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Introduction 

The Geiger-Nuttall (GN) law is a famous formula 
written in many text books of modern physics and 
nuclear physics. It relates alpha-decay half-lives to 
decay energies as log10T1/2=aQ-1/2+b, where a and 
b are the given constants for even-even nuclei on 
an isotopic chain. Based on this law, the Viola-
Seaborg (VS) formula is presented,  

log10T1/2=(aZ+b)Q-1/2+cZ+d+h,  
where a, b, c, and d are determined from alpha-
decay of even-even nuclei and h is the blocking 
factor for odd nucleons. It has been widely used to 
systematize the data of alpha decay and to predict 
the half-lives of unknown nuclei.  
In the last decade, as result of the special interest 
in heavy and superheavy nuclei, the interest in 
alpha-decay systematics is continuing and the 
interest in cluster radioactivity is increasing. In 
2004, Ren et al. proposed the new formula for half-
lives of cluster radioactivity, 

log10T1/2=aZ1Z2Q-1/2+cZ1Z2+d+h, 
 where Z1 and Z2 are the atomic number of 
daughter nuclei and clusters. This formula can be 
considered as a natural generalization of the VS 
formula from simple alpha decay to complex cluster 
radioactivity. In view of the same nature of alpha 
decay and cluster radioactivity, we also deduced  
the unified formula of half-lives for them from the 
WKB barrier penetration probability, 

log10T1/2=aµ1/2Z1Z2Q-1/2+cµ1/2(Z1Z2)1/2+d+h, 
where µ is the reduced mass of the cluster-
daughter system. This formula can at the same time 
describe the complicated processes of alpha decay 
and cluster radioactivity effectively. 
  
With the alpha-decay data of ground-state and 
high-spin isomers accumulating, it is interesting to 
see whether the relationship between half-lives and 
decay energies deviates systematically from the 
original GN law. By analyzing the behavior of 
systematic deviation, some quantum-mechanical 
effects can be considered as well. Then further 
extensions towards hindered alpha transitions and 
alpha-decaying isomers can be made. 

Methods Results Results 

Conclusion 

The new GN law for the calculations of alpha-decay 
half-lives is proposed where the effects of quantum 
numbers are naturally taken into account. By 
including the change of the node number of the 
cluster wave function, the available data of even-
even emitters both N≤126 and N≥128 are well 
reproduced. The inclusion of the term depending on 
the parity and angular momentum leads to a 
reliable description of the hindered transitions from 
N=127 odd-A isotones and from high-spin isomers 
in 212Po. The results of this work point to the 
simplicity of the underlying mechanism of the 
decay. 

With the new GN formula, we firstly calculate the 
half-lives of the ground state of even-even nuclei 
with Z=84-92 and with Z=60-74. The numerical 
results are listed in Tables I and II. One can see that 
the calculated results generally agree with the 
experimental data within a factor of 2, showing the 
good  reliability of the new GN formula. 

When the unified formula of alpha decay and cluster 
radioactivity is used to calculated the half-lives of 
alpha transitions with the neutron number stepping 
over the N=126 shell closure, a strong effect is 
observed. A dramatic deviation occurs for N≤126 
nuclei on the isotopic chains of Z=84-92. It is shown 
in Fig. 1 for Po isotopes. To overcome this problem, 
some basic observables such as quantum numbers 
need to be included in the formula.  

 

 

 

 

 
 

The Schrödinger equation for the system is given as 

 
 
The quantum numbers of alpha cluster are obtained 
by the Wildermuth rule, G=2n+l. When the neutron 
number N goes across the N=126 shell closure 
(from N<126 to N>126), it is expected that the 
change of the global quantum number is ∆G=2. 
Therefore we introduce a quantum number S=- ∆G/2 
to mock up the effect of  the quantum numbers on 
half-lives. We define the values of  S as follows: S=0 
for N≥128 and S=1 for N≤126. 
 
To include the effect of angular momentum and 
parity of alpha cluster on half-lives, we add a new 
term Pl(l+1). This term can be approximately derived 
based on the WKB barrier penetration when the 
centrifugal potential is taken into account. To this 
end, the new GN law derived from the quantum 
tunneling theory can be written as 

not included in the figure because it is a hindered 
transition. Hindered transitions are very 
complicated, but the new GN law with the l(l+1) 
term proves to be successful in describing them. 
The results of hindered transitions are shown in 
Table III. They contain isomeric transitions from a 
18+ state and from 8+ state in 212Po and isotonic 
sequence N=127 with l=5 and odd parity. 

Fig 1. Ratios between experiment and theory for Po nuclei with 
the original law and with the new law. A sudden change across 
the N=126 shell closure is seen with the original law. 
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Table I. The logarithm of alpha-decay half-lives of even-even 
Z=84-92 isotopes calculated with the new NG law and the 
corresponding experimental ones. The experimental Q values are 
also listed. 

Table II. Same as in Table I, but for even-even nuclei with Z=60-74. 

Next, we extend the calculations to the case of odd-
A nuclei and the case of isomers. In Fig. 1, the 
deviation between calculated results and 
experimental data is shown for favored transitions 
of odd-A Po isotopes. It is clearly seen that the 
results with the new GN law agree with 
experimental data better. Note that 211Po is 

Table III. The alpha-decay half-lives of two kinds of hindered 
transition with the new NG law: isomeric transitions in 212Po 
and those from N=127 isotones. The spin-parity involving in 
the transition are listed, together with the angular momentum 
of alpha particle.  
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