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Fig. 1. Realization of artificial magnetic field based on laser-assisted tunneling. Gray and black dots represent the Yb atoms

correspond to internal states |g) and |e), respectively: (a) The atoms |g) and |e) are trapped in the state-dependent optical lattice

potentials Vg and Ve,

where Vy; = —V.; (b) laser-assisted tunneling along « direction; (c) sketch of state-dependent optical

lattice. Nature tunneling occurs along the y direction, and the tunneling along = direction is induced by a Raman beam (2 .
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Raman process; (c) effective n flux.
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Fig. 3. Schematic diagram of a three-dimensional cubic
lattice of a Weyl semimetal. The Weyl points will be
created in the momentum space if the tunneling along =
and z directions are well-designed . The dashed and solid
lines indicate the phase © and 0, respectively.
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SPECIAL TOPIC—Cold atoms and molecules

Simulating Dirac, Weyl and Maxwell equations with cold
atoms in optical lattices”
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Abstract

Relativistic wave equations, such as Dirac, Weyl or Maxwell equations, are fundamental equations which
we use to describe the dynamics of the microscopic particles. On the other hand, recent experimental and
theoretical studies have shown that almost all parameters in cold atomic systems are precisely tunable, so the
cold atom systems are considered as an ideal platform to perform quantum simulations. It can be used to study
some topics in high energy and condensed matter physics. In this article, we will first introduce the ideas and
methods for engineering the Hamiltonian of atoms, mainly related to the theories of laser-assisted tunneling.
Based on these methods, one can simulate the equations of motion of relativistic particles and observe some

interesting behaviors which are hard to be observed in other systems. The article reviews these recent advances.
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