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Abstract 

An analysis of the angular and velocity distributions of the intermediate mass fragments 
produced in the reaction Xe + Cu at 45 MeV/u is presented. Events coming from central 
collisions are selected and compared with predictions of different models based on a 
statistical deexcitation of an equilibrated source. The angular and velocity correlations show 
that the experimental production of three nearly-equal mass fragments cannot be explained 
by a sequential binary decay and is compatible with a multifragmentation mechanism. 

1 On leave from the Comision Nactional Energia Atomica, Argentina. 
’ Present address: IPN Orsay, France. 

0375-9474/94/$07.00 0 1994 Elsevier Science B.V. All rights reserved 
SSDI 0375-9474(94)00142-A 



M. Bruno et al. /Nuclear Physics A576 (1994) 138-156 139 

Key words: Nuclear reactions Cu(‘29Xe, X), E = 45 MeV/nucleon; measured intermediate 
mass fragments; deduced correlation to impact parameters. Multi-fragmentation models 
comparison. 

1. Introduction 

To investigate the decay mechanisms of very hot nuclei produced in heavy-ion 
reactions it is essential to study the collisions according to the impact parameter in 
order to avoid a mixing of different exit channels. Only by selecting events coming 
from central collisions one can observe, at intermediate energies, if a critical 
phenomenon like a phase transition [1,21 occurs; moreover, comparison between 
experimental data and theoretical predictions are meaningful for measurements 
capable of selecting narrow ranges of impact parameters. 

An observable used extensively [3] to evaluate the impact parameter is the 
multiplicity of charged particles; other observables, as the angular distributions of 
the intermediate mass fragments (IMFs, 2 > 2) and their emission velocities, have 
also been used for similar purposes [4,5]. 

In a previous paper [6] first results on the charge correlation of three IMFs 
emitted in the ‘29Xe + 9Zu reaction at 45 MeV/u were reported: a relatively high 
probability for the emission of three fragments of nearly the same charge was 
observed, not in agreement with a sequential binary statistical decay [7] of the 
sources formed in the reaction. 

This work is devoted to a deeper characterization of the three-fold events, in 
order to select the most central collisions and to investigate, looking for correla- 
tions on charge, velocity and angular distributions, if they originate from a 
simultaneous multifragment decay of an equilibrated source. 

The topology of the fragment emission in events following a sequence of binary 
decays is strongly influenced by the first decay step, in which two prefragments 
move back to back in the rest frame of the decaying system. The sequential 
two-body decays of these excited prefragments then result in final-state emission 
patterns that are elongated in the momentum space. Multifragmentation reactions, 
involving a more rapid explosion of excited nuclei, are, on the contrary, expected 
to result in more isotropic fragment-emission patterns. The study of the experi- 
mental distributions of the relative velocities and angles 181 between pairs of 
fragments in high-multiplicity events can thus allow for a better understanding of 
the deexcitation mechanism. 

After a short description of the experimental setup, the inclusive data as well as 
the predictions of a coupled dynamical and sequential decay model are discussed. 
The angular and velocity correlations for coincident fragments, selected for the 
centrality of the reaction, are then presented and compared to the predictions of a 
multifragmentation model [2]. 
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2. Experimental setup 

The apparatus and the details of the measurement have been described else- 
where [6,91; we recall here only the main features. 

The experiment was performed using the MULTJCS apparatus in the scattering 
chamber NAUTILUS at the GANIL Laboratory. 

An ‘29Xe beam from the coupled cyclotrons impinged on a target of natC~ 
(thickness = 2 mg/cm2). In order to measure absolute cross sections, the beam 
current was integrated in a Faraday cup. An ‘97Au target (thickness = 0.8 mg/cm2) 
was used for calibration and normalization purposes. 

The MULTICS apparatus is an array of 48 identical modules with front surface 
tangent to a sphere (with radius 50 cm) centered in the target; the array covers the 
angular range 3”-23” with a geometrical efficiency of 72%. Each module consists 
of a three-detector telescope: an axial ionization chamber (IC length 8.5 cm), a 
two-dimensional position-sensitive solid-state detector (Si), 500 pm thick, and a 
CsI scintillator, 25 mm thick and coupled to a photodiode, used as E detector for 
charged particles that punch through the first two elements of the telescope. 

Operating at 200 mbar of CF,, the energy threshold is = 2.5 MeV/u, corre- 
sponding to a velocity = 2.2 cm/ns. The IC-Si telescopes can stop from 8.5 
MeV/u He ions to 40 MeV/u Xe ions. 

The overall energy resolution is better than 2%, the angular resolution ranges 
from 0.1” to 0.3” [lo] and the atomic numbers can be identified up to 2 = 56. 

Great effort has been devoted to the detector calibration, especially for the CsI 
crystals: specific measurements were performed at the Berkeley Laboratories 1111 
for an accurate analysis [12] of the nonlinear light-output dependence on the 
energy and the charge of the incident ions. 

The trigger was given by the $ Si detectors working during the measurement. 
Due to some technical problems, the 2 identification has been made only for the 
telescopes (= 50%) with low-energy threshold; the angular coverage considered in 
the following analysis is 8 > 5.5”. Thus, since for this reaction the grazing angle is 
less than 2”, most of the events coming from peripheral reactions were not 
detected, being the projectile-like fragments outside the acceptance of the appara- 
tus. 

3. Inclusive data 

The experimental cross sections as a function of the IMF (2 > 2) multiplicity 
and the inclusive Z cross sections are presented in Fig. 1. The statistical uncer- 
tainty is negligible and an error of the order of 10% can be associated to the 
experimental cross sections, due to the normalization to the Rutherford cross 
section. 

A nonnegligible contribution of high-multiplicity events has been found, not 
reproduced by a statistical-binary-decay model (Gemini code 171) with inputs 
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Fig. 1. (a) Cross sections as a function of the multiplicity for the overall apparatus. The full circles are 
the experimental results, the open ones the predictions by the coupled dynamical and statistical 
approach, filtered by the acceptance of the apparatus. (b) Cross sections as a function of the charge of 
the detected IMFs. The continuous line shows the experimental results, the dashed one the model 
predictions filtered by the acceptance of the low-threshold detectors. No normalization has been 
applied. 

obtained from the incomplete-fusion systematics, which underestimates the cross 
sections by roughly a factor 10 [6]. 

Preliminary information on the dynamics of the reaction can be obtained by 
plotting the parallel versus the transverse component of the velocity for different 2 
values (see Fig. 2). The velocity of each fragment has been extracted from the 
measured energy and charge values, assuming for the ion mass the expression [13] 

A = 2.082 + 0.0029Z2. (1) 
In agreement with results obtained in similar reactions [5,141, the so-called Coulomb 
rings, typical of lower energies [7], are not formed. This indicates that the IMFs 
are produced by sources with velocities ranging from a low value, corresponding to 
a quasi-target residue to a higher one, typical of a quasi-projectile. 

Since the gross features of the data, as the inclusive cross sections, mainly 
depend on the weight of the impact parameters, we took into account the 
entrance-channel dynamics, coupling 1151 the Gemini code to a dynamical model 
based on the BNV equation [61. 

The dynamics of the interaction has been followed up to a time of the order of 
80-100 fm/c, when a statistical equilibrium has been reached. The excited-system 
information (mass, excitation energy, intrinsic angular momentum and laboratory 
velocity) are shown in Fig. 3, as obtained by a coalescence model [15] of the mean 
one-body distribution in the phase space. A single excited source is obtained at 
small impact parameters (b < 2), whereas two different sources have been ob- 
tained for increasing impact parameter: a “big” source, close in mass to the 
projectile and with a velocity approaching the beam velocity for increasing b, and a 
“small” one, close to the target and approaching zero velocity for increasing b. 

It is important to note that theoretical predictions must be filtered, event by 
event, through the detector acceptance, in order to allow meaningful comparison 
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Fig. 2. Logarithmic contour plots of the experimental parallel $1 versus perpendicular (u, 1 velocity 
for inclusive events. The upper arrow corresponds to the velocity of the beam and the lower one to the 
velocity of a source obtained by complete fusion. The contour lines (15) are equispaced and the 
associated values increase following the colour scale black, red, green, violet. 

with the inclusive and exclusive data. An accurate software replica of the experi- 
mental apparatus is then necessary, through which the generated events are 
filtered before comparison with the experimental events. This software must 
include a realistic treatment of the geometrical inefficiencies, the particle-kinetic- 
energy threshold and the particle energy loss in inactive regions 1161. 

The results of the calculations, weighted on the impact-parameter and filtered 
by the overall acceptance of the apparatus, well reproduce the inclusive data 
without any normalization: 

(1) the predicted total cross section for fragment production of any multiplicity 
is 0.995 b and the experimental value is 1.23 b, 
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Fig. 3. Characteristics of the sources for the Xe+Cu reaction at 45 MeV/u versus the impact 
parameter value; (a) mass, (b) excitation energy, (c) laboratory velocity, (d) angular momentum (h). 

(2) the experimental cross sections as a function of the IMF (2 > 2) multiplicity 
and the inclusive 2 cross sections, as can be seen from Fig. 1, are in good 
agreement with the experimental ones; 

(3) the cross section d2u/dv,, dv I , predicted by coupling of BNV + Gemini, 
filtered by the overall acceptance of the apparatus, agrees with the experimental 
one, especially for Z > 10 (see Fig. 4). 

The agreement between inclusive data and calculations, indicates that the 
entrance-channel characteristics, like the masses, charges, excitation energies and 
angular momenta of the sources, are correctly calculated using the BNV dynamics 
and that the filtering procedure takes well into account the overall acceptance. No 
definite conclusions, however, on the deexcitation mechanism of the hot systems 
formed in central collisions can be drawn from the inclusive data, due to the small 
contribution to the cross sections of small impact parameters. To investigate this 
point it is necessary to estimate the centrality of the events and to consider 
observables more related to the decay mode of the emitting sources. 

A first indication on the range of the impact parameters contributing to the 
measured inclusive cross sections can be inferred from the model predictions: even 
if impact parameters from 0 to 8 fm have been considered in the BNV + Gemini 
calculations (see Fig. 31, the results filtered by the acceptance of the apparatus 
show that, due to the minimum detection angle, the contribution from impact 
parameters b > 6 fm is negligible. 
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4. Exclusive data 

Focusing the analysis on the coincidence events with multiplicity three and four, 
we note that the impact parameters giving the largest contribution to the three and 
four-fold events are b = 5 fm. In this case two sources (see Fig. 3) with sufficiently 
high excitation energy and angular momentum are formed and at least one of them 
undergoes a binary decay. 

A confirmation that three-fold events can be associated to central and medium 
impact parameters can be obtained studying the observable Y3s, first proposed in 
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Fig. 4. Logarithmic contour plots of the parallel (u,,) versus perpendicular b, 1 velocity for the events 
calculated in the BNV+ Gemini approach. The description of arrows and contour lines is given in the 

caption of Fig. 2. 
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Fig. 5. (a) Ys, (cm/m) versus b(fm) as predicted by BNV+ Gemini calculations. (b) Linear contour plot 
of the predicted Ys3 versus u,,, for the three-fold events; each event gives one Yss value and three u,,, 
values. (c) Linear contour plot of the experimental Y,, versus u,,, for the three-fold events. The 
description of contour lines is given in the caption of Fig. 2. 

ref. [17]. Ya3 is defined in an event-by-event analysis as the maximum deviation of 
relative velocities from their mean value: 

y,, = <q,,> - u:p, (2) 

where (v,,r) is the mean value of the three relative velocities in a given event and 
V rT:” is the minimum relative velocity in the same event. A large value of YS3 
indicates a wide dispersion of relative velocities which suggests peripheral events; 
on the other hand a low value of this observable is an indication of a common 
source for the detected fragments. 

Fig. 5a shows the plot of Ys3, predicted by BNV + Gemini, as a function of the 
impact parameter. A strong correlation between Y3s and b is evident for the 
mid-peripheral impact parameters (b z 5 fm). The corresponding events lie, in the 
Y33 versus v,,, plot, in the two ridges of high Y3a (Fig. 5b). The branches are 
associated with fission fragments of a projectile-like residue in coincidence with a 
slow target-like fragment, i.e. with the fragments from the two sources formed at 
non-central impact parameters [6,15] when treating the entrance-channel dynamics 
via the BNV equation. The experimental contour plot is shown in Fig. 5c. The 
ridges corresponding to more peripheral reactions are not present: the measured 
three-fold events can thus be classified as produced in reactions where the impact 
parameters are smaller than 5 fm. 

Further information on the impact parameters can be obtained analyzing the 2 
correlation and the angular and velocity distributions of the three-fold events. 

From the charge-correlation plot [l&61 (Zmin/Ztot, Z,,/Z,,,) shown in Fig. 6a, 
it appears that, for the measured reaction and for the angular acceptance of the 
apparatus, the production of three fragments of nearly-equal mass (upper corner), 
is the favourite exit channel for the deexcitation mechanism. 

The total fragment charge Z,,, of the three-fold events, shown in Fig. 6b, has a 
gaussian shape. No significant tail, typical of a partial detection of the events [5], 
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Fig. 6. (a) Linear contour plot of Zmin /(Z, + Z, + Z,) versus Z,, /(Z, + Z, + ZJ for three-fold 
events (Z, > Z, > Z,). The lines delimitate the regions I and II as explained in the text. (b) Sum of the 
charges of all IMFs detected in three-fold events. (c) Linear contour plot of Zmin /(Z, + Z, + 2,) 
versus Z,, /(Z, + Z, + Z,) for three-fold events predicted by the BNV+ Gemini approach. (d) Sum 
of the charges of the IMFs for three-fold events predicted by the BNV+Gemini approach. The 
predictions have been filtered by the acceptance of the apparatus. The description of contour lines is 
given in the caption of Fig. 2. 

can be seen at low Z values. We are thus confident that most of the detected 
three-fold events do not come from higher multiplicities. 

As already pointed out in ref. [6], the predictions of the BNV + Gemini 
coupling, shown in Figs. 6c and d do not reproduce both the charge correlation 
and the Z,,, spectrum, even arbitrarily increasing the excitation energy of the 
sources. This is an indication that the binary deexcitation mechanism is not 
adequate to reproduce our data, 

We investigated the two extreme regions of Fig. 6a: 
Region I-above the line Zmin/Ztot = 0.26, corresponding to events with three 
nearly-equal mass fragments; 
Region II-below the line Zmin/Ztot = 0.16, corresponding to events where at least 
a pair of IMFs is very asymmetric in mass. 
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Fig. 7. Events of region I of Fig. 6a. (a) Laboratory emission angles (deg) of the fragments. For 
statistical reasons the events are grouped in 1.7” bins. The red histogram refers to Z,, the blue to Z, 
and the green to Z,. (b) Linear contour plot of the charge of the IMFs versus their laboratory velocity. 
Linear contour plot of the charge of the IMFs versus cos O,_,,. for (cl heavier, Cd) intermediate and (e) 
lighter fragments, respectively. The description of contour lines is given in the caption of Fig. 2. 

The data of the remaining region, between the two lines just mentioned, have an 
intermediate behaviour with respect to the data of regions I and II and they will 
not be discussed further. 

The relevant differences between the data of regions I and II, as far as the 
angular and velocity distributions are concerned, are hereafter considered. 

(i) The angular distributions in the laboratory system are shown in Figs. 7a and 
8a for the regions I and II, respectively. The three nearly-equal IMFs have a 
similar angular distribution, while the heaviest fragment of the region II, in 
contrast with the other two, is forward peaked. 

(ii> In Figs. 7b and 8b the 2 versus ulab correlations are shown. Two bumps are 
clearly seen for the events of the region II. The first, around = 5 cm/ns, is below 
the c.m. velocity (6 cm/&. The corresponding fragments, traveling in the c.m. 
frame in opposite direction with respect to the beam, can thus be associated to 
target residues (TLF). The second bump is located around the beam velocity and 
accounts for projectile-like fragments (PLF). The low-velocity component is com- 
pletely missing in the data of region I, giving an indication that the corresponding 
fragments have in average not only the same mass, but also the same laboratory 
velocity. 
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Fig. 8. Events of region II of Fig. 6a. (a) Laboratory emission angles CdegI of the fragments. The red 
histogram refers to Z,, the blue to Z, and the green to Z,. fb) Linear contour plot of the charge of the 
IMFs versus their laboratory velocity. Linear contour plot of the charge of the IMFs versus cos B,,,,,, 
for (c) heavier, (d) intermediate and (e) lighter fragments, respectively. The description of contour lines 
is given in the caption of Fig. 2. 

(iii) An even clearer insight on the different behaviour of the events from 
regions I and II is provided by observing the 2 distributions as a function of 

cos CC In, CC.,, being the emission angle of the fragments in the recoil center of 
mass system. The c.m. velocity has been calculated as 

(3) 

where the mass of the fragments is given by Eq. (1). For the events in region I, Eq. 
(3) gives a mean value for V,,, very similar to the one predicted by the 
incomplete-fusion systematics [19] (= 7.3 cm/ns>, corresponding to a linear mo- 
mentum transfer of 80%. Furthermore, the Y,, spectrum has a gaussian distribu- 
tion, indicating an almost complete independence from the entrance channel 1201. 
For the events in region I, Figs. 7c, d and e show that the angular distributions are 
almost flat, indicating an isotropic emission in the recoil system and a global 
equilibrium reached in the reaction. For the events in region II (Figs. 8c, d and e> 
the heaviest and the lightest fragments are forward and backward peaked, respec- 
tively; this again suggests that the heaviest fragment is a PLF and the lightest is a 
TLF coming from peripheral impact parameters. This can be interpreted as a 
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signal that the selection based on YB3 does not completely exclude mid-peripheral 
reactions [17]. The predictions of BNV + Gemini [6,15] show that central impact 
parameters lead to nearly-isotropic angular distributions, whereas noncentral events 
(b > 3 fm) give forward and backward peaks for the heaviest and lightest frag- 
ments, respectively. 

From (i), (ii), (iii) it appears reasonable to conclude that the experimental data 
of region I can be associated to central-impact parameters (b = O-2 fm) and that 
the events of region II mainly come from intermediate b values (3-5 fm). We note 
that the charge partition, the angular and velocity distributions of the three-fold 
events of region II can be qualitatively we11 explained by BNV + Gemini, while for 
central-impact parameters the enhancement for the three equa1 masses is com- 
pletely missing. 

We considered up to now the impact-parameters selection and now we focus 
our attention on the emission mechanism. 

As discussed in a previous paper 181, fragment-fragment relative-angle and 
relative-velocity distributions are quite sensitive to distinguishing between a prompt 
multi-fragmentation and a chain of sequential binary decays; a broad relative-angle 
distribution, extending up to ore, = 180” is obtained for a long lifetime sequential 
decay. For a simultaneous multifragmentation of an expanded and hot source in 
three IMFs with nearly the same mass or for sequential decays with lifetimes 
< 10mz2 s, one obtains a peak in the plot ~,.~i-$~, at ore, = 120” and u,,, = 3.1 
cm/m, corresponding to a Coulomb-like disassembly process. 

The plots of the reIative velocities as a function of the relative angles for the 
events of regions I and II are shown in Figs. 9a and b, respectively. The 
experimental data of region I show the enhancement at fire, = 120” and u,,i =: 3.2 
cm/ns, as predicted by a simultaneous emission; the events of region II have 
opposite emission velocities, again suggesting that the excited system sequentially 
decays or that these fragments come from the projectile and from the target, 
respectively. 

Fig. 9. (a) Linear contour plot of the experimental u,, (cm/w.) versus &, (deg) for the fragments in 
region I. (b) Linear contour plot of the experimental u,,, (cm/m) versus Ore, (deg) for the fragments in 
region II. The description of contour lines is given in the caption of Fig. 2. 
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These considerations and the disagreement between data and calculations (Fig. 
6) are evidences that sequential binary decays are not experimentally seen for the 
most central-impact parameters. 

In order to investigate if the enhancement at ore1 = 120” could be due also to a 
partial detection of events with higher multiplicity, we performed a calculation of 
the simultaneous multifragmentation of an expanding source [8] with IMF multi- 
plicity four. The results of these calculations are compatible with the experimental 

0 El) V,,I and L values, only if the fourth (not detected) IMF has a maximum 
value Z = 6 and an emission angle = 0”. The probability of this occurrence is, 
however, negligible if the four-fold events have an isotropic emission as the 
three-fold ones. 

We therefore analyzed the four-fold data, even if only a few hundred events 
have been collected in this measurement. A behaviour similar to the one of the 
three-fold events of region I has been found: the events lie in the upper region of 
the charge triangular plot, the angular distributions are almost flat and the recoil 
velocity has a mean value of = 7 cm/ns, corresponding even in this case to a 
linear momentum transfer of = 80%. This is an indication that three-fold events of 
the region I and four-fold events have a common origin, are formed at central 
impact parameters and are not due to higher-multiplicity events not completely 
detected. 

In conclusion, from the analysis of the exclusive data, it appears that events 
coming from central collisions are consistent with a prompt multifragmentation 
mechanism. 

In this respect it is worthwhile to mention that the enhanced cross section for 
fragments with nearly-equal masses has been indicated [21] as a signature for the 
occurrence of a simultaneous multifragmentation and that these central events 
could be exploited to investigate the formation and the decay of metastable nuclei 
of exotic shapes (toroidal, bubbles, etc.) [221. 

5. Comparison with a multifragmentation model 

In the previous section indications were found of a non-binary-sequential decay 
of the hot sources formed at central-impact parameters. To have a deeper 
understanding on the production of the observed fragments, we compared the 
experimental data with the prediction of the statistical multifragmentation model 
by Gross et al. [2,23], which describes the multiple disassembly of the expanded hot 
nuclear system: the fragmentation is given by the available phase space at the 
freeze-out volume. 

The Berlin model has been successfully used at higher energies [24]; we note 
that the excitation energies of the heavy residues therein quoted are very similar to 
ones found by the BNV calculation [6] for the reaction we studied. 

Since the necessary condition for using the statistical model is the establishment 
of a thermalized source, and since the agreement between the inclusive data and 
the BNV + Gemini predictions is an indication that the characteristics of the 
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of the three largest fragments (Z, 3 Z, > Z,) as a function of the IMF multiplicity; (c) Ratio of 

Z, /(Z, + Z, + ZJ as a function of the IMF multiplicity (Z, /(Z, + Z, + Z,) = 0.3 means Z, = Z, = 
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sources are correctly calculated, the input parameters given by the BNV calcula- 
tions were used for the statistical multifragmentation code. Also in this case we 
used, as indicators of the agreement between data and predictions, the ratio 
.Zmin/Ztot (which reaches the value $ for three equal-charge fragments), the Z,,, 
spectrum and mean values of the charges of the three heaviest fragments 
(Z,, Z,, ZJ. 

It is important to notice that the reproduction of the mass partition 

(zl, z29 za, Ztot2 Zmin/Ztot) is nontrivial; in fact it strongly depends on the 
excitation energy and cannot be obtained with the sequential-binary-decay model, 
for any value of the input quantities. 

The first calculations have been made for zero angular momentum where BNV 
predictions give an excitation energy E* = 5 MeV/u. The predicted IMF multi- 
plicities, the charge of the three heaviest fragments and the ratio Zmin/Ztot are 
reported in Fig. 10. The charge Z, of the heaviest fragment decreases from = 30 
to = 10 for increasing multiplicity, while the other charges Z, and Z, are nearly 
independent from the multiplicity (Z, = Z, 2: 7-8). The value Zmin/Ztot = i is 
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caption of Fig. 2. 

reached for very high IMF multiplicities and for Z,, Z, and Z, values smaller than 
the experimental ones. 

In order to properly compare the predictions to the experimental data, the 
results of the calculations have been filtered by the acceptance of the apparatus. 
Figs. lla and b show the charge-correlation plot and Z,,, distribution for the 
events detected as three-fold events, independently from the initial multiplicity. 
Fig. lla shows that the upper corner of the Z-correlation triangle is no more 
empty as in Fig. 6c. The Z,,, distribution (Fig. lib), not gaussian as the experimen- 
tal one, shows two peaks, one at Z,,, 2: 36, in agreement with experimental data, 
and the second at Z,,, = 17, due the partial detection of higher-multiplicity events. 
As already pointed out, no evidence for this component can be found in the 
experimental distribution. 

In order to see the role of the input parameters on the results of the calcula- 
tions, both the excitation energy and the angular momentum were varied. The 
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excitation energy was increased up to = 8 MeV/u, as suggested by the incom- 
plete-fusion hypothesis [5]. The charge-correlation plot for the highest excitation 
energy is very similar to the one presented in Fig. lla, whereas the Ztot peak is 
down-shifted to 20. Excitation energies less than 5 MeV/u give a Z,,, peak shifted 
to values higher than 36. The peak at Z,,, = 36, in agreement with experimental 
data, is thus obtained only for the excitation energy is given by BNV calculations at 
b = 0 fm. 

A further calculation for angular momentum L = 7022, corresponding to an 
impact parameter b = 3 fm and an excitation energy E* 2: 4 MeV/u, gives IMF 
multiplicities smaller than in the previous calculations and closer to the experimen- 
tal values. The most probable IMF multiplicity is around three, but the charges of 
the three heaviest fragments are very different from the experimental values: Z, is 
considerably higher (Z, = 20-35) and Z,, Z, smaller (Z, = Z, = 4-5). 

From all these calculations it results that, for any reasonable input in central 
collisions, the partition of three nearly-equal IMFs of Z 2: 12 cannot be repro- 
duced with the probability experimentally found. On the other side two results are 
promising in the multifragmentation model predictions: 

(1) the nonnegligible presence of events in the upper part of the charge-correla- 
tion plot (Fig. lla); 

(2) the agreement with the experimental Z,,, distribution for the peak at = 36, 
neglecting the events from higher multiplicities. 

The discrepancies between data and multifragmentation predictions can be due 
to an underestimate of the evaporation and/or to the fact that the partition 
function could be different from the one successfully used by this statistical model 
at higher energies. To have an insight on this subject we finally compared the 
experimental data to the theoretical predictions, arbitrarily reducing the IMF 
multiplicity, i.e. disregarding in the predicted events all the fragments with Z G 5. 
With this constraint the resulting charge-correlation plot and Z,,, distribution, 
presented in Figs. llc and d, respectively, are very similar to the experimental 
distributions, indicating that a statistical and simultaneous multifragmentation 
model could reproduce the most interesting features of the experimental data, like 
the enhancement for the production of three nearly-equal fragments, provided that 
some ingredients of the calculations could be properly modified. 

6. Conclusions 

In this paper we have analyzed IMF production in the lz9Xe +“%u reaction at 
45 MeV/u. We have focused our analysis on the three-fold coincidences and we 
have observed that different sets of events in the mass-correlation triangle (Fig. 
6a), namely regions I and II of high- and low-charge asymmetry, come from 
reactions at different impact parameters. The angular and velocity analysis shows 
that the events with three nearly-equal fragments (region I> seem to correspond to 
very central collisions (b G 2). The relative velocities and angles of these IMFs are 
typical of a simultaneous multifragmentation of an expanding hot source. The 
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three-fold events of region II, on the contrary, seem to come from more peripheral 
collisions (b & 3); the argument relies on the similarity of these fragments with the 
projectile and the target as far as the angular and velocity distributions are 
concerned. 

We have compared our data with two different deexcitation models following a 
BNV dynamical calculation, namely a sequential-decay [7] and a prompt multifrag- 
mentation [2] model. The good agreement for the inclusive data and the conse- 
quences of varying the excitation energy with respect to BNV predictions indicate 
that the values of the size and excitation energies of the sources are correctly 
predicted by the BNV calculations. The production of the events of the region I 
cannot be due to a sequential binary deexcitation of the hot nuclei formed in the 
central collisions: the distributions of the relative velocities and angles for the 
fragments lying in this region clearly demand a prompt multifragment emission, 
and some promising agreement with the statistical model by Gross et al. [2] is 
found, even if it is not yet satisfactory. 
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