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1. 'Introductlon 

with 

teot 

The current CERN 
160 and 32 S ions 

different modele 

éxperimenta 
a t 60 and 

ç.evéloped 

of bombard"ing variüus tE3.rgetn
200 "GeV,A ~-re a unfque c ha Ll.enge 

for ultra.r.elatiyi~tic heavy~iDn 

uclei 
to 

col1iElions and to look for poasible a í.gnal.a _of' the d ec cnfí.nemerrt 
t rans ã t on, The recent ana Lye i a, 11,21 of the ~rptT,m-miclBu~ data atí 

100 and 200 GeV leads one to the conclusion- that nuclear mátt~r Df a 
thick-ness o f 12 f'm reduces, t he rapidity oí> an Lnc i derrf proton by 
2 - 2.4 un t s , 'I'h.í a seta an u ppe zv Ldmí t .of abo ut 50 GéV àt wh í ch Lonaí 

mir,ht be stopped by heavy target nuclei. So at CEHN energias we ex
pect that nuc lei transverse, a t least partially, one ánottrer, 'rbis 

pícture I s auppor t ed b:{ the Lnc reaere oi' t he transverse ene ngy ae à 

function of the ~8rget msas (e.g. see 1)/). 
The first inclusive data are fai~ly wel~ ~eproduced by modela 

;elying on the auperposition Df irtdependênt had~on-hadron ~olliBion8 

/41. This a eema to p oí.n t to t he nonappeeranc e' o f cqllec tive degl:ees~ 

Df freedom. Otherwise, it would be véry surprising if any col~ectivi
ty in La rge nuc Le í would be aba e nt , Such collective effecta are a ne:' 
ces8ary condition for deconfinement and excitation Df the quark-"gluon 
plasma. Parallel to tbe experimental search for collectivity one 
should the~efore elaborate modela which include properly thO~B eff~ct8, 

one i8 looking for, euch aa deconfinemént. Tbe quesl:ion of !l,poBsible 
ph98P. transition Cari best b~ cDoflidered wit'hin the framework of hydro
dynamics. Hydrodynamical ínvestigatlons without assuming -8 phae€ tran.... 
sition were already done within tbe one-fluid model 15/. There it waa 
aaaumed an instant s t opp í ng a nd a- f aa t acbievement of local equilib
r um of nuc Laa r' matter.This aaeumpt í.on 18 ê-ertainly rather c rud e , Toí 

maintain t-he us efuLneaa of fluid-dynamieal approaches erre can uae 
muI ti-component fluid modela. T"hese allow one to replaee t he t oo 
9tron~ 8ooumptiOTl of instant stopping 8nd equilibration between tar
get and projectile matter by 8s8uming a ftnite momentum degt:adation 
length and only local equilibrium within eacb fluid compone'nt 

separately. 

~-- ~
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Here we apply a two-fluid model, where projeetile and target 

are eonsidered as two distinguiahable fluids /6-9/. These two fluids 
interact with one another by exchanging momentum and energy but no 
baryons. In the models used until now eonservation of the total ener
gy i6 aS6umed. Here we extend the twa-fluip model to take into aeeount 
that a eertain amount of energy is deposited into tbe midrapidity re
gion. Because we are mainly interested in the baryon-reach fragmenta
tion region we treat this effect by introducing an energy 10ss term 

in the equations of motion and do not consider explicitly the evolu
tion of the midrapidit~ region. Our present aim ia to obtain a space
-time picture ~or the collision process, to calculate the rapidity 
distribution of hadrons in longitudinal direction and to estimate the 
maxirnum temperatures for different deconfinement time eca Lee... 

2. Basic ingredients Df the model 

Both colliding nuelei are simula:ed by two perfect fluids each 

one described by anenergy-momentum tensor 

, a
 
T ~t ( e + p ') .,: u~ + p c;r
 (1 ) 

where u." ia the four veloei ty, whí.Le P and e. denote the pr-essure 
and the energy denGity. To describe the phase transition the fluid is 
assumed to consist of a mixtur~ of a hadronic and a quark-gluon phase. 
The quant í, ties e and pare given as functiems of the baryon number 
density n and the temperature T • For hadronic matter we use a 
quadratic approximation for the eompression energy per partiele with 
an incompressibility coeffieient of 280 MeV and the thermal energy 
of Boltzmann gas .. The q~ark matter is modeled by a gas of light 
quarks and gluons. Theae equations imply a pnase transition of first 
order (for details see ref. /9/) which reflect important features 

of the matter expected from QCD arguments. 
Further we assume a finite transformation time for the phase 

transition.. The transformation rate is controlled by a relaxation 

time '[" via 

x - xc., , x (2 )"t'" 

where x denotes the fraction of the hadronic phase in the matter 
and 'x e, is the equilibrium density for a given temperature and 
density. The value of ~ should be related to the QCD confinement 

2 

..

eri'ergy' scàl.e and '1.a" estitt:(l.t,ed t o te in t.he o'rder of 1 f'm/c baaedvon 

th,e' ~alúB' ,b'f the"ba.g cons t ant , We ~hall check t he 1.rifluence of ,the 

'velocity. of" the 'pbái:iã.' trnrisition 'by ca:rrying out ca Lcuâ.atíons varying 
't" f,t'lc>m .0.1 fm/e: ~.~ ro frri/c simütating, tbe ef'fects .of a s ud den -and 
of a hínde r-ed rphaee tr'ánsition, reepectively,! 

The equa t í.on o:{ mot í ons of hoth the f'Luí.de ,are c oup Led Loc a l Ly 

ecc orôí.ng to 

. ")'. <I. -"..( - -'" ~ , \.-:-"'!"-.~ 

_ ]) n T u - .. <..{ - Q nu . ( Y\ '-" )- • :: -O' 'n'Tii -, l . . .,. ) 'J ~ .J (.3.8 )}·r 
.;;.. C·....... ') -:' , .j - - L) \
T 'J , .=:: _ J) ~n n tA - -tA - 'I n 'tA) \, lQ U ~} t' .;:: O } {3 b J 

JJ 
where (un )barred 'quantlties refer to the target ,(pr.oject·j,le} f'Luf d', 
The d:lf.f\l.sion term pr-opor-t í.cnaLtt o: 3> ha's a Lready beerr used in t tie 
anaLysd.s af nuo Leue-cnuc Leus c oLLí.a í one in tbê GeVr~giDn (see /6':'8/-). 

The t erm pr-opor t í.onaI to 't' goee beyond the tradi tionel two"':"fluid 
modelo It takes into acc ourrt the energ;y'draín into the midrapi-di ty 

r eg í on , wbere colour s t r í.ngà 'are formed which ma"teriali s,e' loter. We· 

assume thatthe' energy Ibss is pz-opor-t Lona.l to tbe- thermal exc í ta 
t í on enerf',3 of the flUid '1- = G, ( e - e c J / '1'1 0 as longas' 
tbe rapidit'ydif'ference of 'both fluid elements 'ia large~' than 
6. y ::: 2. ,where' ~ c ia the c oLd compreaaion e.nergydenaity of 

the ma t t e r , Baaí.ng OXl the relat:i.;,,;ist~c t r-anapo r-t theory", -equati'ons' of 

mot íon wíth imo: aame ~trl.lcture. a's eqs , O., nave be.en de.:tived' in ref,. 
/101; tbere the d ra í.n t-e rm ia .a s soe iated wi.:th Lne Lae t í.c- 80S:t teÍ'ing 
p roc eás ea , 

J. Pr-ot on ot-trppihg 

'I'o get an id ea of th-e mean í.ng of the pa rame te ra lJ and Q we 
modelo t h e. mot on of a .point-lik~ pa r-t í.cLe in .rruc Lea r- mat t sn of aa"tu' í 

ration àensity no by using eqa • .(;3a). Th.en., introducing m\"= el'l:\ 

and diBcarding ali terma c-onnected wi tfl tbe preasure of J;be pi'o.jecti,l.e 
to binder i te expanaion, eqB. 138) are tranaf.orm-ed into coupled dif-fe
rential equations' for the proj eçUle w-i t-h rapidi ty y and .exci tat-ion 
en'3rgy m 

't 

~ Y L 
01. Y 1> \<"\0 e:( Y'rl .. _ Q -m -m ~ ,c. n:9 - 1-"'- ;:: -- ---,;- ) -- - " - +y-no ----o Jdoz m ii~ sh'j shy (4 ) 
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where nn denotes tbe nucleon mass. We solve these equations for a 

target baving a thickness Df Z, ,= 12 fm. In figo 1 we show which 
values of the parameters ~ and Q are needed for obtaining a certain 

rapidity 10ss Df tbe projectile. To obtain a rapidity loss Df 
õ~ :2.2 as anticipated in ~ef. /2/ the diffusion constant has to
 

fm2).
lie in the range of D=(J - 3.5 GeV An increase Df the strength 
Df the drain enhances the rapidity 10s8 because the effective mass Df 

the fluid elements becomes amaller. The values Df D obtained here ar~ 
consiierably larger tha~ that obtained 'from the analysis Df proton
-proton data which give a rapidity loss of 1.3 units for the projec

tile /9/. On tbe othen hand ref. /7/ proposes a considerable larger 
value. For GL ~ O the projectile become8 strongly excited up to 
values af 12 m. A finite val~e Df (l reduces thia excitation str~ngly. 

In what fol1ows we use in our hydrodynamical c~lculations' D= 3 GeV· 

~~2 and Q = 2 fm- 1 8S representative values. 

mO., 'm' -2.5
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Fig. 1. Velues of the model parameters D end Q needed to ree ch tbe 
rapidity losses ~ y = 1.6, 2.0 and 2.4 Df a projectile with 
incident energy of 100 GeV af tez-. transversing 12 fm nuclear 
matter acc ord í.ng to eqe , (4) ,(heavy Lí.nes ), Tbe dasbed lines 

connect equal effective ma.ss va Luee , 

4. Calculations in srab geometry 

Our investigations are carried out within the one-dimensional
 

bydrodynamical modelo We maintain the simplicity of the model in
 

4 

order to i:nvéat'~'gElte 'tbe' Lmpo r-t anc e of a non-equiUbrium transit:Lon to 

~uark~gluon plasma. (Three dimensional investigations beve ·showntbat 
on~-dimen~ibnal calculations describe reliably ·the central part in 
bead-,-on cDllisions.) In simulating the· 16 0 experiments at CERN V/e 
.ch oos é .a projectile .eLab hav í ng a thíckness Df 4.9 fm and "if.ary t he 

thickness,Df tbe target slab. The distribution of the matte~ ie 
c.alculated 8-8 ~ function 'oi' tbe rapidity. This distribution'sbould 

ess~tJti.aÚY. eorrespond to the baryon diBtribut:1.on in experiment wbile 
the piqndistribution cannot be calculated withinour model pecause'1' 
we do·not foll.ow -exp Lí.c í tly the formation of' the midrapid'i ty r eg í.on , 
In .fig. 2' we. re'present the reaúlting bary~nic dí.a t r í.but í ona ob t a Lne d 

for Q:::: O ano two charac t ez-Le t í.c values of tbe difí'usion coef

fie ient D for t he collision wi th a heavy target( z :: 12« I fm) a t 
E/A = 60 Gey bDmbarding energy. For tbe emall velue Df D= 1 GeV fmê 

the p.rojec.tile baryona remain concentrated in a single rapidity peak. 

t: 

20 
1: =10 fm/c 

l . l. 
/_..../I'r 

fa r~ 
:2>

/'" ~ /
I \ J~ 10z, 

I"O ,I, 
I 

J. 

't lO 0.1 tm/c 

>
~
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Ob /! /.". J">.:'! • :s.---1. 
-) 2 3 y 

Fig. '2~ Baryon multiplici t ee of target and projectile as a function ofí 

rapidity for a slab af ~ fm thickness traversing a target 
sLab of 12 fm thickness for 60 GeV·A bombarding ene!gy. The 
dashed (solid) CUI~e8 are cBlculated with a diffusion coef

ficient af D=1 (3) GeV.fm2 Bnd Q = o for a alow (upper 
part ) and	 a f,ae:Jt (Lowe r part) phase transition: 
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With increasing ~oupling the projectile baryons become spread oyer a
 

wide region which extends into the target region. Eventually a double

-humped d~ribution appears, reflecting the fact that one part penet

rates while the other one tendg to stick in the target matter. ThiB
 

effect is more pronounced for a hindered phase transition (t = 10 
c-,
 

J 
~10 

't '" lOtm/e
15

5 

3 -2 

zfm/c), where the matte~ consists dominantely Df the hadronic phase 
'U
 

toe hjgher p!essure of which leads to a stronger expansion. The space


-time picture is verified by the world lines of the baryons shown in
 

fig.3. One observes that the projectile explodes within the target.
 

20	 '"C ,. O.1tm te 

c-, 15 
~ 
z 
'U 10 

5 
~O,8	 

-r-

0.4

o, " l '" '> ....l , 

O 
3 y~ -

Fig. 4.	 Baryon multiplicity distributions for target ~leb thickness 
of 4.9 fm (dash~d lines)~ 9.8 ~m (solid lines) and 12.1 fm 
(dash-dotted lines) corresponding to ta~get mass numbers of 

A=16, 120 and 240 for 200 GeY·A. The upper '(Towe r ) part is 

calculated for a hindered (rapid) phase transition,-0.8 -0.4 O .' 0.4 0.8
 
Z (fm)
 

Fig. J.	 World lines Df a 12 fm thick target (beavy lines) and a 4.9 
fm thick projectile baryons (dashed lines) as seen in the peak sterns from the target matter. A fester phase transition leads toI 
equal velocity frame for the following set of parameters:	 a narrower distribution. This effect increases further with i~creasing 

2 ~1	 

J
E= 60 GeY-A, D= 3GeY fm , Q= 2 fm , ~ = 10 fm/c.	 drain termo Yarying the 'target thicknesá we find that the -pos·i t Lon 

of the'target peak remains unchanged whereas the projectile beeomes 
very wiue and splits finally. The increasing target size affects 

mainly the amount of projeetile matter which stieks in the target 

regiDn. As a net result the centre of gravity of the projeetile dist 
In this	 caBe of strongly overlapping distributions the colour strings ribution shifts to lower rapidity values.
 
would màterialise within the hadronic matterj and the drain term
 

The energy leak-out described by t he drain term ia eonaiderable.. 
8cheme is not longer useful. The following values are obtained for Q = 2 ~-1. For a ,	 ,2 -1

For the	 anticipated values of D = ) GeY fm and Q = 2 fm tar- symmetric collision at 200 GeY·A of two A=16 nuelei the energy leak

get ~nd projectile díe t r-í.bu t Lons overlap strongly and can hardly be
 -~ut amounts to 25% and at 60 GeY·A the percentage inereases to 30%. 
seperated experimentally. In figo 4 the total multiplicity distribu For collisiona of 160 with a heavy nueleus 40% of th~ bombarding , 
tions for a bombarding energy of 200 GeY ere represented. The main e~ergy. goes into the midrapidity reginn. NeverthelesB the maximum 

6 7 
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ehergy dens í 4Y8.ttained Ln the target fragmelltatiol?region is~educeçr., 
only	 by 209';'. 

In,a.-1ab geometry cne c arino t properlycalQulate. tlJé 'trar;ovel's€l
 
~l'Jergy and riJóment,um dis·tributions wh í ch 8rises mainlJ:" f!'om t he t:rans~.
 
iJ"ê:r.se exp8heio.n of the f Lu d, I llstead we 9qnaider t'he" max í mum' témpera
í 

ture a'vet'aged ove r t he. .f'Lu Ld whieb may se'rvfil as a gui,d,e fCi'f t líe :hbarac~ 
terist:ic de~eiJ.dence8' af the slope parameters. In ~.1,g.•.5 we- s'àow this' 
temperature' 8'8 function of the targ~t thickneE!8., For 8 hi.nd'eN.ld .p'ha·a~ ~-

l 

tranai tiO?1 this tempere ture inereases wi th terget' ,a.ize •., Th:l8 :la due. .~ 
to the fact that the inertia of a heaviertarge':t 'sllnw8 a 'higberco,nip': 
ression while the thin projectile alreàdy','d'issolves in t hà matt er , ~ 
Assum1r!g 8 ra p d phase transiti:on moet ofthE;l ene'rgy i!;l c oriaumad for ;.!

í 

the .transformation and the temperatura r'emaí.ns nearly c oris t an t , 'For 
60 GeY A- the temperature does not exee-ed the cri tica'l temperature of 
oar model (TO-li- = 167 MeV). 

16 50 12Ó 2i,() A 

xo 

/ .->: 
1'. O'l'fl\~"'\.,. ..-.--- ' 

'20) 

"r.,lor~~,/~ _ 

100-

I 
Is tO Z(fm)
 

Fig. 5. Maximum temperatures a-veraged over target and p-rojectile
 (t·
matter as .f'unc t on of targettlticknesB for 60 'GeV-A (dashed Ií 

linea) and 200 GeY-A (solid }inesJ. IJ 

5. Conclusions 

I~ the present work we apply a two-fluid model, wbíeh allows for 
energy l'ea.k-out ~'nto the midrapidity re,gion. to ultrare1ativistic co1li 
aíons 9f ligbt projectile nuelei with various target nuelei. The pre

dictions of the model foot on two yet poorly known parameters which 
determine the mutual stopping and the energy drain when the nuelei 
interpenetrate. lVe estimate these two parameters from the stopping 
power as dervied from p-A data ana Lya s, Basing on these ngred í.eut eí	 .í 

we present the baryon multiplicity distributioYJe. The wideness of the 
distribution for the projectile seem tó point to the fact that it 5e 
difficult to use a single value , such as the main rapidity 106s, 

as a reasonable measure for the stQppinp power. Therefore. th~ com
parison with detailed experimental data for several bombarding ener
gies and targets snould be used to extract more reliable the' values 
of D and Q. 

Our presently used values of D and Q point to the possibility 
of deconfinement in the fragmentation region at 200'GeV A; at 60 GaV-A 
only partial decDnfinement can be reached. If, however, the deeonfi
nement time scale i8 larger than 1 fm/c the matter disassembles before 
deconfinement can occur, 'lIe fi nd t ha t tlJe ma xí.mum tel::perature which 
may serve as a measure of the slope paraDeters in the transverse 
spectra, ar~'sen8itive to the fact whether deconfinement happened 01' 
n o t , 

The authors are very much indebted to Dr.V.D.Toneev for rnany 
stimulating discussions. 
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E~pu X.B., K3Mn~ep E. E2-87-794 
npHMCHCHHC ADYX~HAKOCTHO~ MOAenH 
c :>llepreniQeCKHM "OTTOKOM" K aCHMMeTpHlIHbIM 
cTonKHo8eHHfl~ TH~enbm HbHOB 
npH ynbTpa-penHTHBHcTCKHX 3HeprHHx 

BAepHaH npo3palIHocTb onHCWBaeTCH B MOAepH AByx B3aHMO
npoHHKaWmHX ~AKocTe~. YlITeHo oôpa30BaHHe qaCTH~ B npOMe
)f,:YTOqHOH oõnacr a 6blCTpOT s a ClIeT OTTOI<a 3HeprHH H3 o6na
CTH ~parMeHTa~HH. Oôcy~awTcH npocTpaHcTBeHHo-BpeMeHHaH 
KapTHHà cTonKHoBeHHH, a TaK~e 3~~eI<TW pa3Mep~ MHillehH 
H MaCillTa6a BpeMeHH AeKOH~aHHMeHTa. 

Pa60Ta BbmonHeHa B na6opaTopHH TeopeTHlIeCKO~ ~H3HKH 

OHBH. 

Ilpenpserr 06"ellHHeHHorO HHCTHTYTa RllepHblJ: HCCJ1ellOB~uutif.ny6Ka1987 

Barz H.W., Kãmpfer B. E2-87-794 
Two-Fluid Model with Energy Leak-Out Applied 
to Asyrnmetric Ultra-Relativistic Heavy-Ion 

I Collision ' 
I 

Nuclear transparency is described within a model of ,twe 
interpenetrating fluids. The formation Df the midrapidity 
region is ,included by the energy leak-out frem the frig
mentation regions. The space-ti~e picture of the col~i
sion, the baryon multiplicity distribution and maximum 
temperatures as well as the éffects of target size and 
deconfinement time scale are discussed. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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