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MICROSCOPIC NUCLEAR-STRUCTURE      
                       THEORY

1. Start with the bare interactions among the nucleons

2. Calculate nuclear properties using nuclear many-
    body theory
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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



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





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



 2-body       3-body    
       effective V



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





          Beyond the No Core Shell Model

1. The NCSM in an Effective Field Theory
    (EFT) Framework 

2. Importance Truncation

3. The ab initio Shell Model with a core



1. The NCSM in an Effective Field Theory 
    Framework (talk by Bira van Kolck on
    Monday, June 6, 2001)



             2. Importance Truncation



The idea of Importance Truncation

Small model space you can do a full 
NCSM calculation in

Truncated space-still accessible

Contains some basis states from 
6ħΩ space + all of 4ħΩ

Full large space – not accessible to NCSM

4ħΩ space

6ħΩ space



Formalism of Importance 
truncation.

● First order multi-configurational perturbation 
theory gives...



Importance truncation 
schematically

H

N=0 (s-shell)

N=1 (p-shell)  0p3/2 0p1/2

N=2 (sd-shell)

Mz = -1/2, 1/2, -1/2, 1/2

O16 - 0ħΩ 
configuration

O16 – one possible 2ħΩ c

Kept states

Discarded states

configuration



Corrections to the energy

• 2nd order perturbation theory gives you an estimate 
of the correction to the energy from the discarded 
state. The first order result is equal to zero.



8He: IT started at N
max

 = 6, 

final space N
max

 = 8

1st order result
Fit: E: -27.954 MeV

2nd order correction
Fit: E: -27.937 MeV

Exact E: -27.94 MeV

Interaction: 8He SRG N3LO 



3. The ab initio Shell Model with a Core



   





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       3-body    
       effective V









                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



 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















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 



         OUTLOOK

1. Extend the ab initio Shell Model with a core approach to nuclei 
     in the sd-shell (and later to pf-shell nuclei).

2. This will require converged results for nuclei with A= 16, 17,
     18 and 19.

3. The Importance Truncation method will be used to obtain the
     converged results for these sd-shell nuclei.

4. SSM calculations will then be performed using the core and 
    1-, 2- and 3-body terms determined by the ab initio Shell Model
      with a core approach.
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 2-body Valence Cluster
 approximation for A=7  
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With effective interaction for A !!!

N
max 
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