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[n nucleus-nucleus collisions the concent of 2 locally heated zune (1,2)
which ~ould be the princinal 2mission source of fast light particles, has
been successfully used to explain the slape of inclusive light particla
spectra (3). At relativistic energies the interaction or pdarticinant zoné
is restricted to the geametric overlig of the two nuclei {1). Mowevar, tne
validity of this concept can be guestionable when the incident enerzy per
nuclecn is restricted to the Fermi energy domain. Recently, thacretical
models based on a sami-classical transpert eguation including collisien
terms have been developed (5-7). Their results jndicate that, axcapt for
very peripneral collisions, essentially all incoming nucleons participata
in the collision.

From a modei-indepencent point of view, any experiwzntal proof of the
localization of the interaction zone 5 of great interest. Informaticn
about the size of an emitting source can be obtainad from light particle
intensity interferometry (2}, by wmeasurement of ne two-narticle
correlation function. Yntil ncw, investigations at intermediate energies
have been Tlimited tuo correlation functions derived from twa particle
inclusive data (9,10). In this lettar, we present aiperimental
measurements of trne correlaticn between deuterons and alasha particles in
coincidence with 1ight particles detected at forward angl=as in a large
multidetactor system.

The experiment was performed at the laboratoire National GANIL in (Caen
(France). A gold target of 10 mg/cm2? areal density was irradigi.d by an
Y0Ar beam at an incident energy of E/A = 60 MeV. Light particles (Z<3_)
were detected by a closely packed hexagonal hodoscope (9) consisting of

13 Si-Nal (400 pm and 10 cm thick) telescopes. The angular separation
between adjacent alements was 4.2 deg, each telescope subtending a solid
angle of 0.46 msr. This hodoscope was centgred at a laboratory angle of 30
deg with respect to the beam direction. The energy calibration for
isotopes with Z < 3 is accurate to within 1.5%. In ordsr to select on
event-type, coincident light particles were detected in a multidetector
consisting of 95 2Zmm-thick plastic scintillators (plastic wall) (11)
arranged in a circular array of seven rings around the beam axis. The
whole plastic wall covers an angular range of 3 deg «9<30 deg in the
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laporatory {rame. Some pliastic detzctars, in the outlr twd rings, werc
shadowed by the nodoscope and were not taxen iato 2ccaunt i1 th2 aqalysis.
Becausa aof a very hign counting rate due to elastic =2vini; ia tn2 ian2c

detlacticn

ring, only the sigc outer rings wer2 used so tnat tha wniad
angle.was 5 deg. The charge and tine velocity of 2ach liint particla asr2

determinad by a af-tima of flizn: measursient.

the plastic wall was about 3 ¥eV/nuciecn {or preotons
This is significantly below the carrzsponding avarage <inetic energies

observed in this experiient

The data taken with the nodoscone are presented in teras of  the
t

correlation function R(g), whicn is defined for a particle pair {(i,2) by

Yl,Z (pl, Dy C*Yl(pl) *'z ; {1
where Y1,2 dengtes the coinciderce yi2id, }l ingle yields, The
tTaboratory womenta of particle 1 and 2 ara g o, respectivaly, and g
is the momentun of rzlative motion. Tne tion constant s
determined Dy the requirszmect et R{qi = 3 at lirge relative wonmenta

(150¢q<20Q tMeV/c). The experimental carreiation function is aobtainzd by
inserting the measured yields inta Eq. 1 and summing boih sides of the
equation over all enerjies and angles correspgonding o 2 aiven value of a.
The detection thresholds for d and ¢ are 15 MeY and 35 IeV, respectivaly.
At 30°, these detection thresnolds exclude significant contributions from
the sequential decay of projectile and target residues produced in
quasi-elastic reactions. For event-selection using the plastic-wall, the
same constraint is applied to bath the coincidence and single yields. The
experimental d-¢ correlation function without any constraint is displayed
in fig.la. A detailed discussion of this correlation function has been

f

Coincident data from the plastic wall provide information cancerning the

given in ref. 9.

degree of violence of the reaction. In the present letter, we explore the
effects of the observed chargad particle multiplicity (0.M) on the light
particle correlatinns. The measured d-q correlation function under the
constraint that no particle is detected in the plastic wall, is presented
in fig. 10. An enhancement of the carrelation by a factor of 1.7 fis

o
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observed with respect to the ungated one. In contrist, the seiaction of
d-q events in coincidence with high 0.M. (fig. lc) reduces tha correiaticn
by a factor of 3. Between these twd extremes, the maxinua of the
correlation function decreases sngothly with increasing rulziplicity as
shown™in fig. 2a. Similar trends are also observed for p-p, p-1, a-1,

d-3He, L-7Li correlation functions measured in this reaction.

Calculations of the d-a correlation function (12), based on the final
state iateraction model of Koonin (8) for ccomolex light particles are
rresented in fig. la. In this wrodel, the two coincident particles are
supposed to be emitted independently from a source with a given space-time
extent, and to Jnteract as two free oparticles. For the opresent
calculations, a source of gaussian spatial density and neqligible lifetiwe
is assumed. Tne finits angular and energy resolution of the hodoscene arz
taken into account., Betails on the c¢alculations arz2 givan i ref. 12.
Since zero 1lifetime is assumed, it has to be notad that the extracted
values of r, are maximum vaiues, because a finit2 lifetime would reduce
the correlation. The source radius parameter o extracted from the d-¢
corrglation function increases oy a facter of 2 detween the two extrane
values of 0.M. (fig. 2b}. A similar trend has already bzen observed for
p-p correlations at higher incident energy (13). The largest value of
T = 8.0 fm, obtained for the jargest 0.M. corresponds to a matter
distribution with a root-mean square radius of 9.8 fm, significantly
larger than the root-mean square radius of a system formed by all incoming
nucleons., This indicates that the desintegration of the system occurs
either at a reduced density (~0.500) or over a non negligible time

interval.

To facilitate the interpretation of these data and because of the
restricted sold angle of the plastic wall, one would like to establish
that the 0.M. varies monotonously as a"function of the total charged
particie multiplicity, considered as an indication of the impact
parameter. A Monte-Carlo simulation can give the dependence of the J.M. on
the impact parameter. The reaction model used for this calculation is the
abrasion-ablation model as extended by Dayras et al. {ref. 14) to take

~
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into account the conesion forcas in rusl2i. This acdel

Farnmi energy domain the inclusive and coincidence 4o
the projectile- and target-live fragoent preperties, It
v2locity, excitation energy and numd2r 37 nuclagns “or
cdrgat-lixe and garticipant scurces 33 1 funciion of
[n the simulation code, the sources ar2 supposes
isotropically in their referenca frame 2according to
distributicon. The mass dand atoaic numdber 0F tho evizora
randomly chosen according to the
geometry Gf the plastic wall as

account,

In fig. 3, the predictad yi2lds in the wall ara prasented as 3 function o
the .M. for two impact parmleters b = 13 fm ( 1

"dashed line). Thay are comsarad to

3

(data points). As cxp , hijn
collisions, wnila low 0.1, are essantially fad Sy perioheral collisions.
From central to peripheral cuoliisicons, the 0.4, d2cr2zse: monotonousty.

5

Thus ¢ deduce from fig. 1 that central collisions Jiva rise to suppressed

correlaticns, while peripheral collisions show enhaaced corraiations.

In the Ferai energy regiue, sé ssical calculations {3-7), taviang intg
account nucleon-nuclecn collisions as woll as amean fi2il effcects, 4o not

indicate any important increase cf the size of the interacting zone with
decreasing impact parametar. From the above resulis, ore could suggest
that the large observed varjatian af the parameter Ty dons not raflact
only a simple spatial effect, but also mocks u3 an {mpact naranmetar
Ksonin {8},

this Tifetime s comnarable to the collisicen time , which is strongly

dapendence of the lifstime of the emitting zane. Accord to
impact parameter dependent. This explanation could be conpected to the
variation of r with the total Xinetic ene xgv of two coincident particles,
as observed in (15} : the fastest particles are expzcied to be emiztad

earlier, when the relative velocity is still large.

However, there are limits to the extent that a direct relationship betwean

participant volume and iJmpact parameter can be established. Even if
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simulations indicate that the Q.M. is very sensitive to impact pariceter
for values between b = 1 fm and b = 10 fm, fluctuations in the 0.M4. w~ill
reduce this sensitivity. Furthermore, the separation of the coalliding
system between participant and spectator auclaeons itay be ovarsimplifiad at

the considared incident energy. '

“lone of these reservations, however, change eppreciably the main
soservation of this work : there is an unmistakable reduction in the
space-time lccalization of the emission of coincigent particlas and
snaller subsystems are observed at larger impact paraweters whara fewer
nucleons are violently interacting. It is the first time in this energy
doinain that such a drastic variation of the correlation pattern is
observed, pointing to its extreme sensitivity to the collision time and

vnlune upon the impact parameter.

~~



~

10

11

12

13

15

P.A.0 GOTTSCHALK and M. WESTR

refarences therein.

K0T, XARVINEM et al., Muel,

T.C. AWES et 2l., Phvs., Rev.
G.0. WESTFALL 2t ai., °hys.
J. AICHELIN ard G, 3037574,
J. AlCHELIM, Phys. Rev. Eﬁi

C. GREGIIRZ et al. Invited *

Approach te tuci. Dyn. TRIES

S.E. KGQUIN, Phys. Lett. 703

J. POCHODZALLA et al., Phys.

- J. POCHODZALLA et al., Phys.

- G. BIZARD et al., hucl. Inst.

- D.H. BOAL and J.C. SHILLCOCK

- H.A. GUSTAFSSO# et al. Phys.

- R. DAYRAS et al., Submitied

- W.G. LYNCH et al., Phys. Re

EFZRENCES
WL Pays. Zewl 2Tt 23 LT

Shys cv, 031 1930 1732
(1234) 537

aly, Tonical mazting on 2hass
T (1935

Pays. Rev. (33 (1935) 529
Rev. Lett. 53 (1984) 543
to Hucl. Phys.

v. Lett. 51 (1983) 1850

b Ra|



Figure 1

Figure 2 :

Figure 3 :

FIGURE CAPTIOMS

d-q correlation function versus relative momentum q :

a) without any selection in the plastic wall

b) for zero multiplicity (#=0)

¢) for M =10

Equally shown are theoratical calculations (12) for Py =48

and 8 fnm.

Evolution of the maximum of the d-a correlation function (a)
and the derived space-time parameter a (b) as a functicn of
the detected multinlicity.

Comparison between the experimental multiplicity spectrum
(data points) and the multiplicity spectra predicted by the
Monte-Carlo simulation describad in the text for b = 10 fm
{full Tine) and b = 1 fm (dashed Tine).
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