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Abstract
Calculations of the α -decay half-lives of 166190 Pt isotopes have been carried out using the modified Gamow-like model
(MGLM) and deformed Woods-Saxon potential model. In order to see the effect of using deformed nuclear potential on the α -decay
half-lives of the Platinum isotopes, the spherical Woods-Saxon potential has also been employed in the computation. When
compared with experimental data, all the models give very good descriptions of the experimental half-lives. The comparison also
suggests that the calculated half-lives considering deformation give better agreement with the experimental data than the results
using spherical configuration. New parameter values were obtained for the MGLM model (termed MGLM2). The MGLM2 model
gives better descriptions of the half-lives than the MGLM1 model.
Keywords: spontaneous nucleation method, KTP crystals, energy gap, transmission spectrum, flux method

1. Introduction
One of the most important decay modes of radioactive
nuclei is alpha decay [1, 2]. This decay mode provides
nuclear structure information, identification and stability
of both heavy and superheavy nuclei [3–5]. Various
theoretical models have been employed to investigate the
α -decay half-lives for heavy and superheavy nuclei.
Some of the models are the cluster formation model [6–
11], the generalised liquid drop model [12–14], the
modified generalized liquid drop model [4, 15, 16], the
fission-like model [17], the effective liquid drop model
[18], and the preformed cluster model [19, 20]. The
models make use of different interactions ranging from
the phenomenological potential such as the proximity
potentials, Woods-Saxon, etc, to microscopic
interactions like the deformed density dependent
potential. Some empirical formulas, such as the
universal decay law developed by Qi et al. [21, 22], the
scaling law of Horoi [23], scaling law of Brown, the
Royer formula [24–26], the Akrawy formula [27], the
Ren formula, [28, 29], Viola-Seaborg formula [30], have
also been introduced to compute the α-decay half-lives
of many isotopes.
Following the work of Zdeb et al. [2], Cheng et al.
[3] presented the modified Gamow-like model, by using

an improved interaction. The model takes the centrifugal
interaction into consideration. This potential model is
used to calculate the α -decay half-lives of the Pt
isotopes in this study. The three adjustable parameters in
the model viz. the radius constant r0 , the hindrance
factor h and the screening parameter a of the modified
interaction are computed for the 166190 Pt isotopes. The
parameters are fully described in the following Section.
The modified Gamow-like model has been employed

to compute the alpha-decay half-lives of 171189 Hg in
Ref. [31]. We have also used the phenomenological
Woods-Saxon potential including the deformed WoodsSaxon potential. The results of the calculations are
compared with experimental data.
The alpha decay study of the Pt isotopes has been
carried out both experimentally and theoretically [3234]. Pt is known to be a transitional nucleus, and it is
found to be deformed in its ground state [32]. Platinum
isotopes have been selected for the study because they
have non-zero quadrupole and hexadecapole
deformation parameters. This will aid to study the effect
of using deformed models on the alpha decay half-lives.
In previous theoretical alpha decay studies of the Pt
isotopes [32-34], spherical nuclear potentials were

64

W A Yahya

employed. This work studies the effect of using
deformed nuclear potential on the alpha-decay half-lives
of 166190 Pt isotopes. Therefore both spherical and
deformed nuclear potentials will be employed in this
work to study the importance of using deformed nuclear
potentials.
The paper is organised as follows. In Section 2, the
models employed for the calculation of the α-decay halflives of the Pt isotopes are presented; the modified
Gamow-like model and the deformed Woods-Saxon
model. The results of the calculations are presented and
discussed in Section 3 while the conclusion is given in
Section 4.

2. Theory
2.1. Modified Gamow-like model (MGLM)
The interaction potential between the alpha particle and
daughter nucleus, in the modified Gamow-like model, is
given by [3, 31]
V0 ,
0  r  Rw
(1)
V (r )  V
H ( r )  V ( r ), r  Rw .



Here, V0 denotes the depth of the square well, and the
Hulthen type of screened electrostatic Coulomb potential
is given by

VH 

aZ1Z 2 e2

.
ear  1
The centrifugal potential is

(2)

2

1 2

   
2
V ( r )  
,
(3)
2 μr 2
Z1 and Z 2 are the proton numbers of the α particle and
daughter nucleus, respectively, the orbital angular
momentum taken away by the a particle is denoted by
 , and a is the screening parameter. The radius of the
spherical square well is obtained by summing the radii
of both the a particle ( A1 ) and the daughter nucleus
( A2 ):





Rw  r0 A11/3  A21/3 ,

(4)

where is an adjustable parameter.
The half-life is then computed using [2, 3]:
ln2 h
(5)
10 ,
T1/2 
νP
where h is called the hindrance factor. It is due to the
effect of an odd-proton and/or an odd-neutron. For eveneven nuclei, h  0 , and for odd-odd nuclei, hnp  2h .
The values of r0 , a , and h were determined, in Ref.
[3], to be:

r0  1.14fm, a  7.8 104 fm 1 , h  0.3455.

(6)
The frequency of assault on the potential barrier (ν) is
computed by using [3]
G  3 / 2 
ν
,
(7)
1.2πμR02
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R0 where the parent nucleus radius is obtained using [3]

R0  1.28 A1/3  0.76  0.8 A1/3 .
(8)
and the main quantum number G is calculated using [3]
22 N  126
G  20 82  N  126
(9)
18 N  82
The penetration probability ( P ) is calculated using:
b


2
P  exp    2 μ V (r )  Ek  dr 
(10)
 

Rw


where, μ  mA1 A2 / ( A1  A2 ) MeV is the reduced mass
of the daughter nucleus and the α particle,
is
the
nucleon
mass,
m  931.494MeV
Ek  Qα ( A  4) / A is the kinetic energy of the emitted
α particle, and Qα is the energy released in the alpha
decay process. The classical turning point b is obtained
through the condition V (b)  Ek .

2. 2. Deformed Woods-Saxon potential (DWS)
In this model, the effective interaction potential between
the alpha particle and the deformed daughter nucleus is
given by the sum of the deformed nuclear potential
VN (r , θ )  , the deformed Coulomb potential VC (r , θ ) 
and the centrifugal term V (r )  [35]:
(11)
V ( r , θ )  VN ( r , θ )  VC (r , θ )  V (r ).
Here,  is the angular momentum carried by the α
particle and θ is its orientation angle with respect to the
symmetry axis of the daughter nucleus. The deformed
Woods-Saxon potential is defined as
V0
,
(12)
VN ( r , θ ) 
 r  R (θ ) 
1  exp 

 a
where the potential depth is obtained via [35, 36]
V0  44.16 1  0.40 I 2 

A22/3 A12/3

.
(13)
A22/3  A12/3
Here, the diffuseness parameter is obtained using the
formula [38]:
a  0.5  0.33I 2 ,
(14)

where I 2   N 2  Z 2  / A2 is the relative neutron excess
of the daughter nucleus. The daughter nucleus effective
radius R(θ ) is given by:
R(θ )  1.17  R2 1  β2 20 (θ )  β4 40 (θ )  ,

(15)

where β2 and β4 are the quadrupole and hexadecapole
deformation parameters of the daughter nucleus,
respectively, m (θ ) is the spherical harmonics, and

R2  1  0.39 I 2  A21/3

(16)

is the radius of the daughter nucleus. It is known that the
inclusion of the quadrupole deformation parameter
causes a decrease in the half-life calculated value by
2  7 orders of magnitude [39, 40]. Due to reflection
symmetry, the calculations have been carried out by

IJPR Vol. 21, No. 3

Theoretical calculations of the alpha decay half-lives …

considering the relative orientations θ  0  180 with
respect to the symmetry axis of the deformed nucleus.
The deformed Coulomb potential and the centrifugal
term have been computed using
 3R 2 (θ )

β2 20 (θ ) 
2 1 
ZZ e
5r 2
,
(17)
VC (r , θ )  1 2 
 3R 4 (θ )

r
β4 40 (θ ) 

9r 2


V ( r ) 

2 (  1)

(18)
,
2 μr 2
respectively. Here μ is the reduced mass of the α particle
and the deformed daughter nucleus. The WKB barrier
penetration probability P is calculated via [35, 41]
π

P

1
T sinθ  dθ ,
2

(19)

0

where the transmission coefficient is evaluated using
1
T (θ ) 
(20)
,
r
(
θ
)
2


1  exp   2
2 μ V (r , θ )  Q  dr 
  r1 (θ )

where the turning points r1 (θ ) and r2 (θ ) are
determined by using the condition V (r , θ )  Q . The α decay half-life is then computed using
ln2
T1/2 
,
(21)
νP
where the assault frequency ν is calculated via [35]

 4  A2  
Q 0.056  0.039exp 

2 Eν
 2.5  
(22)
.
ν
 


For the spherical Woods-Saxon case (SWS), the
effective potential between the alpha and daughter nuclei
is given by
V ( r )  VN (r )  VC ( r )  V (r ),
(23)
where the nuclear potential
V0
,
(24)
VN ( r ) 
 r  Rs 
1  exp 

 a 
and the Coulomb potential is defined as
2

Z1Z 2 e
.
r
In equation (24), Rs is defined as
VC (r ) 

Rs  1.17  1  0.39 I 2  A1/3
2 .

(25)

(26)

V0 , a , T1/2 , and ν are as given in equations (13), (14),
(21), and (22), respectively. However, the penetration
probability is given here as:
r


2 2
(27)
P  exp    2 μ V ( r )  Q  dr  .
 

r1



3. Results and Discussions
In this Section, we present the results of the a -decay
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half-lives calculations for the 166190 Pt isotopes. The
codes used to do all calculations were written in
PYTHON programming language. The calculations have
been carried out using the modified Gamow-like model
(MGLM) and the deformed Woods-Saxon potential. The
calculations using the spherical Woods-Saxon nuclear
potential has been included in order to see the effect of
using deformed nuclear and Coulomb potentials on the
alpha-decay half-lives of the platinum isotopes. In the
case of the modified Gamow-like model, we have used
the parameters of Ref. [3]; this is denoted as MGLM1.
We have also determined the variable parameters in the
MGLM (denoted as MGLM2) through a least square fit
to the experimental data. The calculated parameters for
the MGLM2 are
r0  1.2035fm, h  0.1551,
(28)
a  7.4459  104 fm 1
The experimental data used in the calculations were
taken from the NUBASE 2016 database [42- 44], and
the following formula was used to calculate the reaction
Qα value [45]:





ε
Qα  ΔM P  ΔM D  ΔM α  k Z Pε  Z D
,

(29)

Where ΔM P , ΔM α , and ΔM D denote the mass
excesses of the parent nucleus, the alpha particle, and the



ε
daughter nucleus, respectively. The term k Z Pε  Z D



denotes the screening effect of atomic electrons [46];
k  8.7eV , ε  2.517 for Z  60 , and k  13.6eV ,
ε  2.408 for Z  60 [47]. The angular momentum 
are determined from the selection rule given by [29, 48,
49]:
for even Δ j and πd  π p
 Δj
 Δ  1 for odd Δ j and πd  π p
(30)
   Δj
for odd Δ and π  π ,
 Δ j  1 for even Δj and πd  πp
j
d
p
 j
where Δ j  j p  jd , and jd , πd , j p , π p are the spin
and parity values of the daughter and parent nuclei,
respectively.
The calculated alpha-decay half-lives for the
166 190

Pt isotopes are shown in Table 1. The first five
columns show the mass number (A), the angular
momentum carried by the alpha particle ( ) , the

experimental Qα values, the quadrupole β2 , and the
hexadecapole
( β4 )
deformation
parameters,
respectively. The experimental α -decay half-lives
(Expt.)  log T1/2 ( s ) are shown in the sixth column.
The seventh to tenth columns of the Table show the
calculated α -decay half-lives using the MGLM1,
MGLM2, DWS, and SWS, respectively. A physical
inspection shows that all the models give very good
descriptions of the half-lives.
However, in order to quantitatively compare the
agreement between the experimental and theoretically
calculated half-lives, the root mean square standard
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Table 1. Calculated α -decay half-lives, log  T1/2 (s)  , of Pt isotopes (Z  78) using MGLM1, MGLM2, DWS, and SWS.

log  T1/2 (s)  .



A

Q

β2

β4

Expt

MGLM2

DWS

SWS

166

0

7.3177

0.1070

-0.0080

-3.5232

-3.5048

-3.7173

-3.1904

-3.1432

167

0

7.1871

0.1180

-0.0070

-3.1546

-2.7783

-3.1686

-2.8299

-2.7716

168

0

7.0216

0.1290

0.0060

-2.6968

-2.6187

-2.8016

-2.3458

-2.2703

170

0

6.7393

0.1510

-0.0040

-1.8516

-1.7165

-1.8677

-1.4816

-1.3802

171

0

6.6392

0.1620

-0.0150

-1.3486

-1.0425

-1.3720

-1.1770

-1.0628

172

0

6.4952

0.1730

-0.0130

-0.8935

-0.8909

-1.0114

-0.7019

-0.5695

173

0

6.3867

0.1730

-0.0130

-0.3517

-0.1640

-0.4602

-0.3309

-0.1967

174

0

6.2150

0.1840

-0.0120

0.0685

0.1286

0.0479

0.2894

0.4439

175

2

6.1954

0.1840

-0.0120

0.5960

0.7802

0.5038

0.5963

0.7597

176

0

5.9169

0.1950

-0.0100

1.2226

1.3011

1.2688

1.4372

1.6172

177

0

5.6748

0.2060

-0.0090

2.3284

2.6844

2.5068

2.4685

2.6743

178

0

5.6048

0.2170

-0.0070

2.4504

2.6367

2.6630

2.7299

2.9608

179

2

5.4442

0.2170

-0.0070

3.9463

3.9710

3.8334

3.7408

3.9874

180

0

5.2690

0.2180

-0.0190

4.2395

4.2158

4.3163

4.3267

4.5589

181

0

5.1819

0.2180

-0.0190

4.8474

4.9871

4.9183

4.7447

4.9794

182

0

4.9828

0.2190

-0.0310

5.5405

5.6864

5.8609

5.8091

6.0447

183

0

4.8540

0.2190

-0.0310

6.6097

6.7358

6.7571

6.5164

6.7555

184

0

4.6305

0.2190

-0.0430

7.7869

7.6990

7.9822

7.8543

8.0964

186

0

4.3516

0.2200

-0.0560

9.7270

9.4605

9.8465

9.6356

9.8884

188

0

4.0386

0.2200

-0.0680

12.5285

11.6640

12.1882

11.8775

12.1434

190

0

3.3004

0.2090

-0.0830

19.2315

18.1334

19.1280

18.5877

18.8622

deviation σ has been computed using:

σ

MGLM1

N

1


N i 1 



Expt
where T1/2,i
Theory
T1/2,i



Theory
Expt 2 
log10T1/2,
 log10T1/2,
,
i
i

(31)

are the experimental half-lives, and

are the half-lives calculated using the

theoretical models. The results of the standard deviation
(σ ) calculations using the different models are shown in
Table 2 The standard deviation values for the MGLM1,
MGLM2, DWS, and SWS, are 0.3512 , 0.1528 , 0.2868 ,
and 0.3389 , respectively. From these values, one
observes that the DWS model gives the lowest standard
deviation when compared to the SWS and MGLM1
models. This shows the importance of using a deformed
nuclear potential over the spherical one for these
Platinum isotopes. The MGLM2 model, seen to give the
lowest deviation has been obtained through a fit of the
variable parameters to experimental data. This simple
model has been shown to give excellent descriptions of
α -decay half-lives [3, 31].

Figure 1 shows the plots of the computed -decay halflives, log T1/2 ( s )  , using the four theoretical models
against the neutron number ( N ). The experimental
values are shown in black squares. The half-life can be
seen to increase with increase in neutron number for the
series of isotopes considered in the study. One observes
from the figure that all the models give very good
descriptions of the alpha decay half-lives, since only a
slight difference between the calculated results and
experimental can be seen. The difference between
experimental and theoretical α -decay half-lives have
been obtained using the following equation:
expt 
theor 
ΔT1/2  log10 T1/2
 log10 T1/2
.
(32)




ΔT1/2 has been plotted against neutron number in
Figure 2 for the four models used in the study. It can be
observed that, barring few exceptions, most of the points
are near zero and within 0.5 . For instance, the
MGLM2 model gives ΔT1/2 values less than 0.5 .
Moreover, it can be observed that the DWS model gives
lower ΔT1/2 values than the SWS model. This shows the
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Table 2. Calculated root means square standard deviation ( σ ) using the different models.
σ
Model
MGLM1

0.3512

MGLM2

0.1528

DWS

0.2868

SWS

0.3389

Neutron Number (N)

Figure 1. Plots of the calculated α -decay half-lives of Pt
isotopes between the various models and experiment.

Figure 2. Plots of the ΔT against Neutron number (N) for the
Pt isotopes using the different models.

advantage of using deformed model for the Pt isotopes.
Also, comparing the ΔT1/2 values between the MGLM1
and MGLM2, it can be seen that the MGLM2 gives
lower ΔT1/2 than the MGLM1 model.

spherical nuclear and Coulomb potentials. New
parameter values were obtained for the MGLM model
(termed MGLM2). The MGLM2 model gives better
descriptions of the half-lives than the MGLM1 model. In
general, all the models give  -decay half-lives which
are in good agreement with the available experimental
data, with maximum standard deviation value less than
0.4. The difference between theoretically calculated and
experimental  -decay half-lives is also found to be less
than ±0.5 for most of the isotopes. The results showed
the importance of using deformed nuclear potentials
over spherical ones for the Pt isotopes, because the
deformed configuration gave lower deviation from
experimental data than the spherical configuration.

Conclusion

The theoretical study of the  -decay half-lives of
166 190

Pt isotopes have been carried out using the
modified Gamow-like model (MGLM1) and deformed
Woods-Saxon potential model (DWS). Calculations
using spherical Woods-Saxon potential (SWS) were
included to see the effect of using deformed nuclear
potential on the  -decay half-lives of the Platinum
isotopes. All the models give very good descriptions of
the  -decay half-lives when compared with
experimental data. The computed standard deviation
indicates that the calculated half-lives using deformed
nuclear and Coulomb potentials give better agreement
with the experimental data than the results using
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