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Abstract

л \ Inclusive neutron multiplicity distributions were measured by means of 4ir
\^ liquid-sdntillator detectors for Ar and Kr-induced reactions at 44 MeV/nudeon

and 32 MeV/nucleon, respectively. For all the systems studied, the observed
distributions exhibit a bump structure at large multiplicity, corresponding to
highly dissipative collisions. For Ar-induced reactions, the excitation energies
necessary to explain the most probable neutron multiplicity associated with
these dissipative collisions are estimated, the correspondence between exci-
tation energy and neutron multiplicity being calculated in the framework of
the statistical model. The so-obtained values of excitation energies, which are
systematically lower than those predicted using the massive-transfer picture,
are discussed.
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1 Introduction

In recant years, hot nuclear systems formed in heavy-ion reactions ni intermediate

bombarding energies (10 MeV<Ebomb/A<100 MeV) have attracted much theoreti-

cal and experimental attention [1]. In this context, one of the major experimental

problems lies in assessing the total excitation energy (E*) of the system. Different

methods have been employed with this aim. One of the most widely used in the case

of incomplete-fusion reactions consists in determining the amount of linear momen-

tum transferred to the system, by measuring either the folding angle between two

coincident fission fragments [2, 3] or the recoil velocity of an evaporation residue

[4,5]. The excitation energy is then usually inferred by assuming a massive-transfer

process. Following this hypothesis, a part only of the light nucleus fuses with the

heavier partner while its remnant keeps its trajectory unchanged, continuing along

the beam axis with its initial velocity. This naive picture has been shown to be quite

successful in determining excitation energies with a reasonable accuracy for beam

energies up to 30 MeV/nucleon, when rather asymmetric systems are considered [5].

However, when very hot nuclei are produced, the exit ehammilg considered above

may represent only a minor part of the different decay possibilities of the system

and overall reaction features might no longer be extracted by this method.

Another, more general method that allows to evaluate the thermal part of the ex-

citation energy, denned as the energy stored in intrinsic degrees of freedom, consists

in measuring evaporated light particles and estimating the energy removed through

this emission. This method has been employed for the analysis of several recent ex-

periments, in which both neutrons and light charged particles (Icp) emitted in very

violent collisions were considered [6,7]. Following this method, strong evidence was

obtained for a saturation close to 650 MeV of the mean thermal energy deposited

in the system 40Ar+197Au and ^Ar+^Th between 27 and 77 MeV/nucleon [6]. In
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the ^Kr+'^Au reaction induced at 32 MeV/nucleon, indications for the existence

of a theimalized system with a temperature close to 6 MeV, corresponding to a j

thermal energy of about 1 GeV, were also found in this way [7].

Among the different types of particles, neutrons are of particular interest since for ,

sufficiently heavy systems, their multiplicity largely exceeds those of Icp and thus j

may be used as a filter on the degree of dissipation of the reaction. The inclusive !

neutron multiplicity distribution reflects the distribution of thermal energy gener-

ated in the reaction. The aim of the present paper is to present such distributions,

measured in Ar and Kr-induced collisions with 4ir liquid-scintillator detectors, and \

~" to extract comprehensive properties of the reactions from these distributions. Par- >

ticnlar attention is payed to the most probable neutron multiplicity associated with

highly dissipative collisions. This observable, referred to as MPNM in the following,

is used to estimate the average excitation energy generated in dissipative Ar-induced

collisions. The correspondence between excitation energy and mean neutron multi-

plicity is obtained by simulating the decay of the hot systems in the framework of

the statistical model with reasonable assumptions on the nature of these systems.

v, s The paper is arranged in the following way. After a description of the experimental
\*»
\ procedure and the data analysis in Sect. 2, the experimental data are presented

in Sect. 3. Results of statistical-model calculations are shown in Sect. 4, while

the values of thermal energy deduced from the observed neutron multiplicities are

presented and discussed in Sect. 5. Finally, a summary concludes the paper.

2 Experimental Procedure and Data Analysis

The neutron multiplicity distributions were measured for 7 (5) different systems

involving a 44 MeV/nucleon Ar (32 MeV/nucleon Kr) projectile. The target iso- ' "~

topes were IOOMo, "2Sa, 1MSn, 16SHo, 19rAn, wTh, ^ U and "Mo, 100Mo, 16SHo,



197Au, ZS2Th for the Ar and Kr beams respectively. All measurements were per-

formed at the GANIL facility. Three different 4ir liquid-scintillator detectors were

used, i.e. both the CE Bruyeres-Le-Chatel one (01 m, 500 1) [8] and the Berlin

Ball (01.4 m, 1500 1) [9] for the measurements with the Ar beam and ORION (01.6

m x 2 m, 3000 1) [10] for the others (Kr beam). Although these detectors have

different sizes and geometries, they are all based on the same detection principle

[9]. Neutrons are slowed down to thermal energy essentially by elastic scattering

with Hydrogen and Carbon nuclei of the solvent, before being captured by Gd nu-

clei, with which the sdntillator is loaded. The radiative emission following capture

is detected with the sdntillator viewed by photomultipliers surrounding the tank.

More details can be found elsewhere [9,10].

In order to measure the inclusive neutron multiplicity distributions, the counting

was triggered by a prompt signal produced by the detection in the scintillator of

reaction 7-rays and of protons elastically scattered by neutrons. Owing to the very

low detection threshold (£7=2 MeV for ORION), the trigger condition was fulfilled

for almost all the collisions leading to nuclear reactions, even very peripheral ones.

The neutron multiplicity distribution for one system could be measured in a few

tens of minutes.

The neutron multiplicity measurements, when performed in the inclusive mode,

imposed two constraints on the beam characteristics. First, owing to the very broad

neutron capture time distribution, the period of the beam bursts had to be adjusted

to 50 fa by means of an electrostatic chopper located after the compact cyclotron

injector of GANIL. This time interval of 50 fa was needed to perform the neutron

counting after the detection of a prompt signal. Secondly, the beam intensity was

adjusted so as to limit the probability of occurrence of more than one reaction

per beam burst. The average number of reactions per burst did not exceed .03.



The background contribution to the actually measured neutron multiplicity was

evaluated by performing a systematic counting several beam barzi periods after the

first window ended, without any prompt signal requirement. This distribution was

subtracted from the initial one by a standard deconvolution procedure [8]. 1

The background component was essentially due to cosmic rays and ambient ra- j

dioactivity from concrete shielding. In order to decrease the contribution of the J

background in the triggering of the measurement, a coincidence between the de-

tector prompt signal and the signal, issued from the beam chopper, indicating the

presence of a beam burst, was required. Moreover, in the ORION experiment (Kr ,„

beam), the time of arrival of the prompt signal relatively to the RF of the accel- ,

erator was measured. In the data reduction, a condition on this parameter was

imposed in order to select only the events exhibiting a good timing. This permitted

in particular to reject nuclear reactions initiated in the beam dump located about

4 m downstream of the target.

The detection efficiency was calibrated by means of a 2S2Cf fission source lo-

cated at the center of the detectors. The efficiency was deduced by comparing the j

measured neutron multiplicity in coincidence with fission fragments to its actual

(known) value. Using this calibration point, the detection efficiency for neutrons

produced in highly dissipative collisions was then computed with the Monte-Carlo

code DENIS2 [11]. This code takes in consideration the characteristics of each

detector and specially its geometry. In performing the calculation, it was assumed

that the detected neutrons were isotropically evaporated by a single source recoiling

along the beam axis, with a velocity corresponding to the observed most probable

linear-momentum transfer [3,12] and a mass as predicted using the massive-transfer
v

scenario. Deexeitation cascades were simulated, taking into account the decrease of

the mean neutron kinetic energy at each step of the cooling process. For the reac-



tions of interest, calculated detection efficiencies were in the range 49-57%, 72-80%

and 64-76% for the 500 1,1500 1 and ORION detectors respectively. For the 1500 1 ;

and ORION detectors, the calculated efficiencies were observed to be only weakly J

dependent on the assumed source velocity if the latter is low: for typical source

velocities deduced from empirical momentum transfers, a relative variation of 20% j
* j

in the velocity translates into a change of less than 1% in the calculated efficiency. |
The efficiency dependence on the source direction of recoil was also found to be very

weak. I

3 Experimental Results '

Examples of neutron multiplicity distributions, corrected for background but not '

for the detector efficiency, are presented in Fig. 1 for different systems. The total

reaction cross section can be obtained by summing up the differential cross sec-

tions per unit in neutron multiplicity. In the measurement with the Ar beam [13],

cross sections were obtained relative to the Rutherford scattering and a reasonable

agreement (within 20%) was found with the systematics of Wilcke et al. [14].

The neutron multiplicity distributions in Fig. 1 clearly exhibit two components: a ;

shoulder at low multiplicity corresponding to peripheral collisions, and a Gaussian-

like bump at higher multiplicity. Similar shapes have been obtained for inclusive

distributions of other observables related to the violence of the reaction, in the rela-

tivistic domain (total charged-fragments multiplicity [15]) or in the ultra-relativistic

one (transverse-energy distribution [16]). As the shapes of the latter distributions

are thought to be dominated by purely geometrical factors, the similarity with the

present data might be explained by a strong dependence of the neutron multiplicity

on the degree of overlap of the two interacting nuclei, as already suggested [17,18].

However, further studies aiming at defining the dominant reaction mechanism un-
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deriving the dissipative collisions axe still necessary before a full understanding of

the origin of this bump can be achieved. '

In the following, nuclear reactions associated with neutron multiplicities in the •

bump of the distribution will be referred to as highly dissipative collisions. This 1

definition is somewhat arbitrary and may include several types of reactions. As a 1

matter of fact, the different mechanisms contributing to this component are not well <

known. For example, in the extensively studied 44 MeV/nucleon 40Ar+197Au reac-

tion, the production of heavy residues, whose origin is not yet clearly understood, '

has been observed to compete with fission, in events associated with large neu-

tron multiplicities [19]. These residues have also been observed in 44 MeV/nucleon

HOAr+232Th [19] and in several other systems [20]. They could be formed in another

mechanism than incomplete fusion, e.g. in a binary damped mechanism.

Remarkably, some features of the neutron multiplicity distributions are quanti-

tatively comparable for systems with different mass asymmetry. First, a nearly

constant proportion (~55%) of the total reaction cross section represented by the

high multiplicity bump (symmetrized about its most probable value, as schema-

tized in Fig. 1 for the Ar+19TAu reaction) is observed for the systems Ar+16SHo

and I9TAu and for all the systems studied with the Kr beam (for the Ar+^Th and

238U distributions, the presence of light contaminants in the targets prevents one

from obtaining accurate values; for Ar+100Mo, 112Sn and 124Sn, the contributions

of the peripheral and more dissipative collisions cannot be unambiguously disen-

tangled). This constancy of the proportion of the cross section represented by the

bump is possibly related to the nature of the dissipative process. The second inter-

esting feature is the similarity of the slopes of the distributions at high multiplicities
*

for all the systems studied (distributions measured with Ar and Kr beams can be

compared in Fig. 1 since, although they were obtained with different detectors,

i•*
~ 4



the efficiencies of the latter are comparable). It has been checked that this feature

does not result from the non-unit efficiency of the detectors.The true variance of

the multiplicity distribution <rjj,n is related to the observed one tr^ according to:

( l -«0 /e (1)

where e is the detection efficiency and < Mn > the average multiplicity. For the

range of efficiency achieved in the present experiments, the second term on the r.h.s.

of Eq. 1 is much lower than the first one, indicating that the slopes of the measured

distributions reflect faithfully those of the true distributions.

The understanding of the two characteristics just described, although challenging,

has not been achieved, as yet. However, the similarity of the characteristics of the

bump over a wide range of systems strongly suggests that underlying the dissipative

collisions for these systems are just one or several common reaction mechanisms.

The following of the paper focuses on the multiplicity corresponding to the maxi-

mum yield of the high-multiplicity bump. This quantity, referred to as MPNM, has

been observed [6, 7, 17] to represent the most probable neutron multiplicity (or the

mean value as the distribution is almost symmetric) measured in coincidence with

, ,> products of very violent collisions. The latter products can be either two coincidence
\;

fission fragments exhibiting small correlation angles [17] or light charged particles

defected at backward angles [6, 7], or intermediate-mass fragments (IMF) at any

angle [13]. Thus, the MPNM reflects the mean neutron multiplicity associated with

the hot systems formed in the reaction. However, as the MPNM is an averaged

quantity, it does not mean that higher multiplicities cannot be measured for these

systems.

The efficiency-corrected values of MPNM are presented in Fig. 2 as a function

of the target mass for the 44 MeV/nucleon Ar-induced reactions. For the 165Ho,

8 ,



197An and M2Th targets, measurements were performed with two detectors of very

different efficiencies (55% for the 500 1 detector and 80% for the 1500 1 one for the ',

40Ar+197Au reaction). After correction, a good agreement is observed between the ;

corrected MPNMs measured in the two experiments (Fig. 2), demonstrating the '

reliability of measurements and efficiency corrections. This also gives support to the ]

validity of the assumption that a single source contributes mostly to the measured J

neutrons, at least for Ar-induced reactions, since a possible additional component

would have been registered by the two detectors with different weights. In Fig. 3,

MPNMs are presented for 32 MeV/nucleon Kr-induced reactions. Figs. 2 and. 3

exhibit very similar features, with both sets of MPNMs increasing with the target

mass. Comparing the two figures shows that the neutron multiplicities measured

with the 32 MeV/nucleon Kr beam exceed those obtained with the 44 MeV/nucleon

Ar one by about 10 units, for a same target mass. This is an indication that the

heavier the projectile, the larger the energy deposition appears to be. Similar

conclusions have already been drawn from several experiments [7, 21].

In order to interpret the strong evolution of the measured neutron multiplicity .

with the sizes of the interacting nuclei, the competition between neutrons and Icp

emissions has to be carefully considered. This is supported by the observation of a

large system N/Z effect, which appears when comparing the neutron multiplicities

measured in the Ar+mSn and Ar+124Sn reactions (Fig. 2). As a matter of fact,

although the available energies are identical within 3% in the two systems, the

MPNM for the most neutron rich system exceeds that of the other one by 60%.

The deexcitation process must be responsible for this effect to a large extent. A

similar behavior is observed when comparing the Kr+^Mo and Kr-f 100Mo data

(Fig. 3).

In the following, values of the excitation energy are inferred by use of the statis-

\



tical model. For Kr-induced reactions, results have been found very sensitive to the

hypothesis made in defining the transient system and only the range of E* obtained

with different hypothesis will be given for this case.

4 Statistical-Model Calculations

The use of the statistical model, implying thermal equilibrium achievement, may

appear questionable in modeling the decay of excited systems formed at intermedi-

ate bombarding energy. Hence, for these systems, the characteristic decay time is

estimated to be comparable to the thermalization time (about 10~22s) [22]. How-

ever, as previously quoted, an isotropic emission of a-particles in their emitter

frame gives experimental evidence for the existence of a thermalized system, with

a temperature larger than 6 MeV, in the 32 MeV/nucleon Kr+Au reaction. If the

intrinsic degrees of freedom may have reached equilibrium, some collective ones,

like the deformation, have certainly not due to a much larger characteristic damp-

ing time (10~20s) [22, 23]. The possible influence of this effect on the evaporation

process has been neglected in the present work.

First, it is worth studying the predictions of the statistical model concerning the

,̂ x evolution with E" of the mean number of evaporated light particles (n, H, He), for

x- a heavy emitter. In Fig. 4a, such an evolution is shown for a 197Au nucleus as

predicted by two different statistical models, a modified version of PACE [24] and

GEMINI [25]. The features of these models are quite different; PACE only considers

the emission of n, p, a-partides and 7-rays and also the fission (this decay chan-

nel was however arbitrarily switched off when computing the multiplicities of light

particles, since the cascade is stopped if the decaying nucleus fissions). GEMINI

treats all the possible binary partition of the system by considering them as asym-

metric fission, with the conditional (asymmetry fixed) fission barriers calculated in

10



framework of the Extended Finite Range Model (EFRM) [26]. Despite the differ-

ences between the approaches Mowed by GEMINI and PACE, these two models •

predict very similar average neutron multiplicities for a given E* ( Fig. 4a). For ^

E* >500 MeV, PACE predicts slightly more light particles than GEMINI. Part of 1

the difference is caused by the emission of intermediate-mass fragments allowed by \

GEMINI (IMF multiplicity is about .2 at E*=1.0 GeV). <

The energy necessary for the system to evaporate on the average one more neu-

tron increases gradually from 13 MeV at E*=100 MeV up to 60 MeV at E*=700 '

MeV and remains more or less constant for larger E* (Fig. 4a). On the other

hand, the corresponding energy for emitting protons continuously decreases for E* ,

increasing up to about 700 MeV, and it remains also nearly constant beyond, with

a value similar to that observed for the neutrons. The a-partide multiplicity in-

creases only very slowly for huge E*. These different observations indicate that in

terms of selectivity on the dissipation of the collision, measuring exclusively either

neutronr or Icp becomes equivalent at high excitation energy, even if the neutrons

still represents more than 2/3 of the total number of particles emitted from such a

heavy emitter at E*=1.0 GeV. In the following, only GEMINI has been used since

the inclusion of the IMF emission makes it more suitable at high excitation energy.

The previous calculations were carried out with a level density parameter a=A/10

and a. spin 1=0 K. To test the sensitivity of the results to the input parameters,

other computations were made with a level density of A/8 or a spin corresponding

to the vanishing of the fission barrier for the symmetric splitting as predicted by

the EFRM (80 h for l w An ). The different multiplicities are compared in Fig. 4b.

It may srrm surprising that increasing the spin leads to a slight enhancement of
v

the neutron multiplicity although the available thermal energy is reduced to the

advantage of the rotation energy. This is due to an increasing probability for the

11
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system to fission at high spins, leading to neutron rich products that mainly decay

by neutron emission. On the other hand, Icp multiplicities are hardly affected by

the variations of these parameters. The changes in level-density parameter and spin

translate into an enhancement of the neutron multiplicity at E*= 1.0 GeV of about

2.4 and 1.5 units, respectively or, conversely, into a lowering of the excitation energy

corresponding to a given neutron multiplicity, of 130 MeV and 85 MeV, respectively.

These latter values can be considered as typical uncertainties on the total excitation

energies, determined based on the neutron multiplicities alone.

5 Thermal Energies

Fig. 5 represents results of calculations similar to those previously described

but performed for 5 different nuclei formed in incomplete-fusion reactions. The

applicability domain of GEMINI was extended for emitters with Z up to 100, in-

stead of Z=80 for the original version, by using Swiatecki's conditional barrieis[27],

normalized to the EFRM predictions for symmetric fission. In the reactions con-

sidered in Fig. 5, 60% of a AT nucleus was assumed to fuse with a heavier target.

This proportion of 60% corresponds to experimental linear-momentum transfers at

44 MeV/nndeon [3]. As can be seen in Fig. 5, the relative amount of evaporated

neutral and charged particles depends strongly on the mass of the system. How-

ever, the trends already observed in Fig. 4a are still present for all the emitters.

The curves representing the H isotopes and neutron multiplicities have constant

and similar slopes for energies corresponding to temperatures larger than about 6

MeV whatever the considered emitter (note the change of multiplicity scales for

the different cases). The excitation energies corresponding to the observed MPNMs

were deduced from the curves of Fig. 5 and are presented as solid symbols in Fig.

2. It can be seen that very similar values of E* are obtained for all the systems

12



\
studied. This proves that the observed evolution of the MPNMs with the target

mass is mainly due to the increasing importance of Icp emission for lighter systems. ;

The large difference between the MPNMs obtained with the two isotopes of Sn as ^

targets is also to a huge extent explained by this effect. 1

For the Ar+Au and Ai+Th systems, the E* values of Fig. 2 can be checked by |

comparing the predicted Icp multiplicities to those actually measured in a previous <

experiment [6]. This is done in Table 1. Data obtained in 39 MeV/nucleon Ar+Ag

in coincidence with heavy residues [28] are also added. A reasonable agreement is '

observed, imparting confidence in the extracted mean thermal-energy values.

The value of 560 MeV found here for the Ar+Au and Ar+Th systems is slightly ,

lower than that of 650 MeV obtained in a previous paper [6]. The reason is that

the neutron counting is triggered in different ways in the two experiments and the

corresponding mean neutron multiplicities are slightly shifted with respect to each

other.

The experimental neutron-multiplicity variance, Oyn was inferred using Eq. 1.

The variances calculated for the deduced excitation energies are much lower than the ;

experimental ones ((ffgfa)
eril':- =±6 , (ffMn)8*"' —25), indicating that the distributions

of thermal energy, mass and atomic number of the emitters are actually very broad.

In order to check the sensitivity of the extracted excitation energy to the mass

and atomic number of the emitter, other calculations, considering the target nucleus

itself as the emitter, were performed. The mean N/Z ratio of the actual emitter lies

probably between the two extreme values obtained when considering the two kinds

of emitter described above (fused system or target alone). The extracted values

of E* are found to be virtually independent of the choice made for the emitters,
»

for the 5 systems considered in Fig. 5. For the heaviest targets, Th and U, since

the mass of the incompletely fused system was exceeding GEMINI possibilities, the

13 i



exdtation energies presented in Fig.2 were computed assuming the emitter as the

target alone.

The values of E* inferred using the neutron multiplicities differ somewhat if other

models than GEMINI axe used to model the decay. Using the model of Richert and

Wagner [29] gives slightly lower E* values, about 500 MeV for all the considered

systems. A different value of the level-density parameter used in these calculations

(a=A/8 instead of a=A/10 in those carried out with GEMINI) can explain part of

the observed disagreement. The model of Friedman and Lynch [30] give thermal

energies comprised between 500 and 600 MeV for the lightest considered targets and

about 630 MeV for the Au one. All these excitation energies, and those obtained

with PACE as well, are consistent within 15% with those obtained with GEMINI.

It is worth noticing that converted into relative excitation energy per system

nncleon, the results exhibit an opposite trend to that displayed by the MPNM:

the lighter the target, the larger the mean thermal energy per nucleon (Fig. 6).

Although for the lightest systems E"/A is about 3.8 MeV, it decreases down to 2.2

MeV for the heaviest ones.

Excitation energies corresponding to the observed neutron multiplicities measured

in Kr-indnced reactions have also been found to be nearly independent (within 20%)

of the nature of the target nucleus. For a given system, the deduced excitation

energy is about .9-1.0 GeV or 1.1-1.3 GeV, depending on the hypothesis made about

the nature of the decaying nucleus. For Kr-indnced reactions, it is not clear that

all neutrons can be attributed to a single source and thus quite large uncertainties

subsist concerning the values of E* obtained.

The observed virtual independence of E* with respect to the mass of the tar-

get nucleus may seem astonishing. However, in the pure massive-transfer picture

(assuming an identical linear-momentum transfer for all systems), the larger center-

14



\
of-mass energy in systems involving heavier target nuclei is somewhat balanced by

a larger (negative) Q value. This leads to similar excitation energies for all the sys-

tems. However, the values of E* calculated with the massive-transfer hypothesis are

much larger than those obtained is. iae present work. The massive-transfer picture

is obviously too simplistic and its predictions cannot be expected to reproduce the

data accurately.

6 Summary

Inclusive neutron multiplicity distributions were measured with three 4ir liquid-

scintillator in 44 MeV/nucleon Ar and 32 MeV/nucleon Kr-induced reactions. For

the systems studied, these distributions exhibit similar shapes and, quite remark-

ably, present comparable quantitative features. These features include a nearly

constant proportion of the cross section represented by the high-multiplicity bump

structure and a similar slope of the distributions at huge multiplicities. The ob-

served strong dependence of the MPNM on the mass and atomic number of the

target nucleus was explained to be due primarily to a larger emission of Icp for

lighter or more proton-rich systems. By contrast, the excitation energy values, de-

duced from the neutron multiplicities by use of the statistical model, were found to

be nearly independent of the mass of the target nucleus, for the rather asymmetric

systems studied. The magnitudes of there excitation energies are much lower than

those calculated with the massive-transfer picture using the experimental values

of linear-momentum transfer. This discrepancy constitutes an indication that at

rather high bombarding energy or for fairly heavy systems, the massive-transfer

scenario is inadequate to describe most of the disripative collisions.
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Figure Captions

Fig. 1 Inclusive neutron multiplicity distributions (not corrected for detection effi-

1 ciency) measured in 44 MeV/nucleon Ar- (a) and 32 MeV/nucleon Kr- (b) induced

reactions, using different targets. ,

~ Fig. 2 Experimental most probable neutron multiplicities (open symbols), cor- • {
i

rected for the detection efficiency and corresponding deduced thermal energies (solid '

symbols) associated with highly dissipative 44 MeV/nucleon Ar-induced reactions,

as functions of the target nucleus mass.

Fig. 3 Experimental most probable neutron multiplicity (corrected for detection
^

efficiency) for highly dissipative 32 MeV/nucleon Kr-induced reactions.

Fig. 4 a) Average neutron, H (labeled Z=l) and He (labeled Z=2) multiplicities as

a function of the thermal energy for a 197Au nucleus, as calculated by two statistical

models, a modified version of PACE [24] and GEMINI [25]. The calculations were

performed for 1=0 h and a=A/10.

b) Calculated average light-particle multiplicities as functions of the excitation

energy for 3 different sets of input parameters.

Fig. 5 Average light-particle multiplicities calculated by assuming a fusion of 60%

of the Ar projectile with the target, for 5 different systems.

Fig. 6 Average deduced thermal energy per nucleon for the 7 systems studied with

the Ar beam.

Table 1. Comparison between the average measured Icp multiplicities and those

predicted by GEMINI for the thermal energies deduced from the values of the

observed MPNM. Data on the system Ar+Ag are taken from ref. [28]. ' --
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System
Ar+Au
Ar+Th
Ar+Ag

Mp
exp.
4.9
3.8
7.3

Ma
exp.
2.4
2.3
2.4

Mp
calc.

5.7
3.6
8.9

Ma
calc.

2.4
1.6
2.7

Tiible 1.

• J
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