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Abstract Considered the Dtel1．Yan background in the intermediate invariant mass region
． 

the dfiepton production in an expanding hot baryon-rich quark-gluon matter fire．cylinder has 

been studied based on a previously established relativistic hydrodynamic mode1．It is found 

that with increasing the rapidity the dilepton yieht is strongly suppressed．Such a character． 

istic，signaling the formation of the baryon-rich quark-gluon matter，can be tested in future 

experiments at Brookhaven and CERN． 
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1 Introduction 

The dilepton production f0r baryon．fl'ee 

quark-gluon matter(QGM)has been studied 
previously．[1,2J Recent experiments and theo- 

ties indicate that t he colliding heavy ions may 

not be fully transparent． — Consequently．it is 

possible that the baryon density in the QGM 
does not vanish for heavy．ion collisions at those 

“moderate” energies． Dumitru et na3J have 

studied the dilepton production from a QGM 

of given energy density at finite quark chemi- 

cal potentia1．Ko et na5】reported the dilepton 

production for baryon．rich QGM via a l,ydro- 

chemical description of heavy ion collisions．in 

which the spatial average of the hydrodyvamh： 

equations was adopted．Recently authors llave 

studied the dileptou production in an expand． 

ing baryon．rich QG M firebal1．I6J 

In this work．frOln an experimental view． 

point，based 011 a relativistic hydrodyn0n1ic 

(73)+ 

(7n)+ 

model，we studied the rapidity dependence of 

dileptons with intermediate invariant mass，pro- 

duced in an expanding hot baryon．rich QGM 
fire-cylinder． 

2 Evolution of QGM 

As pointed out in Ref．[71，once local ther． 
modynarnic equilibrium of the system is es． 

tablishcd，the further expansion of the system 

is governed by the energy．-momentum conser．． 

vation laws (Tu )=0．【8】|Iurther consider． 
ing conservations for baryon number and en． 

tropy,i．e．0 (nu )=0 and Ou(s )：0，us． 
ing thermodynamic relations dc=Tds+ pbdn 

and dp=sdT + nd#b for the evolution of a 

cylindrically syrometric baryon．．rich QGM sys．． 
tcm formed iu 19 Au+ 19 Au central collisions

． 

we have obtained a set of coupled relativistic hy． 

drodynamic equations fRHE1 in non．covariant 

notation 

(rTSVr)+ (s7 0 

{Or("rTnvr)+Oz(nTvz)：0 
s[o,cr~／v，．)+or( )+ ：( ( )一Or(TTv：))】 

+礼[ ( 7 )+ ( 7)+ (Oz(~bTV，．)一 ( 7 ))】=0 

3 研 ，)+Oz(T7)一Vr( ( )一Or(研 ))】 

+7l[ ( 7 )+ ( 7)_ ( (#STY，)一 ( 7 ：))】=0 
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where"= (" 2+" ) ／=tanh~?is the fluid ve— 
locity，vr and vz are，respectively，velocity corn- 

ponents in the transverse and longitudinal di． 

rections，叼the fluid rapidity, =(1一v2)Ⅲ／ 
the Lorentz contract factor and b the baryon 

chemical potentia1． 

To solve RHE，we should first find the 

equation of state fEOS1 for the system．Follow． 

ing Ref．[6】，the EOS of the quark phase is ob— 
rained via a phenomenological M IT—bag model， 

considering only light quarks u，d，and taking 

the quark mass mq=O；the EOS of the hadronic 

phase，including only nonstrange stable hadrons 

such as pions，nucleons and eras，and neglecting 

their interactions，is obtalned． 

In this work，the system evolves in space— 

time and its thermodynamic quantities are 

functions of space—time，hence，it is difficult 

to describe the process of the phase transi一 

[ion via the Imxed phase as given by previous 

reports．【l，5】W e propose a scenario for the phas e 

transition as done in Ref．『61．Assuming that the 
local hadronization rate of the system is so large 

when the( ，T)of the local QG M reaches the 
phase boundary．a sudden local transition to the 

hadronic matter OCCURS at the temperature Th， 

baryon density nbh and fluid velocity Vh OCCURS． 

Thus，the continuity conditions for the energy， 

momentum and baryon 

continuity are，in turn， 

and 

flux densities at the dis— 

given by 

( ， q，vq)： ( ， h，Vh) (5) 

( ， q， q)= ( ， h，Vh) (6) 

Nq( ， q，"q)=Nh(Th， h，Vh) 

The flux densities ， and Nq behind the 

discontinuity have been decided by the temper— 

ature ，baryon chemi cal potential q and ve— 

locity vq in the quark phase． Therefore，the 

temperature Th，baryon chemical potential bh 

and fluid velocity vb in the flux densities in fron[ 

of the discontinuity can be obtained via solving 

the conditions of continuity above，which are 

initial values in the hadronic phas e． 

For the evolution of the QGM system，two 
extreme scenarios are the fuU stopping model[9J 

and the fuU scaling expansion model[1OJ．Since 

the present experiments faU between these lim- 

its．we should develop parameterizations which 

span the range between two extremes．Ⅵre con— 

sider zero impact parameter cylindrically sym- 

metric collisions only，do not expect significant 

collective motion and thus take the initial ra— 

dial velocity Vr=0．W e have adopted the treat． 

men[as done in Ref．[111，considering a non— 
zero initial velocity in the longitudinal direc一 

[ion，vz=tanh(z／to)，where to is a constant， 
which is taken so as to be able to extrapolate the 

velocity smoothly to unity in the outer parts． 

In order to find the rapidity dependence of the 

dilepton production，we adopt the following re— 

lation between the initial temperature f also ini- 

tial quark chemical potentia1)and the rapidity， 

as given in rtef．[~2】 

To(Y)=[s0(y) 丽37r2+2婀  ／2(8) 

where parametersⅡ=1．8．b=0．15．Correspond· 

ing initial quark chemical potential qo(Y)= 
bY T． 

In evolution processes，the distributions 

are always cut off smoothly when the space 

boundary is approached．Smoothing also help 

to avoid oscillations in the numerical calcu． 

1ations． Thus．param etrized initial distribu一 

[ions of the temperature and baryon density are 

given，respectively，by 

T(r，z，0)=Toexp{一[(’·／‰)Ⅳ+(z／z0)Ⅳ】) 

nb(r，z，0)=rib0exp{一[(’·／‰)Ⅳ+(z／z0)Ⅳ】) 

where N is a free parameter． For N =9，we 

can obtain a nearly cans[an t temperature and 

baryon density distributions in the initial fire— 

cylinder．To be able to solve the RHE，we，prac— 

tically，have adopted the initial values obtained 

(9) 

(10) 

via suitably varying initial distributions from 

Eqs．(9)and(10)． 

3 Dilepton production 

W ith the help of the dilepton yield expres— 
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sion given in Refs．[7，8】，for the quark phase，can be written in the following form 
dilepton yield dominantly from qq annihilations 

dⅣ 

d4zdM~-dM。dY =嘉Fqex —MrcTh(Y -】 
where q = (Mrch qr，MrshY)is the 
four momentum of dilepton pairs with ra- 

pidity Y，invariant mass M and transverse 

mas s M r． is the form factor for u，d 

quarks．and ~?=tanh一 tJ the flow rapidity and 

dⅣ 

d4xdM-~dM。dY 

(11) 

d4x=27rrdrdzdt for the cylindrically symmetric 

system．The factor relates to the non—zero 

chemical potential of quarks．For the hadronic 

phase，only the contribution from 71"71"annihila． 

tions is dominant and is calculated by 

= 杀FIIcxp[_TMTch(Y-71) 

where the form factor Fh 击mp4[(’ 一 
M。)。 + mP。rP。r ， mp=0．77 GeV and 

rp=0．15 GeV．In addition，the process ／ ——+ 
ZZ is also considered since it contributes a peak 

near M =3．10 GeV． 

As well known．in the intermediate in． 

variant mass region the background from 

l0一 

- 

i0 。 

0 1 

l0一 

(12) 

Drcll—Yan mechanism should not be neglected． 

O ur calculations for the rapidity dependence 

of Drell-Yan pairs in the central collisions are 

performed based on the Duke-Owens structure 

functions 1．1．f13] 

4 Results and discussion 

2 3 4 【l 

y 

Fig．1 The calculated dilepton 

yield dN／dM~-dM。dY as,a 
function of the rapidity y for 

the evolution of the system in 

the phase diagram with the 

phase boundary 2 at transverse 

mass M T=4 GeV and invariant 

mass M ：3 GeV 

2 3 4 

y 

Fig．2 The calculated d：Aepton 

yield dN／dM：dY已s a function 

of the rapidity y at invariant 

I"11as S M =3 GeV for the evo~u． 

tion of the system ill the phase 

diagram with the phase bound- 

ary 2 

The phase boundary for different bag COil— 

stants is first calculated as showll in Ref．[6]． 
Then，using the COS and initial values，the 

temperature and quark chernicai potential dis— 

一口 

Fig．3 The calculated dUepton 

invariant mass spectra dN／dY 

including the Drel1．．Yan back．． 

ground for the evolution of the 

system in the phase diagram 

with the phase boundary 2 

tributions in space—time are obtained from solv． 

ing the RHE in the#q-T phase diagram． Fi— 

nally，dilepton yields，for the system formed 

~rorn 。 Au + 。 Au central coll~ions at RHIC 

．

> 0＼ l_ v1． 之 
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energies，are calculated． 

The calculated rapidity distribution of 

dilepton yields dN／dM2dM dY at the trans． 

verse mass M T=4 GeV and invarian t mass 

M =3 GeV have been shown in Fig．1．W hile the 

dilepton yields dN／dM dy as a function of the 
rapidity Y have also been calculated and shown 

in Fig．2．The results clearly show that with the 

increasing of rapidity the dilepton production is 

strongly suppressed．To further understand the 

suppression of the dilepton production versus 

the rapidity．the dilepton yields dN／dY includ． 
ing the Drel1．Yan background have been also 

calculated．as shown in Fig．3． 

In conclusion，|f the baryon．rich QGM has 

indeed been created in collisions．according to 

the relation between the initial quark chemical 

potential falso initial temperature1 and the r 

pidity，with increasing the rapidity the initial 

quark chemical potential goes up but the ini． 

tial temperature goes down．thus initial anti． 

quark number decreases to lead to the sup- 

pression of the dilepton production drastically． 

Thus，with increasing the rapidity the suppres- 

sion of the dilepton production is an obvious 

characteristic indicating the formation of the 

Q GM．At medium invariant massess the back． 

ground is mainly from Drel1．Yan mechanism． 

therefore，our results including this effect may 

be directly compared with future experiments 

at Brookhaven an d CERN． 

References 

1 Kajantie K，Kapusta J，McLerran L D ct a1． 
Phys Rev，1986，D34：2747 

2 He Ze．Jun，Zhang Jia．Ju．Li Pan．Lin ct a1． 

Nucl Phys，1991，A532：743 

3 Dumitru A，Rischke D H．SchSnfeld Th ct a1． 

Phys Rev Lett，1993，70：2860 

4 MShring H J，Ranft J．Z Phys，1991，C52：643 

5 Ko C M ，Xia L H．Phys Rev Lett， 1989， 

62：1595 

6 He Ze-Jun，Zhang Jia-Ju，QiuⅪ-Jun ct a1． 
Nucl Phys．1997，A614：552 

7 Baym G，Friman B L，Blaizot J P ct a1．Nucl 

Phys．1983，A407：541 

8 Landau L D，Lifshitz F M ．Course of theoret． 

ical physics，v01．6，chapter 15'[EngHsh trans- 
lation edition1．Sykes J B，Reid W H．Fluid 

mechanics[Russian original edition1，Oxford： 

Pergaman．1959 

9 Landau L D．Izv Akad Nauk SSSR Set Fiz， 

1953．17：51 

10 Bjorken J D．Phys Rev．1983．D27：140 
l1 Sdlfrank J，Huovinen P，Kata

．ja M ct a1．Phys 
Rev，1997．C55：392 

12 K~npfer B，Pavlenko O P，Gorenstein M I ct 

BL Z Phys．1995．A353：71 

13 0wens J F．Phys Lett，1991，B266：126 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com



