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i m p a c t Põ a rmmamEmtn1fd· ea r h as µ Pmm ¾Edi m aa t ed l y a l i n ea - d ep e n d en c e m m u l t i p l i c i t y . B o t h o f ² e rn ca n k u s ed a s c h ar -

a c t e r i s t i c q u a n u t y f or c e n t -d i ty . Ú Ee r e gu l ts m th e p / p r at i o sh o w É a t É Ô r a t i o d o es n oa c }181ç e m m ad Eab l y

m t h c e n w a l i t y , M Z E S v e Ä e m o m - m u m a n d r a p i d t y , a a z d m i n d e p e n d e n t o f t h e m a c · o n p l a n e w i É i n t h e H I -

J m G m o d e l .
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111e existenc e of quar k - sl um plasm ( QGP ) a Md E eneEW density i s a pÓ dict ion d QCD . Many

theod sts and exped mental i sts am seaÓ tzi ng for the probable siP Eal s of the fOrznati on of such a new phase -

u e M EM Ey goal of the Relat i v ist i c Heavy Ion CoHider ( RH IC ) at Brookhaven National I a boratOE7 ( BN L )

is Ø cm ate and study É is decod ned su te . u e fom aHon d thi s su te depends on the ini Hal condi t i ons of

the matter cmated at the ead y stage d heavy ion co l l isions . BaE70n number M nspon ( or stoppi ng ) , achi e-

ved moetly at the ead y stage , is one d the imPOEt ant obeew abl es [13 ] . ì Ee i EEformati on on bar yon tm Import

m y be accessed b7 the measurement d the rati o d the ant i - pm ton to pm ton yi eld ( p / p ) .

I t is interesti ng to stu dy the depend ence of W p mti o on central i ty - 131is dependence can mfIec t t he

deg ¬e of baI7 0n stoppi ng in diE em nt part s of the eoni a ng nuc lei and t hus cham eterize the physical pm -

cesses goi ng on in heavy ion col l i si ons .

On the other hand , the study d COIl ecu ve f1ow i n nuc lear col l i si on at h i gh eneIg m h s att rac ted i n -

CEYEasi ng attent ion of both theorists and exper imental i stsu ú ] . El l ipt i c f1à , whi ch is sem iHve to the ed y

evol ut ion d the systed 7J , is the anisotm pic emi ssion d paEti d eg " i n " or " out or , t he macti on plane - TEe

react ion pl ane is dea ned by the beam and i mpact param eter d i Ó Cti ons i n t he non-central coll i sions . Ç Eus ,

l t l s veÇ i nteresm g to di sc uss th W p rat io in or out of the maCHon plazm .

I n the pm m nt letter , we stud y the W p rat io of A u + A u mi ni mum biased col l isions a RH IC em ig es

by usi ng H IJIN C M onte Car io m M generatorI SL smce RH I C has m n u center- of - m g em EÍ J JJ =

130 GeV in last year , we invmtigate the p/p mtio M M ô m rÂy and at the w emE® á ý = m
GeV of RH I C . For eac h energy , t h event number used is 105000 .

I n pd nciple , cen× ­ l i ty i s def med by the magni tude d i mpact param eter - But i n experi ment , i t i s

veÉ dim cuh to meastm the i mpac t parameter di m etl y , m centEÀ i ty Ê usud l y c ham eted zed b7 the m lati ve

cM ETEd mul ti pl i ci ty n eb/ FBEï , i . e . event chazÃed mtl l t i pti c i ty Ø nm Ei mum charF d mul ti p l i c i ty . I n Monte

c ad o study , however , th impect parameter is e ven prec isely and can be used di rec tl y as t he measun of

centm l i ty . I t is shown h Fig . 1 the coÐe lati on between tbe impac t parameter and the EÉElati ve chazÂ±
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mul ti pl icity . It cm h seen h m the SEure that m É the inm' " e of tbe imp- ct parameter , the mlative

chaz15ed mul tipl icity FEd / nmu d± reases monotonously and al moet l ineariy . ç both d them can be used "

chametertsti c quan" É º r centml iw .

In R g . 2 ( a ) m d ( b ) the i mp- c t m rameter

dependence- d W p m ti o am shown Ä open c i rc les

in tbe mª e d l y l ´ 1 and 0 . 6 ´ P t ´ 0 . 8 for

J Lj z 130 and m GeV , m pm vel y . It m be

seen f rom Fi g .2 ( a ) that p / p rati o ó 130 GeV is d -

moet consistent m th a eom tant wi th i n the EWESe O Â

b g 10 , and É e mti o has a weak tendency d goi EEg

up when 10 4 b ¾ 13 . For i mpact pam meter larg er

than 13 . the W p rati o has laz° e th zctuaUons because

tbe number of produced P and p becomes veÉ m al l

when b i s laEF ¤ R g . 2 ( b ) shows that W p m o at

2Þ GeV has qual i tat ively the M m feature . but t he

tendency of goiEEg up at 1Osg b Ö 13 is much weak er

and is com istent ÷ × a m m tant wi th i n t he stati st i cal

e Ð o r ¤ .
me independence d Wp m o on impact m¤ É . .2. . . J a . .4 . . .i . . i j ø Ë Ó7 Ó

mmeter cm k inteEpmted u following : when the imp-ct mmmete
cd liSion emrgy incmases- because d the Iarentz
eonï ction in the long tua nal EHrection , th diger¤ Ra.1. TBe om × mding Mmo-z bem azû -et
ence in thickness between th eenM l azzd peEt pbeml pm meÕ md eeç aHty de¤ ed Ô ,zJ nE ¤

pazts oEthe coll idins nuclei deemme- - mducing ttm
diEem ce m tbe b® on aopPAng andj or nä lmn-p anniMlation - 'ITEm d ect is ô ç er for J i J S

GeV thanº r J LJ =130 GeV-
Ú Ee so l id tEt ansi es and th e a ar mazt em in R g . 2 m preseM the E- sui ts i n and out of macti on ptame -

m specti vel y . Ç Ee fom zer ( i n p lane ) is den ned Ä t-he paEt i d es l y i ng wtt h i n w o planes m th angles ÷ 3OO

M au ve to t he reacØ n H m e . TTBe latter ( out plane ) is dea ned in ² e Sam m y but is m lat i ve to a plane

peEp m a cul ar to the re- d on plane . I t ean h eeen that tbe resul ts for i n m d out d E- acti on plane m c10¤e

to the one wi thout macti on plane c uts . I t means that the i mpact para´ ter depend ence of W p mt io has l i t -

tl e relati on wi th the mac6 0n plane wi thi n tlze H I JING model -
h orde r to comp- m wiÉ th exped mental dasa [' U W p m Bi o- as a function d rela" ve c h- ZEd mEÒlu -

pl iÐ am d own ( open m M in tk range of l y l ´ O J m d 0 .6 ´ P t ´ 0 . 8 for d i J = 130 and m

GeV i n Fig . 3 ( a ) and ( b ) . Ç Be t½ Egum have tbe sam e tendency Ä Fig . 2 ( aM EEd ( b ) , " ' pecHvely -

exm F for a rd ed on between ld and d d u . Ä is aÁ i n pmv" that both i ´ - ct pam meter and m lat i ve

chazÜed mul t ipHci w em be m ed ç chameterisUc quanUty for ceM ral i w . Compad ng m th exped mental dau

( 8ol i d c im lm in FI g . 3 ( a ) ) , the tendency of W p mt i o vemus relaHve ch zged mul ti p li c ity f rom H IJm G

( open c i zeles ) is a m i - h a m pt for a gi obd upwmd shih . " Ä is becaum that the late stage reecatted ERE

has not been i ncl uded i n tbe H IJING model . E the fl nal state mscatted ng eEect was ta ken i nto account ,

t he an t ipmton coul d be anni hi lated m É tbe i nc ident nuc leon , causi ng the W p m t io to be reduced .

I n R g .4 am shown ² e mi nimum bim ed PI p rat iü " a functi on d P , m th ranee d 1 ´ l y l ´ 2 for

t be whole sampl e ( open c i Et ies ) , and for tbe i n and ou t of plane sub- aë le¤ ( -d id M and e- and star

mar kers ) , re spec Uvel y . A lso - the ratio i s com istent ÷ × a constant in t he measured P t m nge and at the

sam e ti me hm HUIe rel¡ £n ì ú react i on plane .

h Fi g . 5 am -bmm tbe W p raHoe intee sted w er 0 . 6 ´ P t ´ 0 . 8 " a hm ct i on d rapi di w for tbe

65

J JJzmÄ is d ect is stmnger for



66

Fig.2 . 'IEe mid-rµ idity ( l y | ´ l md 0 .6 ´ PÉ 0 .U mti-proton to pmï rç o m a h d on d ië act pa-

m ¤ m Au + Au minimm biased d lim n ( b = 0 - 2RAó) a ( U J E = 130 GeV , ( b) J E = m

GeV by USUES HUING gemrator - ä ea cm lü , solid uimgie- aZEd stm , reepec6vely mpreseM the resul ts
Ý£m eha ged pm elee ÷ × mt and e cuts, ÷ × in-plane , and out-oÉplane cuts-

EZTOr- sho¡ 3 am -tad-tical only .

F iØ g .j 3 . Ê× Eû e rEm EÒ d dÉ . rm a p iÍ d¯ i tä y (Ç | y l ´ o .j 3 a n d 0 . 6 ´ P¡ t ´ 0 . 8´ ) m "À . F £Ù 4 0¶ n Ø pÏ ¯¼§ ØÍ ÀÁ 0¶ n r a t i o a s a × nm c "É 0¶ 'm 3 0d f r± ed l aõ tu i v¯

e

c¤ }hh1uÖa

u BibE1©g Hô IUJ IÌ N {G ; gm eÛr a omr ( 0µ Pe¶ tn z e iñrÓcd lhe 8Ø) . ö ,e , o l i d c k e l es h ( a ) m t h e d a ta h u m t t m R H I C Ä p er i BEe n t o f

A u + A u o o U i - i o r m a 13 0 G e V - Fm e e x p a m m t d Ä m t a iEm h m R d . [ 9 ] .

li F (a) O æ æ Þ
½i;; [ AhHm |
Ô09t ù£"tplme |
Ê ?û þ = =® , |

4: :1
Ntoevk)

££l lh iom a ( U J F z 130 Gev , ( b ) J F = m GeV . TEe ë idiw m ge U 1 ´ l y | ´ 2 . ä en

cid es , sol id k imd es m d sô , , regpeedvely rep-Ø ent dze msui ts b m chg ged pm cle- wi thout m ele

Ä " , ÷ × in-plane , m d out- 06¤plm e cuts . Fz on shmm g e statistical only .

whole sample ( open cimleg) , and for tbe in and out of plane m beamples ( sol id k i and eg and star marimm)
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resped vely . It can h men h m tbe agtare that tbe ram is apprm ma eiy maaM ì tMn em -- arad E izz-

dependent d the reaCHon ptame within the studied mnge.

14La} O All IW | ¶ ¢ ¢ ev|
12 ¨ A Inptane l f |

31· ¨ ô | ì 10É» -» » ¹
lL sL þ ? ý f f r f t ? þ ú r f h s û - - - - - L J ú - - 4 1

É 5J 4J 3þ£¤¤2J l b Ø Ø £:3 5.4 05 of03 .54¤53· 2 J l b d.1 62 53 6.4 b

yy y

ig.5. U e m6¤Fete-zØ pmtm rauo integad ý , ² e ME,,va, e mommMm rmwe0.6 ´ p, ´ 0.8 " a

hm on d µ ú , M AU+ Au mhm m bmd d Ii" £" a ( U J b 130 GeV- ( b) J F = m

GeV . Open ek ie- - ,olid Mande- md am , reµ eew ety repm § h m uItsh m eh® ed pat ies
÷ ×£" t mde cuts- with b plmh and outd Lplme mu . Eam ú £'"" " tatMical only-

Rg.5.

On the odm hand , it has been sbom [' ] tha 1.0 , t

them is a dmmatic inem--e in th mid-mpidity pJp m- I ¤ " m l H1Þnisi£" . t
Ø in be-vy iond liSion- hm AÊ Øsm d ­ O-S L O P+potlimom a f
RHIC - Het using HIJm G event generator , p/ p m- I dh mJWG AKE+Au coth iü ' - t

tioeia Au + Au Øllimm a mid-rapidity l y l ´ 0.3 os L R mc i
avemeed over0.6 ´ Pt ´ 0.8 am-M m in FRØ1ks.6́ (" . l 1J ® l f

id triangle, ) . The eüµPedm'"m°
E o.4 û T"' 1

Ødd llMimM8®ôi£§ºmæ÷ PÑ+ P ØÐd »iimï m § í wm°n1. Iht § ó i f t
bñe º½en tô}hhM EmØa±t a±t J ý = 1m 3½0 GØeV , Pç /í p m÷ tØim o fhmm m M£¶EnE. } . »

0 .2 û ,
t e C a d o s i m u l a t i o n i s l a zF r t h a n e x p e r i m e n ta l o n e . f » l
'ITBe ô mtioe hwm Hu m e 2 .O keep th m d d go- J m r - h |

mg up When e¶ent² £f . mmas8 emnmer¶gÍ y J ;ýJ imnñôcmEmm@. æ w} |

fh EmÛ¢mEmm 1 3½ 0 G e V t o 2 Þ G e V . +
- 0 2 t . . . . . . 1 ­ ­ ¤ ¤ ' ¤ '

h summ É , tsMù HUI NC Monte Cazio eveØ 10 te
g, neratou Au + Au mi nimum biased eonisions a ­ ¯ ,o ev

J ö = l m m d m GeV m geneM ed azd th p/ P H -6 . Mh² r× Ä , ( l y k OJ M O-K M

mHoe m hmeti ons of cenual iw . transveme momentum 0 .8) anti-pzo40mto FÊ£mru ho m Au + Au

and mpidi ty am studied . U e mSUIts show that the de¤ "' inm m bi­ ed ££llim n- h m HUING 2 .0 ( ,olid

pendence d Wp ratio on ce½ ali ty ten² Ø disappear uiaª ee) . ö ,e fBled ctzcla md opea ck lm m
÷ × J F gomg hwm 130 to m Gev , and the WP M µ diw mÀ ô ¨ PEUton muo me¡ , d h

£ e zztu d h e a v y i o n c o l l i s i on s a n d e l em en ta w p + p
ra U o h a s m re m a r h b t e c o m l a t i o n ÷ × t m m v e

eoH× £.. h m EAVØ ;ó » þ ¤ ¤ ö ,e a pa tmentat
m EEt u m an d ra p i d ty . Ä " e co i n c i d e wi t h t b e ex p ed ¤ da a m ta ± h m Rd . [ 9 ] -

mental mstl its . Also - Pf p ratio is insensit ive to the ef -

fect d maction plane . Ò1is m y be due to the fact that Em ING does m t incorporate the meetzm ism Sod -

nal su te interacum- - FUEther study on this pmbtem m needed -
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