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Manipulating photons in the synthetic dimension
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Abstract:

Quantum simulation is one of the most important research fields in quantum information science, which
not only allows the study of the existed physical systems, but also new physical modes with new phenomena.
Currently, there are various experimental platforms used for quantum simulation, such as ultra-cold neutral
atom, trapped ion, integrated optical system et al.

Orbital angular momentum of light is a fundamental optical degree of freedom. It is characterized by
unlimited number of available angular momentum states, and has proved invaluable in diverse recent studies
ranging from quantum information to optical communication.

In this talk, we will introduce fully new applications of photon’s orbital angular momentum in quantum
simulation of topological physics. The basic idea is to design a degenerate cavity supporting photonic modes
carrying different orbital angular momentum (i.e. the Laguerre-Gaussian modes), whose resonance
frequencies are the same. By coupling photons in different orbital angular momentum states, a single
degenerate cavity is equivalent to a 1D coupled-cavity array. Consequently, 1D coupled degenerate cavity
array can be used to simulate 2D physics. We proposed some schemes to realize arbitrary Abelian gauge field,
SU(2) non-Abelian gauge field, to detect topological invariants such as edge state and Chern number, and to
observe topological quantum phase transition. In contrast to other 2D proposals, this 1D structure greatly
reduces the complexity of the simulator, and feasible scale of simulation is also increased[1].

Furthermore, we also investigate 1D topological models by using single degenerate cavity. By designing the
boundary of such kind of synthetic dimension, we may observe the dynamics of edge modes which will exhibit
topological phase transition of models[2]. By manipulating the synthetic dimension in the degenerate cavity,
some significant all-optical devices can be constructed|3].
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