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

• 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

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

requirements for the self-consistent models

• realistic effective interactions in large model spaces

• beyond mean-field approaches

characteristics

expectations



                                          complex  VAMPIR 
        - variational approaches with symmetry projection before variation

General teoretical tools





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

δc – isospin-symmetry-breaking-correction



Isospin-symmetry-breaking contributions: 

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

Charge-symmetric effective Hamiltonian:

        • same single particle energies for π and υ
 ∀     • Bonn A potential

 Isospin-symmetry-breaking effective Hamiltonians:

      ∗   Bonn A + Coulomb

       ∗  Bonn CD + Coulomb                  

 Radial mismatch problem  - avoided
       
         τ + = Σα  aa

+ bα

       
         MF = <f | τ +  |i>



Α=82     41Νb41  →   40Ζr42        0+ → 0+

Τ1/2= 52(6)ms

GANIL,  J. Garces Narro, PRC63(2001)044307











Gamow-Teller β decay of 72Kr 

QEC  = 5.040  ±  0.375 MeV

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

E         = 0.671 MeV02
+

E       = 0.710 MeV21
+

→ 3+

→ 2+









lowest 30  1+ statesEXVAM - BonnA

lowest 30  1+ statesEXVAM - BonnCD























T1/2
exp = 17.1(2) s

T1/2 (gs) = 20.8 s (Bonn A)  

D = 6146 s          gA = 1.26

T1/2 ( first-excited 0+ ) = 17.3 s (Bonn A)

18.9 s   (Bonn CD)

12.9 s   (Bonn CD)

T1/2 ( yrast 2+ → 1+ )  =   18.7 s  (Bonn A) 21.6 s   (Bonn CD)

T1/2 ( yrast 2+ → 3+) =  19.5 s  (Bonn A)



λ = ln2/K Σi [(2Ji+1) e –Ei /(kT)]/ G(Z,A,T) Σ j BijΦij

G(Z,A,T) = Σi e – Εi /(κΤ )     (partition function of the parent nucleus)

In the astrophysical environment of the X-ray bursts the effect of the decay of the lowest excited states  of 
72Kr is within the uncertainty of the ground-state half-life 

X-ray bursts    T  <  2 GK

i – parent states       j – daughter states

Bij = Bij (GT)

Φij – phase space integral

→ first theoretical results  predicting  no influence from the lowest excited states on the effective half-life 

A. Petrovici et al., Phys. Rev. C78 (2008) 044315



Gamow-Teller β decay of  68Se

preliminary results

CERN/ISOLDE   P. Baumann et al., Phys. Rev. C50 (1994) 1180

QEC  = 4.730  ±  0.310 MeV68Se →    68As 0+ →   1+



T1/2
exp = 35.5(7) s T1/2

BonnCD = 33.9 s



 Summary and outlook

• the uncertainties in the effective interaction require systematic investigations

• improved formalism for calculating the  isospin-symmetry-breaking effect on the 
superallowed Fermi β decay was applied for the first time to the 82Nb →82Zr decay  within 
the complex Excited Vampir model describing self-consistently both the analog and non-
analog branches

• self-consistent approach to the Gamow-Teller β 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 gives good agreement with the available data 

• at the temperatures of the X-ray bursts the decay of the lowest excited states will 
not influence the effective half-life of  72Kr

• preliminary results on the Gamow-Teller β decay of the ground state of  68Se to 68As 
(dominated by shape coexistence) indicate agreement with the measured half-life
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