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      The study of light dynamics in the frequency domain has been pivotal for applications in metrology and 
communications. One of the most impactful states is the optical frequency comb—a broadband light state 
where frequencies are equally spaced. These discrete frequencies can be mapped onto a lattice in a synthetic 
frequency space, where multiple coupling scheme have been proposed to explore novel state of light [1]. In 
principle, these schemes could expand the versatility of frequency combs, but the studies present linear systems 
that lack a self-reinforcing mechanism. As such, these cannot serve as efficient steady-state sources, when such 
sources requires both frequency proliferation and nonlinear stabilization. Interestingly, recent advances in 
semiconductor-based frequency-comb sources have shown that when the gain recovery time becomes very 
short [2], the dynamics of light in the frequency domain become radically different [3-6], and can serve as a new 
nonlinear stabilization mechanism. 

In my talk, I will present the exploration of light dynamics in a discrete frequency space, when gain recovery 
times are the fastest timescale in the system [7,8]. I will show that light traveling through a medium with fast gain 
saturation transforms it into a type of liquid, which forces coherent dynamics despite destabilization processes, 
for example quenching or dephasing. This liquid state of light allows to explore fully the synthetic lattice in the 
frequency space, reaching its maximal limit given by the linear system. Such a platform not only advances our 
understanding of quench dynamics in non-equilibrium systems, but can also lead to innovative quantum inspired 
devices, like the recently discovered quantum walk comb source [8]. 
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