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Exotic nuclei near the N = Z line in the A ∼ 70 mass region manifest 

• shape-coexistence and -mixing

• competition between proton-neutron and like-nucleon pairing correlations

• drastic changes in structure with particle number, angular momentum and 
  excitation energy

• large isospin mixing effect on the superallowed Fermi β decay

• relevant Gamow-Teller β decay of low-lying excited states  in waiting-point 
  nuclei  for the rp-process

Requirements for the self-consistent models

• realistic effective interactions in large model spaces

• beyond mean-field approaches



complex VAMPIR approaches  

•  the model space is defined by a finite dimensional set of spherical single particle statesthe model space is defined by a finite dimensional set of spherical single particle states

•  the effective many-body Hamiltonian is represented as a sum of one- and two-body termsthe effective many-body Hamiltonian is represented as a sum of one- and two-body terms

•    the basic buiding blocks are  Hartree-Fock-Bogoliubov (HFB) vacuathe basic buiding blocks are  Hartree-Fock-Bogoliubov (HFB) vacua

•  the HFB transformations are essentially the HFB transformations are essentially complexcomplex and allow for proton-neutron, parity and       and allow for proton-neutron, parity and      

     angular momentum mixing being only restricted  by time-reversal and axial symmetry     angular momentum mixing being only restricted  by time-reversal and axial symmetry

•  the broken symmetries (s=N, Z, I, p) are restored by projection before variationthe broken symmetries (s=N, Z, I, p) are restored by projection before variation  



Variational procedures

complex  Vampir 
approach



complex  Excited Vampir approach



(charge-symmetric basis + Coulomb contributions to the  π-spe from the core)

(Bonn CD)



Superallowed  Fermi β Decay

 A=82     41Nb41  →   40Zr42             0+ → 0+ 

GANIL,  J. Garces Narro, PRC63(2001)044307T1/2= 52(6)ms

δc – isospin-symmetry-breaking-correction



Isospin-symmetry-breaking contributions: 
        
    -electromagnetic interaction
        • Coulomb two-body matrix elements 
        • Coulomb contribution to the single particle energies resulting from the Ca core
    
    -charge-dependent strong interaction
         • Bonn CD potential
     

Charge-symmetric effective Hamiltonian:
               
        • Bonn A potential
        • same single particle energies for π and υ

 Isospin-symmetry-breaking effective Hamiltonians:

      ∗   Bonn A + Coulomb

       ∗  Bonn CD + Coulomb

                                                 



lowest 20 0+ states
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Gamow-Teller β Decay of 72Kr 

QEC  = 5.040  ±  0.375 MeV

CERN/ISOLDE     I. Piqueras, Eur. Phys. J. A16(2003)313
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 Summary and outlook

• the Gamow-Teller strength distributions as well as the accumulated strengths for the decay of 
the ground state,  first-excited 0+ and  yrast 2+  of  72Kr to the 1+ (and for yrast 2+, also to the 2+ 
and 3+) states in the β window in 72Br are self-consistently described for the first time.  Good 
agreement with the available data is revealed. For the temperatures of the X-ray bursts the 
decay of the lowest excited states will not influence the halh-life of the 72Kr

• improvements  require extension of the single-particle and many-body model spaces
• uncertainties in the effective interaction require systematic investigations

• the isospin-symmetry-breaking effect on the superallowed Fermi β decay of 82Nb →82Zr was 
investigated for the first time within the complex Excited Vampir model describing self-
consistently both the analogue and non-analogue Fermi branches. Using  this approach most 
of the ‘radial mismatch problem’ is avoided. 

• the complex Excited Vampir description of the properties of  low and high spins in even-even 
and odd-odd members of the T=1 multiplet  for the A=82 nuclei is in good agreement with the 
available data
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