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Introduction
Exploration of different decay modes of nu-

clei such as alpha decay, cluster radioactivity,
fission, etc. unravel the underlying nuclear
structure information. Among these different
decays, the spontaneous fission (SF) is of in-
terest being a significant decay mode for nu-
clei heavier than Th. It plays a crucial role
in determining the stability of heavy nuclei
and subsequently influences the limit on the
number of new elements that can exist. Ad-
ditionally, studying SF offers insights into the
fission process without external excitation en-
ergy, making it a valuable tool for exploring
the role of shell effects and subtle changes in
the nuclear structure of both the fissioning nu-
cleus and the fission fragments [1].

The neutron-skin thickness of atomic nuclei
is a fundamental property of nuclear struc-
ture. It is correlated with the slope of the
symmetry energy, which is further linked to
the pressure of neutron matter at the satu-
ration density [2]. Besides, the neutron-skin
thickness exhibits correlation with the electric
dipole polarizability, the isoscalar giant dipole
resonance, and the pygmy resonances [3]. In
the present work, we intend to investigate any
possible effect of neutron-skin thickness in the
spontaneous fission, which is dominated by
the shell effects and the released energy. For
this, we analyze the change in the neutron-
skin thickness from parent nucleus to the fis-
sion fragments in the SF of even-even isotopes
of 234−244U nuclei. Here, we use the relativis-
tic mean field (RMF) model [4] to determine
the neutron-skin thickness of U nuclei. The
probability of formation of different probable
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fission fragments has been calculated within
the preformed cluster-decay model (PCM) [5].

Formalism

The RMF model based Lagrangian with the
IOPB-I parameter set [4] is used in the present
work. From the relativistic Lagrangian, the
field equations for the nucleons and mesons
are obtained. These equations are solved by
expanding the Dirac spinors and the boson
fields in a deformed harmonic oscillator ba-
sis with an initial deformation. The set of
coupled equations is solved numerically by a
self-consistent iteration method to obtain the
nuclear density, root mean square radii, etc.

The PCM [5] uses the collective coordinates
of mass asymmetry (η ) and charge asymmetry
based on the quantum mechanical fragmenta-
tion theory. The cluster preformation proba-
bility P0, which refers to η-motion, is given by

P0(Ai) =| ψ(η(Ai)) |2
2

A

√
Bηη

It is obtained as the solution of Schrödinger
equation in η co-ordinate. Here, Bηη is the
hydrodynamical mass parameter [6].

Results and discussion

Fig. 1 shows the change in the neutron-
skin thickness from the parent nuclei to the
fission fragment (δn) in the SF of even-even
234−244U nuclei. We have chosen some of
the more probable fission fragments in the
spontaneous fission. Fig. 1(a) shows taht
in the case of 234U , the δn is minimum
for the fissioning channel 100Zr+134Te, com-
pared to other fission fragments 102Mo+132Sn
and 104Mo+130Sn. Similarly, in the de-
cay of 236U and 238U nuclei, 102Zr+134Te
and 104Zr+134Te fission fragments are ac-
companied by the least change in the δn.
Fig. 1(b) displays that for the 108Mo+132Sn,
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FIG. 1: Change in the neutron-skin thickness
from parent nuclei to either of the fission frag-
ment (δn) as a function of fission fragment mass
in the decay of (a)234,236,238U (b)240,242,244U . The
fission fragments for which the δn is minimal are
encircled.

110Mo+132Sn, and 112Mo+132Sn (shown en-
circled) fission fragments in the spontaneous
decay of 240U , 242U and 244U , respectively,
there is a minimal change in the δn.

Further, the preformation probability of the
different fission fragments in the decay of even-
even isotopes of 234−244U is shown in Fig.
2. In the case of 234,236U (see Fig. 2(a)),
the maxima in the preformation profile cor-
responds to 134Te (N = 82) (with complimen-
tary fission fragment) instead of 132Sn , which
is doubly magic with Z = 50 and N = 82. On
the other hand, in the case of 240,242,244U, the
132Sn with the complimentary fission fragment
is the most probable. It is interesting to note
that the fission fragment for which the change
in neutron-skin thickness δn is minimal cor-
responds to the fission fragment having the
highest P0 value. It portrays that in addition
to shell effects the change in the neutron-skin
thickness also affects the spontaneous decay
of U isotopes. It also suggests a correlation
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FIG. 2: Probability of preformation (P0) of differ-
ent fission fragments in the spontaneous decay of
(a)234,236,238U (b)240,242,244U nuclei.

between the change in the neutron-skin thick-
ness δn and preformation probability P0 in
spontaneous fission. Further, to explore the
effect of the change in the neutron-skin thick-
ness upon the spontaneous decay half-lives is
under progress. Detailed results will be pre-
sented during the symposium.
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