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We study the persistent currents of an attractive Fermi gas confined in a 
tightly-confining ring trap and subjected to an artificial gauge field all 
through the BCS-BEC crossover. At weak attractions, on the BCS side, 
fermions display a parity effect in the persistent currents, ie their 
response to the gauge field is paramagnetic or diamagnetic depending 
on the number of pairs on the ring. At resonance and on the BEC side of 
the crossover we find a doubling of the periodicity of the ground-state 
energy as a function of the artificial gauge field and disappearance of 
the parity effect, indicating that persistent currents can be used to infer 
the formation of tightly-bound bosonic pairs.

Abstract

The models: Fermi and Bose-Hubbard Hamiltonians

➢ Analogy between Coriolis and Lorentz forces

➢ Induced persistent mass currents as probe of different 
phase of the system

Rotating systems simulate gauge fields

Fermi and Bose gas respectively with attractive and repulsive on site 
interaction on a ring lattice threaded with an artificial gauge flux     

BCS-BEC crossover

BECBCS

Attractive interactions

➢ Fermi gas with attractive interactions : paired fermions

➢ BCS regime : pairs whose size is much larger than the interparticle 
spacing

➢ BEC regime : tightly bound pairs behaving as point-like bosons 

Parity effect

References

Conclusion and perspectives

N=4: even number of pairs

N=6: odd number of pairs

➢ For U = 0 the current is a periodic function of the flux and we observe 
the parity effect

➢ At intermediate interactions we observe a superlattice behaviour: the 
current has not a well defined paramagnetic or diamagnetic behaviour. 

➢ At strong interactions the periodicity of the current respect to the flux 
is doubled as a result of pairing. Parity effect is washed out as far as we 
achieve a purely bosonic regime.

➢Future outlooks: deeper understanding of the fermionic spiral pattern
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➢ N even : maximum of the ground 
state energy (paramagnetic 
current)  

➢ N odd: maximum of the ground 
state energy (diamagnetic current)  

Doesn’t occur in Bose gases!  
Can be used to probe the 
different regimes of the crossover  
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 Energy        Current

● Energy and current  are 
periodic functions of the 
flux. The period at zero 
interactions is twice the 
one we have at strong 
attractions;

● Paramagnetic behaviour 
turns into diamagnetic 
increasing the 
interactions.

Energy   Current
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● Energy and current  are 
periodic functions of the 
flux. The period at zero 
interactions is twice the 
one we have at strong 
attractions;

● Diamagnetic behaviour 
in any interaction 
regime
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Readout: noise correlator  

● Consider the expansion of the gas 
after the trap removal 

● The interference pattern gives 
information about the current in 
the ring 

● Spiral l=1 ● Symmetric l=0 

BCS

BEC
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