Long range order of a Bose-Einstein condensate in a semiconductor microcavity
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Observation of a condensed phase of quasiparticles in the solid state has been expected for decades. Among many systems, semiconductor microcavities appear very promising, in particular considering the small effective mass of the exciton-polaritons. Moreover, the use of II-VI materials presents the advantage of a large coupling strength and of a strongly bound exciton. It is known that CdTe semiconductor microcavities exhibit a strong non-linear emission from the lowest energy state of the system under non resonant excitation. Several experiments have been performed to prove that this phenomenon corresponds to a phase transition: the Bose-Einstein condensation. In this work, we present results concerning the temporal and spatial coherence properties of the condensate. They are investigated with a high sensitivity stabilized Michelson interferometer, in a spatially and spectrally resolved set-up. At threshold, we evidence an enhancement of the temporal coherence of the polaritons by more than a factor of 4, which is consistent with the previously observed spectral linewidth narrowing. 

However, the best possible proof for the occurrence of Bose Einstein condensation may be given by the measurement of the spatial correlations. Such a measurement has never been realized in any solid-state system, whereas it constitutes a major argument for the successful achievement of the Bose-Einstein condensation of alkali atoms where, the phase transition is accompanied by the formation of a phase correlation between any couple of points within the condensate. 

	We first measured the spatial correlations versus the excitation density between two points separated by 7 microns. We observe virtually no correlation below threshold, while correlations up to 35 % build up above threshold. In a second set of experiments, we realize a mapping of the spatial correlations (see the figure : top below threshold, bottom above threshold). We demonstrate the formation of a long range order over the whole emission zone above threshold. In particular, we evidence 30 % correlations for points separated by 3 times the measured thermal de Broglie wave-length (4 microns). 

These results, accompanied by the build-up of a linear polarization, independent of the laser polarization, at the nonlinear threshold, give the first complete measurement of the order parameter of a Bose-Einstein condensate in a solid. 
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