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My purpose II:

Electronic cooling life time
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Ultrafast Spectroscopy
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Ultrafast Spectroscopy

The excite pulse changes the sample
absorption seen by the probe pulse.

Slow
detector

Change in probe
pulse energy

Delay

Di Xiao, et al , Phys. Rev. Lett. 108,196802 (2012)



Ultrafast Spectroscopy




Ultrafast Spectroscopy

Thermalization of the hot electron
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Electron-phonon interactions

Heat transfer rate
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3D metals, F. wellstood, et al, PRB 49, 5942 (1994)

Discorded thin film., Sergeev and Mitin , PRB 61, 6041 (2000)
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Electron-phonon interactions: graphene

5 =4 2D graphene, kubakadda, PRB 79, 075417 (2009)
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Electron-phonon interactions: Graphene

Classical Boltzmann equation
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Electron-phonon interactions: Graphene

Electron-phonon Hamiltonian:
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Electron-phonon interactions: Graphene
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Electron-phonon interactions: Graphene

Limit of the low temperature
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Electron-phonon interactions: Graphene

For high temperature regiem
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Electron-phonon interactions: Exp results
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Electron-impurity interactions: supercollision
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Electron-impurity interactions: Evidences!
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Electron-electron interactions
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Electron-electron interactions

Semiclassical Boltzmann equation
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Electron-electron interactions
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Electron-electron interactions: Delay time
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Electron-electron interactions: interlayer
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Electron-electron interactions: Interlayer

Cooling power rate transferred between layers

QEE h - — 50 [
12 :ﬁf wdm/dq|ﬂLD,HD|E[”E(TLD]_HE{THDH

x Imyrp(q.w,Tp)Imypgp(q,w, Typ)

Wang and Lima, Phys. Rev. B 63, 205312 (2001)
Flensberg and Hu, Phys. Rev. B 52, 14795 (1995) 27



Electron-electron interactions
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Electron specific heat and spin susceptibility at
low temperature
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3. Conclusion

Outlook
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Epitaxial graphene on C-terminated SiC

Hass, et al Phys. Rev. Lett 100, 125504 (2008)



Epitaxial MLG on C-face SIC
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Electron-electron interactions: Two-layers
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Electron-electron interactions: two layers
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Electron-electron interactions: Interlayer
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Cooling lifetime in MEG
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Power rate in MEG
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Cooling In multilayer: approximation
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T(t) In MEG
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T(t) In

MEG
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Cooling lifetime in MEG
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Conclusions

Electron cooling mechanisms: e-ph, e-imp and e-e interactions
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Epitaxila graphene: C-face multilayer graphene on SiC substrate
electronic cooling times ranging from a few to hundreds of picoseconds that strongly
depend on the lattice temperature and the number of epitaxial graphene layers

Developed a theory of hot-carrier equilibration based on
interlayer energy transfer via screened Coulomb interactions

Energy transfer between the LD layers is much stronger than between LD and HD
layers

The theoretically calculated thermal equilibration times are free of any fitting
parameters, compare closely with the experimental relaxation times



Thanks for your attention




