Polariton scattering and threshold phenomena in a microcavity 
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Effect of parametric instability in the system of microcavity exciton polaritons was investigated in a number of recent studies. We consider a strongly coupled exciton-photon system that contains a single source of nonlinearity, namely, a contact exciton-exciton interaction. Numeric simulations allow to take into account a multi-mode structure of the studied system: it is crucial for understanding the nature of sharp transitions caused by instabilities in the pumped polaritonic system.

Recently there was described the so-called rigid regime of stimulated parametric polariton scattering [1], which happens in systems with bistable response of the pumped mode. The bistability occurs if the pump frequency is above the resonant one (i.e., for positive pump detuning). Then, on reaching the threshold value of the pump intensity, the amplitude of the pumped mode rises very quickly, and such a transition may deliver the system into the region of very strong instability in regard to polariton-polariton scattering. Consequently, an explosion-like occupancy of polaritonic states in a wide range of k-space develops. This behavior is similar to the first-order phase transition that occurs in a nonequilibrium system excited from the outside [2]. Here we consider a full two-dimensional model, accounting for any angular orientations of the scattered polariton planes of incidence.

The considered model of parametric polariton scattering shows a good qualitative correlation with the experiments [3]. The mentioned case of rigid scattering in systems with positive pump detuning implies the “jump” of the pumped mode amplitude through the region of its self-instability. This transition results in predominant instability of the states with k=0 and k k=2kpump, for sufficiently wide range of pump frequencies. Such a behavior is considerably different from the case of a scattering in a stable system (when the quasi-momenta of the main maxima depend essentially on the pump frequency, [3]).
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