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The phenomenon of liquid-gas phase tran-
sition occurring in heavy ion collisions at
intermediate energies is a subject of contem-
porary interest in recent years [1]. The largest
cluster is an important order parameter for
studying nuclear liquid gas phase transition
in intermediate energy heavy ion reactions. It
has been proposed [2] that the double humped
distribution (hence the name bimodality)
of the largest cluster probability in nuclear
multifragmentation is a measurable signature
of nuclear liquid gas phase transition. But
the origin of the experimentally observed
bimodality is still not clear. Some recent work
shows that it is due to presence of memory
effect of entrance channel where thermal
equilibrium is not achieved in this energy
domain. The signal was interpreted in these
studies as a dynamical bifurcation of reaction
mechanism, induced by fluctuation of collision
rate, which leads to fluctuations of collective
momentum distribution [3]. Other successive
studies establish the equilibrium scenario of
bimodality, which would rather point towards
a thermal phase transition [4]. This work
focuses on the combined effect of entrance
channel and exit channel on bimodality.

In order to study that theoretically, we con-
centrate on a single light symmetric system
40Caq +4° Ca with projectile beam energy 100
MeV /nucleon at different impact parameters
by switching off the Coulomb interaction.
This does not allow yet to make quantitative
comparisons with experimental data, which
are left for future work. The dynamical stage
is simulated by recently developed fluctuation
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added Boltzmann-Uehling-Uhlenbeck (BUU)
transport model [5]. Freeze-out condition is
identified (175 fm/c for 100 MeV /nucleon
reaction) in transport simulation from the
isotropy of momentum distribution and
maxima of the average size of second largest
cluster [6]. Finally the transport dynamics at
freeze-out is coupled to Canonical Thermody-
namical model (CTM) [7] for completing the
de-excitation phase.

The largest cluster probability distribution
is shown in Fig. 1 for four different impact
parameters at freeze-out time where we have
decided to stop the dynamical calculation.
For central collision (b=0 fm), two peaks are
seen which can be interpreted as dynamical
bimodality very similar to the phenomenon
described in [3]. Fluctuations in the collision
rates lead to fluctuations in the momentum
distribution, that is in the degree of stopping
of the reaction. We have fixed a mass cut
of Acyy = 37 to distinguish the two event

0.2 0.2

b=0 fm b=3 fm

0.1+ H 40.1

max)

P(A

e ° o oo
o M B oo
T
1

L . 0.0
b=9fm  10.6

1
[ b=6 fm

0.4

. ]\ | 0.2

I I I 00
0 20 4 }\) 20 40 60

max

FIG. 1: Largest cluster probability distribution
P(Amaz) from BUU model at freeze-out.
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FIG. 2: Scattering angle (left panel) and mo-
mentum (right panel) probability distribution for
fragments with Apar > Acur (solid lines) and
Amaz < Acut (dashed lines) for b =0 fm.

classes as it corresponds to the minimum
between the two peaks. Fragments with
Amaz > Acut represent stopped events having
nearly zero z-component (beam direction)
of momentum and scattered isotropically in
the centre of mass frame where as fragments
with Ajee < Acu represent crossed events
having high z-component of momentum and
scattered either in the forward direction (pro-
jectile like fragments) or backward direction
(target like fragments). This is shown in Fig.
2. For non-central cases only liquid phase is
present (crossed events).

The distribution plotted in Fig. 1 can
be defined as freeze-out distribution and can
still evolve in subsequent time because of
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FIG. 3: Final largest cluster probability distribu-
tion after CTM calculation.

secondary decay which have been calculated

by switching over to the CTM from the
transport one. In Fig. 3, we have plotted
the probability distribution of the largest
cluster for these four impact parameters.
The ones at b=0 fm are structuresless and
typical of multifragmentation reactions: the
average excitation energy is so high in this
case that both fully stopped and incompletely
stopped events undergo multiple decay. As a
consequence, the bimodality signal observed
in Fig. 1 disappears. At mid-central collision,
the situation is reversed. The probability
distribution of the largest cluster now shows
a bimodal behaviour which is indicative of
existence of two phases simultaneously.

This however strongly depends on the
entrance channel conditions. In particular,
central collisions at lower bombarding energy
(40 MeV /nucleon) leads to a situation where
the freeze-out distribution is not distorted by
secondary decay and bimodal behaviour can
be observed both after transport calculation,
and after the statistical model calculation [6].

Therefore we can conclude that, depending
on the incident energy and impact parameter
of the reaction, both entrance channel and
exit channel effects can be at the origin of
the observed bimodal behavior. Specifically,
fluctuations in the reaction mechanism in-
duced by fluctuations in the collision rate,
as well as thermal bimodality directly linked
to the nuclear liquid-gas phase transition are
observed in our simulations [6].
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