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Monolayer and heterobilayer transition metal dichalcogenides (TMDCs) are of particular
interest for tuning materials properties and studying emergent physical phenomena due to
their enhanced excitonic effects, spin-valley polarization, and anisofropic thermal
conductivities. Here, we study thermal transport in TMDC heterostructures and monolayers
using Ultrafast Electron Diffraction (UED), Raman spectroscopy, and Time-Domain
Thermoreflectance (TDTR). Using UED, we studied the photoexcited phonon dynamics and
interfacialthermal fransport propertiesin MoS2/WS2 and WSez/MoSe: twisted heterobilayers
and their dependence on twist angle. We identified an interlayer heat transfer channel with
a characteristic timescale of ~20 picoseconds, about one order of magnitude faster than
molecular dynamics simulations assuming initial intralayer thermalization. Atomistic
calculationsinvolving phonon-phonon scattering suggest that this process originates from the
nonthermal phonon population following the initial interlayer charge transfer and scattering
[1]. We use Raman and TDTR to measure the thermal conductivity of strained monolayer
TMDCs and identify new methods to tune thermal transport in these materials. This work
revealsthe nature of heat transportin TMDC monolayers and heterostructures and will aid in
the thermal management of their device applications in the future.
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Figure 1: (a) UED visualizes lattice dynamics in TMDC heterobilayers (b) The rate of heat fransfer between
layers is identified at different twist-angles (c) First-Principles calculations reveal phonon scafttering
channel driving heat fransfer.
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