
     Ab Initio Shell Model with a Core:
 Extending the NCSM to Heavier Nuclei

, 

  

                                      Bruce R. Barrett                               
                                       University of Arizona, 
Tucson

INT-09-01                                                                 April 27, 
2009



MICROSCOPIC NUCLEAR-STRUCTURE  
                           THEORY

1. Start with the bare interactions among the nucleons

2. Calculate nuclear properties using nuclear many-
    body theory



H 
  We cannot, in general, solve the full problem in the

 complete Hilbert space, so we must truncate to a finite 

 model space  

 We must use effective interactions and 

operators! 
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No Core Shell Model

“Ab Initio” approach to microscopic nuclear structure
calculations, in which all A nucleons are treated as
being active.

Want to solve the A-body Schrödinger equation

H A
A A

A

 R P. Navrátil, J.P. Vary, B.R.B., PRC 62, 054311 (2000) 
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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 











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

Core 2-body1-body
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 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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 3-body Valence Cluster 
approximation for A>6  

  

   P
1
 + Q

1 
= P;     P

1
   P

1
 + Q

1 
= P;     P

1
   P

1
 + Q

1 
= P;     P

1

4He                5He  5Li             6He 6Li 6Be    7He 7Li 7B 7Be       

Valence Cluster Expansion  for N
1,max

 
 
= 0  space;    a

1  
= A

C
 + a

V
;

Need NCSM results 
in N

max
 space for 

Valence Cluster Expansion  for N
1,max

 
 
= 0  space;    a

1  
= A

C
 + a

V
;Valence Cluster Expansion  for N

1,max
 
 
= 0  space;    a

1  
= A

C
 + a

V
;

Need NCSM results 
in N

max
 space for 

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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    S. Fujii and B.R.B. Nucl-th arXiv: 
0902.2169  



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 
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