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Abstract. Theoretical a-decay half-lives of some nuclei from ground state to ground state are calculated using
different nuclear potential model including Coulomb proximity potential (CPPM), Royer proximity potential
and Broglia andWinther 1991. The calculated values comparing with experimental data, it is observed that the
CPPM model is in good agreement with the experimental data.
1 Introduction

George Gamow interpreted the theory of alpha decay in
terms of the quantum tunneling from the potential well of
the nucleus [1]. There are many theoretical schemes that
used to define a cluster radioactivity and alpha-like models
using various ideas such as the ground-state energy,
nuclear spin and parity, nuclear deformation and shell
effects [2–14]. Frequently used models include the fission-
like [15], generalized liquid drop [16], generalized density
dependent cluster [17], unified model for a decay and a
capture [18], Coulomb and proximity potential [19] and
unified fission [20]. These models, with their own merits
and failures, have been in acceptable agreement with the
experimental data [21,22]. Spontaneous fission and cluster
radioactivity were studied in 1980 by Sandulescu, Poenaru,
and Greiner [23] based on the quantum mechanical
fragmentation theory. Rose and Jones experimentally
observed the radioactive decay of 223Ra by emitting 14C in
mid 1980s [24,25]. Recently, the concept of heavy-particle
radioactivity is further explored by Poenaru et al. [26].
Hassanabadi et al. considered the alpha-decay half-lives for
the even–even nuclei from 178Po to 238U and derived the
decay constant [27]. Also the half-life for the emission of
various clusters from even–even isotopes of barium in the
ground and excited states were studied using the Coulomb
and proximity potential model by Santhosh et al. [28]. Also,
there are many efficient and useful empirical formulas to
calculate alpha decay half-lives which are given in reference
[29–32]. In this study we used three different nuclear
potential including Coulomb proximity potential (CPPM),
Royer proximity potential (RPP) and Broglia andWinther
1991 model (BW91). From those models we calculated
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alpha decay half-lives for 57 nuclei that have Z=67–91,
from ground state to ground state, the root mean square
(RMS) deviation was evaluated, and the results are
compared with experimental data.

2 Formalism of a-decay

According to one dimensional WKB approximation, the
barrier penetration P is given by [33],

P ¼ exp � 2

�h
∫
b

a

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2mðV �QÞ

p
dz

( )
;

where a, b are tunneling point of integral which are given as
V(a)=V(b)=Q. The interaction potential for two spheri-
cal nuclei is given by [34],

V ¼ Z1Z2e
2

r
þ V NðrÞ þ �hℓðℓþ 1Þ

2mr2
; ð2Þ

where the first term represents the Coulomb potential with
Z1 and Z2 are the atomic numbers of parent and daughter
nuclei, the second term is nuclear potential and the final
term is centrifugal potential which dependent on the
angular momentum ℓ, and reduced mass of nuclei m. The
half-life of alpha decay can be calculated as [35]

T 1=2 ¼ ln2

v0P
; ð3Þ

where v0 ¼ 2E
h

� �
, is frequency of collision with barrier per

second, E is the empirical vibration energy, is given as [36]

E ¼ Q 0:056þ 0:039 exp
ð4�A2Þ

2:5
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MeV; ð4Þ
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where Q is the energy released [37], and A2 the mass
number of a-particle. By substitution value of E and P in
equation (3) determines the half-lives.

In this section, we present the details of three nuclear
potential models used for the calculation of a-decay half-
lives. When two surfaces approach each other within a
distance of 2–3 fm, additional force due to the proximity of
the surface is labeled as proximity potential [38]. In this
section we discuss each model in details.

2.1 Coulomb and proximity potential model (CPPM)

The proximity potential is considered as [39],

V pðzÞ ¼ 4pgb
C1C2

C1 þ C2

� �
f

z

b

	 

; ð5Þ

where Z1 and Z2 are the atomic numbers of parent and
daughter nuclei, z is the distance between the near surfaces
of the fragments, and the nuclear surface tension coefficient
is given as,

g ¼ 0:9517 1� 1:7826
ðN � ZÞ2

A2

" #
MeV=fm2; ð6Þ

where A, Z and N represent mass, proton and neutron
numbers of parent nuclei, respectively, and r is the distance
between fragment centers and is given as r= z+C1+C2,
and C1, C2 are the Susmann central radii of fragments are
given as:

Ci ¼ Ri � b2

Ri

� �
: ð7Þ

f is the universal proximity potential which is given by [40]

fðeÞ ¼ �4:41e�e=0:7176 for e > 1:947; ð8Þ

fðeÞ ¼ �1:7817þ 0:927eþ 0:0169e2 � 0:05148e3;
for 0 � e � 1:9475; ð9Þ

where e= z/b, is the overlap distance in unit of b where the
width of the nuclear surface b≈ 1 fm.

The semi-empirical formula for Ri in term of mass
number is given as [41],

Ri ¼ 1:28A
1=3
i � 0:76þ 0:8A

�1=3
i : ð10Þ

2.2 Royer proximity potential model (RPPM)

For the a emission where the proximity energy between the
two separated a particle and daughter nucleus plays the
central role a very accurate formula has been obtained as [42]

V pðrÞ ¼ 4pgexpð�1:38ðr�R1 �R2ÞÞ
� 0:6584A2=3 � 0:172

A1=3
þ 0:4692A1=3

� �
r

�

�0:02548A1=3r2 þ 0:01762r3
�
; ð11Þ
where A is the mass of the parent nucleus and r the mass-
center distance.
2.3 Broglia and Winther 1991 model (BW91)

Broglia andWinther derived a refined version of the BW91
potential by taking Wood-saxon potential with dependent
condition of being appropriate with the value of the
maximum nuclear force which is predicted by proximity
potential model. This model reduced in [38,43]

V NðrÞ ¼ � V 0

1þ exp r�R0
0:63

	 
 ðMeVÞ; ð12Þ

withV 0 ¼ 16pga
R1R2

R1 þR2
; ð13Þ

here a=0.63 fm and

R0 ¼ R1 þR2 þ 0:29: ð14Þ
Here the radius Ri has the form

Ri ¼ 1:233A
1=3
i � 0:98A

�1=3
i fmði ¼ 1; 2Þ: ð15Þ

The surface energy coefficient g has the form

g ¼ g0 1þ ks
Np � Zp

Ap

� �
Nd � Zd

Ad

� �� �
; ð16Þ

where A, Z, and N are the total number for (p, d) parent
and daughter, respectively, g0= 0.95Mev/fm2 and ks=1.8.
3 Results and discussion

The a-decay half-lives provided by the above nuclear
potential models are presented in Table 1 which included
CPPM, Royer proximity potential and BW91. The angular
momentum l loaded by a-decay from ground state to
ground state transition and obeys by the spin-parity
selection rule [44]

ℓ ¼
Dj for even Dj and pp ¼ pd

Dj þ 1 for odd Dj and pp ¼ pd

Dj for odd Dj and pp ≠pd

Dj þ 1 for even Dj and pp ≠pd

;

8>><
>>: ð17Þ

where Dj= |jp� jd|, jp, pp and jd, pd are the spin and parity
value of parent and daughter, respectively. The relative
superiorityof thepresentchoiceof thepotentialcanbeaswell
seen in the in Table 1 where our results are reported for
different potential models. The outcome of our study is
presented in Figures 1–3. In Figure 1 to provide best view of
the results, we have plotted logarithm a-decay half-lives
including CPPM, RPP, BW91 and experimental data vs.
neutron number of parent nuclei, the figures shows the
increasing disposal of logarithm half-live for decreasing
neutron number of parent nuclei, also this figure refer the
three models are more close to experimental data, which



Table 1. Comparative study of a-decay half-lives using three nuclear potential models included CPPM, RPPM and
BW91.

Decay Q(MeV) l Log10(Texp) Log10(CPPM) Log10(RPP) Log10(BW91)
152Ho! 148Tb 4.494 0 3.130 3.048 2.863 2.556
154Ho! 150Tb 4.024 0 6.569 5.927 5.747 5.430
153Tm! 149Ho 5.235 0 0.212 0.304 0.116 �0.184
156Lu! 152Tm 5.582 0 �0.306 �0.304 �0.490 �0.792
156Hf! 152Yb 6.022 0 �1.631 �1.632 �1.820 �2.116
159Ta! 155Lu 5.668 0 0.387 0.249 0.068 �0.236
160Ta! 156 Lu 5.432 0 0.230 1.292 1.113 0.806
158W! 154Hf 6.592 0 �2.863 �2.867 �3.055 �3.351
163Re! 159Ta 6.003 0 0.086 �0.286 �0.465 �0.771
165Re! 161Ta 5.635 0 1.718 1.258 1.083 0.773
166Ir! 162Re 6.702 0 �1.947 �2.104 �2.285 �2.590
167Ir! 163Re 6.49 0 �1.143 �1.353 �1.532 �1.839
169Ir! 165Re 6.138 0 �0.076 �0.022 �0.197 �0.508
174Ir! 170Re 5.611 2 3.199 2.430 2.264 1.951
172Pt! 168Os 6.452 0 �0.987 �0.866 �1.040 �1.354
170Au! 166Ir 7.162 0 �2.699 �2.902 �3.081 �3.389
173Au! 169Ir 6.823 0 �1.684 �1.809 �1.984 �2.297
177Au! 173Ir 6.284 2 0.563 0.394 0.227 �0.087
176Hg! 172Pt 6.884 0 �1.678 �1.654 �1.827 �2.143
177Tl! 173Au 7.054 0 �1.607 �1.839 �2.012 �2.325
179Tl! 175Au 6.702 0 �0.638 �0.613 �0.782 �1.098
181Tl! 177Au 6.311 0 1.505 0.882 0.717 0.402
180Pb! 176Hg 7.402 0 �2.398 �2.650 �2.823 �3.140
183Pb! 179Hg 6.915 2 �0.091 �0.805 �0.970 �1.285
191Bi! 187Tl 6.766 5 1.312 0.913 0.762 0.484
193Bi! 189Tl 6.291 5 3.281 2.793 2.646 2.371
188Po! 184Pb 8.069 0 �3.569 �4.069 �4.241 �4.567
192Po! 188Pb 7.306 0 �1.491 �1.750 �1.914 �2.248
193Po! 189Pb 7.082 0 �0.377 �0.988 �1.151 �1.485
197Po! 193Pb 6.392 0 2.104 1.605 1.449 1.113
199Po! 195Pb 6.061 0 3.438 3.014 2.861 2.527
201Po! 197Pb 5.786 0 4.759 4.276 4.126 3.792
198At! 194Bi 6.882 0 0.669 0.080 �0.077 �0.415
200At! 196Bi 6.583 0 1.918 1.213 1.059 0.720
202At! 198Bi 6.34 0 2.696 2.190 2.038 1.698
195Rn! 191Po 7.686 0 �2.222 �2.246 �2.410 �2.741
197Rn! 193Po 7.402 0 �1.187 �1.344 �1.505 �1.838
199Rn! 195Po 7.112 0 �0.180 �0.360 �0.518 �0.853
201Rn! 197Po 6.852 0 1.137 0.575 0.420 0.084
203Rn! 199Po 6.617 0 1.824 1.468 1.315 0.978
201Fr! 197At 7.502 0 �1.208 �1.351 �1.509 �1.846
202Fr! 198At 7.372 0 �0.523 �0.924 �1.081 �1.419
203Fr! 199At 7.243 0 �0.237 �0.488 �0.644 �0.983
204Fr! 200At 7.158 0 0.248 �0.200 �0.355 �0.696
206Fr! 202At 6.91 0 1.279 0.691 0.539 0.197
203Ra! 199Rn 7.722 0 �1.509 �1.716 �1.874 �2.211
205Ra! 201Rn 7.472 0 �0.678 �0.914 �1.070 �1.409
207Ra! 203Rn 7.262 0 0.158 �0.212 �0.365 �0.706
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Table 1. (continued).

Decay Q(MeV) l Log10(Texp) Log10(CPPM) Log10(RPP) Log10(BW91)
206Ac! 202Fr 7.932 0 �1.658 �2.053 �2.210 �2.550
208Ac! 204Fr 7.714 0 �1.018 �1.384 �1.538 �1.880
217Pa! 213Ac 8.482 0 �2.458 �3.170 �3.324 �3.684
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Fig. 1. Logarithm a-decay half-live for CPPM, RPP, BW91 and experimental data vs. neutron number.
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Fig. 2. Logarithm a-decay half-live for CPPM, RPP, and BW91 vs. neutron number.
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indicates to the agreeable of the results. TheDTparameter is
determined, which is representing the different between
experimental half-live to theoretical, and reported in
Figure 2; which indicated the DT of more isotopes is less
than one; it seems that the results are more close to
experimental data. We predict that the nuclei with higher
neutron number a larger half-life and thence more stable.
Figure 3 describes the relation between logarithm a-decay
half-lives vs. Q-value, it shown that the logarithm a-decay
decreases when Q-value increases; it is in agreement with a
larger Q-value increases the instability. We calculated the
RMS deviation which is defined as [45]
RMS ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1

n

Xn
i¼1

log10 T exp
1=2

	 

� log10 T theor

1=2

	 
h i2s
; ð18Þ

for present models which reported in Table 2; which
indicate the CPPM model is best model to calculate
a-decay half-life comparative with RPP and BW91models.

4 Conclusion

Three different nuclear potential are used to calculate the
a-decay half-lives for some nuclei from ground state to
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Fig. 3. DT vs. neutron number.

Table 2. RMS deviation for CPPM, RPP and BW91
nuclear potential model.

Model RMS

CPPM 0.4171
RPP 0.5414
BW91 0.8320
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ground state including CPPM, RPP and BW91. The
angular momentums are taken into account. RMS
deviations are calculated, it shows that the best nuclear
potential is CPPM. The results are compared with
experimental data; this comparison provides a reference
how to select nuclear potential to calculate a-decay half-
lives.
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