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Abstract: Recent advances in optical studies of condensed matter systems have led to the 

emergence of a variety of phenomena that have conventionally been studied in the realm of 

quantum optics. These studies have not only deepened our understanding of light-matter 

interactions but also introduced aspects of many-body correlations inherent in condensed matter. 

This talk will describe our recent studies of cooperative optical processes in solids [1-6], 

fundamentally related to the phenomenon of superradiance, originally predicted by Dicke in 1954. 

In one type of situation, electron-hole pairs were incoherently prepared, but a macroscopic 

polarization spontaneously emerged and cooperatively decayed, emitting a giant pulse of 

coherent light, called superfluorescence [2-4]. In another setting, we observed a collective 

radiative decay of cyclotron resonance of 2D electrons, which led to a decoherence rate that 

increases linearly with the electron density, rather than the electron mobility [5]. Finally, in search 

of the so-called Dicke superradiant phase transition, we demonstrated collective ultrastrong light-

matter coupling in a 2D electron gas in a high-quality-factor terahertz photonic-crystal cavity in 

a quantizing magnetic field, achieving an ultrahigh cooperativity [6]. These results show that 

cooperative effects in solid-state systems are not just small corrections that require exotic 

conditions to be observed; rather, they dominate the nonequilibrium dynamics and light emission 

processes of interacting electrons in condensed matter.  
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