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Ultracold atomic Fermi gas
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Ultracold atomic Fermi gas - 2D
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Ultracold atomic Fermi gas - 2D

In 2-dimensions, always bound state -- no unitarity

Pair size vs. d:
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Ultracold atomic Fermi gas - 2D
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-- 2D important in condensed matter: cuprates, ...



Ultracold atomic Fermi gas - 2D
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Ultracold atomic Fermi gas -- 2D

inter-particle spacing d >> range of V
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Spin-orbit coupling has been realized (PRL 109, 095301; PRL 109, 095302)
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Ultracold atomic Fermi gas -- 2D
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Ultracold atomic Fermi gas -- 2D
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Ultracold atomic Fermi gas -- 2D
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Theoretical work mostly at mean-field level



Ultracold atomic Fermi gas -- 2D
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An auxiliary-field perspective

To obtain , use projection in imaginary-time:
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An auxiliary-field perspective

To obtain ground state, use projection in imaginary-time:
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An auxiliary-field perspective

To obtain ground state, use projection in imaginary-time:
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Like a TDDFT propagator



Many-body propagator --> many 1-body prop’s
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Path integral over AF’s by MC

Imaginary-time projection --> random walk:
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A step advances the SD by ‘rotations’
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Path integral over AF’s by MC
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Path integral over AF’s by MC
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Path integral over AF’s by MC
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The sign problem

Imaginary-time projection --> random walk:
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The sign problem
(0)]9) — [67)

* happens whenever B...B|¢) — —|¢) exists
* symmetry can prevent this - sign-problem-free cases:
- attractive interaction, spin-balanced (det[])72
- repulsive half-filling bipartite  (particle-hole)
- attractive, spin-balanced, w/ spin-orbit coupling
- a more general formulation w/ Majorana fermions
PRL 116, 250601 (2016)



Equal-time correlations and observables
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Equal-time correlations and observables
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Equal-time correlations and observables

Imaginary-time projection --> random walk:
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Equal-time correlations and observables

Imaginary-time projection --> random walk:
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Equal-time correlations and observables

Imaginary-time projection --> random walk:
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Equal-time correlations and observables

Imaginary-time projection --> random walk:
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Note
* Apply force bias - importance sampling - much more efficient than
“standard algorithm”

* Infinite variance for sign-problem-free cases (Hao Shi talk)

* If sign problem, apply constraint in forward direction. In that case
back-propagation is required



Imaginary-time correlations
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Imaginary-time correlations
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Imaginary-time correlations

Imaginary-time projection --> random walk:
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Ultracold atomic Fermi gas -- 2D
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Ultracold atomic Fermi gas -- 2D

Exact EOS obtained, fit provided

- BCS trial wf;
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Ultracold atomic Fermi gas -- 2D

New expt and comparison
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Ultracold atomic Fermi gas -- 2D

2D -- ‘condensate fraction’  (diagonalize <A;2Ak’>)
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Ultracold atomic Fermi gas -- 2D
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Imaginary-time correlation under constraint

Test in repulsive Hubbard, sign problem (preliminary)
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Imaginary-time correlation under constraint

Test in repulsive Hubbard, sign problem (preliminary)

Green function
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Imaginary-time correlation under constraint

Test in repulsive Hubbard, sign problem (preliminary)
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Rashbba SOC in 2D optical lattice

Hubbard dispersion, half-filling
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Rashbba SOC in 2D optical lattice

Hubbard dispersion, half-filling

7\

ky |

T

- n(k) - spin -

- pairing wfs o}

Rosenberg, Shi, SZ, PRL 17



Rashbba SOC in 2D optical lattice

Edge currents:
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Summary

2D Fermi gas
—  Clean & tunable; exciting new possibilities, especially useful to CM

We use auxiliary-field QMC to carry out exact simulations in large
systems (>120 particles, > 3000 sites, large beta)

—  Metropolis with force bias to accelerate sampling and improve
acceptance ratio (Note standard deteminantal MC has infinite variance)

—  Method to compute gaps and imaginary-time correlations
2D: equation of state; n(k); pairing wf; cond frac. ..
Pairing gaps, spectral info, and response (analytic cont)

Rashba spin-orbit coupling in 2D optical lattice: super solid phase,
singlet vs triplet pairing, topological signatures



Example: gaps from imaginary-time GFs

Example - charge gap in the Hubbard model at half-filling
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* Gap is slope at large tau

e Can work with real-
space or k-space GF

* k-space (k near FS)
works better at low U

Vitali et al, PRB, ‘16





