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𝑇1/2 =
ℏln2

Γ
=
ln2

𝜆

𝜆 = 𝑃𝛼𝜈𝑃

𝑃𝛼 denotes α preformation factors,
𝜈 is the assault frequency of α particle,
𝑃 denote the semiclassical Wentzel-Kramers-

Brillouin (WKB) barrier penetrate probability
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• Zedb et al. show that using only one adjustable parameter, the radius
constant, it is possible to reproduce with a good accuracy all existing
data for decays of even-even nuclei.

• Zedb et al. describes the decay of odd systems by introducing
hindrance factor h.

𝑇1/2 =
ln2

𝜆
10ℎ

• References : 
[1] Zdeb A, Warda M and Pomorski K ,Phys. Rev. C 87, 024308 (2013).

[2] Zdeb A, Warda M and Pomorski K, Phys. Scr. T 154, 014029 (2013).
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The potential energy 𝑉 𝑟 is given by:

b= 
𝑍
𝑑
𝑍
α
𝑒2

𝐸
𝑘

The theoretical framework of the Gamow-like 
model :

The outer turning point b is determined by
the condition 𝑉 𝑟 = 𝐸𝑘

𝑉 𝑟 = ቐ
−𝑉0 0 ≤ 𝑟 ≤ 𝑅

𝑍𝑑𝑍α𝑒
2

𝑟
𝑟＞𝑅

The square well radius R :

𝑅 = 𝑟0(Ad
1/3+ Aα

1/3)
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The theoretical framework of the Gamow-like 
model :

The α decay penetration probability : 

𝑃 = exp −
2

ℏ
න
𝑅

𝑏

2𝜇(𝑉 𝑟 − 𝐸𝑘) 𝑑𝑟

The assault frequency of α decay :

𝜈 =
1

2𝑅
2𝐸𝑘/𝜇

P=exp −
2

ℏ
2𝜇𝑏𝑍1𝑍2𝑒

2 𝑎𝑟𝑐𝑐𝑜𝑠
𝑅

𝑏
−

𝑅

𝑏
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In the present work we systematically study α decay 
half-lives of Z > 51 nuclei using the modified Gamow-
like model which includes the effects of the 
centrifugal potential and electrostatic shielding.

“
“
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By considering the effect of non-zero electrostatic screening , 
we introduce a screened electrostatic barrier i.e. the Hulthen
potential to compare with the Coulomb potential.

𝑉𝐻 𝑟 =
𝑎𝑒2𝑍𝑑𝑍α

exp 𝑎𝑟 − 1
,

The Hulthen potential 

𝑉𝐶 𝑟 =
𝑒2𝑍𝑑𝑍α

r

The Coulomb potential 
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• For the superposition of the involved charges, movement

of the proton which generates a magnetic field and the

inhomogeneous charge distribution of the nucleus, the

α-daughter nucleus electrostatic potential (Hulthen

potential) behaves as a Coulomb potential at short

distance and drop exponentially at large distance.

Taylor expansion:

𝐥𝐢𝐦
𝒓→𝟎

𝒂𝒓

𝐞𝐱𝐩 𝒂𝒓 −𝟏
= 𝟏 𝐥𝐢𝐦

𝒓→𝟎

𝒂𝒆𝟐𝒁
𝒅
𝒁
𝜶

𝐞𝐱𝐩 𝒂𝒓 −𝟏
=

𝒆𝟐𝒁
𝒅
𝒁
𝜶

𝒓
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• The difference between 𝑏𝑐 and 𝑏ℎ obtained by V(r) = 𝐸𝑘.

• From this figure, we can find that the smaller decay energy and larger

proton number of the daughter nucleus are, the greater difference in

the b value between the pure Coulomb and the Hulthen potential be.
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• The calculated results for even-

even nuclei can reproduce the 

experimental data well.

• Tcal1 and Tcal2 is the 

logarithmic form of the α 

decay half-life calculated by 

our work and Gamow-like 

model, respectively.
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For even-Z, odd-N nuclei For odd-Z, even-N nuclei
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For odd-Z, odd-N nuclei

Comparison with Gamow-like 

model shows that the results 

have a certain improvement.
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.

We also systematically calculate the α decay half-
lives of even-even nuclei of proton numbers Z=120 
and nuclei on their α decay chain using Coulomb 
potential and Proximity potential model with 
proximity potential Bass73 formalism (CPPM-Bass73) , 
the Viola-Seaborg-Sobiczewski (VSS) empirical 
formula, the Universal (UNIV) curve , Royer formula, 
the Universal decay law (UDL) and the Ni-Ren-Dong-
Xu (NRDX) empirical formula, respectively.

APPLICA
TION

We use our model to predict the α decay half-lives of 
nuclei Z=120 i.e. 296120, 298120, 300120, 302120, 304120, 
306120 as well as 308120 and some un-synthesized nuclei 
on their α decay chains. 

Meanwhile Sobiczewski discovered that the calculation 
taking α decay energy from WS3+ can best reproduce 
experimental α decay half-life.

COMPARE
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The different cases of α decay half-lives calculated by different theories. 



Summary
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I. We modify the Gamow-like model by considering the effects of

screened electrostatic for Coulomb potential and the centrifugal

potential and use this model systematically to study α decay half-

lives for Z>51 nuclei.

II. We extend this model to the superheavy nuclei, and predict the

half-lives of seven even-even nuclei with a proton number Z=120

and some un-synthesized nuclei on their α decay chains.

Conclusions:
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