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Abstract

Understanding the competition between cluster decay and spontaneous fission is essential for elucidating
the stability and decay characteristics of neutron-rich superheavy nuclei. In this work, the density-
dependent cluster model combined with the Wentzel-Kramers-Brillouin (WKB) approximation is
employed to investigate the competing decay modes of selected superheavy nuclei with atomic number
Z>103. Cluster-decay penetrabilities, decay constants, together with spontaneous-fission barrier heights
and half-lives, are calculated using the AME2020 nuclear mass evaluation and validated against the
available experimental data from NUBASE2020.

The calculations demonstrate that cluster decay is governed primarily by decay Q-values, barrier
penetrability, shell effects, and daughter-nucleus configurations, whereas spontaneous-fission half-lives
decrease systematically with increasing fissility as the calculated fission barriers are reduced. To probe the
structural evolution of the investigated isotopic chains, the calculated decay characteristics are further
analysed in relation to neutron skin thickness. A transition from cluster-decay dominance to spontaneous-
fission dominance is observed for nuclei exhibiting larger neutron skin thickness. The observed trends are
consistent with the systematic evolution of nuclear structure and decay energetics across the investigated
isotopic chains, with neutron skin thickness serving as a structural indicator rather than an independent
driver of the calculated decay properties. Comparison with the available experimental spontaneous-fission
half-lives yields a root-mean-square deviation of 1.822, demonstrating satisfactory agreement with
experiment. The present study establishes a systematic benchmark for assessing the competition between
cluster decay and spontaneous fission in superheavy nuclei and provides a reference for the development
and validation of microscopic models incorporating neutron-skin-dependent nuclear interactions.
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Introduction

Superheavy nuclei (SHN) occupy the uppermost region of the nuclear chart, where nuclear
stability arises from the delicate balance between the attractive short-range nuclear force and the
increasingly dominant Coulomb repulsion associated with large proton numbers. As the proton
number increases, Coulomb repulsion progressively destabilizes the nucleus, leading to rapid
radioactive decay. Microscopic shell effects, however, provide additional binding energy that
partially counteracts this instability, giving rise to the predicted island of stability, where selected
superheavy nuclei are expected to exhibit comparatively longer half-lives. The search for this
region remains a central objective of contemporary nuclear physics, motivating sustained
experimental efforts to synthesize heavier elements and extensive theoretical investigations of
their formation, stability, and decay properties -4,

Among the principal radioactive-decay modes of heavy and superheavy nuclei, cluster decay
and spontaneous fission play a decisive role in determining nuclear stability 581, Their relative
probabilities govern the dominant decay pathway and, consequently, the observable lifetime of
a nucleus 3. Both processes proceed through quantum tunnelling across finite potential
barriers and are therefore highly sensitive to nuclear structure, shell effects, deformation, decay
energy, and barrier characteristics [**1, A comprehensive understanding of the competition
between cluster decay and spontaneous fission is therefore essential for describing the stability
of superheavy nuclei and identifying the conditions under which one decay mode becomes
dominant [18-23,

Significant progress has been achieved in modelling both cluster decay and spontaneous fission
[24-27]
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Density-dependent cluster models, microscopic interaction
potentials, and refined empirical formulations have
substantially improved predictions of cluster-decay half-lives
through the incorporation of realistic nuclear densities,
interaction potentials, shell effects, and daughter-nucleus
deformations 2830, Similarly, modern spontaneous-fission
models have advanced through the inclusion of shell
corrections, multidimensional deformation, pairing
correlations, collective inertia, and microscopic energy-density
functionals, leading to increasingly reliable predictions of
fission barriers and spontaneous-fission half-lives 31, These
developments have demonstrated that the competition between
cluster decay and spontaneous fission is strongly influenced by
nuclear structure, shell stabilization, and barrier characteristics,
emphasizing the importance of treating both decay modes
within a consistent theoretical framework (2341,

In parallel with these developments, neutron skin thickness has
emerged as an important indicator of the structure of neutron-
rich nuclei. Defined as the difference between the root-mean-
square neutron and proton radii, neutron skin thickness reflects
the spatial extension of excess neutrons beyond the proton
distribution and is closely related to the density dependence of
the nuclear symmetry energy 527, Variations in neutron skin
thickness modify nuclear surface properties, including the
effective nuclear radius, surface diffuseness, and density
distribution, thereby influencing interaction barriers and other
barrier-dependent nuclear processes. Although its significance
for nuclear structure and reaction dynamics has been widely
recognized, its relationship with the competition between
cluster decay and spontaneous fission remains comparatively
unexplored. Existing decay models generally account for
neutron-rich  effects indirectly through nuclear-density
distributions, effective interaction potentials, or isospin-
dependent quantities rather than treating neutron skin thickness
as an independent model parameter 3841,

Motivated by this gap, the present study employs the density-
dependent cluster model within the Wentzel-Kramers-
Brillouin (WKB) approximation to investigate the competition
between cluster decay and spontaneous fission in selected
superheavy nuclei with atomic number Z>103. Cluster-decay
penetrabilities, decay constants, spontaneous-fission barrier
heights, and half-lives are calculated using the AME2020
nuclear mass evaluation and assessed against the available
experimental data from NUBASE2020 2 43, The calculated
decay characteristics are subsequently analysed in relation to
neutron skin thickness to identify systematic structural trends
across the investigated isotopic chains. Within the present
framework, neutron skin thickness is considered a structural
indicator of nuclear structure evolution rather than an
independent input to the decay model. The present study
provides a systematic assessment of the competition between
cluster decay and spontaneous fission in superheavy nuclei and
establishes benchmark calculations for future theoretical and
microscopic investigations of neutron-rich superheavy
systems.

Theoretical framework

The competition between cluster decay and spontaneous
fission in superheavy nuclei is investigated within the density-
dependent cluster model (DDCM) combined with the Wentzel-
Kramers-Brillouin (WKB) approximation and is referred to as,
conventional approach. The DDCM provides a microscopic
description of barrier-penetration processes by incorporating
realistic nuclear interaction potentials and density-dependent
effects, while the WKB approximation is employed to evaluate
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the quantum tunnelling probabilities associated with both
decay modes. Within this framework, cluster decay is
described as the emission of a preformed cluster through the
interaction barrier, whereas spontaneous fission is treated as
the penetration of the multidimensional fission barrier along
the collective deformation coordinate. The theoretical
formalism adopted in the present work is summarized below.

i. Cluster Decay Formalism

Within the density-dependent cluster model, the radioactive-
decay constant is determined by the combined effects of the
cluster preformation probability, assault frequency, and barrier
penetrability, and is expressed as [ ],
A=S.vP (@)
where, S, is the cluster preformation factor, v is the assault
frequency representing the frequency with which the
preformed cluster approaches the barrier, and P is the barrier
penetrability.

The barrier penetrability is evaluated using the WKB
approximation [8-10],

2 (7o
P = exp[~ [0 2uc? (V) — Q) dr] @)
where, uc? is the reduced mass of the decay system, V(r) is
the total interaction potential, Q is the decay energy obtained
from the AME2020 nuclear mass evaluation, r, is outer
classical turning point and r; is inner classical turning point [&
10]

The corresponding cluster-decay half-life is obtained from,
@)

which represents the measurable lifetime associated with
cluster emission 61,

ii. Spontaneous Fission Formalism

The spontaneous-fission process is described through the
deformation-dependent total potential energy, which consists
of the surface, Coulomb, symmetry-energy, shell-correction,
and pairing-energy contributions 2123251,

O]

sym

(@) + 6Egnen(q) +
4)

V() = EQ () + EQ () +
6Epair (Q)

The spontaneous-fission barrier height is determined from the
difference between the saddle-point and ground-state potential
energies,

B =V (4s) — ¥ (a5) (5)
where (g5 ) and (qg) denote the saddle-point and ground-state
deformation coordinates, respectively.

The probability of spontaneous-fission barrier penetration is
evaluated using the WKB action integral,

0)
F

0)

KD = 21" [P @U@ ~ o] dg (6)

where q, and q,, are the classical turning points, Bég) (q) is the

collective inertia (mass parameter), Us(g) (q) is the deformation-
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dependent potential energy, and E, is the collective ground-
state energy [*-14,
The corresponding spontaneous-fission barrier penetrability is
then expressed as,

0 DN
Py = [1+exp(2K5)] 7)
The spontaneous-fission decay constant is subsequently
calculated from the product of the assault frequency and barrier
penetrability,

0 0 0
Ay = v By ®)
where, 175(2) denotes the spontaneous-fission assault frequency.
Finally, the spontaneous-fission half-life is obtained from,

0) n2
T1 /2,SF — ,(0)
SF

9)
which represents the characteristic lifetime associated with
spontaneous-fission decay 2% 23],

iii. Neutron Skin Thickness

The neutron skin thickness is defined as the difference between
the root-mean-square neutron and proton radii,
AR,, = R, — R, (10)
where R,, and R,, denote the neutron and proton root-mean-
square radii, respectively. In the present study, neutron skin
thickness is analyzed as a structural observable to examine
systematic variations in the calculated decay characteristics
across the investigated isotopic chains. It is not introduced as
an independent input parameter to the decay model but is used
to assess correlations between nuclear structure and the
competing decay modes.

iv. Model Performance

The predictive performance of the theoretical framework is
evaluated through the root-mean-square (RMS) deviation
between the calculated and available experimental logarithmic
half-lives,

Tcalc

exp
1/2 T,

2
) - loglO ( 1/2 )]
where, N is the number of parent nuclei included in the
comparison, Tf/4¢ are the calculated half-lives and T;77 the
experimental half-lives. Experimental half-lives are taken from
the NUBASE2020 evaluation. The RMS deviation provides a
quantitative measure of the predictive accuracy of the
theoretical framework and serves as the primary metric for
assessing agreement with the available experimental data.

ORrMS = \/% Zliv=1 [loglo( (11)

Results and Discussion

The decay characteristics of the investigated superheavy nuclei
were evaluated using the theoretical framework described in
Section 2. Nuclear masses of the parent nuclei, daughter nuclei,
emitted clusters, and spontaneous-fission fragments were
adopted from the AME2020 nuclear mass evaluation to
determine the corresponding decay Q-values. Neutron skin
thickness was calculated using Equation (10), while cluster-
decay penetrabilities, decay constants, and half-lives were
obtained from Equations (2), (1), and (3), respectively.
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Spontaneous-fission barrier heights, decay propability, and
half-lives were evaluated using Equations (5), (9) and (8)
respectively. The complete set of calculated decay properties is
summarized in Table 1, providing the basis for a systematic
assessment of the competition between cluster decay and
spontaneous fission across the investigated superheavy
isotopic chains.

The calculated decay Q-values exhibit systematic variations
across the investigated nuclei, reflecting the evolution of
nuclear binding energies with increasing neutron and proton
numbers. Similarly, neutron skin thickness increases
progressively with neutron excess, consistent with the gradual
extension of the neutron density distribution beyond the proton
distribution in neutron-rich superheavy nuclei. These structural
changes provide an appropriate framework for examining the
evolution of the calculated decay characteristics and their
relationship to the underlying properties of the nuclear system.
The results presented in Table 1 demonstrate that the calculated
cluster-decay characteristics exhibit pronounced but non-
monotonic variations throughout the investigated isotopic
chains. Such behaviour indicates that cluster decay cannot be
interpreted solely in terms of neutron skin thickness. Instead,
the calculated penetrabilities, decay constants, and half-lives
arise from the combined influence of decay Q-values,
interaction-barrier characteristics, shell stabilization, daughter-
nucleus configurations, emitted-cluster properties, and the
exponential dependence of the tunnelling probability described
by the WKB approximation. Consequently, nuclei possessing
comparable neutron skin thicknesses may exhibit substantially
different cluster-decay half-lives because relatively small
variations in decay energy or barrier properties produce
significant changes in barrier penetrability and, therefore, in the
corresponding decay probability.

In contrast, the spontaneous-fission characteristics display a
more systematic evolution across the investigated nuclei. As
the proton and mass numbers increase, the calculated
spontaneous-fission barrier heights decrease progressively
owing to the increasing fissility and enhanced Coulomb
repulsion characteristic of heavier superheavy systems. The
resulting increase in barrier penetrability produces
systematically ~ shorter  spontaneous-fission  half-lives,
indicating that spontaneous fission becomes progressively
more competitive as the stabilizing influence of the fission
barrier is reduced. This behaviour is consistent with the
established dependence of spontaneous-fission probabilities on
barrier height and collective tunnelling dynamics.

A comparison of the calculated cluster-decay and spontaneous-
fission characteristics reveals a gradual transition from cluster-
decay dominance to spontaneous-fission dominance across the
investigated isotopic chains. Although this transition is
observed for nuclei exhibiting larger neutron skin thickness,
the calculations indicate that it reflects the systematic evolution
of nuclear structure, decay energetics, shell effects, fissility,
and barrier characteristics rather than the influence of neutron
skin thickness alone. Within the present theoretical framework,
neutron skin thickness therefore serves as a structural indicator
of the underlying evolution of the nuclear system, providing a
useful parameter for interpreting systematic trends without
acting as an independent determinant of the calculated decay
properties.

The systematic behaviours identified in Table 1 are examined
in greater detail through the analyses presented in Figures 1-7.
These figures provide complementary insight into the
relationships among decay energetics, barrier penetrability,
spontaneous-fission barrier heights, fissility, and neutron skin
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thickness, thereby establishing the physical mechanisms
governing the competition between cluster decay and

https://www.physicsjournal.net

spontaneous fission in neutron-rich superheavy nuclei.

Table 1: Comparison of Cluster decay and Spontaneous fission using Conventional approach

r?jcrlzﬂg thlieclf(trr]zgss‘(l]fm) Cluster decay Spontaneous fission
. . Decay Barrier . Decay

Q-value Barrier Half-life, . Q-value - Half-life, o

(Mev) penetrability, P)  (Tu) (9 |PPP*0% @9 (mevy | "I IS0 | rsny ) | PPN
260Lr 0.157 31.29 5.6737x10%2 | 1.1915x10° | 5.8174x10? 222.2 5.036 1.1910x10% | 5.8190x10
262Lr 0.162 30.95 2.5416x10% | 2.6801x10° | 2.5863x10' | 223.64 5.013 2.2330x102 | 3.1050x10°
264Lr 0.168 30.40 6.2715x10% | 1.0983x10' | 6.3111x10% | 225.08 4.989 4.1190%102 1.6830x103
262Rf 0.155 44.51 3.9212x102 | 1.5588x10' | 4.4467x102 | 223.64 4.997 1.9100x10t | 3.6290x10
264Rf 0.161 43.42 4.0816x102* | 1.5195x102 | 4.5617x10% | 225.08 4.973 3.5900%10* 1.9310x102
266Rf 0.166 41.88 1.3212x10% | 4.7901x10% | 1.4470x10* | 226.52 4.950 6.6440x10! 1.0430x102
266Db 0.159 54.79 8.2579x102%8 | 7.5666x10° | 9.1606x107 | 226.52 4.934 5.7720%10° 1.2010x10"!
268Db 0.165 53.54 6.2119x10%° | 1.0198x107 | 6.7969x10®° | 227.96 4.910 1.0710x10t | 6.4720x102
270Db 0.170 56.24 2.2776x1026 | 2.7197x10* | 2.5486x10° 229.4 4.887 1.9570x10t | 3.5410x10?
270Sg 0.163 69.97 9.7690x102® | 6.2707x105 | 1.1054x106 229.4 4.871 1.7260x10° | 4.0160x10""
272Sg 0.169 67.78 1.7270x10% | 3.6118x107 | 1.9191x10® | 230.84 4.847 3.1630x10° | 2.1910x10""
27459 0.174 65.00 6.8270x10%2 | 9.3506x10° | 7.4129x10'* | 232.28 4.823 5.7120%10° 1.2130x10"!
274Bh 0.167 75.01 5.8175x10%¢ | 1.1086x10'* | 6.2525x10%° | 232.28 4.808 5.1100x10"" 1.3560x10°
276Bh 0.172 80.20 2.1237x103! | 2.9434x10° | 2.3547x101° | 233.72 4.784 9.2540x10"' | 7.4900x10"
278Bh 0.177 88.71 4.9154x102% | 1.2118x10% | 5.7198x10* | 235.16 4.759 1.6520x10° | 4.1960x10"!
278Hs 0.171 99.92 8.6175x102% | 6.9840x105 | 9.9248x107 | 235.16 4.744 1.4990x10°! |  4.6250x10°
280Hs 0.176 92.05 2.0366x10%% | 3.0858x10'! | 2.2462x10? | 236.6 4.720 2.6830x107! | 2.5840x10°
282Hs 0.181 98.57 1.5305x10%8 | 3.9771x106 | 1.7429x107 | 238.04 4.695 4.7350x10"! 1.4640x10°
282Mt 0.174 119.50 | 7.4527x10%° | 7.8813x10? | 8.7950x10“ | 238.04 4.681 4.3550x102 |  1.5920x10*
284Mt 0.179 131.52 | 1.5809x10%8 | 3.5497x10“| 1.9527x10° | 239.48 4.656 7.7090x1072 |  8.9910x10°
286Mt 0.184 95.23 3.9519x10%? | 1.6725x10%° | 4.1444x102% | 240.92 4.631 1.3460x10"! 5.1500x10°
286Ds 0.178 126.04 | 1.4039x10%° | 4.3167x107 | 1.6057x10% | 240.92 4.617 1.2540x102 | 5.5250x10t
288Ds 0.182 119.72 | 1.3030x10%® | 4.7834x10% | 1.4490x10*2 | 242.36 4.592 2.1970x102 |  3.1550x10*
290Ds 0.187 128.98 | 1.3105x10%" | 4.5924x105 | 1.5093x106 243.8 4.567 3.7960x102 | 1.8260x10:
290Rg 0.181 148.25 | 5.8664x10%° | 1.0034x10° | 6.9080x10* 243.8 4.552 3.5840x1073 | 1.9340x102
292Rg 0.186 138.26 | 1.7716x10%° | 3.4486x10% | 2.0098x10° | 245.24 4.527 6.2100x1073 | 1.1160x102
294Rg 0.190 156.80 | 1.4224x10° | 4.0428x102 | 1.7145x10' | 246.68 4.502 1.0620x102 |  6.5250x10t
294Cn 0.184 167.76 | 3.0657x1022 | 1.8922x10° | 3.6621x10 | 246.68 4.488 1.0150x1073 |  6.8260x102
296Cn 0.189 148.45 | 2.0506x10%? | 3.0144x10% | 2.2995x10°%t | 248.12 4.463 1.7420x1073 | 3.9790x102
298Cn 0.193 157.73 | 4.9644x10%" | 1.2108x105 | 5.7247x10® | 249.56 4.437 2.9510x103 | 2.3490x102
298Nh 0.187 162.83 | 1.0507x10%! | 5.8509x10° | 1.1847x10% | 249.56 4.423 2.8550x10* | 2.4270x103
300Nh 0.192 167.22 | 3.7669x10%° | 1.6143x107 | 4.2938x10°® 251 4.398 4.8510x10* | 1.4290x103
302Nh 0.196 177.40 | 6.9172x10* | 8.5555x10! | 8.1018x10° | 252.44 4.372 8.1390x10* | 8.5170x10?
302FI 0.191 187.28 | 1.2904x10%° | 4.6223x10° | 1.4996x10“ | 252.44 4.359 7.9700x10°5 | 8.6970x103
304FI 0.195 187.41 | 1.9231x10%° | 3.1079x10° | 2.2303x10“ | 253.88 4.333 1.3410x10# | 5.1680x103
306FI 0.199 170.71 | 3.3677x10** | 1.8640x10%? | 3.7186x10"*® | 255.32 4.307 2.2300x10* | 3.1090x103
306Mc 0.194 207.36 | 2.8480x10% | 2.0647x10° | 3.3560x107) | 255.32 4.294 2.2090x105 |  3.1380x10*
308Mc 0.198 186.53 | 3.0304x10% | 2.0509x10% | 3.3797x10* | 256.76 4.268 3.6830x10°° 1.8820x10*
310Mc 0.202 179.71 | 5.2803x10% | 1.2021x10% | 5.7661x10"*> | 258.2 4.242 6.0680x103 1.1420x10*
310Lv 0.196 179.09 | 7.9925x10“* |8.1912x10% | 8.4621x10% | 258.2 4.228 6.0800x10°¢ 1.1400x10°
312Lv 0.201 192.42 | 1.6237x10% | 3.8995x10% | 1.7775x10** | 259.64 4.202 1.0050x107 |  6.8990x10*
314Lv 0.205 183.61 | 1.1601x10“° |5.6007x10%8 | 1.2376x10* | 261.08 4.176 1.6410x10° |  4.2230x10*
314Ts 0.199 22331 | 7.7826x10% | 7.7768x10° | 8.9120x10° | 261.08 4.163 1.6620x10° |  4.1700x10°
316Ts 0.204 191.01 | 4.4103x10“% | 1.4876x10% | 4.6595x10% | 262.52 4.137 2.7240x10°° |  2.5450x10°
318Ts 0.208 191.69 | 1.5961x10%*? |4.1132x10%° | 1.6852x10% | 263.96 4.111 4.4120x10°¢ 1.5710x10°
3180g 0.202 211.85 | 3.4974x10%" | 1.8305x10%° | 3.7867x1071¢ | 263.96 4.098 4.5170x107 1.5350x10¢
3200g 0.206 206.06 | 2.1606x10%° |3.0121x10' | 2.3012x107'° | 265.4 4.071 7.3390x1077 |  9.4450x10°
3220g 0.210 205.77 | 1.9577x10%0 | 3.3349x10'® | 2.0785x101° | 266.84 4.045 1.1790x10° | 5.8790x10°
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Fig 1: Variation of Q-value with neutron skin thickness using the conventional approach

Figure 1 illustrates that the calculated decay Q-values generally
increase with neutron skin thickness. This trend reflects the
systematic evolution of nuclear binding energies with
increasing neutron excess in superheavy nuclei, where the
symmetry-energy contribution modifies the binding-energy

balance. The scatter about the overall trend indicates that the
calculated Q-values are also influenced by shell structure,
nuclear masses, and daughter-nucleus stability. Consequently,
the observed behaviour reflects the interplay of nuclear binding
and structural effects rather than neutron skin thickness alone.

1E-19 A
1E-21 A
1E-23 |
1E-25 A
1E-27 A
1E-29 A
1E-31 A
1E-33 A
1E-35 A
1E-37 A
1E-39 o
1E-41 A
1E-43
1E-45

Cluster decay barrier penetrability

0.15 0.16 0.17

Neutron skin thickness (fin)

0.18 0.19 0.20

Fig 2: Relationship between cluster decay barrier penetrability and neutron skin thickness in the conventional approach

As shown in Figure 2, the calculated cluster-decay barrier
penetrability generally decreases with increasing neutron skin
thickness. Within the WKB framework, a larger effective
nuclear radius increases the tunnelling distance, thereby
reducing the probability of barrier penetration. The dispersion
of the calculated values further indicates that penetrability

~ 66~

depends on the decay Q-value, emitted-cluster charge, reduced
mass, interaction potential, and shell effects. These results
demonstrate that barrier penetrability is governed by the
combined influence of barrier characteristics and nuclear
structure.
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Fig 3: Dependence of cluster decay half-life on neutron skin thickness based on the conventional approach

Figure 3 shows that the calculated cluster-decay half-lives
increase with neutron skin thickness. This behaviour follows
directly from the reduction in barrier penetrability, which
decreases the decay constant and consequently increases the
half-life. The spread of the calculated values indicates that

neutron skin thickness alone does not determine the cluster-
decay lifetime. Instead, the half-life is controlled by the decay
Q-value, emitted-cluster properties, reduced mass, Coulomb
interaction, shell stabilization, cluster preformation, and barrier
penetrability.

270.00

265.00

260.00 1

255.00 A

250.00

245.00

240.00

235.00 A

Spontaneous-fission Q-value (MeV)

230.00 1

225.00 A

220.00 T

0.150 0.155 0.160 0.165 0.170 0.175 0.130 0.185 0.190 0.195 0.200 0.205 0.210
Neutron skin thickness (fim)

Fig 4: Variation of spontaneous fission Q-value with neutron skin thickness under the conventional approach

The calculated spontaneous-fission Q-values shown in Figure
4 generally increase with neutron skin thickness, reflecting the
evolution of nuclear masses and binding-energy differences
across the investigated isotopic chains. The observed scatter
indicates that the energy release is additionally influenced by
shell effects, pairing correlations, fragment configurations,

~ 67~

mass asymmetry, and the binding energies of the parent
nucleus and fission fragments. Within the present framework,
neutron skin thickness serves as a structural indicator of these
systematic variations rather than an independent determinant
of the calculated spontaneous-fission Q-values.
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Fig 5: Relationship between spontaneous fission barrier height and neutron skin thickness using the conventional approach

Figure 5 demonstrates that the calculated spontaneous-fission
barrier heights decrease progressively across the investigated
nuclei. This behaviour results from increasing fissility and

stronger Coulomb repulsion in heavier superheavy nuclei,

which reduce the resistance to collective deformation despite
the increasing neutron skin thickness. Consequently, lower
barrier heights enhance spontaneous-fission probability and
strengthen its competition with cluster decay.

1.0000E+03

1.0000E+02 1
1.0000E+01 4
1.0000E+00 4
1.0000E-01 4
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Neutron skin thickness (fin)

Fig 6: Dependence of spontaneous fission half-life on neutron skin thickness in the conventional approach

As illustrated in Figure 6, the calculated spontaneous-fission
half-lives decrease systematically with increasing neutron skin
thickness. This trend follows from the progressive reduction in
fission-barrier height, which enhances quantum tunnelling
through the deformation barrier. The scatter of the calculated

~ 68~

values indicates that spontaneous-fission half-life is also
influenced by barrier characteristics, shell effects, deformation,
pairing correlations, and fissility. The calculated results
therefore remain consistent with the established relationship
between barrier height and spontaneous-fission probability.
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Fig 7: Conventional approach Comparative variation of cluster radioactivity and spontaneous fission half-lives with neutron skin thickness

Figure 7 compares the calculated cluster-decay and
spontaneous-fission half-lives across the investigated isotopic
chains. At smaller neutron skin thicknesses, cluster decay
exhibits shorter half-lives and therefore higher decay
probabilities than spontaneous fission. With increasing neutron
skin thickness, cluster-decay half-lives become progressively
longer because of reduced barrier penetrability, whereas
spontaneous-fission half-lives decrease as the fission barrier is
lowered. Consequently, a transition from cluster-decay
dominance to spontaneous-fission dominance is observed. This
transition reflects the systematic evolution of decay energetics,
barrier properties, shell effects, and fissility across the
investigated nuclei. Although it occurs for nuclei with larger
neutron skin thickness, the present calculations indicate that
neutron skin thickness functions as a structural indicator of
these underlying changes rather than an independent
determinant of the preferred decay mode. The identified
transition provides valuable insight into the decay behaviour

and stability of neutron-rich superheavy nuclei.

Table 2 shows the comparison between Spontaneous fission
half-life results of conventional approach for a sample of the
selected elements and the experimental data available in the
NUBASE?2020 decay data. The calculated spontaneous-fission
half-lives are compared with the available experimental data
from NUBASE?2020 for representative superheavy nuclei. The
conventional approach yields a root-mean-square (RMS)
deviation of 1.822, indicating satisfactory agreement with
experiment. The remaining deviations are consistent with the
inherent challenges of describing shell effects, deformation,
pairing correlations, and fission-barrier properties in
superheavy nuclei. Overall, the comparison demonstrates that
the present framework captures the principal systematics
governing spontaneous-fission half-lives while providing
reliable benchmark predictions for neutron-rich superheavy
systems.

Table 2: Comparison of Spontaneous fission half-lives of Conventional approach with available NUBASE2020 experimental data

Parent nucleus Experimental half-life (s) Conventional approach Half-life (s)
260Lr 1.80x102 1.1910x10?
262Lr 1.44x104 2.2330%10?
264Lr 3.6x10* 4.1190x102
262Rf 2.5x10*1 1.9100x10?
264Rf 3.6x10° 3.5900%10*
266Rf 1.44x104 6.6440x10*
266Db 4.8x10° 5.7720x10°
278Bh 2.0x10° 1.6520%10°
278Hs 2.0x10° 1.4990x10™!

Conclusion

The density-dependent cluster model combined with the
Wentzel-Kramers-Brillouin ~ (WKB) approximation was
employed to investigate the competition between cluster decay
and spontaneous fission in selected superheavy nuclei with
atomic humber Z>103. The calculated results demonstrate that
cluster decay is governed primarily by the combined effects of
decay Q-values, barrier penetrability, shell stabilization,
daughter-nucleus  configurations, and  emitted-cluster
properties, whereas spontaneous fission is controlled
predominantly by the systematic reduction of fission-barrier
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heights with increasing fissility and Coulomb repulsion.

A transition from cluster-decay dominance to spontaneous-
fission dominance is identified across the investigated isotopic
chains. Although this transition is observed for nuclei
exhibiting larger neutron skin thickness, the calculated results
indicate that it reflects the systematic evolution of nuclear
structure, decay energetics, shell effects, and barrier
characteristics, with neutron skin thickness serving as a
structural indicator rather than an independent determinant of
the calculated decay properties.

Comparison with the available experimental spontaneous-
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fission half-lives yields a root-mean-square deviation of 1.822,
demonstrating satisfactory agreement between the calculated
and measured values. Overall, the present study provides a
systematic assessment of competing decay modes in
superheavy nuclei and establishes benchmark predictions for
future theoretical investigations of neutron-rich superheavy
systems. Future theoretical developments should explicitly
incorporate neutron skin thickness into the interaction potential
and barrier formulation to systematically evaluate its influence
on decay characteristics, nuclear stability, and the
interpretation of newly synthesized neutron-rich superheavy
nuclei within more comprehensive theoretical frameworks.
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