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TT 74.1 Thu 9:30 CHE/0091
Probing the Quantized Berry Phases of an Obstructed
Atomic Band in 1H-NbSe; Using Scanning Tunneling Mi-
croscopy — Dumitru CALUGARUMZ, Y1 Jiang®, Haose Guo3,
SANDRA SAJAN3, eYonasoNe Wanag3, Haovu Hub3, JiaBiN Yul,
B. Anprel Bernevich3, FErnanDO DE Juan®, and MicueL M.
UcEpa® — 1Princeton University, Princeton, USA — 2University of
Oxford, Oxford, United Kingdom — 3Donostia International Physics
Center, San Sebastian, Spain

Topologically trivial insulators can host obstructed atomic phases,
where the electronic charge is localized at symmetry positions that
do not coincide with atomic sites. Despite intense theoretical interest,
such phases have lacked quantitative experimental confirmation. Here
we provide direct experimental evidence that the narrow band at the
Fermi level of monolayer 1H-NbSez and TaSeg realizes an optimally
compact obstructed atomic phase by means of STM/STS (1). Bias-
dependent constant-height conductance maps reveal a strong redistri-
bution of spectral weight between inequivalent high-symmetry posi-
tions within the unit cell. We identify these positions experimentally
by using substitutional transition-metal alloys and chalcogen vacan-
cies as local markers. By deconvolving the STM images with orbital-
resolved wave functions from ab-initio calculations, we reconstruct the
short-range inter-orbital correlations and real-space charge distribution
associated with the band. The resulting pattern is centered at non-
atomic positions and is uniquely consistent with an obstructed atomic
insulator.

[1] Calugaru et al., Nature Physics, in press(2025).

TT 74.2 Thu 9:45 CHE/0091
Characterization of TI nanowire junctions using resonator
circuits — eLucas MARTEN JANsSEN, JorGE EsTEBAN BoLio,
CHrIsTIAN DickEL, and YoicHi ANDo — Physics Institute II, Uni-
versity of Cologne, Ziilpicher Str. 77, 50937 Ko6ln, Germany

Topological insulators (TIs) are being investigated for their potential to
host Majorana Zero Modes (MZMs). Specifically, TI nanowires prox-
imitized by a conventional superconductor have shown signatures of
potential topological phase transitions [1]. Microwave measurements
can be used to investigate the hardness of the gap [2| and to recon-
struct the current-phase relationship [3]. Additionally, high-frequency
operation could be necessary to eventually realize topological qubits.
To assess the quality of our TI nanowire junctions, we design co-planar
waveguide resonator circuits of NbTiN with a parallel plate capacitor
to ground on one side and a connection to ground through the nanowire
junction on the other side. This allows us to measure the sub-gap re-
sistance and the current-phase relationship of the junction. In order
to investigate the TI nanowire in the topological regime, an in-plane
magnetic field of about 1 T needs to be applied. The resonators are
engineered to be compatible with such fields.

[1] Nikodem et al., arXiv:2412.07993 (2024)

[2] Schmidt et al., Nat. Commun. 9, 4069 (2018)

[3] Uhl et al., Phys. Rev. Applied 22, 064052 (2024)

TT 74.3 Thu 10:00 CHE/0091
Growth and quantum transport analysis of high mobil-
ity BixTes thin films — eJonas BucHHORN'?, ABDUR REHMAN
JaLiLb3, DETLEV GRUTZMACHER!:2, and THOMAS ScHAPERs}2 —
! Peter-Griinberg-Institut (PGI-9), Forschungszentrum Jiilich, 52425
Jiilich, Germany — 2JARA-Fundamentals of Future Information Tech-
nology, Jillich-Aachen Research Alliance, Forschungszentrum Jiilich
and RWTH Aachen University, 52425 Jiilich, Germany — 3Institute
of Experimental Physics III, Wiirzburg University, 97070 Wiirzburg,
Germany

To improve future hybrid devices, underlying material properties and
conduction mechanisms must be understood and controlled. In this
work, we use quantum mechanical and classical models to describe
the measured conductivity tensor of BixTes thin films. The crystals
have been prepared by molecular beam epitaxy on sapphire substrates
and were shaped into Hall bar structures by optical lithography and
Ar-etching. At cryogenic temperatures non-linear Hall resistance and
Shubnikov-de Haas oscillations were observed. A multi-channel model
motivated from band structure calculations is used to extract classi-
cal carrier properties. Model residues are quantitatively analyzed to

Location: CHE/0091

include electron-electron interaction, spin-orbit-effects and quantum
oscillations of surface states. Considering these insights, we attempt
to disentangle the complex conduction mechanisms of bulk and surface
states of topological insulators. The proposed methods should also be
applicable to the state-of-the-art ternary or quaternary compounds to
identify remaining bulk-contributions.

TT 74.4 Thu 10:15 CHE/0091
Dual-gated hBN/BiSbTeSe/hBN heterostructures: fabri-
cation and low-temperature magnetotransport — eKIRILL
TESLENKO, HOLGER MIRKES, ALEXANDRE BERNARD, and CHRISTOPH
KastL — Walter Schottky Institute, School of Natural Sciences, Tech-
nical University of Munich

Topological insulators with tunable surface states provide a platform
for exploring quantum transport phenomena. We present the fabrica-
tion and characterization of dual-gated hBN/BiSbTeSe/hBN (BSTS)
heterostructures designed to allow controlled access to the topologi-
cal surface states. The devices are fabricated via optimized optical
lithography, and the heterostacks are assembled using a dry-transfer
stacker operated both under nitrogen atmosphere and under ambient
conditions. Two approaches are used: transferring BSTS onto pre-
patterned metal contacts, and assembling the full heterostack before
metal evaporation. Photocurrent measurements on non-encapsulated
BSTS, BTS, and SbTe flakes were carried out to assess their opto-
electronic response. Furthermore, low-temperature magnetotransport
measurements on the encapsulated devices are carried out to resolve
characteristic signatures of topological surface states.

TT 74.5 Thu 10:30 CHE/0091
Field-induced band modification and large magnetoresistance
in topological-insulator Bi;_;Sb, thin films — eE. Osmic!2,
P. Bercorr®, F. CommETO?, Y. Skourski!, F. Ganss?, J.
Wosnitzal»2, and J. Barzora Quiquia® — Hochfeld-Magnetlabor
Dresden (HLD-EMFL), HZDR, Dresden, Germany — 2Institut
fiir Festkorper- und Materialphysik, TU Dresden, Germany —
3Universidad Nacional de Cérdoba, Cérdoba, Argentina — 4Institut
fiir Tonenstrahlphysik und Materialforschung, HZDR, Dresden, Ger-
many — °Felix-Bloch Institute for Solid-State Physics, Universitit
Leipzig, Germany

We studied the magnetic-field and temperature dependence of the elec-
trical transport in topological-insulator Bij_,Sb, (z = 0.1,0.15,0.2)
thin films. The resistivity p(T) shows a clear crossover between metal-
lic surface transport at low temperatures and semiconducting bulk
behavior at higher temperatures. Below 10K, p(T) exhibits a char-
acteristic two-dimensional electron—electron interaction contribution.
Magnetoresistance measurements in pulsed magnetic fields up to 69T
reveal large, nonsaturating MR values reaching 2250 % over a broad
temperature range. The full MR response can be consistently described
using a modified two-band bulk model with field-dependent charge-
carrier concentrations, complemented by a weak-antilocalization de-
scription of the surface states. These results highlight the possible
field-induced band modification and the interplay between bulk and
surface transport in Bi—Sb thin films.

TT 74.6 Thu 10:45 CHE/0091
THz Signatures of Boundary-Dominated Transport in BisTel
— esHUHAN waNG!, AnjaN N M! MonamMMAD MEHMANDOUSZ,
MicHAEL Ruck?, and SteraN Kaiser! — !Institute of Solid State
and Materials Physic, TUD Dresden University of Technology —
2Inorganic Chemistry II,TUD Dresden University of Technology

BigTel is a weak topological insulator made of stacked topologically
nontrivial (QSH) layers separated by trivial insulating layers. Despite
its weak topological indices, it still hosts symmetry-protected bound-
ary states on specific crystal surfaces. Using terahertz time-domain
spectroscopy (THz-TDS), we resolve its low-energy electrodynamics
in thin films. The THz conductivity shows a low frequency Drude
response dip at 15K-20 K. This behavior is consistent with dc trans-
port measurements. Notably, these features are only seen in thin films
which are absent in bulk crystals. The suppression of Drude weight
points to a crossover toward boundary-dominated transport in Bi-Tel
thin films.
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TT 74.7 Thu 11:15 CHE/0091
Topological fragility and bilinear magneto-resistance in spin-
momentum locked edge states — eCosiMmo GORINI*, MATTHIEU
Barp?, and Grovanni VieNaLe? — 1SPEC, CEA, CNRS, Univer-
sité Paris-Saclay, CEA Saclay, Gif sur Yvette, France — 2Université
Paris-Saclay, CNRS, Laboratoire de Physique des Solides, 91405 Or-
say, France — ®Institute for Functional Intelligent Materials, National
University of Singapore
Time-reversal symmetric and topologically non-trivial electronic sys-
tems generally host one-dimensional (1D) spin-momentum locked
states at their edges/hinges. Such 1D states are in principle fully pro-
tected against backscattering, and thus referred to as perfectly con-
ducting: disorder cannot induce backscattering — not even via spin-
orbit coupling — unless time-reversal is broken. We show however
that such protection hides a remarkable fragility, yielding a bilinear
magneto-resistance much stronger than in standard 2D systems. The
mechanism we propose is fundamental and general, being based on
spin-orbit interaction with the ever-present disordered background. It
should thus be relevant in any system hosting 1D Dirac-like states
with linear dispersion. Our theory compares favourably with trans-
port measurements in high-order topological hinge states in Bi.

TT 74.8 Thu 11:30 CHE/0091
Procrustean symmetrization formalism for statistical topo-
logical matter — eJOHANNA ZIJDERVELD!, ApaMm Yanis CHAoOUZ,
IsiporA ArAYA Dav!:2:3 and ANToN AxknMEROV! — !Kavli Institute
of Nanoscience, Delft University of Technology, Delft, The Netherlands
— 2Donostia International Physics Center, San Sebastian, Spain —

3QuTech, Delft University of Technology, Delft, The Netherlands

The standard approach to characterizing topological matter, comput-
ing topological invariants, is known to be problematic when the sym-
metry protecting the topological phase only holds on average in a dis-
ordered system. Because of reliance on making the symmetry exact,
the topological invariants identify more topological phases than are
present in the system. Alternatively, in the recently discovered intrin-
sic statistical topological insulators [1], making the symmetry exact is
guaranteed to destroy the topological phase. We define a procedure of
symmetry embedding that solves both problems and provides a unified
framework for describing disordered topological matter.

[1] Phys. Rev. Lett. 134, 226601

TT 74.9 Thu 11:45 CHE/0091
Topological invariants for the SSH model coupled to a single
mode cavity — eANNA Ritz-ZwiLLING and OLESIA DMYTRUK —
CPHT, CNRS, Ecole Polytechnique, Institut Polytechnique de Paris,
91120 Palaiseau, France

Coupling electronic systems to cavity photons offers a promising route
to probe and control material properties through light-matter inter-
actions. In particular, coupling to light might enable manipulation
of topological phases of matter, which have gained significant atten-
tion due to their potential applications in quantum technologies. Yet,
while the topological classification of non-interacting fermionic systems
is well understood within the tenfold way, much less is known about
how to identify topological protection when photonic operators enter
the problem. In this work, we consider the Su-Schrieffer-Heeger (SSH)
model as a paradigmatic one-dimensional topological insulator. In its
topological phase, the SSH model exhibits zero-energy edge states pro-
tected by chiral symmetry. When the system is coupled to a cavity,
however, it remains unclear whether chiral symmetry and topological
protection survive. To address this question, we use a recently devel-
oped high-frequency expansion of the light-matter Hamiltonian, which
traces out photonic degrees of freedom and yields an effective fermionic
model. Light-matter coupling then manifests as additional interaction
terms, allowing us to apply known results for interacting topological
insulators. We discuss the symmetries of this effective model, compute
observables such as the electronic polarization as potential topological

invariants and analyze the fate of edge states.

TT 74.10 Thu 12:00 CHE/0091
Z9 topological invariants from the Green’s function diagonal
zeros — FLORIAN StmMoN! and @ CORENTIN MoRICEZ — !Department
of Physics and Astronomy, Uppsala University, Uppsala, Sweden —
2Laboratoire de Physique des Solides, Université Paris Saclay, CNRS,
Orsay, France

We investigate the relationship between the analytical properties of
the Green’s function and Z3 topological insulators, focusing on three-
dimensional inversion-symmetric systems. We show that the diagonal
zeros of the Green’s function in the orbital basis provide a direct and
visual way to calculate the strong and weak Z> topological invariants.
We introduce the surface of crossings of diagonal zeros in the Brillouin
zone, and show that it separates TRIMs of opposite parity in two-
band models, enabling the visual computation of the Z2 invariants by
counting the relevant TRIMs on either side.

TT 74.11 Thu 12:15 CHE/0091
Volkov-Pankratov states in shaped topological insulator
nanowires — eLILIAN SEYVE and CosiMo GoriNI — SPEC, CEA,
Gif-Sur-Yvette, France

Topological insulators (TIs) host robust electronic states at interfaces
where the bulk topological invariant changes, giving rise to protected
Dirac surface modes. Beyond these gapless states, Volkov and Pankra-
tov showed that smooth band inversions can also generate massive
interface modes, now known as Volkov-Pankratov (VP) states. These
states coexist with the topological zero mode and interpolate contin-
uously between topological and bulk physics. While VP states have
been studied in planar structures, how they behave in curved systems,
such as nanowires, is still very much unknown.

In this work, we explore analytically and numerically how VP states
appear in nanowires with cylindrical symmetry, where geometry and
confinement strongly influence the electronic structure. Using a Dirac-
model description with a smoothly varying mass at the wire’s edge,
we show how curvature, angular momentum, and longitudinal motion
combine to create a set of quantized interface states. We obtain ana-
lytical expressions for their energies and spatial profiles and describe
how interface curvature affects the physical properties of our system.

TT 74.12 Thu 12:30 CHE/0091
Accessing buried topological states: Revealing Dirac
cones with ferromagnetic resonance — LAURA PIETANESI,
oMAGDALENA MARGANSKAZ3, THOMAS MAYER?, MICHAEL BARTH?,
LiNn Cuen!, J1 Zou?*, Aprian WEINDL?, ALEXANDER LiEBIG?, RE-
BECA Diaz-Parpo!, DuavaLa Suri!"®, FLoRIAN ScuMmID?, FRANZ
GigssiBL?, KLaus RICHTER?, YAROSLAV TSERKOVNYAK?, MATTHIAS
KronseDER?, and CHRISTIAN Back! — 1Technical University of Mu-
nich, Germany — 2University of Regensburg, Germany — 3Wroctaw
University of Science and Technology, Poland — 4University of Cali-
fornia, Los Angeles, USA — 5Indian Institute of Science, Bengaluru,
India

Ferromagnetic resonance is used to reveal features of the buried elec-
tronic band structure at interfaces between ferromagnetic metals and
topological insulators [1]. The evolution of magnetic damping in a
hybrid ferromagnet/3D topological insulator structure reveals a clear
fingerprint of the Dirac point with additional features. The high en-
ergy resolution of this method allows us to resolve the energetic shift of
the local Dirac points due to local variations of the electrostatic poten-
tial. The underlying spin-pumping mechanism relies on the dissipation
of angular momentum by topological surface states (TSSs). Tuning
of the Fermi level within the TSS was verified both by varying the
stoichiometry of the 3DTT layer and by electrostatic backgating with
a remarkable agreement. Calculations based on the chiral tunneling
process naturally occurring in TSSs agree well with the experimental
results.

[1] PRB 109, 064424 (2024)



