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Intermediate mass dilepton production during the chemical

equilibration of quark gluon plasma
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Abstract Th8 production of dileptons from the chemically 8quilibratiⅡg quark

91u08 pl硇ma in the interrnediate mas8 region has been studied．Comparing with t11c

calculated results based on the地ernlodynamic equilibrium 8ystem of quark gluon
plasma，it ha8 been found that乞he quark ph胡e of the cheInically equilibrating systcm

gives rise to an even larger enhancem￡nt of the dileptons production． Therefore，

such a11 enhancement 0f dil8pto“production rrmy 8ignal the formation of quark 91llon

p】asma

Keywords Quark gluon pla8m，Intermediate mass dilepton，Chemically。quilibrat．
ing 8ystem

CLc numbers 057l-6，0572．32．0414．14 A

1 INTRoDUCTloN

One of the rrlost proIIlisiII譬e丘brts of aU the futllre 11ltrarelativistic heavy ion comsion

e】[periments at RmC and LHC is to detect the quark gluon plasma(QGP)．The QGP，
if fo珊ed，wm cool by expaIlsion tm it reaclIes a phase bolul妇y，then，the QGP wiu be
tr＆nsfbnned to the hadron phase through a phase transition During the process of the

thermal expansion，dil印tons are considered one of the ideal aIId prornjsiIlg prdbes for

the detection as t：hey do not suff毡r strong丘nal-state interactions

In recent year8，an enhancernent of the djkptons yield in the intermediate mass

region fIMR)血central S+w，S+U，and Pb+Pb comsions as comp缸ed to that血the

驴roton．hlduced reactions has been observed【“．In the previous、Ⅳorks【2一“，we adopted a

relativistic hydrodyna工Ilic Inodel to describk the evoluti吼0f the therIIlodyna工Ilic equmb—
rium QGP system(TES)and found that such an enhancement of dileptons produced in

197Au+197Au central c01lisions at RmC ener譬ies can be attributed to the contribution of

qu缸k phase．Hawever，some recent works 16—8J suggested that，because of the high mitial

density of quarks and gluons，the plasma may be far丘om the chemical eqllilibTium In

t抽s work．f打the above reactjons，w℃cakulated the djlepton produc“on in the chezIll—

cally equihbrating system(cES)to reve札the cllaracteristic of the衄epton distribution

via compariIlg with the reslllts based on the evolution of the TES in w址ch
the chemical

reactions amoⅡg partons were not considered．
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2 CHEMICAL EQUILIBRATIoN AND DILEPToNS PRoDUCTIo^

上n generaI，che删caJ rcactlons arno“g p淞tons can be quitc complicatcd hecatlso or
the possibili‘y。f initial and 6nal state—uon radiation However，onlv con sjderillg“1e

four do血nan‘processe5 g叮H gFg and gg H g孕，as done in Ref门0]，we can ohtain nlaste，
equations which describe the evohltion of the parton densities of the svstem UildeI the

mo di舶d Fermi—Dirac(MFD)type approxjmation引，we develop a treatment ior t11e 0(：r
system with the觚te baryon density From the master equati。ns㈣】，equations 0f Llle
conserVatl。n of energy—n10mentum and bayron Ilumber，we caJl obtain a set()f c：()11【)1p(1

relaxation equations which describe the evolutioll of the te rnperature丁 quark fhelnl(a1

p。tential pq}and the fugacity factor Ag fo。91uon)A，，fo。quafk and k( A，，becall se wp
ass山ne baryon syIlunetric matter as Ref 10『)foT antiquark

；；+。；+；一咒。c-～^。，+2R：c-；；，=。
笔+c。一警，；+争+；一R：等等c·一蔫，e一-，T 。

鲁一(。一锑+篙筹争+≥

(1)

(2)

(3)

n：A。+26：凡c。sh(如／T)+；^郫；警sinh(～／丁)等]争+。。。～sinh(“／丁)等+：≥^，。
(41

where 4t二n2AH+262A口cosh(pq／T)with n2=8丌2／15加d 62=Jv，(7丌2j40)，Ⅳ，=2 5 l≥
tIle dyn址血c“quark flaVors，导=筹 According t。the Ref floI，the qucⅥk pr。dLlctlon
rate R2 and gluon production rate R3 are，in tu兀l，written a5

兄2≈o 24Ⅳ，a；A口21n
l 65

一

面ii面面瓦—万研
【5

R3=l 20：丁(2A9 A；)1 72 (6)

wjth the 5tr。”g c。upnng c。nst龇lt 05=0 3

The non—equlhbnLlInfugacity factors^-^二吼鲥m the aboVe equation 5 give me 111ea—

s11re of the deviation of the distTibu“on functions froln the eqllibbrium values atld t11e

cheI工1ica】eqlliUbriunl is sajd to be achjeVed when A z—，1．

As weU known，山lepton production rate，for the quark phase，i5 given by

筹=l／器躲制蒯哳靴咄柏) ㈩

where冗=dⅣ／dz4 is the totaI nulnber。f lepton pai工s ernjttcd pe¨mit 5Pace—tiIne．￡7，厅
tlle relatlVe Velocity between qu甜k and antiqIlark，口岛tbe cross section for the reafLmIl

口i_呻疆Adopting MFD p盯ton distTibution fuIlction㈦

钿2面筹h (8)
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from the view point of experiIrlents)for the system of 10ngitudinal exp a工1sion

h e】p。f Reff“j，we obtain dijepton yield d。rni工l aIltly fr。m the quark phase

淼=警小／懈√暑r巾啪唧c等m ㈩

where y1 M are the rapidity and mVariant mass of the dilepton，resPectiVelH B=5／9 the
form factor for u，d quark The fact。r‘is the function of the temPerature T and q11a『k
chemical poternial弘q}R=70A1／3 with”o=1 2 fh t11e inltial radius of the矗rebaU

3 CALCULATED RESULTS AND DISCUSSIoNS

fbr 197Au+1。7Au central c。11ision at RHIC ener舀es，ta】(ing initi a1 conditlons fr。m
the H【JING modeI c出clllation口叫，i e，Proper time n=0 3lfm，initial tempeTature矸)=0 5了

GeV，fhgacity factors Ago=0．09 and A删=0 02 Fbr initial cheImcal potential p¨()=0 00，

0 57GeV，the time dependence of T，pq and A日，Aq haVe been obtajned Via solving the

。quations(1)～(4)by founh order Runge—Kutta method，as shown访the F培l and 2

z，fm

Fig．1 S。1id curve8 show tllc calcula诧d T and

』2口dlstr|butlolls fo。踟o=0．57 GeV at thc

i111tial coIlditions as meIltioned in the tcxt．

The dasll 11ne shows the calculatcd

LcInperature T d毗r|but沁11 for pgo=(J．00 GeV

Z i tm

Fig．2 Cal吼11at硎fugacity hctors^。(。=Ⅳq

distr|butioIls for“。o=0 57GeV at t11f、s Lmt、

iIlitial conditions as mentioIlI、d 111 the“-xf

Fig 1 shows that，c。mpared to the baryon—free QGP system(pq=o)，the baryon-1ich
QGP system gives longer evolution time in the quark phase(4 1fm Vs 3．7fh)．A s shown
in the F培2，the fugacity factors A，(i二g，g)are far below 1 o．so the QGP is stilI f甜
fr。m the cheTnical equibbrium and even their v出ues(T，pq)reach the phase boundary
condition㈦
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The production of dileptons in the

eqll主librating Q GP system has been cal一

c111ated，∞sh0Wn iII F培．3．hl thjs work，

in order to comDare with results calcu．

1ated on the basis of the ev01ution of the

TES，we only consider the djl印ton pro—
duction of the quark phase becanse an—

thors ofRef．『51 have shown that the contri．

bu￡ion丘om也e qu8rk phase js much more

imDortant than those from hadronjc inter—

actions，makinE the enhancement of dilep．

tonsiIltheIMR IIItheFi譬3，we seethat

the production of ddeptoⅡs in the CES

of QGP has a sign讯caIlt enhancement as

compaTed with that iⅡthe TES though

the tiⅡle of non-eouilibration evolution is

shorter than that of TES睁J． Obviouslv．

the hjgh injtial teIⅡperature 2_and the

increase of the 1ifetime of the quark口hase

as Dointed out iIl the above

M，GeV

F培．3 Calculated dileptoIls producti。n

8pectra dⅣ／(dM2dy)from tIle cEs(801id

1lnesl aⅡd the TES(dash liIlel．Solid llnes

1．2 deIlote，respectively，the calculated

8Dectra fbr initial chendcal Dotentials

“。o=0 00GeV and 0．57 GeV．0ther inl￡ial

conditlons are the sarrle as those in FiE l

paraFaph are the reasons why dilepton production is enhanced．

IIL Refl 5]，it was shown that the enhancement of inte珊ediate mass dileptons shoukl
be a possible signature for QGP fomation and the contribution from the quark pha5e
Ⅱlostly西ves rise to tlIis kiIId of enhancement h the TES，In the present work，we have

found that the enhancement of interrnediate m硒s d丑印ton production oIlly from a quark

ph粥e in the CES is Inuch more thaIl that ofthe TES．Thus，iIl the CES，the enhancement

of iIltermediate m硒s dilepton production is dso owing to the contribution of quark phase
and thjs kind of enhaIlcement is also a si趼atllTe for QGP formation in heavy ion coⅡislon

at砌C enerEies、
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