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Introduction

In the recent experimental study of nuclear
fission of the Thorium isotopic chain, a tran-
sition of symmetric to asymmetric fission has
been observed, as one moves from 222Th to
Z0Th nuclei [1]. For lighter-mass isotopes of
Thorium, i.e. 222:224Th, it has been observed
(at Efy >11 MeV) that, the asymmetric fis-
sion mode starts appearing with a small effect,
in comparison to the symmetric fission [2].

In view of above observation, the present work
is aimed to explore the symmetric and asym-
metric fission modes via the mass and charge
distributions of 224239Th nuclei, at Ef, ~
20 MeV. For above analysis, the preforma-
tion probability (Pp) and fragmentation po-
tential (V(n)) have been calculated within the
framework of Dynamical Cluster-decay Model
(DCM), based on the Quantum Mechanical
Fragmentation Theory (QMFT) [3]. Addi-
tionally, we have employed the semiclassical
extended-Thomas Fermi approach of Skyrme
Energy Density Formalism (SEDF) [4] to ob-
tain the nuclear potential, which is an input
term of V' (n).

Out of number of available Skyrme forces
available in literature [4, 5], we have con-
sidered SIII (an earlier version) and GSKI (a
modified version which considers the iso-spin
dependence) Skyrme forces [4], which give dif-
ferent barrier characteristics, to analyze the
corresponding effects on the mass and charge
distributions of 224:239Th isotopes.

Methodology

Based on the QMFT [3], the preformation
probability Py, which contains the structural
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information of the compound nuclear system,
has been calculated by solving the stationary
Schrodinger equation in n-coordinates. Subse-
quently, for the mass-dispersion case, the pre-
formation factor Py is obtained as a function
of mass-asymmetry parameter 74 as [6],

Polna) = [00(A) Py B e (1)

On the other hand, for charge-dispersion
case, P, is obtained as a function of charge-
asymmetry parameter 7z reads as [6]

Panz) =W Z) P By e (@)

Further, the fragmentation potential, V' (n) an
input term of Py involves the binding energy
(obtained from the macro-microscopic method
of Strutinsky) and the total interaction po-
tential (summation of repulsive and attractive
potentials). In the present work, the attrac-
tive nuclear potential is obtained using the
SEDF. Within this approach, different sets of
Skyrme force parameters (SIIT and GSKI [4])
are employed to analyze corresponding effect
in the mass- and charge-distributions of con-
sidered Thorium isotopes.

Result and discussion

For the mass and charge dispersion analysis
of 224:230Th compound nuclei, the term V(1)
is minimized respectively in reference to the
mass and charge number of the decay frag-
ments formed in the exit channel of Th iso-
topes. The present work is focused to study
the fission modes of 224239Th nuclei, at a com-
mon value of Ef, =~ 20 MeV. So, the mass
and charge numbers of fission fragments be-
long to Ay ~ Acn 430 and Zs & ZCTN +15 re-
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gions, respectively. The contour plots of Fig.1
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FIG. 1: (Color online) The contour representing the mass and charge distributions of (a)-(d) ***Th
and (e)-(h) **°Th nuclei in terms of preformation probability, Py, using two different Skyrme forces,

i.e. SIII and GSKI.

represent the mass and charge distributions in
terms of Py for 224230Th isotopes. The color
indicates the scale of preformation probability
of the fission fragments in the near-symmetric
and asymmetric regions.

For 2?*Th case, using SIII force, the de-
cay fragments (%6Zr, '28Sn) in the near-
symmetric region have relatively lower pre-
formation probability than the fragments of
asymmetric region (¥2Se, '42Ba), see panels
(a) and (c) of Fig.1. However, with the use of
modified version of Skyrme force i.e. GSkI, the
near-symmetric fission fragments (°°Sr, 134 Te)
have larger possibility of emission from 224Th
compound nucleus, as compared to asymmet-
ric fragments (8! As, 143La), as shown in panels
(b) and (d) of Fig.1. The above results hold
true for both the mass as well as charge dis-
persion cases. As per earlier study [2] for E,
around 20 MeV, the disintegration of 2?4Th
shows symmetric fission with larger effect from
that of asymmetric fission, which seems justi-
fied for the use of GSkI force. Further, as we
look on to the mass and charge distributions of
heavier isotope of Thorium (?**Th), both the
forces show higher peak of Py for asymmetric
fission fragments. This result is in agreement

with the experimental analysis [1]. In conclu-
sion, it can be said that, the modified version
of Skyrme force (i.e. GSKI) is able to explain
the symmetric and asymmetric fission modes
not only for heavy-mass isotope of Th, 23°Th,
but also for lighter-mass nucleus 224 Th.
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