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and in accumulation layer:
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- Electron-phonon scattering for highly excited electrons

- Highly excited electron relaxation in Si

- Photoexcited electron relaxation in InSe



RELAXATION DYNAMICS OF HIGHLY EXCITED ELECTRONS

Excess energy:
higher than second
or even third valley minimum

Electron energy (eV)
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Main scattering mecanism: intervalley electron-phonon scattering

Sjakste, Tanimura, Barbarino, Perfetti, Vast, J. Phys: Cond. Mat. 30, 3563001 (2018). 4
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« Short » time: wavepacket spreads over BZ;
« isomerization »: total scattering rate,
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CALCULATIONS: DFPT+Wannier

Reciprocal space
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Outline

- Electron-phonon scattering for highly excited electrons
» . Highly excited electron relaxation in Si

- Photoexcited electron relaxation in InSe
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HIGHLY EXCITED ELECTRONS IN SILICON: 2PPE
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HIGHLY EXCITED ELECTRONS IN SILICON: INTERPRETATION PROBLEM

Previous work: conflict theory/experiment:
Measured relaxation times 10 times longer than calculated ones

Ichibayashi et al, Phys. Rev. B 84, 235210 (2011).
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MAIN CHANNELS: IMPORTANT FOR MONTE CARLO

Total scattering rate:
acoustical phonons are dominant (at 300K)

EPW code, EPIK code: identical results

Also: Bernardi at al, PRL (2014)
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MAIN CHANNELS: IMPORTANT FOR MONTE CARLO ,

Raja Sen
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Outline

- Electron-phonon scattering: general picture

- Electron-phonon scattering for highly excited electrons

- Highly excited electron relaxation in Si

‘ - Photoexcited electron relaxation in InSe



Photoexcited electron relaxation in InSe
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InSe: energy relaxation in " valley

Excess energy below 0.7eV
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InSe: energy relaxation in I" valley
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Photoexcited electrons and 2D gas
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A Delyy — Relaxation dynamics of photoexcited electrons
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Calculation: screened Frohlich interaction

; 30 a 1 1 ]
E 1 1L0
T : = 3D model:
§ 20 7 4 2
L ] - ame ’ -
e i 1 977 (@] = s >N %ZA'MGA(Q)/ V/2Mswq
S 10F i = & Vogl, PRB 13 (1976).
S | "
o ; - 3D - ( 304\ 2
& I‘—r_;sﬁ_-:—a—___—_j -
- —— SCreening: ik = cun(1+ £50)
’;\E ] s E DEPT | Thomas-Fermi
o -- E' Model : C
~ 40| 9%+ (@) = 57—
L. Eerr +TerrlQpl
s | 2D model:
e _ 2mé? gy o, ’
=1 Cz2=g " Z; qp] X2 {2/ v2Msq
S _ ;
£ [ - j Sohier, Calandra, Mauri, PRB 94 (2016)
e 0 tomsmmpmmomm .oy e o sy o
a 0 0.05 0.1 2D screening: Stern, PRL 18, 546 (1967)

¢ -1
Wavevector (A ) ”



Cooling Rate (eV/ps)

Energy transfer in doped InSe
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Conclusion

Dynamics of relaxation of highly excited (or « hot »? ) electrons in Si and in InSe

» The concept of hot electron ensemble allowed us to interpret
the relaxation times of highly excited electrons in silicon.

» In Si, energy loss rate is determined by the DOS of the final
electronic states. Negligible temperature dependence.

In InSe, at excess energies below 0.7 eV, energy loss rate is
determined by Fréohlich coupling.

Doped InSe: ® screening of polar coupling
»
# remote coupling to 3D phonons
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