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Introduction 

Three-dimensional topological insulator (TI) has unique feature, the coexistence of the insulating bulk and conducting surface state. Especially, the band structure of the surface state shows gapless dispersion in other words it hosts massless Dirac Fermion. Several years ago, it was predicted that it is possible to open up the gap at the Dirac point by shining circularly polarized light with energy less than bulk band gap of the 3D Tis onto the surface of the 3D TIs[1]. And recently, opening of the gap on the surface state (SS) of Bi2Se3 3D TI has been confirmed using time resolved ARPES experiment [2]. This gap opening is a out-of-equilibrium state and when the state is coupled to the cold electrodes it should show constant conductance [3]. Transport properties of the laser driven out-of-equilibrium SS of the 3D Tis has not been experimentally demonstrated and need to be studied more to have better understanding of this transient state.  
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IR photoconductivity measurement set-up is being prepared for studying non-equilibrium light induced states. A brief schematic of the set-up is shown in Figure 1. The blue box in the figure is a tunable MIR quantum cascade laser which is used to drive the out-of-equilibrium quantum state on the surface of the TI. A visible HeNe laser is to guide the IR laser beam to the sample. Combining the IR and visible beams makes possible to focus the IR beam onto small size samples. The reflected IR light travels back along the laser excitation path and is redirected to the IR camera by the beam splitter. IR imaging is critically important because the IR beam has to be focused on the sample area. The right panel in Figure 1 illustrates this optical set-up coupled to the SCM 3 magnet. The sample is kept at 4K to observe the constant Hall conductance and gap opening at the Dirac point.     
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Figure 1. The schematics of IR photoconductivity measurement set-up.












