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Optical Hanle-Kerr Studies of Spin Polarization in Monolayer MoSe2
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The recently-discovered atomically thin crystals of the transition-metal dichalcogenides (TMDs) MoS2, MoSe2, WS2, and WSe2 are analogous to graphene in that they are 2D materials with hexagonal honeycomb structure (Fig. 1), but with an extremely important difference: unlike graphene, TMDs possess a semiconductor bandgap. With a view toward exploiting both spin and valley degrees of freedom in these new 2D materials, early studies focused on the photoluminescence (PL) properties and fast picosecond dynamics of valley-polarized excitons. More recent experiments, typically based on time- and polarization-resolved optical absorption or Faraday/Kerr effects, have begun to explore the intrinsic spin and valley dynamics of the background carriers (electrons or holes) that reside in n-type or p-type material.
Experiments & Results
Here we directly measure the coupled spin–valley dynamics in electron-doped MoSe2 using both c.w. and time-resolved optical Kerr rotation (KR) spectroscopy. In contrast to PL studies, these techniques directly probe the spin and valley polarizations of electrons alone (rather than excitons), which can persist long after recombination with photoexcited holes. 
Figure 2a demonstrates optically induced polarization in monolayer MoSe2 using c.w. pump and probe lasers. The probe wavelength (780 nm) was chosen to address only the A exciton. Surprisingly, this polarization signal is sharply reduced by very small transverse fields By. The narrow and nearly Lorentzian-shaped dependence of the measured KR on By (only ~5mT half-width) and the long-lived ~3ns spin polarization revealed by time-resolved measurements (not shown) are consistent with the recent studies in monolayer MoS2 and WS2 [1]. By contrast, the PL polarization, which probes primarily short-lived excitons, is unchanged over this field range (not shown), in agreement with earlier studies.
We confirm that these Kerr signals originate from MoSe2 by showing their spectral dependence. Figure 2b shows the MoSe2 reflectivity, below which are the peak Hanle-Kerr signals at By=0. KR shows a strong resonance at the A exciton. 
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Fig.1 2D hexagonal lattice of monolayer TMDs.





Fig.2 a. Optically induced KR versus applied magnetic field By from monolayer MoSe2 at 5 K. b. Spectral dependence of the KR signals in monolayer MoSe2. The upper (black) trace shows the normalized reflectance spectrum R/R0.









