Excitonic light emission in twisted bilayer materials: from moiré quasi-particles to quantum
dots

The advent of graphene, a stable monolayer crystal of carbon atoms, in 2004 stimulated the search
for novel materials that can be either artificially grown or peeled from their bulk form. Notably,
transition metal dichalcogenides (TMDs) are demonstrated to be direct gap semiconductors that are
stable in monolayer form. Such atomically thin semiconductors brought high hopes regarding their
eventual technological application in light emitting devices, that would thus compose ultimately
miniaturized electronic systems. However, actual applications would require deep understanding and
control of electrons, holes (electronic vacancies) and excitons (electron-hole pairs) in TMDs. Lately,
the ability of stacking and twisting bilayers of TMDs have drawn a great deal of attention from the
scientific community. The moiré pattern formed by the twisted superimposed atomic lattices leads to
a periodic in-plane effective potential that can confine electrons, holes, and/or excitons. In this project,
we will develop a continuum model for interacting electrons and holes in twisted TMD bilayers in
the presence of a moiré¢ potential. By numerically solving Schrodinger equation within the effective
mass model, our calculations of electron-hole overlaps, binding energies, and spatial distributions
will cover a variety of combinations between different TMDs, twist angles, applied fields, and
dielectric environments. Our study will provide strategies for future experiments that require strongly
bound excitons deeply confined at each moiré potential puddle, in resemblance to quantum dots, in-
plane separated electron-hole pairs, or even electrons and holes moving freely across the in-plane
periodic potential in the form of moiré quasi-particles.



