
h -f t <-• •> •) ,• s 

/S' ^\. 
A 
l 

1 

|j«BHM»> ; * 
i j 

^N \ :JULT:?L:CITY :E?ENDENT LIGHT PARTICLE 

CORRELATIONS i.'l " A r - • ' ' Au REACTION 

AT E.'A = 50 •••.eV ' 

A. KYAHCWSKI», F. SAiNT-LAURENT. D. ARDOUiN+J-, 
H. DELAGRANGE, H. ÛOUBRE, C. GREGOIRE. W. MITTiG. 

A. PEGKAI3E, J. PETES, V.?. VIYOGI", 3. ZWIEULINSKI" 

Laboratoire National GANIL 
S? 5027, 14021 Caen-Ceaex. Francs 

•j. 0UE3EST 

C.E.N 8ordeaux-Gradignan, 33170 Graaignan, France 

G. 3IZARD, F. LIEVRES, 3. TAMAIN 
L.P.C. Université, K032 Caen-Ceriex, France 

J. POCHODZALLA", C.K. GEL3KE , W. LYNCH, M. MAIES 
National Superconducting Cyclotron Laoc-atory 

Michigan State University, East Lansing, Mi 53324, USA I 

° Experiment performed at Laboratoire National GANIL 

r 



MULTIPLICITY DEPENDENT LIGHT PAP.TICLE CORRELATES 

I:'! - V . r + '•?? Au REACTION AT E/A = cC Vev ' 

A. •CrÀNGWSXI1', f. SAINT-LAURENT, 0. AP.30 ' , ' ' T + , H. -JELAGR.V.GE, '' 

H. D0U3P.E, C. GREGOIRE, '«. f- i IT7!G, A. PEGHAI'E, 

J . PETER, r . P . V I Y O G r , 8 . ZWIE"iL 'MS:<r" . 

L a b o r a t o i r e ' i a t i o n a l GANIL, 3? 5027, '-102I OAEN-CEOEX, : ' r e . 

J . CUEBERT 

Centre a'études Nucléaires de ^ordeaux-Gradi jnan, ~2'.'d ~>?.M:~,",VI, -rsnco 

G. GIZAP.D, F. LEFE3VXES, B. TA."):.'! 
L a b o r a t o i r e de Physique C o r p u s c u l a i r e , u n i v e r s i t é -e " 1 e r , I-*.'32 

CAE'J-CEDEX, France 

J. POCHODZALLA", O.K. GEL3KE, W. LYNCH, ",. ."•'•lER 
National Superconducting Cyclotron Laboratory, Michican State Vniversity, 
East Lansing, MI 48324, USA. 
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on " 7 A u at E/A = 60 MeV have been measured in coincidence -»i*.h a 
nul t ide tec tor systen. The corre lat ions decrease monotone : ; l y with 
increasing charged pa r t i c l e m u l t i p l i c i t y . :.'ith the help of 3 
par t ic ipant-spectator model, th is m u l t i p l i c i t y is tenta t ive ly connected to 
the impact parameter. The cor re la t ion funct ion i s anal/ced in the 
fra.v.ewoiv. of the f ina l state in teract ion ir.odel in order to extract the 
space-tii"e extent of the emit t ing source. 

° Experiment performed at Laboratoire national GANIL. 

+ On leave f rcn H.M.I BERLIN (West Germany) 
++ On leave from Université de NANTES (France! 

" Fellow of Deutsche rorschungsger.eînschaft (V.'est Geniar.y) 
* Permanent address Variable Energy Cyclotron Centre, CALCUTTA ( India) 
** Permanent address : I.N.S Warsaw (Poland) 



-2 -

In nucleus-nucleus co l l i s ions the concept of a loca l ly heated zone (1,2) 
which ^ould be the pr inc ipal émission source of fast l i g h t pa r t i c l es , has 
been successfully used to explain the slope of inclusive l i g h t par- jc le 
spectra (3) . At r e l a t i v i s t i c energies the in teract ion or par t ic ipant zone 
is res t r i c ted to the geometric overlap of the two nuclei ( i ) . However, the 
v a l i d i t y of th is concept can be questionable when the incident energy per 
nucléon is res t r i c ted to the Fermi energy domain. Recently, theoret ical 
models based on a semi-classical transport equation including c o l l i s i o n 
terms have been developed ( 5 - ? i . Their resul ts indicate that , except for 
very peripheral c o l l i s i o n s , essent ia l ly a l l incoming nucléons par t ic ipate 
in the c o l l i s i o n . 

From a mode'-indepencent point of view, any experimental proof of the 
loca l i za t ion of the in teract ion zone is of great i n te res t . Information 
about the size of an emit t ing source can be obtained from l i g h t pa r t i c l e 
in tens i ty interferometry (3 ) , by measurement of trie two-par t ic le 
cor re la t ion funct ion. Unt i l now, invest igat ions at intermediate energies 
have been l im i ted to cor re la t ion functions derived from two pa r t i c l e 
i n c l u s i v e data ( 9 , 1 0 ) . In t h i s l e t t e r , we present exper imental 
measurements of tne cor re la t ion between deuterons and alpha par t ic les in 
coincidence with l i g h t par t ic les detected at forward angles in a large 
mult idetector system. 

The experiment was performed at the laborato i re National GAHIL in Caen 
(France). A gold target of 10 mg/cm2 area! density was i r radia : ._d by an 
•*°Ar beam at an incident energy of E/A = 60 MeV. Light par t i c les (Z»3) 
were detected by a closely packed hexagonal hodoscope (9) consist ing of 
13 Si-Nal (400 pjn and 10 cm thick) telescopes. The angular separation 
between adjacent elements was 4.2 deg, each telescope subtending a so l id 
angle of 0.46 msr. This hodoscope was centered at a laboratory angle of 30 
deg with respect to the beam d i rec t i on . The energy ca l ib ra t ion for 
isotopes with Z < 3 is accurate to w i th in 1.5*. In order to select on 
event-type, coincident l i g h t par t i c les were detected in a mul t idetector 
consist ing of 95 2mm-thick p las t ic s c i n t i l l a t o r s (p las t ic wal l ) (11) 
arranged in a c i r cu la r array of seven rings around the beam ax is . The 
whole p las t i c wall covers an angular range of 3 deg <n<30 deg in the 
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laboratory trim. Some p last ic detectors, in the out.'r two r ings, '-ere 
shadowed by the hodoscope and were not ta<en into account in the analysis. 
Because of a very high counting rate due to e last ic ev-;-.t: in c:e inner 
r i ng , only the six outer rings were used so tnat t-e : i in i i . : r i d e l e t i o n 
angle.was 5 deg. The charge and the veloc i ty of each l i i n t pa r t i c le -ern 
determined by a ,\£-ti:ne of f l i g n ; measure lent. The deteciio.n thresho'd in 
the p last ic wall was about 4 "eV/.nucleon for protons and al-ha pa r t i c l es . 
This is s i gn i f i can t l y below the corresponding average '<:netic energies 
observed in this experiment. 

The data taken with the hodoscope are presented in t e n s of the 
cor re la t ion function R(q), whic.n is defined for a pa r t i c l e pair ( i , 2 ) by 

Y l , 2 ( ? 1 ' p 2 ! = c " Y i ! ? i ' * r

2 ( ? 2 ) ' ! l ^ - ( l ) ; !1) 

where Y denotes the coincidence y i e l d , Y, and Y, the single y ie lds . The 
l a b o r a t o r y momenta o f pa r t i c l e 1 and 2 are p and p respect ive ly , and q 
is the momentum of re la t i ve not ion . The normalization constant C is 
determined by the requirement that R(q] = 3 at la^ne re la t i ve Momenta 
(150«q<200 iYeV/c). The experimental cor re la t ion function is obtained by 
inser t ing the measured y ie lds into Eq. 1 -ind surming both sides of the 
equation over a l l enerj ies and angles corresponding to a given value of q. 
The detection thresholds for d and a are 15 ,"eV and 35 I'eV, respect ively. 
At 30°, these detection thresholds exclude s ign i f i can t contr ibut ions from 
the sequential decay of p ro jec t i l e and target residues produced in 
quasi -e last ic react ions. For event-select ion using the p l a s t i c - w a l l , the 
same constra in t i s applied to both the coincidence and single y i e l d s . The 
experimental d - a cor re la t ion function without any constra int is displayed 
in f i g . l a . A detai led discussion of th is cor re la t ion function has been 
given in re f . 9. 

I 
Coincident data from the p las t ic wall provide information concerning the 
degree of violence of the react ion. In the present l e t t e r , we explore the 
ef fects of the observed charged pa r t i c l e m u l t i p l i c i t y (O.H) on the l i g h t 
pa r t i c l e cor re la t ions . The measured d-a cor re la t ion function under the 
const ra in t that no pa r t i c l e is detected in the p las t i c w a l l , i s presented 
in f i g . l b . An enhancement of the cor re la t ion by a factor of 1.7 is 
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observed with respect to the ungated one. In contrast , the selection of 
d-cr events in coincidence with high O.M. ( f i g . lc) reduces the corre la t ion 
by a factor of 3. Between these two extremes, the maximum of the 
cor re la t ion function decreases smoothly with increasing r.ul t i p ! i c i "y as 
shown"" in f i g . 2a. Similar trends are also observed for p-p, p - T , , t - . J ( 

d- 3He, i-- 7Li corre la t ion functions measured in th is react ion. 

Calculations of the d-d corre la t ion function (12), based on the f inal 
state in teract ion model of Koonin (8! for complex l i g h t par t ic les are 
presented in f i g . l a . In th is .radel, the two coincident par t ic les are 
supposed to be omitted independently from a source with a given space-tine 
extent, and to in te rac t as two free pa r t i c l es . For the present 
ca lcu la t ions , a source of gaussian spat ial density and negl ig ib le l i f e t ime 
is assumed. The f i n i t e angular and energy resolut ion of the hodosccpe are 
taxen into account. Detai ls on the calculat ions ari given i.h re f . 12. 
Since zero l i f e t ime is assurr.ed, i t has to be noted that the extracted 
values of r are maximum values, because a f i n i t e l i f e t ime would reduce o 
the c o r r e l a t i o n . The source radius parameter r extracted from the d - a 

o 
cor re la t ion function increases by a factor of 2 between the two extreme 
values of O.M. ( f i g . 2b). A s imi lar trend has already been observed for 
p-p corre lat ions at higher incident energy (13). The largest value of 
r - 8 .0 fm, ob ta ined for the l a rges t O.M. corresponds to a matter o 
d i s t r i b u t i o n with a root-mean square radius of 9.8 fm, s i gn i f i can t l y 
larger than the root-mean square radius of a system formed by a l l incoming 
nucléons. This indicates that the désintégrat ion of the system occurs 
e i t h e r a t a reduced dens i ty (~0.5p ) or over a non n e g l i g i b l e time 
i n t e r v a l . 

To f a c i l i t a t e the in te rpre ta t ion of these data and because of the 
res t r i c t ed so l 'd angle of the p las t ic w a l l , one would l i k e to establ ish 
that the 0-M. varies monotonously as a "function of the to ta l charged 
pa r t i c l e m u l t i p l i c i t y , considered as an ind icat ion of the impact 
parameter. A Monte-Carlo simulation can give the dependence of the O.H. on 
the impact parameter. The reaction model used for th is ca lcu la t ion i s the 
abrasion-ablat ion model as extended by Dayras e t a l . ( r e f . 14) to take 



in to account the cohesion forces in nuc le i . This .node! reproduces in the 
Fermi energy domain the inclusive and coincidence data curcerni.ng nain 1 y 
the p ro j ec t i l e - and ta rge t - l i ke fragment prcpo-cies. ' t a1 so predicts '.;•; 
ve loc i t y , exc i ta t ion energy and number s-f nucléons ~~:r p r o j e c t i l e - l i k e , 
target-1 ike and par t ic ipant sources as i function of t ; e inc i te p i raneter . 
In the simulation code, the sources ira supposed to emit par t ic les 
isot rop ica l ly in the i r reference frame according to a tnorral energy 
d i s t r i b u t i o n . The mass and atomic number of the evaporated par t ic les are 
randomly chosen according to the experiment»! r e l j t i v e y ie lds . The exact 
geometry of the p las t i c wall as •«-_•'. 1 as shadow effects are taken into 
account. 

[n f i g . 3, the predicted y ie lds in the wall ara presented as a function of 
the O.M. for two impact parameters b = 10 fn ( f u l l l ir.e) and b = 1 fm 
'-iashed l i n e ) . They are compared to Che experimental m u l t i p l i c i t y spectr-j-m 
(data po in ts ) , is expected, hign 0..'-!. irs only achieve:: in central 
c o l l i s i o n s , wnile low O.i". are essent ia l ly fed by peripheral c o l l i s i o n s . 
From central to peripheral c o l l i s i o n s , the O.M. decreases monotonously. 
Thus ,:e deduce from f i g . 1 that central co l l i s i ons give r ise to suppressed 
cor re la t ions , while peripheral co l l i s i ons show enhanced cor re la t ions . 

In the Fermi energy regime, semi-classical calculat ions !?•-?), taking into 
account nucleon-nucleon co l l i s ions as well as mean f i e l d e f fec ts , do not 
indicate any important increase of the size of the in terac t ing zone with 
decreasing impact parameter. From the above resu l t s , one could suggest 
t ha t the la rge observed v a r i a t i o n of the parameter r dees not re f l ec t 5 ' o 
only a simple spat ial e f f ec t , but also mocks up an impact parameter 
dependence of the l i f e t ime of the emit t ing zone. According to Koonin (3 ) , 
th i s l i f e t ime is comparable to the c o l l i s i o n time , which Is strongly 
impact parameter dependent. This explanation could be connected to the 
var ia t ion of r with the to ta l k ine t ic energy of two coincident pa r t i c l es , o 3 - ' 
as observed in (15) : the fastest par t ic les are expected to be emitted 
e a r l i e r , when the re la t i ve ve loc i ty is s t i l l large. 

However, there are l i m i t s to the extent that a d i rec t re la t ionship between 
par t i c ipan t volume and impact parameter can be establ ished. Even i f 
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simulations indicate that the O.M. is <jery sensit ive to impact parameter 
for values between b - 1 fai and b = 10 fm, f luctuat ions in the O.M. w i l l 
reduce this s e n s i t i v i t y . Furthermore, the separation of the co l l i d i ng 
system between par t ic ipant and spectator nucléons nay be overs impl i f ied at 
the considered incident energy. 

None of these reservat ions, however, change appreciably the main 
observation of th is work : there is an unmistakable reduction in the 
^pace-time loca l i za t ion of the emission of coincident par t ic les and 
smaller subsystems are observed at larger impact parameters where fewer 
nucléons are v io len t l y in te rac t ing . I t is the f i r s t time in th is energy 
domain that such a drast ic var ia t ion of the corre la t ion pattern is 
observed, point ing to i t s extreme sens i t i v i t y to the c o l l i s i o n time and 
volume upon the impact parameter. 

f 
t 
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FIGURE CAPTIOMS 

Figure 1 : d-o correlation function versus relative momentum q : . 
a) without any selection in the plastic wall 
b) for zero multiplicity (M=0) 
c) for M = 10 
Equally shown are theoret ical calculat ions (12) for r = 4,6 
and 8 fin. 

Figure 2 : Evolution of the maximum of the d-o cor re la t ion function (a) 
and the derived space-time 
the detected m u l t i p l i c i t y . 
and the derived space-time parameter r (b) as a funct icn of 

Figure 3 : Comparison between the experimental m u l t i p l i c i t y spectrum 
(data points) and the m u l t i p l i c i t y spectra predicted by the 
Monte-Carlo simulation described in the text for b = 10 fin 
( f u l l l ine) and b = 1 fm (dashed l i n e ) . 
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