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Abstract
The Bloch bands in many crystals have a degenerate set of energy extrema in momentum space known as
valleys. For band-edge carriers, the valley index becomes a discrete degree of freedom in addition to spin, which
can be utilized as information carrier. In atomically thin transition metal dichalcogenides, a newly emerged class
of semiconductors in the 2D limit, I will show that electrons and holes have a time-reversal pair of valleys that
are associated with varieties of novel phenomena. These include the valley optical transition selection rules,
valley Hall effects, and valley magnetic moment, which are analog of the spin phenomena in conventional
semiconductors. Moreover, the generic nature of valley as a momentum space index further enables valley
phenomena that spin can not have. On the latter, I will give several examples: (1) the nonlinear valley and spin
currents arising from Fermi pocket anisotropy; (2) valley and spin pump by intervalley scattering at nonmagnetic disorders; (3) anomalous light coupling properties of interlayer excitons in the Moire pattern of
heterobilayers. These unique control possibilities of valley pseudospin, together with its spin-like properties,
suggest that the utilization of valley pseudospin may lead to versatile electronics and optoelectronics.
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