Strong long-range interactions and geometrical frustration in
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Non-local interactions are the key building block to allow for a spontaneous breaking of the transla-
tional symmetry. Spontaneously symmetry broken (SSB) quantum matter has attracted much interest
due to its unique properties. Thus, quantum simulators made of ultracold atoms present a powerful
platform to study these systems. However, current setups only explore frustrated regimes with weak
local interactions or regimes where quantum fluctuations are supressed. To the best of our knowledge,
there are no experimental schemes able to simultaneously realize long-range interactions and geometrical
frustration.

We consider a recently realized [1] subwavelength lattice formed by a pair of conterpropogating lasers
driving two photon Raman transitions in an ensemble of ultracold atoms [2]. It was shown that one may
precisely control the tunneling amplitude, range and phase by tuning the detunings. One also achieves
significantly stronger interactions in the proposed scheme due to its subwavelength nature. Thus, one
may realize intriguing phases of matter, such as density waves and chiral superfluids.
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FIG. 1: (a) Subwavelength lattice for N = 3 internal states, Raman coupling Q2 = 3.5Fx.
(b) Subwavelength lattice for N =5, Q = 3.5FER. Different colors indicate different dressed state
sinusoidal potentials. The Wannier functions W(z — na) are also plotted below the lattices.
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