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       I. Introduction: NCSM to the NCGSM



 
 
 

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) 

 
B.R.B., P. Navratil and J.P. Vary, PPNP 69, 131 (2013)

P. Navratil, et al., J.Phys. G: Nucl. Part. Phys. 36, 083101 (2009)



 
 
 

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



 
 
 



 
 
 



 
 
 

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







 
 
 





 
 
 







               II. NCGSM Formalism
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S. Baroni, P. Navratil, and S. Quaglioni, Phys. Rev. Lett. 110, 022505;     
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Coupled Cluster approach/Berggren basis
G. Hagen, et al., Phys. Lett. B 656, 169 (2007)

G. Hagen, T. Papenbrock, and M. Hjorth-Jensen, Phys. Rev. Lett. 104, 
  182501 (2013)

Green's Function Monte Carlo approach
K. M. Nollett, et al., Phys. Rev. Lett. 99, 022502 (2007)

K. M. Nollett, Phys. Rev. C 86, 044330 (2012)
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 III. NCGSM: Applications to Light Nuclei



: Triton





 
 
 







 
 
 



 
 
 

Comparison of Position and Width of the 5He Ground State:  
                               Theory and Experiment 

 NCGSM/DMRG:                  1.17                               0.400

“Extended” R-matrix*:          0.798                             0.648

Conventional R-matrix*:       0.963                             0.985

Method               Energy (MeV)          Width (MeV)

*D. R. Tilley, et al., Nucl. Phys. A 708, 3 (2002)





           IV. Summary and Outlook



IV. Summary and Outlook  
1. The Berggren basis is appropriate for calculations 
of weakly bound/unbound nuclei.

2. Berggren basis has been applied successfully in an 
ab-initio GSM framework --> No Core Gamow Shell 
Model for weakly bound/unbound nuclei.

3. Diagonalization with DMRG makes calculations 
feasible for heavier nuclei using Gamow states.

4. Future applications to heavier nuclei and to 
nuclei near the driplines.





A. Schwenk
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