Magnetic field influence on excitons in coupled quantum wells and coupled quantum dots and on exciton polaritons in microcavities
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We consider magnetic field effect on properties of spatially indirect excitons in  coupled quantim wells and coupled quantum dots and on exciton polaritons in optical microcavity. 

Energy and wave function spectra of indirect magnetoexciton in coupled quantum wells  and coupled quantum dots are calculated both analytically and numerically. As result we obtained dispersion laws, which determine electron and optical properties of the systems. Rearrangement of energy and wave function spectra is discussed. 

Control parameter for formation and spectrum of polariton is obtained on ground of analyzing of influence of magnetic field on 2D excitons. The condition of exciton-polariton formation is determined through the value of the binding energy E0 and effective mass m* of the exciton which depend on external magnetic field (when other parameters are determined by the microcavity and single or coupled QWs are fixed). Magnetic field controls exciton dispersion curve and its intersection with microcavity photon dispersion curve. This gives the possibility to control exciton-polariton formation, polariton splitting and polariton dispersion.

 Excitons and exciton polaritons on high Landau levels are also discussed. For excited Landau levels effective magnetic mass of indirect magnetoexciton can be negative [1] for small magnetic momentum region for certain range of magnetic field and barrier width and roton-type minima at exciton dispersion curve can appeared. In consequence of that energy dependence for excited exciton polariton  (dispersion law) is also not monotonous for certain range of parameters of coupled QWs, microcavity and magnetic field and can contain several minima. Magnetic field controls the depth and position of the minima. One of the most interesting collective effects for system of interacting exciton-polaritons in microcavity is Bose-condensation, and Kosterlitz-Thouless transition [2,3]. Moreover, in the presence of several minima several different condensates with different characteristic temperature can be formed.
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