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MOTIVATION

1. To understand the gross features of nuclear
     systems from a QCD perspective.

2. To develop a new approach for the 
     construction of effective interactions 
     suitable for NCSM calculations, which 
     avoids uncontrolled approximations and
     the use of internucleon potentials.
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GOAL

The formulation of an Effective Field Theory 
(EFT) with only nucleon fields directly in the 
NCSM model space.



 OUTLINE

I. Brief Overview of Effective Field Theory (EFT)

II. Formulation of the NCSM in an EFT Framework

III. Summary and Outlook



I. Brief Overview of Effective Field Theory (EFT)









II. The Formulation of the NCSM in an 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

The Hamiltonian at Leading OrderLeading Order has 2 NN contact interactions
in the triplet S_1 and singlet S_0 channels and a 3-body contact
interaction in the 3-nucleon S_1/2 channel. 

The Schroedinger equation is solved for this Hamiltonian in the 
NCSM basis space of size N_max and the coupling constants are 
fitted to the binding energies of the deuteron, triton and the alpha 
particle.



 
 

CUTOFFS

1. Ultraviolet Cutoff: Want convergence as Lamda
     increases.

2. Infrared Cutoff: Want convergence as omega    
   decreases.



 
 

Results for the first excited state of the alpha particle:
 I. Stetcu, et al., Phys. Lett. B 653, 358 (2007)

E(theory)= 18.5 Mev;  E(experiment) = 20.21 MeV: 
Agree within 10% in LO.



 
 

Running of the Coupling Constants with
                 Lambda and omega



Difficulties:Difficulties:

Difficulties:



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

J. Rotureau, ORNL, March 2011



 
 

I. Stetcu, TRIUMF, Feb. 2011



 
 

EFT for Two Particles in a Trap



 
 

LO Renormalization:



 
 



 
 



 
 



 
 



  3. SUMMARY AND OUTLOOK

 
 

 



 

1. Formulation of EFT principles directly into the NCSM model
    space.

2. Renormalization of the interaction is intimately related with 
    the model space used to solve the many-body problem.

3. Applications: Results for 2- and 3-body nuclei in good 
    agreement with experiment.  Reasonable agreement for 4-  
    and 6-body nuclei.

SUMMARY

OUTLOOK

1. Extension to pionful theory, loosely bound nuclei, scattering 
    observables, heavier nuclei, etc. 
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