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Towards  a unified description of the nucleusTowards  a unified description of the nucleus

  exact treatment of nuclei based on NN, NNN,... interactions exact treatment of nuclei based on NN, NNN,... interactions 

The goal of nuclear structure theory:

  need to build a bridge between::

  00ℏℏ Shell Model calculations: 16 < A < 120 Shell Model calculations: 16 < A < 120

  Density Functional TheoryDensity Functional Theory calculations: A calculations: A    100100

    ab initio ab initio few-body & light nuclei calculations: A  few-body & light nuclei calculations: A  2424
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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



,
where





 2-body       3-body    
       effective V





   









         P. Navrátil and E. Caurier, Phys. Rev. C 69, 014311 (2004)    



NCSM results for 6Li with CD-Bonn NN potential 

Dimensions    p-space:  10;    N
max

=12:   48  887 665;  N
max

 = 14:   211 286 096 



,
where









                2-body Valence Cluster
                approximation for A=6  
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With effective interaction for A !!!

Core 2-body1-body

N
max 

= 6



 2-body Valence Cluster
 approximation for A=7  
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With effective interaction for A=7 !!!

SSM with A-dependent core

SSM with inert core 

Exact NCSM



 2-body Valence Cluster
 approximation for A=7  
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With effective interaction for A !!!

N
max 

= 6



 3-body Valence Cluster 
approximation for A>6  
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With effective interaction for A !!!

 Construct 3-body interaction in terms of 3-body matrix elements: Yes



 3-body Valence Cluster 
approximation for A>6  
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Summary

3-step  technique to construct effective Hamiltonian for SSM with a core :

      #1  2-body UT of bare NN Hamiltonian  (2-body cluster approximation)

      #2  NCSM diagonalization in large N
max

 space for  A = 4,5,6,7

      #3   many-body UT of NCSM Hamiltonian (up to 3-body valence cluster  approximation)

Results:

 1)  strong mass dependence of core &  one-body  parts of  Heff

 2)  3-body effective interaction plays crucial role

 3) negligible role of 4-body and higher-order interactions for identical nucleons

 4) similar approach can be applied for calculating effective operators for other physical quantities 
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