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Non-radiative exciton relaxation processes are critical for energy transduction efficiencies in optoelectronic materials. These processes are strongly coupled to the underlying crystal structure
and its associated electron, exciton, and phonon band structures. At early stages after photoexcitation, thermalization— and in particular, the occupation of long-lived, optically dark states,
determines the efficiency of photon energy transfer and functionality in energy conversion materials. Here, we present a first-principles approach to explore exciton relaxation pathways in
pentacene, a paradigmatic molecular crystal and optoelectronic semiconductor. We compute the momentum- and band-resolved exciton-phonon interactions and use them to analyze key
scattering channels. We find that exciton intraband transitions and dark-state occupation have similar timescales. We further show how the nature of real-time propagation of the exciton
wavepacket is connected with the longitudinal- transverse exciton splitting, stemming from crystal anisotropy, and concomitant coupling of the anisotropic exciton and phonon dispersions.

Our results provide a framework for understanding time-resolved exciton propagation and energy transfer in molecular crystals and beyond.
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A quasi-particle picture is calculated via the GW
approximation within many-body perturbation theory
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The excitonic picture is calculated from the Bethe-Salpeter equation, with finite Q:
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