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Many-body problems with tunable interaction

=

Goldstone expansion for the
ground-state energy shift



Unitary limit:

as

 

= scattering length of V , V
 

is tuned
 

such that:

At unitary limit ( Bertsch
 

problem), expect

for two-species fermionic
 

systems (e.g. neutron 
matter)



How to tune interaction V?

• Cold Fermi gas (laser trapped)
Much progress made past few years
Tune atomic-V

 
by external magnetic field

Observed BCS-BEC cross-over near  
Feshbach

 
resonance (as

 

= ±∞)

• Nuclear systems
Tune VNN

 

by master (Machleidt) !!
Tune VNN

 

by Brown-Rho scaling 
(meson mass is medium dependent)

???????



CD-Bonn VNN

 

(1S0

 

) of different as

mσ

 

[MeV] as [fm] re [fm]
original 452.0 -18.97 2.82
tuned 475.0 -4.949 3.77

447.0 -42.52 2.66
442.85 -∞

 

(-12070) 2.54
442.80 +∞ 2.54
434 +21.01 2.31

We tuned only mσ
attraction in 1S0

 

mainly from σ-exchange

as

 

depends sensitively on mσ

one bound state exist
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Model-space approach:

•

 

Space {k>Λ} is integrated out:
Vbare

 

renormalized to Vlow-k
Vbare

 

has strong short range repulsion
Vlow-k

 

is smooth, and energy independent

• Space {k≤Λ}:
use Vlow-k

 

to calculate all-order sum of ring 
diagrams

Note we need Vlow-k of specific as

 

, including as → ±∞.





Vlow-k

 

of potentials with various scattering lengths
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We first do HF calculation using Vlow-k :

=

With this approximation,
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To do better than HF:

HF includes only the lowest-order diagram:

We want to sum the pphh
 

ring diagrams to 
all orders such as

∆E0 =



Summation of ring diagrams:

pphh
 

free Green function:

=







Brief Summary
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Determination of the fixed-point (CD Bonn-∞)
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2 ring diagram methods
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Experimental Values :



Summary and Discussion
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