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Van der Waals crystals of two-dimensional semiconducting transition metal 

dichalcogenides have evolved as an increasingly significant material platform in condensed 

matter research. With access to a variety of single-crystal monolayers, a wide range of van der 

Waals heterostructures can be assembled into rationally designed vertical stacks with 

emergent flat bands of correlated electrons and tailored optical properties of strongly bound 

excitons. In my talk, I will discuss our recent insight into the roles of layer constituents, 

atomic registry and twist angle for the formation of excitons with distinct spin-valley degrees 

of freedom and layer character. In particular, I will highlight the effect of charge carrier 

doping on moiré excitons in MoSe2-WS2 heterobilayers with canonical moiré superlattices 

[1] and present contrasting phenomena in MoSe2-WSe2 heterostacks subject to mesoscopic 

reconstruction [2,3]. 
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