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Energy relations 

experimental binding 
energy of 4He 

Sα (A,Z ) = −Qα (A,Z ) = B(A,Z )−B(A− 4,Z − 2)− 28.3MeV
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recoil term effect 

http://www.nndc.bnl.gov/chart/reColor.jsp?newColor=qa 
 
 

+electron screening 
+bremsstrahlung 



Theory of Alpha decay: Gamow 1928 

At t=0, alpha particle is localized inside the nucleus. It can be represented  by a 
wave packet. At large times, the wave function is an outgoing wave.  

Coulomb potential 

Attractive nuclear 
potential 



Two potential approach to tunneling 
(decay width and shift of an isolated quasistationary state) 

Phys. Rev. A 38, 1747 (1988); Phys. Rev. A69, 042705 (2004) 
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V r( ) =U r( ) +W r( )
open closed scattering 

€ 

˜ W = W + V0

Fermi’s golden rule! 
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In the case of the Coulomb barrier, 
the above integral can be evaluated 
exactly.  

logT = a+ b
Qα

Geiger-Nuttall law of alpha decay 1911 

For the Coulomb barrier above, derive the 
Geiger-Nuttal law. Assume that the energy of an 
alpha particle is E=Qα, and that the outer turning 
point is much greater than the potential radius.  

T ∝ 1
P
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The Geiger-Nuttall (GN) law relates the partial α-decay half-life with the energy of the escaping
α particle and contains for every isotopic chain two experimentally determined coefficients. The
expression is supported by several phenomenological approaches, however its coefficients lack a fully
microscopic basis. In this paper we will show that: 1) the empirical coefficients that appear in
the GN law have a deep physical meaning and 2) the GN law is successful within the restricted
experimental data sets available so far, but is not valid in general. We will show that, when the
dependence of logarithm values of the α formation probability on the neutron number is not linear
or constant, the GN law is broken. For the α decay of neutron-deficient nucleus 186Po, the difference
between the experimental half-life and that predicted by the GN Law is as large as one order of
magnitude.
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One landmark in modern physics, shaping the devel-
opments leading to Quantum Mechanics, was the formu-
lation of the empirical Geiger-Nuttall (GN) law in 1911
[1]. According to the GN law as formulated in Ref. [1],
the α decay partial half-life T1/2 is given by,

log10 T1/2 = A(Z)Q−1/2
α +B(Z), (1)

where Qα is the total energy of the α decay process (α-
decay Q value) and A(Z) and B(Z) are the coefficients
which are determined by fitting experimental data for
each isotopic chain. The GN law has been verified in
long isotopic chains and no strong deviations have been
observed: It is extremely successful and is considered to
be generally valid. Recently the amount of α decay data
in heavy and superheavy nuclei has greatly increased [2–
7] and the GN law is still fulfilled, reproducing most ex-
perimental data within a factor 2∼3, as seen in Fig. 1a
for the Yb-Ra region (apart from the Po chain, as will
be discussed in this paper). The coefficients A and B
give rise to different GN lines for each isotope series (Fig.
1a). The coefficients change for each isotopic chain which
crosses the magic numbers, e.g. N = 126 [8].
The greatest challenge was thus to understand how the

α particle could leave the mother nucleus without any ex-
ternal agent disturbing it. The first successful theoretical
explanation was given by Gamow [9] and independently
by Condon and Gurney [10], who explained α decay as
the penetration (tunneling) through the Coulomb bar-

rier, leading to the Q−1/2
α dependence of Eq. (1). This

was a great revolution in physics and confirmed the prob-
abilistic interpretation of Quantum Mechanics. Besides
its pioneering role in the development of quantum theory,
the α decay also broadens our understanding of the quan-
tum tunneling process of other composite objects. This
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FIG. 1. (a): The logarithms of experimental partial α-decay
half-lives (in sec) [2, 3, 6, 7] for the even-even Yb-Ra nuclei

with neutron number N < 126 as a function of Q
−1/2
α (in

MeV−1/2). The straight lines show the description of the
GN law with A and B values fitted for each isotopic chain.
(b): The deviation of the experimental α-decay half-lives from
those predicted by the GN law for the light Po isotopes.

is a general physical process that can be found in other
fields including condensed matter, molecular physics and
astrophysics [11–13].

The remaining challenge is to identify the microscopic
basis of the GN coefficients A and B. Thomas provided
the first attempt of a microscopic theory [14]. His ex-
pression for the half life considered the probability that
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