Optical manipulation of quantum-degenerate excitonic particles
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Collective quantum mechanical phenomena such as superfluidity and superconductivity are observed for particles at a high density and low temperature. These collective effects can also take place in optically manipulated materials through a precise control of light-matter interactions. We have performed several experiments in order to obtain high particle density, low temperature photo-controlled matter states, including Bose-Einstein condensates of excitonic particles, electron-hole liquids and laser-cooled neutral atoms. In particular, photo-generated electrons and holes in semiconductors provide a unique opportunity to examine macroscopic quantum phenomena such as the crossover from quantum degenerate bosonic ensembles (Bose-Einstein condensate states of excitons) to Fermi-degenerate electron-hole ensembles. In this talk, several topics shown below on the creation and detection of high density and cold excitonic particles will be presented and novel experimental aspects of collective quantum phenomena with electron-hole ensembles in semiconductors will be discussed. 
(1) Generation of highly quantum-degenerate excitonic particles by pulsed two-photon excitation with phase space compression [1-3]

(2) Observation of cold para-excitons in Cu2O by excitonic Lyman spectroscopy [4-8]
(3) Dynamics of cold and dense electron-hole ensembles in semiconductors [9-12]
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