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Light-matter interactions have been always considered as a promising platform for novel applications. There-
fore, here, we shall report our recent results obtained in a compound sample consisting from a semiconductor
double quantum dot system, non-linearly coupled with a leaking single-mode microresonator. One demon-
strates that this complex non-linear system exhibits a variety of interesting effects. Particularly, we have
found the relationship among the electrical current through the double quantum dot and the microwave field
inside the resonator that is nonlinearly coupled to it, with a corresponding emphasizing on their critical be-
haviors. Additionally, it is demonstrated that the quantum correlations of the photon flux generated into
the resonator mode vary from super-Poissonian to Poissonian photon statistics, leading to single-qubit lasing
phenomena at microwave frequencies [1].

The second part of the presentation focuses on a dense and dipole-dipole coupled ensemble of two-level emit-
ters interacting via their environmental thermostat. The established thermal equilibrium of ensemble’s quan-
tum dynamics is described with respect to the dipole-dipole coupling strengths. Actually, we have demon-
strated the quantum nature of the spontaneously scattered light field in this process for weaker thermal baths
as well as non-negligible dipole-dipole couplings compared to the emitter’s transition frequency [2].
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