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I. Overview of the Ab Initio Shell Model with a Core 
    Approach



   

P. Navratil, M. Thoresen and B.R.B., Phys. Rev. C 55, R573 (1997)



Using the NCSM to calculate the shell model input



,
where

Effective interaction in a projected model space



FORMALISM

1. Perform a large basis NCSM for a core + 2N system, e.g., 18^F. 

2. Use Okubo-Lee-Suzuki transformation to project these results 
    into a single major shell to obtain effective 2-body matrix elements. 

3. Separate these 2-body matrix elements into a core term, single-
    particle energies and residual 2-body interactions, i.e., the standard
    input for a normal Shell Model calculation.
4. Use these values for performing SM calculations in that shell.





                      II. Results: a.) sd-shell nuclei
                                



Phys. Rev. C 91, 064301 (2015) 

ArXiv: Nucl-th 1502.00700
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Coupled Cluster, E_core:  -130.462           -130.056      from G.R. Jansen 
Idaho NN N3LO + 3N N2LO                                         et al. PRL 113,     
                                                                                        142502 (2014)    

IM-SRG, E_core:              -130.132          -129.637      from H. Hergert 
Idaho NN N3LO + 3N N2LO                                        private comm.

     A = 18              A = 19

 Input: The results of N_max = 4 and hw = 14 MeV NCSM calculations



No-Core Shell-Model Approach

 Next, add CM harmonic-oscillator HamiltonianNext, add CM harmonic-oscillator Hamiltonian

To H  , yieldingTo H  , yieldingAA

Defines a basis (Defines a basis (i.e.i.e.  HOHO) ) for evaluatingfor evaluating              V         V          ijij
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                   II. Results: b) Fluorine isotopes
                                



                 
                                

1. Calculate the Fluorine isotopes using the same set of effective TBMEs,   
    which are very weakly A-dependent, e.g., those determined from the       
    JISP16 NN interaction, to test how well they reproduce data trends.    

2. Assume that the effects of 3NFs can be approximated by replacing the    
    theoretical single-particle energies with the empirical ones used by         
    Brown & Richter* for their USDB effective interaction. 

3. Compare our results for 18,20,22,24 F with those obtained with the      
    USDB effective interaction and with those obtained with the IM-SRG  
    approach** using an EFT N3LO NN plus N2LO NNN interaction.       
   

** S.R. Stroberg et al., arXiv Nucl-th 1511.02802 (2015)

Survey of the Fluorine isotopes

  * B.A. Brown & W.A. Richter, PRC 74, 034315 (2006)
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*
**

   *  B.A. Brown & W.A. Richter, PRC 74, 034315 (2006)

  ** S.R. Stroberg, et al., arXiv Nucl-th 1511.02802 (2015)
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*

* B.A. Brown & W.A. Richter, PRC 74, 034315 
(2006).

RMS deviation of 471 keV
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* S.  * S.R. Stroberg, et al., arXiv Nucl-th 1511.02802



*

* S.R. Stroberg, et al., arXiv Nucl-th 1511.02802 
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SUMMARY AND OUTLOOK
1. All three interactions and approaches used in this study reproduced   
    the gross trends and features of the experimental data for the              
   18,20,22,24 F isotopes.
2. Replacing the theoretical s.p. energies with the empirical ones for     
    the USDB interaction, perhaps approximating the effects of a NNN   
    interaction, improved, in general, the agreement with experiment.

3. The overall, reasonable agreement with experiment obtained using       
    the IM-SRG approach with an EFT N3LO NN and N2LO NNN           
    suggests that it is worthwhile to further improve our interactions 
    and increase the size of the model space for our NCSM calculations.  

4. The current results support the hypothesis that a single A-independent 
     set of effective TBMEs can explain the trends in the F isotopes. 

OUTLOOK: Plan to perform further calculations implementing the          
 changes outlined above. 





Flow chart for a standard 
NCSM calculation



No-Core Shell-Model Approach

 Start with the purely intrinsic HamiltonianStart with the purely intrinsic Hamiltonian

NoteNote: There are: There are  nono  phenomenological s.p. energiesphenomenological s.p. energies!!  

Can useCan use  anyany
NN potentialsNN potentials

CoordinateCoordinate  space:space:

MomentumMomentum space: space:

 Argonne V8’, AV18Argonne V8’, AV18
  Nijmegen I, IINijmegen I, II    

  CD Bonn, EFT IdahoCD Bonn, EFT Idaho



Effective Interaction

  Must truncate to aMust truncate to a finite  model space model space               VV    -->-->VV   
   

 ijij
 effective

ijij

  In general,In general,      V       is anis an  A-body interaction-body interaction eff
 ij

  We want to make anWe want to make an  aa-body cluster approximation-body cluster approximation





      P. Navratil, INT Seminar, November 13, 2007, online



How to calculate the Shell Model 2-body effective interaction:



 2-body       3-body   
        effective V
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PRELIMINARY RESULTS
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