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A continuous development was pursued for a variety of pump-probe
photoemission spectroscopic method and methodologies: (1) By revealing the band structures in the
unoccupied side, a variety of topological states of matter (topological insulators, Tls, and Weyl
semimetals) was identified. (2) Owing to the surface sensitivity of the method, we discovered the
emergence of surface photovoltage on a series of bulk-insulating TIs, by which optical generation of

spin-polarized surface current may become possible. (3) A new mechanism was proposed for the
cuprate superconductivity after investigating the ultrafast responses of the electronic structures
of Bi2212. 4. Ultrafast carrier dynamics of Dirac electrons were investigated, and the applicability
of some models as well as the realization of an inverted population were discussed.
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