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4-Fermi field theories in d+1 dimensions

We consider self-interacting Dirac fermions with N flavors in D = d + 1 spacetime dimensions
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4-Fermi field theories in d+1 dimensions

We consider self-interacting Dirac fermions with N flavors in D = d + 1 spacetime dimensions
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D = 3 + 1 non-renormalizable QFT, ySB by dynamical mass generation
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4-Fermi lattice field theories in d+1 dimensions

Exploring non-perturbative effects (e.g. strong-coupling fixed point) by an artificial lattice
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Wilson lattice regularization in d+1 dimensions

There are alternative discretizations that deal differently with the doublers
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Wilson lattice regularization in d+1 dimensions

d=2, N=1, equivalent to an imbalanced cross-linked bilayer, again with Hubbard interactions




SPT phases in D=1+1 dimensions

This discretization can host symmetry-protected topological groundstates
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SPT phases in D=1+1 dimensions

This discretization can host symmetry-protected topological groundstates
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Chern insulators in D=2+1 dimensions

This discretization can host an quantum anomalous Hall (QAH) effect
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Cold-atom regularization: photon-assisted tunneling

Dirac spinor as two hyperfine states 1 Raman-assisted tunneling in spin-dependent lattices
of a neutral Fermi gas, e.g. ®'Sr
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Alternatives based on e.g. Floquet instead of Raman
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https://www.worldscientific.com/worldscibooks/10.1142/11050

Cold-atom regularization: Raman lattices
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Cold-atom regularization: Raman lattices

The spin-conserving tunnelings stem from the [ V(x) ‘
standard lattice 7 V..
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Cold-atom regularization: Raman lattices

The non-interacting limit has been explored in cold-atom experiments N fe’ % @ 0.2 K

@ M.-C. Liang, et al., arXiv:2109.08885
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Cold-atom regularization: Raman lattices
The interacting limit could be explored by tuning Feshbach resonances A&M(BQ&)
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One could tilt the Raman beams
to induce a U(1) gauge field (away from pi-flux)
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Persistent circulating “chiral’ currents @ generic ¢
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Inversion-symmetry SPT @ generic &
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Inversion-symmetry SPT @ generic &
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Inversion-symmetry SPT @ generic &
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Phase diagram for abitrary ¢ and V|
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A Fate of Chern insulators @ strong couplings
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At strong couplings g*/a, > 1, we obtain a quantum compass model
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Fate of Chern insulators @ strong couplings

At strong couplings g*/a, > 1, we obtain a quantum compass model
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Effective potential and large-N Chern insulators

a Auxiliary o,  fields and resum the leading-order diagrams at large N
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Non-standard resumation & novel radiative corrections



Effective potential and large-N Chern insulators

The piase diagram has regions hosting large-N Chern insulators, TBIs, and FMs




Effective potential and large-N Chern insulators

Large-/N condensates give simple contributions to self-energy
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Effective potential and large-N Chern insulators

New large-N quantum corrections lead to 1st-order phase transition
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Thanks for your attention
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