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Goals

<~ obtain model independent results for the nuclear
few/many-body problem

<~ evaluate the errors (how?)

<-I'as many observables as possible

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



(For us,) the road starts here: NCSM

>!direct diagonalization method

»basis states constructed from HO wave functions
»lall particles are allowed to interact

»!CM excitations separated/removed

»Ibest 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
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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
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In finite model spaces:
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L O renormalization
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Beyond LO
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Finite (small) range
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Trap: no low-energy information lost
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NCSM: unitary transformation h,



The trap as genuine infrared cutoff

(!trap: renormalization of the interaction
!solve the many-body problem in the trap

dltake the IImit w->0



LO calculations for three particles
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Werner and Castin (2006)
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Three-body problemupto N 2LO (unitarity )
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State ordering




Three-body at unitarity w/ physical
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Beyond unitarity :
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What happens and can we use this?
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Four particles at unitarity

Chang et al, PRA 76 (2007) 021603
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Summary and outlook

Summary: ‘
v'IApplications of EFj st .
v'IRenormalization of

used to solve the maj§ SR
v'lresults for 3-body #.. "%

.. .. method
~ © the model space

tion ( unitarity )

Outlook: application to nu=
*»Itwo-body and man
“*luse of the trap to
interaction (future res
state physics (Shell Mode

yroperties of the
1d the bound

s!lapplications 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




