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This study aims at investigating systematically the e®ects of nuclear surface di®useness (NSD)

on the alpha decay within the framework of the Coulomb and proximity potential model along

with the WKB approximation. We select 300 di®erent parent nuclei in the range Z ¼ 64� 106.
The proximity potentials Zhang 2013 and Guo 2013 are employed to calculate the nuclear

potential. The in°uence of the NSD is applied in the calculations of interaction potential be-

tween the emitted alpha particle and daughter nucleus through the reduced radius parameter
�C . The systematic analysis of the radial behavior of interaction potential with and without the

surface di®useness e®ect reveals that these e®ects play decisive role in the calculation of nu-

cleus–nucleus potential at the touching radius of the two interacting nuclei. We indicate that its

in°uence decreases outside the touching con¯guration. In addition, our results reveal that the
barrier penetration probability of the alpha particle through the barrier decreases by imposing

the mentioned physical e®ects. It is worth noting that the calculated �-decay half-lives using the

Zhang 2013 and Guo 2013 proximity potentials accompanied by the surface e®ects agree very

well with the available experimental data. The theoretical half-lives are calculated for 50 super-
heavy nuclei (SHN) using the modi¯ed forms of the Zhang 2013 and Guo 2013 models. The

comparison with available experimental data and also with di®erent empirical formulas

demonstrates that the Guo 2013 model is suitable to deal with the alpha-decay half-lives of
SHN. Then the predictions of alpha-decay half-lives for 65 SHN with Z ¼ 120� 126 are made

by using Guo 2013 model with the surface e®ects. We found that there is a good agreement

between our predicted half-lives and those obtained from semi-empirical formulas such as Royer

and UDL.
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1. Introduction

In nuclear physics studies, alpha-radioactivity is known as one of the most important

decay modes for unstable medium, heavy and super-heavy nuclei (SHN). In the early

20th century, this process was theoretically introduced as a quantum tunneling

process. In order to solve analytically the problem of the penetration of an alpha

particle through the barrier, the Wentzel–Kramers–Brillouin (WKB) approximation

was found to be a suitable approximation. In the framework of this semi-classical

formulation, the total interaction potential between � particle and daughter nucleus

plays an important role. It is well known that this potential consists of three com-

ponents: the short-range attractive nuclear potential, the long-range repulsive elec-

trostatic potential and the centrifugal potential. The Coulomb and centrifugal terms

are well recognized, whereas there are large ambiguities in the optimum form of the

nuclear potential. Therefore, it is necessary to choose an appropriate model to de-

termine this part of total interaction potential. During recent decades, the di®erent

phenomenological, microscopic and macroscopic potential models have been intro-

duced.1–3 The phenomenological proximity potential is one of the most widely used

theoretical approaches in alpha-decay studies.1 This model is based on the proximity

force theorem. Due to di®erent adjustable parameters, the proximity model can

expand and develop. Therefore, various modi¯ed versions of the proximity potentials

have been presented so far.4–17 In 2013, Guo et al.16 and Zhang et al.17 introduced a

new form of the universal function of proximity potential using the double-folding

model with the density-dependent nucleon-nucleon interaction of CDM3Y6-type.2

We mark these proximity potentials as \Zhang 2013" and \Guo 2013", respectively.

During recent years, the authors analyzed the in°uence of various physical e®ects

such as the coupled-channel e®ects, the temperature e®ects of parent nuclei and also

the nuclear surface tension e®ects on the alpha-decay process.18–23 For example,

Zanganeh and coworkers investigated the role of temperature dependence of the

interaction potential in the half-lives of alpha and cluster decays for Fr isotopes.24

They indicated that the probability of decay increases with the increase of nuclear

temperature. Nuclear surface di®useness (NSD) is another important physical

property which is related to Fermi-level nucleon occupancy.25 In fact, this e®ect

appears as a result of the speci¯c distribution of nuclear matter and the short-range

nuclear force of valence nucleons. In 1992, Gupta and coworkers investigated the role

of NSD in the estimated half-life for exotic cluster decays by using the preformed

cluster model.26 The authors found that the e®ects of the di®useness of the nuclear

surface are important for the proper interpretation of the cluster preformation

probabilities and the barrier penetration probabilities. They also indicated that these

e®ects become smaller for lifetime estimation as the mass number of the emitted

cluster becomes larger than about 20. In 2010, Dutt and Puri discussed the impact of

NSD in the potential and ultimately in the fusion process of heavy-ions.11 The

obtained results revealed that NSD can a®ect the nuclear potential as well as fusion

barriers. In this work, we are interested in studying the in°uence of the nuclear
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surface di®usion on the di®erent characteristics of alpha-decay process such as the

potential barrier between �-particle and daughter nucleus and alpha-decay half-lives.

This paper is organized as follows. The details of the calculations of the total

interaction potential are presented in Sec. 2. In Sec. 3, we present our parameteri-

zation method. A comparison with the results of the experimental data made in this

sections. Section 4 is dedicated to the summary and concluding remarks.

2. Theoretical Framework

The alpha radioactivity half-life is related to the decay constant � as

T1=2 ¼
ln2

�
; ð1Þ

where the decay constant � can be calculated using the following de¯nition:

� ¼ �P0P ; ð2Þ
where � is known as the assault frequency (refers to the number of alpha particle

attacks on the barrier per second).

� ¼ !

2�
¼ 2E�

h
; ð3Þ

where h and E� are Planck constant and the empirical vibrational energy, respec-

tively.27 In Eq. (2), � preformation factor P0 is an indispensable quantity for the

calculation and can supply the information of the nuclear structure. It is obtained as

0.43 for even–even nuclei, 0.35 for odd-A nuclei and 0.18 for odd–odd nuclei.28

Within the framework of the WKB approximation, one can calculate penetration

probability P as follows:

P ¼ exp � 2

�h

Z Rb

Ra

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2�ðVtotðrÞ �Q�Þ

p
dr

" #
; ð4Þ

where Vtot, Q� and � ¼ m�md

m�þmd
are the total interaction potential, the released energy

of the emitted �-particle, and the reduced mass of the two-body system, respectively.

Moreover, in Eq. (4), Ra and Rb refer to the physical turning points and are given by

VtotðRaÞ ¼ Q� ¼ VtotðRbÞ: ð5Þ
We know that the total interaction potential in the alpha-nucleus system consists of

three parts: VC (Coulomb), V‘ (centrifugal) and VN (nuclear) potentials.

VtotðrÞ ¼ VCðrÞ þ V‘ðrÞ þ VNðrÞ; ð6Þ
where r is the separation distance between the centers of mass of the alpha-daughter

system. To calculate the Coulomb potential, the following quasi-point approach can
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be used, in which the calculations are performed with the assumption that the nuclei

participating in the interaction are uniformly charged spheres:

VCðrÞ ¼ Z�Zde
2

1

r
r � RC ;

1

2RC

3� r

RC

� �
2

� �
r � RC ;

8>><
>>: ð7Þ

where Zi refers to the alpha particle and daughter nucleus charge number. Moreover,

the RC parameter is equal to the sum of the interacting nuclei radii (namely

RC ¼ R� þRd). Centrifugal potential with angular momentum ‘ carried by alpha

particle is calculated as follows:

V‘ðrÞ ¼
‘ð‘þ 1Þ�h2

2�r2
: ð8Þ

In order to calculate the nuclear part of the interaction potential, Guo16 and Zhang17

potential models are introduced. These models consist of two basic parts: the ¯rst

part includes factors that depend on the shape and geometry of the interacting

nuclei. The second part contains a universal function that depends only on the

separation distance between the surfaces of two interacting nuclei. The nuclear po-

tential is calculated as

VNðrÞ ¼ 4�b� �R�
s

b

� �
; ð9Þ

where b is the surface thickness parameter with an approximate value of 1 fm. �R is

the average curvature radius and can be de¯ned as

�R ¼ R�Rd

R� þRd

; ð10Þ

where Ri refers to the e®ective sharp radius of the �-daughter system which is given as

Ri ¼ 1:28A
1=3
i � 0:76þ 0:8A

�1=3
i ; ði ¼ �; dÞ: ð11Þ

In Eq. (9), � is the surface energy coe±cient and has the following form:

� ¼ �0 1� ks
N � Z

N þ Z

� �
2

� �
; ð12Þ

where N and Z represent the neutron and proton numbers of parent nucleus, respec-

tively. Moreover, �0 and ks coe±cients are the surface energy and surface asymmetry

constants. In the original proximity version ,1 the values of these constants are equal to

0.9517MeV.fm�2 and 1.7826, respectively. The universal function �ðs ¼ r�R1 �
R2Þ used in Eq. (9) depends only on the surface separation distance of two interacting

nuclei

�ðsÞ ¼ p1

1þ exp sþp2
p3

� � ; ð13Þ
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where the constant values of ðp1; p2; p3Þ for the Guo 2013 and Zhang 2013 prox-

imity potentials are reported as (�17.72, 1.30, 0.854)16 and (�7.65, 1.02, 0.89),17

respectively.

3. Results and Discussion

3.1. Alpha-decay half-lives in heavy nuclei region

In the proximity force theorem, the nucleus–nucleus potential is derived from the

information based on the liquid drop model and general geometrical arguments. In

this approach, the relationships between geometrical properties of leptodermous

distributions are employed in the interpretation of the nuclear density distributions.

This term is used to describe the distributions which are essentially homogeneous

except at the surface (having a thin skin). In this approach, the surface width b

is considered as a measure of the di®useness of the nuclear surface. Hence, the e®ect

of NSD in the proximity form of the potential can be entered via the following

de¯nition:

�C ¼ C�Cd

C� þ Cd

: ð14Þ

This equation is used instead of Eq. (10) which is de¯ned by the e®ective sharp radius

Ri. Here, the central radius Ci is introduced in the following form:

Ci ¼ Ri 1� b

Ri

� �
2

� �
ði ¼ �; dÞ: ð15Þ

Süssmann de¯ned the central radius C as the ¯rst moment of the surface weight

function gðrÞ, where gðrÞ is the derivative of the normalized density distribution

function fðrÞ (with fð0Þ ¼ 1), see Fig. 1 of Ref. 29. To investigate the role of NSD in

Fig. 1. The ratio
�C
�R
(the central and sharp radii) as a function of the mass number of the 4He, 8Be, 12C and

14C clusters of the 122294.
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the alpha-decay half-lives, we analyze 300 parent nuclei with Z ¼ 64� 106 using the

Coulomb and proximity potential model. The nuclear part of the interaction po-

tential is calculated by the Guo and Zhang proximity potentials. To calculate the

centrifugal potential V‘ðrÞ, it is necessary to know the value of the ‘ angular mo-

mentum carried away by the emitted alpha particle. The �-particle emission from

nuclei follows the spin-parity selection rule. Thus, the angular momentum of the

emitted �-particle satis¯es the conditions

jIi � Ijj � ‘� � Ii þ Ij
�i

�j

¼ ð�1Þ‘� : ð16Þ

Here, IjðiÞ, �jðiÞ are the spin and parity values of the parent nucleus in state j (and the

spin and parity values of the daughter nucleus in state i). Note that the �-particle

spin and parity are �� ¼ þ1 and I� ¼ 0. The Q-value for the �-decay and the ex-

perimental half-lives is evaluated using Refs. 30 and 31. Here, and in the following,

we are interested in analyzing the behavior of
�C
�R
ratio in terms of the mass number of

various emitted clusters (including 4He, 8Be, 12C and 14C) of 122294 parent nucleus.

The result is shown in Fig. 1. It is clearly observed that the
�C
�R
ratio for the � cluster is

smaller than other ones. This means that the di®useness of the nuclear surface plays

a decisive role in the alpha-decay process and therefore motivates us to investigate it.

Now, we intend to investigate the behavior of the ratio of the interaction

potentials in �R and �C forms
V

�R
tot

V
�C
tot

as functions of the internuclear distance r (fm)

around the touching point (namely RT ¼ R� þRd). It should be noted that the

results are obtained for the radioactive decays of 199Rn by the emission of 4He. The

results are shown in Fig. 2. From this ¯gure, one can see that the ratio of interaction

potentials has a saturation limit (when
V

�R
tot

V
�C
tot

¼ 1) at the saturation radius RS . We

notice that the importance of NSD e®ects increases by going from the saturation

Fig. 2. The behavior of
V

�R
tot

V
�C
tot

ratio as a function of radial distance r (in fm) for 4He cluster (199Rn decay).

The touching point and saturation radius values are RT ¼ 8:50 fm and RS ¼ 13:57 fm, respectively, which

are indicated by vertical dashed lines. The horizontal dashed line refers to the saturation value
V

�R
tot

V
�C
tot

¼ 1.
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radius RS to the touching point RT . In fact, the obtained results reveal that the NSD

e®ects for the alpha-decay process can be important in the range of RT � r � RS. As

shown in Fig. 2, one can ¯nd that the prediction of the Zhang and Guo proximity

potentials for the values of the saturation radius RS is almost identical. For sepa-

ration distance r � RS, the di®erence between these potential models becomes

apparent.

The behavior of saturation radius RS in terms of the A
1=3
d þA

1=3
� (Ad and A� are

the mass number of daughter nuclei and alpha cluster, respectively) for 300 selected

alpha decays is prepared in Fig. 3. According to this ¯gure, one can see that the

values of RS follow a regular increasing trend. Since the mass number of alpha

particle is same, it is clear that the behavior ofRS only depends on the daughter nuclei.

We can parameterize the observed linear behavior using the following relation:

RPar:
s ¼ aþ b A

1=3
d þA1=3

�

h i
; ð17Þ

where the extracted values of ða; bÞ constants are ð3:78; 1:25Þ based on the Zhang (or

Guo) potential model. Figure 3 shows the values of theRS for all considered decays are

localized around the ¯tted line. Equation (17) enables us to estimate the radial dis-

tance at where the e®ects of the NSD are important in the interaction between alpha

and daughter nuclei.

By considering the NSD e®ects, the nuclear potential for the selected models is

modi¯ed as the following form:

VNðrÞ ¼ 4��b�C�
r� C� � Cd

b

� �
: ð18Þ

As can be seen from this equation, the di®useness e®ects have been applied to both

parts of the universal function and curvature radius. One can now calculate the

nuclear potential values with and without the NSD e®ects. We mark the results of

Fig. 3. (Color online) The extracted values of the saturation radius RS (fm) in terms of A
1=3
d þA

1=3
� for

300 alpha-decays based on the Zhang 2013 potential model. The linear ¯t is shown by the red line.
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the Zhang 2013 potential model with and without considering these physical e®ects

as \Zhang 2013 (C form)" and \Zhang 2013 (R form)" (Similarly, for the other

potential model). In Fig. 4, we plot the distributions of total emitted alpha-core

interaction potential with and without the NSD e®ects the alpha-decay of 219Fr (with

Q� ¼ 7:44 MeV), for example. From this ¯gure, one can ¯nd that the height and

thickness of the Coulomb barrier increases by considering the NSD e®ects. Under this

situation, it is interesting to remark that the penetration probability of the alpha

particle through a potential barrier decreases due to the NSD e®ects. In order to

further understand, the calculated values of the potential barrier height based on the

di®erent versions of the proximity potential formalisms are tabulated in Table 1. The

¯rst and second columns denote the results of Guo 2013 proximity potential and the

next two columns denote the results of Zhang 2013 model. Depending on this table,

one can ¯nd that the potential barrier height increases about 2MeV by imposing
�R ! �C . In the next step, we calculate the half-life values through Eq. (1).

(a) (b)

Fig. 4. The total interaction potential VtotðrÞ (in MeV) as a function of the radial distance r (in fm) for

alpha-decay of 219Fr!215At+4He using (a) Zhang 2013 and (b) Guo 2013 potential models with and

without the NSD e®ects. The black dashed line indicates the Q�-value. The black short dotted lines show
the RS and RT values.

Table 1. The barrier heights calculated using Zhang

2013 (R & C forms) and Guo 2013 (R & C forms) po-

tential models for alpha decay of 219Fr, for example.

Guo 2013 Zhang 2013

R form C form R form C form

VB (MeV) 18.94 20.79 19.45 21.49
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The logarithmic values of the half-life in terms of the neutron number of the

daughter nuclei Nd have been drawn in Figs. 5 and 6, for Pu, Rn and Fr isotopic

groups. The corresponding experimental data are also presented. It can be seen that

the calculated logarithmic values of the half-lives in the C form (star) are closer to the

experimental ones (circle) than in the R form.

The absolute di®erence between the calculated values of log10T1=2 and the cor-

responding experimental data within the framework of the original and modi¯ed

forms of the (a) Guo 2013 and (b) Zhang 2013 models are shown in Fig. 7 in terms of

Nd. This ¯gure shows that the NSD e®ects reduce the di®erence between the theo-

retical and experimental values of the �-decay half-lives. The standard deviation �

between the logarithm values of the theoretical alpha-decay half-lives and the cor-

responding experimental data can be calculated using the following expression:

� ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1

N

XN
i¼1

log10 T Theor:
1=2i

� �
� log10 T Expt:

1=2i

� �h i
2

vuut ; ð19Þ

where N is the number of parent nuclei used for evaluation of the � value.

(a)

(b) (c)

Fig. 5. Variation of the decimal logarithm of the alpha-decay half-life with the neutron number of the
daughter nuclei Nd for (a) Pu, (b) Rn and (c) Fr isotopic groups using Zhang 2013 (C form) (star) and

Zhang 2013 (R form) (triangle) models. Experimental half-life data are shown with black circles. Also, the

magic number N ¼ 126 is marked with a dashed line.

(a)

(b) (c)

Fig. 6. Same as Fig. 5, but for the Guo 2013 potential model.
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Here, we calculate the values of � using di®erent versions of proximity potentials

formalisms. The obtained values are displayed in Fig. 8. From this ¯gure, one can see

that the Guo 2013 (C form) and Zhang 2013 (C form) models have smaller deviations

in the description of the experimental half-lives of the studied alpha emitters then the

original ones. These results indicate that the agreement with experimental data

enhances by imposing the NSD e®ects in the calculations of the total interaction

potential between alpha and daughter nuclei. To gain further insight, in Fig. 8 we

also display the calculated values of the standard deviation � for the Guo 2013 and

Zhang 2013 proximity potentials after imposing the di®useness e®ects only through

the universal function �ðr�C��Cd

b Þ. Here, we mark the results of these potentials as \C

form (Intermediate)". The role of the di®useness e®ects in improving the results of

the original form of the proximity potentials is quite evident. However, the best

agreement with the experimental data can be obtained after simultaneously applying

the di®useness e®ects through the universal function and curvature radius.

3.2. Alpha-decay half-lives in the SHN region

In previous section, we found that the Zhang 2013 (C form) and Guo 2013 (C form)

are able to reproduce the experimental data of alpha-decay half-lives in the range of

(a)

(b)

Fig. 7. (Color online) The di®erence between the logarithm experimental and theoretical alpha-decay

half-lives using the original (R forms: blue circles) and modi¯ed (C forms: orange circles) versions of the (a)

Guo 2013 and (b) Zhang 2013 models in terms of the neutron number of daughter nuclei Nd.
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heavy nuclei. Hence, we decided to calculate the alpha-decay half-lives of 50 parent

nuclei in the SHN region with Z ¼ 100� 118 and compare the results with corre-

sponding experimental data and other theoretical approaches such as MGLDM,32

Royer,33 AKRE,34 NewRenB35 and Akrawy.36 The results of the standard deviation

� are reported in Table 2. We previously indicated that the Zhang 2013 (C form) is a

more suitable model for calculating the half-lives of alpha decay in the Z � 106

region. While, it is clearly evident from this table that the modi¯ed form of the Guo

2013 proximity model performs well in the SHN region. In addition, we ¯nd that the

results produced by the Guo 2013 (C form) are comparable with those obtained from

the other approaches mentioned above.

In the next step, we try to predict the alpha-decay half-lives of the super-heavy

parent nuclei. We calculated the half-lives of 65 selected nuclei in the range of SHN

Z ¼ 120� 126 using the Guo 2013 (C form) model. We used the Royer33 and

UDL37,38 models for a comparison. The results are listed in Table 3. The ¯rst, second

and third columns refer to the mass number, atomic number and released energy

Q�-values, respectively. The fourth, ¯fth and sixth columns represent the calculated

Fig. 8. Standard deviation values � for the studied Guo 2013 ��� C and R forms and Zhang 2013 ��� C

and R form models. For comparison, the results of the Guo 2013 and Zhang 2013 proximity potentials after
imposing the di®useness e®ects only through the universal function are also displayed, marked as \C form

(Inter.)".

Table 2. Comparison of the calculated standard deviation � of the Zhang 2013 (C
form), Guo 2013 (C form) and MGLDM models and Royer, AKRE, New RenB and

Akrawy formulas.

Zhang 2013 Guo 2013

(C form) (C form) MGLDM Royer AKRE NewRenB Akrawy

1.07 0.63 0.94 0.57 s0.54 0.37 0.34
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half-lives using UDL, Royer and Guo 2013 (C form), respectively. It can be seen that

the calculated half-lives through the present studied model is in the order of the

calculated half-lives through the UDL and the Royer models. The logarithmic be-

havior of the calculated alpha-decay half-lives in terms of neutron number of

daughter nuclei Nd is displayed in Fig. 9. The results show that the calculated half-

lives (circle symbol) are within the range of Royer and UDL data (star symbol). In

this situation, one can expect that Guo 2013 (C form) to be suitable in further

investigating in the super-heavy mass region.

Table 3. Comparison of theoretical predictions of �-decay half-lives through Guo 2013 (C form) model

with calculated half-lives using the Royer33 and UDL37,38 formulas.

log10T1=2ðsÞ log10T1=2ðsÞ
Q� Guo 2013 Q� Guo 2013

A Z (MeV) UDL Royer (C form) A Z (MeV) UDL Royer (C form)

307 120 13.52 −6.71 −5.83 −6.28 315 124 13.21 −4.91 −4.12 −5.25
294 120 13.24 −5.92 −5.84 −6.14 319 124 12.18 −2.60 −1.96 −3.65
323 120 9.12 5.03 5.17 4.27 313 124 13.47 −5.43 −4.61 −5.22
295 120 13.27 −6.00 −5.14 −6.10 317 124 13.00 −4.48 −3.73 −5.28
296 120 13.34 −6.17 −6.08 −6.17 300 124 15.34 −8.81 −-8.81
316 120 9.19 4.87 4.23 4.31 305 124 14.80 −7.92 −6.93 −7.07
313 120 11.02 −0.88 −0.37 −1.76 314 124 13.24 −4.97 −-5.30
312 120 11.22 −1.40 −1.64 −1.81 309 124 15.19 −8.70 −7.68 −8.88
297 120 13.14 −5.76 −4.92 −6.13 311 124 14.70 −7.83 −6.86 −7.16
298 120 13.01 −5.49 −5.45 −6.21 318 124 12.56 −3.49 −3.65 −3.69
305 120 13.28 −6.18 −5.32 −6.25 310 124 15.43 −9.14 −8.93 −8.96
311 120 11.20 −1.33 −7.75 −1.73 313 126 15.37 −8.49 −7.47 −8.43
299 120 13.26 −6.04 −5.18 −6.16 316 126 14.23 −6.42 −6.40 −6.76
301 120 13.06 −5.66 −4.83 −6.19 308 126 16.16 −9.77 −9.52 −11.00
300 120 13.32 −6.18 −6.11 −6.24 317 126 14.17 −6.32 −5.44 −6.71
309 120 12.16 −3.74 −3.04 −4.16 307 126 16.27 −9.92 −8.81 −9.94
312 122 12.16 −3.11 −3.27 −3.65 311 126 16.28 −10.00 −8.89 −10.00
313 122 12.13 −3.04 −2.38 −3.61 310 126 16.06 −9.63 −9.40 −10.00
302 122 14.24 −7.42 −7.29 −7.63 309 126 16.08 −9.64 −8.54 −9.97
309 122 14.28 −7.62 −6.68 −7.67 319 126 13.64 −5.24 −4.44 −4.73
295 122 14.80 −8.35 −7.33 −7.46 318 126 14.05 −6.09 −6.09 −6.79
300 122 14.22 −7.36 −7.22 −7.60 320 126 13.19 −4.29 −4.40 −4.81
305 122 13.76 −6.54 −5.65 −5.68 321 126 12.86 −3.56 −2.86 −3.07
311 122 12.67 −4.29 −3.55 −3.58 306 126 16.34 −10.00 −9.74 −9.99
301 122 14.26 −7.45 −6.50 −7.55 315 126 14.46 −6.85 −5.94 −6.68
307 122 14.39 −7.79 −6.83 −7.64 323 126 12.87 −3.63 −2.92 −3.10
297 122 14.65 −8.12 −7.12 −7.49 327 126 12.76 −3.42 −2.74 −3.16
299 122 14.50 −7.88 −6.89 −7.52 328 126 12.64 −3.15 −3.36 −3.23
314 122 12.12 −3.03 −3.20 −3.68 312 126 16.19 −9.87 −9.62 −10.01
316 124 13.20 −4.89 −4.95 −5.33 329 126 12.68 −3.28 −2.61 −3.19
307 124 14.68 −7.74 −6.76 −7.10 330 126 12.26 −2.26 −2.53 −3.26
301 124 15.05 −8.32 −7.30 −8.76 335 126 11.41 −0.12 0.33 −0.10
303 124 14.58 −7.99 −6.99 −7.04

August 25, 2025 8:03:36pm WSPC/143-IJMPE 2550049 ISSN: 0218-3013 Page Proof

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

S. Mohammadi, R. Gharaei & S. A. Alavi

2550049-12



4. Conclusions

We used 300 parent nuclei with Z ¼ 64� 106 to study the e®ects of NSD on the

alpha-decay characteristics. For this purpose, we employ Zhang 2013 and Guo 2013

models to calculate the nuclear interaction potential. The NSD e®ects are applied in

the calculations using the reduced radius �C . By analyzing the radial behavior of the

total interaction potential for di®erent �-nuclei systems, one can ¯nd that the

mentioned physical e®ects increase the potential barrier height. In this paper, we

present an investigation to explore the e®ect of shell closure (around the magic

number N ¼ 126) on the alpha-decay half-lives through the plot of logarithmic

values of T1=2 evaluated using di®erent nuclear potentials versus neutron number of

the daughter nuclei. When compared to available experimental data, there are

improvements in the results when the interaction potentials with NSD e®ects are

used compared to when the NSD e®ects are not employed. For further under-

standing, in this work, we calculate the standard deviations between the logarithmic

values of alpha radioactivity half-lives of calculations and experimental data within

two theoretical models. Our results reveal that the calculated values of � based on

the Zhang 2013 and Guo 2013 potential models with the NSD e®ects

(�Zhang 2013 ðC formÞ ¼ 0:52 and �Guo 2013ðC formÞ ¼ 0:57) are smaller than those

obtained using their original versions (�Zhang 2013 ðR formÞ ¼ 1:03 and

�Guo 2013 ðR formÞ ¼ 1:71). The di®erence between the � values of Zhang 2013 (C form)

and Guo 2013 (C form) models can be attributed to the di®erent in their universal

functions. In addition, we calculated the half-lives for 50 SHN using Zhang 2013 (C

form) and Guo 2013 (C form) models. The obtained half-lives are compared with

experimental data and also with existing theoretical models such as Royer, AKRE,

New RenB and Akrawy formulas. The comparison indicated that the Guo 2013 (C

(a) (b)

Fig. 9. The logarithmic behavior of the calculated alpha-decay half-lives log10T1=2 in terms of neutron

number of daughter nuclei Nd. The obtained data using Royer and UDL models are represented by a star
symbol and the calculated data using Guo 2013 (C form) are shown by a circle symbol.
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form) model is a useful model to investigate the alpha-decay half-lives of SHN. Then

the predictions of alpha-decay half-lives for 65 SHN with Z ¼ 120� 126 were made

by using Guo 2013 (C form) model. It was found that there is a good agreement

between our predicted half-lives and those obtained from the semi-empirical formulas

such as Royer and UDL.
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