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AMm õ B" " Þ ttm tZE dF Emme Ed am Ô, the indaaI vaItm d the ÷ EK-d zm sm ï Àô rdaav-

isdc 1112cla m mda s d lú g m an obm md. u arªZ ttm e M m l valtm ì hm a td d tbe di lepm F ø

dud OZEÞ dEe bem d dEe retativistic hydm¤ zamie model , m d fom d that with im Ø SUzg inddg zt Ä -

az y a chamcm stic plaï u indi ´ EEg the fm nam z d dEe qtE kd m plm m appean m dm Â ¥ I

yiç , wt«Ch nmy be Ø ü d m fut1R Øê e hzm Ê m Á Ç N azÀ ¹ £oMzavÄ .

iniuad vd ï s d É e

T he zülad vist ic hm vy i021 Þ ilia 011 ¹ V® y sÁ × c811t Ø tÊ t w hether tbe quark -811è 1 plam 1a

(q 3P ) a isÊ azÀ fm he m stu f y th pzµ ® ×õ d q y . I t ² very K id d Ø Ø µ ml¤¿ zd the

meetm ×s m d m 1f ina nent , the Ør ly unAvg se m tbe q m t evolt16 Þ 811d m fon 11. M any laborab

m m ch Ä Á R N S S and RH I C an pd oIm i ne or pmper iù Ê× er h m ts Ø sm rd for th e Ø P .
Ç ze d iÕ Ø n pEOdud on for h r yoM m quar k-gitmn plas m ( CU P ) has bm l studi d previous-

lt 13 ] . Em E km M M ttm zt Ê have ind @ted that É Þ ll id ù tm vy ions may M be ha y tmm -

pam 14 3.4] . Com Ç Ä nt ly , it E P± ible d 1at dm bar m 1 ² Ø ty m th Á 3P ² Ø EE t vam h for
tE¥ vy m zs Þ à Sions u dmd ®IEP dä ate" ï 1ezg Ê ¤ D tm im l d ai . [3] have ga d i d the dilepton pZF

dud Þ h Þ 1a Á 3P d g vØz a m w dg LEdty u Ù te qE® k cbm icat pota dd . K o a d . [51 Have d -

a datd É e d iµ ® '1 pm dÄ Àon for h r yÞ -r ich Á 3P via a hy÷ p ch e z× Ø l dØ ½pdon d lz¹ vy ion

Þ ilia Þ s. RecÄ t ly , th daµ ô 1 pm ducdm h m e Õending bew q Fr ich Á 3P fuebd l has bea SUI-
d edM] } ² w ev® , the ini m l valuÊ fOT bE YÄ F r ich Á 3P systa z1, i . e . the izzidd tÉ 1PE atun aZM1

M m i quar k cha m d í ¹ 1681. are $611 m opg 1pzoble zu w hich are m m m na of th× × t id ² leu-

ladons azÀ stu lld k m Ø dÄ d at f izÃ - E a d al . have d scumd the mi m l valuÊ of the sySt e n h

Rd . [ 7 ] A udmm d Rd . [ 8 ] det a m ined the imm l tÉ 1Perat1m only by t he Ä uo py , tha 1 obtained
the che n id pota 16d by d×s M Ud tm pe at1m via a ô rmn et im don d dze zülad visd c quant1221 m -

len dE dm aE× Ø cd m ladon [ 9 ] . h Rd s. [ 10 , 11] , the midd valuÄ w em deta mined by f i t× na th e

find pion or pm ton rap id i ty d SE ibu6Á Ì ÔÀ t mLWa se ZU E Ea ztEm µ ect a m available a p® h Eentai

² u af t E the fui l dynm id evoltldg 1 of the sysm z. OK im ly , ú ×d val m obtahØ am su Ø ç ly
model-dµ Ä dg 1t . I n Rd s. [ 2 , 6 , 12 ] EE h Jm et al . have obtamed qtd i tative ù nat tEÄ for the

q y b m uon , but the h i dai valuÄ w em m t m z± a ed m detail .

Reù vd U Ê ®bz 1999
í × , pm ed by 95 ¤ k ey Fmds d Th o m ese AÊdeneay d Sdô £, ( IQ951¤A14 10µ, Nm aØ Nam aASci× ×

Fom dmcm d Á éØ( 19, 75053)

BEdel , dilepm1
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I n t h is let t er , usin g t h e in i t id val ues obt ained fzÉ m th e inci dm t m m¬ y based on t he
t herm dynam ic zd ad om , w e have st udi ed t he d i iepm pm duct ion in a bar yon-r ich q E f iÚ

cy l inde m gi ve t he char act er ist ic physical quan t i d Ä for the fom IU iÞ of t he Q GP m at t e ,

811d th m , m Bpm d th e zè ll ts w i t h t hose £btam ed m t he b× yon -r i ch QG P f izüball ú " Ø

see t he dependen ce of th e pzu duct ion on t he nm dei I t i s w or th m phag a zI g hm t hat w e

only cal culat e di lep tons w i t h in t en 21ed at e invar ia u m aÜ Ø , i . e . 1 . 2 GeV < IW < 2 . 8GeV ,

t hus t he Þ n t r ib ut ion fm n D reH-Y m m eet1m i s n shoul d h includ ed , bu t t hose fm R hadZu nic

n m nÌ ÔÉ p m duÄ d h in i t ial n ucleusFnucleus Þ l li Sions may be neg lect ed -

W e have f i n-t « l cu lated t he in i t ial vd uÊ of t he syst a I1 via t he t hg zm dynam ic relat ions .

For t he Q G P syst m u Þ nsidd ù onl y l igh t quar ks u , d , w¶ i tÉ1h 1 t he hel p of M IÇT b@¦ Å InIm d×́edl

tí lhk 1Òe m r U dÊmm1Ø®s
Å = 3p . + 4 B , ( 1 )

w her e p û is th e prÊ sun of the Q G P syst a n , B th e beg Þ nstam - For t he hadm n phase

w hen i t is t he nor m al 2111ciô m at ter w i t h satm tm dem i t y m d m o pm a m , satu r at ion ¥ '

z gy densi t y eo is gi vÉ 1 by eo = 4B . Ç ze m em dg Ø ty eiè , 1ÉElated to t he t m Pera tLIre in

th e in i t ial Q GP phase , is t hw em = e - eo = 3 p . . M d t i pl y i ng t h e vohm e V , w e ob tai n t h

follow ing I¬ lat ion

Â ( Å - eo) V = ë v = p g V , ( 2 )

T he wo r k don e Þ t he ex ta ZEal sy st m , w hi ch is equivalm t Ø t he m duct ion of the in t m al

× × ¬ y in m adi abad e pm cess , equals Ø § , V , and hence t h e total m a gy en tg ina in to t he

4Q G P m tm E iï = Ô eh v . For th e va Ã h i gh t m p Ä tLIr e case , t h e phase- space dist ibut ion

funct ion Ø n k replacd by b ± l ta zzazm approx im at ion . I f th e i rud d par t icle nEm ber Ê giv ¤

¼ , t he in i t ial t m pm tu n T qo Á n be def in ed by th e pr inci ple of µ ipar t i t ion of m a g ,

3 3
- E = - N T o , ( 3 )

4 m 2 0

w her e N is t he total pE t ick m m ber d t he sySte n , w h i ch in ch ldÄ th e total nm 1ber of sea

qm r lts , vd enee quar ks an d g i t-Om . Solv i ng th e set of Þ tIp led Ç uat ions 2 and 3 , t he ini t ial
tg n Per atm -e T qo mzd t he ini t i al cha n icaI poten t ial Ì qo am obtai ned -

A s poi n ted ou t h R efs . [ 2 , 6 , 12 , 13 ] , Þ Ê local the nm dynam i c equi i i br i tm of th e sy s-
t g n is establ ished , t he h Eth er ex p¤ng on of th e sy st a n is gov ï -ned by £onserv at ion m 186 om

of the m e gy -m onm u Ä n , bu yon ZEtan ber azzd m uu py . U si ng sÁ n e m ef ul th er m odynam ic n -

lat ionh w e have obtaim d a m t of Þ up led rel at i v isÀ c hydm dynm k equat m ( R Ef E ) dÄ cr ib -

ing t he evolu t ion d a cy iind It al l y synm EeÀ ic baw on-r ich Q G P f i re¹ cy l inder

¶ ( YÇ Ö ¶ ( ö , ) + × ( syuz ) = 0 ( 4 )

ñ ( ô ) + ¨ , ( Ç ä , ) + × ( m z ) = o ´ 5 )

s [ a s( Ç uv ) ¯ , ( T Y N UZE( 3 , ( Ç ù , ) - a A Th p, ) ) ] +

,z [ 3 s( Jdbh , ) + 8 , ( FA»Y ) + q ( 3 g( IA- TUF) - 3 , ( Ì bYPz ) ) ] = 0 ( 6 )

s [ a J Th pv M aJ TÃ ) - uvÞ , ( 1h , ) - 3 , ( Ç u, ) ) ] +

72[ a t QAJ Uz ) + 3 , ( 14bY ) - u , ( a z ( 14b?® , ) - 8 , ( Ì bTUg) ) ] = 0 , ( 7 )

w h e r e u F a n d u z a n , z Ê P ä t i v e l y , v e l o c i t y Á m E m Ø E ù ­ t h e ù m s v ¼ , e ó 1 d l o z W t u d b 1 d d i -

m t i o n s , Y t h e L m m t z m t r a c t f a c t o r - Ï b t b e b a w Þ c t z a n i d p o t a 1 t i d m d T t h e t e m p m -
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t 1n pe .

A s p o i n t e d o u t a b o v e J v e h a v e o , z l y s t u d i d d i l e p t o n s w i t h t h e i n t e r m e d i a t e i n v a r i a n t

m m Ä . T h e r e f o m , t h e d i l e p m n b a c U m m d f m m D m l 1. Y m m e c h a m m p m d u c e d i n i n i t i a l

n u c l e u s - n u c l e u s Þ n i s i o n s s h o d d h Þ n s i d ® e d S A ] . F o r t h e q u a r k p h a s e , d i l e p t o n s 81ü d Á n i -

M Et l y f m I 1 ² a n n i h i l a t i o n s , a n d f o r t h e h a d u n i c p h m e f m n Ð + Ø - a n n i h i l a t i o n s . A c c o r d i ù

Ø R d . [ 8 ] t h e d i l e p t o n y i e l d f m m t h e q d i s g i v m b y

- t I M I d ( Y - 71 ) U

d 4 d M È M g d y - g p F q Â l - T Y q , (Ø 8́ )

w h e n r a p i d i t y Y , E × Ø v Ê 'ö e nm1aæº M T i s d e f i n e d h t h e fbo u® 1rr . EmEmx mm EØa 1mt¢1m o f dd i iéeÕp zØo n qÉ F®a =

( M ¡T. cd tÇ qç T , M T sdÍØMthM¢1̈J EY¢ Fç ) wÅ i É̈ ¨ e t®rmma×mzn1swv ®µ · nmm mm InEØ¡ ¥

iãs t h e fbo Úmm In1 . f×a c tØ£ r 5×Å b­ o dÉ 1 u¿ , d q u a r k s - 1 ? 1e $ 8 c e t i m e e l g n e n t d z = ¡ , - d r d z d t f o r t h e

f i n - c y l i n d e r - T h e f a c t o r J q m l a t e s Ø t h e n o n - m m q u a r k c h ï m e a l p o t a I d a l - F o f t h e h a d zu n i c

p h a s e , t h e d o m i n m t Þ n t r i M U o n f m m Ð + Ð - a n n i h i l a t i o n s i s g i v e n b y

( 9 )

w here

F h

w i th m p= 0 .77Gev , ¸ = 0 . 15G eV -

W e have f im t m lcu lat ed t he phase boundazy for t he bag Þ nstan t B " = 250 M eV by t he

Gi bbe Þ ndi t ions , as done i n R ef . [ 6 ] , t h¥ , usi zmg cal culat ed in id al vd ues , obt ain ed the tg I1¤

Per at ï e m d qUE K chg m caI poten t ial d ist r i but m zs m t he space tum via solv in g t he R Ef E i n

the p T p hase di ag am , and f in al l y , calculat ed dil ep ton y ields - I n t h is let ter , in or der to m -

lat e w i th ex per i m en ts in R H IC w e have stu died t he dependg 1ce of di lepton pm duct ion on th e
rapidi ty Y J i lepton invar i an t m ass M an d h cidm1t m erg y E J N A for m A u + 197A u m m l

Þ ll id oz± , w here E in is the totd inciden t enä g y , N A th e

total nuclm n num ber of t he coll i ding n uclei .

T he calculated in i t ial tem per at tEe T qo mI d in i ti al

quar k chÊ n ia l poten t ial Ì qo , × f unct ions of the g 1ezz y

E J N A , are stmw n m F ig . 1 . F or the Á 3P sys ta n w i th

in a easi ng inc iden t Ê 1ezg y , t h e par t icle ZEtan ber of th e
syst g n m ch as glEBon s , quar ks an d an t i -quar k s rapidl y

go² up . I n the Q GP syst g n t he incident m ® gy E h

p® t ly Þ n vg ² into th e k i net ic m ew for the ex pansion

of t he sys t a n , an d is par t l y d i» i pated to exci t e mom par -

t ic16 . T h us , th e in g ease of t he t g n peTat um is sµ ¤

3: ~;
3Å Ü¹ |

Fû . 1. T tze dµ aÀ mm d the mi -

m l tØ é 2tum T qo and inim l q1E K pm ed , m d ine a plateau as seen m F ig . 1 .

d E 1ia l potm dal FAqoof k bem E W e have d culat ed the dil epton y ield dN M M Zd Y ,

ztd q E Þ ² ind × " e m z y E½ q aEAU h m shm ì 1 in F ig . 2 , w ha ü cur vÊ 1 t0 5 dg IOte , m tum ,
at dEe beg Þ m u nt B M = 250Ø V . th e yields at m pidi t i· Y = 0 . 0 , 0 . 5 , 1 . 0 , 1 . 5 , 2 . 0 .

F m m pm v ious w or k s[13 .s] Þ e m n see t hat t he h m pe of the hadm n ic phase Þ n t r ibu d on to

th e spect n m are very obv ious - H ow ever , m t h is w or k , since bot h the t É 1Per atu re and th e

quar k ch g nicd pota zd al ar e f unct ions of space- t im e - i t nemm azt ly tak Ä a l01¢g d m e for valua

ß Ü ï í ë Ë ï í Ú 24ï

dM aZ P f M Tdz( Y - , ) 1
d z M TÉ ² dy z gp h e ê l - T j

= i d [ ( m ; - M g ) 2 + m : r i ] - 1

12
(10)
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( j i q J ) o f v a r b t l s l o m l r e g i o n s d t h e s y s t Ä Ø r e a c h v a l m d t h e p h a s e b o u n d a r y u d i f b

m t t i n m Ø m a k e v a r i o t m l o c a i p h a s e m n a t i o n s - a zCh e f f e c t s d e l a y t h e e v o l t zd o n p m c ± o f

t h e Q G P , i n m Ä s e t h e l i f e t h z e o f t h e Q G P a n d . -

h e n c e h d g h t m l ® g d y t h e Þ ZEE i M U o n d t h e Q G P . 10 ¤ T |

O n t h e o d I e r h m d , d u e Ø × × e e f f e c t s t h e m ¶ t b . l¢ ¢ ¢ l

cal phasem ´ omomrat lower tmperm÷a
thØ1×ù iØg }hô1×ôe®r bô a rÇFô oÁÞ 'n 1 cdd th1emm Im×1×i ß́ l p o t e n t i a l s , w h m t h e a n t i - ¢ 4 10 . , Ó Ü Ü É ´ Ñ L K l

q t m -k d e n s i t y b e m I EÄ w y l m wJ , l Ê d i ù t h e v ® J ÷ ¨ Ü Ü 2 Ü 1

l ow d i lep t m y i el d f m m q uar k -an t i -q ud p a r amznmm1uE

l×±̈ iÁÞ 1è Ihn̈̈Ð tdÉôlhM1×Éiãs cÕamÍ s¦ e , ô . m mm i ôô 1 tí ¿hh 1×e tôm pô m m ¨ EÓÜ 5 Ü 4 3Ü l
o f t½ihh E×e thô1×a dÉ ImmUÄ mñ C pô hh a s¤ e ã s t i l l vØ e×® rÇy iboÔ ¢µ lh1LØ­ tØthk1æe Þ nm t . " L Ü Ü ÉÉ ·

rdi b 1u×Ð1Ë̈tUi On d tÉ}h1e thh1Øa ² Ø 1äik c p¶ thz×a sÑe Ø tdthEÄe cd² l eµ p tØ£ n Ê · 1Øo .Ðø lÜ- . ¢ . a Ò Ü ® . & l

gmÐ ÀÐ dd l ô ÷

tØibO In 1 i s s u b m e r g e d bù y td ¿h1ùe Þ e f ImU nm 1 t h e q¢ tu1¢ lk ² p thh1×a s¦ e .

F o r t h e s e m a s o n s , c u r v Ä 1 Ø 5 i n F H g . 2 a n w i t h - F i g . 2 . Ç Ee d i µ Ø 1 y i e l d d N / dA d g d y

o u t o b v i o u s h m 1 p e d t h e p i o n Þ 21À i M U o n - ­ a h zm m d t h im d e zt e Ä z y f g a

S u b s ÷ u a 1t l y , f zo m t h e v i e w p o i n t o f t h e e x . b ® @ r i d z Á 3 p a ZH y i h d z a d E M -

p e r i I B e n t , w e h a v e f u n h Ê c a l c u l e t e d t h e t o t a l d i l e p ¤ « zt a E U E J N A = 2 0 G e V

t o n y i e l d N ( d i d i i n e ) , " d g z1o a s t r a t e d m F i g . 3 . c m Ê 1 ² 5 d Ø o m n t m . É e y id d» a t ´ 44

16 8 Y = 0 . 0 , 0 . 1 1 . 0 , 1 . 5 , 2 . 0 .

F o r m n n p m m 1 , t h e m u l t ( d a s h e d l i n e ) f o r f i z ü b a l l

10 - » , , - - 4 c i t a t i o n f u n c t i o n s d t h e d i l e p t o n p m d u c t i o n m t h e b e r y -
l / / " - | 0 Ô r i c h Q G P h a v e b e e n o b t a i n e d d m uµ h t h e r e l a t i o n b e

m - 1W , ' l
V , ' | t w e e n t h e d i s » i b u d o - 1 d t h e t g I 1P ® a t 121¤e ( m d a l s o t h e

Ç v U | q u ¡ c lm m l p o t e n t i a l ) ± t h e h Ø m t e m g y .

E | T 1 3 0 ¡ h t h m ð s t s m e d i f f e r g z c e b e t w e g I t h m t w o
1 0 ¤ 3 E l

I | I Ø u l ü , b o d I o f t h g n h a v e s h w m t h a t o n c e t h e Q G P w m
l OÉ . ª - . . 1Ô - 1ê d m t ed m Þ t l i m gzs a ch ar ac m is t i c p la t Ä u m c¹ ar i l y

÷ ¥ ª ev a p p e a m i n t h e t o t a l d i l e p t o n y i e l d -rh / »

f I n c o n c l u s i o n , i n t h i s w o f k , f zÄ 1 t h e r m o d y n a m i c

F ig . 3 . T 1Ee m a I d i l e p u y i e l d N Ø Ç 12i l i b d m , w e h a v e Ê t a b u s h e d t h e f o m l a l i g n f O T Á l e u -

a f m c b 1 d d ze in d d m t e m z y l a t i n g i n i t i a l v a h m d t l m e v o l u t i o n d t h e b × Ã o n - r i c h

T h d i d l i n e ² f o r t t Ee × Å c y h d z , Q G P s y s t g n , a n d o b t a i n e d t h e r e l a t b n b e t w e e n t h e

m d t h e d d m d l m f cz t h e × ¨ b e l l m d z d l e p t o n p m d u c t i o n m d t h e i n c i d e n t × × ¬ y , W H e t 1 i s a d -

d ze m m c m d m zs § g v Ä m h - 2 . v an t a e m u s Ø t h e c o m p m s o n b e t w e e n t h e t h m m t i c a l a n d

a Õ e r i m a u d zÄ u I t s - Ç Ee z u s i n g i n i d a l v d t m o b t a i n e d w e h a v e Á l c u l a t e d d i l e p t o n y i d ²

b a s e d Þ t h e ô o g e o m e Ê i m l m o d e l s . T l m e t w o r e s u l t s b o t h i n d i c a t e t h a t w i t h i n c m a s k ª

i n c i d e n t m × ¬ y a c h E a c t m s t i c p l a t Ä u a p p ¹ r s i n t h e t o t a l d i l e p t o n y i e l d o r t h e b a r y o n - I t c h

Q G P T h i s Ch z a c t e r i s t i c f o r t h e f o r m a t i o n d t h e b a w m 1¤ r i c h Q G P Á n k t Ê t e d i n t h e f u -

t u m e x p e r i m e n Ê a t C E R N m d B m ª d MEv e n - I t i s w o n h a n p h a s i z i zEg h e m t h a t i t i s n e Ø ¿ a r y

t o Þ n s i d e r t h e g e o m e t r i Ø 1 m o d e l , b u t t h e q u a l i t a d v e f õ t u zÄ o t o ½ r Ê u l Ê s h o u l d p ¥ , i s t .

o n e of ¤ a z¡ £" , J I A A G W . Z . , u p r esÄ h U F a t i ô d e ao ½ @f . E ½ JA A C P . y q F T sb × saa U n i t , n t t y h ,,

hdahd dia¢" amu -
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