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Goals 

Marry a many-body method with the modern way of 
constructing the inter-nucleon interactions  

!  obtain model independent results for the nuclear 
few/many-body problem 
!  evaluate the errors (how?) 
!  as many observables as possible 

Means 



(For us,) the road starts here: NCSM 

! direct diagonalization  method 
! basis states constructed from HO wave functions 
! all particles are allowed to interact 
! CM excitations separated/removed 
! best suited to describe bound states (although 
extensions to scattering states exist 
!  IR and UV cutoffs 

! Fixing the interaction directly in a HO basis can be a 
challenge 
! In the presence of a Harmonic trap, one needs the 
connection between the spectrum and scattering 
observables 



Two particles in a trap 
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Continuum limit: 



EFT for two particles in a trap 

Original motivation: to understand gross features of nuclear systems from 
a QCD perspective 

At the heart of an effective theory: a truncation of the Hilbert space / all 
interactions allowed by symmetries are generated / power counting 

In finite model spaces: 
C0, C2, C4,É 
Constants to be determined in 
each model space so that 
select observables are 
preserved 
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LO renormalization 

Stetcu et. al, Phys. Rev. A 76 (2007) 063163 
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Beyond LO 
NLO: 

N2LO: 

Stetcu et. al., Ann. Phys. 325 (2010) 1644 



+2<0 (BCS) 
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a2>0 (BEC) 
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Finite (small) range 

LO: NLO: 
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Trap: no low-energy information lost 

2/14/2010 

Stetcu et. al., Ann. Phys. 325 (2010) 1644 

Luu et. al. Phys. Rev. C 82 (2010) 034003 



The harmonic trap and NCSM 

NCSM: unitary transformation hrel Renormalization for trap 



The trap as genuine infrared cutoff 

! trap: renormalization of the interaction 

! solve the many-body problem in the trap 

! take the limit ω0 



LO calculations for three particles 

Werner and Castin  (2006) 
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E = Ec.m. + (snl +1+ 2q)ω

Stetcu et. al, Phys. Rev. A 76 (2007) 063163 



Three-body problem up to N 2LO (unitarity ) 

Rotureau  et. al., Phys. Rev A  82 (2010) 032711 



State ordering 



Three-body at unitarity  w/ physical 
range 

r2/a2=0 r2/a2=0.2 



Beyond unitarity : 

Continuum limit (shallower HO) 

Stetcu et. al (2007) 

Rotureau  et. al., Phys. Rev A  82 (2010) 032711 



What happens and can we use this? 
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Four particles at unitarity  
Alhassid  et al, PRL 100 (2008) 230401  
3.545 ∓0.003  

Chang et al, PRA 76 (2007) 021603 
3.6 ∓0.1 

J. von Stecher  et. al., PRA 76 (2007) 053613 
3.569(9) 
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Summary and outlook 

Summary: 

! Applications of EFT principles directly into a many-body method 
! Renormalization of the interaction intimately related with the model space 
used to solve the many-body problem 
! results for 3-body -> excellent agreement with exact solution ( unitarity ) 
!4-body: good agreement with other approaches 

Outlook: application to nuclear physics 

! two-body and many- body force in a same framework 
! use of the trap to built a bridge  between the scattering properties of the 
interaction (future results from lattice QCD calculations)  and the bound 
state physics  (Shell Model) 
! applications of pionless EFT beyond LO (in a NCSM approach) 

Methods developed for one type of systems 
can be readily applied to other systems, 

although  
the underlying physics is different 


