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Gate Dependent Valley Zeeman Effect in Monolayer MoSe2
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Introduction
	Atomically thin group-VIB transition metal dichalcogenides (TMDs) have recently attracted vast interest as a new class of gapped semiconductors. When TMDs are thinned down from bulk to monolayers, a striking change in their electronic structure is the crossover from indirect to a direct band gap at the degenerate but inequivalent K and –K valleys at the corners of the hexagonal Brillouin zone [1]. Since the valleys are linked by time-reversal symmetry, the magnetic moments of the corresponding valley states are of the same magnitude, but have opposite signs. This enables selective control of K+ (K-) excitons with right (left) CP light, while a perpendicular magnetic field offers a possibility of lifting the valley degeneracy. Previously, we studied this valley Zeeman effect at relatively low doping levels [2]. However, a systematic study of valley splitting in a broad range of carrier densities is still missing. 

Experimental
[image: ]	MoSe2 monolayers, encapsulated by h-BN, were prepared by mechanical exfoliation of bulk crystals on SiO2/Si substrates. Ti/Au contacts were fabricated using electron beam lithography. The micro-PL measurements were performed by using a fiber based set-up and a 532nm continuous-wave laser. The excitation laser light was focused to a spot size of 3μm on the sample, with a power of ∼10μW. The PL signal was selected by a circular polarizer, which contains a broadband quarter-wave plate and a linear polarizer. The measurements were carried out at 5K under magnetic fields in the range of ±31T. Fig.1a Valley Zeeman effect of neutral (X0) and negatively charged (X-) excitons at T= 5K. Fig.1b Valley splitting of X0 and X- as a function of the gate voltage.


Results and Discussion
[bookmark: _GoBack]	The PL spectrum of MoSe2/hBN features two peaks corresponding to the emission from neutral (X0) and negatively charged (X-) excitons. A perpendicular magnetic field (Faraday geometry) induces linear (Zeeman) shift in PL energy of both X0 and X-. The magnitude of valley splitting measured at low doping level is about 0.23meV/T≈4μB/T, which is consistent with previous observations [2]. As the carrier density increases, the valley splitting of X0 does not change, while that of X- increases to 5.5μB/T. At very high gate voltage, the X- splitting suddenly drops to zero. These results may indicate that we are tuning the Fermi level across the first and second conduction bands..

Conclusions
	Polarization resolved magneto-PL spectroscopy on h-BN encapsulated MoSe2 monolayers was successfully performed at temperature of 5K and magnetic fields up to 31T. The valley splitting of X- shows a strong dependence of doping level, while gate voltage does not affect the valley splitting of X0. Further measurements may be needed using higher quality samples.
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