further away from theresults based on those previously approximated distribution
chemical equilibriuni14]. One characterizes the nonequilib- functions of partons.
rium of the system by quarkantiquark fugacity A 4 and Previous authors mainly considered the dilepton produc-
gluon fugacityhy which are less than unity. From master tjon from the procesqgq— Il [3—5]. In recent years, possible

equations governing the evolution of parton densities and thgources of dileptons—such aqq—>ll_ annihilation, qg
equation of energy-momentum conservation of the QGP, ' '

Geiger and co-workergl5-18 have obtained a set of evo- —qll .the Cpmpton-like sca;tering,larlxgahqgll flusmg .
lution equations of the chemically equilibrating baryon-freeWere investigated and at chemical and thermal equilibrium

QGP system, and some of them have studied the effect of tHe spectrum was found to be dominated dy— 11, fol-
chemical equilibration on the dilepton production in baryon-lowed by qg—qgll, which was an order of magnitude
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lower, andgg— qqll which was lower than the first process degeneracy factors of quarkantiquark$ and gluons. Since
by 3 orders of magnitud25,26. In addition, the previous the convergence of the following integral factors appearing
calculation of dileptons produced in thermodynamic equilib-in the expansion above
rium QGP system showed that the contributions of the gluon
fusion gg—cc and quark-antiquark annihilatiomg— cc to 0 _f Z'dz N Z"dz
dileptons strongly depended on the initial temperature of the m (ez—)\g)m m™ (Nt e?)m
QGP systenj27].
In this work, based on"mer distribution function of par- 7nq7
tons, we shall study the evolution of the chemically equili- 621: f —_— (4
brating QGP(CEQGB system at finite baryon density, cal- (Ngte)
culate the dilepton yields from processes: quark-antiquark
annihilationqg—11, gluon fusiongg—cc, quark-antiquark IS very rapid, it is very easy to calculate these integrals, nu-

annihilationqqec€and Compton-likegg—qll, and reveal merically.

the effect of the finite baryon density on the evolution and

dilepton production of the CEQGP system. The rest of the B. Evolution equations of the system
Paper IS orgamzed as foIIows:.Schon II_denves the thermo- The dominant reactions leading to chemical equilibrium
dynamic relations and evolution equations of the system. —

Section Il focuses on discussion of the dilepton production.are assumed to bgg=ggg and gg=qg. Assuming that

In Sec. IV, we discuss the evolution of the system and Ca|galastic parton scatterings are sufficiently rapid to maintain

culate dilepton yields. Finally, conclusion is given in Sec. V. Ipcal thermal gquilibrium, the evolution of the parton densi-
ties can be given by the master equations. In the baryon

symmetric matter which has a vanishing initial chemical po-
Il. EVOLUTION OF THE SYSTEM tential, there is the relatioh,=\y. The calculated initial
A. Thermodynamic relations of the system quark chemical potential foAl*"+Al%" collisions at the
) ) ) ) RHIC energies is relatively small, as can be seen in the fol-
We first derive the thermodynamic relations of the qying calculated results and discussions based on[ReF.
CEQGP system at finite baryon density. Expanding dens't'eﬁccordingly, for a qualitative study we take the approxima-
of quarks(antiquarks, tion \q=\g. Combining the master equations together with
9uia p2dp the equation of energy-momentum conservation and equation
nq@zi(q})\ = _ (1)  of baryon number conservation, for the longitudinal scaling
22 MA@ | N =y ePraglT: )
a(a) expansion of the system, one can get a set of coupled relax-
ation equations describing evolutions of the temperaiuyre
over the quark chemical potential,, we get the baryon quark chemical potentigk,, and fugacities\, for quarks
density of the system and 4 for gluons on the basis of the thermodynamic rela-
tions of the CEQGP system at finite baryon density, as ob-

g — —_ tained above,
Ma=g 2| TQINg~ QN + 214 THQiNg+ QINY) )
G5\ . 1
o 1 N A —F 5 Ngt3=+ =
2,40 _ 00— =3 N q Ng Gi T 7
G 2£(3)\“ngng 1
2 =R{1——1>\}—2R 1—(— B
7 2g3) e T2 GI | Ngng 2
and the corresponding energy density including the contribu- (5)
tion of gluons,
= = N TAQE—NqQ2) + 214 TA(Q1— N Q3
SQGP:2_7:2 T4(Q§)\q+Qi)\a)"_SMng(Q%)\q_Qi)\qj q[ (Q1 qu) Mq (Q1 qu)
_ — 1 1
272 1 1y 3 0 0y — 2 0_ 0 -3
+3ugT7(Q1h g+ Q1Ng) + Tug(Qihg—Q1Ag) +Tug(Q1—NQ2) + 349 (Nt 1)
1 A g g 27°B, .
pdl o ) 207 G +T[3NGT?Q5+ 4N g TQI + N qudQ?
+ 3,u,q( )\q+1 +)\E+1 + qu 7\961+ 9 . [ q Q1 qMq Q1 quQl]
@ i 0201 A TR w220, M
Mq q Q1 qMq Q1 Mq()\q+ 1) T
Taking A q=Ag=\A4=1, these equations become the equa- 26(3)\2ngns 1
tions of state of the thermodynamic equilibrium QGP system - nng[ 1— (_2> = (6)
at finite baryon density. Wherg, and gq4 are, in turn, G1 | NgNg Ag
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mal charmed quark productions and their contributions to
lepton pairs should be included. Especially, those from the
gluon fusiongg—cc and quark-antiquark annihilatiogq
—cc are important. We now compute the rate of lepton pair
production from the quark-antiquark annihilatiag—I1I.
According to the discussion in Rdf30], the number of pro-

(7)  duced pairs in a space-time volume eleméht and of in-
variant massV can be expressed by the elementary formula

dN
2THQ1-1Qd) v TvEas f d*p.d*p,8(p3) (P3) Po1Pozf(Por) 6 Po2) Qg

A [4u TA(Qi—A\ Ql>+zu3%
a-m bRl 3\, +1)

+T8ugTQINg+ gl 4

A
201 2__Ma__
Qi+ 2u

1 2 .\
= — — 201 =~ .3 q
J““J Qirat 3#ay 31

- g .
xgg—qT“(GiJr WKW

1 X 2_ + 2
+6T2,u Q- qQ%)"'ZMg()\ +1) U(M)fq(poﬂfﬂupoﬁ5(M (P1+p2)9), (12
q where f,; stand for the Jner distribution function of
) Jg quarks(antiquarks, Q, the chargey the relative velocity of
+T| 8T3QIN g+ 12uiT QA g+ 4T3\ Gs} the annihilating quark pair. The quark annihilation cross sec-
Ya tion o(M) into leptons of massn, is generally given by

[4,5,8,10,25,3D

120 T?QiNg+ 21

+,L,Lq

q
Agt+1 4ma’® 2m? am?
o(M)= 1

1/2
vz |\t MZ)’ 43

1 Ng
=— ;[2T4Q§>\q+6M§T2Q1>\q( :

Agtl where « is the fine-structure constant. For the quark flavor
o0 N;=2.5, we obtain the expression as
1 Jogay G+ 0} ®)
9q q I dN
d*xdMm?

where nq(q) is the value of ngqy at Aq@p= i
=nq/(9q/27?), ng=ngy/(g4/27?), the bag constanBol/ 8 M? dPo;d P20 (M) 8(4Pg1Por— M?)
—250 MeV, and§(3) 1. 202 06. The gluon and quark pro- ~3(2m 4 q [e(Por™ KT+ )\ g J[ePoe™ )/ T+ ]

duction rateR;/T andR, /T are, in turn, given by (14)

2 212
R /TZE% (Mp+s/4)Mp, |(he Ao Tu), (g Introducing the substitutionpo /T=X, Poo/T=y, pq/T
3 3a; \g|  90°TY/2 grftar okl =z, andM/T=u, for the longitudinal scaling expansion, we
finally have
gg G, q
Rp/T= 5, e — NradhgIn(1.65ks) ), (10 N
1 dM2dY
392TT ua\? N 8 M2 dxdydrrT20(M) 6(xy— u?/4)
M2 = 2GINg+ 2N QN+ | 22 ||, _e M 2f 2
b ot 2NQAgH| T Agt1 32m*" 4 [T r NI A Ng]

11
(11) (15
Since these integrals are numerically performed, we can ob-
tain more accurate results. The degeneracy factors for quarks
and gluons are, respectivelygq N (2% 3) and g4=(2
X 8)/2 (the factor of 1/2 is needed to prevent double count-
ing), the cross sections for react|oqs|—>cc andgg—>cc in

IIl. DILEPTON PRODUCTION leading-order QCD have been given in Ref27,29,31.

With the given evolution of the parton system, one canTherefore, similar to the calculation foqo—II, we can ob-
calculate Iepton pairs created through quark-antiquark anntain the yields of react|onqq—>cc andgg—>cc Almost, all
hilation qq—>|| and thermal charmed quark decays duringof the produced thermal charmed quarks would eventually
the equilibration of the system. With a high initial tempera- hadronize toD mesong27]. Considering that th® meson
ture in the most optimistic scenarid; ,.,~(1—21)m., a decays to leptons with a 34% branching rao either au

significant thermal charm production may be exped@t-  ©' ane) for chargedD mesons, or a 15% branching ratio for
29], wherem, is the mass of the charmed quark. For theneutralD mesong 27,32, finally one can get the contribu-

QGP system, produced in collisions at the RHIC energiestion of charmed quarks from reactioreg—cc and gg
with very high initial temperature~0.57 GeV)[17], ther-  —cc to lepton pairs. Also here, we neglect charm fragmen-

whereM3 is the Debye screening mass,=gyG3/2m?, g2
=4mag, andl(Ng,\q,T,uq) is the function ofAy, Ay, T,
tq- We here take the quark flavoN;=2.5 as done
[17,18,22.
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FIG. 1. The calculated evolution paths of the system in phase
diagram for initial values 7,=0.70 fm, T;=0.57 GeV, Ay = osl E
=0.08, and\4=0.02, where the solid, dotted, and dash-dotted '1’ ]
lines are, in turn, the calculated paths for initial quark chemical ~ oab 1
potentials w40=0.000, 0.284, and 0.568 GeV. The time interval ]
between the two small circles is 0.5 fthe., 50X calculation-step o2k ]
0.01 fm). The phase diagram is calculated Bt*=0.250 GeV, ]
where the phase boundary is denoted by the dashed line. ool 1
tation[27,28. Finally, we also calculate the contribution of 1 2 3 4 5

the Compton-like reactiogg—qll to dileptons. 1 (fm)
FIG. 2. The calculated parton production raRs' T for quarks
andR3 /T for gluons in panela), and fugacities for quarks and
In this work we focus on discussingg >+ Al%’ collisions \g for gluons in panelb) under the same initial conditions as given
at the RHIC energies. Hammaat al. [19] have calculated in Fig. 1. The solid, dotted, and dashed lines in these two panels
the nonequilibrium initial conditions from the perturbative denote, in turn, the calculated values for initial quark chemical po-
QCD within the Glauber multiple scattering theory fgs  tentials uqo=0.000, 0.284, and 0.568 GeV.
=200A GeV andy/s=5.5A TeV. Taking into account higher
order contribution by &-factor 2.5 at the RHIC experiment \yhijle in order to give a deeper insight into the dynamical
[33], they have obtained the energy density and number densy|ytion of the QGP, we have marked the equal time step on

sities of gluons, quarks, and antiquarks as well as the initigfye paths in Fig. 1. The time interval between the two small
temperaturel ;= 0.552 GeV. From these densities we havecirdeS is 0.5 fm(i.e., 50x calculation-step 0.01 finWe can

also l?b;t]aingd ilnitial te_mper_a(t)u;%):g.S\?GbGeVdand ri]nitial see from Fig. 1 that the evolution of the system becomes
guﬁgmﬁcig];?oﬁstgm'ﬁaéq%% Q GP s gte’m ﬁ?h f?r?itte %r;:o(;nslower and slower with the increase of the evolution time.
y Y YONThe calculated parton production rateg/T for quarks and

density, as mentioned n the preceding parb @t~ 0.08 and 53/T for gluons, and fugacities for quarks and\4 for

Aq0=0.02. Obviously, these initial temperatures are near th . i .
one from Hijing model calculation in Refl17]. With the glupns are, in turn, shown '(@) an_d(b) panels of Fig. 2.' The
help of the results of the Hijing model, we take the initial solid, dotted, and dashed lines in every panel of Fig. 2 de-

values of the systemr,=0.70 fm, To=0.57 GeV, A4 notes, respectively, the values for initial quark chemical po-
=0.08, and\4u=0.02. To further understand the effect of tentialsqo=0.000, 0.284 and 0.568 GeV. In this work, due
the finite baryon density on dilepton yields, we extend ourt© adopting Jtiner distribution as the phase space distribu-
calculation up to the initial quark chemical potentjal,  tion function of partons, the Debye screening mas}
=0.568 GeV. We have solved the set of coupled relaxatioghanges with the quark chemical potential as seen in Eq.
equations(5)—(8) for initial quark chemical potentialg.yo  (11). According to Eq.(9) the gluon production rat&;/T
=0.000, 0.284, and 0.568 GeV, and obtained the evolutionsapidly goes down with the evolution time as shown in panel
of the temperature, quark chemical potential, and fugacitie$a). Thus, the chemical equilibration rate of the system nec-
Ag and X\, of the system. The calculated evolution paths ofessarily goes up rapidly with evolution time, the fugacities of
the system in the phase diagram have been shown in Fig. §jjuons and quarks can, respectively, reach the equilibrium
where the solid, dotted, and dash-dotted lines are, in turn, thealues by evolution times~4.36 fm (where the tempera-
evolution paths for initial quark chemical potentiglg,,  ture drops to about 150 M@Vand 7.12 fm, as shown in
=0.000, 0.284, and 0.568 GeV ay=0.57 GeV, and the panel(b)2. The similar characters have been seen in chemi-
dashed line is the phase boundary of the phase diagramally equilibrating baryon-free QGP24], where the gluon

IV. CALCULATED RESULTS AND DISCUSSIONS
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chemical equilibration rate is heightened through taking N ' '
large parameteA.

We now discuss the effect of the finite initial quark chemi-
cal potential on the evolution of the system. We know that
the baryon-free QGP converts into the hadronic matter, only
with decreasing temperature along the temperature axis of
the phase diagram, and the phase transition occurs at a cer-
tain critical temperatur&.. However, in this work, bothnthe 5§ | 20,000 GeV
quark chemical potential and the temperature of the system —p:Z:O.284 Gev
are functions of time, compared with the baryon-free QGP, it | 7 m™0.568 GeV .
necessarily takes a long time for valye(,T) of the system L , ,
to reach a certain point of the phase boundary between the ®)
guark phase and the hadronic phase to make the phase tran-
sition. Such an effect will cause the increase of the lifetime
of the quark phase. Furthermore, we have found that with
increasing initial quark chemical potential, the production
rateR; /T of gluons goes up as shown in pai@l of Fig. 2.
Thus the gluon equilibration rate goes down as seen in panel
(b) of Fig. 2, leading to the low energy consumption of the
system, i.e., slow cooling of the system. Since gluons are 3
much more than quarks in the CEQGP system, overall with \
increasing initial quark chemical potential, the cooling of the 10° . . L
system slows down. Therefore, the quark phase lifetime fur-
ther increases. One can see in Fig. 1 that the increase of the M (GeV)
initial quark chemical potentigly, will change the hydro- ) )
dynamic behavior of the CEQGP system with finite baryon /G- 3 The calculated dilepton spectiai/dM=dY from reac-
density to cause the increase of the quark phase lifetime. TH®N ad—11. The dotted, solid, and dashed lines in paiagtre, in
calculated presence times of the system in the quark phaé’ém the calculated spectra for initial quark chemmgl_potentnal_s
for initial quark chemical potentialggo=0.000, 0.284, and ~ao=0-000, 0284, and 0.568 GeV under the same initial condi-
0.568 GeV are, in turn, 4.19, 4.52. and 4.87 fm. tions as given in Fig. 1. In panéb), the initial temperaturd is

We have calculated dilepton spectddN/dM2dY from taken as 0.238 GeV.

qq—I1 annihilation, as shown in pané®) of Fig. 3. The . - . .
dotted, solid, and dashed lines are, in turn, the spectra fo&a(l,lycg(zgvégqigs?gn:rﬁitﬁr}ﬂi?gtgggne(:;/g*:?t(;/n behavior of
initial ‘quark chemical potentialgsqo=0.000, 0.284, and In order to further understand the relation between the

0.568 GeV at the initial temperaturg,=0.57 GeV. It is . L L
well known that in the thermodynamic equilibrium QGP sys-d”eF)ton pro_ductlon m_the CEQGP system and the_mltlal
quark chemical potentigl,,, we have calculated the inte-

tem, the dilepton yield frongqg— Il annihilation is sup- . i .
pressed with Iioncrez?\/sing init:g?zuark chemical potenﬂaf gra_ted yielddN/dY for _the react|orqq_—>ll W'th'r.‘ Fhe time
[9,11,24. However, as pointed out in the discussions in the €9'0N from to. o Wh'.Ch’ asa f_unc'glon of the initial quark
above section, with increasing initial quark chemical poten-gh(tetm('jcaclj poﬁegtla};ﬁ), |s"sc,jhﬁxvn ”: Flrg. 4'n1_hﬁ]dta§2'dtﬂttei?{t
tial uqo, the quark phase lifetime will increase. Accordingly, 0 ted, aksj € t’tﬁ sol " ?S epzegez,s 38 ’ d g 5 e
the contribution of the quark phase to dileptons is height—grae yields at the evolution imes=2.0, 2.5, 2.0, and o.

ened. For the QGP system, produced at the RHIC energiegﬂ for To=0.57 GeV. In |n|t|§1l stage, since the Increasing
with high initial temperature, this effect becomes even morerfeCt of the.quark pha!se I|f_et|me W'th. increase of the initial
: uark chemical potentigkq is not obvious, the increase of

significant. Therefore, one can see from the dotted, solid, ant e yield is smaller. However, with further increasing evolu
dashed lines in pan that in the CEQGP system, the . ) o ; ’ o )
panee) Q y tion time 7, the increasing effect of the QGP lifetime be-

dilepton yield will go up with increasing initial quark chemi- _ d h .
cal potential. Compared with the calculated dilepton yield inCOMes Important and can even compensate the suppression.
Thus, the calculated yield goes up with the increase of the

the thermodynamic equilibrium QGP system, where the | K chemical . in Fiq 4. |
dilepton yield is suppressed with the increase of the initial'n't'ﬁl qu;’:\r c ﬁm'cﬁ %(_)Itenna,qu,l da_s Sﬁenc'g C';gp It
quark chemical potential, this enhancement of the yield idurther shows that the dilepton yield in the CEQGP system

important. In panelb), we also show the calculated dilepton with finite baryon density is no longer a monotonically de-
9 T = . creasing function of the initial quark chemical potential.
spectradN/dM~<dY from qgq— Il annihilation at a lower ini-

tial temperaturd =0.238 GeV under the same conditions as " leg. > we show th.e ca_lculated_dlleptt_)n_ spectra
given in panel(@). The calculated dilepton spectrum is still 4N/dM“dY from processes: fusiogg—cc, annihilation

an increasing function of the initial quark chemical potential.dd—cc, annihilation qg—1l, the Compton-like reaction

It shows that the increasing effect of the quark phase lifetimeg—qll, and their total, which are, in turn, represented by

with increasing initial quark chemical potential,, is essen- the dashed, short-dashed, dash-dotted, dotted, and solid lines.

T,=0.57 GeV
g - 0

dN/dM?dY (GeV )

T,=0.238 GeV
N

dN/dM?dY (GeV )
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FIG. 6. The calculated total dilepton yieldN/dM?dY (of pro-

FIG. 4. The calculated integrated yield®&/dY as function of  ggses: the Compton-like reactiqlg—>qll_, annihilationqa—ﬂl_,
the initial quark chemical potential ,, for givgn eyolution times-. fusion gg—cc, and annihilationqq—cc) under the same initial
_The dash-dgtted, dotted, (_jashgd, and solid lines are, in turn, tht,eonditions as given in Fig. 1. The dotted, solid and dashed lines
integrated ylelds_ a_lt_ evolutu_)_n tlmeF_Z.O, .2'5’_3'0’ and 3.5 fm represent, in turn, the total yields for initial quark chemical poten-
under the same initial conditions as given in Fig. 1. tials 11qo=0.000, 0.284, and 0.568 GeV.

Due to strong dependence of the gluon fusiga{-cc) and  an order of magnitude lower, the contribution of the annihi-

quark-antiquark annihilationglg—cc) yields on the initial lation qq— 11, which is lower than the one of the first pro-
temperature, and other factors, such as, larger cross sectigasses by 2 orders of magnitude, and the contribution of the

of the fusion reactiorgg—cc in the intermediate mass re- Compton-like reactiomg—qll, which is lower than that of
gion[27] as well as larger gluon density in the CEQGP sys-the third process by about 2 orders of magnitude. In addition,
tem, thermal charmed quarks fragg— cc andqg—cc re-  in Fig. 6, we have shown total yieldsf those 4 reactions
actions, provide important contributions to dileptons duringmentioned abovefor initial quark chemical potentialg.
the evolution, as seen from the dash-dotted, dotted lines i 0.000, 0.284, and 0.568 GeV &=0.57 GeV, which are
Fig. 5, leading to the enhancement of dileptons with intermedenoted by dotted, solid, and dashed lines, respectively. It
diate masses, as seen from the solid line in Flg 5. The Cabjso shows C|ear|y that the di|epton y|e|d frcqﬁ_) ||_|n the
culated spectrum is found to be dominated by the fusiorCEQGP system with finite baryon density is an increasing
gg—-cc, followed by the annihilatiomq— cc which is half ~ function of the initial quark chemical potential. Adding the
contribution from reactiongg—cc and gg—cc, one can

10° — : : obtain the significantly enhanced dileptons with intermediate
,,,,,,,,,, @1 masses.
L J— | . 4
.04 - (c) - Il

,,,,, 99 - (@) - I V. CONCLUSION

0
107 total E

In this work, in order to study the dilepton production in a
. chemically equilibrating QGP system with finite baryon den-
07} ‘ T el sity, based on theudtner distribution function of partons, we
have derived a set of coupled relaxation equations from the
conservation laws of the energy-momentum and baryon
number, considering that the dominant reactions leading to
chemical equilibrium are the processegg=ggg and
3 gg=9qg. We have also obtained the expression of dilepton
production under the same conditions. Subsequently, we
M (GeV) have studied the evolution and dilepton yields of the system

produced fromAX9"+ Al9 collisions at the RHIC energies.

FIG. 5. The calculated dilepton spectt/dM2dY at the initial ~ VWe have found that the increase of the initial quark chemical
quark chemical potentiglq=0.284 GeV under the same initial potential uqo Will change the hydrodynamic behavior of the
conditions are as given in Fig. 1. The dashed, short-dashed, das@EQGP system to cause the increase of the quark phase
dotted, dotted and solid lines denote, in turn, the calculated spectiifetime. First, this effect is to heighten the dilepton yield
from the Compton-like reactiogg— qll, annihilationqg—I1, fu- from the reactiorgg— 1l and compensate and even surpass
c the dilepton suppression effect caused by the increase of the

T
’

dN/dMdY (GeV ™)

—_—
el
-

L/
)

1

2 3

[N

sion ggﬁc?, annihilationqa—mc and their total.
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initial quark chemical potential, making the dilepton yield aswith finite baryon density based on the longitudinal scaling
an increasing function of the initial quark chemical potential.expansion model, neglecting the effect of the nonhomoge-
On the other hand, we should stress that the increase of theous distribution of the particle in space, higher order gluon
quark phase lifetime also heightens the thermal charmegrocesses and temperature dependence of the strong coupling
qguark production to make the contribution of thermalconstantas. In the dilepton calculation, we have taken
charmed quarks to dilepton further go up. Especially, due to=0.3, m.=1.2 GeV, andK=2.5 to include contribution
higher initial temperature, larger gluon density of the systenfrom next-to-leading order, as done in the calculation in the

as well as larger reaction cross sectiongygi~cc andqq  chemically equilibrating baryon-free QGP.
—cc in the intermediate mass region, thermal charmed

quarks from the fusiogg— cc and annihilatiorgg—cc can

provide a dominant contribution to dileptons at intermediate This work is supported in part by CAS knowledge Inno-

masses, leading to a further increase of the dilepton yieldvation Project No. KICX2-N11, the National Natural Science

Therefore, in a CEQGP system with finite baryon densityFoundation of China Grant No. 10075071, the Major State

created at the RHIC energies, one might observe the signifBasic Research Development Program in China under Con-

cant enhancement of dileptons with intermediate masses. tract No. G200077400, NSFC Grant No. 10135030 and CAS
In this work, we have studied the evolution of the CEQGPKnowledge Innovation Project.

ACKNOWLEDGMENTS

[1] T. Matsui and H. Satz, Phys. Lett. B78 416 (1986. [20] K. Geiger and J.l. Kapusta, Phys. Rev43, 4905(1993.
[2] J. Rafelski and B. Miler, Phys. Rev. Lett48, 1066(1982. [21] A. Majumder and C. Gale, Phys. Rev.&3, 114008(2001J).
[3] E. Shuryak, Phys. Ref@0, 71 (1980. [22] P. Levai, B. Miller, and X.N. Wang, Phys. Rev. &1, 3326
[4] K. Kajantie, J. Kapusta, L. McLerran, and A. Mekjian, Phys. (1995.

Rev. D 34, 2746(1986. [23] T. Matsui, B. Svetitsky, and L. McLerran, Phys. Rev.33,
[5] A. Dumitru et al, Phys. Rev. Lett70, 2860(1993. 783(1986.
[6] J.D. Bjorken, Phys. Rev. 27, 140(1983. [24] B. Kampferet al, Z. Phys. A353 71 (1995.

[7] K. Kajantie, J. Kapusta, and A. Mekjian, Phys. Rev.38, o5 g Kampfer, O.P. Pavlenko, A. Peshier, and G. Soff, Phys. Rev.
2746 (:!.98@. ) C 52, 2704(1995.
[8] L.H. Xia, C.M. Ko, and C.T. Li, Phys. Rev. @1, 572(1990. [26] Z. Lin and C.M. Ko, Nucl. PhysA671, 567 (2000.

9] J. Sollfranket al, Phys. Rev. (55, 392(1997. . .
[J[_O% 23 He. J.J. Zhan gl(\] Qi\; and J.F (Cher—? Nucl. Phga4 [27] A. Shor, Phys. Lett. 15 375(1988; 233 231(1989; B.L.
e nana g 2 ' o ' ' w Combridge, Nucl. PhysB151, 429(1979.

[11] ;532 %zzz)él Phys. Lett. BA95 317 (2000 [28] R. Vogt, B.V. Jacak, P.L. McGaughey, and P.V. Ruuskanen,
[12] E. Shuryak, Phys. Rev. Let8, 3270(1992. Phys. Rev. D49, 3345(1994.
[13] K.J. Eskola and X.N. Wang, Phys. Rev.49, 1284 (1994. [29] S. Gavin, P.L. McGaughey, P.V. Ruuskanen, and R. Vogt, Phys.
[14] D.K. Srivastava, M.G. Mustafa, and B. Ner, Phys. Lett. B Rev. C54, 2606(1996.

396 451 (1997. [30] G. Domokos and J.I. Goldman, Phys. Rev2B 203 (1981).

- .0. Schmitt, G.C. Nayak, H. Stker, and W. Greiner, S.

[15] K. Geiger, Phys. Rev. @8, 4129(1993. [31] J.0. Schmitt, G.C. Nayak, H. Stker, and W. G Phy:
[16] E. Shuryak and L. Xiong, Phys. Rev. Lef0, 2241 (1993. Lett. B 498 163(2001.
[17] T.S. Biroet al, Phys. Rev. (48, 1275(1993. [32] R.M. Baltrusaitiset al, Phys. Rev. Lett54, 1976(1985.
[18] C.T. Traxler and M.H. Thoma, Phys. Rev.53, 1345(1996.  [33] K.J. Eskola, K. Kajantie, and J. Lindfors, Nucl. Ph823 37
[19] N. Hammon, H. Siker, and W. Greiner, Phys. Rev. €I, (1989; C. Albajaet al, UA1 Collaboration,ibid. B309, 405

014901(1999. (1988.

024902-7



