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I Introduction 

superallowed β-decay test of the Standard Model 

unitarity of CKM matrix  

Why superallowed β-decay? 

Hypothesis of the conserved vector current CVC: 

independence of the vector current on the nuclear medium 



II Beta decay 

Simply β-decay theory leads  to the formula: 

some universal constant 

statistical rate function;   
partial half-life 

a square of transition matrix element 

- the Fermi matrix element – a pure vector current transition 

- the Gamow-Teller matrix element – a pseudoscalar current transition 



III Isospin-breaking corrections 

  If we take just a pure vector transition (no Gamow-Teller component) then:  

aim! 

If the isospin symmetry was not broken,  
the square Fermi matrix element would be equal as follows : 

but isospin symmetry is broken – the element must be slightly amended:   

ISOSPIN-BREAKING  
CORRECTIONS ! 



IV The projection theory 
We employed the self-consistent deformed mean field state: 

violates both 

the rotational symmetry the isospin symmetry 

broken spontaneously  broken spontaneously  

broken by the Coulomb interaction  

the strategy: 

1. to restore the rotational invariance 

2. to remove the spurious isospin mixing 

3. to retain only physical isospin mixing  



To solve these problems we applied THE PROJECTION THEORY: 

isospin and angular momentum projection operators 

K is not conserved, so the set 
is overcomplete! 

where: 

is the rotation operator about the y axis in the isospace 

Euler  angles the Wigner functions 

is the 3-dim rotational operator in space  



We select the subset of linearly independent states. 

the collective space 
spanned for each I and T 

Rediagonalization of entire Hamiltonian in the collective space 

natural states – free from  
spurious isospin mixing 

resulting eigenfunctions in ascending order of energies 

these amplitudes define the degree of 
isospin mixing so-called: 

  isospin mixing coeffcients 



Isospin mixing coefficient 

isospin dominating  
in the wave function Computing isospin mixing coefficients, one can obtain  

the scale of isospin spontaneous symmetry breaking 

 arXiv:1307.1550v1 [nuc-th] 
W.Satuła et al. 



V ISB corrections to superallowed 

Fermi transitions 

proceed between : 

the ground state of the even-even nucleus 

and the isospin analog partner in the N=Z odd-odd nucleus 

then: 

the state in even-even nuclei is unambiguously  
defined by filling in the pairwise up to the Fermi level  antialigned configuration 

- not uniquely defined! 

or 



Antialigned configuration 

selecting the odd proton and the odd neutron 
in the lowest available time-reversed s.p. orbits 

It manifestly breaks the isospin symmetry. 



VI The shape – current orientation 

three antialigned Slater determinants! 

not linearly independent 

HF binding energies may  
differ by a few keV 



VII Beyond multi-reference DFT 

The double-projected DFT model  involves a single self-consistent Slater determinent. 
Owing to the ambiguities already discussed an extension version of the model that allows 
for mixing of states (projected from diffrent Slater determinents) has been implemented. 

The scheme proceeds as follows: 

1. A set of low-lying particle-hole SHF states is calculated along with their HF energies 

  2. A projection techniques are applied for these states to obtain ones of a good I and T. 

 3. Mixing of states is performed by solving Hill-Wheeler equation  in the collective  
space (the states are generally non-orthogonal)  



Applications of these dynamical 

calculations 

It can be applied for calculating: 

spectra and transitions in any nucleus – let’s look at the chlorine example 

β-decay matrix elements between diffrent nuclei 

arXiv: 1310.3936 [nuc-th] 
W.Satuła,, J.Dobaczewski, 

M.Konieczka, 
W.Nazarewicz 



VIII Tools and truncation errors 

SV parametrization of Skyrme interaction – the only one which does not lead  
to singularities while projecting on good angular momentum . 

Truncation to 10 harmonic oscillator states while calculating Hartree-Fock energy  

All calculations presnted here were obtained by using the DFT solver HFODD  
version (2.249t) or higher 

Truncation the high-unphysical-energy states or the natural states corresponding 
to small eigenvalues of the norm matrix (or both simultaneously) 

due to overlap kernel in 
 Hill-Wheeler equation 

these instabilities are not fully recognized 

procedure relatively reliable for energy values 



The effect of truncation on ISB 

corrections  

ISB corrections values [%]  
with respect to cut off 

(number of states) 
 on the level of eigenvalues  

of norm matrix 
ISB for 5 Slater determinants 
 

stable ! 

impurities in the  
norm matrix 

One should not get rid of  
physical states! Which are at least 5! 



IX Problems in 26Al nuclei 

The projection from a triaxial state lowers  HF energy more than the projection  
from a prolate state.  

The static projection from a triaxial state lowers  HF energy even more than the 
ground state of 26Al nuclei should be located, so we need the dynamical projected  
DFT to check if then it changes. 

The ground state I=5+ has been also calculated using the dynamical projection  

Unfortunately the ground state of 26Al – I=5+ is no more the ground state in this model 
(on the level of SHF there is no such a problem)  

maybe the model favors somehow the triaxial state 



26Al 

Red lines represent Hartree-Fock energy, and black ones energy after projection on a good 
isospin 
In first 5 states where I=0 the lowest states have T=1 then T=0 and T=2 in the other two (black 
lines) 

Fig. 1   Ground-states and excited-states in diffrent kind of 26Al nuclei potentials in SV  

prolate states, I=0 

triaxial states, I=0 

Ground state of 26Al, I=5+ 



Fig. 2 Isospin mixing configurations and the intermediate state between prolate and triaxial state 

Energies after mixing configurations within 5 I=0 states.  

Energies after mixing configurations within 6 I=5 states.  First column presents energy after isospin 
symmetry restoration  and second one - energy 
obtained by mixing  all 7 configurations  with 
I=0 
 The problem is that the ground state of 26Al – I=5+  is no more the ground  

state after mixing these configurations. 
 



XI ISB corrections – results 

arXiv: 1210.1128v2 [nuc-th] 
W.Satuła,  J.Dobaczewski, 

M.Konieczka, W.Nazarewicz 



XII ISB corrections – results in 26Al 

26Al 

First two rows of ISB corrections are obtained with a static projection model. 

Third row of ISB corrections is obtained by using the dynamical model . 

Last result concerns the ISB correction obtained by mixing diffrent shapes of nuclei ! 

one order of magnitude 
higher! 



 
 
 
 

Thank you for your attention! 


