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There are two extreme concepts o[ the mechanism of interac
tion between high-energy heavy ions and nuclei. In both cases 
the interaction proceeds, as a rule~ via two distinc t stages. 

In the intranuclear- cascade model (tNC) 1.V each nucleon 
from the projectile and targe t j nteracts as a s ingle particle . 
The collision is governed by the properties of nucleon-nucleoD 
collision . A detailed review of different approaches and many 
generalizations of the INC model can be found in Ref . 13.'. After 
the first fast stagE of the reactions th e target remnant beco
mes excited. Th i s residual nucleus is de-excited at the second 
(e.vaporation) stage hy t he emission of low-energy secondaries. 

Tn the case of nucleus-nucleus collisions INC calculations 
are very complicated and contain some obscurilies / 4. 11/. Besides, 
there are experimenLal ~rg~nts that a relativistic heavy ion 
may interact wi th t he target nucleus as a single enti t y'&,' . 

An alternative concep t of the fast stage mechanism and the 
calculation of the excitation energy o( the residual nucleu8 is 
proposed by abrasion-ablation lOOde1'6'. In this ..,del both pro
jectile and target nuclei are assumed to be hard spheres. At 
the first fast abrasion stage the i nteraction is localized in 
the overlapping region of the target and projectile fo~ng 
.a fi rebatl"7 ' from participating nucleons. The. fireball moves 
forward in the direction of the collision of primary nuclei and 
decays by emitting fast secondaries/8 f• The excess of t he surface 
aretl DC th~ "spectator" (target or projectile) nucleus iumcdia
tely artet the abrasion :Rtep and its equilibriuw (spherical) 
shape defines i ts excitation energy. The primary residues are 
dp-exc i ted through the Rtati ~tical e.vaporation cascade - abla
tion process. This idealized picture of nuclear interaction is 
often used to describe the target residues distributions in hea
vy-ion-induced reactions/ 5c •9/. 

1n further generalizations of the abrasion-ablation model it 
is assumed that the sppctator nuclei can obtain an additional 
excitation energy other chan the extra surface one. HOfner et 
a1.' lO t have introduced the final state interaction mechanism 89 

an additional one for the energy deposition to the spectator 
nucleus. At the abrasion stage the recoil target nucleons are 
d.l reeted towards t he target spectato r , and so they deposiL a part 
of theif energy to the spectator piece. The average energy depo© o~ Jl,AeplliWll .cCJJeAQ..... JlJ'6... 1985.ItJICT"TYT 
sited by recoil nucleons is a function of the lab. energy / nucleon 
and the type o f projectile/lO~ 
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z 	 Fi.g.1 . colLir.iotl Of boX> nudei 
in the [ireQ t r I'Jak geometry . 
R p • , _ 1.2 A I, ~ . Th" tin:" solid 
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The dashed line dcfit!ca the a,'ea 
of ,:olltact at aome impact para
meter b, projec:tad OI:to aw y- z

v p latla . 

There. is a signi fican t di tference i n t ha value o f exci la t i on 
ene r gy caLcul ated in bot h above-mentioned mode ls. The ra t i o is 
-1 0/ 1 for t he ave rage exc i ta tion e ne rgy i n tha re.1ction 40Ar + 

+ Ph/ 4,6 t calcu l ated in lhe INC and ab rasi on-ab lution mode l s . 
The ca l cula tion of nucleus-nucleus i oter action in t he [NC model 
presents signi £icnIl t d iff icu l t ies '4 . 111 , 

Th i s pape r is to a cer t ain degr ee t he genera lizat i o n of the 
abras ion- a bl a tion mode l. \.J'c use a geome tr ical pic ture of the 
firestre ak mode l/ 12' to ca l culate t he abrasion stage of l he 
r eaction . The mode l incorporates a r e al nuc lear density d i s tri 
bution f o r both colliding nucl e i, Un l i k e t he firebal l model Lht' 
firest r e ak model assumes that the inte ract ion proceeds via col
li near stre ."Ik s of nu c l e ar ma tte r f r om t he targe t and t he. pro jec 
til e . A rel a tive s uc ceS!i of this model /13 ' in the desc ription 
o f t h e yi e ld of f ast se cond a ries and th e ir distribution f un c 
tions has i n itiate d the ques tion: wh at can we say about the ab
raded nucle us? 

A s chc.ma t ic represent a tion o f the collis i on o f two nuclei in 
t he f i r e streak geome try is s hown i n f i g. I . The square denotes 
a. s t r~ ilk of O . I~ O . 15 fm ::? taken in our nume ri ca l calcula tions . 
Ea ch o f the s t reaks i s ch a r ;)cter i zcci b y t he v3 l ue I·-n p ' ( Dp+ n ) , l 
whe r e up(u l ) are t he numbers o f Che co tl t r i but ing nucleons frOID 

t he projectile ( t arget ) . The n uc l e a r ma tt e r- i n t he f i r es t re.ak 
model is t reated as a thermodyn~ical s ys t em i n equ i l i b r ium . 
The ve l ocity of a st reak is define d by t he ge ometry a nd r elati 
vistic kLnemntics o E co l li sion , The temperature T of a s t r~ak 
is comT-La t ely defined by thermodyn amica l and chemi ca l equi lib
r i um. As int~ r.3c t ions .""Ire assumed t o oc cu r independently b e t 
ween the co llinear st r eaks, t he r e a r e Vet) and T(t ' ) g rad i ents 
i n a Ci.rc ba l l compos e d o f the st rea.ks. I' / ' (T kln nl1rltM./nproj.). 
The st r eaks wi t h T(,'l ~ 10 MeV we r e include d in cal cu l ati ons as 
parti c ipants. We Eound that t he va r i a tion o f Tmin (,.) 1,o.T} th i n 
reas onable l i mi t s , say 10+3 MeV, d id no t change t he re s u lls . 
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The t emperature 	 of t hi! s l r e ak s T(r) was defin e d by th e me Lhod 
/propo s e d in ' 11 , 

F i gure 2.1 p r c.s(>t1tt; the r e s ul ts o f .1 l1ulner ical ca l cu l ati on o f 
t he numbe r ot pa r tic ipan t nu cleons i n thi! r cacti oll " HL1' .. 19 ' AII 
fo r var ious e nergy/nuc l eon ,'15 f1 functi on (I f impact pa r amet e r h. 
We ha ve used i n o ur ca l cul nt i on ,1 Fe r mi t yp P nucl ea r de nsity 
d i s t ri hu Li on p t r) fo r bOl h cul l id i ng nuc l ei (sof t s phere s) . 
Parame t e rs for I,(f) .lr4t t a ke n as compilcd in ' I!} ' . O.fe have found 
t hat a Yukawa. t ype J is t ri but ion used by o the r .i;lutho r s; l :V re 
prese n t s nOl adequa t ely t he C!x pe ri nlen ta l behaviour o [ p ( r ) . 

pa r t i cilarly fo r A,l o r 1\ . _1 2) . The solid li ne is a n analyti 
cal c3l cu la t i on for t he c a se uf co l l i sion o f hard spheres~ 
Id r, n lnM H I .:: 0 . 17 for 3 . He r e we have used the fo rmu l as 
p r oposed in ' 6' and pub li s hed in'R '. A st r i ki ng diff e r e nce bet 
ween t he cases or col l isions oi ha r d a nd s oC t s phe r e s is s een . 

Fur tlw r Wl' concentrate our at l e n tion on t arge t ex c i t at ion. 
Th6:!: t arge t resid ue i s a~sun~t..I lu h."w~ an excita t ion ene r gy gi
ve n by mu lr- ipl y i llg l h~ extra s ur face by ,., 0.95 MeV [w-

f 
, Th E-' 

5u rf.ntc o f t he nu cl e us h :Hf <t mea n i ng only f o r a ha rd sphe r e . 
So in the ca lcu lallon or extr a s ur fa ce energy of r he t a rget / 
nuc l eus t he condit i on \,,'laS (Idded: on l y s treak s i ns ide f l .:: 1.2 A ~ 3 
were inc luded. The resll ll i s dis p l ayed i n f i&.2b . The solid 
l i ne is ~ n a na l y ti c al calculati on ror ha r d col l i d ing sphe r es. 
The e xcitation energy U'" f o r i mpa ct parameter \oI i t h oax imum 
w~ i gh t 21i' hU ' Chl i s shown i tl f i g. 30 . We present t he value 
U· '1C 197 _ f\ Al.'101 = TQ MeV 2) obta i ne d f rom the rel a. tion be lwe (' n 
l hc exc itat i on energy u f the n uc l eus (as a Fenni gas ) and i ts 
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Fig. J . Exaitation eflel'aY 0: ,'e",:dual fIUOlei as a j'u>1C
tum or the kilwtic energY/lludeo>! of the pM,i edtae . 
J Without t he jI-ictiol/ energy. The soUd l i lies ,-efel' 

to th2 dolUsion of soft sph2Y'eB, tho da shed Ullea 
hard spheI'6G , Th2 INC aaleulat ion i s presented fOl' 
IH + Au intematicn . bJ Fr,:aHon eMrgy iv i,reluded in 
tho ~'OUi8io"8 of sort ophere8 . Th~ exaltati oll energy 
is give.. in u"i ts of G' , [(197 - ,M ) ; 10j, ",h2'1'e U' i s take" 
at the impaa t parametel' wi th t he =irmun weight. 

equilibrium tempera ture T . Her e ,\A is the number o f nucl eons 
swept away from the targe t ~i n t he int e raction. The 
rence in the behaviour of lJ ~ '"" f{Tk ln . proJ. ) fo r t he 
of soft and ha rd spheres comes f rom the di f ference 

r (T kln . proi ,, ) and t\A = const(T kin . proj . ). 
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ma i n d i ffe
col l is ion 
in ,~ = 

Lil ter on we postul a te , as in the hydrodynamic a l approac h /25 ', 
tha t nuc lea r fluid is viscous . Then friction arises over the 
r eg i on Ot contac t of two co lliding nuclei. Work don e against 
t h i s frict i on fo r ce i s th e. thermal energy localized in the se
pa ra t i on surface. Th e depth of this surface i s approximately 
equa l to t he inte rnu c l eon di s tance. We take it equal to 1. 2 fm . 

[ 
Le t x -axis be ori ent e d alon g the collision directione Then 

t he re is a veloc ity gr ad ient in t he plane y-z 

gllld ",(Y. Z) _ ( .~v ,(y , , ) / t\ " ) ( 6 ,,,' ,\ ). ( I ) 

'-' xCy, 2.) is the 
sepa ra t ion are a 
ti on energy we 

U {bl 2 0.5 ( ~.r 
, S( bJ 

Her e 'f] is the coeffi cient o f shear viscos ity and dS i s the ele
mt!nt o f the are a S(b) of contac t . The length component fey. z) 
of dS(y, z) along the direction of collision is limited by the 
surface of both collidi ng nucl e i. A value 0.5 comes from the 
shea r in g of f riction ener gy equally between the participant and 
s pectator parts. Th e gradient I'1v (y, z) f A is taken in the direc

, . x'I" 2 - 2 -1t Lon of the centre o f the proJectl. e " . We take TJ = .1 HeV · fm . c 
f rom theoretical paper.! 16'. Th is value is well coincident with 
t he one extracted from the fis s ion data .' L7~The next con c lus ions 
can be drawn from fig. 3b irrespective of the value of ~: 

1. The e xci tation energy o f the t a rget nucleus tends to a li
miting value at a projecti le k i neti c energy of ~ 5 GeV . 

2. The excitation ene r gy (or nuclear temperature) increases 
onl y slightly with incr e a sing projectile mass. 

3 . The r e sults o f f i g . 3b are in large dis crepa nc y with the 
INC ca lculati.on (see III to Au , INC, fig. 3a). 

( 

4. I f the target s pecta to r velocity is V t --.lJ rr ' then t he 
conclusion f o l lows: ani soc: r opy of slow parti c les emitted by 
the excited n ucle u s is approx imately equa l in the case of IH _ 
a nd 4Ho-proj ec t i Jes and lower for 12C -projectile. This is due 
to the fla t t a i l o f t he per) function for heavy nucl eus (pro
jec til e) , 

X'The. slight variation of A in the limit s of +0. 3 fm causes 
the variation o f ~vx(y, z), so the value o f grad \tx(Y' z) .... CO nst (,\) 

and Ur• (b) ~ const( A). 

vel oc ity of the s t reak in the vicinity of the 
i n the rest fra me o f the spectator. Fo r f r i. c 

have 

t'lv , (y, ZJ 
,\ 

l(y~
o 

. dS (y. z) . (2) 
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What can we say about t he temperature of the excited r esi due? 
There is a common method to e xtract T f rom the shape of the 
energy spectra of the emitted me d ium mass fragments. All spe c t 
r a re s emble an eva po r ation Maxwe ll ian fo rm. In the r es t frame 
of the sour ce 

,(E) .. (E - V'). expl C~~ - V" l. T) . 	 (3) 

"",he r e E, V·: and T are the kine ti c energy, Coul omb bar rier 
o f the emitt e d cha r l!',eJ pa rticle and t (!lDpera ture o f the excited 
nucleus. A Maxwell i an fit to t he s pe c t ra indicates an apparent 
V C wh ich is muc h lowe r t han t he nomina l Coul omb barr ier . and 
appa ren t t oo hi gh T of _ 10+1 5 He.V. So it was proposed' lb ' to 
regard V e and T onl y as paramete rs (without any physi c al s ense). 
Previous ly we have no t ed '19' tha t the rati o of [ he yi e l d 5 of f r ag
ment s emitt ed rro lll two i sotu pe s as a tar ge t nuc l e i c m g ive 
a r e al valu~ o( T independent l y or t he (·hoicc. Dr model fo r f rag
ment emission . Sla r ti ng ( rom phase - s pace cons ide r n t i ons 'OO . fo r 
the ratio of t he yie lds of fragmen t s e mitted ( r om two d ifferent 
i so t opes vne can ob taill 

R =const· exp[( \0 -- \ V'· l. TL 	 ( 4 ) 

where -.'\Q and '\V " .lr e the d ifferences o f bindi ng e ne r g ies C'lnd 
Cou l omb barri e rs 01 f r L1~ents emi t t e d by two t a r gt;!t isotopes. 
In f i g . 4 we presen t R fo r var ious light fragm~nt5 produced i n 
r eac tions of ' H ( 1. 0 GeV) on I I:!Sn , 1 ~4Sn. DatiJ a r c take n f r or.1 
Ref . ' 2 t ' . The fit by Eq. (4) to t he experimenta l data g i v e!. T =
= 4.4 +0. 2 Me V. It seems that the hi gh appare n t T ext r ac t ed f rol 'l 
the fragment elle r gy s pectra, Eq. (3), may b e d u~ t o t he combina
t ion of a l ow-ene r gy componen t of t he spp{"tl: a ~ p.vopo r il t i on fro m 
the excited nuc l e us wi th low T. a nd a high-ener g,y compone nt 
from the decay of a fi r eb a ll-l ike syst em '"13. ~~ · . Til t:!" l atte r Cum
ponent mak es a rather 1m., contributi on t o the cross sec tion, 
but 1 t decisi ve l y defi ne s appa r en[ T ex trac t ed by Eq . (3). 
Never theles s, th i s compon~ n t can increase on l y s li gh tl y T ex 
trac t e d by Eq . (ll) . it seel:lS that the r a tio (-4 ) may se rve as 
some "nuclear t hennomc ter" for measuring the tcmpera turp of re
s i dua l nuc l e us. 

Close argument s concerni ng the appa rent nucle a r tempera ture 

have been a dva nced by Aiche li n et 01.1. 23 ' _ The a ut hor5 c r ili c:i 

zed t he identif icat ion of T ex t rac ted by Eq . ( 3) a s u t r ue nuc 

l e ar t empe rat u re l haL ca n he us ed i n experimen t a l data a nalys is 

in an at tempt t o discover a signa t ure of a li q uid-gns phase 

transi ti on in exci t e d nu c l e i ' 2 4 / , 


Using the method of calculalion of U' pres ented i n thi s 

paper for the reaction I Ii (1.0 GeV) on 11 2Sn, "W e IHtve ob ta ine d 


2	 IT = 4.35 MeV with ~ = 2 . 1 MeV. f m- . c- . 
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Fig . 4 . "I/"clear tlwl 'ml:JrTletP.'f' '' 
i.s tile ]'(1tw oj' tho yields of 
;mgme>ttB emitted (at lab 
any le 60·') in the l'cac tiorr 

' II (1.0 GeV) 011 11 2So • 1 ~4 Sn . 
1'118 80 Ud 1.inen aI'" the f i t to 
expeJ'inumtal data 2 1'. T = 
= ·1 .4.~ a . 2 	MaV. 

Recent ly it has been sugge st e d that th e speclat or tempe ra-
lu r e may serve as Q si gna l f o r qu ~ rk-matter fo rmat i o n in high 
e nergy inte ractions . The excita tion e ne r gy impar ted to the s pet.: 
tato r by f ric tio n is equa l t o ze ro ill th is case beca use of con 
f i nement (o r quarks . Then fo r some high energy out" thermometer 
wi ll show a s ubs tan t ia l " eoo ling" of the syst em fr om -5 . 5 down 
t o ·· 2 .5 MeY. In the reaction ' 1-1 ( 400 GeV ) o n l3 I Xe Hirsh et 
a1. '27 have obLai ned T 3. 28 MeV from f itti ng t he fragment 
isotop ic yie ld. I s this a si gnature of the qu a rk-gluon phase? 
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B036y.KDeUHe OCTaTO~X KACP B Mo~eml ~anpCTP"k 

B pa.M.Kax MOll,(!.J11t 4lal1PC"I'PHk npeAnSraeTCIi HeTo,tt p3.C"eTa 
3Uepl'Wt B090y-.uelUnc OCTaTO\fHbOC: JIJ1ep, 06pa3YJa1lHXc.R B ft,IJ,PO

H~CplU.tX C'tonKHOUeI-DLHX. nOK3.3ano, 'ITO ARcWlY.9uoc.Tb JUlep If BJl3

KoeTh RAepuuH H.l're:puH CY!l,eCTBeKHO anpeAenmoT SenH'OUIhI nonnoA 
neprHH Bo~5Y~(\IUIft n ec 3a.DliClt:HOCTb OT !JH·i!PI'ltH ncpnH'tIfOro 

ItOH.l. DUOAIITeA OQllBTlie IIR~CPHbdt TCPMOMCTPu KaK MGTOA A,flR as

MepeHH.R TetrnOP.1Tyt\LI B01GyaAeliliOrO Rp.pa . 

PnOOTa IJhlIHlJ111c1l0 ... JIaOop6ToPIUI if.hlCOKJIX :JUepr}.n~t OHillt. 
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Excitation 01 T,lI H"L thHiidues i.n th~ firestrenk Hodel 

The nuel mlr t i rUfllrt"llt model is used to calcula t e t.be 
exc.itation CJ1l'ra~y ur r.t8idunl nuc.lei in nucleus-nucleus colli-I 
siang. The iW'tlrp"r'.llion of diffuse 8urface. or interacting 
nuclei hall inll'mhl(l·d the dependence of nucleus excitation on 
the energy ul' II", fir!! jrt!l j le. Shear viscosity of nuclear matter 
is also takc'" i nt " IICi'ount, IoNuclear thermometer" is proposed 
to mellflUrt~ tim ll'11IIH,rnlurt.', uf target residues . 

'1'1", 	 illv,,", il;.'1 jn" has beM pHCorm"d at th" Laboratory 
of Hith LUt'f~iuH, .JINR. 
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