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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

Lattice QCD results have indicated, hadronic matter pr
ably undergoes a phase transition into a unconfined qu
gluon plasma~QGP! in ultrarelativistic nuclear collisions
The Relativistic Heavy-Ion Collider~RHIC! and the Large
Hadron Collider will provide the best opportunity to stud
the formation and evolution of the QGP. Since the QGP
ists only for a very short time~several fm! in a small volume
~about 100 fm3), a direct detection of this state of matter
not possible. Thus, various indirect signatures have to
used for its detection, such as theJ/c suppression@1#,
strangeness enhancement@2#, dilepton spectra, etc.@3–5#.
Among many experimental observables, dileptons are c
sidered to be the most promising because they do not su
strong final interactions and are, therefore, expected to re
the information about the QGP.

Previously many authors@6–11#, considering that the cre
ated QGP in collisions is a thermodynamic equilibrium s
tem, have studied the dilepton production, and some of th
have found that dileptons are suppressed with increasing
tial quark chemical potential~and thus also initial baryon
density!. In recent years, Shuryak and co-workers@12,13#
have indicated that due to large initial parton density of
QGP produced at the RHIC energies, the partons necess
suffer many collisions in a very short time (t
'0.3–0.7 fm), thus, the system may attain kinetic equil
rium. However, in order to achieve chemical equilibrium
more quarks and antiquarks are needed, thus some ene
consumed, leading to the faster cooling of the system. Su
system may be away from the chemical equilibrium. In p
ticular, taking into account transverse expansion, the la
velocity gradient may drive the system further away from
chemical equilibrium@14#. One characterizes the nonequili
rium of the system by quark~antiquark! fugacity lq(q̄) and
gluon fugacitylg which are less than unity. From mast
equations governing the evolution of parton densities and
equation of energy-momentum conservation of the Q
Geiger and co-workers@15–18# have obtained a set of evo
lution equations of the chemically equilibrating baryon-fr
QGP system, and some of them have studied the effect o
chemical equilibration on the dilepton production in baryo
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free QGP. Hammon and co-workers@19,20# have calculated
the initial conditions of the nonequilibrium QGP produced
the RHIC energies, from the perturbative QCD within t
Glauber multiple scattering theory and indicated that the
tial system has finite baryon density. Majunder and Gale@21#
have also discussed about the dileptons from the QGP
finite baryon density, created at the RHIC energies. Th
show that one may further study the effect of the chemi
equilibration on the dilepton production in a QGP with fini
baryon density. As pointed out in Refs.@17,18,22–24#, the
distribution functions of partons in a chemically nonequi
brated system can be described by Ju¨ttner distributions,
f q(q̄)5lq(q̄) /(e(p7mq)/T1lq(q̄)) for quarks~antiquarks! and
f g(p)5lg /(ep/T2lg) for gluons. When the parton fugac
ties l i are much less than unity, as may happen during
early evolution of the parton system, the quantum effect m
be neglected, the distributions are approximated as Bo
mann formf q(q̄)5lq(q̄)e

2(p7mq)/T @25#. However, this intro-
duces an error of the order of 40% when the distribut
approaches chemical equilibrium as pointed out in Ref.@17#.
It should be stressed here that the most commonly used
proximations are the factorized Fermi-Dirac distributio
functions, f q(q̄)5lq(q̄) /(e(p7mq)/T11) for quarks ~anti-
quarks! and factorized Bose-Einstein distribution functio
f g(p)5lg /(ep/T21) for gluons. As can be seen from th
discussion in Ref.@17#, the calculated thermal screenin
mass under this approximation coincides with that from th
üttner distribution only nearlg51, however, in the interme
diate region of thelg the deviation is quite significant. I
shows that it is difficult to study the whole process of t
chemical equilibration of the system, and to obtain bet
results based on those previously approximated distribu
functions of partons.

Previous authors mainly considered the dilepton prod
tion from the processqq̄→ l l̄ @3–5#. In recent years, possibl
sources of dileptons—such as,qq̄→ l l̄ annihilation, qg

→ql l̄ the Compton-like scattering, andqg→qgl l̄ fusion—
were investigated and at chemical and thermal equilibri
the spectrum was found to be dominated byqq̄→ l l̄ , fol-
lowed by qg→qgl l̄ , which was an order of magnitud
©2003 The American Physical Society02-1
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lower, andgg→qq̄l l̄ which was lower than the first proces
by 3 orders of magnitude@25,26#. In addition, the previous
calculation of dileptons produced in thermodynamic equil
rium QGP system showed that the contributions of the glu
fusion gg→cc̄ and quark-antiquark annihilationqq̄→cc̄ to
dileptons strongly depended on the initial temperature of
QGP system@27#.

In this work, based on Ju¨ttner distribution function of par-
tons, we shall study the evolution of the chemically equ
brating QGP~CEQGP! system at finite baryon density, ca
culate the dilepton yields from processes: quark-antiqu
annihilationqq̄→ l l̄ , gluon fusiongg→cc̄, quark-antiquark
annihilationqq̄→cc̄ and Compton-likeqg→ql l̄ , and reveal
the effect of the finite baryon density on the evolution a
dilepton production of the CEQGP system. The rest of
paper is organized as follows: Section II derives the therm
dynamic relations and evolution equations of the syste
Section III focuses on discussion of the dilepton producti
In Sec. IV, we discuss the evolution of the system and c
culate dilepton yields. Finally, conclusion is given in Sec.

II. EVOLUTION OF THE SYSTEM

A. Thermodynamic relations of the system

We first derive the thermodynamic relations of t
CEQGP system at finite baryon density. Expanding dens
of quarks~antiquarks!,

nq(q̄)5
gq(q̄)

2p2 lq(q̄)E p2dp

lq(q̄)1e(p7mq)/T , ~1!

over the quark chemical potentialmq , we get the baryon
density of the system

nb,q5
gq

6p2 FT3~Q1
2lq2Q̄1

2l q̄!12mqT2~Q1
1lq1Q̄1

1l q̄!

1Tmq
2~Q1

0lq2Q̄1
0l q̄!1

1

3
mq

3S lq

lq11
1

l q̄

l q̄11D G
~2!

and the corresponding energy density including the contr
tion of gluons,

«QGP5
gq

2p2 FT4~Q1
3lq1Q̄1

3l q̄!13mqT3~Q1
2lq2Q̄1

2l q̄!

13mq
2T2~Q1

1lq1Q̄1
1l q̄!1Tmq

3~Q1
0lq2Q̄1

0l q̄!

1
1

3
mq

4S lq

lq11
1

l q̄

l q̄11D1
gg

gq
T4lgG1

31
2p2B0

gq
G .
~3!

Taking lq5l q̄5lg51, these equations become the equ
tions of state of the thermodynamic equilibrium QGP syst
at finite baryon density. Wheregq(q̄) and gg are, in turn,
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degeneracy factors of quarks~antiquarks! and gluons. Since
the convergence of the following integral factors appear
in the expansion above

Gm
n 5E ZndZ

~eZ2lg!m Qm
n 5E ZndZ

~lq1eZ!m

Q̄m
n 5E ZndZ

~l q̄1eZ!m ~4!

is very rapid, it is very easy to calculate these integrals,
merically.

B. Evolution equations of the system

The dominant reactions leading to chemical equilibriu
are assumed to begg
ggg and gg
qq̄. Assuming that
elastic parton scatterings are sufficiently rapid to maint
local thermal equilibrium, the evolution of the parton den
ties can be given by the master equations. In the bar
symmetric matter which has a vanishing initial chemical p
tential, there is the relationlq5l q̄ . The calculated initial
quark chemical potential forAu

1971Au
197 collisions at the

RHIC energies is relatively small, as can be seen in the
lowing calculated results and discussions based on Ref.@19#.
Accordingly, for a qualitative study we take the approxim
tion lq5l q̄ . Combining the master equations together w
the equation of energy-momentum conservation and equa
of baryon number conservation, for the longitudinal scali
expansion of the system, one can get a set of coupled re
ation equations describing evolutions of the temperatureT,
quark chemical potentialmq , and fugacitieslq for quarks
and lg for gluons on the basis of the thermodynamic re
tions of the CEQGP system at finite baryon density, as
tained above,

S 1

lg
1

G2
2

G1
2D l̇g13

Ṫ

T
1

1

t

5R3F12
G1

2

2j~3!
lgG22R2F12S 2j~3!

G1
2 D 2 nqnq̄

n̄qn̄q̄

1

lg
2G
~5!

l̇qFT3~Q1
22lqQ2

2!12mqT2~Q1
12lqQ2

1!

1Tmq
2~Q1

02lqQ2
0!1

1

3
mq

3 1

~lq11!2G
1Ṫ@3lqT2Q1

214lqmqTQ1
11lqmq

2Q1
0#

1ṁqF2lqT2Q1
112lqmqTQ1

01mq
2 lq

~lq11!G1
nq

0

t

5ng
0R2F12S 2j~3!

G1
2 D 2 nqnq̄

n̄qn̄q̄

1

lg
2G ~6!
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l̇qF4mqT2~Q1
12lqQ1

1!1
2

3
mq

3 1

~lq11!2G
1Ṫ8mqTQ1

1lq1ṁqF4T2Q1
1lq12mq

2 lq

~lq11!G
52

1

t F4mqT2Q1
1lq1

2

3
mq

3 lq

lq11G ~7!

l̇g

gg

gq
T4~G1

31lgG2
3!1l̇qF2T4~Q1

32lqQ2
3!

16T2mq
2~Q1

12lqQ2
1!1

2

4
mq

4 1

~lq11!2G
1ṪF8T3Q1

3lq112mq
2TQ1

1lq14
gg

gq
T3lgG1

3G
1ṁqF12mqT2Q1

1lq12mq
3 lq

lq11G
52

1

t F2T4Q1
3lq16mq

2T2Q1
1lqS l q̄

l q̄11D
1

gg

gq
T4lgG1

31
2pB0

gq
G , ~8!

where n̄q(q̄) is the value of nq(q̄) at lq(q̄)51, nq
0

5nq /(gq/2p2), ng
05ng /(gg/2p2), the bag constantB0

1/4

5250 MeV, andj(3)51.202 06. The gluon and quark pro
duction ratesR3 /T andR2 /T are, in turn, given by

R3 /T5
32

3a1

as

lg
F ~MD

2 1s/4!MD
2

9g2T4/2 G2

I ~lg ,lq ,T,mq!, ~9!

R2 /T5
gg

24p

G1
12

G1
2 Nfas

2lgln~1.65/asl!, ~10!

MD
2 5

3g2T2

p2 F2G1
1lg12NfQ1

1lq1S mq

T D 2S lq

lq11D G ,
~11!

whereMD
2 is the Debye screening mass,a15ggG1

2/2p2, g2

54pas , and I (lg ,lq ,T,mq) is the function oflg , lq , T,
mq . We here take the quark flavorNf52.5 as done
@17,18,22#.

III. DILEPTON PRODUCTION

With the given evolution of the parton system, one c
calculate lepton pairs created through quark-antiquark a
hilation qq̄→ l l̄ and thermal charmed quark decays duri
the equilibration of the system. With a high initial temper

ture in the most optimistic scenario,Ti ,max'( 1
3 2 1

2 )mc , a
significant thermal charm production may be expected@27–
29#, wheremc is the mass of the charmed quark. For t
QGP system, produced in collisions at the RHIC energ
with very high initial temperature (;0.57 GeV) @17#, ther-
02490
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mal charmed quark productions and their contributions
lepton pairs should be included. Especially, those from
gluon fusiongg→cc̄ and quark-antiquark annihilationqq̄

→cc̄ are important. We now compute the rate of lepton p
production from the quark-antiquark annihilationqq̄→ l l̄ .
According to the discussion in Ref.@30#, the number of pro-
duced pairs in a space-time volume elementd4x and of in-
variant massM can be expressed by the elementary form

dN

d4xdM2 5E d4p1d4p2d~p1
2!d~p2

2!p01p02u~p01!u~p02!Qq
2v

3s~M ! f q~p01! f q̄~p02!d„M
22~p11p2!2

…, ~12!

where f q(q̄) stand for the Ju¨ttner distribution function of
quarks~antiquarks!, Qq the charge,v the relative velocity of
the annihilating quark pair. The quark annihilation cross s
tion s(M ) into leptons of massml is generally given by
@4,5,8,10,25,30#

s~M !5
4pa2

M2 S 11
2ml

2

M2 D S 12
4ml

2

M2 D 1/2

, ~13!

wherea is the fine-structure constant. For the quark flav
Nf52.5, we obtain the expression as

dN

d4xdM2

5
8

3

M2

~2p!4 lq
2E dp01dp02s~M !u~4p01p022M2!

@e(p012mq)/T1lq#@e(p021mq)/T1lq#
.

~14!

Introducing the substitutionp01/T5x, p02/T5y, mq /T
5z, andM /T5u, for the longitudinal scaling expansion, w
finally have

dN

dM2dY

5
8

3

M2

~2p!4 pR2E lq
2 dxdydttT2s~M !u~xy2u2/4!

@ex2z1lq#@ey1z1lq#
.

~15!

Since these integrals are numerically performed, we can
tain more accurate results. The degeneracy factors for qu
and gluons are, respectively,gq5Nf(233) and gg5(2
38)/2 ~the factor of 1/2 is needed to prevent double cou
ing!, the cross sections for reactionsqq̄→cc̄ andgg→cc̄ in
leading-order QCD have been given in Refs.@27,29,31#.
Therefore, similar to the calculation forqq̄→ l l̄ , we can ob-
tain the yields of reactionsqq̄→cc̄ andgḡ→cc̄. Almost, all
of the produced thermal charmed quarks would eventu
hadronize toD mesons@27#. Considering that theD meson
decays to leptons with a 34% branching ratio~or either am
or ane) for chargedD mesons, or a 15% branching ratio fo
neutralD mesons@27,32#, finally one can get the contribu
tion of charmed quarks from reactionsqq̄→cc̄ and gg

→cc̄ to lepton pairs. Also here, we neglect charm fragme
2-3
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tation @27,28#. Finally, we also calculate the contribution o
the Compton-like reactionqg→ql l̄ to dileptons.

IV. CALCULATED RESULTS AND DISCUSSIONS

In this work we focus on discussingAu
1971Au

197 collisions
at the RHIC energies. Hammonet al. @19# have calculated
the nonequilibrium initial conditions from the perturbativ
QCD within the Glauber multiple scattering theory forAs
5200A GeV andAs55.5A TeV. Taking into account highe
order contribution by aK-factor 2.5 at the RHIC experimen
@33#, they have obtained the energy density and number d
sities of gluons, quarks, and antiquarks as well as the in
temperatureT050.552 GeV. From these densities we ha
also obtained initial temperatureT050.566 GeV and initial
quark chemical potentialmq050.284 GeV, based on thermo
dynamic relations of the CEQGP system with finite bary
density, as mentioned in the preceding part, atlg050.08 and
lq050.02. Obviously, these initial temperatures are near
one from Hijing model calculation in Ref.@17#. With the
help of the results of the Hijing model, we take the initi
values of the system:t050.70 fm, T050.57 GeV, lg0
50.08, andlq050.02. To further understand the effect
the finite baryon density on dilepton yields, we extend o
calculation up to the initial quark chemical potentialmq0
50.568 GeV. We have solved the set of coupled relaxa
equations~5!–~8! for initial quark chemical potentialsmq0
50.000, 0.284, and 0.568 GeV, and obtained the evoluti
of the temperature, quark chemical potential, and fugaci
lg and lq of the system. The calculated evolution paths
the system in the phase diagram have been shown in Fi
where the solid, dotted, and dash-dotted lines are, in turn
evolution paths for initial quark chemical potentialsmq0
50.000, 0.284, and 0.568 GeV atT050.57 GeV, and the
dashed line is the phase boundary of the phase diag

0.0 0.1 0.2 0.3 0.4 0.5 0.6
0.0

0.1

0.2

0.3

0.4

0.5

0.6

Quark phase

Hadron
phase

µ q
(G

eV
)

T (GeV)

T
0
=0.57 GeV

λ
g0

=0.08
λ

q0
=0.02

FIG. 1. The calculated evolution paths of the system in ph
diagram for initial values t050.70 fm, T050.57 GeV, lg0

50.08, andlq050.02, where the solid, dotted, and dash-dot
lines are, in turn, the calculated paths for initial quark chemi
potentialsmq050.000, 0.284, and 0.568 GeV. The time interv
between the two small circles is 0.5 fm~i.e., 503calculation-step
0.01 fm!. The phase diagram is calculated atB1/450.250 GeV,
where the phase boundary is denoted by the dashed line.
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While in order to give a deeper insight into the dynamic
evolution of the QGP, we have marked the equal time step
the paths in Fig. 1. The time interval between the two sm
circles is 0.5 fm~i.e., 503calculation-step 0.01 fm!. We can
see from Fig. 1 that the evolution of the system becom
slower and slower with the increase of the evolution tim
The calculated parton production ratesR2 /T for quarks and
R3 /T for gluons, and fugacitieslq for quarks andlg for
gluons are, in turn, shown in~a! and~b! panels of Fig. 2. The
solid, dotted, and dashed lines in every panel of Fig. 2
notes, respectively, the values for initial quark chemical p
tentialsmq050.000, 0.284 and 0.568 GeV. In this work, du
to adopting Ju¨ttner distribution as the phase space distrib
tion function of partons, the Debye screening massMD

2

changes with the quark chemical potential as seen in
~11!. According to Eq.~9! the gluon production rateR3 /T
rapidly goes down with the evolution time as shown in pa
~a!. Thus, the chemical equilibration rate of the system n
essarily goes up rapidly with evolution time, the fugacities
gluons and quarks can, respectively, reach the equilibr
values by evolution timest'4.36 fm ~where the tempera
ture drops to about 150 MeV! and 7.12 fm, as shown in
panel~b!2. The similar characters have been seen in che
cally equilibrating baryon-free QGP@24#, where the gluon

e

l

0.0

0.1

0.2

0.3

0.4

0.5

1 2 3 4 5

0.0

0.2

0.4

0.6

0.8

1.0

T
0
=0.57 GeV

µ
q0

=0.000 GeV
µ

q0
=0.284 GeV

µ
q0

=0.568 GeV

R
2

/ T

R
3

/ T

R
2

/T
,R

3
/T

λ g
,λ

q

(a)

(b)

λ
q

λ
g

τ (fm)

FIG. 2. The calculated parton production ratesR2 /T for quarks
andR3 /T for gluons in panel~a!, and fugacitieslq for quarks and
lg for gluons in panel~b! under the same initial conditions as give
in Fig. 1. The solid, dotted, and dashed lines in these two pa
denote, in turn, the calculated values for initial quark chemical
tentialsmq050.000, 0.284, and 0.568 GeV.
2-4
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chemical equilibration rate is heightened through tak
large parameterL.

We now discuss the effect of the finite initial quark chem
cal potential on the evolution of the system. We know th
the baryon-free QGP converts into the hadronic matter, o
with decreasing temperature along the temperature axi
the phase diagram, and the phase transition occurs at a
tain critical temperatureTc . However, in this work, both the
quark chemical potential and the temperature of the sys
are functions of time, compared with the baryon-free QGP
necessarily takes a long time for value (mq ,T) of the system
to reach a certain point of the phase boundary between
quark phase and the hadronic phase to make the phase
sition. Such an effect will cause the increase of the lifeti
of the quark phase. Furthermore, we have found that w
increasing initial quark chemical potential, the producti
rateR3 /T of gluons goes up as shown in panel~a! of Fig. 2.
Thus the gluon equilibration rate goes down as seen in p
~b! of Fig. 2, leading to the low energy consumption of t
system, i.e., slow cooling of the system. Since gluons
much more than quarks in the CEQGP system, overall w
increasing initial quark chemical potential, the cooling of t
system slows down. Therefore, the quark phase lifetime
ther increases. One can see in Fig. 1 that the increase o
initial quark chemical potentialmq0 will change the hydro-
dynamic behavior of the CEQGP system with finite bary
density to cause the increase of the quark phase lifetime.
calculated presence times of the system in the quark p
for initial quark chemical potentialsmq050.000, 0.284, and
0.568 GeV are, in turn, 4.19, 4.52, and 4.87 fm.

We have calculated dilepton spectradN/dM2dY from
qq̄→ l l̄ annihilation, as shown in panel~a! of Fig. 3. The
dotted, solid, and dashed lines are, in turn, the spectra
initial quark chemical potentialsmq050.000, 0.284, and
0.568 GeV at the initial temperatureT050.57 GeV. It is
well known that in the thermodynamic equilibrium QGP sy
tem, the dilepton yield fromqq̄→ l l̄ annihilation is sup-
pressed with increasing initial quark chemical potentialmq0
@9,11,24#. However, as pointed out in the discussions in
above section, with increasing initial quark chemical pote
tial mq0, the quark phase lifetime will increase. According
the contribution of the quark phase to dileptons is heig
ened. For the QGP system, produced at the RHIC energ
with high initial temperature, this effect becomes even m
significant. Therefore, one can see from the dotted, solid,
dashed lines in panel~a! that in the CEQGP system, th
dilepton yield will go up with increasing initial quark chem
cal potential. Compared with the calculated dilepton yield
the thermodynamic equilibrium QGP system, where
dilepton yield is suppressed with the increase of the ini
quark chemical potential, this enhancement of the yield
important. In panel~b!, we also show the calculated dilepto
spectradN/dM2dY from qq̄→ l l̄ annihilation at a lower ini-
tial temperatureT50.238 GeV under the same conditions
given in panel~a!. The calculated dilepton spectrum is st
an increasing function of the initial quark chemical potenti
It shows that the increasing effect of the quark phase lifet
with increasing initial quark chemical potentialmq0 is essen-
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tially governed by the characteristic evolution behavior
the CEQGP system with finite baryon density.

In order to further understand the relation between
dilepton production in the CEQGP system and the init
quark chemical potentialmq0, we have calculated the inte
grated yielddN/dY for the reactionqq̄→ l l̄ within the time
region fromt0 to t, which, as a function of the initial quark
chemical potentialmq0, is shown in Fig. 4. The dash-dotted
dotted, dashed, and solid lines represent, in turn, the i
grated yields at the evolution timest52.0, 2.5, 3.0, and 3.5
fm for T050.57 GeV. In initial stage, since the increasin
effect of the quark phase lifetime with increase of the init
quark chemical potentialmq0 is not obvious, the increase o
the yield is smaller. However, with further increasing evo
tion time t, the increasing effect of the QGP lifetime be
comes important and can even compensate the suppres
Thus, the calculated yield goes up with the increase of
initial quark chemical potentialmq0, as seen in Fig. 4. It
further shows that the dilepton yield in the CEQGP syst
with finite baryon density is no longer a monotonically d
creasing function of the initial quark chemical potential.

In Fig. 5, we show the calculated dilepton spec
dN/dM2dY from processes: fusiongg→cc̄, annihilation
qq̄→cc̄, annihilation qq̄→ l l̄ , the Compton-like reaction
qg→ql l̄ , and their total, which are, in turn, represented
the dashed, short-dashed, dash-dotted, dotted, and solid

10-3

10-2

10-1

1 2 3
10-8

10-6

10-4

µ
q0

=0.000 GeV
µ

q0
=0.284 GeV

µ
q0

=0.568 GeV

llqq →

T
0
=0.57 GeV

(a)

dN
/d

M
2 dY

(G
eV

-2
)

llqq →

T
0
=0.238 GeV

(b)

dN
/d

M
2 dY

(G
eV

-2
)

M (GeV)

- -

- -

FIG. 3. The calculated dilepton spectradN/dM2dY from reac-

tion qq̄→ l l̄ . The dotted, solid, and dashed lines in panel~a! are, in
turn, the calculated spectra for initial quark chemical potenti
mq050.000, 0.284, and 0.568 GeV under the same initial con
tions as given in Fig. 1. In panel~b!, the initial temperatureT0 is
taken as 0.238 GeV.
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Due to strong dependence of the gluon fusion (gg→cc̄) and
quark-antiquark annihilation (qq̄→cc̄) yields on the initial
temperature, and other factors, such as, larger cross se
of the fusion reactiongg→cc̄ in the intermediate mass re
gion @27# as well as larger gluon density in the CEQGP s
tem, thermal charmed quarks fromgg→cc̄ andqq̄→cc̄ re-
actions, provide important contributions to dileptons duri
the evolution, as seen from the dash-dotted, dotted line
Fig. 5, leading to the enhancement of dileptons with interm
diate masses, as seen from the solid line in Fig. 5. The
culated spectrum is found to be dominated by the fus
gg→cc̄, followed by the annihilationqq̄→cc̄ which is half

0.0 0.2 0.4 0.6

0.016

0.020

0.024

0.028 τ =2.0 fm
τ =2.5 fm
τ =3.0 fm
τ =3.5 fm

dN
/d

Y

µ
q 0

(GeV)

FIG. 4. The calculated integrated yieldsdN/dY as function of
the initial quark chemical potentialmq0 for given evolution timest.
The dash-dotted, dotted, dashed, and solid lines are, in turn
integrated yields at evolution timest52.0, 2.5, 3.0, and 3.5 fm
under the same initial conditions as given in Fig. 1.

1 2 3

10-4

10-2

100

102

total

llqg →

llccgg →→ )(

llccqq →→ )(

llqq →

dN
/d

M
2 dY

(G
eV

-2
)

M (GeV)

- -
-

-

- -

-
-

FIG. 5. The calculated dilepton spectradN/dM2dY at the initial
quark chemical potentialmq050.284 GeV under the same initia
conditions are as given in Fig. 1. The dashed, short-dashed, d
dotted, dotted and solid lines denote, in turn, the calculated spe

from the Compton-like reactionqg→ql l̄ , annihilationqq̄→ l l̄ , fu-

sion gg→cc̄, annihilationqq̄→cc̄ and their total.
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an order of magnitude lower, the contribution of the anni
lation qq̄→ l l̄ , which is lower than the one of the first pro
cesses by 2 orders of magnitude, and the contribution of
Compton-like reactionqg→ql l̄ , which is lower than that of
the third process by about 2 orders of magnitude. In addit
in Fig. 6, we have shown total yields~of those 4 reactions
mentioned above! for initial quark chemical potentialsmq
50.000, 0.284, and 0.568 GeV atT050.57 GeV, which are
denoted by dotted, solid, and dashed lines, respectivel
also shows clearly that the dilepton yield fromqq̄→ l l̄ in the
CEQGP system with finite baryon density is an increas
function of the initial quark chemical potential. Adding th
contribution from reactionsgg→cc̄ and qq̄→cc̄, one can
obtain the significantly enhanced dileptons with intermedi
masses.

V. CONCLUSION

In this work, in order to study the dilepton production in
chemically equilibrating QGP system with finite baryon de
sity, based on the Jüttner distribution function of partons, we
have derived a set of coupled relaxation equations from
conservation laws of the energy-momentum and bar
number, considering that the dominant reactions leading
chemical equilibrium are the processesgg
ggg and
gg
qq̄. We have also obtained the expression of dilep
production under the same conditions. Subsequently,
have studied the evolution and dilepton yields of the syst
produced fromAu

1971Au
197 collisions at the RHIC energies

We have found that the increase of the initial quark chem
potentialmq0 will change the hydrodynamic behavior of th
CEQGP system to cause the increase of the quark p
lifetime. First, this effect is to heighten the dilepton yie
from the reactionqq̄→ l l̄ and compensate and even surpa
the dilepton suppression effect caused by the increase o

he

sh-
tra

1 2 3
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100

T
0
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=0.000 GeV
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q0
=0.284 GeV

µ
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dN
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M
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(G
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-2
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FIG. 6. The calculated total dilepton yieldsdN/dM2dY ~of pro-

cesses: the Compton-like reactionqg→ql l̄ , annihilationqq̄→ l l̄ ,

fusion gg→cc̄, and annihilationqq̄→cc̄) under the same initial
conditions as given in Fig. 1. The dotted, solid and dashed li
represent, in turn, the total yields for initial quark chemical pote
tials mq050.000, 0.284, and 0.568 GeV.
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initial quark chemical potential, making the dilepton yield
an increasing function of the initial quark chemical potenti
On the other hand, we should stress that the increase o
quark phase lifetime also heightens the thermal charm
quark production to make the contribution of therm
charmed quarks to dilepton further go up. Especially, due
higher initial temperature, larger gluon density of the syst
as well as larger reaction cross sections ofgg→cc̄ and qq̄

→cc̄ in the intermediate mass region, thermal charm
quarks from the fusiongg→cc̄ and annihilationqq̄→cc̄ can
provide a dominant contribution to dileptons at intermedi
masses, leading to a further increase of the dilepton yi
Therefore, in a CEQGP system with finite baryon dens
created at the RHIC energies, one might observe the sig
cant enhancement of dileptons with intermediate masses

In this work, we have studied the evolution of the CEQG
s.
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with finite baryon density based on the longitudinal scali
expansion model, neglecting the effect of the nonhomo
neous distribution of the particle in space, higher order glu
processes and temperature dependence of the strong cou
constantas . In the dilepton calculation, we have takenas
50.3, mc51.2 GeV, andK52.5 to include contribution
from next-to-leading order, as done in the calculation in
chemically equilibrating baryon-free QGP.
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