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O 94: Topology and Symmetry-Protected Materials
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0 94.1 Fri10:30 GER 38
Multigap topology and non-Abelian braiding of phonons
from first principles — eBo Penc!, AprieN Bounon!2, Bar-
TOMEU MONSERRAT!'3, and RoBERT-JAN SLaceEr! — 'TCM Group,
Cavendish Laboratory, University of Cambridge, J. J. Thomson Av-
enue, Cambridge CB3 0HE, United Kingdom — 2Nordic Institute for
Theoretical Physics (Nordita), Stockholm University and KTH Royal
Institute of Technology, Hannes Alfvéns viag 12, Stockholm SE-106 91,
Sweden — 3Department of Materials Science and Metallurgy, Univer-
sity of Cambridge, 27 Charles Babbage Road, Cambridge CB3 OFS,
United Kingdom

Non-Abelian braiding of quasiparticles can encode information im-
mune from environmental noise with the potential to realize topological
quantum computation. Here we propose that phonons, a bosonic ex-
citation of lattice vibrations, can carry non-Abelian charges in their
band structures that can be braided using external stimuli. Taking
some earthly abundant materials such as silicates [1] and aluminium
oxide [2] as representative examples, we demonstrate that an external
electric field or electrostatic doping can give rise to phonon band in-
versions that induce the redistribution of non-Abelian charges, leading
to non-Abelian braiding of phonons. We show that phonons can be
a primary platform to study non-Abelian braiding in the reciprocal
space, and we expand the toolset to study such braiding processes.

References: [1] Nature Communications 13, 423 (2022). [2] Physical
Review B 105, 085115 (2022).

O 94.2 Fri10:45 GER 38
Electronic Structure of the Weak 3D Topological Insulator
BijsRh3Agglg — eJonaNNES HEsSDORFER!2, EDUARDO CARILLO-

ARAVENAZ23, ArMANDO ConsicLio??, MaxiMiLIAN UNzZELMANND,
MicHAaEL Ruck?3, Dowmenico D1 SanTeE®, and FRIEDRICH
RemerTH2 — 1Experimentelle Physik VII, Universitit Wiirzburg,

Germany — 2Wiirzburg-Dresden Cluster of Excellence ct.qmat, Ger-
many — 3Anorganische Chemie II, Technische Universitit Dresden,
Germany — *Theoretische Physik I, Universitit Wiirzburg, Germany
— SUniversity of Bologna, Italy

Weak three-dimensional (3D) topological insulators (TI) can be con-
sidered as a stack of 2D TI separated by insulating spacer layers. The
first experimentally observed weak T1 is Bij4RhsIg [1], in which the TI
layers are Kagome nets formed by rhodium centered bismuth cubes.
Importantly, a modification of the [BizIg]?~ spacer layer, like e.g. by
Ag-substitution, can change the coupling between the 2D-T1I and with
that decisively influences the topological properties. Here, we investi-
gate BijaRh3Agglg by means of angle-resolved photoemission exper-
iments and density functional theory band structure calculations. In
particular, we will discuss the influence of the modified spacer layer on
the electronic structure and compare the results with BijgRh3lg and
other compounds of this family.
[1]Rasche et al., Nat. Mater, 12, 422-425 (2013)

0 94.3 Fri11:00 GER 38
Doping of coupled 1D topologically protected edge states
on the (001) surface of the topological crystalline insulator
(Pb,Sn)Se — eFLORIAN KELLER, ARTEM ODOBESKO, and MATTHIAS
Bobpe — Physikalisches Institut, Lehrstuhl fiir Experimentelle Physik
II, Julius-Maximilians-Universitdt Wiirzburg, Wiirzburg, Germany

Topological crystalline insulators (TCI) are a class of materials with
topological protected surface states protected by crystalline symme-
try. One representative of this material class is (Pb,Sn)Se which ex-
hibits Dirac fermions at the surface and topologically protected one-
dimensional edge state at the step edges with a height equivalent to an
odd number of atomic layers [1]. It was shown that the 1D edge states
hybridize when two or more odd step edges are in close proximity [2].
The nature of this hybridization indicates that the quasiparticle edge
mode is not an infinite quantum 1D state, but is either strongly lo-
calized or has a very short coherence length along the edge. One way
to check this hypothesis is to increase the coherence length by shift-
ing the Dirac energy close to the Fermi energy [3]. Here we present
experiments where Fe adatoms are deposited onto p-doped PbSnSe,
resulting in a downwards-bending of the surface band structure. The
dependence of the correlation length of Dirac fermions is investigated
by determining the edge state hybridization for pristine and doped

Location: GER 38

(Pb,Sn)Se.

[1] P. Sessi et al., Science 354, 6317 (2016)

[2] J. Jung et al., Phys. Rev. Lett. 126, 236402 (2021)
[3] P. M. Echenique et al., Surf. Sci. Rep. 52, 219 (2004)

O 94.4 Frill:15 GER 38
Pressure-driven tunable properties of the small-gap chal-
copyrite topological quantum material ZnGeSbs: A
first-principles study — eSURASREE SADHUKHAN', BANASREE
SADHUKHAN?, and Suprpta Kanunco! — lIndian Institute of Tech-
nology Goa, 403401 Ponda, India — 2KTH Royal Institute of Tech-

nology, Stockholm

Search for new topological quantum materials is the demand to achieve
substantial growth topological phase of matter. In this search process,
theoretical prediction is crucial besides the obvious experimental verifi-
cation. The divination of topological properties in already well-known
narrow gap semiconductors are flourishing in quantum material sci-
ence. We revisited the semiconductor compound in the chalcopyrite
series, some of which were potential topological materials. Using this
density functional theory-based first-principles calculations, we report
a strong topologically nontrivial phase in chalcopyrite ZnGeSbgz, which
can act as a model system of strained HgTe. The estimates reveal the
non-zero topological invariant (Zz), Dirac cone crossing in the sur-
face spectral functions with spin-momentum locked spin texture. We
also report the tunable topological properties from nontrivial to trivial
phases under moderate hydrostatic pressure within *7 GPa. A minor
modification of a lattice parameter is enough to achieve this topo-
logical phase transition easily accomplished in an experimental lab.
‘We have incorporated the discontinuity in the tetragonal distortion of
non-centrosymmetric ZnGeSbsg to drive the topological quantum phase
transition.

O 94.5 Fri11:30 GER 38
Shift current in the Haldane model: analytic and numer-
ical evaluation — eJAviER SiviaNEs CasTANO and JULEN IBANEZ
Azpiroz — Centro de Fisica de Materiales, Universidad del Pais Vasco,
20018 San Sebastian, Spain

The shift current is a second order optical response which takes place
in noncentrosymmetic crystals and is characterized by a DC photocur-
rent. As realized recently, the shift current is sensitive to the topology
of materials [1]. In particular, DFT calculations have predicted a sign
change when going through a topological phase transition (TPT) in
the bulk crystals BiTel and CsPbl3 [2]. Here we analyse the shift cur-
rent in the Haldane model, as a toy model that describes inversion
symmetry breaking and features non-trivial topological phases. We
derive a simple analytical expression that accounts for the sign change
across the TPT by relating it to the inversion of the mass term, in
agreement with Ref [3]. We complement our study by a numerical
evaluation on a continuum version on the Haldane model [4]. In this
description we study the quantitative importance of the off-diagonal
matrix elements of the position operator that are commonly discarded
in the tight-binding description.

Funding provided by the European Union’s Horizon 2020 research
and innovation programme under the European Research Council
(ERC) grant agreement No 946629.

[1] T. Morimoto and N. Nagaosa, Sci. Adv. 2, 5 (2016) [2]
L. Z. Tan and A. M. Rappe, PRL 116, 237402 (2016) [3] Z. Yan,
arXiv:1812.02191 [4] J. Ibafiez-Azpiroz et al., PRB 92, 195132 (2015)

O 94.6 Fri11:45 GER 38
The 2D Ferromagnetic Extension of a Topological In-
sulator — ePniLipP Kacerer!2, Cerso I. ForNari'2, SEk-
BASTIAN BUCHBERGER!"?, BEGMUHAMMET GELDIYEV!'2, TERESA
Tscurner? 3, Louts VeEvrRat?34 AppuL V. TcakarvZ?, Mar-
TIN Kamp®, SErcio L. MoreLHAO®, Viapmir Hinkov?4, Hen-
prIK BENTMANN'2 and Frieprica RemNerr!2 — 1Exp. Physik
VII, Universitat Wiirzburg — 2Wiirzburg-Dresden Cluster of Excel-
lence ct.qmat — 3Leibnitz IFW Dresden — 4Exp. Physik IV, Uni-
versitét Wiirzburg — ®Physikalisches Institut and RCCM, Universitét
Wiirzburg — SInstituto de Fisica, Universidade de Sdo Paulo

3D topological insulators (TI) are known to have a topological non-
trivial band structure protected by time reversal symmetry, which also
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guarantees the metallicity of the surface. Consequently, it is sufficient
to break this symmetry only locally at the surface of the sample to gap
out the topological surface state (TSS), leading to a variety of novel
topological effects, e.g. an axion term in the electromagnetic response
and quantized spin-selective edge channels. While most experimental
approaches to date have aimed to introduce magnetism globally, we
present the first experimental realisation of the ferromagnetic exten-
sion (1), a design directly interfacing a 3D TI with a two-dimensional
non-trivial magnet. Utilizing a single septuple layer MnBizTeyq on the
prototypical TI BigTes, we establish a stable 2D ferromagnetic ground
state and introduce a sizeable magnetic exchange gap in the TSS (2).
(1) M.M. Otrokov et al., 2D Mater. 4, 025082 (2017)

(2) P. Kagerer et al., arXiv 2207.14421 (2022)

0 94.7 Fri 12:00 GER 38
Orbital angular momentum in indenene measured by circu-
lar dichroism in ARPES — eJoNaAs ErRHARDT, CEDRIC SCHMITT,
SiMoN MoseR, and RarLpu CLAEssEN — Physikalisches Institut
and Wiirzburg-Dresden Cluster of Excellence ct.qmat, Universitdt
Wiirzburg, Wiirzburg D- 97074, Germany

Indenene, a monolayer of In atoms arranged in a triangular lattice on
SiC(0001), has recently been identified as a quantum spin Hall insula-
tor (QSHI) [1]. Its topological character is encoded in a characteristic
energy staggering of its orbital angular momentum (OAM) polarized
Dirac states [1]. This makes indenene an ideal test case for recent
claims that circular dichroism in angle-resolved photoelectron spec-
troscopy (CD-ARPES) gives access to local Berry curvature signatures
via the OAM [2]. However, a particular challenge of such experiments
is the extraction of the intrinsic OAM-related CD signal, requiring its
distinction from final state effects and extrinsic contributions induced
by experimental geometry.

In this talk, I will present a systematic photon energy dependent
CD-ARPES study of indenene’s Dirac states and use simple geometric
considerations to disentangle experimental from OAM induced CD.
The resulting OAM sequence confirms indenene to be a QSHI and thus
establishes a new approach to experimentally identify the topological
character of a 2D quantum material directly from its bulk states.

[1] M. Bauernfeind et al., Nat. Commun., 12, 5396 (2021)
[2] M. Schiiler et al., Sci. Adv., 6, 2730 (2020)

0 94.8 Fri 12:15 GER 38
Transfer matrix analysis of non-Hermitian interfaces —
eJacoB FaumaN — Max Planck Institute for the Science of Light,
Erlangen, Germany

Non-Hermitian systems exhibit unique features not present in Hermi-
tian systems, including the so-called non-Hermitian skin effect in which
the modes accumulate at the surface of the system. We analyze the
interface between a non-Hermitian system and a Weyl semimetal ana-
lytically using the transfer matrix method. This approach is especially

well-suited to the study of spatially inhomogeneous systems, and al-
lows for analysis of the Fermi arcs at the interface. We also consider
the effect of Hermitian and non-Hermitian spectral degeneracies on the
interface modes.

0 94.9 Fri12:30 GER 38
Spectroscopic signatures of non-trivial topology in Weyl
semimetals — oJAkUB ScHusseR!, HENDRIK BENTMANNZ, MAXI-
miLiaN UnzeLmann!, Tiv Ficeemerer!, Cnur-Hee Min3, Smmon
K. Moser?*, JEnniFER N. NEU?, THEO SIEGRIST®, and FRIEDRICH
ReINERT! — 1Exp. Physik VII and Wiirzburg-Dresden Cluster of Ex-
cellence ct.qmat, JMU Wiirzburg — 2Center for Quantum Spintronics,
NTNU Trondheim — 3Department of Physics, CAU zu Kiel — 4Exp.
Physik IV and Wiirzburg-Dresden Cluster of Excellence ct.qmat, JMU
Wiirzburg — 5National High Magnetic Field Laboratory, Tallahas-
see, Florida — 8Department of Chemical and Biomedical Engineering,
FAMU-FSU College of Engineering, Tallahassee, Florida

By performing angle-resolved photoemission spectroscopy (ARPES)
on bulk samples we show the spectroscopic manifestation of topologi-
cal features and Weyl physics beyond the simple photointensity over a
broad range of excitation energies from the vacuum ultraviolet to the
soft X-Ray regime and compare the surface to the bulk band structure.
Our experimental observations were complemented by state-of-the-art
first principle photoemission calculations based on one-step model of
photoemission. The determinant criterion confirms the arc character
of the spoon features in the constant energy contour close to Fermi
level in non-centrosymmetric TaP. We further show the drawbacks of
the existing spectroscopic techniques used to determine whether the
given material has non-zero Chern number and discuss an improved
approach for identifying Fermi arcs by the means of differential ARPES
measurements as well as the proper final state description.

0 94.10 Fri 12:45 GER 38
Extended Hatano-Nelson model, exceptional points and spec-
tral symmetry — eJuLius GonsricH"2, SHARAREH SAYYAD!, and
Frore K. Kunst! — Max Planck Institute for the Science of Light,
Staudtstrake 2, 91058 Erlangen, Germany — 2Department of Physics,
Friedrich-Alexander Universitdt Erlangen-Nirnberg, Staudtstrafe 7,
91058 Erlangen, Germany

Non-Hermitian systems attract a lot of attention in recent years as ef-
fective description of open quantum systems. A prominent example in
this context is the Hatano-Nelson model. While historically the model
has short-range non-reciprocal hoppings, long-range hopping has not
been systematically studied. In this talk, I will present our results on
the extended Hatano-Nelson model. Using analytical techniques, we
demonstrate how the underlying physics of the original Hatano-Nelson
model is enriched when longer-range hoppings are also included. I will
discuss how the crucial elements of the Hatano-Nelson model, namely,
the non-Hermitian skin effect and the exceptional points, are modified
for the generalized model.



