Kinetic theory of polariton Bose-Einstein condensation in two-dimensional semiconductor microcavities

V. Savona, D. Sarchi

Institute of Theoretical Physics, Ecole Polytechnique Fédérale de Lausanne EPFL, CH-1015 Lausanne, Switzerland

e-mail: vincenzo.savona@epfl.ch

In a semiconductor microcavity, polaritons behave as Bose quasi-particles in the low-density limit. They are promising candidates for Bose-Einstein condensation (BEC). However, the typical non-equilibrium regime of experiments under optical excitation and the mutual interaction call for a field-theoretical model of quantum fluctuations [1].

We develop a model of the collective excitation kinetics in the non-equilibrium polariton condensation. The model accounts for mutual interaction and for energy relaxation processes and predicts the effect of quantum fluctuations. As we need a kinetic description of the polariton populations, we adopt a number-conserving approach [2], which preserves the U(1) symmetry of the Bose system. In the model, we account properly for the finite energy spacings introduced by spatial confinement in systems of a few m size, that make BEC in 2-D allowed [3].

The main result of our model consists in considerable condensate depletion, even far above the condensation threshold. This behavior is due to long-wavelength quantum fluctuations driven by coherent scattering processes out of the condensate. As a consequence, the computed spatial correlation function g(1)(x) differs from that of an ideal Bose gas, and the long range order is partially destroyed. We predict that this effect strongly depends on the system size and could be reduced for spatially trapped polaritons. The dominant role played by quantum fluctuations, as predicted by this model, is clearly reproduced in recent measurements of the energy distribution and of g(1)(x) above the condensation threshold (see the contribution by A. Baas et al.).
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Fig 1: (a) Computed steady-state population distributions (thin line: Bose-Einstein distribution). (b) Simulated spatial correlation function, assuming cylindrical symmetry, below and above the BEC threshold.
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