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The impulsive optical excitation of carriers in graphene creates
an nonequilibrium distribution, which thermalizes on an ultrafast
timescale. The hot Fermi-Dirac distribution subsequently cools via
phonon emission within few hundreds of femtoseconds. We investi-
gated the initial stages of the thermalization process that are domi-
nated by electron-electron scattering events. By comparing the two-
color pump-probe experimental data with different models, that solve
the quantum Boltzmann equation by implementing three different
screening methods, we can visualize the importance of Auger recombi-
nation processes, such as carrier multiplication, in the ultrafast relax-
ation of the electronic distribution along the Dirac cone in graphene.
Recent theoretical and experimental work also emphasizes the role of
the polarization state of the light pulses used for the excitation. When
carriers are excited with linearly polarized light, the resulting occupa-
tion in momentum space is not isotropic due to the pseudospin selection
rules. To observe this anisotropy we compare the transient absorption
signal arising for probe pulses with polarizations parallel and perpen-
dicular to the pump pulse. We identify electron-phonon scattering as
main driving mechanism of isotropization of the electronic distribution
across the Dirac cone since it occurs in approximately 100 fs.
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Noncollinear Coulomb scattering in graphene — eJaAcoB
C. Konig-Otrol2, MARTIN MITTENDORFF3, TORBEN WINZER?,
ErRMIN MaLic®, ANDREas KNORR?, ALExEJ Pasukin!, HARALD
ScuNEIDER!, MaNnrreEpD HeLmb2, and STeEpHAN WINNERL! —
Helmholtz-Zentrum Dresden-Rossendorf, Germany — 2Technische
Universitit Dresden, Germany — 3University of Maryland, USA —
4Technische Universitét Berlin, Germany — ®Chalmers University of
Technology, Sweden
Utilizing the anisotropy of the optical excitation in graphene, we reveal

the twofold nature of Coulomb scattering in graphene. The initial non-
equilibrium charge carrier distribution in graphene created by linearly
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polarized light possesses a pronounced anisotropy, which has been ob-
served in our recent experiment [1]. In the present study we perform
polarization-dependent pump-probe measurements using a photon en-
ergy of 88 meV to suppress efficiently the optical phonon scattering. In
this case the relaxation dynamics leading to an isotropic distribution is
dominated by noncollinear Coulomb scattering. By varying the pump
fluence over a range of several orders of magnitudes we are able to
successfully control the efficiency of this process. This reveals a sur-
prising twofold nature of Coulomb scattering in graphene: Whereas
collinear Coulomb scattering is known to be a very fast process on the
fs timescale, noncollinear scattering is remarkably slow, resulting in a
thermalization time of several ps in our experiment. Our experimental
findings are complemented by the results of microscopic modelling.
[1] M. Mittendorff et al., Nano Lett. 14, 1504 (2014).
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Gate-Voltage Dependency of Forster Transfer in Graphene
- Quantum Dot Photo Detection — eLORENZ MAXIMILIAN
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Graphene photodetectors functionalized by colloidal Quantum dots
(cQDs) have been recently demonstrated for effective photo detection.
Nevertheless, the transfer of the energy or charge carriers from cQDs to
graphene is not sufficiently understood. Here, we present a respective
study of a graphene field-effect transistor, which is functionalized with
CdSe/ZnS Core-Shell QDs covering it’s conductive channel. In order
to investigate energy transfer dynamics in this system, we have investi-
gated the time-resolved photo-luminescence from the cQDs as function
of the applied gate voltage. A clear change in the photo-luminescence
lifetime has been observed, indicating a change of the decay channels.
In support of our findings, we provide data for a Forster-like energy
transfer model as a function of the gate voltage. The model shows that
by applying a backgate voltage to the photo detector, absorbance can
be tuned with respect to the photo-luminescence of the cQDs, changing
the energy transfer rate of the photo-detector.



