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ABSTRACT:

Calculatiens ef charge transpert and ultrafast dynamics have relied en heuristic appreaches fer the past several decades.
Recent pregress in cembining density functienal theery and related metheds with kinetic equatiens, such as the Beltzmann
transpert equatien (BTE), are enabling spectacular advances in cemputing carrier dynamics in materials frem first
principles. A special rele is played by the interaction between charge carriers and lattice vibratiens, alse knewn as the
electren-phenen (e-ph) interactien, which deminates carrier dynamics at reem temperature and fer carrier energies
within a few eV eof the band edges.

We will discuss eur recently develeped metheds te cempute and interpelate e-ph scattering precesses en ultra-fine
Brilleuin zene grids, and then shew hew these develepments enable new cemputatiens ef charge transpert and ultrafast
dynamics, including:

1) Accurate calculatiens ef the carrier mebility in pelar semicenducters [1] and exides, including new metheds te treat
cemplex materials with structural phase transitiens (e.g., perevskites) and new insight inte charge transpert in erganic
melecules.

2) 'The ultrafast dynamics and detailed scattering mechanisms ef excited (se-called “het”) carriers. We will discuss the
applicatien ef this framewerk te selar energy cenversien, the interpretation of ultrafast spectrescepy results, and epen
preblems in gallium nitride light emissien technelegies. A new parallel algerithm te prepagate in time the BTE [2] will be
intreduced.

[1] J.-J. Zhou and M. Bernardi Phys. Rev. B (Rapid Commun.) 94, 201201 (2016).
I BIO: I (2] V. Jhalani, J.-J. Zhou and M. Bernardi Nano Letters 17, 5012 (2017).
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