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The structural effects through nuclear charge radius on the multifrag-
mentation and nuclear stopping have been studied for mass symmetric and
asymmetric collisions using Isospin-dependent Quantum Molecular Dynam-
ics (IQMD) model. Our analysis shows that the role of increase in radius
is more pronounced in mass symmetric collisions compared to asymmetric
collisions. Moreover, we explicitly studied the influence of radius on the
contribution of projectile and target nuclei in the nuclear stopping.
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1. Introduction

In heavy-ion collisions (HICs), the multifragmentation and nuclear stop-
ping essentially depend on incident energy (FE), collision geometry (b), mass
of the colliding nuclei (Ap, Ar) and mass asymmetry n = |Apr—Ap/ A+ Ap|
[1]. Here, A and Ap are mass numbers of target and projectile nuclei respec-
tively. Apparently, n = 0.0 corresponds to completely symmetric collisions
and the distribution of fragments is spherical, whereas asymmetric collisions
having non-zero n lead to non-spherical distribution at central collision ge-
ometry. The reaction dynamics and the by-products are entirely different
for reactions with different values of 7 [2]. The nuclear charge radii is the an-
other entrance channel parameter which is essential to initialize the nuclear
matter in HICs and it affects the reaction dynamics very drastically [3, 4].
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Although the dynamics of symmetrically heavy nuclei is prominently stud-
ied with different parameterizations of nuclear charge radii, unfortunately,
no attention is being paid to study the structural effects via nuclear charge
radii in the dynamics of mass asymmetric collisions. We want to study the
comparable role of different nuclear charge radii parameterizations on the
fragmentation and nuclear stopping in mass symmetric and asymmetric col-
lisions. The global parameter of nuclear stopping i.e. anisotropy ratio, is
defined as: (R) = (2/7)([X7 [pL(0)[)/[" |py(9)]]). The transverse and

longitudinal momentum of the i particle are p, (i) = y/p2(i)+p3(i) and

p||(7) = p=(i) respectively. Aot = Ap+ At is the total mass of the nuclear
system.

Out of numerous parameterizations of nuclear charge radii, we chose four
parameterizations in such a way that the calculated radius of nuclei follows
the pattern: Rrpm [5] < Rnco [()] < Rpp [7] < Rrr [8], and the study of
structural effects via increase in nuclear radius can be kept in a systematic
way. The detailed description of these parameterizations are in Refs. [3—
9]. The present calculations have been preformed within the framework of
Isospin-dependent Quantum Molecular Dynamics (IQMD) model [10].

2. Results and discussion

The simulations have been carried out over the entire collision geometry
for the reactions of 59Ca+59Ca (n = 0.0) and MN-+80Kr (n = 0.7) (Ator =
100 units) using IQMD model [10] at incident energy of 100 MeV /nucleon.
Figure 1 displays the multiplicity of free nucleons (FNs, A = 1) (left panels)
and light-mass fragments (LMFs, 2 < A < 4) (right panels) as a function of
nuclear stopping for mass symmetric (upper panels) and asymmetric (lower
panels) collisions at six collision geometries described by various symbols
and for four different nuclear charge radii parameterizations described by
various lines. One can observe that the multiplicity and the nuclear stop-
ping decreases with the increase in scaled impact parameter i.e. b = b/byax,
where byax = (Rp + Rr) fm (Rp and Ry are radii of target and projec-
tile nuclei respectively). The correlation curve of multifragmentation and
nuclear stopping reveals that the higher is the nuclear stopping, the higher
will be the fragmentation and, therefore, the curve increases monotonically
with decrease in b for all radii parameterizations. For mass symmetric col-
lisions, if we initialize the nucleus with relatively larger radii (i.e. Rypym to
other three parameterizations), the multiplicity of fragments increases and
the nuclear stopping decreases [4]. This is because with the increase in ra-
dius, py (i) and py(é) increase and, moreover, the increment in longitudinal
momentum is higher than the transverse momentum. This observation also
holds true for mass asymmetric collisions.
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The ratio of change in multiplicity of fragments as well as the nuclear
stopping to the change in nuclear radii of the colliding nuclei (switching from
RipMm to Rgpr) is greater for mass symmetric collisions compared to mass
asymmetric collisions, while the total mass number is the same in both types
of collisions. This is because of involvement of smaller projectile nucleus in
mass asymmetric collisions.
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Fig. 1. Multiplicity of FNs (left panels) and LMFs (right panels) as a function of
nuclear stopping for mass symmetric (upper panels) and asymmetric (lower panels)
nuclear reactions with Aiot = 100 units at £ = 100 MeV /nucleon.

The percentage increment in nuclear radius from Rypy to Rrg is 28.5%
for 24N and 10% for §¢Kr nucleus. It shows that the effect of radius on smaller
projectile and heavier target will be different. Therefore, as a next step, we
display in Fig. 2 the structural effects on nuclear stopping due to projectile
(left panel) and target (right panel) nucleus explicitly for mass asymmetric
collisions of ¥AN+8¢Kr. The figure reveals that the contribution of projectile
nucleus (*N) is more compared to target nucleus (33Kr) in nuclear stopping.
Furthermore, we observe that the structural effects via nuclear charge radius
are more pronounced in nuclear stopping due to relatively smaller nucleus
compared to larger nucleus. This is because, in mass asymmetric collisions,
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most of the nuclear matter of heavier target nucleus do not participate in the
collision process. At b= 0.0, the projectile nucleus completely emerges into
target nucleus and at b = 1.0, the projectile and target barely touch each
other. So, there is no role of radius on nuclear stopping due to projectile
nuclei at these collision geometry.
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Fig. 2. Collision geometry dependence of nuclear stopping due to projectile (left
panel) and target (right panel) nuclei for the reaction of 3*N+88Kr (n = 0.7) at
E =100 MeV /nucleon. Lines have the same meaning as in Fig. 1.

3. Summary

In summary, we observe that the influence of nuclear charge radii param-
eterizations on the correlation between multifragmentation and nuclear stop-
ping is more pronounced in mass symmetric collisions compared to asym-
metric collisions. Moreover, the structural effects via nuclear charge radii
parameterizations are more prominent for nuclear stopping due to smaller
projectile nucleus compared to heavier target nucleus.
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