Theory for dressed-band of semiconductors in a high-intensity infrared laser field
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[image: image1.emf]Under the illumination of intense off-resonant laser light, the electronic states of matter are strongly modified, or dressed, by the oscillating electric field. In semiconductors, Kono and co-workers[1] have recently performed pump-probe experiments on GaAs crystals using a high intensity infrared laser, and reported that the apparent band-edge recedes to the higher energy side, resulting in a remarkable laser-induced-transparency. In addition, it has been observed that an additional absorption band emerges below the band-edge. We present here a framework to calculate the energy band of semiconductors strongly modulated by the off-resonant intense electromagnetic field, namely, a dressed-band, within the linear combination of of atomic orbital (LCAO) theory. The interaction with the intense laser field is taken into account exactly on the same footing with the LCAO interaction. The Floquet theory and the Bloch theory are successfully combined to obtain the dressed-band structure of GaAs as shown in Fig. 1. 
The induced absorption spectrum of the probe light is calculated by the generating function method as a time-averaged transition rate under the oscillating electric field. The calculated differential transmission spectrum at the band-edge shows a laser-induced transmission gain above the original band edge, as well as the emergence of a new absorption band below the edge. The former comes from the shrinkage of the widths of the valence and the conduction band, and is related with the dynamic localization. The latter originates from the dynamic Frantz-Keldysh effect . The obtained differential transmission spectra agree well with the experimental ones not only qualitatively but also quantitatively. 
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Fig.1 Dressed-band of GaAs








