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Introduction

The study of radioactive decay has long been
central to nuclear physics, providing critical
insights into the forces that govern nuclear
stability and structure. While alpha decay and
cluster radioactivity are well-established modes,
charged-particle emissions such as one- and two-
proton radioactivity represent more exotic
phenomena, accessible only in nuclei beyond the
proton drip line. These processes probe the
interplay of nuclear binding and Coulomb
repulsion, offering a direct means to explore the
limits of nuclear existence [1-4]. Proton
radioactivity, first observed in the 1970s, is
understood as a quantum tunneling process
through a combined Coulomb and centrifugal
barrier. The decay half-life is highly sensitive to
the released energy, orbital angular momentum,
and nuclear deformation, making it an excellent
probe of single-particle configurations [5].
Empirical and  semi-empirical  models,
particularly ~ those  incorporating  angular
momentum and deformation corrections have
significantly ~ improved  agreement  with
experiment. Building on these approaches, recent
formulations extend predictive accuracy across a
broad range of spherical and deformed nuclei
[6,7]. In this work, we extend these developments
by analyzing proton decay systematics within an
improved empirical framework optimized against
experimental data.

Methodology

The half-life of proton radioactivity
depends on the tunnelling of the emitted proton
through the Coulomb, nuclear, and centrifugal
barriers. To capture this behavior, we applied
empirical relations that incorporate angular
momentum and nuclear deformation, originally
proposed in earlier studies [5], and refined them
for systematic application to the selected dataset.

The first empirical expression is given

by:
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where Z and A are the charge and mass numbers
of the parent nucleus, Q is the decay energy, and
| is the orbital angular momentum. For spherical
emitters, the fitted parameters were a = 0.344,
b=4.963, c=—31.125, and co=2.595, with an
RMSD of ¢ = 0.153. For deformed emitters
(Z=53-67), the optimized values were a=0.364,
b=4.647, ¢=—30.930, and Co=2.624, with ¢ =
0.323.

A second formulation introduces mass-dependent
corrections:
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For spherical emitters, the parameters were a =
—23.063, b = —0.422, ¢ = 0.417 and co = 2.599,
yielding ¢ = 0.183. For deformed emitters, the
corresponding set was a = —23.934, b =—-0.394, ¢
=0.438 and co = 2.617, with o = 0.316.

Results and Discussion

Proton decay half-lives were computed
for a representative set of isotopes using the
modified empirical relations described earlier.
Experimental half-life values obtained from
experimental databases and existing literature [8-
10] were employed to validate the framework,
and the root-mean-square deviation (RMSD) was
used as a measure of predictive reliability. Both
formulations, Egs. (1) and (2), reproduced
experimental data with strong consistency, with
the mass-dependent correction in Eqg. (2) yielding
improved performance for spherical emitters.
Nuclear deformation was found to significantly
influence decay dynamics, particularly in the
region Z=53-67, where the predicted half-lives
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cases. Similarly, angular momentum dependence
was clearly observed, with 1=0,2, and 5
transitions confirming the expected increase in
half-lives due to the centrifugal barrier. These
results collectively demonstrate the robustness of
the refined empirical approach in describing
proton emission across diverse nuclear regimes.
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Fig. 1: The calculated half —lives results based
on empirical formulas as a function of the atomic
number for L=0, 2, 5.

The  computational  findings are
illustrated in the accompanying graphs, which
display the variation of half-lives as a function of
atomic number for different angular momenta.
The plots highlight the systematic improvement
achieved by the refined relations and the distinct
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When benchmarked against other semi-empirical
models, the present framework consistently
provided closer agreement with experiment, not
only for ground-state emitters but also for
isomeric states. This enhanced predictive
accuracy emphasizes the importance of
deformation and angular momentum corrections
in empirical models and establishes a reliable tool
for investigating proton-rich nuclei near the drip
line.
Conclusion

The refined empirical formulations,
embedding deformation and angular momentum
dependencies, exhibit marked improvement in
reproducing experimental half-lives of proton
emitters. Their success in describing both
ground- and  isomeric-state  transitions
underscores the robustness of the framework and
its applicability across spherical and deformed
systems.  Extending these relations to
forthcoming measurements of exotic nuclei near
the proton drip line will provide stringent tests of
nuclear structure models and advance our
understanding of quantum tunnelling phenomena
in unstable nuclear matter.

References

[1]D. T. Joss et al., Physics Letters B 641, 34
(2006).

[2]E. L. Medeiros et al., The European Physical
Journal A 34, (2007).

[3]Z.-X. Zhang and J.-M. Dong, Chinese Physics
C 42, (2018).

[4] T. Ohlsson, Nuclear Physics B 993, 116268
(2023).

[5]V. Dehghani and S. A. Alavi, Chinese Physics
C 42, 104101 (2018).

[6] M. G. Srinivas et al., Indian Journal of Physics
97, 1181 (2022).

[7]N. P. Saeed Abdulla et al., Nuclear Physics
and Atomic Energy 25, 105 (2024).

[8]B. Blank and M. J. G. Borge, Progress in
Particle and Nuclear Physics 60, 403 (2008).

[9]B. Sahu, S. K. Agarwalla, and S. K. Patra,
Physical Review C 84, (2011).

[10] K. P. Santhosh and 1. Sukumaran, Physical
Review C 96, (2017).

Available online at www.sympnp.org/proceedings



