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Ultrafast Dynamics of Excited Carriers

hot electron Two ultrafast (<1ps) mechanisms for hot carriers to lose energy

CB Electron — phonon scattering Electron — electron scattering
“Impact ionization” & Auger processes
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Understand excited (“hot”) carriers in materials:

* Energy distribution vs. time S g gk mk+q
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DFT + Wannier electron-phonon approach Ab initio GW method

* Transport and mean free paths

Relaxation time of 1 —
Codes: Quantum ESPRESSO, BerkeleyGW, EPW. We used in-house modified versions carrier in state n,k (T“k ) Im( Lk )EI‘Ph + Im( Lk )31'51

Hot Carriers in Silicon Solar Cells

Hot electron thermalization near the

Hot Electrons in GaAs

Compute ~50 trillion el-ph matrix elements Where did the “old” (semiempirical) calculations go wrong?

Hot carrier relaxation time Hot carrier mean free path conduction band minimum (CBM) No adjus;able parameters in the calculation
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Carrier Transport from First Principles

Electron-phonon (el-ph) scattering controls the resistivity of metals at room temperature
Using importance sampling, we map the el-ph relaxation times (RT) on the Fermi surface

Generation and relaxation of hot carriers
from surface plasmons in noble metals
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Energy and momentum conserving transitions induced by surface plasmon polaritons
(SPPs) generate hot carriers with a distribution of energies (in a probabilistic sense) . o
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Results for Au, Ag and Cu show similar trends

Hot carrier population distribution (arb. units) vs. Energy
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