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Outline

· complex EXCITED VAMPIR  beyond-mean-field model

· isospin symmetry in proton-rich A~70 nuclei

       - shape-coexistence and isospin-symmetry-breaking effects on isovector triplets:  

            Coulomb energy differences  (CED)

             mirror energy differences (MED) 

             triplet energy differences (TED)

             triplet displacement energy (TDE) 
       
      - proton-neutron pairing correlations and competing superallowed Fermi and  
        Gamow-Teller β-decay ( 70Kr – 70Br ,  66Se – 66As ) 



   Characteristic features of  proton-rich A~70  nuclei  

• shape transition, shape coexistence, shape mixing

• isospin mixing 

• competing T=0 and T=1 pairing correlations 

• drastic changes in structure with particle number, spin,  excitation energy 

Open problems for theory

     • realistic effective Hamiltonians and beyond-mean-field methods 

     • unitary treatment of structure phenomena at low and intermediate spins and β-decay



complex VAMPIR model family

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

••  the effective many-bodythe effective many-body  HamiltonianHamiltonian is represented as a sum of  is represented as a sum of one- and two-bodyone- and two-body terms terms

••  the basic the basic building blocksbuilding blocks are  Hartree-Fock-Bogoliubov ( are  Hartree-Fock-Bogoliubov (HFBHFB) vacua) vacua  

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

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

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

* The models allow to use rather large model spaces and realistic effective interactions 



complex VAMPIR  -  variational approach to the nuclear many-body problem    
              

                                        with symmetry projection before variation

|i> ≡ |ni li ji; mi τi>



Symmetry projection before variation



Building blocks of  the HFB vacuum



Beyond mean field variational procedure 

complex EXCITED VAMPIR

complex VAMPIR 





A~70  mass region

 model space for both:  protons and neutrons  
 1p1/2  1p3/2  0f5/2  0f7/2  1d5/2  0g9/2  

40Ca - core

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

• onset of deformation influenced by monopole shifts:

renormalized  G-matrix (OBEP, Bonn A)

• pairing properties enhanced by short range Gaussians for:

                       T = 1 pp, np, nn channels

                       T = 0, S = 0 and S = 1 channels

<0g9/2 0f; T=0 |G| 0g9/2 0f;T=0>

 • Coulomb interaction between valence protons added 

<1d5/2 1p; T=0 |G| 1d5/2 1p;T=0>



         A. M. Hurst et al, Phys. Rev. Lett.98 (2007) 072501      
                   ( 70Se: No evidence for oblate shapes)

J. Ljungvall et al, Phys. Rev. Lett. 100 (2008) 102502   
   ( 70Se: Evidence for oblate shapes)

G. de Angelis et al, Eur. Phys. J. A12 (2001) 51  (70Br)

complex Excited Vampir results:  oblate-prolate mixing specific for each nucleus  varying with increasing spin 
                                         

Coulomb Energy Differences A= 66,70, 82, 86

Exotic case :  A = 70

A. Petrovici, J. Phys.G: Nucl. Part. Phys. 37 (2010) 064036

complex Excited Vampir:   shape mixing and isospin symmetry breaking  

Isospin-symmetry-breaking effects on



Strong oblate-prolate mixing up to 6+ : oblate components dominate the yrast states of 70Se, but the yrare states of 
70Br

Shape mixing manifested in the structure of the wave functions 



Precise quadrupole moments for low spin states could clarify the open problem

Shape mixing revealed by the spectroscopic quadrupole moments



Shape mixing revealed by the B(E2;∆I = 2) strengths



one prolate deformed configuration dominates (>90%) the structure of the yrast states

                                                                                  A. Petrovici et al., Phys. Rev. C78 (2008) 064311

 A = 82, 86  analogs



66As – 66Ge   →    G. de Angelis, A. Petrovici et al., Phys. Rev. C85 (2012) 034320

                                              P. Ruotsalainen et al., Phys. Rev. C88 (2013) 024320

New exotic case:   A = 66   ?

complex Excited Vampir results:    different shape mixing  changing with spin

Significant oblate-prolate mixing up to 6+:   prolate components dominate the yrast states of  66Ge and  66As



    A. Petrovici, J. Phys.G: Nucl. Part. Phys 37 (2010) 064036

*  G. de Angelis, A. Petrovici et al., Phys. Rev. C85 (2012) 034320

*

*  P. Routsalainen et al., Phys. Rev. C88 (2013)024320

        ( I ) Coulomb energy differences (CED)

CEDJ,T = E*J,T,Tz=0 – E*J,T,Tz=+1



MEDJ,T = E*
J,T,Tz=-1 – E*

J,T,Tz=+1

TEDJ,T = E*
J,T,Tz=-1 + E*

J,T,Tz=+1  – 2E*
J,T,Tz=0

A=66  isobaric triplet  (66Se - 66As - 66Ge)     

                                ( 66Se,  P.Ruotsalainen et al. Phys. Rev. C88 (2013) 041308(R))

( II ) Mirror Energy Differences 

(III) Triplet Energy Differences



  Competing β-decays within the A=70 and A=66 isovector  triplets 

                                               and proton-neutron pairing correlations

70Kr  → 70Br → 70Se :  superallowed Fermi β-decay   (A. Petrovici et al, Nucl.Phys. A747 (2005) 44)

70Kr →  70Br :  competing superallowed Fermi and Gamow-Teller β-decay  
                         (T=0 n-p pairing ???, Iachello, Padova, 1994)             ( accepted  proposals at RIKEN, 2014)

 70Kr  - 70Br  - 70Se :  MED, TED                                                          (accepted proposal at Jyvaskyla, 2014)

pair number operator

Pair structure analysis



70Kr       0+
I →    49% oblate / 51% prolate

               0+
II →    44% oblate / 56% prolate

               0+
III →    14% oblate / 86% prolate 

70Br  - lowest 1+ states ( 1.9 MeV, 2.6  MeV, 2.9  MeV ) 

        one dominant EXVAM configuration

       1+
I →   oblate   1+

II →   prolate  1+
III →   prolate 

 A=70 : complex EXCITED VAMPIR results 



No enhancement of proton-neutron T=0 pairing  correlations 

for Gamow-Teller contributing low-lying 1+ states 

                        ( A. Petrovici, Rom. Journ. Phys.58 (2013) 1120 )

B( GT ) : 0+
gs →  1+

I ( negligible )   /  1+
II  ( 0.24 g2

A/4π )   / 1+
III  ( 0.16 g2

A/4π ) 



66Se       0+
I →    15% oblate / 85% prolate

               0+
II →    3% oblate / 97% prolate

               0+
III →    34% oblate / 66% prolate 

66As  - lowest 1+ states:  

                            1+
I →   oblate configuration   

                            1+
II, III, IV →   prolate mixing  

    A=66 : complex EXCITED VAMPIR results



B( GT ):  0+
gs →  1+

I ( negligible )   /  1+
II  ( 0.08 g2

A/4π )   / 1+
III  ( 0.16 g2

A/4π )/ 1+
IV ( 0.37 g2

A/4π )

No enhancement of proton-neutron T=0 pairing  correlations 

for Gamow-Teller contributing low-lying 1+ states 

                                                                 ( preliminary results )



Summary and outlook

 complex EXCITED VAMPIR model self-consistently describes

· the interplay between shape-coexistence and isospin-mixing effects on : CED, MED, TED and   

    TDE in A~70 isovector triplets

 the possible competition between  superallowed Fermi and Gamow-Teller β-decay in  A~70 triplets

           →  does not support the proposed scenario of enhancement of GT branch to the  yrast 1+ state in         

                    the N=Z odd-odd daughter nucleus  as  fingerprint of neutron-proton T=0  pairing condensate 

 
 The investigations on the structure and dynamics of  medium mass isovector triplets are currently  
 

  extended  taking into account charge dependence in the strong force
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