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Traditionally, optical lattices are created by interfering two or more light beams, so that atoms are trapped at minima or maxima of the emerging interference pattern depending on the sign of the atomic polarizability [1]. Optical lattices are highly tunable and play an essential role in manipulation of ultracold atoms [2–3]. The characteristic distances over which optical lattice potentials change are limited by diffraction and thus cannot be smaller than half of the optical wavelength λ. Yet the diffraction limit does not necessarily apply to optical lattices [4-7] relying on coherent coupling between atomic internal states. It was demonstrated theoretically [4,5] and experimentally [6] that a periodic array of sub-wavelength barriers can be formed for atoms populating a long lived dark state of the Λ-type atom-light coupling scheme. The Λ scheme has a single dark state, so no spin (or quasi-spin) degree of freedom is involved for the atomic motion in the dark state manifold affected by the sub-wavelength barriers. 
In the present talk we will discuss various ways of producing subwavelength optical lattices.  In particular, we demonstrate that a tripod atom light coupling scheme shown in Fig. 1 can be used to create a lattice with spin-dependent sub-wavelength barriers [8,9]. The tripod scheme is characterized by two dark states playing the role of quasi-spin states. Inclusion of the spinor degree of freedom provides new possibilities for controlling the spectral and kinetic properties of atoms in the lattice. The tripod lattice can be realized using current experimental techniques.
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Figure 1. Tripod atom-light coupling scheme.
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