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Over the last few decades, one of the most prominent strategies for controlling light-matter interaction has 
been the use of space-periodic photonic structures such as photonic crystals and metamaterials. However, 
recent advances in time-varying photonics necessitate an extension of the theory to account for the 
temporal-variation-induced modification of light-matter interaction. One such example is the photonic 
temporal crystal (or photonic Floquet medium), whose optical properties are time-periodically modulated. 
The band structures of linear photonic temporal crystals are characterized by non-Hermiticity and are 
known to exhibit momentum gaps, the edges of which are non-Hermitian degeneracies, or exceptional 
points. In the first part of the presentation, we show that the local density of states and, consequently, the 
rate of spontaneous emission are non-zero at the momentum gap edges, highlighting the importance of the 
non-orthogonality of photonic Floquet eigenstates and the role of the Petermann factor in the photonic 
temporal crystal. In the second part, we demonstrate that discrete time crystalline behavior can be 
observed in a photonic temporal crystal, in which the many-body effect is revealed by nonlinearity. 
Experimentally, this spontaneous discrete time translational symmetry breaking is observed in a nonlinear 
microwave temporal crystal. Specifically, rigid commensurate and incommensurate subharmonic 
responses to the driving period are confirmed in the presence of spatial and temporal disturbance. 
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