Regensburg 2016 — DY

Wednesday

DY 33: Transport: Graphene
(Joint session of DS, DY, HL, MA, O and TT organized by TT)

Time: Wednesday 9:30-13:15

Invited Talk DY 33.1 Wed 9:30 H22
Ultrafast photo-thermoelectric currents in graphene —
e ALEXANDER HOLLEITNER — Walter Schottky Institut and Physics
Department, Technical University of Munich, Am Coulombwall 4a, D-
85748 Garching, Germany.

We show that photo-thermoelectric currents occur on a picosec-
ond time-scale in graphene [1]. To this end, we apply an on-chip
pump/probe photocurrent spectroscopy [2,3] to double-gated junc-
tions of graphene. Our experiments reveal the interplay of photogen-
erated hot electrons with so-called photovoltaic currents. Moreover,
we demonstrate that hot electrons allow to read-out an ultrafast non-
radiative energy transfer from fluorescent emitters, namely nitrogen-
vacancy centers in nano-diamonds. The non-radiative energy transfer
can be exploited as an ultrafast, electronic read-out process of the elec-
tron spin in nitrogen vacancy centers in the diamond nanocrystals. The
detection gives access to fast energy transfer processes, which have not
yet been observed by fluorescence measurements because of quenching
of the optical signal for short transfer distances [4].

We thank A. Brenneis, F. Schade, L. Gaudreau, M. Seifert, H.
Karl, M.S. Brandt, H. Huebl, J.A. Garrido, F.H.L. Koppens, for a
very fruitful collaboration, and the ERC-grant ‘NanoREAL’ for finan-
cial support.

[1] A. Brenneis et al., (2016)

[2] L. Prechtel et al., Nature Comm. 3, 646 (2012)

[3] C. Kastl et al. Nature Comm. 6, 6617 (2015)

[4] A. Brenneis et al. Nature Nanotech. 10, 135 (2015)

DY 33.2 Wed 10:00 H22
Double-logarithmic velocity renormalization at the Dirac
points of graphene — ePETER KOPIETZ, ANAND SHARMA, and
CARSTEN BAUER — Institut fiir Theoretische Physik, Universitat
Frankfurt, Max-von-Laue Str. 1, 60438 Frankfurt

Using a functional renormalization group approach with partial
bosonization in the forward scattering channel we reconsider the ef-
fect of long-range Coulomb interactions on the quasi-particle veloc-
ity vg close to the Dirac points of graphene. In contrast to calcula-
tions based on perturbation theory and field theoretical renormaliza-
tion group methods, we find that vy is proportional to In[kg/k] where
k is the deviation of the quasiparticle momentum from the Dirac points
and the cutoff scale kj vanishes logarithmically for small k. We show
that this double-logarithmic singularity is compatible with experiments
and with the known three-loop expansion of vg which contains terms
of order Ink and In? k.

DY 33.3 Wed 10:15 H22
Dirac fermion wave packets in oscillating potential barriers
— WAaLTER PoTz!, SERGEY E. SavEL'EVZ, PETER HANcaI®, and
eWorLrcaNGg HAUsLER® — 1Karl Franzens Univ. Graz, Inst. Phys.,
A-8010 Graz, Austria — 2Department of Physics, Loughborough Uni-
versity, Loughborough LE11 3TU, United Kingdom — 3Institut fiir

Physik, Univ. Augsburg, 86135 Augsburg, Germany

We integrate the time-dependent (2+1)D Dirac equation for mass-
less fermions in graphene or topological insulator surfaces. A recently
developed staggered-grid leap-frog scheme is employed [1,2]. We con-
sider an initial Gaussian wave packet which moves in the z-direction
towards a potential barrier that is homogeneous along y and oscillates
periodically in time. As for the x-dependence, we investigate square-
well, sinusoidal, and linear-ramp potential profiles. Small transversal
momentum components ky, of the wave packet were analyzed analyti-
cally [3] and predicted to generate non-zero current densities jy, even
at normal incidence ky = 0 [4]. These findings are consistent with
the present numerical studies of particle-, current-, and spin-density.
We also investigate massive fermions: regarding some properties they
resemble massless fermions, regarding other properties, however, pe-
culiar intrinsic oscillations, reminiscent of Zitterbewegung, appear.

[1] R. Hammer and W. Potz, PRB 88, 235119 (2013)

[2] R. Hammer et al., J. Comp. Phys. 265, 50 — 70 (2014)

[3] S.E. Savel’ev, W. Hausler, and P. Hanggi, PRL 109, 226602 (2012)
[4] S.E. Savel’ev, W. Hausler, and P. Hanggi, EPJB 86, 433 (2013).

DY 33.4 Wed 10:30 H22

Location: H22

Electric and magnetic control of electron guiding in graphene
— eMing-Hao Liu and Kraus RicHTER — Institut fiir Theoretische
Physik, Universitdt Regensburg

Electrons in graphene are known to behave like massless Dirac
fermions, whose transport properties can be best revealed by exper-
iments using ultra-clean graphene. Reliable quantum transport sim-
ulations for ballistic graphene is naturally a powerful tool for under-
standing and predicting high-quality transport experiments. In this
talk we show gate-controlled electron guiding along electrically con-
fined channels in suspended graphene, which is a combined work of
our transport simulations and the experiment done by the Schonen-
berger group [1]. We have recently further applied our simulation
(Green’s function method within the scalable tight-binding model [2])
to revisit the transverse magnetic focusing experiment [3], where the
guiding of the electrons is controlled by an external magnetic field, in-
stead of electrical gates. Besides good agreement with the experiments
[1,3], our simulations further allow for probing charge flow through an
additional scanning probe tip.

[1] P. Rickhaus et al., Nano Lett. 15, 5819 (2015).

[2] M.-H. Liu et al., Phys. Rev. Lett. 114, 036601 (2015).

[3] T. Taychatanapat et al., Nat. Phys. 9, 225 (2013).

DY 33.5 Wed 10:45 H22
Current flow paths in deformed graphene: from quantum
transport to classical trajectories in curved space — ¢ NIKODEM
Szpak! and THomas STEGMANNDZ — 1Fakultit fiir Physik, Univer-
sitdt Duisburg-Essen, Duisburg — 2Instituto de Ciencias Fisicas, Uni-
versidad Nacional Autonoma de Mexico, Cuernavaca

‘We compare two contrasting approaches to the electronic transport in
deformed graphene: a) the condensed matter approach in which cur-
rent flow paths are obtained by applying the non-equilibrium Green’s
function (NEGF) method to the tight-binding model with local strain,
b) the general relativistic approach in which classical trajectories of
relativistic point particles moving in a curved surface with a pseudo-
magnetic field are calculated. The connection between the two is es-
tablished in the long-wave limit via an effective Dirac Hamiltonian in
curved space. Geometrical optics approximation, applied to focused
current beams, allows us to directly compare the wave and the parti-
cle pictures. We obtain very good numerical agreement between the
quantum and the classical approaches for a fairly wide set of parame-
ters. The presented method offers an enormous reduction of complexity
from irregular tight-binding Hamiltonians defined on large lattices to
geometric language for curved continuous surfaces. It facilitates a com-
fortable and efficient tool for predicting electronic transport properties
in graphene nanostructures with complicated geometries, paving the
way to new interesting transport phenomena such as bending or focus-
ing (lensing) of currents depending on the shape of the deformation. It
can be applied in designing ultrasensitive sensors or in nanoelectronics.

DY 33.6 Wed 11:00 H22
Trigonal Warping in Bilayer Graphene: Energy versus En-
tanglement Spectrum — eSoNja PreDIN, PaAuL WENK, and JOHN
ScHLIEMANN — Institute for Theoretical Physics, University of Re-
gensburg, D-93040 Regensburg, Germany

We present a mainly analytical study of the entanglement spectrum of
Bernal-stacked graphene bilayers in the presence of trigonal warping
in the energy spectrum. Upon tracing out one layer, the entanglement
spectrum shows qualitative geometric differences to the energy spec-
trum of a graphene monolayer. However, topological quantities such
as Berry phase type contributions to Chern numbers agree. The latter
analysis involves not only the eigenvalues of the entanglement Hamil-
tonian but also its eigenvectors. We also discuss the entanglement
spectra resulting from tracing out other sublattices.

15 min. break

DY 33.7 Wed 11:30 H22

Valley-based Cooper pair splitting via topologically con-
fined channels in bilayer graphene — ®ALEXANDER SCHROER!,
PeTEr G. Siwvestrov!, and Parrik Recuer!? — lInstitut fiir

Mathematische Physik, Technische Universitdt Braunschweig, D-38106
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Braunschweig, Germany — ?Laboratory for Emerging Nanometrology
Braunschweig, D-38106 Braunschweig, Germany

Bilayer graphene hosts valley-chiral one-dimensional modes at domain
walls between regions of different interlayer potential or stacking order.
When such a channel is close to a superconductor, the two electrons
of a Cooper pair, which tunnel into it, move in opposite directions
because they belong to different valleys related by the time-reversal
symmetry. This kinetic variant of Cooper pair splitting requires nei-
ther Coulomb repulsion nor energy filtering but is enforced by the
robustness of the valley isospin in the absence of atomic-scale defects.
We derive an effective normal/superconducting/normal (NSN) model
of the channel in proximity to an s-wave superconductor, calculate the
conductance of split and spin-entangled pairs, and interpret it as a
result of local Andreev reflection, in contrast to the widespread identi-
fication of Cooper pair splitting with crossed Andreev reflection in an
NSN geometry.

DY 33.8 Wed 11:45 H22
The decisive role of stacking faults for understanding trans-
port in bilayer graphene — eHEeiko B. WEBER!, FERDINAND
KissLINGER!, CHRISTIAN OTT!, and SAM SHALLCROSs? — Lehrstuhl
fiir Angewandte Physik, FAU Erlangen-Niirnberg (FAU), Erlangen,
Germany — 2Lehrstuhl fiir Theoretische Festkérperphysik, FAU

Erlangen-Niirnberg (FAU)

Charge transport in bilayer graphene provides rich low-temperature
phenomena, often assigned to interaction-driven phase transitions. We
will discuss charge transport in bilayer graphene in a single-particle pic-
ture, but including stacking faults. Such partial dislocations are un-
avoidable in bilayer graphene and were recently imaged [1]. Depending
on details, partial dislocations can introduce improved conductance,
fully insulating behaviour or linear magnetoresistance. The latter is
reliably found in transport experiments at elevated temperatures [2].
[1] B. Butz, C. Dolle, F. Niekiel, K. Weber, D. Waldmann,
H. B. Weber, B. Meyer, E. Spiecker, Nature 505, 533 (2014)
[2] F. Kisslinger, C. Ott, C. Heide, E. Kampert, B. Butz, E. Spiecker,
S. Shallcross, H. B. Weber, Nature Phys. 11, 650 (2015).

DY 33.9 Wed 12:00 H22

Linear magnetoresistance in two-dimensional disordered con-
ductors — eFERDINAND KissLINGER!, CHRrisTiaN OTT!, ERIK
KampeErT?, and Heiko B. WeBEr! — !Lehrstuhl fiir Ange-
wandte Physik, FAU Erlangen-Niirnberg (FAU), Erlangen, Germany.
— 2Dresden High Magnetic Field Laboratory, Helmholtz-Zentrum

Dresden-Rossendorf, Dresden, Germany.

The recent observation of linear magnetoresistance (MR) in large-area
bilayer graphene gives a key to the understanding of this old and barely
understood phenomenon [1]. In bilayer graphene, it can be traced back
to mosaic-like pattern of a partial dislocation network [2]|. In this talk
we discuss how linear MR evolves in disordered samples, using a two
dimensional resistor network model conceptually introduced by Parish
and Littlewood [3]. This model is in the weak disorder regime dom-
inated by boundary effects. We identified a new regime representing
the bulk situation in a disordered conductor. We investigated differ-
ent possible sources of disorder: mobility, charge carrier density and
network structure. The slope of the MR turned out to be simply gov-
erned by the Hall resistance and therefore by the inverse of the charge
carrier density. An equivalent circuit model finally gives a consistent
explanation as to why the magnetoresistance is linear in mosaic like
samples.

[1] F. Kisslinger et al., Nature Physics 11, 650 (2015)

[2] B. Butz et al., Nature 505, 533 (2014).

[3] M. M. Parish & P. B. Littlewood, Nature 426, 162 (2003)

DY 33.10 Wed 12:15 H22
Mechanically strained graphene nanojunctions — eSEDDIGHEH
Nikipar!, DmiTry RyNDYK!, and GiaNaureLio CUNIBERTI':?
Hnstitute for Materials Science and Max Bergmann Center of Bioma-
terials, TU Dresden, Germany — 2Dresden Center for Computational

Materials Science (DCMS), TU Dresden, Germany

It has been demonstrated recently that mechanically strained graphene
presents interesting electrical properties, which have great potential
for novel applications in electronic devices. In particular, the strain in
graphene nanoribbons can lead to substantial changes in its electronic
properties. Besides, it provides a possibility to develop atomic point
contacts and break junctions. The main purpose of this work is to in-
vestigate theoretically the influence of uniaxial mechanical strains on

graphene nanojunctions in order to design graphene point contact.

To this aim, we developed the computational model by combining
density functional theory and molecular dynamics methods. First, we
investigated the change of the junction shape with increasing strain
and the breaking with the formation of the nanogap. As expected,
our theoretical model predicts the deformation of the break junction
bottleneck into carbon chains before the rupture of the structure. we
evaluated the electronic transmission function of graphene quantum
junction by employing a coupled tight bonding and nonequilibrium
green function methods. Interestingly it is found that graphene point
contact can present resonance transmission in contrast to the conven-
tional metallic point contacts with quantized conductance. This might
be originated from influence of other parameters on transmission.

DY 33.11 Wed 12:30 H22
Graphene nanoribbons as effective spin ladders — e CORNELIE
Koopr, MANUEL J. ScHMIDT, and STEFAN WESSEL — Institut fiir
Theoretische Festkorperphysik, RWTH Aachen University

Zigzag edges of graphene nanoribbons host particular, localized edge
states. Since the density of states is strongly enhanced near the edges
in graphene, interaction effects between the spins of these edge states
become important. We can significantly simplify the analysis of such
systems by means of an effective model that separates the edge and
bulk states. Treating the effective interactions to first order proves suf-
ficient in most cases, while second order corrections do not dramatically
change the results. In many cases, the edge system can be reduced to a
general spin ladder model, where the decay of the spin-spin interaction
is determined by the shape of the edges. We examine these effective
spin ladders at finite temperatures by means of quantum Monte Carlo
simulations, using the stochastic series expansion method. Thereby,
correlation functions and spin structure factors can be determined for
realistically large graphene nanoribbons.

DY 33.12 Wed 12:45 H22
Edge State Structure of the v = 0 quantum Hall State
in monolayer Graphene — eANGELIKA KNoTHE!"? and THIERRY
JoLicorur? — !Physikalisches Institut, Albert-Ludwigs-Universitit
Freiburg, Hermann-Herder-Str. 3, 79104 Freiburg — 2Université Paris
11, CNRS, LPTMS, UMR 8626, Orsay 91405 France

Single-layer graphene at neutrality under a magnetic field is a many-
body insulator whose phase structure is under intense scrutiny. When
tilting the applied magnetic field, there is a phase transition towards a
conducting state [1]. A plausible description is to start from a SU(4)
spin-valley symmetric quantum Hall ferromagnet and add some lattice-
scale anisotropies in valley space [2]. In the manifold of ground states
captured by this approach, it has been proposed that graphene un-
dergoes a transition between a canted antiferromagnetic state and a
ferromagnetic state. While this picture is clear in the bulk of the sys-
tem, it remains to understand the effect of this phase change on the
current-carrying edge states that are formed a the physical boundaries
of a real sample [3]. We use an extended Hartree-Fock approach to
describe a finite-size system with a simple model for the edge and ex-
tract the one-body spectrum. We then describe the current-carrying
edge textures.

[1] A. F. Young et al., Nature (London) 505, 528 (2014) [2] M.
Kharitonov, Phys. Rev. B 85, 155439 (2012) 3] M. Kharitonov, Phys.
Rev. B 86, 075450 (2012); G. Murthy et al., Phys. Rev. B 90, 241410
(2014) and arXiv:1510.04255; A. Knothe and T. Jolicoeur, Phys. Rev.
B 92, 165110 (2015)

DY 33.13 Wed 13:00 H22
Spin lifetimes exceeding 12 ns in graphene non-local spin
valves at room temperature — oCHRISTOPHER FRANZEN!,
MaRrc DROGELER!, FRaANK VoLMER!, ToBias PoHLMANN!, Mark
Worter!, KeENJ1 WATANABEZ, TakasHi TanicucHi?, CHRISTOPH
StampFER!, and BERND BrscHoTEN! — 12nd Institute of Physics
and JARA-FIT, RWTH Aachen University, 52074 Aachen, Germany
— 2National Institute for Materials Science, 1-1 Namiki, Tsukuba,
305-0044, Japan

‘We present spin transport measurements on graphene non-local spin
transport devices by fabricating the electrodes first and subsequently
transfer graphene with hexagonal boron nitride on top [1]. We achieve
spin lifetimes of 12.6 ns and a spin diffusion length as high as 30 ym
at room temperature.

This improvement exceeds all current models for contact-induced spin
dephasing which paves the way towards probing intrinsic spin proper-
ties of graphene. Furthermore, we investigate the contact properties
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of our devices using scanning force microscopy (SFM) and conductive times and spin diffusion lengths.
SFM. We discuss the importance of using large area hexagonal boron
nitride for the transfer process and for achieving such high spin life- [1] M. Drogeler et al. Nano Letters 14, 6050 (2014).



