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Abstract

In recent years, there has been much interest in two-dimensional Dirac materials such
as graphene, transition metal dichalcogenides, and few-layer black phosphorus. In this
talk, first we discuss optical [1] and transport [2] properties of few-layer black
phosphorus in each phase (a gapped insulator phase, gapless semi-Dirac transition
point, or gapless Dirac semimetal phase depending on the sign of the band gap) and
present the characteristic frequency and density dependence of the conductivity. Next,
we discuss the condensation of polaritons (emergent bosons from the hybridizations of
cavity photons and excitons) in transition metal dichalcogenides and demonstrate that
symmetry breaking or topological phase transitions can occur due to the competition

between the electron-photon coupling and the electron-electron interaction [3].
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