
XJ0300123

EI-2002-255

L. V. Chkhaidzel,*, T. D. Djobaval, L. L. Kharkhelauril,
E. N. Kladnitskaya, A. A. Kuznetsov

STUDY OF COLLECTIVE FLOW EFFECTS

IN CC-COLLISIONS AT A MOMENTUM

OF 42 GeV/c PER NUCLEON

Submitted to <AaepHaq qH31iKa>)

'High Energy Physics Institute, Tbilisi State University,
University Str 9 380086 Tbilisi, Republic of Georgia

.E-mail: ida�sun2O.hepi.edu.ge





1 Introduction

The inultipariicle azimuthal rorrelations are investigated;VCry ilitenSiVelyWith th g-'d

to study te dynamics of rlativistic nuclei collisions. Te study of thii ffect, in erms of
the collective flow variables with respect to the reaction plane turne ot Lot e especially

fruitful. Te collective eission of the particles occurs at the xpansion stage of the.

nuclear atter through the sort-range repulsion betweem the, nucleons at the (Expense of

the compressional energy concentrated in the igh density mid temperature overlap region

of colliding nuclei. Te collective ffects lead to characteristic. azimuthally asymnletric

sideward eission of te reaction products. Th aalysis of the ain characteristics f

the ollective flow allows one t obtai te iformation about the fundaniental properties

of nuclear atter, onnected particularly to te equation of state (EOS) 1.
Two ifferent signatures of the ollective flow ave been studied:

a) te bounce-off of (compressed atter in he eaction pane (a sideward dflection fthe

spectator fragments - 'botiuce-off", as wel a directed flow of nucleons froin the overlap

region between the olliding nuclei participants i the reaction plane - side splash")�

called te sideward or irected flow.

b) the squeeze-out of the participant atter ot of the reaction plane - te elliptic flow.

The method proposed by P. Dauielewicz and G.OdynieC 21 trne ot to e. fla-. inost

convenient ad fruitful for the investigation f collective flow phenolliella, Which allows

one to determine the reaction plane by sing the transverse luoinenta f pai-ticipating

protons. Lately the method of Fourier expansion of azimuthal particle distributions as

been widely used 3).

At present the ollective flow eects are ivestigated in the wide ange of energies

from several hundreds of MeV up to hundreds of GV. The most part f te experinients

are, carried out using the electronic technique in te 4r geometry and only i the first

experiments at Berkley ad lately at Dubna, the streamer chamber srved ass the. detector.

The collective flow of charged particles has been observed experimentally for the first,

time at BVALAC by the Plastic Ball 4 and Streamer Chamber 7 collaborations It

has been studied itensively at Berkeley ad GSI 4121, at AGS 13-15] mid CERN/SPS

[16).
At Dubua (JINR) in the 2 meter Propane Bubble Chamber the shape of the idividual

events of C-Ta collisions at a momentum of 42 GeV/(-./nu(-Ieon has ben studied i terms

of te tensor of kinetic eergy (sphericity) fl 71. It has been shown tat te ngle etween

the axis of the epsoid and the beaut dection 91j. 12' for the high-inultiplicity

events.



Tit*! flow of protons will x- nicsons has .!it u6servvil t Dulaut loy thc SKM-200-

GIBS cllaboration 18.19 i central CNc awl (('it collisions at a tuoitivuhun f 4.5

GeN/c/nudeou. In inelastic CC cOllisiotts ut a itioinentum f 42 GN/c/iincleou regis-

tKeil in the 2 iutt-tm PTopane Bnbblie. Cluairibi-r. tht- flow of protams bass been obtaiinvil

only o the part of statistics [20). The niost conkplete experiniental lata ofcOllective flow

effects are presented in the review article 211.

2 Experimental data

III this paper the, collective flow of protims. Yr - nicsous ad projectile light frugluents

(d. f 3He 4Hc-) in CC collisions at a nionicuttain of 42 QN/c/nuch-ou cgistcrqul in c

2 nwter Propane Bnbblc 'Chainber at. JINIR &I-(, stutliefl.

The chainber was placc(l i a agnctic ficlil (if 1.5 Tusla. The iuctholl of scparatiOll

of CC collisions ill opalle h processing of' tit( Iatit. i(It'llfifiCatiOll (If NLYfiCICS 414141

(lisclission of corrections is (Iescrilw(l i (Ictail i d'4221. Tit(, experinivittal ilata. apart

fron te unambiguously itaitific(l CC ch�iolls wit-II he probability of' We=l. contains

the sainple of CC events with wt!=0.21. Wilt-it shillying title illclusive characteristics o CC

collisions the distributions ae btaine( f- tit(. holt. of C-propaitv collisions.

taking ito account the weight factur wc.

For the analysis of he collective fw (if' particlus. tit(! experinicutal -lata coutaincil

15692 unainhiguously Mcllfifie(l CC.

The shi(ly f (-()U(-(-tiv(- flow piviloillelloll ]I(-(-,Is evelit.-hy-evclit" analysis. which Fe-

quires dke echisiv aalysis of vat-It iu(liviliud vollisit -it. I this counection there has hevii

a necessity to perforn a ablitiollal fiviltificatioll -i 7+ ncsoils slev ill tit( populle

dinuthe te ir+ inesolis havC I)MM ifit'lltifiCII ill 04- narrow illt(TVill f ItIORIVIltit, (11 to

0.5 GtNlc) Te wight 1prolability) is III-fill(A Statistically for hl. pai-ficles with the

inonitentutu p > .5 GV/,- with which t" SitfiSfiV te hypothesis f uu-son

or proton fr the whole enscuible of CC collisions. Howevcr the roup of particIcs has

reinaincel wth lnseparate'l hypothesis (1p. '). the nost 'part of which form the protons.

The separation (of the goup of CC cOllisiorus witli W-= I un(l the Hecessity of ulaull'i"llolls

., paration of protons ancl 7+ inesous have IA to tit( fifferclicc i the ioiliviltilill (listri-

butions of ir- an(l 7r+ wesons T reinove this liff'Crew-C. the rrectioll if dc W+ "csolis

i(lentification ha, btwn (-carried ot. The procefiniv has been perforin(A statistically. Ijascil

on the wll unde(I assuniption that fr syiiinictric ituclear collisions he listrilintions f

ir ati(l 7r+ inesous are shuflar.
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In Fig. I the, momentu ad transverse nonienhiiii distributions of 7r ad 7-1- inesons

are. presented with the previous ad additional identifications. One call see front Fig.1

that a sall difference in the momentum distribution of 7r+ esons is removed.
Only participant protons have been selected for te aalysis. Wit tis purpose., from

the whole esemble of particles te fragments of te. target (p < 03 GV/(-,), pojectile.

stripping (p > 3 GeV/ ad agle 0 < 4 finginents ad as te light fagments of the

projectile with Z > ('He, 'He) identified y ionization visually ad Z = (d, ) with

p > GeV/c have been excluded.

The following restriction - te choice of he events with the number of participant

protons N.,, 4 is caused by the necessity to obtain reliable results at low multiplicity.

In consequence, from te inelastic CC ollisions the group f 9490 seinicentral collisions

(58078 participant protons) ave been selected.

3 ransverse flow analysis method

The method of P.Danielewicz and G.O(IYILiV(- hs been used for study of ollective flow
of protons, based o the summation of the transverse. momenta of selected parbirle 2.

The most of experimental data at energies below 4 GeV/uucleoit has ben aalysed by

this method. It gives satisfactory results even t a sall available statistics obtained by

the film detectors.

The reaction plane vector -a in each individual event is defined only by te Participant
protons in the center-of-mass system:

where pLi is the transverse momentum of prticle i; the weight factor. wi is taken as ;

for y > and -1 for y < , where y is the rapidity of particle i, and n. is the umber
of participant protons i the event. s choice leads to the result tat the forward

and backward moving particles, which are. azimuthal aticorrelated if there is collective

transverse flow, wl contribute equally to

The reaction plane is the plane coutaining the impact parameter b and beam axis.

Taking into account that the efinition of b experimentally is not possible., in the trans.-.

verse momentum analysis method of Dattielewicz and 0,dyniec the vLector b is rplaced
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by If oe projects the transverse momenturn of each prticle pLi out( the summary

momentum, the autocorrelatious will arise, fi-om wich it will be very difficult t extract

true dynamic (Correlations. To remove he antocorrelations, Dartielewicz ad Odyuivc 12]

supposed to estimate te reaction plane for each particle j, i.e., to pojec 1Li outo the

summary vector of all oher particles i thesatue event:

Q iii (2)
i*j

The. transverse momentum ofeaell part-ii-It ill W I-Stil1litted reWlitlll pLll4 i cab-Illittell

as

(3)

The dependence f oil! mean transverse itionientaiii. of cach partial( i the reaction

plan < p. > (in the rapidity y is ustriwtvil T verag tarisversv momentum

< p(y) > is obtained by averaging (ever A events in the corresponding iterval of

rapidity.

It is known 41 that the estimated reaction plane differs from the true one. dite to the

finite nmber of particles in vach vent. Thc component 1P i the true reaction plane is

systematically larger tha te componelit 1),' iL the estimated plane. herice:

< 1) >,-' JP" . ! vos�' >. . (4)

where p it; te angle. petwe(% the estimated ;%ill true patics. Thc cOi-rc.-tion factor

k=l < cvqW > is the subject of a large mcertdrity. especially for low multiplicity In

Ref. 2 the method for the definition of the correction actor has been proposed. Each

event is randoinly dividell ito two alillost. (.,pt'd silbew 'tilts. the. Vectors Q1 Mid C2 are

constricted a tin te distribution of th(-,LZiltllltlld angle betwetul hese two Vectors is

plotted. The dispersion of this angular distril-ittion iletermines the discrepancy between

the true and estimated reactioll. planes. The coefficieut k depends o te multiplicity in

the invent and aturally the correction is larger at low multiplicity. It is desirable to group

the events by the ultiplicity intervals D to the limited statistics the coefficieu in

this paper has been defined for the whole ensvilible, averaged ver all the- multiplicities:

k=1.43±0.8.

Fig. 2 shows the dependence f the corrected 1(y > y for -protons i CC

collisions at a momentum of 42 GeV/c/mirleou. The ata exhibits S-shape behaviour
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which demonstrates the collective ransverse, momentum transfer between the backward

and forward hemisphefes.
Rom the mean transvers mmentum distributions one can extract twwmaiu�ob-

servables sensitive to the EOS. One of the i ithe meau:,transverser momentum in the

reaction plane inthe forward rapidity region < p ,>(. Another equivalent observable

is te transverse flow F, i.e., te slope of the omentum istribution at midrapidity in

the intersection point y=O) wich was introditced by the Plastic Ball tam (5]:

F f, (5)
ay�

F is a measure of the aount of ollective transversc-'moftientum transfer in the reac-

tion plane, i.e., itensity of nuclear interactions.
;This quantity was the subject of less experinienW bias than the aximum of p. ad

it eabled one., to ompare ifferent reactions and results f (afferent experimental sA.ups

to each other. Te straight ie i Fig.2 is th rsult of the, fit of experimented ata i t.
rapidity V interva flow = 136 ± 11) MeV/c. The. value f

.1 (-0.75 - DM). The protons

F is very similar to the result obtained at SM-200-GIBS set-up at JIN i central C-Ne

collisions at a momentum of 45 GeV/c/nucleoik 18,191. One can' see froni! Fig.2 that the

< Pi > distribution for CC ollisions is more synimetriet 'hanlor Me interactions 18,191.

It is wrth emphasizing tat CC i the ghtcst system. ofcolliding mclei in hich the
transverse (directed) flow of protons has een observed.

. To be convinced that the observed effect i dieto the manifestation- fit the dynamics of

collisions, the following check-up has beencarried (jut. The events lave been composed y

miidng of the randomly sele6ted tracks rom different events (within thesame Multiplicity

rangelands then the flow has been &ffited for this 'mixed" events. 01je an see from

Fig.2 that in these events there is o correlation with the reaction -plane ad particles are

emitted. isotropically in the "mixM" events.

The ean transverse nionientum in the reaction plane in the forward'rapidity i�gion<

p. >,5o has been calculated for potons an te value of < p. >,>o= 104 ± 9 MeV/c
has been obtained. I CC ollisions, selecte&for the .flow aalysis, 4464 dentified light

fragments with Z > (4He, Hc) and 4857Lsifikle charged particles with the' momentum

p > GeV/C have been registered, which are'deuterous'and-tritons with a large proba-

bility. The < p. >,>' has been estimated for tese particles, assuining that the. fraction

of 7'He and 'He and also d and t is the ame.: The value f j >j,>'o has been obtained:

< P >>O= 140 20) MeV/c.,Thusl the value of < p >y>6 for light fragments is 20-30

% larger than those for participant protons.
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The experimental data of different particle flows formed i eavy ion collisions contains

the wle iterval of available eergies an(l large set of colliding nuclei A, a A,

(ArKCI, CaCa, NbNb, CNe, CCu, NiCu. CPI-. ABaI2, ArPb, AAn, PbPb etc.). For

the ivestigation of eergy ependence of flow values for differen pojectile/target ass

combinations te scaled variable F, as been introduced, which does ot depen o the

mass umbers of colliding uclei

F = FI(A'13 + A,' 13 (6)
1.

In Fig. 3 te energy dependence f scaled How , f protons froin different experilnents

is presented. Te point F. = 29.7 24) MV/( i 1111tailleil ilk this UrtiVIC. One "all Set'

that the saled flow F. fllows, withi te riuccutainties a courluou ticuil wit iitia sep

rise. ad ten a gradual decrease.

In view of the strong coupling between Hic inich-on ad pion, it is iteresting t kow

if pions also have a collective flow bhaviour and if Yes, how tile ion flow is elated to

the nucleon flow.

For this purpose, te raction pane has heen defiried f te participant poton al

tile transverse momentum of each 7r- lleSOD has been projected oto tis raction plane,.

Fig. 4 shows te dependence of < p > oil apidity y i t c.iu.s. for 7- esons i CC

Collisions. Tis ependence has te same behaviour s for te potons Te. valu. (if flow

F for ir esons is F = 22.2 ± 61) MeV/(- Te straight le i Fig. 4 how te. result

of te fitting Te fit was one i the iterval ,f'y: 0.6 06. Tis result is very clos to

the F of pious btained at SKM-200-GIBS 119 i CNe Collisions at 45 GcV/c/nucleoll.

The dependence of flow of pious F oil the hallSVOTSC 1110111CHWIll has been illVeStigiLtVd.

In Table 2 tile flows Of i(ILS with pT > .1. 1.15 and 02 GV/c ae resented Te flow

increases with pT from 22.2 p to 43.7 Mv.V/c. The flow of 7r- esons ill CC collisions

has been observed for the first time.

One ark see from Fig.4 tat for CC roUki,)ns flows of potons ad pious ae correlated

similarly as in CN iteractions.

Several theoretical udders of nucleus-nudens ollisions at igh energy hve been pro-

posed for the description of the. ollective flow ects. Te Relativistic Tansport Model

(ART 1.0) 231 and Quark-Gluon String Model (QGSM) are. widely used A detailed d-

scription and comparison of te QSM with cllective flow ffects observed i diffrreut

experiments over a wide energy rnge (-.al I fun i Refs. 24,25). It is worth men-

tiorking tat the QSM satisfactorily describvs te spectra of secondary protons a ir

ruesorks in CC 26 ad MgMg 271 collisions t. omenta (if 42 ad 43 GeV/c/nucleou,

respectively. The model also well reproduces the flow of protons aal 7r- esons i CNe
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and CCu ollisions at p = 45 GeV/c/iiucieon 18,191 I the present ppe te QGSM was

used for a comparison with experimental dta. We have generated CC inelastic ollisions

using the COLLI Monte Carlo generator. At the first step, te version of the generation

program with unfixed ipact aramete b has been sed' 50000 inelastic CC collisions at.

a omentum of 42 GeV/c have been generated ftom the b distribution we obtained

the ean value < b >=3.8 fin. Then similarly s for the experimental ata, te selection

criteria of participant protons have been applie ( these events, namely, the fragments

of te target (p < 03 GeV/c ad stripping fragments of te projectile. (p > 3 GV/( ad

angle < V) have been excluded. Roin the. analysis of generated events the rotons

with deep agles greater tan 600 ave ben excluded additionally, because sch vertical

tracks are registered with less fficiency i he (Experiment. After selection of events with

the umber of participant protons ot less ha 4 for the analysis of the. fl6w of protons

the group of semicentral collisions with < b >= 265 fin survived.
At the second tep, 50000 of semicentral CC collisions have bee gnerated at a fixed

impact parameter < b >=2.65 fin with superimposing the above-mentione(I criteria dring

the generation of the collisions; Te both samples of generated vents have been sed for

the comparison with experimental istributions.

In Fig. 2 the result of the analysis of e group of generated events with < b >=2�65

is presented with experimental data. Oe cn see tat the model describes quite wl

the experimental data of protons in the central egion ad F., = 145 ± 9 MeV/(!

(196942 participant protons). From QGSM e value of meait transverse, momentum f

protons i the reaction plane in the forward rapidity region p. >t,>o as been btained

< p >,>o= 114 ± 7 MeV/c.
The QGSM as been also used for the conipwison with te pion flow i CC ollisions.

One an see from Fig� 4 that the GSM yields flow signature similar to the experimental
data. The value of F, obtained from the QGSM, is F-, = 23.2 3.0) MeV/c.

4 Azimuthal anisotropic emission of protons and pions;

The preferential emission of, ar ides i te irection perpendicula t the, eactiont
plane (i.e., 'squeeze-out") is particularly interesting, since it is the only way were uclear

matter might escape without being rescattered by spectator remnants of the projectile

and target ad is. expected to provide direct information on the hot and dense participant

region formed in high energy ucleus-nudens iteractions. Tis phenomenon, predicted

by hydrodyuamical alculations 2], was clearly ientified by the Plastic Ball ollaboration.
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In order to extend these investigations, w have studied the azimuthal (cusg =

P.lPt) distributions of the pious and ptons with rpect t the eaction plane. The

angle is the angle. of the transverse momentum of ech particle in the. eveut with espect

to the reaction plane. The analysis was restricted only to the md-rapidity region y

applying a cut around the center-of-mass vidity. Fig.5 shows respective istribution

for protons in CC collisions obtained in central rapidity region yj :5 1. The azimuthal

angular distribution shows maxima at iO=911" aud 2700 with respect t the. event plane.

The-se maxima are associated with prefereuLid particle eission perpeudicnIar to the

reaction plane (squeeze-out, or eiptic flow). Thus a lear signature of an out-of-plane

signal elliptic flow) is evideuced.
To treat the data in a quautitative wily. tht- azimuthal istributions have been fitted

by a polynomial:

dNIdo = a(l + 41 + 02ru.920). (7)

Th aisotropy fctor a2 is egative for out-of-plaue enhancement (squtwze-out) and

is the easure of the strength of the anisotropic eission. The value (if the coeflicieut

all extracted from the azimuthal istributiou of protons is all = 0.044 ± 0006 (Table )

and f pious is al = 0.037 ± 0.011 Tabl 2 The fitted curves are superimposed on the

experimental istributions (Fig. 5). The Qiiwk Gluon String Model GSM) has been

used for he (Comparison wit te experinicith rsults. The GSM data for protons ad

pious at fxed impact parameter =2.65 fm is ;dso plotted in Fig. me] torrespouding

values of a2 extrao-led front the GSM da re listed i Tles I and 2 O c se

that the model describes the experimental whundial istributions.

The. values of a2 are sed to quantify the rutio R of the umber of prticles emitted

in the perpendicular direction to the number f particles eitted in th raction plane.

which represents the agnitude of the out-of-plaue emission signal:

LL!!! ' (8)

A ratio R, larger than unity, implies a peferred ont-of-plane emission. The. vlu.$ f

R for protons and pious are. liste i Tables I id 2 The dependence of the azimuthal

anisotropy the transverse momentum h bvvu investigated. One cau see that a2 a(I

R increase for both protons and ir- esons wit icreasing cutting limit applied to the

transverse momentum. Te squeeze-out effed is ore pronounced for protons than for -

mesons. Our results on transverse momentum dependence of the azimuthal anisotropy in
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CC somicentral collisions are consistent wit te results of SKM-2qQ-GIBS 191 for. CNe

and CCu central collisions.

In experinients (F,895 [29], E§77 [30]) at AGS and at SPS (CERN) (NA49) [32]i
the ei w is typically studi d at midrapidity ad quantified in terms of the second

Fourier Cefficiellt 12 =< co.92 > The Fourier MeffiCiellt 77.2�iS elated to a2 via the

equation V2 = a2/2.

5 Conclusions

The flow effects ofprotons, 7r- esons d projectile li lit fragments (d, t, H, 4Hc)9
hav ben iltvfstigated i senuce tral CC collisions at a momentum of 4.2 G.V/(-./iL11cle'oj1�

The transverse womentuni tehnique of P. Danielewicz a() G. Odynier ws iised for ilata

analysis. Clear vidence of directed (in-plalie) and eiptic (out-of-plane. squeeze-out) flow

effects f6r protons ad ir esons as been obtained.

1. Fro te transverse momentum distributions of protons ad -7r- nwsous with respect

to the reaction plane, te flow F the easure, of te collective transverse momentum

transfer i te reaction plane) as been extracted. For participant protons t. value. of F

has been obtained F = 136 ± 1) MeV/(-. The man transverse inonientuin of protons

in te reaction plane i te forward rapidity rugion > < p >y>t hs beik estimated:

< P >>O= 104 ± 9 MeV/c.

2. Te comparison of or results o te protons directed (iii-plaile) flow with flow

data for various projectile/target combinations was inhole using te sraled flow =

F (A 1/3 + A/3). F. demonstrates a common scaling behaviour for flow values from (lif-P t
ferent systems.

3. The value of 7r- esons flow F is equa t 22.2 ± 6 MeV/(- ad increases lip o

(43.7 ± 10.2) MeV/c with icreasing transversc momentum of pions froin to 02 GV/(-..

The flow of - esons is obtained for the first time for such a light system as CC. In-plane

flow of -r- esons is i te same direction as for te protons.

4. The ean transverse momentum i the. rWL('tiOR plane i te forward rapidity region

y > < p >,>o as been estimated for proJectile light fragments (d, t, He, He), as-

suining tat te fraction of'He and 4He, and d ad t is te same: < p (140 ± 20)

MeV/c.

5. From the azimuthal distributions of proton, ad ir esons with respect to th r-

9



action plane the parameter a2 the IlleAS11YO of te AliSOtl'Opi(! e.11liSSiOll St.1-Cligth) le

beem extracted. Te value of te azillllltlltl ;Ll1iSOtrOjIy COeffiCie.11t (X2 (If j)VOtOllS i a, -

-0.044±0.006 and of pions is a2 = 0.037±0.011. The aikisoti-opy of7r- niesons increases

with rise of te cut applied to te transversu omentum. Tile a2 was 'lefilled for light

CC system also f te first time.

6. AU experimental results ave ben coll1l)AIVII With file redidi(ILS of the Quark Ghion

String Model. The model reproduces all (I;Lt;L (11it(I WI-,U.
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Table 1. The number of protons Np, the values of the parameters a2, X2 IN and R for

experimental and GSM (*) events

PT NP a2 X 2 IN R
(GeV/c)

all pT 55752 -0.044±0.006 28/30 1.092±0.050

(*) 199676 -0.046±0.003 37/30 1.096±0.025

p > 0.1 53197 -0.059±0.007 35/30 1.125±0.045

(*) 180416 -0.068±0.003 34/30 1.146±0'.013

pT > 02 48442 -0.067±0.007 33/30 1.144±0.040

(*) 169667 -0.072±0.003 36/30 1.155±0.016

pT > 03 40057 1 0.079±0.007 32/30 1.171±0.034

(*) 1 151257 1 0.079±0.004 35/30 1.171±0.020

Table 2 The number of w- mesons, the values of the parameters F, a2, X2/M anti R

for experimental and GSM *) events

PF Np F 42 X31N R

(GeV/c) (MeV/c)

al p 20310 22.2±6.1 -0.037±0.011 20/24 1.077±0.106

71014 23.2±3.0 i 0.034±0.006 22/24 1.070±0.063

pT > 0.1 16898 27.0±7.1 -0.051±0.012 21/24 1.107±0.086

H 58963 29.1±3.5 -0.042±0.(W 20/24 1.088±0.052

pT > 0.15 13415 33.5±8.6 -0.067±0.013 14/24 1.144±0.074

47410 34.4±4.1 -0.052±0.007 26/24 1.110±0.050

PT > 02 10208 43.7±10.2 1-0.083±0.015 12/24 1.181±0.0 

r3-6218 45.0±5.1 1-0.062±0.008 27/24 1 1.132±0.0501
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IWHMe R B. it ap. EI-2002-255
H3yqeHHC KOJMeKTHHHoro 3#Ua B CC-coyaapeHINX
c Hmnyabcom 42 F3B/C Ha HKJqOH

Oripeaeneiihi HanpaBjieHHbie FTOK1 nOTOHOB, ic--me301-1013 it nerKlIX Ppar-
NiCIII-OB d, 1,3fie, 'He) ireri itccjieaOBaHlI% B cnc-reme uetri-pa mace 3aBiicHmo-
CVII Ce,]HCIO 11011CP�2-IHOI-0 IIMIIYJlbca B IJIOCKOC'IH peaKU14H (, ) OT Y-6blCTPOI'bl.

YCTaHOBJICHO, 14TO BeJ]IiqHHa iiojiymeHHOl'O CKeRjiHHrOBorO FIOTOKa nOTOHOB

=F/(,4 1/3 +Al") corqacYCTCJq C PC3YAbTaTamH ;ipyrtix 3KCFlCPl`lmeH-roB xqq pa3-

J1114HbIX ap aJ]KIlBaiowttxc5i wtep. `13 alla:i"-3a a3liklyraAblibIX rJIOBbiX pacnpe-
.iejieHIIfi IIPOTOHOB H t-MC30HOB 110nyqeHa coc'raBJItoLua_ 110TOKa, riepnCHLIIiKY-

JI9pHa3l K niOCKOCTII peaKutiti (squeeze-out). OnpeaeneH iaplMeTp a, KTOpblA
MWIReMI MP01i HIATelICHBHOCTii afflBOTponHoro 14CHYCKaHkim. 9KCHCptimeHTaJIb-

)ibic peiwivrafbi xopouto oniicbilialOTC31 KBaPK-IYWOHHOA TP"HOR NReilblo.

Pa6oi-a BbITIOAHCHa B a6opaTOPIil4 BbICOKIIX Meprtifi lim. B. 14. BeKcnepa
ii A. M. ba.wittia H3411 it HHCI'JII'yTC t[131IMi 13b[COKKX HCPI-IIfi T6wiliCCI(oro
IOCYXIPCYBCHiioro Yl1IIBCPCHl'CTa.

llpeiip;mT 06-bemmeimoio MiC-11ITyra %nepimix iicc�iejma""O. Ay6f4a. 002

Chkhaidze L. V. ct al. EI-2002-255
Study of Collective Flow Effects in CC-Collisions at a Monicrituin
of 42 (;cV/c per Nucleon

The directed On-planc) flows of protons, pions and projectile light fragments
(d. t. He. Ho have ben observed by investigating he dependence of the mean
transverse mmentum in the reaction plane (p.,) on the rapidity y in the cen-
tcr-of-niass svtem. The cmparison f our iti-planc flow results of protons
with 'low da fr various projcctile/largct configurations was ade using
[lie scaled 'low , =/'/(A"' A"'). , demonstrates a common stting behaviourP I
for o%%- value-, front ifferent systems. From azimuthal distributions of protons
and msons the out-of-plane (squeezc-out) now effects have been observed
and the parameter a (the easure of the anisotropic emission strength) has been
extracted. he Quark -( luon String Model reproduces quite wel I the experimental
results.

The invesligation has been performed al the Voksler-Baldin Laboratory
ol'High Fnergics. JINR and High Eergy Physics nslituleori-bilisi State Univer-
sity.

Preptim (,['tire Joint nstitute for Nuclear Research. Duhna. 2002
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