Collective state in Bose-gas of interacting interwell excitons
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We present experiments related with investigations of spatially resolved luminescence of Bose-gas of interacting interwell excitons in GaAs/AlGaAs Schottky-photodiode heterostructures with double quantum wells [1]. The surface of structures was coated with metallic mask that had circular windows prepared by “lift-off” lithography (diameters of the windows were 2, 5, 10 and 20 μm). Through such windows the photoexcitation and simultaneous microscopic detection of photoluminescence with high spectral and spatial resolution (around one micron) were performed.

It was found that under applied bias and photoexcitation the radial distribution of electrical field inside investigated windows is strongly nonuniform and along perimeter of the window edge a ring-like potential trap for interwell excitons is formed. Evidence of such a ring-like potential trap for interwell excitons was proved by analysis of spectral shifts of interwell exciton luminescence line under scanning of strongly focused excitation spot in radial direction in vicinity of windows edge.

Spatially resolved luminescence structures were investigated spectrally selectively for interwell excitons and under the same experimental conditions for intrawell excitons. It was discovered that luminescence images for interwell excitons exhibit along perimeter of window axially symmetrical spatial structure of equidistant bright spots which strongly depends on excitation power and temperature. Such structure appears above excitation power threshold and the number of equidistant spots increases with pumping power. We should emphasize that luminescence intensity distribution for intrawell excitons under the same experimental conditions remains homogeneous and does not manifest any spatial structure. It was established that with temperature increase the discrete luminescence structure starts to wash off (pairs of spots are merging) at T 
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 4K. Experiments above described were performed on a dozen circle windows with sizes 2, 5, 10, 20. But spatial lateral configurations of equidistantly placed luminescence spots in the windows of given size and measured under similar experimental conditions (temperature, excitation power) always were reproduced. 

We assume that observed phenomenon is manifestation of collective coherent properties of interacting two-dimensional interwell excitons. It is effect of interwell exciton Bose-condensation in a lateral trap of the ring shape. Collective exciton state is characterized by the large coherence length (in considered case around 1 μm) and is destroyed with temperature increase due to the thermal order parameter (coherence) fluctuations across the system of interacting interwell excitons (in considered case along the ring structure of luminescence spots). We assume that bright luminescence spots of observed periodically patterned structure are coherently bound. In the recently published paper [2] it was shown that a vortex character of the Bose-condensate of the interwell excitons in a lateral trap is manifested in a peculiar angle distribution of luminescence intensity due to destructive interference. We emphasize that expected vortex configurations in real and K-space space according [2] qualitatively coincide with presented above experimental observations. Effects of linear polarization and interference of spots pattern are presented and discussed.
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