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In monolayers of semiconducting transition metal dichalcogenides (S-TMDs), the light 

helicity (σ
±
) is coupled to the valley degree of freedom (±K), leading to the possibility of 

optical initialization of distinct valley populations [1]. Unfortunately, an extremely rapid 

valley pseudospin relaxation (at the time scale of picoseconds) occurring for optically bright 

(electric-dipole active) excitons [2] imposes severe limitations on the development of opto-

valleytronics. The character of the ground exciton states in S-TMDs monolayers can be, 

however, very different, depending on the actual order of spin-orbit split bands in the 

conduction band. Whereas the ground state of the exciton appears to be optically active in 

monolayers of molybdenum dichalcogenides, in tungsten dichalcogenides (such as WSe2) it 

is, to the first approximation, electric-dipole forbidden (optically dark).  

Here we show that the inter-valley scattering is suppressed by two orders of magnitude 

for the dark excitons in a WSe2 monolayer as compared to previously studied bright excitons. 

Moreover, we demonstrate that this inter-valley scattering can be completely switched off by a 

tiny magnetic field < 100 mT [3]. These findings are evidenced by our optical orientation 

experiments. The photoluminescence (PL) spectra measured under circularly-polarized 

excitation (Fig. 1) clearly demonstrate the effect of the enhancement of the PL polarization 

upon application of the magnetic field in the Faraday geometry, which appears in the low 

energy range corresponding to the localized excitons (LEs). Crucially, the critical field 

B0  20 mT needed to enhance the polarization is found to be the same for all LEs evidencing 

their common origin. Based on the long valley pseudospin depolarization time deduced from 

the small value of B0 we conclude that the effect occurs at the intermediate state being the 

dark ground state of the neutral exciton. Such an attribution explains the low efficiency of the 

pseudospin relaxation, since dark excitons in S-TMDs monolayers are rather weakly affected 

by depolarization effects arising due to the electron-hole exchange interaction [2]. Our 

interpretation is finally confirmed by the time-resolved experiments, which reveal the 

pseudospin dynamics to be a two-step relaxation process. An initial decay of the pseudospin 

occurs at the level of dark excitons on a time scale of 100 ps, which is tunable with a 

magnetic field. This decay is followed by even longer decay (> 1 ns), once the dark excitons 

form the LEs allowing for their radiative recombination. Our findings of slow valley 

pseudospin relaxation easily manipulated by the magnetic field open new prospects for 

engineering the dynamics of 

the valley pseudospin in 

monolayers of S-TMDs.  
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Fig 1. (a) PL spectra of the WSe2 monolayer detected in opposite 

circular polarizations under σ

 polarized excitation (at two values 

of the magnetic field, as indicated). (b) The circular polarization 

degree of the LEs emission as a function of the magnetic field. 


