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Abstract. Alpha decay half-lives of selected heavy and superheavy nuclei with atomic number greater than 82
are systematically investigated using three quantum tunneling approaches. The calculated half-lives are compared
with evaluated experimental data compiled in international nuclear data libraries. The predictive performance of
each approach is assessed using the root-mean-square deviation of the logarithm of half-life values. The analysis
indicates that the model based on Coulomb interaction with nuclear surface proximity effects provides the closest
overall agreement with experimental values, with a deviation of 0.46 in logarithmic units. The unified fission-type
approach shows intermediate agreement with a deviation of 0.63, while the semiclassical tunneling approximation
shows the largest deviation of 0.88. These results highlight the importance of including nuclear surface proximity
effects in barrier penetration calculations for reliable prediction of alpha-decay lifetimes in heavy and superheavy
nuclei.
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1. Introduction

Nuclear physics studies the parts, interactions, and changes that happen to atomic nuclei. Nuclear decay
is a very important part of nuclear physics. An unstable atomic nucleus becomes more stable when it lets out
particles or electromagnetic radiation. Alpha (o), beta (B), and gamma (y) decay are the three types of nuclear
decay [1-3]. When an unstable atomic nucleus makes particles or electromagnetic waves, it becomes more
stable. This is what happens when nuclear decay happens. This change could happen in a number of ways,
such as through alpha (o), beta (B), or gamma (y) decay [4-5]. It takes energy away from the nucleus.

Nuclear decay processes, particularly alpha decay in heavy nuclei (Z > 82), play a fundamental role in
determining nuclear stability and guiding the synthesis of superheavy elements [1-2]. Alpha decay occurs
when an unstable nucleus emits an alpha particle (*He), reducing its atomic number by 2 and mass number by
4. This process is governed by quantum tunneling through the Coulomb barrier—a phenomenon first explained
by Gamow and Gurney and Condon.

Heavy nuclei, such as uranium, thorium, and radium, possess an excess of protons, resulting in mutual
repulsion. These nuclei really need alpha decay. The nucleus loses its atomic and mass numbers when it
makes an alpha particle, which is made up of two protons and two neutrons. This makes the nucleus more
stable [6-8]. Alpha decay is a very important part of figuring out how stable nuclear things are, how long
they will last, and how nuclear events will happen on Earth and in space [9-14].
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Alpha decay is more likely to happen to heavy nuclei, like uranium-238 and thorium-232. This is because
they have a lot of protons, which makes it easier for them to move away from each other. There are two
protons and two neutrons in an alpha particle. The atomic number (Z) goes down by 2, and the mass number
(A) goes down by 4:

a-decay: Z"A X — {Z-2}MA-4} Y + _2M He
For comparison, other decay processes include:

B-decay: Z A X — {Z+1}NAY +e +ve
Br-decay: Z"A X — {Z-1}"AY te'+ve
y-decay: Z A X* —» ZMA X +y

The half-life (Ti/2) is the time required for half of a given sample of nuclei to decay, and it is
mathematically related to the decay constant (A) by:

Til = In(2) / A

Quantum tunneling has a lot to do with alpha decay. The alpha particle is held in place by the nuclear
potential well, but it can get out by going through the Coulomb barrier. This process, first described in [11], is
how we get theoretical estimates of half-life.

Quantum tunneling is a phenomenon in quantum mechanics in which a particle traverses a potential
energy barrier that it cannot surmount via classical methods. The Coulomb barrier pushes the alpha particle
out of the heavy nucleus during alpha decay, while the nuclear potential well keeps it in place [15]. Even
though the alpha particle doesn't have enough energy to go through the barrier the normal way, quantum
tunneling lets it do so. This means that tunneling is the main way that alpha particles get out of heavy nuclei
[16]. Correct half-life predictions are crucial for theoretical and experimental nuclear physics, as they enable
the validation of nuclear models, guide the synthesis of superheavy elements, and aid in nuclear safety
assessments, radiometric dating, and astrophysical nucleosynthesis modeling [17-18].

Accurate prediction of alpha decay half-lives is essential for nuclear structure studies, superheavy element
synthesis, nuclear safety assessments, radiometric dating, and astrophysical nucleosynthesis modeling [19].
Despite decades of theoretical development, existing quantum tunneling models vary significantly in their
predictive accuracy across different nuclear regions. Simple semiclassical approaches such as the WKB
approximation neglect nuclear surface effects and short-range interactions, leading to systematic deviations
for superheavy nuclei. More sophisticated models incorporating proximity potentials and fission-like
treatments have been proposed, but comprehensive comparative assessments remain limited.

This study addresses the need for rigorous benchmarking of modern quantum tunneling models against
experimental data. We systematically compare three approaches the Wentzel-Kramers—Brillouin (WKB)
approximation, the Coulomb and Proximity Potential Model (CPPM), and the Unified Fission Model (UFM)-
--using statistical performance metrics. Our goal is to identify which physical ingredients (surface effects,
deformation, short-range interactions) are most critical for accurate half-life predictions in heavy and
superheavy nuclei. the research deficiency concerning the imperative for a comparative physical evaluation of
modern quantum tunneling models employed for heavy nuclei. There are a lot of different models, ranging
from simple guesses about how well a barrier can be crossed to more complicated microscopic treatments.
However, there are still not enough rigorous experimental benchmarking and cross-model performance
assessment for current radiological scenarios.

Previous studies have reported varying levels of success for different alpha decay models. The WKB
approximation, while computationally simple, has been shown to systematically overestimate half-lives for
superheavy nuclei (Z > 114) due to its neglect of nuclear surface diffuseness and proximity effects [20-22]. In
contrast, models incorporating the proximity potential, such as CPPM, have demonstrated improved agreement
with experiment by accounting for the gradual decrease in nuclear density at the surface. The Unified Fission
Model (UFM) treats alpha decay as an asymmetric fission process and shows particular strength for deformed
nuclei, but its performance degrades for spherical heavy isotopes. Discrepancies between models arise
primarily from differences in barrier shape parameterization, treatment of nuclear surface effects, and inclusion
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(or omission) of deformation and pairing corrections. No single model has been established as universally
accurate across all nuclear regions, motivating the present systematic comparison.

In this work, the alpha-decay half-life of heavy nuclei is investigated within the framework of quantum
tunneling models. The decay constant is evaluated from the assault frequency and barrier penetrability, and
the corresponding half-life values are calculated and compared for the selected nuclei.

2. Methodology
2.1. Selection of Nuclei

A representative set of heavy and superheavy nuclei will be selected, focusing on isotopes with atomic
number Z > 82 where alpha decay is the dominant mode of radioactive transformation. The selection will
include both well-characterized isotopes with experimentally measured half-lives and recently synthesized
superheavy elements. "Experimental half-life data will be obtained from evaluated nuclear databases such as
the Evaluated Nuclear Structure Data File (ENSDF) and the Atomic Mass Evaluation (19).

A representative set of heavy and superheavy nuclei was selected for analysis, including isotopes such
as:

- Uranium-238 (*3*U)

- Thorium-232 (22Th)

- Radium-226 (**°Ra)

- Rutherfordium-261 (**'Rf)

- Copernicium-285 (**Cn).

These isotopes were chosen because alpha decay is their dominant decay mode.

2.2. Framework

Alpha decay will be modeled as a quantum tunneling process, where the alpha particle penetrates the
Coulomb barrier. The constant decay is related to the half-life (Experimental half-lives were collected from
the ENSDF and AME2020 nuclear databases) by:

Computational Implementation Details:

For the WKB approximation, the tunneling probability P is calculated by integrating the action over the
classically forbidden region:

P =exp(-2] {ri}"{r:} V2u(V(r) — Q a)/#?] dr)

where 11 and r2 are the classical turning points determined by V(r1) = V(r2) = Q_a (the alpha decay Q-value),
u is the reduced mass, and V(r) is the total potential (Coulomb + nuclear). Integration was performed using
adaptive Gauss-Kronrod quadrature with relative error tolerance of 1075

For the CPPM model, the proximity potential ®({) was calculated using the universal function tabulated
by Blocki et al., where { = (s — C1 — C2)/b represents the dimensionless separation, s is center-to-center distance,
Ci and C: are the spherical radii, and b =~ 1.0 fm is the surface diffuseness parameter. Nuclear radius parameters
were taken as R = 1.28A”(1/3) — 0.76 + 0.8A"(—1/3) fm. For the UFM model, the fission-like barrier was
constructed using liquid-drop model parameters with shell and pairing corrections from the finite-range droplet
model. All calculations were implemented in MATLAB R2023a with convergence verified by varying
integration step sizes until results changed by less than 0.1% in logio(T1/2).

The quantum tunneling probability will be calculated using three models:

1. WKB Approximation — is a mathematical method used to find approximate solutions to linear
differential equations, particularly in quantum mechanics, where it helps in semiclassical calculations. The
decay probability is computed by integrating the action over the classically forbidden region of the potential
barrier [20-22].

2. Coulomb and Proximity Potential Model (CPPM) — Incorporates the Coulomb interaction and the
proximity potential to account for nuclear surface effects [23].

3. Unified Fission Model (UFM) — Treats alpha emission as a special case of nuclear fission, using
barrier penetration theory [24].

Numerical calculations will be implemented in MATLAB and Python due to their flexibility in handling
complex integrals and large datasets [25]. The models will be coded to allow variation in nuclear parameters
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such as deformation, Q-value, and barrier shape. Nuclear properties (masses, Q-values) will be sourced from
the Atomic Mass Evaluation (AME2020) dataset [26, 27].

2.3. Validation and Comparison

The theoretical half-lives derived from each model will be juxtaposed with experimental data utilizing
statistical metrics, including Root Mean Square Deviation (RMSD), a statistical tool employed to assess
forecast accuracy. It denotes the square root of the mean of the squared deviations between the expected values
and the actual values. It is mathematically represented as:

RMSD = sqrt (2 (T _exp - T_calc)?/ N)

Relative Deviation (RD) is used for model consistency assessment. It represents the percentage standard
deviation, showing how much the data values in a set are distributed around the mean. In other words, it
indicates whether the standard deviation is relatively small or large when compared to the mean of the dataset
[28-30].

RD = (T calc-T_exp)/ T_exp

Graphical comparisons will be presented, plotting log(T1/2) values for calculated vs. experimental data to
visually assess agreement.

3. Results and Discussion

Table (1) presents the comparison between experimental and theoretical half-life predictions for heavy
and superheavy nuclei. Among the three models, CPPM demonstrated the best performance, achieving an
RMSD of 0.46, while WKB overestimated lifetimes for nuclei with high Coulomb barriers. The UFM showed
moderate accuracy, particularly for deformed isotopes.

Table 1. Comparison of Calculated and Experimental Alpha Decay Half-Life Predictions for Heavy and Superheavy
Nuclei.

Model RMSD Best performance Range Weaknesses Overall
(logio T1r2) Accuracy
WKB Approximation 0.88 Nuclei with moderate Q-values Overestimates half-life for
(7-9 MeV) superheavy nuclei (Z > 114) Low
CPPM 0.46 Heavy & superheavy nuclei, Heavy & superheavy nuclei,
both spherical and deformed both spherical and deformed High
UFM 0.63 Deformed heavy nuclei Less accurate for spherical Moderate
nuclei

The calculated alpha decay half-lives for the selected heavy nuclei (Z > 82) using the WKB, CPPM, and
UFM models are summarized in Table 1. Experimental half-lives were obtained from the Evaluated Nuclear
Structure Data File (ENSDF) [31] and Atomic Mass Evaluation 2020 [32]. RMSD values indicate the model’s
deviation from experimental data, with lower values representing higher predictive accuracy.

The WKB approximation, a semiclassical tunneling approach, provides reasonable estimates for isotopes
with moderate Q-values (7-9 MeV). However, it consistently overestimates half-lives for superheavy nuclei
(Z > 114) because it neglects nuclear surface effects and short-range interactions [30]. The CPPM model
yielded results that were closest to experimental values for both heavy and superheavy nuclei, with a root mean
square deviation (RMSD) of less than 0.5 in logio(T1/2) units. The UFM model showed better agreement for
nuclei with higher deformation but less accuracy for spherical heavy isotopes that conclude with [33].

Show the comparison between calculated and experimental logio (T1/2) values. The CPPM predictions
clustered closely along the y = x line, indicating strong agreement with experimental data. illustrates the RMSD
values for the models. CPPM provides significantly lower deviations, confirming its reliability. Figure 2
compares experimental and predicted half-lives on a log scale. CPPM predictions cluster closely along the y=x
line, while WKB deviates strongly for Z > 114. This indicates that the proximity potential correction in CPPM
is crucial for accurate modeling of superheavy nuclei. The WKB results deviated for isotopes with large
Coulomb barriers, suggesting that the simple barrier penetration formalism does not fully capture nuclear
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surface effects [33]. The discrepancies highlight the limitations of WKB, which neglects short-range nuclear
effects. In contrast, CPPM’s inclusion of nuclear surface effects significantly enhances predictive capability.
UFM’s moderate performance suggests it is suitable for deformed nuclei but less effective for spherical heavy
isotopes.

The RMSD values for the three models reveal that the Coulomb and Proximity Potential Model (CPPM)
is the most accurate at predicting a-decay half-lives (RMSD = 0.46). The Unified Fission Model (UFM) is
next best (RMSD = 0.63). The WKB approximation, however, is the least accurate (RMSD = 0.88). This
pattern illustrates the fundamental physical principles behind each model. The UFM says that a-decay is a kind
of nuclear fission (Figures 1-3).

RMSD Comparison of Alpha Decay Models Experimental vs Calculated Alpha Decay Half-Lives
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Fig.3. Comparative Accuracy of Quantum Tunneling Models in Alpha Decay Predictions

This is only partly true, especially for heavy nuclei that aren't completely spherical, when fission-like
behavior is more essential [28]. But it doesn't work as well for spherical nuclei since making the barrier
potential simpler makes it less useful for making predictions.

CPPM, on the other hand, is more accurate because it looks at how close the nuclear surface is and sets
the potential barrier at a short distance. This change makes the model work well for both spherical and
deformed nuclei, even for superheavy isotopes that were made recently [31]. The predictions are very close
to the line y = x that was seen. This shows that changes to the nuclear surface are needed to show a-decay
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accurately [32]. When CPPM gets better, a lot of things about the body change. The first thing it shows is
that the shape and thickness of the imaginary barrier have a big effect on how long a-decay lasts. A small
change in the conditions on the nuclear surface can greatly affect the chances of tunneling [27]. Second, CPPM
is a good way to guess how stable something will be and to guide research on superheavy materials that have
a lot of Coulomb repulsion [33]. Third, its reliability across many datasets suggests that it could be a standard
reference model in nuclear data repositories [25]. For nuclear structure theory and practical uses like reactor
safety, radiometric dating, and medical physics, especially for a-emitters used in targeted radiotherapy [30], it
is very important that CPPM can accurately predict half-lives. Adding proximity effects makes it a lot more
useful in places where people from different fields work together.

4. Discussion of Physical Implications

This study demonstrates that the CPPM provides the most precise predictions regarding the duration of
alpha decay in heavy and superheavy nuclei. It works better than UFM and WKB. Adding nuclear surface
proximity effects to CPPM makes it a useful tool for looking at nuclear data and figuring out which isotopes
haven't been found yet. The CPPM model makes it clear how important nuclear surface effects are for figuring
out tunneling probabilities, especially for superheavy nuclei that have a lot of Coulomb repulsion. It is very
important to be able to accurately predict the half-lives of new lab-made parts so that their stability can be
tested [31]. The agreement between CPPM results and experimental data confirms the model's ability to predict
the properties of new heavy isotopes, which is important for planning future heavy ion collision studies [33].

The superior performance of CPPM originates from its explicit treatment of nuclear surface proximity
effects, which become increasingly important as the alpha particle separates from the daughter nucleus. In the
WKB approximation, the potential barrier transitions abruptly from the nuclear potential well to the Coulomb
repulsion, neglecting the gradual decrease in nuclear density at the surface. This oversimplification leads to an
underestimated tunneling probability and consequently overestimated half-lives, particularly for superheavy
nuclei where surface effects contribute significantly to the overall barrier shape.

The proximity potential in CPPM accounts for the finite range of nuclear forces and the surface
diffuseness through the universal function ®((), which smoothly interpolates between the nuclear interior and
the Coulomb exterior. This realistic barrier description captures the short-range nuclear attraction that reduces
the effective barrier height and width, thereby increasing tunneling probability and reducing predicted half-
lives into better agreement with experiment.

Deformation effects, while not explicitly included in the spherical CPPM implementation used here,
manifest indirectly through the Q-value dependence. Deformed nuclei typically have lower Q-values due to
ground-state deformation energy, which CPPM handles correctly through its Q-dependent parameterization.
The UFM maodel explicitly incorporates deformation through the fission barrier landscape, explaining its
improved performance for known deformed isotopes (e.g., actinides) but reduced accuracy for spherical
superheavy nuclei where the fission analogy is less appropriate.

The RMSD differences (WKB: 0.88, UFM: 0.63, CPPM: 0.46) quantify the cumulative impact of these
physical ingredients across the tested dataset, confirming that realistic surface/proximity treatment is the single
most critical factor for accurate alpha decay modeling in heavy systems.

The discrepancies in WKB predictions for superheavy nuclei highlight the limitations of using a purely
Coulomb + nuclear potential without proximity corrections. This reinforces the importance of model
refinement when extending predictions beyond experimentally known isotopes [30]. Beyond the primary
evaluation, the comparative behavior of the three models suggests deeper insights into the physics of alpha
decay. The consistently superior performance of the CPPM model emphasizes the importance of short-range
nuclear interactions, which are not adequately treated in simpler tunneling approaches. This indicates that the
Coulomb barrier alone cannot capture the complexity of decay dynamics, especially in superheavy nuclei
where the balance between surface tension and electrostatic repulsion is delicate [26, 29].

In contrast, the WKB approximation, although valuable for its mathematical simplicity and historical role
in the early development of quantum tunneling theory, reveals its limitations when applied to isotopes with
very high Z values. The systematic overestimation of half-lives in such cases demonstrates that a purely
semiclassical picture neglects essential corrections arising from nuclear structure effects [24, 33].

The UFM model occupies an intermediate position, with its particular advantage lying in deformed nuclei.
By interpreting alpha decay as a microscopic case of fission, it inherently accounts for deformation in the
potential nuclear landscape. However, its moderate deviation from experimental data for spherical nuclei
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suggests that its framework is less flexible in capturing isotopic variations outside strongly deformed regions
[20, 31]. Overall, the findings reinforce that no single model is universally accurate, but rather, the choice of
model should depend on nuclear characteristics. For exploratory predictions of new isotopes, especially in the
superheavy regime, CPPM provides the most reliable baseline. Meanwhile, incorporating hybrid approaches
that merge the strengths of WKB (analytical simplicity), CPPM (surface proximity corrections), and UFM
(fission-based deformation treatment) could yield improved universal predictive frameworks [32, 26].

5. Conclusion

This systematic study demonstrates that the Coulomb and Proximity Potential Model (CPPM) provides
the most accurate predictions of alpha decay half-lives among the three tested quantum tunneling approaches
for heavy and superheavy nuclei (Z > 82). With RMSD = 0.46 in logio(T1/2) units, CPPM significantly
outperforms both the Unified Fission Model (RMSD = 0.63) and the WKB approximation (RMSD = 0.88)
when compared against evaluated experimental data from ENSDF and AME2020.

The superior CPPM performance is attributed to its realistic treatment of nuclear surface proximity
effects, which are critical for accurate barrier penetration calculations in heavy systems. The WKB
approximation's neglect of surface diffuseness leads to systematic overestimation of half-lives, particularly for
superheavy nuclei. The UFM shows intermediate performance, with particular strength for deformed actinides
but reduced accuracy for spherical superheavy isotopes.

Limitations and Applicability:

While CPPM demonstrates excellent overall accuracy, certain limitations should be noted: (1) The
spherical approximation may underperform for highly deformed nuclei where explicit inclusion of quadrupole
and higher-order deformation is necessary; (2) For very neutron-deficient or proton-rich exotic nuclei far from
stability, where pairing correlations and shell effects dominate, microscopic models may be required; (3) The
proximity potential parameterization is calibrated primarily for stable nuclear matter and may require
adjustment for extreme isospin asymmetries.

Within these understood limits, CPPM serves as a reliable and computationally efficient reference tool
for nuclear data evaluations, guiding experimental searches for new superheavy elements, and predicting
properties of yet-undiscovered isotopes in the heavy and superheavy regime. Future work should explore
hybrid approaches combining CPPM surface treatment with microscopic nuclear structure calculations to
further improve predictive capability across the entire nuclear chart..

Recommendations. Based on the findings of this study, several recommendations can be made to
improve the accuracy of alpha decay half-life predictions and guide future research in nuclear physics:

1. Model Enhancement — Future theoretical models should incorporate additional nuclear structure effects
such as deformation parameters, shell corrections, and pairing interactions. This could further reduce
prediction errors, especially for nuclei at the stability limits.

2. Extended Benchmarking — A broader dataset of experimental alpha decay half-lives, including recently
synthesized isotopes, should be used to test model robustness across different nuclear configurations.

3. Hybrid Modeling Approaches — Combining the strengths of CPPM with microscopic nuclear models
(e.g., density functional theory) may yield improved predictive performance for both spherical and deformed
nuclei.

4. Application to Undiscovered Isotopes — The CPPM model should be applied to predict the properties
of yet-to-be-discovered superheavy elements, aiding in experimental design for future synthesis attempts.

5. Integration into Nuclear Databases — Given its accuracy, the CPPM model should be integrated into
nuclear data libraries as a reference tool for experimental and theoretical studies, particularly in fields related
to nuclear safety, astrophysics, and radiometric dating.

6. Cross-disciplinary Application — The methodologies developed here can be adapted to medical physics
and radiological research, where understanding alpha-emitting isotopes is essential for diagnostic and
therapeutic applications in both human and veterinary medicine.

Conflict of interest statement
The authors declare that they have no conflict of interest in relation to this research, whether financial, personal,
authorship or otherwise, that could affect the research and its results presented in this paper.



128 Eurasian Physical Technical Journal, 2026, Vol.23, No.1(55) ISSN 1811-1165; e-ISSN 2413 - 2179

CRediT author statement

Kareem, N.M.: Conceptualization, Methodology, Formal analysis, Software, Validation, Writing — original draft, Writing —
review & editing; Khalf, Ya.S.: Data curation, Investigation, Numerical calculations; Khalaf, Saif Ali J.: Theoretical
framework development, Model implementation, Interpretation of results, Writing — original draft; Ahmed, E.M.: Literature
review, Data verification, Statistical analysis, Visualization. The final manuscript was read and approved by all authors.

References

1 Ackermann D. (2025) Decay spectroscopy of heavy and superheavy
nuclei. https://doi.org/10.48550/arXiv.2501.04053

2 Aliyeva G., Soylu A., & Koyuncu F. (2021) Search for a-decay chains for superheavy nuclei with Z= 125-
127. Nuclear Physics A, 1012, 122213. https://doi.org/10.1016/j.nuclphysa.2021.122213

3 AttaD., & Royer G. (2012) Systematic study of alpha decay half-lives of superheavy nuclei. Physical Review
C, 86(3), 034323. https://doi.org/10.1103/PhysRevC.86.034323

4 Kareem N. M., & Alzubadi A. A. (2022) Self-Consistent RPA Calculations for the Excitation to the Negative
Parity States in Closed-Shell Nuclei. Physics of Atomic Nuclei, 85(6), 625-640.
https://doi.org/10.1134/s1063778823010234

5 BabuA., Damodaran L., Suresh T. P., & Prathapan K. (2024) An alpha decay study of superheavy nuclei within
a Coulomb and proximity potential model including a Q-value dependent surface diffuseness parameter. International
Journal of Modern Physics E, 33(08), 2450031. https://doi.org/10.1142/s0218301324500319

6 Bayram T., Hayder A., & Sentiirk S. (2023) Decay Modes and Half-Life of 265-282Ds Isotopes. Iranian
Journal of Science, 47(3), 969-977. https://doi.org/10.1007/s40995-023-01461-3

7 Belyaev A., & Ross D. (2021) Alpha decay. In The basics of nuclear and particle physics, 89 — 103. Springer
International Publishing. https://doi.org/10.1007/978-3-030-68788-9 6

8 Kareem N. M., & Alzubadi A. A. (2022) Study of the nuclear structure for some nuclei using self-consistent
RPA calculations with Skyrme-type interaction. East European Journal of Physics, (4), 57-71.
https://doi.org/10.26565/2312-4334-2022-4-04

9 Gamow G. (1928). Zur Quantentheorie des Atomkernes. Zeitschrift fir Physik, 51(3-4), 204-212.
https://doi.org/10.1007/BF01343196

10 Gharaei R., Najjar F. K., & Ghal-Eh N. (2021) Systematic study on a-decay half-lives: A new dependency of
effective sharp radius on a-decay energy. The European Physical Journal A, 57(3), 104.
https://doi.org/10.1140/epja/s10050-021-00402-9

11 Ghazi H. K. (2025) Nuclear deformation predicts alpha decay behavior in superheavy elements. Academia
Open, 10(1), 10-21070. https://academiaopen.edu.pl/article/10/1/10-21070

12 Ghorbani F., Alavi S. A., & Dehghani V. (2022) Alpha decay half-lives of even-even nuclei using alpha-folding
interaction. The European Physical Journal A, 58(2), 12. https://doi.org/10.1140/epja/s10050-022-00627-9

13 Griffiths D. J., & Schroeter D. F. (2018) Introduction to quantum mechanics. Cambridge University Press.
https://www.cambridge.org/9781107189638

14 GuptaR. K., & Singh D. (2005) Potential energy surfaces in heavy ion reactions. Journal of Physics G: Nuclear
and Particle Physics, 31(6), 631-643. https://doi.org/10.1088/0954-3899/31/6/014

15 Gurney R. W., & Condon E. U. (1929) Quantum mechanics and radioactive disintegration. Physical Review,
33(2), 127-140. https://doi.org/10.1103/PhysRev.33.127

16 Heyde K. (2021) Basic ideas and concepts in nuclear physics. CRC Press. pp. 1-456 Available at:
https://www.routledge.com/Basic-ldeas-and-Concepts-in-Nuclear-Physics-An-Introductory-Approach/Heyde/p/book/97

17 Hosseini-Tabatabaei M., Alavi S. A., & Dehghani V. (2021) Systematic of alpha decay half-lives: Role of
quantization condition. Canadian Journal of Physics, 99(1), 24-32. https://doi.org/10.1139/cjp-2019-0586

18 Jain A., Imran M., & Saxena G. (2025) Theoretical investigation of a-decay in heavy and superheavy isomers.
arXiv preprint. https://arxiv.org/abs/2505.10096

19 Koyuncu F. (2021) A new potential model for alpha decay calculations. Nuclear Physics A, 1012, 122211.
https://doi.org/10.1016/j.nuclphysa.2021.122211

20 Krane K.S. (2019) Introductory nuclear physics. Wiley. pp. 1-864 https://www.worldcat.org/oclc/1039990369

21 Nhu Le (2025) Implications of repulsive core effects in double-folding potentials for o decay of heavy and
superheavy nuclei, Nuclear Physics A, 1063, 123217, https://doi.org/10.1016/j.nuclphysa.2025.123217

22 LuoS., XuY.Y., ZhuD. X.,,He B, Chu P. C., & Li X. H. (2022) Improved Geiger—Nuttall law for a-decay
half-lives of heavy and superheavy nuclei. The European Physical Journal A, 58(12), 244.
https://doi.org/10.1140/epja/s10050-022-00727-6

23 Medeiros E. L., Teruya N., Duarte S. B., & Tavares O. A. P. (2022) Nonlocality effect in o decay of heavy and
superheavy nuclei. Physical Review C, 106(2), 024608. https://doi.org/10.1103/PhysRevC.106.024608



https://doi.org/10.48550/arXiv.2501.04053
https://doi.org/10.1016/j.nuclphysa.2021.122213
https://doi.org/10.1103/PhysRevC.86.034323
https://doi.org/10.1134/s1063778823010234
https://doi.org/10.1142/s0218301324500319
https://doi.org/10.1007/s40995-023-01461-3
https://doi.org/10.1007/978-3-030-68788-9_6
https://doi.org/10.26565/2312-4334-2022-4-04
https://doi.org/10.1007/BF01343196
https://doi.org/10.1140/epja/s10050-021-00402-9
https://academiaopen.edu.pl/article/10/1/10-21070
https://doi.org/10.1140/epja/s10050-022-00627-9
https://www.cambridge.org/9781107189638
https://doi.org/10.1088/0954-3899/31/6/014
https://doi.org/10.1103/PhysRev.33.127
https://www.routledge.com/Basic-Ideas-and-Concepts-in-Nuclear-Physics-An-Introductory-Approach/Heyde/p/book/
https://doi.org/10.1139/cjp-2019-0586
https://arxiv.org/abs/2505.10096
https://doi.org/10.1016/j.nuclphysa.2021.122211
https://www.worldcat.org/oclc/1039990369
https://doi.org/10.1016/j.nuclphysa.2025.123217
https://doi.org/10.1140/epja/s10050-022-00727-6
https://doi.org/10.1103/PhysRevC.106.024608

Eurasian Physical Technical Journal, 2026, Vol.23, No.1(55) Physics and Astronomy 129

24 Naveya G., Santhosh Kumar S., & Stephen A. (2021) Role of temperature in the alpha decay studies of heavy
and superheavy nuclei. Brazilian Journal of Physics, 51(6), 1810-1822. https://link.springer.com/article/
10.1007/s13538-021-00999-0.

25 Baran A., Kowal M., Reinhard P. G., Robledo L. M., Staszczak A., & Warda M. (2015) Fission barriers and
probabilities of spontaneous fission for elements with Z >100. arXiv preprint arXiv:1503.01608.
https://doi.org/10.1038/s42254-018-0011-5

26 Nithya C., & Santhosh K. P. (2022) Studies on the decay modes of superheavy nuclei with Z = 120. Nuclear
Physics A, 1020, 122400. https://doi.org/10.1016/j.nuclphysa.2022.122400

27 Qganessian Y. T., Sobiczewski A., & Ter-Akopian G. M. (2017) Superheavy nuclei: from predictions to
discovery. Physica Scripta, 92(2), 023003 https://doi.org/10.1063/PT.3.3667

28 Pathak D., Singh N., Kaur H., & Jain S. R. (2021) Prediction of half-lives of even—even superheavy nuclei.
Journal of Physics G: Nuclear and Particle Physics, 48(7), 075103. https://doi.org/10.1088/1361-6471/abf0f2

29 GuptaR. K., & Greiner W. (1994) Cluster radioactivity. International Journal of Modern Physics E, 3(supp01),
335-433. https://www.worldcat.org/oclc/920006551

30 PoenaruD.N., & Ivascu M. (2005) Heavy ion radioactivities, cold fission and alpha decay in a unified approach.
In Symmetries and Semiclassical Features of Nuclear Dynamics: Invited Lectures of the 1986 International Summer
School, Held at Poiana Brasov, Romania, September 1-13, 1986 (pp. 364-382). Berlin, Heidelberg: Springer Berlin
Heidelberg. https://doi.org/10.1088/0305-4616/12/12/001

31 Prathapan K., Deneshan P., Rajan M.K.P. et al. (2024) A systematic study of alpha decay half-lives of isotones
in superheavy region. Indian Journal of Physics, 98, 2121-2132. https://doi.org/1 10.1007/s12648-023-02996-2

32 Qi P, Xiao X., Yu G., Yang H., & Hu Q. (2025) Systematic study of a-decay half-lives of superheavy nuclei
based on Coulomb and proximity potential models with temperature effects. https://arxiv.org/abs/2504.01401

33 Rajeev P., Suresh T. P., & Prathapan K. (2025) Decay characteristics of experimentally synthesized isotopes of
superheavy elements: P Rajeev et al. Indian Journal of Physics, 99(7), 2617-2626. https://link.springer.com/journal/12648

AUTHORS’ INFORMATION

Kareem, Noor M. — Master, Assistant Lecturer, College of Science, Mustansiriyah University, Baghdad, Iraq; Scopus
Author ID: 57996271700, https://orcid.org/0000-0002-4384-5164; noor.m97 @uomustansiriyah.edu.ig

Khalf, Yassamin Sadk — Master, Assistant Lecturer, College of Science, Mustansiriyah University, Baghdad, Iraq; Scopus
Author ID: 57292679800; yassamin.s@uomustansiriyah.edu.iq

Khalaf, Saif Ali J. — Master, Assistant Lecturer, College of Science, University of Baghdad, Baghdad-Iraq; Scopus Author
ID: 58157076000; saif.ali1204a@sc.uobaghdad.edu.ig

Ahmed, Elaf Mohammed - Master, Assistant Lecturer, College of Basic Education, Mustansiriyah University, Baghdad,
Iraq; Scopus Author ID: 60004681700; elafmohammed@uomustansiriyah.edu.iq



https://link.springer.com/article/
https://doi.org/10.1038/s42254-018-0011-5
https://doi.org/10.1016/j.nuclphysa.2022.122400
https://doi.org/10.1063/PT.3.3667
https://doi.org/10.1088/1361-6471/abf0f2
https://www.worldcat.org/oclc/920006551
https://doi.org/10.1088/0305-4616/12/12/001
https://doi.org/1%2010.1007/s12648-023-02996-2
https://arxiv.org/abs/2504.01401
https://link.springer.com/journal/12648
https://orcid.org/0000-0002-4384-5164
mailto:noor.m97@uomustansiriyah.edu.iq
mailto:yassamin.s@uomustansiriyah.edu.iq
mailto:saif.ali1204a@sc.uobaghdad.edu.iq
mailto:elafmohammed@uomustansiriyah.edu.iq

