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Towards limits of excitation energy in the reaction 3He(l.8  GeV) + ‘a~Ag

I N T R O D U C T I O N

The subject of hot nuclei draws  a number of engaging problems. Broadly speaking
one can divide the interest into three; the heat i ng cl:-namics  *-3; properties of hot nuclear
matter 4 and the decay processes 5. All this is within  the confines of a relatively small

number of nucleons intera.cti  ng through an i nterpla~ of short and long range forces 5.
In this contribution we report on a stud} of hot nuclei. ~~here through an appropriate
choice of inciclent  channel and e~ent  selection, dynamical effects are attenuated and
multifragmentation is limited. Herein. lye aim at giving  three preparatory results; (i)
the 3He( 1.S GeLT) +

(ii) through a suitable selection of events w-e gi~e a limit of the excitation energy that a
nucleus can absorb ~~’ithout  breaking into large pieces; (iii) we show that corresponding
alpha decay is consistent with an, evaporative process.

Before indulging in the experimental set-up. it is practical to adopt a general
outlook of the reaction processes in~’olvecl  in light ion induced reactions at Ge\:. A
inciclent  energies. L\Tithin  a BUU6 description, the projectile nucleons are subject to
n-n collisions and are then, more often than not, ejected over a time scale compatible

r. A and nucleons. Over a time periocl covering say. 1.5 to 100 fro/c the residual system
evolves through a secluence  of dynamic  evolutions with processes (m reabsorption, etc),
in part, Ieacli  ng to therrnalisat  ion. .4s pointed out by Wang et al.3, the coupling to the
mean fielcl  could have a cletermi  ni ng effect on the final channel t h rough the formation
of spatial density variation. However, we consicler  that at 1.S GeV’ the consequences of
these effects are less marked than at 4.S GeV3. Beyond 100 fro/c the mean field settles
clown to give a predominantly thern]al  ised hot nucleus. Herein we consider an IA’C
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Experimental Set-Up

The  exper iment  ~i.as performed at the Laboratoire  >Tational Saturne  using ‘He
beam at  1.S. :3.6 anci 4.8 GeV .  In this  contr ibution we present  the lower inciclent
energy data set. The target  was natural .ig of thickness 1.0S mg/cm2.  Briefi~.  the
experimental set-up consisted of essentially four parts. ( i ) ‘To measure leading protons
AR COLE was used 9 . This consists of a forwarcl plastic wall macle up of 2S fast plastics
and mounted so as to have a hole in the center for the beam. Light from each plastic ;~as
read out by two photomultipliers and gives the energy loss and impact position. This
assembly covered an angular range of approximately 2.5 to 12” and l~as positioned to
give a minimum flight  path from the target of 4 meters. (ii) To detect heavy fragments,
HF, a circular hodoscope,  DELTA.  which  includes 30 high fielcl Si detectors w-as used.
The target-detector flight  path was 60 cm and co~ered  angles bet~~een 5 to 1OO. (iii)
Light charged particles (Z s 2), LCP.  ancl intermediate mass fragments (Z < 20), IMF,
were  detected in an array called IS iS 10 which contains 162 triple detector telescopes
in a tight geometry. Each telescope is composed of a gas-ionisation chamber. a full}
depleted .500 pm ion-implanted silicium  detector and a 2S mm CSI(T t ) cr~stal.  The
geometrical acceptance is typically 70% and thresho!c{s  are better than 1 LIel’..4. The
charge, Z, resolution ranged up to 20. Mass resolution is obtained for those particles
which  punch through the Si crystal. ( i v ) A n active collimator assembly was emplo}.ecl

to ~-etoe the beam halo particles reaching ISiS.
Possibly the only distinct signal of the reaction primordial time that we captured

with our set-up are the fast leading protons. In fig. 1 we give the o~erall  p ro ton

multiplicity in .4 RCO LE with  a minimum trigger of 2 particles in IS iS. The low’er  energy
threshold in ARCOLE is approximately .50 Met:  for protons. The dashed histogram
gives the filtered proton multiplicity from the INC calculations and illustrates the fair
description of the data.

Analysis

Fig. ‘2 gives the superimposition of 26 mass ~“s velocity plots from DELT.4  for
fragments under the minimum trigger conclition. The mass was computed from the
time between DELT.A - ISiS and energy measurements. Correction due to time delay 11
and energy defect 12 were included. The latter was achievecl through a coincident set-

up with slow”ed  down fission fragments in a separate measurement. Software velocity
thresholds were set at 0.2.5 cm/ns. W’e remark that in light ion induced reactions it is
expectecl  that the highest yield of H F should be for mass values close to that of the
t a r g e t  .
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Mult. proton

Figure 1. Probability for the multiplicity for high energy protons in the plastic wall ARCOLE  with
n~inimum  trigger. The cltwlled histogram refers  to the INC+EL-G E.\-E+ FILTER prediction.
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Figure 2. Residual mass versus velocity plot
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Figure 3. Probability for the total multiplicity data (solid histogram). The model predictions
(dashed histogram) are normalised by a factor 1,2.
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Figure 4. Experimental ELA as a function of residual mass.
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Conclusion

In conclusion, we report on an experimental study of 3He( 1.S GeY’) +naf.Ag where
we detect LG P + IMF with a large geometrical co~”el-age  i n conj uction wit h hea~”~’
fragments and fast protons in the forward direction. The global  parameters with this

configuration are effectively reproduced with an IN-C + EUGENE description. An

attempt is made to extract the highest excitation energy reached that decays  in a
non-multifragmentary  fashion. Y-alues of c*/binding  energy of 7S% are obtained. The
data-model comparison for the a-spectra indicate that at relati~ely  high excitation
energy the system can still decay through an evaporative process.
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