
Ú´ í Ú12Ú ß Ü ï í ë Ë ï í voI.25, N£.12
2oo1ê 12Â HIGH ENERGY PHYSICS AND HUCIZAR PHYSICS Dec. ,zm1

EB T P a r a m e t e r s f o r A u + A u C o l l i s i o n s

a t R H I C E n e r g y Ç

Z H A NG Jins - Bo l ¤2 H U O I s i 1 Z H A N G W ei - N i n i L I I j Y L M i ng1

X . H . u 2 J . Y m t N . X uz

1 ( D, , nmens qFPhyzecz , FEarbtn Innisuse qr Technotogy , Haru n l m m1, china )

2 ( hh ð , sdmee D§® ' " , u w enee BerÚ' " Y Nm e--d h ba t© ® , CA 947´ , USA )

A be¥ , ct Usi ng the dynamical bÛEZSPOEt appmach RQMD wi th a corEül ati on d terbum er ,

the behavi or of two-pion HBT PMametem is studi ed for A u + Au col l i si ons at RH I C eneç 7

J i = 2Þ Gew u . We a nd that the H BT sim parm etem do M eet the mum F omew at

freeze -out for boÉ central and non-central coll isions . Ó11e tmnsveme momentum depen-

denee of H BT sim paramd em is im eEMi tive to the pmssum developed dud ng the early

stage of the col l isions , mther , i t i s sensi ti ve to the deg w of spacemmm nu m con el ati on .

K ey w o r d s heavy- i on col l i si ons , H Wr cOETel ati on , con ªEl at i on × EICHon

TTm p d maÇ goal of the ui t ram l at i v i SUEt heavy --ion col l i sion pm F am at Rel at i vi st i c H eavy I on

c oll i der ( R H I C ) i s to cm ate a system of deconf i ned qu ark s m d d uons[11 111e f om IM i on of su ch a

deCOIlf l ned state dep end s on the i n i t i al cond i ti ons of th e matt er c m ated at the ear ly stage of heavy - ion

col l i sions . H an bu I7 Bm m and T w i ss d ec t ( H E r ) em be used exten si vel y to p m be the 8paCH i me

stm ctum d heavy --i on co l l i d i ng fl m bai l MJ ] . A t m id m p id i ty an d l ow t ran sveme m omentum , two- p azt i E

c l e cor ze lat ion h nCHons m n ec t th e spac e- t i me geo md E7 of th e emi t t in g sou m e , wh iI e d ynami cal i n -

form ati on i s contai ned i n th e mom entu m d epen dence of the ap parent soum e sim l4¤5J . Stud y th e two-

pan i c le cor m l at ion h nct i on s cm fu Et her shed l i d Et m the p hy si cs si nce th e obsew ed pm bab i l i ty of

tw o pan ic l es c lose to each other not onl y depends on th ei r na u m of qum tum stat i st i cs bu t al so on

th e col l i sion dynam i cs , spec if k al l y depend s on th e spac e- mome ntum cor Iü l at i OE1 .

In th i s pap er we p m sen t a p red i c t i on f or th e beh av i o r of two--pi on H E r para metem fm m heavy -

i on col l i si on s at R H I C eneEÍ á = 2Þ c eV h z. m e Rel au vi st i c Qu an tum M ¤ ½ DF lam es ap -

p m ach R Q M D M] i s used ± m event generator , b ecause i t h as been veÉ 812ccesd u l i n not on l y m pm -

d tBei ng si ngle- par t i c l e d i st r i bu t ion but al so i n desc r ib i n g t wo- p× t id e co rre l at ion data at A GS an d SPS

enerp esL7.s] . R ec en tl y , a n ew vem ion of R Q M D ( v2 . 4 ) mod el h as been av ai l ab l e WH et1 cm deal
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÷ × col l i sions at RHIC enezg es . In this study , the si mul ation events of Au + Au coll i sions at the

center-of - mass energ J þ = 2Þ GeV/ u m generated - For compari ng , the si mulation events of Si + Si

m d p + p col l isions a tbe same m mw are generØed al so . 'IEe h em -out poei t ions and momenta are

fed i nto a com lation d er-burner ( CRA B ) code to cd ctalate the two-pion com lati on functions . h

O® cal cul ations , only the pions m É midrapidi ty ( - k y ´ 1) and low t ransvem momentum ( p e ́

1GeV/ c ) m used .

In OM er to exÊact the pion soume size , the mSUIts of the H BT calcul ati ons am i l tted to the 3¤

di mensi onal Gau8sian fortEEH]

Cz(q,K) = 1+Aexp[ - qiÖRL. (K) - qieR:" (K) - qLRL(K)] , (1)
lmI¬ , K = ( P I + P 2) /2 , denotes the avemge momentum of a ô r of pions , whem s P I and p 2 am the

momenta of dze two idenHeal pions emi tted fmm a mbal l . Moreover , q lee4 i s the momentum diEemnce

d ong the beam axis , q¾ i s the momentum digemnce transveme to the beam axi s and paral lel to the

total transveme momentum of the pai r , and q " e i s the di rection tmm veme to the beam axi s and per -

peEEdi ctl lar to the t ransvem momentum of the pai r - A s a Þ nsequence , R i ( K ) ( i = ouL side , long) ,

the inveme wi dths of the two- pion corEºel at ion fuzzCHons , show a character istic dependence on the av-

eraee momentum of the pai r . For discussi ng below , the transverse mass of the pó r is dea ned m

mt=JK +m2
HBT analysi s is a tool i n the determi nati on of the gemm u ted sin of hadmn emi ssion zones

genemted in heavy- ion coll isions . However , the inverse wi dths of H BT correlat ion funCHons do not

have a simple interpretaUon in teÐm of fl mbd l sim . Ò1ese pam metem have to k considemd Ä

combinat ions of space-Ume moments fmm spaoe-ti me densiti es . Experimental f indi np m that d1e

extmeted sim parameten show a me--scali ng behavior , namel y that the size parametem mØ invemely

pmm iOZEal to the µ m -m t d the M m m mass, u d : . Up to now-the obsem ion wm a-
t d bu ted d ue to t he hydm typ e col l ect i ve n ow th at developed i n h eavy - ion eol l i sions®9¤10¹ .

Fi g . 1 show s th e two- p ion H BT si ze pam metem R ¾ , R " . , azzd R IÖ ( fm ) as a f unct i on of p ai r

tm nsveme mass FFh º r p p ( t ri an d e ) , Si + Si ( sm are ) and A U + A u ( ck l e ) cen t ral col l i si on s ±

th e center- of - m ass energ J Z = m GeV h 1¤ R gde an d R tÖ di std b ½ ons m a tt ed m É a sc al i ng f uÔ ¤

ti on ~ FFZt. . and the results am shom Ø l ines in the agu e . It cm be seen that the H BT sim pamm-

etem fmm al l col l iding syÊ em m deem siEç Ô m t iEMEm es . h the longñM inal di recti on the M e

of the decreasing are the same for d of dm system consideM here J ú 0 . 8 , i ndicating that the

behavi or is dd ven by the ini t ial condit ion . On the other hand , in the transvem di metion , how fast of

the si ze pammeter deemase as a hmcti on of m , depends on the size of the coll id ing sy¿ em .

As mentioned above that the power parametem Á show that Á¬ is al moet the same for alI coi l i -

sions . On the other hand , in the transverse di meti on the Á parameter does not show m y Ã nd . h

p + p col l i sions , i t is even larger than that i n Si + Si and A u + Au coll i sions . Should the mt-depen-

denee of the HE Ir si ze parametem ad se from the coll ecti ve fl ow , the Áé i n p + p col l i sions must be
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l ess than t hat fm m heavy - i on col l i si ons , bu t i t i s n ot th e case here . Su ch d i sc m pam i es i nd ica te thai

sp ace- momenM m cOETel at ion has alm ady been them at th e moment of paEt i ck pm d uct i on i n p + p

col l i si ons . Su ch corzÍ l ati on wi l l be ob served vi a th e WEt - d epend ence . h heavy - ion co l l i si ons , d ue to

th e second aI7 sc at ted Ö , th e correlat ion due t o n ow wiH be developed . I Jn foEt m atel y , i t i s d im c ul t t o

separate th e d iE em nce i n th e H E T measurement s .

T o un ders tan d t he obeerved FVEt- dep endence of th e H B T sim pam metem as wel l as to d i sen tan -

gl e geometr i cal an d dynami cal com ponent s of t he obeew ed even t an i sotm p y [11» 131 , several au th om

h ave al m ady ad d m sm d th e nece¹ i w d studi es of non - cen tm l heavy - i on col l i si ons [14¤15l .

F ig . 2 show s th e two- p i on H BT si ze par am tem R ¾ , R Me , m d R EÖ ( f m ) m a func ti on of th e

ô r tm nsverse mass m t ì ú m pec t t o th e m act i on p l ane tor A u + A u non- £en tm l colI i Sions ± th e

cen ter- of - m ass en eIü y J I = 20 0 Ge V A 1. T Ile m c t ion p l ane i s dea ned by t he i mô t m m meter U -

d i Em t i on ) and t he p roj ec t i le momentu m ( z d i rec t i on ) . A t the bee nEZi ng d the eo l l i Si on , t he over -

l ap ped Ó 8 011 c m b e vi ew- d ° m el l i p se m th i ts l ong ax i s ori en ted in t he y -d i m et i OE1 . h F i g . 2

6 HezL dots , open- ei Id ee and open - squ am g , respec t ivel y , m pm sen t th e Ee su i ts h £ m event8 wi th ou t

MEede cu ts , ÷ × i n - p l an e , an d ou t - of - p lane eu ts . ì Ee cu t s m qu i m boÉ part i c l es wi t h i n ó 3 o o ei t her

'

o

Fig. 1. Ä e ô EFpion HEr me pe m a m ù a

h Emuon d pair M ESVeme ma-- me for p + p( utaª e) ,

Si + Si( ,quaze) md Au + Au ( ciEd e) collisions at

J Z = m GeV/u . Rú ± R¬ disu² m om-

m Etted ì ú the sealing azEEd om me. . .

¤ Au + Au ,- EM+ s ,¤ p + p.

Å ° ¨ È :RHICÜ ø Au+Au ö ² Ð HBTØª Î ý Öö 22S5

Fig.2. × ze tWEFpim H® sEe parameters Rô , R-w

md RaÖ Ä a hznction d p¤iz M nsvam ma" m. ×

Au + Au non-m m l d IUions at J Z = m cev fu .

ü " calcuIamm an pd om ed ì ú reµ ect

Ð the maction plam.

- No-ande cut -c In-plme,ÚOUt-04¤plme.
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i n-pl ane or out -of - pl ane accod i ngly . Whil e no sizable eg ects am seen in the longi tudi nal sin pe

mmetem RlÖ , them are clear egeets in the transvem ei m pu ametem . h the pai r momentum ( or

out ) di rection , the values of R M h m the out-of -pl ane mgi on ( open squams) aEü always laE¬er than

those fmm the i n-plane mgi on ( open ci rc les ) . In the side dimeti on which i s perp endicul ar to the

pai r momentum di ÓCtion , the si tuation is mvemed . Namel y , the val ues of R " . fmm the i n-pl ane m-

e on ( open ei Id es) m al ways l arger than those h m the out- of ? l ane EW on ( open sqElam ) . In

term of the geomet17 m COOEd mate space , this means that at fmem -out , the shape of the source i s m

ell i pse m th i ts l onger axis i n the r dimeti 011¤ Note tha this shape is si mil ar to the one at the bee n -

EZi ng of the coll i sions .

In summary , using the dynamicd t m spon model RQMD ( v2 .Ä , the midmpid ity two-pion Þ F

I-elati on functions m cal culated for A u + A u coll i sions at RHIC eneÇ J Z = 2Þ GeV/ u . 'Ih bellav -

ior of the HBT p± ü metem is studied for boÉ centmi and non-centml coll i si ons . 111e HBT si m pa-

rametem for diEemnt sim centml col l idi ng syMeEEls show a simi lar deemasing Ø the pai r trazmveme

momentum i ncreases . We aEÃ12e that th is dependence contains the information of space-momentum

cor relat ion cmated a the moment of pan icle produCHon m heavy- ion col l i sions . In EBon-cenk al eoUi -

si ons , We End É a the sim paESEIZetem do maect the souÓe F OInetE7 at fEüeze-out . Ò 1is cons nIIS

that one cm aceeØ the shape of the sourc e vi a the experi mentd l y measumd HBT parametem . 1E e

transverse momentum dependence d HBT size parametem i s insensiti ve to the pm ssum developed

dud ng the eari y stage of the coll i sions , mther , it i s sensi ti ve to the dep ÷ of space- momentum com -

lati oI1.

RefeȨeBees
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