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•  two-channel resonant pairing model: narrow resonance 
•  one-channel model: broad resonance  
•  large-N Sp(2N) theory 
•  universality 
•  resonant bosonic superfluidity 



Regal, et al. 

•  tunability (strength and sign) of interactions (sudden and adiabatic)  

Regal, et al. 
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•  molecular BEC (Regal, Jin ‘03) 

•  BCS superfluid (Regal, Jin 04 
   Zwierlein, Ketterle ‘04) 

•  BCS-BEC crossover: 

T/TF=0.19, normal T/TF=0.1    superfluid 
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exactly solvable g  0+ limit:  free Fermi- and molecular Bose gases in chemical equilbrium 

BEC+BCS BEC BCS 
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small g:  hybridized paired Fermi-sea (Cooper pairs) and molecular BEC 

µ > 0 
BCS: 

µ < 0 
BEC: 

T=0: 
no UV cutoff 

gap eqn: 

N eqn: 



dimensionless coupling:  

•  narrow resonance 

•  broad resonance 
 Strongly coupled φ and ψ    
        MFT quantitatively uncontrolled    
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•  scattering T-matrix relates λ to a: 

γ >> 1 

Tk k’ = 
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virtual  
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γ >> 1 

•  no small parameter for kFa ~ n1/3a >> 1 → introduce 1/N  

+ 

MFT Veillette, Sheehy, LR 
Nikolic, Sachdev 
also Nishida, Son 
ε-expansion 
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γ >> 1 

•   

•   

T=0: 

for a < 0 (BCS): 

for a > 0 (BEC): 



γ >> 1, kFa →∞ 

fk= -1/(a-1 + i k) → i/k,  d =1/kF  is the only scale   

check in N→∞ (BCS) limit: 

1/N theory 

Exp with ⁴⁰K 
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crossover 

LR, Park, Weichman, PRL ‘04, Annals of Physics ’08 
Sachdev, et al. PRL ‘04 



•  atomic (ASF) and molecular (MSF) superfluids  
•  quantum Ising transition 
•  π vortex deconfinement 
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