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Outline

Resonance superfluidity
• BCS to BEC crossover
• Resonance Hamiltonian; Bose-Fermi model
• Superfluid transition
• Stability to inelastic decay

Scattering properties of composite bosons
• Four fermions in the single channel picture
• Equivalence in the resonance picture
• Identifying the order parameter

Many-body theory
• Closing the equations
• The limits; BEC, unitary, BCS



 

This ref:
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Superfluid systems in physics
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Emergence of superfluidity
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Decay around Feshbach resonances with fermions

1) Two-body decay is prohibited 
in the lowest two isospin states

2) Three body decay will be 
greatly suppressed due to the 
fermion nature







A picture of the crossover: contraction of 
the Cooper pair to the composite boson

ν < 0 ν = 0 ν > 0

Superfluid
composite bosons

Superfluid
Fermi pairsUnitarity limit

1. Fermi Gas : Interactions determined by a

2. Bose Gas : Interactions determined by ~0.6 a
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What is f(r,R) ?
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Atom-molecule correlation function

Not part of BCS theory, or of the given 
picture of the BEC/BCS crossover

This picture of the crossover including 
only pair fields is incorrect



Consequences of the 
wrong scattering length

•Wrong mean-field energy

•Wrong elementary excitations

•Wrong vortex structure

•Wrong compressibility

•Wrong macroscopic size of the trapped cloud

•Wrong quantum depletion



ff((qq,,kk,,θθ))

Nature of the superfluid order parameter



Complete Picture of the Crossover

BEC: Interactions 
mediated by fermions

Crossover

BCS: Interactions 
mediated by bosons









Equivalence of the Hamiltonians

Do the one channel and resonance Hamiltonian
produce the identical scattering physics:

1. In the two particle case (BCS theory)?

2. In the four fermion case (BEC theory)?







BCS and BEC limits

Since the boson scattering in vacuum is correctly
represented the BEC theory will be correct. 

But does the resonance theory reproduce BCS theory?





The main points of this talk

1. The one-channel and resonance Hamiltonians 
lead to the identical scattering equations for 2 
and 4 particles

2. The correlation hierarchy is completely distinct 
in the two cases

3. Only with the resonance Hamiltonian we have 
access to the irreducible 2-vector field

4. Generate both the correct BEC theory for 
composite bosons and BCS theory for fermions 
from a single theory


