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Abæ æ Óh e M m veme anisoï py d pM iele emission is studied and a clea sip aMn d dm mul´ Ä ê le m rBEEthal corEªElation is

evidenced in Au + Au col l isi ons at 6Þ A MeV wih hz the Quantum Mol ecula Ê nm ics ( QMD ) model - Ä e sMdy indicates h t the

behaviour d el l ipti c Eow m diEm nt Î m ts reb ets the spatial m m m py and the eztent d pó iele m eatzeztnp h d1e coll isions .

Key wor²

ô gh eneE¬y heavy ion coll i sions pmvi de a unique

poesibi l i ty to study nuclear matt er at high densit ies and at

hid Etempemtun s i n the labomtOE7 ¤ h remains m exped -

mental and theomti cal chalIenge to ext ract infonnation

about the init ial condi t ions fmm the pan icle disut butions
at fEüe [ l ]mout . Si nce the pmssum p ¬d ent perpendicular

to the col l ision axh causes vari ous trm sveme col lecti ve

nows , such as radial fl ow , di meted fI ow , m d ell i ptic

now , in nuclear COIl h ions , these g ows observed in the S-

nal sta e are expected to carry the iEtfom zati on about the

nuclear ecplati on of state and the in-medium nucleon-nu -

cleon cEWes sectionlz,3l . Until now , the study of the now

i n hi d l energ nuclear coll isions i s attmcti ng l azBe ¢ en-

tion fmm both expert mental i sts and theori st s .

Ç 1e an i sotmpic tmnsveme n ow has been studied most

commonl y by analYa ng the FOUEt a - expansi on d the aa .

muthal di st ribution of the pan icle- [4¤5] . Such study

mquim m event --plane reconstmcti on in each event , but

hEEther aveEaging over many events i n OM er to obtain a

stat ist ical ly mlevm t measumment of the now - In past

years , ei ther di meted n ow or the ell ipt ic now was studied

sepamtely i n some papeõ 6¤7] , but the combined m -

seaEæhes am sti l l veÉ few - h thi s paper , we desed be a

method to study the aa muthd eom lati on between the two

anisotropi c components of the transveme now and and yFS
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the fl nal state azimuthal n uctuation i n heavy- i on coUi -

siom . We m l l show that the study of mul t i pan i cle azi -

muthal conªElati on cm d er i nfonnati on d out space-Ume

evolution of the 'n ze studi es PEt sented in dEis pa¤

per am pedomEed withi n the QMD model .

the Ē action plane 28 not

known exactl y . Empideal ly , the azimuthal distdM Uon of

t h e S Eu l s t a t e p a n i c l e s c a n b e p a r a m e t r i m d b y F o m e r

s e Et e s [ 8 1 .

Ì̈Ý éÇ) = ¥ [h1 +d 2 ß ( Ó̈

¢¶d Eæe EÓü é iôs tÉ}h1e a zÒi nmEu td1h×̈ad I a znEgd i e 8 o f tdÉ»h1e e m i t t e d p a n i c l e i n

a cß e EËt ª En 1 cÞ oÞ o EMd iMEnM1Ma± t e 8 yé 8 tùe m i n w h i c h t h e b é a Inm En 1 dd i EÓªüâ -äc tUi o En 1 i s

d ed Ô En2 e" d æ ZF . aç 3d½ 8 , a n d a o i s a n o m a l u a u o n f a c t o r . Ä e

a z i m u t h a l a n i s o t m p y c m b e s t u d i e d b y t h e F o u r i e r e o e m -

c i e n t s ² a n d y . . 1 T ze S m t a n d s e c o n d h a n m o n i e s i n t h e

F O LEEt e r m p m S i o n a m m l a e d t o t h e d i m e t e d n o w a n d t h e

e l l i p t i c n o w c o m p o n e n t , Eª ES p e c t i v e l y .

Ç Ee v a l u e s o f z . a n d y n c m b e c a l c u l a t e d f m m e x -

p e d m e n t a l d a t a e v e n t b y e v e n t M S ] :

z² . = ¥ã jlr :: Rµ pÌÌÝ (çþ éÇð )ßÓ cØÐ o

yð . = ÷ j 7 p ( ' ) Ð

Fmm these , one cm construct the vectom Q. deflned Ä
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Q. s Q. ( eJ £. Ã + eysiE" . ) , ( 2)

ë ae Q. = J E: + ª , ð = i amtan?E and OS- n z.

,4 . ´ 27r . h stzould k indicated that the dimeuon d

27E
v e c t o r Q a i s d d l n e d m o d u l o » . F o r e a c h e v e n t . t h e t w o

n

m i s o t o p i c Þ m p o n e n u o f t r a n s v e r s e n o w , t h e d i EW t e d

f h w a n d t h e e l l i p t i c n o w , c m b e d e s c r i b e d b y t h e v e c t o m

a a n d Q 2 ¤ r e s p e c U v e l y . ' I E e m u l t i p a n i c l e a z i m u t h a l

c o r m l a t i o n h I m u o n C ( ¬ ) c a n h c o n s t m e t e d u f o l l o w s :

d M
C ( ¬ ) - » - » , ( 3 )

- M d p

w h e r e M i s t h e n u m b e r o f w e n u a n d p i s t h e a n d e b e -

t w e e -z t h e v ç £ " Q t m d Q 2 ¤

p i Q s - Q z )
- a m e o s ! » » » - l . ( 4 )
- l Q I Q 2 1

' I Tm o r d e a l l y , t h e v a l u e d p ú £ " l d k 9 0 0 f b r B e g s -

t i v e e l l i p 6 c f 10 w a n d o o o r 1 8 0 0 f o r p o e i t i v e e l l i p t i c E o w .

F i g . h h o w s t h e a a m u t h a l e o ETe l a t i o n h m c t i o n f o r p M o m

f m m Q M D c a l c u l a t i o n s f o r A u + A u c o l l i s i o n s a t 6 Ø A

M e V a n d t h e i m p a c t p a r a m e t e m b = 6 f m . Ó¡ T 1m e v e c t o r s Q 1

a± EnEÐd Q z w e EÓø· e c a l c u l a t e d m i n e P Emw tØ£ nm s ¶ tÉh iôn nÎ o m Ð lÒi z" @d d

mµ pâ i d¤ iHùt®y ë o En̈E
| É y »»Ô.±. f . | | É y »M- . f - |

0 2 5 . m s p e c t i v e l y . n e h e t É a t t h e d i a r i b u t i o n u n o t

i I a t c o n n r m s t h e m u l t i p a n i c l e a z i m u t h a l e o r m l a t i o n . " 1e

e n h a n e e m e n t a j Z = 9 0 0 Ed e e t s t h e f a c t t h a t t b e e lI i p U c

n o w i s n e Á t i v e f o r t h e c o l l i s i o n s o n m a v e r a g e . " ze

w i d t h o f t h e p e a k i n d i c a t e - t h a t m a z i m u t h a l f I u c t u a t i o n

e x i s t s i n t h e e o n i s i o a s .

FEe-1. ö ,e eOSTela60n h neÑ" C( F ) Soe F OÚm¤.

ß ² " í ë Ë ï í (E P &NP) Ú Ð ¯

tuati£" ' we son out the events according to the m al ti pan i -

cle azi muthal corm lation . Si nce the azi muthal angle d Q 2

Ê dd aed modu10 ö , the mnge d o g p ´ Ð/ 2 is di vi ded

i nto fou r equal l i ntew al s . 1Tze azi muthal angle d ist ibut -

ions d the pmtoØ wiÉ mspect to the macti on plane at

mÐ ù (|(£ )J ´0ò) ¨ eM gmuM
events am shú m in FEg .2 . It can be seen that the events

with diEeÓnt val ues d P e ve veÉ dig erent el l ipt ic fIow .

Peaks in Fi g . 2 ( a ) and Fig . 2 ( b ) located near OO and

1800 indicate that the long a m of the ell i p-es l ie i n the

maction plane . For the events in Fig . 2 ( c ) and FI g . 2

( d ) , the pmtons are prefemnti all y emi tted peEp endicular

M the reaction plane . Ú ze eM p6 c f1ow changes sie z fmm

poeit i ve to negati ve as the val ue of p incmase fmm OO to

Ö ¦ .

Rg.2 . m e m ØaIiged a m btzm zs d am m² al amete

sh for pr040m in Au + Au eolliSion- at 6Þ A MeV .

Ò 2e eIHptic aow r± " l ts hom a competi ti on between
the ear iy " squeeze-out " when compre- -ed matter tries to

move out in the di recti on peEVendiculax- to maction plane

and the late-su ge in-plane emi ssmn amociated m É tbe

shape of the pan i cipant FDEEe[ tOJ I] . ¡ Ee pan icle m-catter -

inp in the evolvi ng s" tem conven the ini ti al spati al

u ± , £" £py i nto the momentum m i eotmpy . Ò 1e spati al

anisotm py in general deemases M É system expm Sion ,

thus queaching th is eg ect m d mak ing ell i ptic now paEÀc-

ul azä sensitive to the early stages d the syÖem evol uti on .

Ò " azimuthal m ymmetÉ of the source cm k dea ned
as[, ]
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, - Rzs - I E , (5)- Rl +R:
wtzem R. = ´ x 2µm aEEd RF = ´ y 2µm degCEt be the geomet -

deal sin d the system i n the transveme dimeti on , and the

z axis is the impact dimetion . Ini ual ly . É e val ue d s is

a hmct ion d the i n× ä t pammeter - HOwever - m the

m ume expand8 8 decrease because the average velocit ies

i n x d i½ tion am laEF r than those in y d m CHon . Taken

the averages in Eq . ( 5 ) over the points d last interacti on

for the pM m s ± mi dmpidi® , m calculate the fmm F OUt

values d S = - 0 .Þ 5 ¢ 0 . Þ 1 , 0 . 0 16 ó 0 . Þ 1. 0 .062

÷ 0 . OOl and 0 . 085 Á 0 . Þ 1 for event p wups a , b , e

and d . Ósped ivel y . OUI- ÓSUIts ind icate that the COllec -

t ive transveme expansion in eoozd h ate space d ects the

azimuthal di str ibutions of the final state paEt i ck s in mo-

mentum space and a space- mome, tum correlation woul d

develop . Ç Ee behavi our of el l ipti c gow in diEemnt events

depends on the evaluation d event-by-event dynamical

a uctuaHORS- It EÊ 1ects the spat ial ani-o-ropy and the ex-

tent d mscatteri ng- , or the pan i cle densiw in the tmm -

vem U i s pmvide a new opõ ô niw to eorÓ late Phe-

nomena EçElated to azimuthal anisotmp ies wi th the ini ti al

energy density .

Generai l y . the azi muthal dia d buti on of pu ti d e

emi ssion m É respect to the reaction plane cm be de-

scd bed by the tm m ated Fourier eï " ' ion[7]

d N / d é = wo( 1 + Ð Ø , é + Ð C082 × ) . ( 6 )

× 1e smooth cun es in Fig . 2 am obtai ned using thi s Et

h zEd om. For eymmetd c eoUi- ions - Ut is m odd hmcti on

d the center-of - mass mpidi ty , iu value is m m wi thi n the

error ban a rai dmpidiw . 111e eee£" d FOurier coeé d ent

V2 com 2only used M Õ antiÐ ell i ptic n ow . u e Mp m d

maÁ itude of c2 Ói Ieet s the resul t d a competi ti on be-

tween tbe eariy " squeen -Ø t " peEpeZEdictdar to the mac -

ti on plane and the later in-plane emi ssion £f nucleons .

Fig . 3 shows the el l i ptic f1ow d protons a midrapid ity m a

fund i£" of p in diffem t M m vem momentum ( PE) Ó -

gions for 600 A MeV A u + A u COIl isions wiÉ b = 6fm .
'Ih d istributions i n R g . 3 cleariy -tmw m imereasi ne

squeen - out eEect as the transveme momentum izBemases .

mentum space and

Xsj

FEe -3 . ö ,e enip6e a" ' P¤E- meter e2 d pmØm u a

function d p in Au + Au coUi- ions at 60O A MeV .

Ò 1i s is due to the fact that hiå Pt parud es em only be

produeed thEWEEd 1 the moa vi olent col l isions i n the earty
staee d the react ionl tEJZJ . TTEese pan k les can onl y retai n

thei r hid E transverse momenta by m aping h m the mä -

ti on mne al ong the di E@eUon peEV endicEalar to the Óaction

plane wi thout suEed ng much Óscatted ngs . 112e low Pt

pan i cle- have undergone a SURECiently l arge number of

m, easterinp . 11Ee eg iy pEØ eum created in the pan icipant

mg on em be reved ed m m cleari y by the pmt id es m h

Mdz transveme momenta.
In summaz7 ¤ we have iEWesum ted di rected f1ow and

el l ipti c now for pmtm s in Au + Au col l i sions at 6Þ A

MeV wi thi n QMD model . A clear sig u tum of mul tipaø -

cle aa m athal corz, lati on between the two ani sotmpic Þ m-

pom nts of the transveme collect ive now was evi denced i n

EBoncentral £on i sions . × Ee study i ndi cated that the behav-

iour of d l i Ì i c fl ow in dig emnt events depend on the eval -

uati on d event-by-event dynami cai nuctuati ons . Ò 1e col -

leet i ve transverse expansion in coord inate space aged s the

azi muthal di std bution of the fl nai state pan icles in mo-

mentum sp- ce and tbe space- momentum CORelation would

develop - TTze el l i pt ic f1ow of pM m s ì ú hid E transverse

momenta is much more sensi ti ve to the ead y pmssum cm -

a ed in the pan icipant reg on .
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