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 Heat from absorbed light to electron system
e Ultra-small heat capacity

=> Large increase in electron temperature!
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% Photoexcited graphene

e Heating dynamics depend on Fermi energy?

e Mechanism of modified “hot” conductivity?

o Efficiency of heating?
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Optical pump - terahertz probe
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Optical pump - terahertz probe
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See also:

Nano Lett. 14, 1578 (2014)

Nano Lett. 14, 5839 (2014)

Phys. Rev. Lett. 113, 056602 (2014)

Sci. Adv. 4, eaar5313 (2018)



Heating dynamics
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Heating dynamics
Doped graphene (Ef = 0.4 eV)
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Heating dynamics
Doped graphene (Ef = 0.4 eV)
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Heating dynamics
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Undoped graphene (Er = 0.05 eV)
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Heating dynamics

0 20 40 . . .
DC Conductivity o, (€7/h) Increase in number of Conduction Band carriers

Undoped graphene (Er = 0.05 eV)
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Heating dynamics
Doped graphene (Ef = 0.4 eV)
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Photoexcited “hot” conductivity
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Only purely electronic effects taken into account:

Long-range Coulomb impurity scattering
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Photoexcited “hot” conductivity
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Undoped graphene (Er = 0.05 eV)

Increased “hot” conductivity mainly due to additional carriers

Sci. Adv. 4, eaar5313 (2018)



Photoexcited “hot” conductivity
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Undoped graphene (Er = 0.05 eV)
Increased “hot” conductivity mainly due to additional carriers
Doped graphene (Ef = 0.4 eV)

Decreased “hot” conductivity mainly due to decreased screening
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Efficient heating?
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Temperature (K)
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Efficient heating?

n,. = 0.5x10%/cm’

n_=0.17 x10"/cm’
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Temperature (K)
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Highly efficient flow of energy from photons to electron system!
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Temperature (K)
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Interband heating
Carrier multiplication

Efficient heating?

n, = 0.5 x10%/cm®

£
O
=
""""" >
oy
()
-
L]
0.3 0.4
e 2
O
%3 Intraband hec
S |
QO —
"0 20 40

DC Conductivity o, (€’/h)

—

o

n_=0.17 x10"/cm’

Nye = Nyo, (10%/cm’)

Sci. Adv. 4, eaar5313 (2018)



Efficient heating?

_ See also

Theory: Nano Lett. 10, 4839 (2010)
Experiment: Nano Lett. 14, 5371 (2014)

Possible: carrier multiplication
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Efficient heating?

Possible: carrier multiplication

See also
Theory: Nat. Phys. 9, 248 (2013)
Experiment: Science Adv. 2, 160002 (2016)

Possible: hot-carrier multiplication
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Efficient heating?
Undoped graphene (Er = 0.05 eV)

Possible: carrier multiplication

Doped graphene (Ef = 0.4 eV)

Possible: hot-carrier multiplication

CM and hot-CM are the result of efficient heating!

Sci. Adv. 4, eaar5313 (2018)



Summary

Doped graphene (Er = 0.4 eV) Undoped graphene (Er = 0.05 eV)
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Hot-carrier multiplication possible Carrier multiplication possible
Decreased conductivity mainly due to reduced Increased conductivity mainly due to
screening additional CB carriers
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THz harmonics via carrier heating!



THz harmonics via carrier heating!
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THz harmonics via carrier heating!
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See: Poster 127

"Efficient Terahertz High Harmonic Generation in Single-Layer Graphene”
Presenter: Sergey Kovalev (Helmholtz Zentrum Dresden Rossendorf, Germany)




Summary

Doped graphene (Er = 0.4 eV) Undoped graphene (Er = 0.05 eV)
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