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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



,
where







      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)    



            II. Extending the NCSM to 
                Heavier Mass Nuclei





P. Navrátil, J. P. Vary and B. R. B., Phys. Rev. C 62, 054311 (2000) 



          Beyond the No Core Shell Model
1. The ab initio Shell Model with a Core

2. Importance Truncation

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

4. MC-NCSM (U of Tokyo/Iowa State U)

5. Other approaches



1. The ab initio Shell Model with a Core



   









                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



 3-body Valence Cluster 
approximation for A>6  
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 Construct 3-body interaction in terms of 3-body matrix elements: Yes





             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...



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 NCSM in an Effective Field Theory 
     (EFT) Framework 







Why EFT + NCSM?

EFT: 
 1. Captures the relevant degrees of freedom/symmetries
 2. Builds in the correct long-range behavior
 3. Has a systematic way for including the short-range behavior/order by order
 4. Many-body and two-body interactions treated in the same framework
 5. Explains naturally the hierarchy of the (many-body) forces

NCSM:
 1. Flexible many-body method/easy to implement
 2. Equivalent SD and Jacobi formulations
 3. Can handle both NN and NNN interactions
 4. In principle applies to any nucleus/extensions to heavier nuclei 

C
S
M
:









Pionless EFT for nuclei within the NCSM: 
   Without pions--> Breakdown momentum roughly 100 MeV/c 

PLB  653, pp. 358-362



Difficulties:Difficulties:

Difficulties:



T. Busch, et al., Found. Phys. 28, 549 (1998)

J. Rotureau, ORNL, March 2011



J. Rotureau, ORNL,  
 March 2011



       SUMMARY AND OUTLOOK
The NCSM is an ab initio method for calculating nuclear structure, 
which has been successfully applied to 0p-shell nuclei.

However, applications beyond the 0p-shell become increasing 
difficult due to the rapid growth of the model spaces needed for 
performing NCSM calculations.

 
A number of new techniques are being developed to extend the 
NCSM beyond the 0p-shell, e.g., ab initio shell model with a 
core, importance truncation, NCSM in an EFT framework, etc.  
But, much work remains to be done on these approaches.

However, many significant and useful applications of the NCSM 
in 0p-shell nuclei and in reaction theory are currently possible 
and are underway.
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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.



I. Stetcu, TRIUMF, Feb. 2011 



I. Stetcu, TRIUMF, Feb. 2011



Energy of third 
excited state at 
unitarity



BE    25.91 MeVth BE      28.296 MeVexp

H. Kamada, et al., Phys. Rev. C 64, 044001 (2001)



H. Kamada, et al., Phys. Rev. C 64, 044011 (2001)
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