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Hartree-Fock-Bogoliubov calculations of the isospin-symmetry-breaking correction  
in superallowed Fermi beta decay 
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For accurate work, an isospin-symmetry breaking correction of between 0.5 % and 1.5 % is 

applied to ft values of nuclear beta decay.  The correction is nucleus dependent and its evaluation 
dependent on nuclear-structure models.  For convenience, the correction is divided into two components: 
δC = δC1 + δC2, where δC1 arises from inserting charge-dependent terms into the Hamiltonian employed in 
a shell-model calculation, while δC2 – the larger term – depends on radial-function differences between 
the proton and neutron involved in the beta transition.  These radial functions are taken to be 
eigenfunctions of either a Saxon-Woods (SW) or a mean-field Hartree-Fock (HF) potential with 
adjustments to ensure that the radial functions have the appropriate asymptotic behavior.   

To date, all HF calculations have been performed with the Skyrme parameterization of the 
nucleon-nucleon interaction.  The computations assume spherical symmetry, which for open-shell nuclei 
is imposed by making the “filling approximation”.  Briefly, for partially filled orbitals a shell-model 
calculation is performed first to find the orbit occupancy.  This occupancy is then imposed on the HF 
calculation and kept fixed during the HF iterations.  An alternative strategy is to add a pairing term to the 
Skyrme interaction.  At the end of each HF iteration, the standard pairing equations are solved to obtain 
the occupation probabilities, which are then returned to the HF code for the next iteration.  This is known 
as a Hartree-Fock-Bogoliubov (HFB) procedure.  In HF, the total energy of the nucleus is minimized 
subject to variations in the single-particle wave functions.  In HFB, the total energy is minimized not only 
subject to variations in the single-particle wave functions, but also to variations in their occupation 
probabilities. 

We take the form of the pairing interaction to be a delta function whose strength, V0, is adjusted 
to reproduce the odd-even mass difference, Eα, where alpha denotes the valence orbital.  However, a 
problem arose whenever the proton or neutron number corresponded to a closed sub-shell, because in this 
case the value of the pairing strength fell below a certain “critical value” and no superconducting solution 
could be found for the pairing equations.  In this situation the occupation probability is constrained to be 
either 1 or 0, fully occupied or completely unoccupied.  By contrast, the shell model produces solutions 
at sub-shell closures where the occupation probabilities are not just 1 or 0.  To get such a result from a 
pairing model, we have to insist that the pairing strength be above the critical value.  In such cases we fix 
the pairing strength, not to reproduce the odd-even mass difference, but to produce a “gap energy”, Δα, of 
order 1 MeV.  Fortunately, in the computation of the isospin-symmetry breaking correction, the 
dependence of δC2 on the pairing strength is very weak, and a precisely determined value is not required. 

Our procedure for obtaining the isospin-symmetry breaking correction, δC2, is essentially the one 
described in Ref. [1] except that HFB rather than HF calculations were performed.  Results for one 
choice of the Skyrme interaction, SkM*, are given in Table I.  It is seen that the addition of a pairing term 
has only a small impact on δC2.  The average percentage shift between HF and HFB calculations was 
around 3%.  In all cases, the shift is smaller than the error we assigned when we published our HF δC2 
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Table I. Results of Hartree-Fock (HF) and Hartree-Fock-Bogoliubov (HFB) calculations with the Skyrme force, 
SkM*, for the isospin-symmetry-breaking correction, δC2.  The columns headed by Eα contain the quasi-particle 
energies in MeV determined from odd-even mass differences; those headed by V0 contain the adjusted strengths of 
the pairing delta function in MeV fm3 units, and Δα are the resulting gap energies in MeV.  Quantities marked with a 
dagger represent sub-shell closures. 

 

values in 2009 [1].  It is clear that no serious error has been made in our published work through the 
omission of pairing in the HF procedure. 
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