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Hot Carrier Relaxation in Graphene

SupercollisionsSupercollisions

Resonant coolingResonant cooling
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Quantum-classical simulations
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Linear scaling quantum transport methodologies

• Chebyshev polynomial expansion of spectral functions

• Spectral functions of interest

Fan, Z., et al. Physics Reports, 903, 1-69 (2021). Ordejón, P. Computational materials science, 12(3), 157-191 (1998).



Non-perturbative phonon absorption in graphene
• Optical phonon absorption in graphene

Avouris, P., Heinz, T. F., & Low, T. (Eds.). Cambridge University Press (2017).
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Molecular dynamics and quantum forces

• 1D chain, metal-insulator transition & electronic feedback
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Molecular dynamics and quantum forces



Metal-Insulator instability



Final Considerations

▪ By evaluating the time evolution of the electronic 
density, we can capture phonon absorption 
processes while maintaining the Fermi-Dirac 
statistics.

▪ By computing the quantum forces, we can include 
the electronic influence in the dynamics of the 
classical MD ions.
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Energy Relaxation
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▪ Phenomenological approach



Energy Relaxation
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▪ Phenomenological approach with MV operations
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