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Dopinginduced insulator–metal transition (Mott transition) has been observed in various Mott insulators and charge transfer insulators. The transition is driven by correlation effects associated with the electron-electron interaction, and therefore have been attracting much attention. Photoexcitation is another effective method of producing carriers in these materials, and the photoinduced Mott transition has been experimentally observed in a Halogen-bridged Nickel-Chain compound. [1] The optical control of conductivity has the decisive advantage over the conventional impurity doping because carrier density can be easily and rapidly controlled by laser, and provides us with a new possibility for optoelectronic devices using these materials. Furthermore, the dynamics of phase transition can be observed only in the photoinduced cases.

Considering these points, we theoretically investigate the photoinduced Mott transition in strongly correlated low-dimensional electron systems. We consider the Hubbard model coupled with a classical light field. The ground state is excited by a laser pulse, and the time evolution of the photoexcited state is exactly calculated by a numerical method. We investigate the physical properties of the photoexcited state by analyzing the charge and spin correlation functions, and the current induced by a weak static electric field.

In the one-dimensional (1D) case, the following results are obtained. When the laser pulse intensity is weak, the antiferromagnetic (AF) spin order and also the Mott gap are not destroyed by photoexcitation. When the intensity is strong enough, the AF spin order is destroyed by photoexcitation.  Furthermore, quite large optical weights are observed below the gap energy and the metallic behavior is observed in the photoexcited state. The photogeneration of the metallic state is quite fast. These results are consistent with the experiment mentioned above.

In the two-dimensional (2D) case, the spectrum of the current induced by the weak static electric field weakly depends on the laser pulse intensity, and the photoinduced Mott transition does not occur. The essential difference in the induced current between 1D and 2D cases originates from different spin-charge coupling effects between these two cases.
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