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Discrete-time simulations with quantum walks in optical
lattices

Discrete-time quantum walks describe the motion of a spin-1/2 particle that is de-
localised over a large Hilbert space through discrete steps in space and time. A host
of topological phenomena can be directly explored with quantum walks: Topologi-
cally robust edge states are expected to be fully delocalized along two-dimensional
spatial boundaries and to allow chiral propagation of matter waves without dissipa-
tion into the bulk [1,2]. We experimentally implement discrete-time quantum walks
using ultracold atoms trapped in state-dependent optical lattices. Recently, we ha-
ve developed a new concept of state-dependent optical lattices, which is based on
light polarization synthesis [3]. Polarization-synthesized optical lattices allowed us
to demonstrate a bottom-up approach to arbitrary low-entropy states [4], where we
rearranged thermal atoms until selected regions of the periodic potential are filled
with one particle per site, and we subsequently removed their vibrational entropy by
sideband cooling methods. Using optical addressing [5], we expect that our results
can be scaled up in the future to thousands of atoms by employing an atom-sorting
algorithm with logarithmic complexity.
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