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Photonic time crystal in exciton-polariton condensates
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many body state, which has symmetry different from the true quantum ground state of the Hamiltonian is

referred to a state with spontaneous symmetry breaking. The usual crystals in the material science own a kind of
discrete spatial translation symmetry and show the spontaneous symmetry breaking of continuous spatial translation
symmetry. Recently, a new kind of crystal, called a time crystal, was shown a crystalline structure formed in the time
domain due to the spontaneous breaking of continuous time translation symmetry. Time crystals could only exist in
non-equilibrium many body systems. A exciton-polariton condensate existing in a microcavity is intrinsically out of
equilibrium so that continuous pumping is needed to balance the fast polariton decay and maintain a steady-state
state. Here, we propose a photonic time crystal occurring in exciton-polariton condensates and a method to realize
it experimentally. We find that a resonantly-pumped exciton-polariton condensate subjected to an external periodic
potential could show a spontaneous time-symmetry breaking and lead to the formation of a time crystal. We also
study the effects of light frequency detuning on the periodicity of the time crystal. The proposed time crystals of a
resonantly-pumped exciton-polariton condensate provide a new horizon for exploring properties of matter and its
possible application in quantum computations.
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