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Transition metal dichalcogenide monolayers 

such as MoSe2 are strictly two-dimensional 

direct band-gap semiconductors with a 

graphene-like honeycomb lattice structure 

leading to an emergent valley pseudospin 

degree of freedom [1]. Even though 

understanding the limits of controllability of 

the valley pseudospin degree of freedom is 

of central interest for applications, progress 

to date has been hindered by the difficulty 

in obtaining a high-degree of valley 

polarization of electrons or holes [2]. In this 

work, we use optical spectroscopy to 

demonstrate that application of moderate 

magnetic fields lead to near-complete 

valley polarization of electrons with densities 

as high as 1.6x1012 cm-2. This unexpected 

behavior is a direct consequence of super 

paramagnetic (or valleytronic) response of 

conduction band electrons. Our 

experiments pave the way for experiments 

exploiting the valley degree of freedom of 

charged carriers. 
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Figure 1: Photoluminescence; sigma plus 

detection 

 

 
 

 

 

Figure 2: Photoluminescence; sigma minus 

detection 

 

 


