Py EXCELENCIA
® SEVERO
C Twol ) OCHOA

Institut Catala
de Nanociéncia
i Nanotecnologia

Hot electron dynamics in graphene -a linear-scaling
atomistic approach

Luis M. Canonico A.
Theoretical and Computational Nanoscience Group

ICN2

luis.canonico@icn2.cat




Graphene, novel devices and sensing technologies

Carrier densitv Control Ferrari, A. C. Nature Photonics, 15(7), 488-490 (2021).

Optical modulators

*lm‘:\:l\\

Transmitting laser Modulator Optical link Detector

Romagnoli, M., et al., Nature Reviews Materials,
3(10), 392-414 (2018)

Thz sensors

S

Photoresponse [a.u.]

Castilla, S.,et al. Nano letters, 19(5),
2765-2773(2019).

Chen, Y., et al. Science advances, 5(11),
eaax9958 (2019).



Hot Carrier Relaxation in Graphene
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‘ Quantum-classical simulations
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Linear scaling quantum transport methodologies

. Chebyshev polynomial expansion of spectral functions
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‘ Non-perturbative phonon absorption in graphene

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

. Optical phonon absorption in graphene
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‘ Non-perturbative phonon absorption in graphene

. Optical Phonon absorption in graphene

u=0.5eV

Bipp, = - -

wPp R

u=—0.>5eV

o

SE—

|

— t=0
— t=ty

Energy (eV

1
Energy (eV)




‘ Molecular dynamics and quantum forces

. 1D chain, metal-insulator transition & electronic feec]lrb?l%k
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‘ Molecular dynamics and quantum forces
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‘ Molecular dynamics and quantum forces
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‘ Metal-Insulator instability
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Final Considerations

= By computing the quantum forces, we can include
the electronic influence in the dynamics of the
classical MD ions.

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

= Phenomenological approach
(
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‘ Energy Relaxation

= Phenomenological approach with MV operations
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