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Abstract

Fragment characteristics in Ar+Ni collisions at 32 MeV /u have been studied with
the 47 array INDRA. The total detected charge in an event as well as the polar
angles of the emitted fragments have been used to select dissipative collisions. Li-Li
azimuthal angular correlations for such selection show strong anisotropies, resem-
bling emission from a rotating source. However, a more refined impact parameter
sorting based on kinematical analysis allows to show that the observed anisotropies
are essentially due to the emission of fragments by two decaying sources identified
as the partners of highly damped collisions. This statement is supported by a suc-
cessful comparison of the data with statistical decay calculations assuming such a
reaction scenario.
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1 Introduction

Highly dissipative nuclear reactions at intermediate bombarding energies can
produce strongly excited nuclear matter. In this energy reginie, numerous ex-
periments have shown that the dominant decay channel is the so-called mul-
tifragmentation process, in which several intermediate mass fragments (IMF)
with charge Z > 3 are emitted in a short time scale [1-3] (and references
therein).

The understanding of this process is at the focus of many experimental investi-
gations involving 47 detection arrays. Sophisticated techniques are developed
to extract information about the multifragmentation mechanism(s). For exam-
ple, fragment-fragment relative velocity and angular correlations have proved
to be a very powerful tool to investigate the disintegration of excited nuclei.
These techniques have been used to extract time scales, nuclear shapes and
sizes, as well as the order of emission of the different fragments [3]. Such space-
time characteristics together with the charge partition properties are essential
to identify the exact mechanism(s) responsible for the multifragmentation pro-
cess and to insure instructive comparison to the various theoretical approaches

[4-9].

Up to now very few experimental studies have been dedicated to quantify
the amount of angular momentum transferred to an eventual fusion source
at intermediate energies [10]. This question has recently been addressed for a
variety of entrance channels at bombarding energy around 30 MeV/u [11,12].
In these reactions, dissipative collisions have heen selected by the detection
of rare charged product pairs at large polar angles. The angular momentum

! Experiment performed at GANIL (DSM/CEA, IN2P3/CNRS)

2 present address: GSI, Postfach 110552, 64220 Darmstadt, Germany

3 present address: CEA,DRFC/STEP, CE Cadarache, 1308 Saint Paul lez Durance
Cedex, France

4 present address: INFN and Dipartimento di Fisica, Corso Italia 57, 95129 Cata-
nia, Italy

5 present address: Texas A&M University,College Station, Texas 77843

% present address: Dipartimento di Science Fisiche, Uni. di Napoli, 80125 Napoli,
Italy

SV



transferred into the assumed incomplete fusion source has been studied by
means of fragment-fragment azimuthal angular correlations. Simulations of
sequential emission from a rotating source show that the strong experimental
anisotropy of the angular correlations can be accounted for by a large angular
momentum transferred to the source. For example, a maximum spin value of
1307 was inferred for the reaction Ar+Ag at 34 MeV/u (11].

On the other hand particle-particle or/and fragment-fragment azimuthal cor-
relations have been also used to probe the centrality in heavy-ion collisions.
For example, Phair et al. [13] show a strong increase of the anisotropy of
the azimuthal correlations from central to peripheral collisions. This feature
for non-central collisions could obviously not be interpreted as due to a large
spin transferred into a single rotating source, but rather as an ordered motion
reflecting the binary nature of the reaction mechanism. Since fusion-like pro-
cesses and binary mechanisms can induce similar anisotropies, it is crucial to
localize the frontier between both mechanisms. This is particulary important
in light of numerous experimental studies [14-20] which have shown that for
most collisions the mechanism is essentially binary with the formation of a
quasi-projectile (QP) and quasi-target (QT) even for central collisions. There-
fore, it is necessary to carry out simultaneously the analysis of the azimuthal
correlations and the determination of the origin of the reaction products.

In this work we use the powerful capabilities of the multidetector INDRA to
investigate the azimuthal angular correlations for lithium pairs, together with
the study of the reaction mechanisms for the system Ar+Ni at 32 MeV/u. In
the first step of the analysis the Li-Li azimuthal angular correlations are built
for dissipative collisions selected by means of a criterion on the total charge
detected in an event and fragment emission polar angle. Then we perform a
more refined impact parameter sorting based on kinematical analysis. Finally
we discuss the influence of the emission patterns on the anisotropy of the
azimuthal correlations.

The paper is organized as follows: the experimental set-up 1s described in
section 2. Section 3 is devoted to the event selection and the experimental
azimuthal correlations. Data are analysed within two extreme assumptions:
emission from a single source (section 4) offering an extraction of the spin; and
emission from a QP and QT system (section 5) using kinematical analysis. A
summary and conclusions are given in section 6.

2 Experiment set-up description

The experiment was performed using the multidetector INDRA 21,22]. The
P : 8
primary 37 MeV/u 3%Ar beam delivered by the GANIL facility was slowed



down to 32 MeV/u. After magnetic analysis by the GANIL “Alpha spectrom-
eter”, the Ar projectiles impinged onto a **Ni target, 193 ptg/em? thick. The
beam intensity was 3 — 4.107 pps.

The multidetector INDRA covers about 90% of the 4x solid angle. The total
number of detection cells is 336 arranged according to 17 rings centered on
the beam axis. The first ring (2°-3°) is made of fast NE102/NE115 phoswich
detectors. The rings 2 to 9 cover the angular range from 3° to 45° and are
made of three detection layers : a low pressure gas-ionization chamber, a 300
pm thick silicon detector and a 14 to 10 cm thick CsI(Tl) scintillator. The
remaining 8 rings cover the angular range from 45° to 176° and have two de-
tection layers : ionization chamber and 7.6 to 5 cm thick CsI(T1) scintillator.
For the studied system Ar + Ni, fragments with Z up to 34 ( the total initial
charge is 46 ) are identified in the forward region. Beyond 45°, the ion iden-
tification is obtained up to Z=16. Over the whole angular range, a very good
isotope identification is obtained for Z=1 to Z=3, except for particles with low
energies where ambiguities are unresolved.

The energy calibration of the CsI(Tl) scintillators was obtained for light
charged particles (LCP) by means of the elastic and inelastic scattering of
secondary LCP beams (p.d,t,>He,*He) produced by the fragmentation of a
95 MeV/u '®0 beam in a thick C target. These particles were then momen-
tum selected by the “alpha magnetic spectrometer” and scattered from a C
or Ta target installed in the INDRA reaction chamber. For Z > 3 fragments,
the energy calibration was made by using the AE/E technique. The energy
resolution was about 4%. The energy threshold was a few 100 keV for light
particles, 0.7 MeV/u for Z=3 and 1.4 MeV/u for Z=35. A complete techni-
cal description of INDRA, its calibration and its electronics can be found in
[21,22].

The Li-Li azimuthal angular correlations were constructed for particles emit-
ted between the polar laboratory angles 14° and 70°. The detectors in this
angular range belong to rings 6 to 11 with intervals in polar angles of 6.0°
< A8 < 13°. The nearest neighbor azimuthal spacing in this region of IN-
DRA is A¢=15°. Table 1 gives more details concerning the segmentation over
the whole angular range. This segmentation of INDRA makes possible the
investigation of the fragment-fragment azimuthal angular correlations.

For all data reported in this paper, events were recorded with the requirement
that 3 or more modules fired in each event. However, a minimum bias trigger
(multiplicity greater than zero) was also used for normalization purpose. A
comparison between the two sets of data shows no influence of the trigger on
the class of events discussed in the present work.



3 Event selection and experimental azimuthal correlations

3.1 FEvent selection

The total multiplicity distributions for the identified charged products (2>
L), N., is shown in fig. la (white area). This distribution exhibits a well-
known shape with a bump at high multiplicity which is associated to the most
dissipative processes in the reaction. The data obtained with the minimum
bias trigger gives the same shape of the N, distribution except for low values
(Ne < 3) where the yield is much higher than the one shown in fig. 1a. This
confirms that the triggering condition (3 or more modules fired) eliminates
only very peripheral collisions which are not studied in this paper.

The total detected charge (Z.) in an event is shown in fig. 1b as a function
of the multiplicity .. Three domains are visible: a component with small
values for both Z;,; and NN, corresponding to the events where neither the
projectile-like nor the target-like remnants are detected; a component starting
at Z;,t=18 associated to peripheral collisions where the projectile-like fragment
is collected, but not the target-like residue; last, a wide zone located around
Z:,t=40 and N.=14 which corresponds to events where a large part of the
total available charge of the system (Z, + Z, = 46) is collected and identified.

In this work we have kept only events in which the total detected charge Zi,
exceeds 35 i.e. 76% of the total available charge (a condition indicated by the
horizontal line on fig. 1b). Figure la (grey area) shows the total multiplicity
distribution for those events. It is clear that the largest multiplicities have
been selected and thus the most dissipative collisions in the reaction. The
dark area in fig. la represents the multiplicity distribution where, in addition
to the above selection on Z;,;, at least two lithiums are detected between 14°
and 70° in the laboratory frame. The distribution for these events is peaked
around N.=15 which indicates a large energy deposition.

Our selection is similar to the one used in [11]. Indeed, the emission angle
window for each lithium is chosen to minimize possible contributions from
pre-equilibrium and QP emission. In doing so, it was expected that collisions
leading to an incomplete fusion system could be isolated. The last assumption
will be discussed later by means of kinematical analysis. Another reason to
keep only large angles is the fact that, regardless of the reaction mechanism,
the reaction plane is perpendicular to the relative angular momentum, whose
direction is poorly defined for emission close to the beam axis, while a better
characterization is obtained at larger emission angles.
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3.2 Experimental azimuthal correlations

Angular correlations for relative azimuthal angle (@) were extracted event by
event for the Li-Li pairs. We have checked that the A distributions for mixed
events are flat, which gives confidence that correlations for real coincidences
are not affected by the detector efficiency. The choice of lithium pairs is due
to the well known experimental fact that,the heavier the emitted particle, the
stronger is the anisotropy.

The normalized azimuthal angular correlations C(Ag) for the Li-Li pairs de-
tected between § = 14° and 6 = 70° in the laboratory frame are shown in
figure 2. The normalization is given by the total number of counts divided
by the number of angular bins. The pairs detected at the same laboratory
polar angle were excluded for two reasons. The first one is for a normalization
purpose. The number of possible combinations between two lithiums detected
in the same ring (same polar angle) is different from the number of possible
combinations of the Li pairs coming from two different rings (for example, 23
possible combinations for a same ring 4, and 24 possible combinations for ring
4 and 5). The second reason is that the shape of the correlations at small az-
imuthal angles, is sensitive to the average time between successive emissions.
Thus taking into account emission at the same polar angle would significantly
affect the behaviour of the azimuthal correlations around Aé = 0° (this rel-
ative angle is not allowed in the same ring). Since our investigations do not
address the topic of fragment emission time, we may have included emission
at the same polar angle, but we preferred to stick as close as possible to the
analysis presented elsewhere [11,12].

Several features can be extracted from figure 2. When the two lithiums are
emitted on the opposite side with respect to the beam axis, we observe a strong
anisotropy defined as the ratio C(A¢ = 180°)/C(Aé = 90°). We can also see
a clear same side/opposite side asymmetry with a depletion for A¢ =~ 0°.
The same features have been observed in the reaction **Ar + Vet-Cu at 34
MeV /u [11], an entrance channel close to our system. Two possible interpre-
tations can be given to explain the shape of this azimuthal correlation. The
first one is based on the assumption that a single source is formed and the
anisotropy is essentially an angular monientum effect. The second interpre-
tation assumes that the collision leads to two-body emitting sources. In this
case the anisotropy is due to the reaction dynamics.



4 A single source assumption
4.1  FErperimental features

In the single source scenario one assumes that the projectile and target nuclei
partially fuse and form a hot rotating compound like nucleus which deexcites
statistically. In the statistical model the angular distribution of the emitted
particles is given by the relation:

W (¥) o exp(Bsin?y) (1)

where 1 1s the emission angle with respect to the direction of the emitter
angular momentum. This distribution depends on the magnitude of the g
parameter defined as:

B =J2K*/2T Ly (2)

which increases with the angular momentum of the emitter, J,, and decreases
with the temperature, T'. I.5s is the effective moment of inertia.

Within this scenario, the strong anisotropy observed in fig. 2 is a signature of
a rotational collective motion of the emitter, with a high angular momentum
transferred to the source. This in turn favours particle emission in a plane
perpendicular to the spin. Moreover, the same side/opposite side asymme-
try of the angular correlations reflects the recoil effect of the source due to
momentum conservation, the influence of which is expected to be more impor-
tant for such a light system. The low yield for A¢ = 0° may indicate a final
state Coulomb interaction due to the short delay time between the emission
of fragments [11].

4.2 Statistical calculations assuming a single emitter

In order to understand quantitatively these effects we have performed simu-
lations with the event generator GENEVE [23]. The decay of the emitter is
simulated within the framework of the statistical model which assumes se-
quential emission. The modelization of the decay process is similar to the one
used in the statistical code GEMINI [24]. In our calculations we use ¢ = A/13
for the level density parameter. The characteristics of the source (A, = 85,
Zy =42, E* = 400 MeV and V, = 2.5 cm/ns, respectively, the mass, charge,
excitation energy and velocity in the laboratory frame) were chosen accord-
ing to the systematics of linear momentum transfer [25] and from results of
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the Boltzmann-Uehling-Uhlenbeck (BUU) calculations for a similar system

(Ca+Ca at 35 MeV/u) [26].

Extensive simulations have been performed to (it the anisotropy C(A¢ =
180°)/ C(A¢ = 90°). This quantity depends mainly on the maguitude of the
spin of the emitter and the other parameters have a lesser influence. The
simulated events were filtered through the experimental device and analysed
like the data. The results of two calculations are compared to the data in figure
2. The dashed line represents the result when a single angular momentum
value of 60% is assumed. One observes that the anisotropy ratio, C(A¢ =
180°)/C(A¢ = 90°), is not strong enough. A calculation assuming a single
value of 1004 (full line) gives a better agreement for the whole azimuthal
angular range, although the yield for the same side emission is overestimated.
Both calculations indicate an asymmetry same side/opposite side which is
interpreted as recoil effects of the emitter. As it is difficult to handle the
shape of the spin distribution, these spin values must be taken as mean values.
Finally, the calculations do not show the depletion at Ad = 0°, since the
time delay between successive emission is not explicitly included in the model.
Indeed, within the scenario of statistical emission from a hot nucleus, the
depletion of the correlation at small angles can be explained by the final state
Coulomb repulsion due to a short time delay between the two Li emissions.
These effects have been already studied by the Stony Brook group for “CAr
induced reactions [11]. A time delay of the order of 107?25 between successive
emissions of Li fragment was deduced from their work.

To summarize this first step of the analysis, one can conclude that the strong
anisotropy of the azimuthal angular correlations can be accounted for by a
large angular momentum transferred to a fusion-like source. The key hypoth-
esis of such analysis is that the lithiums originate from a class of events selected
through polar angle emission. This is examined in the next section.

5 Two-body source assumption
5.1 FEvent selection using global variables

To gain more insight on the origin of the reaction products, we have performed
an analysis based on global variables taking into account the kinematical char-
acteristics of the fragments produced in the reaction. Previous works [27] have
shown that the second moment of Fox and Wolfram [23] is well suited to select

o



the most central collisions. This observable is defined as:

1 Mimr (3cos?8,; — 1)
H(2) = ~—— 5| 2623 — 1) :
My r
HO) = 3 (5] 4)
i,j

where p; is the momentum of fragment ¢ calculated in the center of mass (c.m)
of the event, and 8;; is the relative angle between fragments i and J, expressed
also in the c.m. This variable provides a measure of event shapes in momentum
space. For ideal cases an isotropic source is characterized by H(2) close to 0,
while for two well separated sources H(2) is close to 1.

Figure 3 shows the H(2) distribution obtained for the events in which Z,,, > 35
and two Li’s are detected in the whole angular range (in order to improve the
statistics, no restriction has been made on the detection angles of the two
Li’s). We observe that these events cover a wide range in H(2) corresponding
to events with different shapes in momentum space. It is worth noting that
due to the influence of the finite number of the emitted products, fluctuations
lead also to a large distribution of this observable [29], even for an isotropic
source.

In order to illustrate the selection produced by the observable H(2), we have
plotted in figure 4 (left panels), the invariant velocity diagrams (V)-V1) of the
emitted * He particles for events with four different bins in H(2) values. Clearly,
events with large H(2) values present two emission sources. Furthermore, the
relative velocity between them decreases with H(2). Only for very small H(2)
the events could be attributed to a single source or two close sources. This be-
haviour reflects the increase of the centrality of the collision as H(2) decreases.
In the same figure (right panels), we show the azimuthal angular correlations
built for Li pairs emitted in the whole angular range and for the same bins in
H(2). The anisotropy changes dramatically with the centrality of the collisions.
For the smallest H(2) value the anisotropy vanishes whereas it is strongly en-
hanced for large H(2) values. The same features are observed when we apply
the selection on the polar angles between 6 = 14° and # = 70° (not shown
here). These results indicate a clear influence of the emission patterns on the
shape of the azimuthal correlations.

The *He velocity diagrams (left panels on fig.4) for large values of H(2) (>
0.4) show two components. These features can be interpreted in terms of
binary dissipative collisions or fission of a single rotating source. To distinguish
hetween these two possible interpretations, we Lave extracted the average
parallel velocity of the largest fragment (‘i'ﬁF). For H(2) < 0.2, we found out



that VLF is close to zero in the c.m frame and for [/(2) > 0.3 the largest
hagment in the event has a negalive c.m velocity, close to the target c.m
velocity. This is a good indication that in the last case we are not dealing
with fission of a smgle source but rather with the target remnant of a bman
collision.

From the above analysis one can conclude that for *Ar + *Ni at 32 MeV /u,
binary dissipative collisions are the dominant process leading to emission of
lithiums. This agrees with the analysis of the same data [30] using a less
restrictive class of events. Only for H(2) < 0.2, could the events be possibly
attributed to a single source. On the other hand, the associated correlation
(fig. 4 right panel top) reveals no anisotropy and then no evidence of high spin
1s found.

5.2  Separation of the two sources using the thrust technique

The events associated to large H(2) values (H(2) > 0.3) were analysed in
terms of binary deep-inelastic collisions. This was done event by event using
the thrust technique [31], with the aim of identifying products emitted by the
primary partners of the reaction as in reference [32,30]. The detected fragments
are partitioned into two families €'y and C, and one searches for the partition
maximizing the thrust defined as:

| Ciec, pil + 12 ec, pil

T2 ==
Zkecl,cz lpkl

(5)

The maximum T3 value corresponds to the situation for which the two groups
of particles are the most separated in the momentum space.

The reconstructed charge of the primary partners are shown in figures 5a and
5b. As it can be seen the mean charges obtained are Zgp ~ 17 and Zgr =~ 25.
These values are close to the charge of the projectile (Z=18) and target (Z=28),
respectively. The bigger charge loss of the target can be understood by taking
into account the detection thresholds which affect mainly products from the
QT, whereas the geometrical detection efficiency (90%) affects both QP and
QT products. The thrust technique provides also the center of mass velocity
of the decaying nuclei and relative velocity vg between them. The energy
dissipated in the collisions has been calculated according to the expression

[33]:

1 .
Er = EC}\,[ - ‘-)—/J,'UIZ;E (6)
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where 4 is the reduced mass of the initial system and Ecar 1s the available
c.m. energy. Figures 5¢ and 5d show the relative velocity and dissipated en-
ergy distributions obtained for the binary reactions (H(2) > 0.3). The mean
relative velocity obtained is or & 4.7¢m/ns and the mean dissipated energy

is E* ~ 5MeV/u.

Once this characterization procedure of the primary partuers is achieved, the
Li-Li azimuthal angular correlations are built for each reconstructed partner.
The whole azimuthal angular correlation obtained for the binary collisions is
presented in figure 6a. Figure 6b (respectively fig. 6¢) corresponds to the az-
imuthal correlation constructed with Li pairs emitted by the QP or forward
source (QT or backward source). Finally in figure 6d we represent the az-
imuthal correlation when one Li is emitted by the QP and the other one by
the QT. This analysis allows to better understand the different correlation
functions shown in fig. 4 (right panels) as a function of H(2). For large H(2),
the large relative velocity between the two sources (QP and QT) enhances
the correlation of particles coming from same source (both lithiums are emit-
ted either by the QP or by QT). The relative velocity decreases for smaller
H(2) values and then the correlation due to lithiums coming from the different
sources (one lithium emitted by the QP and the other by the QT) becomes
more important.

5.3 Statistical calculations assuming two emitting sources

Simulations assuming two independent sources decaying statistically have
been performed to check if such a scenario can induce the strong anisotropy ob-
served experimentally. To do so, the event generator GENEVE [23] is used to
describe the deexcitation of both partners. The mean relative velocity between
both sources and their average sizes are taken from the data. The excitation
energy of the QP and QT is calculated from the experimental total dissipated
energy, shared according to the ratio of their masses. This sharing has been
widely observed at low bombarding energies (around 10 MeV /u) and even at
27 MeV/u [34]. Whether this characteristic is still present for our system (at
32 MeV/u) is an open question. Indeed recent results obtained for the same
system Ar+Ni but at 52 MeV /u [30], indicate some departure from low bom-
barding energy regime. Nevertheless our conclusions will not depend strongly
on the exact sharing of the excitation energy. Finally, 104 (resp. 15%) has been
assumed for the intrinsic spin of the QP (resp. QT). These values have to be
taken as indicative but they are comparable to a simple estimate assuming a
sticking between both partners at an impact parameter of 3 fin (Th for QP

and 164 for QT).

The filtered results of the calculations are compared to the data obtained for
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the binary events in figure 6. In this figure the lines represent the azimuthal
angular correlations calculated in the same way as it was done for the data.
Reasonable agreement is observed for all cases. The results of these calcula-
tions confirm our interpretation that events with large H(2) values correspond
to binary collisions and the strong anisotropy that we observe in the azimuthal
angular correlations is induced by the binary character of the collisions.

6 Summary and conclusions.

Li-Li azimuthal angular correlations have been investigated for the most dis-
sipative collisions in the reaction Ar+Ni at 32 MeV/u. A first selection of
these dissipative collisions by charged particle multiplicity criterion produces
a strong anisotropy in the correlations. Within the framework of a statistical
deexcitation of a single rotating source, the anisotropy could be associated
with high spin values (60 to 100%), as pointed out by other authors [11,12].

The high selection capabilities of the INDRA detector allowed a better de-
termination of the most central collisions. By using a kinematical analysis of
the emitted particles we show that the first selection criterion was not accu-
rate enough to select events where a possible single rotating source is formed.
In fact we demonstrate that the observed anisotropy in the azimuthal corre-
lations is induced by kinematical recoil effects between the QP and the QT
in binary collisions. The study of the events where a possible single rotating
source is formed reveals no anisotropy in the azimuthal correlation and then
no evidence of high spin values is found, at least within the framework of the
statistical model that we use. Further studies can provide information about
the emission times of the IMF’s from the final state interaction and hence
about the sequential or prompt character of the emission.

Another important conclusion related to the study of the deexcitation mecha-
nism of hot nuclei formed in intermediate energy collisions is the predominance
of deeply inelastic collisions. This binary character of the reaction can produce
spurious correlations induced by the presence of a QP and a QT and make
questionable the analysis in terms of "thermal scaling” [35] as well as the ex-
traction of high spin values. Such analysis require a careful identification and
characterization of the decaying source(s).
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Segmentation of the INDRA detectors
Ring number | 6° AO° | Ao® | AQ(msT)

1 25 | 10| 30 | 037
2 38 | 15| 30 | o074
3 56 | 25| 15 | 1.0
4 $4 |30 15 | 1.70
5 1.7 | 40 | 15 | 321
6 169 | 60 | 15 | 7.0
7 23.0 | 7.0 | 15 | 1117
8 309 | 8.0 | 15 | 15.79
9 394 (100 ] 15 | 2643
10 506 | 12.0| 15 | 39.60
11 63.0 | 13.0 | 15 | 50.31
12 793 [18.0| 15 | 77.50
13 101.0 [ 18.0| 15 | 80.07
14 119.1 | 16.0 | 22.5 |  93.50
15 135.0 | 16.0 [ 22.5 |  73.06
16 149.8 [ 15.0 | 45 | 91.19
17 166.4 | 19.0 | 45 | 50.89

Table 1
8° : average polar angle, A§° : opening polar angle, A¢° : opening azimuthal angle
and AQ2(msr) : solid angle.
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Fig. 1. Total multiplicity distributions of charged products: (a) for all events (white
area); for events having a total detected charge Z,,, > 35 (grey area); for events
having a total detected charge Z,,;, > 35 and at least two Li’s detected between
6 = 14° and 8 = 70° in the laboratory frame (black area). (b) Total detected charge
vs the charged product multiplicity; the horizontal line represents the cut Z,,; = 35.
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Fig. 2. Azzmuthal angular correlations between Li pairs detected in the angular lab-
oratory range 14° -- 70° for events with Z;,; > 35. Solid points are the data, full
and dashed lines correspond to statistical model calculations assuming the decay of
a fusion-like source with single angular momentum values of 100k and 60k, respec-
tively.
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Fig. 3. Distribution of the kinematical observable H(2), for events having Z,,; > 35
and at least two Li’s emitted in the whole angular range (see tezt).
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Fig. 5. Characteristics of the two primary sources reconstructed with the thrust
method (see tezt) for binary events (H(2) > 0.3). a) Reconstructed charge distribu-
tion of the QP. b) Reconstructed charge distribution of the QT. c) Relative velocity
between the two primary sources. d) Distribution of the dissipated energy.
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