PHYSICAL REVIEW C 69, 034906(2004)

Strangeness in a chemically equilibrating quark-gluon plasma
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We derive a set of relaxation equations describing the chemical equilibration of gluons, quarksjuainkis
at finite baryon density based on Juttner distribution of partons, and investigate strangeness production, chemi-
cal equilibration, and evolution. We find that strangeness production depends sensitively on initial values,
furthermore, the increase of the quark phase lifetime with increasing initial quark chemical potential obviously
heightens strangeness production. In addition, the obvious difference between the calculated strangeness and
the one in the thermodynamic equilibrium system shows that the study of strangeness in the chemically
equilibrating system is very significant.
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[. INTRODUCTION when the distribution approaches chemical equilibrium as
discussed in Ref10]. The most commonly used approxima-
Many experiments are now underway at the Relativistictions are the factorized Fermi-Dirac distribution functions
Heavy-lon Collider(RHIC) at Brookhaven to study nuclear fq@:)\q@/(e(piﬂq)’u 1) for quarks(antiquark$ and factor-
collisions at very high energies. The hope is to produce ded Bose-Einstein distribution functiofb(p):)\g/(ep/T_ 1)
deconfined quark-gluon plasm@&®GP). Since QGP exists for gluons. As can be seen from the discussion in REJ)
only for a very short timgseveral fm in a small volume  this approximation coincides with the Jiittner distribution
(about 100 frﬁ), a direct detection of this state of matter is only near)\g: 1, however, in the intermediate region of the
not possible. Thus various indirect signatures have to be useg the deviation is quite significant. It shows that it is diffi-
for its detection, such a3/ ¢ suppressior{1], strangeness cult to study the whole process of the chemical equilibration
enhancemer?], dilepton spectrg3-9, etc. of the system based on those previous approximation distri-
In recent years, Shuryak and co-workgss/7] have indi- bution functions of partons.
cated that the QGP produced at RHIC energies may attain At the SPS energies, an enhanced production of strange-
kinetic equilibrium but be away from the chemical equilib- ness, considered as one of the more robust signatures of the
rium. From master equations governing the evolution of parquark-hadron phase transition, has been obsef26d23.
ton densities and equation of energy-momentum conservane naturally wonders how strangeness is produced, evolves
tion of the QGP, Geiger and co-workd&-11] have studied and depends on finite baryon density in a chemically equili-
the dilepton production in baryon-free QGP, and Levai andhrating QGP system created at RHIC energies. In order to
co-workers[12] have discussed the open charm productionanswer these questions, we should study strangeness of a
One can note that Hammon and co-workgt8,14 have  chemically equilibrating QGP at finite baryon density on the
indicated that the initial system produced at RHIC energieasis of Juttner distribution of partons, and consider chemi-
has finite baryon density, Majumder and GE1&] have dis-  cal reactiongyg=ggg gg=4g, gg==ss andqg=ssin the
cussed the dileptons from QGP at finite baryon density, cresystem. To understand the effect of initial conditions on
ated at RHIC energies, and recently, Bassal. [16] have  strangeness, we adopt initial conditions from not only Hijing
pointed out that parton rescattering and fragmentation lead tgodel calculatiorf10] but also the self-screened parton cas-
a substantial increase in the net-baryon density at midrapiccade (SSPG model [24]. It is worth emphasizing here the
ity over the density produced by initial primary parton- difference between our treatment and that of R2§]. Pal
parton scatterings. These show that one may further study thend co-workerg25] have taken the distribution function of
effect of the chemical equilibration on signatures of the for-partons ad|(E; ’)\j):)\jffq(Ej), Wherefjeq(Ej) is the thermo-
mation of the QGP at finite baryon density. As pointed out indynamic equilibrium Bose-EinsteitFermi-Dirag distribu-
Re‘fS[lO—lz,l?,lﬁ the distribution functions of partons ina tion for g|u0ns(quarks, and have not considered the effect
chemically equilibrating system can be described by Jittnesf the quark chemical potential on strangeness production.
distributions f g =\gq/ (€P*#@T+\yq) for quarks (anti- Indeed,f;(E;,\;) adopted by them is just the most commonly
quarkg andfgy(p)=rg/(e”T-\y) for gluons. When the parton used approximations as mentioned above. We also indicate
fugacities\; are much less than unity as may happen duringhat Kapusta and co-workef&6] have studied the quark
the early evolution of the parton system, the quantum effecproduction in the thermodynamic equilibrium QGP system.
may be neglected, the distributions are approximated am the present work, we shall compare our results with those
Boltzmann form[19]. However, this introduces larger error given in Ref.[26], and discuss the relation between our ap-
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proach and that in Ref26]. By the way, we note that in a numerically, wheremg is the mass of thes quark. In this
thermodynamic equilibrium QGP system strangeness prowork, we consider an ideal fluid,B=gq, WhereP is the
duction has also been studied on the basis of the relativistipressure of the system.
hydrodynamic modef27].

The rest of the paper is organized as follows: Section I
describes the thermodynamic relations and evolution equa- B. Evolution equation of the system
tions of the system. In Sec. Ill we discuss the numerical

results of strangeness production and evolution. A summary T0 study strangeness production, we consider the reac-
is given in Sec. IV. tions leading to chemical equilibrium not onfg—ggg and
gg=qq but alsogg=ssandqg=ss Assuming that elastic
parton scatterings are sufficiently rapid to maintain local
[l. EVOLUTION OF THE SYSTEM thermal equilibrium, the evolutions of gluon, quark, asd
A. Thermodynamic relations of the system quark density can be given by the following master equa-
tions, respectively,
Considering the chemical potential af quarks us=0
sinces quarks are created in pairs only, we first derive the
thermodynamic relations of the chemically equilibrating sys- - g \2NgNg
tem at finite baryon density. Expanding densities of quarks d.(Ngu*) =Rgng| 1 — 2|~ 2Rg gl 1-{ 2 —

(antiquarkg over quark chemical potentigk,, we get the Mg Mg/ NgNg
baryon density of the systef28], o\ 2nans
- 2RS™n, —(—9) =1, 4
ng/ N<Ng
g = eiz{T%QlA - Q@rg)+ 2uqTA(Qg+ Q)
— 1 N Ny .\ 2ngng
+T ON-) + =3 + &l my = RYM _(J) aa
#5(QNg— Qg 3Mq<—q—)\q+1 - d,(ngu*) = RY gy 1 o) e
q''q
(1) ﬁ 2n N=
and corresponding energy density including contribution Ng/ NsNs,
from s quarks,
g g and
Eqgp= 2772[T4<Q1)\ + Qg +;‘le Mg+ 27 S§>\>
32 2 202/~ 1 Al ng \ 2N
\ Ng/ NN
A q
+Tug(Qdg - Qg + _M (—“—+ ) g | NaNs
A PRI, 1-( ) == ()
Ng/ Nngns
27°By
+ ) (2
9q

Since the number of quarks is very small as compared to
We find that takinghq=\g=\,=\s=1 these equations be- gluons and light quarks, we can neglect the back reactions
come the equations of state of the thermodynamic equilibSS— 99, dg, initially. We also note that taking,=\g does
rium QGP system with finite baryon densit¢8,29, where ~ not change the qualitative property of the evolutlon of the
Uq@» 9y andgs are, in turn, degeneracy factors of quarksSystem because the calculated initial quark chemical poten-

197 197
(antiquark$, gluons, ands quarks. The integral factors ap- tial for A,”'+A;”" collisions at RHIC energies is relatively
pearing in the expansion above small (see Sec ). Combining these master equations

with equations of baryon number and energy-momentum
conservation,

W[ Z'dz Z"dz
Gm_f (ez_)\q)ma Qm(Qm f()\ +ez) (3)

a(@
a,u(nb,qulu) = 01 (7)
Z'dz
Sn= f (Aot )™
Jeqgp  Eqgpt P
; 2 29112 : Sage y =0, (8)
with Z=p/T and Z,=[Z*+(m¢/T)<]*'¢ are easily calculated, aT T
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for the longitudinal scaling expansion of the system, we can
get a set of relaxation equations describing evolutions of the
temperaturd’, quark chemical potential,, and fugacities,,

for quarks \q for gluons, and\ for s quarks on the basis of
the thermodynamic relations of the system with finite baryon
density, as obtained above:

xng“(Gi +1G3) + xq[zT“(Qi - AqQ)) + 6T?u3(Q;

1 . Zg
qQ2) _/'Lq ()\ N 1)21| ST4(§ )\sg)
+ T{8T3Qf)\q + 12u2TQAg + 4gﬁT3>\gG§
q

2 .
+ g—gST)\S(4T25‘3l + mﬁDﬁ)} + quq[ 12u,T2Q}
q

1 Gi\. T
—+ 5 | Ag+t 3+
Ag G T 7 1
G} 24(3) * 2ptqy +1]
=R3[1——1)\g]—2Rg_q 1- ( > ) a
2&(3) G1 nqu\ 1 43 2 A
=~ =| 2T*Q\g + 6ugT?Qohg| —
2£(3) \2nds 1 T Ag+1
—S
- ZRg 1- F F , (9)
1/ Ndshg + ggT4>\gG§+ 3—5T4)\3§], (13)
q q

whereﬁq @ is the value ofnyg; at A =1, Ng=ng/(gq/27),
—n o/ (gg/27),  £3)=1.202 06, integral factor D,
= fdz ezsznl[(x +€%)MZ ] with Zs=[Z?+(my/ T)?]¥?, andmS

xq[T3<Q§ = NgQ5) + 21 T2(Q1 — NgQ3) + Tu3(Q) — N Q)

13 1 : 22 20
EMQ()\q + 1)2:| + T)\q[3T Ql + 4,quTQ% + Mqu]

the mass of thes quark, again. Since the chemical poten-
tial of s quarks is zero, in baryon number conservation
equation(12) the influence froms quarks cannot be seen

directly. Adopting factorizations as done in Ref&0,12],
we have production rates for processeg—ggg, 99
— (g, andgg—ss:

1 n
+ gh { 2T2Q1 + 21, TQ) + Mg()\q " 1)] + —;1

2&(3)\2ngng 1 _1 q_ 1 g
:ngR%‘“[1—<%) EF] Rs= 303N RE 1= 307ng,
1/ NgNgAg
— g _
nq NgNg

where g3, 0979, and ¢97° are, in turn, thermally averaged,
velocity weighted cross sections,

0 03=(0(99— gg9u1p), 09 9=(a(gg— qqvyy),

NS~ NS + Th(BT2S + DY) + =
-

= n°RY-S 1_<2§(3)>2nsns_i 09°=(0(gg— sYv1p), (15)
SR e e

wherev, is the relative velocity between the initial par-

=\ 2nae ticles. Finally, the corresponding production raeg T,
+n0RYS 1_<_q> == (11 RIYT, andRYS/T are, in turn, given by
q Ng/ N
32« (Mg+s/4)|v|§,]2
RyT=—=| 25— I0\gAeTotg), (16
3 3a1)\i 99242 (graTisg) (16
A [4# T2A(Q -\ Q) + ;L #] +T8u, TQN g, G1°
a e e TaER gl + 1)? a7 RIYT = 2—4"—6 Nra2hg IN(1.65A@),  (17)
+ fagh [ 4T2Q} + 22— ]
q q
()\q+1) g GlZ
1 a2 4 1 RIS/T= L —5Nia2hg In(1.65\ ), (18)
:——)\ 4pgT Ql ,u,q)\ 1 (12 24 G
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3ng2{ w\3( A
M2 = 2GINg+ 2N;QIN g+ | ) | —=
e ¢ AT/ I\ g+1
(19
with
1 wo\2( N
AN =\ +—=| Ol +<_q) (_q_):|, 20
¢ Gi[qu T/ \\g+1 (20
(s) = 1 1
A —)\g+551)\s, (21)
1
and the QCD running coupling constamat is given by
67
as(T) = (22

27 In[T/(50 MeV)]’

Mp is the Debye screening masss 1872, a,=2m2g,G?,
I(Ng:Ng, T, 11q) the function ofng, Ao, T, uq [12], andN; the
quark flavor. Similarly, the production rat /T for pro-
cessqqg—ssis calculated via taking cross sectiar(qq
—s9 from Ref.[30].

IIl. CALCULATED RESULTS AND DISCUSSIONS

A. Initial values of the system

Hammon and co-workeld 3] have calculated nonequilib-
rium initial conditions from perturbative QCD within the
Glauber multiple scattering theory fais=200A GeV. Con-
sidering higher-order contribution by a fact&r=2.5 from
comparison with experiment at the RHI@B1], they have
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FIG. 1. The bag model phase diagram is calculated®’t
=0.25 GeV. The calculated evolution paths of the system in the
phase diagram for initial valueg=0.70 fm, T;=0.57 GeV,\yp
=0.09, A\p=0.02, and\y=0.01, where the dashed, solid, dotted
lines are, in turn, the evolution paths for initial quark chemical
potentialsuqp=0.000, 0.284, and 0.568 GeV, and the dash-dotted
line is the phase boundary of the phase diagram. The time interval
between the two small circles is 0.3 f(he., 30X calculation-step
0.01 fm).

0.568 GeV atTy=0.57 GeV, 15=0.70 fm, A3o=0.09, \qo

=0.02, and\(,=0.01, and the dash-dotted line is the phase

boundary between the quark phase and the hadronic phase.
Now, we discuss the effect of the finite initial quark

obtained the energy density and number densities of gluon§hemical potential on the evolution of the system. One has
quarks, and antiquarks as well as the initial temperafgre known that the baryon-free QGP converts into the hadronic
=0.552 GeV. From these densities we have also obtaineatter only with decreasing the temperature along the tem-
initial temperaturel,=0.566 GeV and initial quark chemical Pperature axis of the phase diagram, and the phase transition
potentialuq,n=0.284 GeV based on thermodynamic relationsoccurs at a certain critical temperatuFe However, in this
of the chemically equilibrating system at finite baryon den-work, both the quark chemical potential and the temperature
sity, as mentioned in Sec. Il A, alr=0.09 and\4=0.02. of the system are functions of time, compared with the
Obviously, these initial temperatures are near the one frorRaryon-free QGP it necessarily takes a long time for value
Hijing model calculation, as shown in Refl0]. With the (g, T) of the system to reach a certain point of the phase
help of Ref.[10] we take initial values:7y=0.70 fm, T, boundary to make the phase transition. Such an effect will
=0.57 GeV,\y=0.09,\4p=0.02, and\y=0.01. To further ~cause the increase of the lifetime of the quark phase. Further-
understand the effect of finite baryon density on strangeness)ore, we have found that with increasing the initial quark
we extend our calculation up to the initial quark chemicalchemical potential, the production raRg/T of gluons goes
potentialuq=0.568 GeV. Finally, we have solved the set of up (see Fig. 2 and the gluon equilibration rate necessarily
relaxation equation§9)—(13) for initial quark chemical po- goes dowr(see Fig. 3, thus leading to the little energy con-
tentialsqo=0.000, 0.284, and 0.568 GeV, and obtained thesumption of the system, i.e., slow cooling of the system.
evolutions of the temperature, quark chemical potential, an&ince gluons are much more than quarks in the system, over-
fugacities Ay, Ao, and . For comparison, we have also all with increasing the initial quark chemical potential, the
solved the same set of equations for those initial values obeooling of the system further slows down. One can see in
tained from the SSPC mode[24]: 7,=0.25fm, T, Fig. 1 thatthe increase of the initial quark chemical potential
=0.67 GeV,\y=0.34,1;=0.068, anch;=0.034. will change the hydrodynamic behavior of the system to
cause the increase of the quark phase lifetime. The calculated
presence times of the system in the quark phase for initial
quark chemical potentialg,=0.000, 0.284, and 0.568 GeV
The calculated evolution paths of the system in the phasere, in turn, about 3.57, 3.76, and 3.95 fm. Compared with
diagram have been shown in Fig. 1, where the dashed, solithose values calculated in R¢28], one can see that due to
and dotted lines denote, in turn, the calculated paths for iniinclusion of reactiongjg— ssand qq— ss the energy con-
tial quark chemical potentialsu,=0.000, 0.284, and sumption of the system becomes even faster. In order to give

B. Cooling of the system
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0.32f C. Chemical equilibration of the system
We further discuss the chemical equilibration of the sys-
- 0.28r tem. The calculated gluog—q, g—s, andq—s produc-
> tion ratesRs/T, R§Y/T, R§™S/T, and R§™S/T are shown in
0.24 Fig. 2. The corresponding equilibration rates of gluons,
~~~~~~~ Heg = 0.568 GV % quarks and quarksig, g, and\g are shown in Fig. 3. The
0201 fﬁ:gﬁgggg& dashed, solid, and dotted lines in Figs. 2 and 3 denote, re-
* spectively, the calculated values for initial quark chemical
0.16} potentialsuu=0.000, 0.284, and 0.568 GeV. Due to adopt-
_ 006 RST ing Juttner distribution as phase space distribution function
> = of partons, the Debye screening mdﬂ% rises with the
P 0.041 quark chemical potential as seen in EfQ). The calculation
E results show that the quark chemical potential goes down
5. R¥/T with evolution time, hence according to E@.6) the gluon
= 0.02) 2 production rateR,/T will rapidly go down with evolution
> time as seen in Fig. 2, while the chemical equilibration rate
= 000} R™/T A4 of gluons necessarily goes up rapidly with evolution time
. 2 . as shown in Fig. 3. Obviously, in order to establish the
0 2 4 6 chemical equilibrium of the system the production rates
7 (fm) RJ™9/T andR§™®/T should go up with evolution time, as seen

in Fig. 2. The behaviors of these production rates are mainly
FIG. 2. The calculated parton production rates at the same initiafjoverned by the gluon productiofor chemical equilibra-
conditions as given in Fig. 1. The gluon, quadk~s andg—s tion), accordingly, the gluon equilibration rakg is included
production rates are denoted By/T, R™/T, RI°/T, andR3™*/T,  in Egs.(17) and(18). For the same reason, the r&g& /T
respectively. The dashed, solid, and dotted lines denote, respeghould also rise with evolution time.
tively, the production rates for initial quark chemical potentials |n order to understand the influence of initial values on
Kqo=0.000, 0.284, and 0.568 GeV. the chemical equilibration of the system, we have calculated
the chemical equilibration rate afquarks for initial values
g0=Ng=1 (i.e., in a chemically equilibrated QGP system
nd uq=0.284 GeV. The calculated result is shown by the

a deeper insight into the dynamical evolution of the system
we have marked the equal time step on the paths in Fig.
fhetimeinienval DEesn ewoISMAllCIFCIESHIS 0:50 fmdash-dotted line in Fig. 4, while the solid line is taken from

(i.e., 30X calculation-step 0.01 finWe can clearly see from Fig. 3, which is calculated at initial values,=0.09, Ao

Fig. 1 that the evolution of the system becomes slower and__0 02, andu,=0.284 GeV. The set of relaxation equations
slower towards reaching the phase boundary. Py a :

(9~13) governs the system to tend to the chemical equilib-
0.8 rium, i.e., A\g=Aq=As=1. After quarks and gluons reach the
...... o = 0.568 GeV chemical equilibrium, only few quarks and gluons can join
i =0.284 GeV chemical reactions during the evolution, thus, equilibration
T T Hem0000GeV 7 rateshy and\, have to adopt the evolution ways as shown by
A the dot-dot-dashed line and dotted line in Fig. 4, respectively.

g Accordingly thes quark production rate necessarily goes
down and chemical equilibration rate goes up, rapidly. Thus,
we can see that in Fig. ¥ shown by the dash-dotted line
rises much more rapidly with increasing the evolution time
than the one shown by the solid line. It shows that the chemi-
cal equilibration of strangeness depends sensitively on the
initial value.

06}

041

99"s

ALA A

02

D. Strangeness production of the system
0.0

We have calculated strangenegsn, according to the re-
0 2 4 6 lation
T (fm)

_geT? N Z2dZ
FIG. 3. The calculated equilibration rates at the same initial = o2 dZ%+ (g2 A
conditions as given in Figs. 1 and 2. The gluons, quarks, and - )
quark equilibration rates are, in turn, denoted\gyy, and\s. The ~ from the calculateds quark equilibration rates and tem-
dashed, solid, and dotted lines denote, respectively, the equilibratioperatureT as well ass quark massn,, wheren, is the value
rates for initial quark chemical potentiajs,,=0.000, 0.284, and of ns at \s=1, andZ=p/T again. In Fig. 5, the dotted and
0.568 GeV. solid lines are, in turn, the calculated strangeness for the two

(23
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0.6
7»9
10F <= 9
O S lTmiTimmem T Hy = 0568 Gev
Y R R By = 0.284 GeV
q 04l T The=0000Gev
081 ... ,—---and —-—
forxgo=xq0=1,lso=0.01 e ”
—x}f‘):%%g{ b =002, - c
L 50~ e » |
< 0.6 v = 02
< R4
) 7
04} /' }"s
/‘ 0.0 set 1 for Hijing model initial values
/' set 1l for SSPC model initial values
02r J 0 2 4 6
/
g T =0.57 GeV
0 1 (fm
7,=0.70 fm ( )
00} 1o =0.284 GoV _ )
FIG. 6. The calculated strangenesgns. The set | of lines and
0 2 "1 P set Il of lines are, respectively, obtained from initial values given by

the Hijing model as seen in Fig. 1, and from that given by SSPC
1 (fm) model(To=0.67 GeV,75=0.25 fm,\3=0.34,140=0.068, and\
=0.034. The dashed, dotted, and solid lines denote, in turn, those
FIG. 4. The calculated chemical equilibration ratesofuarks in calculated values for initial quark chemical potentia}%o
the quark and gluon chemically equilibrated syst@m., Ago=\qo =0.000, 0.284, and 0.568 GeV.
=1) for initial values 7p=0.7 fm, T;=0.57 GeV, us=0.284 GeV,
and A\y=0.01. The dash-dotted, dotted, and dot-dot-dashed linegises much more rapidly than the dotted line in Fig. 5. The
are, in turn, the calculated equilibration rateg )\q, and)\g, while dashed lines 1 and 2 are obtained in the thermodynamic
the solid line is thes quark equilibration rate, fong=0.284 GeV,  equilibrium QGP system as described in REZ6] at 7,
taken from Fig. 3. =0.7 and 1.0 fm fomg(7,) =0, respectively. One can note
L that in Fig. 5 the solid line coincides with the dashed line
sets of initial valueszy=0.70 fm, To=0.57 GeV,A=0.09, 5 i the region we are interested in. It shows that strange-
7_‘q0:9-02’ and)\EO:O.Ol; 7=1.00 fm, To=0.57 GeV, o ness evolution in the system at initial valugs1.00 fm,
—Aqo—l_, angl)\so—0.0I g_suse_d above. Since at initial val- To=0.57 GeV, Ago=Ao=1, and Ax=0.01 is almost the
ueshg=Ago=1 the equilibration ratd; goes up even more g5me a5 the one obtained in the thermodynamic equilib-
rapidly with evolution time, as seen in Fig. 4, moreover, ;,m system[26] at 7,=1.0 fm, T,=0.57 GeV, andn(r)
Eq.(23) .thOW.S that strangeness is directly proport_ional to-g, Obviously the present framework can also approach
the equilibration rate\s, one can see that the solid line strangeness evolution of the thermodynamic equilibrium
system. Furthermore, we find in Fig. 5 that strangeness
evolution in the chemically equilibrating system is very

0.8

06

%) 04F

02}

0.0

— —trom formulae in [27]

gy =hy=1,4,=001

----- Ay =0.09, 3, =0.02,
A, =0.01

© (fm)

different from the one in the chemically equilibrated sys-
tem. It shows that it is very significant to study strange-
ness in the chemically equilibrating QGP.

In Fig. 6 the first set of lines and second set of lines are
obtained at initial values from the Hijing modgl0] and
SSPC mode]24], respectively. The dashed, dotted, and solid
lines denote, in turn, the calculated strangeness for initial
quark  chemical potentials ©y=0.000, 0.284, and
0.568 GeV. As pointed out in Sec. Ill B, the cooling of the
system slows down with increasing the initial quark chemi-
cal potential, accordingly one should see that strangeness
goes up with the increase of the initial quark chemical po-
tential. However, because of inclusion of reacti@gs—ss
andqq— ss the cooling of the system becomes even faster,
as pointed out above, on the other hand strangeness is only
indirectly affected by the quark chemical potential through

FIG. 5. The calculated strangenesgn.. The dotted and solid the effect of the quark chemical potential on the temperature,
lines are, in turn, the calculated values for the same initial values al) particular, owing to adopting strangeness expression,
given in Figs. 1-3 at;=0.70 fm, and for initial values\go=\qo factor T3 in ng andng is canceled, thus, the effect of the quark
=1.00, and\g=0.01 atr,=1.00 fm. The dashed lines 1 and 2 are chemical potential on strangeness is only given througls the
the calculated values in the thermodynamic equilibrium sy§@8h  quark chemical equilibration rate; and temperaturd in-
for initial values7,=0.7 and 1.0 fm ahy(m,) =0, respectively. cluded in denominator of Eq23). Since with increasing the
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0.4
08}
...... b = 0.568 GV 06
—p,,=0.284 GeV
— — p . =0.000 GeV
q0 ®
c
03} < 04}
0
. c
c
02f
0.0 ' '
Ll 0.6 0.8
T, (GeV)
. . . . FIG. 8. The calculated strangeness at the phase boundary as a

function of the initial temperaturel, for initial conditions 7,

© (fm) =0.70 fm,\gp=0.09,A0=0.02,\=0.01, anduq=0.284 GeV.

FIG. 7. The calculated Strangeneﬂ§ for initial values 70 included the dominarlreactio_ns |eadﬂ]g tgchemica' equi“b_
=0.70 fm,T0:0.57 GeV,)\go=0.09,)\qo=0.02, and)\so:0.0l. The rium gg9=099g gg=qq, gg=-ss andqq: ssin the System_
dashed, solid, and dotted lines denote, respectively, the calculateghen, based on the Jittner distribution function of partons
values for initial chemical potentialsuq=0.000, 0.284, and for the Bjorken longitudinal scaling expansion from conser-
0.568 GeV. vation laws of the energy momentum and baryon number of

quark chemical potentialg goes down as indicated above, the system, we _have derived a set of relaxation equations
strangeness necessarily goes down with the initial quarROVENIng evolutions of the temperatufe quark chemical
chemical potential, as shown in Fig. 6. In addition, compar-Potentialu,, and fugacities,, for quarks,\ for gluons, and

ing the two sets of lines in Fig. 6, one can note that thels for s quarks. Subsequently, we have solved the set of
calculated strangeness under initial values from the SSptglaxation equations, and studied strangeness production.
model is larger than the one under initial values from theThe calculation results show that the gluon production rate
Hijing model since the initial temperature from the SSPCgoes down and quark and quark production rates go up
model is higher than the one from the Hijing model. with evolution time. It shows that the present framework
In order to further understand the relation between the@easonably describes parton evoluti@g— ggg, gg—qa,
initial quark chemical potentiglq and strangeness produc- gg— ss andgg— ss) in the system. From calculated produc-
tion in the chemically equilibrating QGP, we have calculatedtion rates(see Fig. 2 we have seen thatquarks are mostly
strangeness; for initial values 7,=0.70 fm, T,=0.57 GeV,  produced in the evolution stage of the system with the tem-
Ago=0.09, Ap=0.02, andAy=0.01, as shown in Fig. 7, perature of more than about 300 Me\-2my) for a very
where the dashed, solid, and dotted lines denote, respeghort time fromr, (0.70 fm) to about 2.0 fm, and the QGP
tively, the calculated values for initial quark chemical poten-gygtem does not attain chemical equilibrium by the time it
tials 410=0.000, 0.284, and 0.568 GeV. Since the effect Ofg,hes the phase boundary. We have also found that when

the initial quark chemical potential on strangeness is mor?aking the initial valuesr,=1.0 fm, T,=0.57 GeV, and\
. y . L] g

completely included in the calculation through the tempera-_, = S )
twre T and s quark equilibration ratex,, the calculated =\g=1, the calculated strangeness coincides almost with the

strangeness rises more obviously with increasing the initia"® obtained in the thermodynamic equilibrium QGP system
quarkgchemical potential. In Ecq2)3/), s quark equil?bration at 7=1.0 fm, Tp=0.57 GeV, andy(r) =0. It shows that the
rate \s goes up with evolution time as seen in Fig. 3, while Present framework may also qualitatively approach strange-
the rest part of the equation goes down, thus making turning©Ss production in the thermodynamic equilibrium QGP sys-
points in Fig. 7, which signal that the QGP is a chemicallytem. Especially, the calculated strangeness in the chemically
equilibrating system. equilibrating system is very different from the one calculated
Finally, the calculated strangeness at the phase boundaify the thermodynamic equilibrium QGP system. It shows that
for initial conditions 7,=0.70 fm, Agr=0.09, Ago=0.02, A it is very significant to study strangeness in the chemically
=0.01, anduq,=0.284 GeV as a function of the initial tem- equilibrating QGP and may help us look for signatures of the
peratureT, is shown in Fig. 8. One can see that the curveQGP formation and explore the thermodynamic properties of
goes up approximately linearly with the initial temperaturethe QGP. We have also noted that the increase of the initial
To in the region from the temperatutabout 0.60 GeYof  quark chemical potential will change the hydrodynamic be-
the RHIC to the ongabout 0.90 GeYof the LHC [12]. havior of the chemically equilibrating QGP system to cause
the increase of the quark phase lifetime. This effect will
heighten strangeness production. Even if due to inclusion of
In order to study strangeness production in a chemicallyeactionsyg— ssandqq— ss the cooling rate of the system
equilibrating QGP system at finite baryon density, we havesomewhat rises, strangeness production is only indirectly af-

IV. SUMMARY
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fected by the quark chemical potential through the tempera- In this work, we have studied strangeness production in a
ture ands quark chemical equilibration rate, as well as the chemically equilibrating QGP system at finite baryon density
evaluated quark chemical potentiat0.284 GeV at RHIC  for the Bjorken longitudinal scaling expansion model, ne-
energies is not large, the effect of the quark chemical potengjected the effect of the nonhomogeneous distribution of the
tial can still more obviously heighten strangenegsHow-  particle in space, higher-order gluon processes, and back re-

Qoes down by mcreasing the inial quarle chemical potantiaPSUoTSS509. G I the calculation, we have taken,
9 y3 9 hal qua . P =0.15 GeV anK=2.5 to include contribution from next-to-
since factorsT® cancel inng and ng. Obviously, in order to

understand the relation between the strangeness productib%admg order.

and other physical factors, it is useful to consider the pro-

duced strangeness density instead of the ratimg/ng. In

addition, we find that the ratias/n, at the phase boundary ACKNOWLEDGMENTS
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