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Abstract Besides the 8tate eqllation there exists ano池er cubic algebraic equatioll

aboll￡p，in the form of p；+纠‘，+q二o}which rclates parameters temperatllrc

T，cheInical potcntial w，弧d net qu缸k nun南cT 7l，，(丑avoT，)for a b耐y 011_1汕

quark·gluo“plasma(QGP)A critcrion may be acquired sir。1ply according to cardall

for工nula of thc 80lu七ion of the above equation，which Eives naturaIIy a conditioll： if

n《2百T3／3、／3，oⅡe may approxiInately 11se thc coIlserv址ion of speci矗c entropy’a11(1

then the set of hydrodynaIIlic equation ofbaryoII-rich QGP may be reduced to fhc sct

0f hydrodynaHdc。quation for baryon—free QGP．
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1 Introduction

The theoretic以and experinlental studjes[1—3】reveal that as a good apProximatjon a

“舢stopping scenario”【4J may be used to describe the dyn吼ical eV0lution of a kind of

new matter，the so—caⅡed the baryon—rich quark-glu。n plasma(QGP)旧J，tha“s di艉rent

from the baryon—free QGP，in whjdl two coujding heavy—ions are traIlsparent for each

other when colliding． Of collrse，in a baryon—riclI QGP the net quark null】_ber density

几ff(r，￡)and the baryon dle工Ilical potential p，(r，t)are not zero(where，1abehng quark

navors)，the variables such as tempefatllre T，eIltropy s，net quark nllrnber n，，(naVor

，)and the baryon cheⅡlical potential p，盯e not aⅡind印endent．However，one may丘nd

that some cakuLated reslllts of djlepton invariant mass spectra for the baryon-rich QGP

obtained by He【6】are simjlar to those obt ained at lo、代r iIIitial ternperatllre case I研the

baryon．free QGP【7，引，for instance，comp缸ing F培5 in Ref[8]and Fi昏2 in Ref[7]with
the cⅢves 1，2，and 3 in Fig 2 h R《．【6]．Notice that in Fig．2 iIL Ref．【63舢。肛o=1 to 3

corresponding to礼6D／nⅣ=0．83，1．79 and 2 96，where扎bo，nⅣand p60 are in t砒n tlle inj—

tial b甜yon density，no皿a1 nuckar density and initial baryon che工Ilicd potential．Hence

it is q11ite interesting to ask 1mder wKch canditian the set 0f hydrodyn缸血equation{br

describiILg thebaryon-rich QGP W0uLd reduce to the set of hydrodyna工Ilic equation used

to describe baI了on-丘ee QGP exc印t a trivial answer of p，(r，t)=o and n(r，￡)=o In this
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paper the author is goiIlg to give a sigIImcaIlt and useful non—trivial criterion to aIlswer

the above question

2 Fbrmalism

Fbr the coIⅣenience of discussion，let us recall some main equations suitabk f0。

baryon—rich QGP．Based upon the 10cal thernl。dynarnjc eqlliHbrim，the space—time evo一

1ution of a baryon·rich QGP is甜so govemed by the conservation laws of the energy—

mornentum and baryon nllInber乳Tp”=o and乳日“=o，with T∥=(E+p)u“u”+

尹可p”，曰p=nbu“，where e is the energy iLensity，p th8 pressure，g“”the metric tensor

(with 900=1)，up=7(1，v)the follr—velocity，wheTe taking the velocity of hght c=l and

v is the local flow velocity，amd 7=(1 v2)一1／2．The conservation law of baryons can

be expressed equivalently as the net nmber竹，，(=n，～nf)conserVation。f each naVor

，qu缸ks separately Kocll e￡Ⅱf．poiIIted that the net nuniber of qu缸ks with naVor，is

given as folIows【。】

M讪／蒜【(ex一(庐丽叫)肌1)_一exp(乒啊Ⅵ胆+1)柚(1)
Eq．(1)，in general，cannot be integrated as an an甜ytical form．Ebr the hght quarks

，=乜，d，aILd foT antiquarks，=乜，d，g』is deterInined by spin and c010r(=2。3。=6)．
It矾lstbe kept血工IIind that considering the partons in QGP are deco而ned and the

cmral sy衄etry is approximately restored，mq≈O，maI【ing use of
p，=一p，，one Inay

obtajn followiIlg relation：

”玎=p，T2+(圭)p； (2)

If the QGP arises from sy】nmetric nuckar matter，the Immber of up—and down—

qu盯ks眦st be equal，so that with the help of a new set of the册10dynaIIlic relations

derived for the baryoⅡ一rich QGP below：dF=Td5十p，dn，dp=sd：r+nd肛，，uJ=E+p=

Ts+p，n，where s is the entropy density，叫the enthalpy density a]1d n denotes n，，here

and v．i one may obtain another eqllivalent f曲m of the net n11111ber c。nservation law

of quarks of navor，：乳(礼让“)=o．nrtherⅡlore，by means of the aboVe relations on。

ma，obtai工L the 1aw of entropy dens“y current conserVation：B‘(su“)二0 Then in a

‘fhⅡstopping scenario’the QGP will expand in a 3+1 8pherical n’amework，the related

equations埘Entioned aboVe come to be

爰(nc。sh”)+击杀(nr2sin蛔)=o

爰∽osh-)+嘉杀∽2sin圳=o
s[岳(Tsinhq)+未(Tc。sh叩)]+n[晏(p，sinhq)+杀(p，cosh训=。 (3)

where”=tanh一1计．   
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Eqs．(3)aTe the concrete set of generauzed relativistic hydrodynamic equations suit—

ab】e for the baryon一一dl QGP based upon tJlree ma抽hypotheses：the assu册PtjDns。f the

local thermodyna工Ilic equilibrium and adiabatic expansion as weU as ckral symmetry is

appro面mate】y rest。red(mq≈o)．Rearranging Eq．(2)，one may obtajn a cubjc a培ebmic

equation about p，

p3+百2T2“ 百2n二O (4)

According to C8rdan fa玎玎ula of如e solution of the equation z3+px+q二0，a

real root sh0111d be 厂—；=====厂————；二===二二=
∥一；+、／(；)2+(；)3+√一；一、／(；)2+(：)3

pj

≥o For Eq．(4)，it always has△

厂了——一厂了——一
c／字十沤+c／字一沤

(5)

(6)

Then one may血d that if n《27rT3／3～晤，from Eq．(4)there must e五st勰approx—
imate unear relation：p，／T≈const，i．e．m／T≈const Obviously for 11ltra-relativistic

heaVy—ion collisions with a丘njte baryon desity，thereupon，we have one more useful re一

1ation孔／T3≈南1(a very smau constant)also

3 Discussion

At丘rst sight，both of the conservation equations of the net number density of

baryons and the entropy density current甜e of the s锄e type partial diⅡbrenti“equa·

tions，so that one may be able to guess that 5／％≈const，whjch is a reasonabl8 approxi—

mation．Howev盯，people are not sure that(a)whether the 10cal thermal eqllihbnum is

Teauy reached，sldwl y1 0r very fast or not at au?(b)whetheT another physical condition

is necessary fbr the speci矗c entropy conservation? (c)whether the chjral symmetry i5

apprQ】(imately restored in an ultra．relativistic heavy—ion colⅡsion?

(1)One has to con缸m question(a)iII the hther experinlents． since Kajantie
e￡of[10】the radiation from the central reaction region has been regarded as siTTlilar

to the black-body radiation． tf the sllrface temperatllre of the central region was a5

上ligh as the mass of pion，mw～“0 MeV，for the time scales of c01hsion pTocess of the

order of 10—23 sec，fbr instance，m Pb+Pb c01lision the total radiative dissipation

acToss the bounda7y of the ce“tral region would be more than 200 GeV ObViously，the

111tra-relativistic heavy·ion coll王sion is an irreversibk dissipative process．Then，the矗Tst

equation of Eqs．(3)shollld be a non—homogeneous equation 0ne hlllldred and矗fty

years ago，ClausiuslllJ thought that the c“cIllation of entropy“does not comPlete the

business”and“the discussion must be aIso extended to the radjant heat” Unf’ortunately，

3 genetahzed Gibbs’equation for the entropy induding the radjatiVe dissipation across

the boundary has not been worked out yet so far．A new scheme given by th8 present

扩k●n尸Ⅱ疆试△m1l砉‰矾q妇h拙_室
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author[12】may be probably applied to solve tMs issue We shall present a detajl discussion

of this topic elsewhere．

(2)using appr商mate relations mentioned above，it tⅥns out that s o(?3，then

s／％≈constant，that is the conserVation of the specmc entropy，which has been used in

Ref．[13]without indicating the necess柚y appro】cimate condition．Now we know that if

one wants to use the conserVation 0f spec溃c entropy，besides the three main hypotheses

used iIL Eqs(3)，the condition一扎《2耳T3／3、厄is necess缸y，und盯wlIich Eqs．(3)may
be reduced to the set of corresponding relativistic hydrodynaⅡdc 8quations suitable fbr

the b缸yon．free QGP【引

(3)It is accepted that in the case df broken chjr村synlnletry the quarks acquire a

1封ge e行ective mass(m“≈md≈300 MeV，m^≈500 Mevl via interactions betweeIl

themselves and the sllrrounding physical vacum Therefore，a better appro】【imation

(“，≠o)leads to

1

n≈≈2[p，?2+(击)(p；一rn})] (7)

where也is the coⅡstant near one．A cubic algebraic equation about p，f0110ws，

p；+T222p，一(；”2+m；)=o (8)

One may obta血an appr∞dmate expression about p，，
． 1

p，=口T+6(n，m3)啬 (9)

where both n and 6(竹，竹t；)are constallt Hence，it is explicit that in the case of broken

chjral symmetry eVen the temperatllre may be taken as the unique paranleter to describe

the space—tiIne ev01ution of the system，and the set of relativistic hydrodynaInic equations

for baryon—rich QGP may hardly be reduced to the set of corresponding relativistic

hydrodyIl锄ic equations s11itable for the baryon-奇ee QGP

References

Busza W．Nucl Phys，1984，A418：635c

Bolz J、0rⅡ谁U，Weiner R M．Ph"Rev，1992，C46：2047

Barrcttc J．Phy8 Lett，1994，B333：33

且kesson T etⅡj．Z phvs，1988，C38：383

Danos M，Rafelski J．Baryon—rich quark．gluon plasma in nuclear collisioIls UCT．TPT／84

He Z J，Zhang J J．J Phys，1995，G21：L49

Ko C M，Xia L H．Phy8 Rev Lett，1989，62：1595

He Z J，Zhan碍J J，Li P L．Nucl Phys、199lA532：743

Koch P1 M乱ller B，Rafel8ki J．Phy8 Ikp，1986，142：167

Kajantie K，Miettinen H．Z Phys，198l，C0：341

Clausiu8 R．A source book in physics、Ma西e william F ed 1935，235．

Ai H B．in：Proceed访Es of the Fburth Pac讯c Physics Conference，Ahn S H ez nf Ed Seolll

Augu8t 13．17，1990(SinEapore：world SckⅡt访c．1991)V01．1，742～745

Kampfer B et of．Z Phy8，1995，A353：71

l

2

3

4

5

6

7

8

9

O

1

2

3

   


