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Spin/Valley Dynamics of Resident Electrons and Holes in Gated Monolayer WSe2
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Introduction
[image: image2.jpg]Monolayer transition-metal dichalcogenides (TMDs) such as MoS2, MoSe2, WS2 and WSe2 represent an excellent test bed to explore the spin and valley dynamics of electrons, holes, and excitons. Although excitons and charged excitons (trions) are known to exhibit rather short recombination lifetimes of the order of 10 picoseconds, it was recently demonstrated by optical Kerr-rotation spectroscopy that resident electrons in electron-doped MoS2 and WS2 monolayers exhibit surprisingly long nanosecond-timescale spin lifetimes and spin coherence [1,2]. These developments have opened up a new route to investigate the dynamics of resident carriers (both electrons and holes) in 2D semiconductors. 
Experiment & Results
Here we extend these measurements to single exfoliated flakes of monolayer WSe2 that are electrostatically gated to tune the carrier density. Reflectivity (Figs. a-b) and photoluminescence (Figs. c-d) measurements have been employed to identify the corresponding wavelengths of exciton (X0) and trion (X±) in the electron and hole doped regimes. Multiple continuous wave (CW) Kerr spectra as a function of probe wavelength with different applied transverse magnetic fields are obtained from both electron and hole doped regimes (Figs. e-f). A clear Kerr resonance centered at the trion wavelength (obtained from reflectivity) appeared. Importantly the Kerr signal is strongly dependent on the applied transverse field. This is consistent with the previous report [1] and indicates a novel mechanism of itinerant electron spin dephasing in a rapidly fluctuating internal spin orbit field, driven by fast inter-valley scattering. In contrast the hole doped regime exhibits no dependence on the applied transverse magnetic field. This is possibly because the transverse magnetic field can’t dephase the hole spins because of huge spin orbit coupling in the valence band. Time resolved Kerr (TRKR) measurements (not shown) are also consistent with the CW Kerr results. Long lived spin/valley lifetimes of the resident electron and holes are obtained from the TRKR measurements.
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