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FRI 11.1 Fri 10:45 ZHG104

Observation of Floquet states in graphene — eMARco
MEeRrBoOLDT!, MicHAEL ScHULER?, Davip ScumitT!, JAN PHILIPP
Bance!, WieBKE BENNECKE!, KARUN GaDpcE®, Kraus PIerz?,
Hans WERNER ScHUMACHER?, Davoop MoMeNI?, DaNiEL STEIL!,
SALVATORE R. MANMANAS3, MICHAEL SENTEF®, MARCEL REUTZEL!,
and STEFAN MaTHias! — !Georg-August-Universitit Gottingen,
1. Physikalisches Institut, Germany — 2Department of Physics,
University of Fribourg, Fribourg, Switzerland — 3Georg-August-
Universitdt Gottingen, Institut fiir Theoretische Physik, Germany —
4Physikalisch-Technische Bundesanstalt, Braunschweig, Germany —
SInstitute for Theoretical Physics, University of Bremen, Bremen, Ger-
many

Floquet engineering — the coherent dressing of matter via time-periodic
perturbations — is a mechanism to realize and control emergent phases
in materials out of equilibrium. However, the broad applicability of
Floquet engineering to quantum materials is in question, especially
with respect to (semi-)metals and graphene in particular.

Here, we resolve this long-standing debate by using electronic struc-
ture measurements to provide direct spectroscopic evidence of Floquet
effects in graphene [1]. We report light-matter-dressed Dirac bands by
measuring the contribution of Floquet sidebands, Volkov sidebands,
and their quantum path interference to graphene’s photoemission spec-
trum. Fully supported by experiment and theory, we demonstrate that
Floquet engineering in graphene is possible.

[1] Merboldt et al., Nature Physics (2025)

FRI 11.2 Fri 11:00 ZHG104
Giant chiral current in gapped graphene at room temper-
ature — eFaNroNG LIN!, WEILONG Guo?, Qinesun Tong2, and
YanpeNG Liu? — 'Georg-August-University of Géttingen, Friedrich-
Hund-Platz 1, 37077 Gottingen, Germany — 2Hunan University —
3Nanjing university of aeronautics and astronautics

Nonlinear electrical signals serve as a complementary probe for inves-
tigating intrinsic quantum geometric properties while also revealing
unconventional charge transport phenomena in systems with specific
band topologies. A paradigmatic example is the chiral charge trans-
port observed in gapped monolayer graphene, where the chiral Bloch
electrons undergo unidirectional skew scattering. However, these non-
linear signals are typically exceedingly weak, necessitating either in-
trinsic topological band structures or extrinsic circuit enhancements
to achieve detectable magnitudes. Here, we introduce a linear projec-
tion method that amplifies nonlinear physical, yielding a dramatically
enhanced signal even at room temperature. Using this approach, we
observe a robust unidirectional skew-scattered current, exhibiting a
signal of several microvolt at room temperature. Furthermore, this
chiral current exhibits dual tunability via external gate and DC bias
voltages, enabling control over both the majority carrier type and the
skew conductivity. Finally, we demonstrate nonlocal transport medi-
ated by this tunable chiral current, generating a substantial nonlocal
signal in remotely gated Hall bar pairs with a geometric factor of 4.
This unconventional charge transport mechanism opens a pathway for
long-range control in next-generation electronic devices.

FRI 11.3 Fri 11:15 ZHG104
Thermoelectric Transport Measurements in Dual-Gated
Bernal Bilayer Graphene — eMoriTz KNaAK!, MARTIN STaTZ!,
KENJI WaTanaBE2, Takasar TanicucH®, and THoMas WEerrz! —
1. Institute of Physics, Faculty of Physics, University of Gottin-
gen, Gottingen, Germany — 2Research Center for Functional Ma-
terials, National Institute for Materials Science, Tsukuba, Japan —
3International Center for Materials Nanoarchitectonics, National In-
stitute for Materials Science, Tsukuba, Japan

In dual-gated, hexagonal boron-nitride(hBN) encapsulated Bernal bi-
layer graphene(BLG) devices a cascade of correlated phases have
been identified by magnetoconductance measurements. The corre-
lated phases emerge close to Lifshitz-transitions. There, the density of
states(DOS) is high and the kinetic energy gets quenched. While con-
ductance measurements alone can be used to study correlated phases,
it is difficult to precisely connect the DOS with said phases. The
Seebeck coefficient, extracted from thermoelectric transport measure-

Location: ZHG104

ments provides a more direct probe of the DOS. It is defined as the
ratio of the thermal voltage to its inducing temperature difference. We
demonstrate measurements of the Seebeck coefficient at 4 K up to a cal-
ibration factor. For the measurements we employed an on-chip heater
next to an hBN-encapsulated BLG device with graphite contacts and
dual graphite gates to simultaneously tune the Fermi-level and an out-
of-plane electric field. The source-drain contacts were simultaneously
used as quasi-4-point-probe on-chip resistance thermometers to deter-
mine the local temperature differences between them.

FRI 11.4 Fri 11:30 ZHG104
Two-particle spin and valley blockade in graphene dou-
ble quantum dots — eCHRISTIAN VoLk!'?, SAMUEL MOLLERDZ,
Luca Banszerus'2, KaTriN HEckerD2, HuBerT DuLiscul2, KENJI
WATANABE®, Takasur TanigucHr?, and CHRISTOPH STAMPFER!:?
LJARA-FIT and 2nd Institute of Physics, RWTH Aachen University
— 2Peter Griinberg Institute (PGI-9), Forschungszentrum Jiilich —
3Research Center for Functional Materials, NIMS, Tsukuba, Japan
— “International Center for Materials Nanoarchitectonics, NIMS,
Tsukuba, Japan

Double quantum dots (DQDs) are promising building blocks for spin or
valley qubits. The weak hyperfine interaction and the weak spin-orbit
interaction in bilayer graphene (BLG) promise long spin coherence
times. Additionally, the well tunable valley degree of freedom offers
the possibility to create valley-based qubits in BLG DQDs. Efficient
readout requires a spin- or valley-to-charge conversion, often provided
by Pauli blockade. Thus, a comprehensive understanding of the lim-
its and the tunablility of spin and valley blockade in BLG DQDs is
necessary for evaluating their potential for hosting qubits.

Here, we show spin and valley blockade in two-electron BLG DQDs.
Magnetotransport measurements reveal a rich level spectrum and we
observe a magnetic field tunable spin and valley blockade, which is
limited by the orbital splitting, the strength of the electron-electron
interaction and the difference in the valley g-factors between the sym-
metric and antisymmetric two-particle orbital states. Our findings are
supported by transport simulations following a rate equation approach.

FRI 11.5 Fri 11:45 ZHG104
Electronic Transport in Twisted Bilayer Graphene: Towards
Quantum Moiré-tronics — eTHOMAS STEGMANN — Instituto de
Ciencias Fisicas, Universidad Nacional Auténoma de México

We investigate electronic transport in twisted bilayer graphene
(TBLG) at small - though not magic - twist angles. In the first part
of the talk, we propose a device in which the direction of the current
flow can be steered by the twist between the layers. The observed
current steering angle exceeds significantly the twist angle itself and
arises over a broad range of experimentally accessible parameters. This
behavior is attributed to the trigonal warping of the energy bands be-
yond the van Hove singularity, induced by the moiré pattern. Since
the shape of these bands depends on the valley degree of freedom,
the resulting current is partially valley-polarized, highlighting poten-
tial applications in valleytronics [1]. In the second part, we report
anomalous edge states in TBLG at a twist angle of 1.696°. These edge
states support electronic transport with conductance values near the
conductance quantum and give rise to a nonlocal resistance. Notably,
this nonlocal effect is not due to chiral edge transport, but due to the
fact that these states are localized only at certain edges of the system,
depending on how the nanoribbon has been cut from the bulk [2]|. Fi-
nally, we discuss briefly how the electronic transport in graphene can
be guided along atomically thin current paths through the engineer-
ing of Kekulé distortions, offering yet another route toward nanoscale
current steering [3].

[1] J. Phys: Mater. 5:024003 (2022)

[2] Phys. Rev. B 110:205432 (2024)

[3] Nano Letters 24:2322 (2024)

FRI 11.6 Fri 12:00 ZHG104
Persistent Haldane Phase in Carbon Tetris Chains — eANAs
ABDELwWAHAB!, CHRisTOPH KaRRAscH?, and RomMaN RauschH? —
ILeibniz Univesitit Hannover, Institut fiir Theoretische Physik, Han-

nover — 2Technische Universitit Braunschweig
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We introduce the concept of "tetris chains", which are linear arrays of
4-site molecules that differ by their intermolecular hopping geometry.
We investigate the fermionic symmetry-protected topological Haldane
phase in these systems using Hubbard-type models. The topologi-
cal phase diagrams can be understood via different competing lim-
its and mechanisms: strong-coupling U > t, weak-coupling U < ¢,
and the weak intermolecular hopping limit ¢’ < ¢. Our particular fo-
cus is on two tetris chains that are of experimental relevance. First,
we show that a "Y-chain" of coarse-grained nanographene molecules
(triangulenes) is robustly in the Haldane phase in the whole ¢/ — U
plane due to the cooperative nature of the three limits. Secondly, we
study a near-homogeneous "Y’-chain" that is closely related to the
electronic model for poly(p-phenylene vinylene). In the latter case,
the above mechanisms compete, but the Haldane phase manifests ro-
bustly and is stable when long-ranged Pariser-Parr-Popple interactions
are added. The site-edged Hubbard ladder can also be viewed as a
tetris chain, which gives a very general perspective on the emergence
of its fermionic Haldane phase. Our numerical results are obtained us-
ing the density-matrix-renormalization group as well as the variational
uniform matrix-product state (VUMPS) algorithms.

FRI 11.7 Fri 12:15 ZHG104

A Wannier approach to electronic structure in twisted van

der Waals bilayers — eRuvEN HUBNER!, MATTHIAS FLORIANZ,

and ALEXANDER STEINHOFF! — lInstitute for Physics, Faculty V,

Carl von Ossietzky University Oldenburg, 26129 Oldenburg, Germany
— 2University of Michigan, Dept. of Electrical Engineering and Com-
puter Science, Ann Arbor, MI, USA

Moiré structures in two-dimensional van der Waals materials offer an
interesting platform to explore the interplay of quantum phenomena
across vastly different length scales—from the atomic scale, on the
order of Angstréom, to the supercell scale, reaching up to ~ 40nm.
‘While DFT calculations have made remarkable progress in handling
large systems, they do not readily reveal the dominant mechanisms
that govern the electronic structure. In fact, it seems natural to
retain much of the electronic structure of the individual monolayers
and treat the interlayer interaction as a relatively small perturbation.
This view can be well motivated by the model of Koshino, who in-
troduced a tight-binding framework for moiré bilayers where a simple
basis transformation reveals dominant interlayer couplings in recipro-
cal space, enabling a significant reduction in basis states [1]. We take
this approach one step further by incorporating the Wannier projection
method, based on multiple DFT calculations of untwisted bilayers with
different stacking configurations. Besides providing a computationally
efficient model, our framework enables analytical insight into moiré
band splitting within the original Brillouin zones of the monolayers.
[1] Mikito Koshino 2015 New J. Phys. 17 015014



