Exciton polaritons in planar microcavities 
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Since a pioneering work by Weisbuch et al a lot of exciting physics has been established in a system of quasi 2D excitonic polaritons in a semiconductor microcavity (MC). That is connected to bosonic nature of polaritons and their unique dispersion with an extremely small effective mass at the lower polariton (LP) branch bottom and an inflection point at small wavevectors k. One of the most striking features, a giant parametric polariton scattering under the excitation at kp close to the inflection point of the LP branch [1]. That was explained theoretically [2] as a polariton parametric amplifier, with threshold dependence of the coherent gain. However this scattering does not follow the key prediction of a standard FWM theory, namely, the signal and idler appear always at k=0 and 2kp, and the energy conservation is fulfilled due to the shift of the signal and idler out of the LP dispersion curve [3]. Such a behavior was suggested to occur due to a competition between two instabilities, namely, stimulated polariton-polariton scattering and bistability of the pumped polariton mode response.[4 and the talk of S.G. Tikhodeev at this Seminar]

To separate these two effects the dependence of the electric field at the QW, (kp), on the excitation density has been investigated. The threshold-like behavior of (kp) at h>ELP(kp) has been confirmed both in the transmission and FWM measurements. However the threshold for stimulated parametric scattering Pthr has been found to coincide with that for (kp) only at large detunings =h(kp)-ELP(kp)>0.5 meV whereas at smaller it is well above the threshold for (kp). That means that the account for the only polariton-polariton scattering is not enough for a description of the stimulated parametric polariton scattering. To clarify the role of polariton-phonon and polariton-electron scattering on the threshold for stimulated parametric scattering we have measured its dependence on the temperature and free carrier concentration. The latter was generated with a weak above band gap excitation. It has been found that the increasing temperature and enhanced electron-polariton scattering result in an expected growth of Pthr only in the cavities with shallow low polariton (LP) branch. In contrast, in the structures with a deep LP branch they lead to a strong (several times) lowering of Pthr. This lowering is well explained by an incoherent population of the LP branch bottom with polaritons due to suppression of the bottleneck effect in the polariton relaxation due to enhanced phonon and/or electron assisted scattering. So huge influence of phonon and electron assisted scattering on Pthr indicates that they can be the reason for the observed discrepancy between the theory and experiment.   
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