Theory of Bose-Einstein condensation and superfluidity of two-dimensional polaritons in an in-plane harmonic potential
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We present a basic theory of Bose-Einstein condensation (BEC) and superfuidity of quasi-two-dimensional (2D) exciton polaritons in a semiconductor microcavity with embedded quantum well, when there is an in-plane parabolic potential for the exciton energy, which also shifts the resonance with the photon mode. This kind of trapping potential for polaritons in microcavities has been demonstrated experimentally recently.1 The trap potential simplifies the creation of BEC due to the following reasons: (1) the true 2D BEC at finite temperatures occurs only in a spatially confined system; (2) the density of exciton polaritons in the middle of the trap is higher than in an infinite system with outward diffusion in the 2D plane. At small momenta and weak confinement potential, the Hamiltonian of the polaritons is shown to be the same as the Hamiltonian of weakly interacting bosons with effective mass and effective pair interaction in an effective potential of confinement. We compare the superfluid and condensate fractions, which are not the same, as is typical in superfluid systems. The angular momentum representation was applied to define the total number of particles in the normal and superfluid components. The critical BEC temperature is obtained, and is an increasing function of the slope of parabolic potential and the total number of polaritons. The fractions of polaritons in the condensate and the superfluid component are shown to be decreasing functions of temperature and increasing functions of the slope of parabolic potential. 

1 R. Balili, D. Snoke, L. Pfeiffer, and K. West, Applied Physics Letters 88, 031110 (2006).

* corresponding author e-mail:  berman@mercury.chem.pitt.edu

This presentation is entered in the EXCON prize competition.
