Resonant enhancement of the FFLO state by a 1D optical potential
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I d - We study a new mechanism for superfluidity in ultracold Fermi gases with spin
ntroduction imbalance: the Fulde-Ferrell-Larkin-Ovchinnikov (FFLO) state.

Ultracold Fermi gases Spin Imbalance The FFLO state

= Dilute gas of atoms cooled down to a few nanokelvin | = Suppresses formation of Cooper pairs = BCS: pairs have zero momentum
= Fermions in two different states: spin-up & spin-down | = At critical polarization: = FFLO: pairs have nonzero momentum Q
— form Cooper pairs — superfluid state superfluid — normal transition — translates Fermi surface of minority
= Great control over system parameters: density, spins by Q
temperature, interaction strength, spin imbalance...
= Optical lattice: artificial crystals of light

Standing wave

Laser

I. Bloch, Nature 453, 1016 (2008)

Cold atomic gas

=> Quantum simulators kiiszo k:fklfcz

Method Starting from the partition sum in path integral formulation we derive the free energy,
etho which can be used to find the ground state of the system.
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2) Hubbard-Stratonovich transformation: 4th order — 2" order interaction term 50
Sp

o _ A A _ o
°Xp (ZwQTlewaqu) — /DADA CXP Z( qg = 1 Agqth—q|¥q "‘Aqqu@bql)

L q .

=0,

3) Saddle point approximation

Ay =+vBVi(q—Q)A > FFLO state is allowed: Q+0

4) Remaining fermionic path integral is quadratic and can be solved exactly - ,\
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We construct the phase diagrams of a spin-imbalanced 3D Fermi gas with and without

Results a 1D optical potential and study the effects of the potential on the FFLO state.

[. Phase diagram at fixed density II. Phase diagram at fixed scattering length
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= No potential: FFLO state occupies only a small area (light gray) 04!
With potential: FFLO area is significantly enlarged (dark gray)

. . 0.2y Phase separation
= The wave vector of FFLO grows when imbalance increases, but S-b superfluid

cannot become larger than the laser wave vector Q, (see inset) 00 L e s e e

FFLO region is maximal when wave vector FFLO = wave vector laser ikt 1.2 '18( y Ui
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By adding a 1D optical potential, the presence of the FFLO state in the phase diagrams of
Conclusion a spin-imbalanced 3D Fermi gas is substantially enlarged. This enhancement is optimal
when the wave vector of the FFLO state becomes equal to the wave vector of the laser.
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