


About ct.qmat 

The Würzburg-Dresden Cluster of Excellence ct.qmat - Complexity and Topology in Quantum Matter is a strategic alliance 
of leading quantum matter research institutions in Würzburg and Dresden. Its aims are to develop a systematic 
understanding of topological phenomena in physics, to find and design materials in which these phenomena can be 
observed in the laboratory, and to identify and test initial applications of these novel materials. 

The cluster is funded by the Deutsche Forschungsgemeinschaft (DFG) and was established by 25 principal investigators from 
two universities and five research institutes. Today, ct.qmat unites almost 300 physicists, chemists and materials scientists 
from more than 30 nations in their efforts to understand, control and apply fundamentally new states of quantum matter. 

For further details please see: https://www.ctqmat.de/ 

About SFB1170  

The SFB1170 is a Collaborative Research Center (or in German:  Sonderforschungsbereich = SFB) devoted to research on 
"Topological and Correlated Electronics at Surfaces and Interfaces (ToCoTronics)", combining two of the most active and 
exciting fields of modern condensed matter physics: topological phases of matter and strong electronic correlations. 
Funded by the Deutsche Forschungsgemeinschaft (DFG) and originally set up in 2015, the SFB currently comprises 23 
individual and closely collaborating research projects, carried by a total of 27 principal investigators, all located at the 
Physics Institute of Würzburg University. 

For further details please see: www.physik.uni-wuerzburg.de/sfb1170/

https://www.ctqmat.de/
http://www.physik.uni-wuerzburg.de/sfb1170/


CT.QMAT22
International Conference on Complexity and Topology in 

Quantum Matter 

CT.QMAT22 is an international conference on emerging quantum phenomena resulting 
from topological physics and its interplay with many-body interactions in diverse quantum 
matter settings, from topological electron materials to quantum spin systems to photonics. 
Related contributions from other novel platforms (e.g., topological circuits, topological 
phononics and magnonics, ultracold atoms, etc.) are also highly welcome. The idea of 
CT.QMAT22 is to bring together experts from different communities and review the present 
state of the field of topological physics. 

The conference is organized by the Würzburg-Dresden Cluster of Excellence ct.qmat - 
Complexity and Topology in Quantum Matter and the SFB1170 ToCoTronics - Topological and 
Correlated Electronics at Surfaces and Interfaces. It is planned as in-person event from 25 to 
29 July 2022 and will be held at the Congress Centrum Würzburg, Germany. 

Scientific Scope 

• Topological electrons
• Quantum magnetism
• Toplogical photonics
• Topological phononics and magnonics
• Topolectric circuits
• Topological physics with ultracold atoms
• Tailoring topological functionality

Local Organization Committee 

• Monika Armer
• Ralph Claessen (ct.qmat spokesperson)
• Björn Trauzettel (SFB1170 spokesperson)
• Tobias Kießling
• Sebastian Klembt
• Katharina Leiter
• Monika Seifer
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Program Overview 

Keynote talks  (40 + 10 min) 
Invited talks (25 + 5 min) 
Contributed talks (15 + 5 min) 



Venue & Maps 

The workshop takes place in the Maritim Hotel (Pleichertorstraße 5, 97070 Würzburg) 
+49 (0) 931 3053-0  – info.wu@maritim.de

444

mailto:info.wu@maritim.de


 

Internet Connection 
• Conference Wi-Fi network "Mevent"
• Forwarding to Telekom page (in German)
• Enter password “ct.qmat22” in field “Gutscheincode einlösen“

Coffee & Lunch Breaks 
• Coffee, tea, and light snacks will be served during coffee breaks.
• A buffet-style lunch will be served Monday through Friday in the conference hotel,

including complimentary non-alcoholic beverages

Poster sessions (Tuesday & Thursday afternoon) 
• There will be two poster sessions on July 26 & 28. The presenters will be assigned to

corresponding session by their Poster-IDs (odd or even).
• Beverages and light snacks will be served during poster sessions.

Sightseeing (Wednesday afternoon)
• Guided City Tours of Wuerzburg (in English or German) will take place on July 27. The

tours will begin at 16:00. Meeting point is at the information desk of CT.QMAT22.
For all participants of the conference the city tours are free of charge.

• You will be able to visit famous sightseeing spots of Wuerzburg, which also includes
UNESCO World Heritage sights.

Conference Dinner (Wednesday evening) 
• Before the conference dinner on July 27 there will be a group picture in front of the

Residenz. Meeting point for the picture will be the fountain at the residence parking
lot. Please be there at 18:45.

• The conference dinner and wine tasting will take place in the Hofkeller at 19:00
(www.hofkeller.de/hofkeller/weinkeller). After the group picture we will go there
together. The Hofkeller is located underneath the Residenz.

Grete Hermann Network - GHN 
• The GHN is an international network of female researchers in condensed matter

physics and neighboring research areas, involving both junior researchers and
experienced professors. It is a part of the Cluster of Excellence ct.qmat.

• During the conference there will be a GHN booth to provide information on the
network and its activities.

• Special network activities for our GHN members during CT.QMAT22 are: GHN dinner
on July 26 at the Nikolaushof & GHN coffee break on July 27 at the booth.

Information Desk 
• If you have any questions regarding conference organization, social events or

administrative issues, please come to the CT.QMAT22 information desk.
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Seite 1 

Conference Program 

SUNDAY, 24.07.22 

08:00 – 18:00 Arrival & Check in 

18:00 – 20:00 Welcome Reception (at the Congress-Centrum, Würzburg) 

MONDAY, 25.07.2022 

09:00 – 09:10 Opening 

09:10 – 10:30 Talk Session 1 
Chair:  R. Claessen 

09:10 – 10:00 Corner and hinge charges of obstructed atomic insulators S. Murakami
(Tokyo Tech, JPN)

10:00 – 10:30 Strongly correlated superconductivity induced by band S. Huber
topology (ETH Zürich, SUI)

10:30 – 11:00 Coffee Break 

11:00 – 12:30 Talk Session 2 
Chair:  M. Vojta 

11:00 – 11:30 Diode effect in topological Josephson junctions J. Meyer
(U Grenoble Alpes, FRA)

11:30 – 12:00 Ring states in topological materials R. Queiroz
(Columbia U, USA)

12:00 – 12:20 Designing three-dimensional flat bands in topological A. Lau
nodal-line semimetals (TU Delft, NED)
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Monday

12:30 – 14:00 Lunch Break 

14:00 – 15:10 Talk Session 3 
Chair: E. Hankiewicz 

14:00 – 14:30 Revealing the second-order topological character of bismuth- H. Bouchiat 
based Josephson junctions (U Paris-Sud, FRA) 

14:30 – 14:50 From topological pumping to entanglement measurement D. Carpentier
(U Lyon, FRA)

14:50 – 15:10 Higher-dimensional topological and fractional states of W. Belzig
matter in superconducting systems (U Konstanz, GER)

15:10 – 15:40 Coffee Break 

15:40 – 17:00 Talk Session 4 
Chair:  R. Thomale 

15:40 – 16:00 Dynamical fractal and anomalous noise in clean magnetic R. Moessner
crystals (MPI PKS Dresden, GER)

16:00 – 16:20 Non-Abelian chiral spin liquid on spin-1 kagome lattice: B. Jaworowski  
truncation of an exact Hamiltonian and numerical optimization (Aarhus U, DEN) 

16:20 – 16:40 P-wave superconductivity in Luttinger semimetals J. Link
(TU Dresden, GER)

16:40 – 17:00 Spin and orbital magnetism in rhombohedral multilayer T. Wolf
graphene (UT Austin, GER)
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Conference Program 

TUESDAY, 26.07.22 

09:00 – 10:30 Talk Session 5 
Chair:  J. Erdmenger 

09:00 – 09:50 Universal theory of strange metals from spatially random
interactions 

S. Sachdev
(Harvard, USA)

09:50 – 10:20 Applied string theory: Explaining strange metals with virtual K. Schalm 
black holes (U Leiden, NED) 

10:30 – 11:00 Coffee Break 

11:00 – 12:30 Talk Session 6 
Chair:  V. Dyakonov 

11:00 – 11:30 Bose polaron formation and interactions in a cavity-coupled M. Kroner 
monolayer semiconductor (ETH Zürich, SUI) 

11:30 – 12:00 Encountering topology in the excitonic spectrum of C. Schneider
atomically thin crystals (U Oldenburg, GER)

12:00 – 12:30 Parallel spin-momentum locking and correlations of multifold N. Schröter 
fermions in chiral topological semimetals (MPI Halle, GER) 

12:30 – 14:00 Lunch Break 

14:00 – 15:10 Talk Session 7 
Chair: M. Bode 

14:00 – 14:30 Tunable many-body interactions and induced superconduc- B. Weber
tivity in a helical Luttinger Liquid (NTU Singapore, SGP)

14:30 – 14:50 Surface spin texture derived from a single mirror plane of L. Plucinski
WTe2 (FZ Jülich, GER)

14:50 – 15:10 Proximity-induced gap opening by twisted plumbene in C. Tegenkamp
epitaxial graphene (TU Chemnitz, GER)
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Tuesday

15:10 – 15:40 Coffee Break 

15:40 – 17:00 Talk Session 8 
Chair:  J. van den Brink 

15:40 – 16:00 Spin polarisation and dichroism effects in ARPES of 2D J. Minar
materials (U West Bohemia Pilsen, CZE)

16:00 – 16:20 Superconductivity in flat-band semimetals A. Zyuzin
(Aalto U, FIN)

16:20 – 16:40 Parallel and anti-parallel helical surface states for T. Zhang
topological semimetals (Tokyo Tech, JPN)

16:40 – 17:00 Robustness of spin-polarized edge states in a two- dimensional J. Mella 
topological semimetal without inversion symmetry (U of Chile, CHI) 

17:00 – 19:00 Poster Session 1 
Presenters:  odd poster numbers 

19:30 – 22:30 GHN Dinner 
Location: Nikolaushof, Würzburg 
Shuttle bus departure: 19:10 o clock, Maritim 

10
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Conference Program 

WEDNESDAY, 27.07.22 

09:00 – 10:30 Talk Session 9 
Chair:  F. Reinert 

09:00 – 09:50 The topological transistor as a low-voltage switch M. Fuhrer
(Monash U, AUS)

09:50 – 10:20 Fermiology of AV3Sb5 kagome superconductors R. Comin
(MIT, USA)

10:30 – 11:00 Coffee Break 

11:00 – 12:30 Talk Session 10 
Chair:  M. Vojta 

11:00 – 11:30 Topological magnons in chiral magnets C. Pfleiderer
(TU München, GER)

11:30 – 12:00 Superconductivity and competing orders in flat bands with D. Chowdhury
tunable quantum metric (Cornell, USA)

12:00 – 12:30 Spin dynamics and unconventional Coulomb phase in E. Lhotel
Nd2Zr2O7 (Institut Néel, FRA)

12:30 – 12:45 Group picture 
Location: Congress Centrum, Würzburg 
Meeting point: Information desk 
Who: Members of the cluster of Excellence ct.qmat (PIs and Associated) 

11



Wednesday

12:30 – 14:00 Lunch Break 

14:00 – 15:10 Talk Session 11 
Chair:  B. Trauzettel 

14:00 – 14:30 Building crystalline topological superconductors from T. Neupert
Shiba lattices (U Zürich, SUI)

14:30 – 14:50 Hydrodynamics, Thermalization & Entanglement from M. Kaminski
Spacetime Geometry (U Alabama, USA)

14:50 – 15:10 Topological charge pumping in the dimerized ionic Hubbard A. Aligia
model (U Göttingen, GER)

15:10 – 15:40 Coffee Break & 
GHN Coffee Break (at the GHN booth) 

16:00 – 17:30 City Tours of Würzburg 
Departure: 16:00 o clock, Maritim 

18:45 – 19:00 Group picture 
Location: Fountain in front of the Residenz, Würzburg 
Who: All participants of CT.QMAT22 

19:00 – 23:30 Conference Dinner 
Location: Staatlicher Hofkeller, Würzburg 
Meeting point: Fountain in front of the Residenz, Würzburg 
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Conference Program 

THURSDAY, 28.07.22 

09:00 – 10:30 Talk Session 12 
Chair:  F. Assaad 

09:00 – 09:50 Anomalous Floquet topological systems with ultracold atoms M. Aidelsburger 
(LU München, GER) 

09:50 – 10:20 Novel tools for studying lattice physics with ultracold atoms C. Weitenberg 
(U Hamburg, GER) 

10:30 – 11:00 Coffee Break 

11:00 – 12:30 Talk Session 13 
Chair: A. Chernikov 

11:00 – 11:20 Surfaces Berry-curve Bloch-electrons J. van den Brink
(IFW Dresden, GER)

11:20 – 11:40 Quantized Faraday rotation and the band structure in 2D A. Pimenov
quantum wells (TU Wien, AUT)

11:40 – 12:00 Optical signature of anomalous Hall effect in a correlated L. Degiorgi
magnetic Weyl semimetal (ETH Zürich, SUI)

12:00 – 12:20 PT-symmetric non-Hermitian superconductors V. Kornich
(U Würzburg, GER)

12:30 – 14:00 Lunch Break 

14:00 – 15:10 Talk Session 14 
Chair:  H. Buhmann 

14:00 – 14:30 Landau level spectroscopy: a window into topological A. Akrap
semimetals (U Fribourg, SUI)

14:30 – 14:50 Microwave bulk and edge transport in HgTe-based 2D E. Bocquillon
topological insulators (U Köln, GER)

14:50 – 15:10 Exploring the full potential of edge channel transport in S. Shamim
HgTe based two-dimensional topological insulators (U Würzburg, GER)
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Thursday

15:10 – 15:40 Coffee Break 

15:40 – 17:00 Talk Session 15 
Chair:  G. Sangiovanni 

15:40 – 16:00 Quantum spins and hybridization in artificially-constructed K. Franke
chains of magnetic adatoms on superconducting 2H-NbSe2 (FU Berlin, GER)

16:00 – 16:20 Searching for superconductors with Majorana corner Y.-T. Hsu 
modes (U Notre Dame, USA) 

16:20 – 16:40 Fraunhofer pattern in the presence of Majorana zero modes P. Recher
(U Braunschweig, GER)

17:00 – 19:00 Poster Session 2 
Presenters:  even poster numbers 

14
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Conference Program 

FRIDAY, 29.07.22 

09:00 – 10:30 Talk Session 16 
Chair:  S. Klembt 

09:00 – 09:50 AI for topological physics M. Soljacic
(MIT, USA)

09:50 – 10:20 Non-hermitian Spin-Hall effect in photonic Dirac A. Khanikaev
waveguides (CUNY, USA)

10:30 – 11:00 Coffee Break 

11:00 – 12:30 Talk Session 17 
Chair:  T. Kießling 

11:00 – 11:20 Topological insulator vertical-cavity laser array S. Klembt
(U Würzburg, GER)

11:20 – 11:40 Hyperbolic matter in electrical circuits with tunable I. Boettcher
complex phases (U Alberta, CAN)

11:40 – 12:00 From a hyperbolic drum towards hyperbolic topological P. Lenggenhager
insulators (ETH Zürich, SUI)

12:00 – 12:20 From chiral squeezing to nonlinear topology in opto- J. del Pino
mechanics (ETH Zürich, SUI)

12:20 – 12:30 Poster Prizes & Closing Remarks 

12:30 – 14:00 Lunch 

- End of Conference     -

        It was a pleasure to have you in Würzburg! 
  Have a good trip home and see you soon at the next ct.qmat-event! 
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Corner and hinge charges of obstructed atomic insulators 

Shuichi Murakami1 
1Department of Physics, Tokyo Institute of Technology, 
2-12-1 Ookayama, Meguro-ku, Tokyo 152-8551, Japan

(e-mail of corresponding author: murakami@stat.phys.ttiech.ac.jp) 

In obstructed atomic insulators, occupied electronic states reside at Wyckoff positions where no 
atoms are present, and they can have hinge or corner states/charges at the boundary of the system. 
In an obstructed atomic insulator protected by Cn rotational symmetry, when the crystal is in a 
shape of a regular polygon, the corner charge is quantized to a simple fraction [1,2]. We propose 
that the material family of electrides [3] matches well with topological materials and obstructed 
atomic insulators. Indeed, we find that apatite electrides are among such obstructed atomic 
insulators protected by rotational symmetry [3,4], supporting 2/3-filled metallic hinge states in a 
crystal forming a hexagonal cylinder (Figs. 1,2) [4]. This notion has been extended to three-
dimensional crystals. For example, a sodium chloride (NaCl) crystal in a cubic shape is proposed 
to have e/8 or -e/8 quantized charge at each corner [5]. We generalize this notion to various three-
dimensional crystal shapes of vertex-transitive polyhedrons, some of which are shown in Fig. 3(a)-
(e), and find that there appear quantized fractional corner charges depending on the crystal shapes. 
In Fig. 3(c)(e), in particular, the corner charge is e/24 mod e/12 [6]. In some space groups and some 
crystal shapes, the corner/hinge charges are not determined solely by irreducible representations at 
high-symmetry wavevectors, and we need to introduce a Wilson-loop invariant. 

[1] W. A. Benalcazar, T. Li, T. L. Hughes, Phys. Rev. B 99, 245151 (2019).
[2] R. Takahashi, T. Zhang, S. Murakami, Phys. Rev. B 103, 205123 (2021).
[3] M. Hirayama, S. Matsuishi, H. Hosono, and S. Murakami, Phys. Rev. X 8, 031067 (2018).
[4] M. Hirayama, R. Takahashi, S. Matsuishi, H. Hosono, S. Murakami, Phys. Rev. Res. 2, 043131 (2020).
[5] H. Watanabe, H. C. Po, Phys. Rev. X 11, 041064 (2021).
[6] K. Naito, R. Takahashi, H. Watanabe, S. Murakami, Phys. Rev. B 105, 045126 (2022)

Fig.1: Apatite electride as 
a higher-order topological 
insulator. Electrons reside 
in the yellow regions 
where no atom is present 
[4]. 

Fig.2: 2/3-filled hinge states 
in apatite electride as a 
higher-order topological 
insulator, protected by 
rotational symmetry [4]. 

Fig.3: Various crystal shapes in 
cubic symmetry with 
fractionally quantized corner 
charges [6]. They are vertex-
transitive polyhedra.  
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Strongly correlated superconductivity induced by band topology

Sebastian Huber
Institute for Theoretical Physics, ETH Zurich, 8093 Zürich, Switzerland

*email corresponding author: sebastian.huber@phys.ethz.ch

Superconductivity is easiest to understand as an instability of the Fermi surface under
the influence of attractive interactions. In flat band systems, where interference effects
lead to entirely dispersionsless Bloch bands with a diverging effective mass m∗ → ∞, a
much more intriguing situation may occur. Attractive interactions can lead to Cooper
pairing also in this case. However, the absence of single particle mobility brings the
notion of phase coherence into question. In particular, the standard expression for the
superfluid weigh Ds ∝ 1/m∗ predicts that there is no stiffness in a flat band. In two
spatial dimensions, where the superconducting temperature is set by the stiffness through
the Berezinksii-Kosterlitz-Thouless mechanism, this is at odds with the observation of flat
band superconductivity, e.g., in twisted bi-layer graphene.

In my talk I will highlight how band effects can introduce an non-zero supefluid weight
Ds also for flat bands. I will elaborate how this can be understood via an exact mean-field
description at zero temperature, how this is related to topology and how it survives the
step away from mean-field at finite temperatures.

References

[1] Tovmasyan et al., Phys. Rev. B, 94, 245149 (2016)

[2] Peri et al., Phys. Rev. Lett., 126, 027002 (2021)

[3] Herzog-Arbeitman, Phys. Rev. Lett., 128, 087002 (2022)
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Diode effect in topological Josephson junctions

J.S. Meyer

Univ. Grenoble Alpes, CEA, Grenoble INP, IRIG, PHELIQS, 38000 Grenoble, France
email: julia.meyer@univ-grenoble-alpes.fr

A topological Josephson junction formed by connecting two superconductors through the
helical edge states of a quantum spin-Hall insulator provides a simple model system that,
in the presence of a Zeeman field along the spin quantization axis, displays a so-called
diode effect, where the critical currents in opposite directions are different [1]. Here we
show that parity constraints, inherent to the topological character of the junction, enhance
this effect. Furthermore, we investigate its length and temperature dependence. We also
discuss the case of nanowires [2] in the presence of spin-orbit coupling and a Zeeman field
that permit the realization of a topological phase in some parameter regimes.

References
[1] F. Dolcini, M. Houzet, and J.S. Meyer, Phys. Rev. B 92, 035428 (2015)
[2] K.N. Nesterov, M. Houzet, and J.S. Meyer, Phys. Rev. B 93, 174502 (2016)
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Ring states in Topological Materials 

Raquel Queiroz1 
1Columbia University in the City of New York, New York, USA 

(e-mail of corresponding author: Raquel.queiroz@columbia.edu) 

Nontrivial topology plays a crucial role in how a system behaves in the presence of impurities and 
crystalline defects. Nontrivial topology is characterized by a lack of an exponentially localized 
Wannier representation that respects the local and crystalline symmetries of the system. In this talk, 
I will relate the lack of localizability to a universal structure of the local Green's function, and how 
it is manifested in defect-bound states with unique qualitative features, independent of the exact 
nature of the topological phase or which symmetry protects it. Universal defect states can provide 
critical cues to prove a material is in a topological phase, particularly in phases where crystalline 
symmetries protect the topology and boundary states are hard to access.   
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Designing three-dimensional flat bands in
topological nodal-line semimetals

Alexander Lau,1,∗ Timo Hyart,2 Carmine Autieri,1 Anffany Chen,3 and
Dmitry I. Pikulin4

1International Research Centre MagTop, Institute of Physics, Polish Academy of Sciences, Al.
Lotników 32/46, 02-668 Warsaw, Poland

2Department of Applied Physics, Aalto University, 00076 Aalto, Espoo, Finland
3Quantum Matter Institute, University of British Columbia, Vancouver, British Columbia,

Canada V6T 1Z4
4Microsoft Quantum, Redmond, Washington 98052, USA

*email corresponding author: alexander.lau.physics@gmail.com

Sparked by the discovery of unconventional superconductivity in twisted bilayer graphene, the
study of flat-band physics has become a driving force in the search and realization of new phases
of matter. In flat-band systems, the kinetic energy of the electrons is quenched leading to an en-
hancement of correlation effects. Research efforts, both theoretically and experimentally, have so
far focused on materials and superlattices with two-dimensional energy bands. Two dimensions,
however, put severe restrictions on the stability of the low-temperature phases due to enhanced
fluctuations. Only three-dimensional (3D) flat bands can solve the conundrum of combining
exotic flat-band phases with stable order existing at high temperatures.

Figure 1: Strain from bending a nodal-
line semimetal (top) creates a 3D flat band
(bottom).

Here, we present a viable way to generate 3D flat
bands through strain engineering in topological nodal-
line semimetals [1]. We shed light on the underlying
mechanism and draw a connection between the drum-
head surface states of the parent nodal-line semimetal
and the emerging bulk pseudo-Landau level states. We
further discuss the competition of the arising supercon-
ducting and magnetic orders. The required strain pro-
file can be realized, for instance, by bending the sample
(see Figure 1), which allows for in situ tuning of the
emerging correlated phases and the transition tempera-
tures. We show that these systems support a nontrivial
3D quantum geometry giving rise to large superfluid
weight and supercurrents along all directions. More-
over, we identify rhombohedral graphite and CaAgP as
promising material candidates to realize our proposal.
Finally, we will give a brief outlook on our ongoing stud-
ies on 3D flat bands.

References

[1] A. Lau, T. Hyart, C. Autieri, A. Chen, and D. I. Pikulin, Phys. Rev. X 11, 031017 (2021)
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Revealing the second-order topological character of bismuth-based Josephson junctions. 

A.Bernard, A. Murani,  B. Dassonneville, A. Kasumov,  M. Ferrier, R. Deblock, S. Guéron, and H. Bouchiat

Université Paris Saclay et CNRS Laboratoire de Physique des Solides, Paris-Saclay, 91405 Orsay 

 In Second-Order Topological Insulators (SOTI), bulk and surfaces are insulating while the edges or 
hinges conduct current in a quasi-ideal (ballistic) way, being insensitive to disorder.  Crystalline bismuth 
has been shown to belong to this class of materials [1,2,3]. Just like the case of Quantum Spin Hall 
edges of 2D Topological Insulators, are characterized by helical, non-spin-degenerate, one-dimensional 
states running along the crystal hinges, with no backscattering. Injecting superconducting pairs 
therefore entails splitting Cooper pairs into two families of helical Andreev states of opposite helicity, 
one at each hinge. Here we provide evidence for such separation via the measurement and analysis of 
switching supercurrent statistics of a crystalline nanoring of bismuth [4]. 

References : 

[1] A. Murani et al, Nature Communications 8, 15941 (2017).

[2] Frank Schindler et al, Nature Physics 14, 918–924 (2018).

[3] A. Murani et al, Phys. Rev. Lett. 122, 076802 (2019).

[4] A.Bernard et al. Arxiv (2021).
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From topological pumping to entanglement measurement

Jacquelin Luneau,1 Benôıt Douçot 2 and David Carpentier,1,∗
1ENSL, CNRS, Laboratoire de Physique, Lyon, France

2LPTHE, Sorbonne Université and CNRS, Paris, France
*email corresponding author: david.carpentier@ens-lyon.fr

The simplest topological pump consists in a two level system periodically driven in time
at two frequencies. We consider a quantum analog of such a pump: two quantum modes
strongly coupled to a fast quantum degree of freedom. The fast degree of freedom is a two
level system. Each slow mode is described by a quantum rotor with a phase operator φ̂
conjugated to a number of quanta operator n̂.

For suitably chosen couplings, this system displays a topological pumping between the
two quantum rotors. Indeed when the two rotors are prepared in coherent states, and
two level system in its associated ground state, an energy transfer occurs between the two
modes, at a rate set by a topological number. We then focus on a the behavior of this
system when prepared in a generic state. We show that such a state is naturally decom-
posed into two states pumping at opposite rates. This property allows us to propose a
new type of entanglement measurement on such quantum systems, relying on topological
quantum pumping.

Figure 1: Time evolution of the quantum Floquet prepared in a non-entangled state,
built out of gaussian modes states and a correlated state for the two-level system. After
some time t = tsep, the wave-packet is split in two non-overlapping components. The
colored points and lines correspond to their respective center and width.

References
Jacquelin Luneau, Benôıt Douçot and David Carpentier, to be published
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Higher-dimensional topological and fractional states of 
matter in superconducting systems 

Wolfgang Belzig1, Hannes Weisbrich1, Raffael Klees2, Oded Zilberberg1, Gianluca 

Rastelli3

1Universität Konstanz, Germany 2Universität Würzburg, Germany
3INO-CNR BEC Center, Universita di Trento, Italy

(e-mail of corresponding author: wolfgang.belzig@uni-konstanz.de)

Many robust physical phenomena in quantum physics are based on topological invariants, which are 
intriguing geometrical properties of quantum states. A prime example is the 2D quantum Hall effect 
with its quantized Hall conductance by the respective 2D topology as shown by Thouless. Interactions 
can dramatically change the picture and cause fractional quantisation that again can be traced to a 
topological origin. More intriguingly, one can envision higher dimensional topology in more than 
three dimensions. This was recently beautifully illustrated experimentally in the form of the 4D 
quantum Hall effect. 
In this work, we propose superconducting nanosystems as a promising platform for realising higher-
dimensional topological phenomena and fractional charge transport. We do this by proposing three 
systems that make use of the recent observation that multi-terminal superconducting structure with N 
controlled phase differences constitute an N-dimensional synthetic space and enable a realisation of 
higher-dimensional topologies. We show the following cases
A. An Andreev dot system with a non-trivial second Chern number and a non-Abelian Berry phase.
B. A superconducting realisation of a tensor monopole.
C. A Josephson junction circuit working as fractional Thouless pump for Cooper pairs.
All systems can be realised with present days technology in superconducting nanoelectronics and pave
the way to observe higher dimensional topology in superconducting system.

Left: Four dimensional topology with a nontrivial 2nd Chern number. Middle: Energy spectrum of an Andreev
level hosting a 4D tensor monopole. Right: 6 -periodic band structure for fractional Cooper pair transport.
[1] H. Weisbrich, R. L. Klees, G. Rastelli, and W. Belzig, PRX Quantum 2, (2021).
[2] H. Weisbrich, M. Bestler, and W. Belzig, Quantum 5, 601 (2021).
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Fractals – objects with non-integer dimensions – occur in manifold settings and length
scales in nature, ranging from snowflakes and lightning strikes to natural coastlines. Much
effort has been expended to generate fractals for use in many-body physics. Here, we re-
port the discovery of an emergent dynamical fractal in a disorder-free, stoichiometric
three-dimensional magnetic crystal in thermodynamic equilibrium: constraints on the
dynamics of the magnetic monopole excitations in spin ice restrict them to move on an
emergent, slowly-time-evolving fractal. This observation explains the anomalous exponent
found in magnetic noise experiments in the spin ice compound Dy2Ti2O7, and it resolves
a long standing puzzle about its rapidly diverging relaxation time. The capacity of spin
ice to exhibit such striking phenomena holds the promise of further surprising discoveries
in the cooperative dynamics of even simple topological many-body systems.

Figure 1: Emergent dynamical fractal for monopole motion in spin ice
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We employ a combination of conformal field theory approach and numerical optimization
to search for a short-range parent Hamiltonian for a non-Abelian spin liquid in a spin-1
kagome system. The target state is a SU(2)-invariant lattice version of the ν = 1 bosonic
Moore-Read state. First, we apply a truncation procedure to a long-range exact parent
Hamiltonian constructed using conformal field theory [1], obtaining a local Hamiltonian
on a torus with up to third-neighbor interactions. Then, to improve the result, we perform
an exact-diagonalization-based optimization of the Hamiltonian parameters, maximizing
the overlap with model ground states. The best obtained overlaps exceed 0.9 and 0.8 for
the three lowest states of 12- and 18-site systems, respectively, suggesting that the result-
ing Hamiltonian is a good candidate for a parent Hamiltonian for a lattice Moore-Read
state. The preprint describing these results is available on Arxiv [2].

References
[1] I. Glasser, J. I. Cirac, G. Sierra, and A. E. B. Nielsen, New Journal of Physics, 17,
082001 (2015)
[2] B. Jaworowski, A. E. B. Nielsen, arXiv:2202.09193 (2022)
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p-wave superconductivity in Luttinger semimetals
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We consider the three-dimensional spin-orbit-coupled Luttinger semimetal of “spin” 3/2
particles in presence of weak attractive interaction in the l = 1 (p-wave) channel, and
determine the low-temperature phase diagram for both particle- and hole dopings. The
phase diagram depends crucially on the sign of the chemical potential, with two different
states (with total angular momentum j = 0 and j = 3) competing on the hole-doped
side, and three (one j = 1 and two different j = 2) states on the particle-doped side. The
ground-state condensates of Cooper pairs with the total angular momentum j = 1, 2, 3
are selected by the quartic, and even sextic terms in the Ginzburg-Landau free energy.
Interestingly, we find that all the p-wave ground states appearing in the phase diagram,
while displaying different patterns of reduction of the rotational symmetry, preserve time
reversal. The resulting quasiparticle spectrum is either fully gapped or with point nodes,
with nodal lines being absent.
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Figure 1: The low-temperature phase diagram for hole-doped (left panel) and particle-
doped (right panel) Luttinger semimetals in the p-wave channel are shown. For the hole-
doped phase diagram, there is a phase transition between the |j,mj〉 = |0, 0〉 state, which
exhibits a fully gapped isotropic quasiparticle spectrum, and the cubic-symmetric, real
state (|3,+2〉− |3,−2〉), which exhibits six point nodes. For the particle-doped Luttinger
semimetals, the two possible values of the total angular momentum are either one or two.
For the Cooper pairs with j = 1, we find |1, 0〉 as the superconducting groundstate, which
exhibits two point nodes at the axis of the residual SO(2) symmetry of the state. When
the condensate has j = 2, two superconducting ground states are possible: the uniaxial
nematic state, |2, 0〉, and the biaxial nematic state (|2,−2〉+ |2,+2〉)/

√
2.
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Spin and orbital magnetism in rhombohedral multilayer graphene 

Tobias Wolf1, Chunli Huang2, Nemin Wei1, Igor V. Blinov1, and Allan H. MacDonald1 
1Department of Physics, University of Texas at Austin, Austin TX 78712  

2Theoretical Division, T-4, Los Alamos National Laboratory, Los Alamos, New Mexico 87545, USA 
(e-mail of corresponding author: tobias.wolf@austin.utexas.edu) 

Graphene multilayers have proven to be a rich 
platform to realize and control exotic emergent 
physics by engineering stacking arrangement, 
external fields, and proximity effects. Most 
observations of strong correlation effects in 
these systems are related to moiré flat bands, 
but recent experiments have demonstrated that 
already commensurately stacked  graphene 
multilayers can feature a variety of strongly 
correlated phases, including superconductivity 
[1-6]. We provide a theoretical interpretation 
[7] of the metallic broken spin—valley
symmetry states recently discovered in ABC
trilayer graphene (ABC) perturbed by a large
transverse displacement field, see Figure 1.
Our conclusions combine insights from ABC
trilayer graphene electronic structure models 
and mean field theory, and aim to explain magneto-oscillation Fermi-surface-area measurements. 
We find that the physics of ABC trilayer graphene is shaped by the principle of momentum-space 
condensation, which favors Fermi surface reconstructions enabled by broken spin—valley flavor 
symmetries when the single-particle bands imply thin annular Fermi seas. Our analysis is an 
important step towards building a more general understanding of strong correlations of spin—
valley symmetry-broken states in multilayer graphene systems.  

[1] H. Zhou et al., Nature 598, 429 (2021), arXiv:2104.00653
[2] H. Zhou et al., Science 10.1126/science.abm8386 (2022),	arXiv:2110.11317
[3] H. Zhou et al., Nature 598, 434 (2021), arXiv:2106.07640
[4] A. M. Seiler et al., arXiv:2111.06413 (2021)
[5] S. C. de la Barrera et al., Nat. Phys. 10.1038/s41567-022-01616-w (2022), arXiv:2110.13907
[6] Y. Zhang et al., arXiv:2110.13907 (2022)
[7] C. Huang, T. Wolf et al., arXiv:2203.12723 (2022)

Figure 1. Zero-temperature phase diagram of ABC-
trilayer graphene for hole density versus interlayer 
potential, obtained from Hartree-Fock calculations. 
Shown are different spin—valley-symmetry broken 
phases, magnetic transitions and Lifshitz transitions 
between different Fermi sea topologies, see Ref. [7] for 
details. 
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Strange metals are ubiquitous in correlated quantum materials. In limit of low temper-
atures (T ), strange metals are characterized by a low resistivity which decreases linearly
with T to values well below the Mott-Ioffe-Regel bound, a specific heat which varies as T
ln(1/T ), and a marginal Fermi liquid form for the electronic spectrum. We present a theory
of strange metals in two dimensions which reproduces all of these features, and is also in
general agreement with the frequency and T dependence of optical conductivity
measurements in the hole-doped cuprates.

The theory describes a Fermi surface coupled to a critical boson, the latter representing
an order parameter or an emergent gauge field. We find that the key ingredient in the
strange metal behavior is the presence of spatial randomness in the Yukawa coupling
between fermions and the critical boson. Our solution builds on insights gained from the
exactly soluble Yukawa-Sachdev-Ye-Kitaev models of metals without quasiparticles.
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The Anti-de-Sitter/Conformal Field Theory correspondence, also known as AdS/CFT,
has given us an unprecedented new holographic window in strongly coupled physics. In
particular the existence of charged black holes in AdS predicts the existence of novel quan-
tum critical fixed points distinct from the conventional theory of critical phenomena. I will
review how the distinct features of these novel quantum critical points show a remarkable
resemblance with the profoundly mysterious behavior of exotic strange metal states of
quantum matter, e.g. in high Tc superconductors. Recent experiments in ARPES, Hall
resistance, and EELS amongst others, strongly indicate that this resemblance is more
than superficial. This has put us at the cusp of a new era in theoretical physics: we will
present the case that current experiments can and will test a holographic gravity model
as the theory of the strange metal state.
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Interactions between a mobile quantum impurity and a Bose-Einstein condensate leads
to the formation of quasiparticles, termed Bose polarons. In this talk I will discuss how
we can explore Bose polaron physics in a nonequilibrium setting, by performing resonant,
time resolved pump-probe spectroscopy on a MoSe2 monolayer that is mounted in an
open, tunable, optical cavity: We inject σ− polarized exciton-polariton impurities with a
weak probe pulse into a σ+ polarized polariton condensate generated by a strong pump
laser pulse. I will show that by exploiting a biexciton Feshbach resonance between the
impurity and the condensate polaritons, we can tune the interaction strength and observe
the coexistence of both the attractive and repulsive polaron branches in the polariton
spectrum. We find that the repulsive interaction between polarons in the attractive branch
are enhanced while those in the repulsive branch are reduced.
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 Encountering topology in the excitonic spectrum of atomically thin crystals 

M. Syperekb, E. Lorchatc, R. Stühlerc, S. Höflingc, R. Claessenc, C. Schneidera

aInstitute of Physics, University of Oldenburg, D-26129 Oldenburg, Germany 
bDepartment of Experimental Physics, Faculty of Fundamental Problems of Technology, Wrocław University of 

Science and Technology, Wybrzeże Wyspiańskiego 27, 50-370 Wrocław, Poland 
cPhysikalisches Institut and Würzburg-Dresden Cluster of Excellence ct.qmat, Universität Würzburg, 97074 

Würzburg, Germany 

Exploring the optical properties of excitons in band insulators and semiconductors has enhanced our 

understanding of light-matter coupling and its connection to manybody phenomena. It furthermore 

allows gaining valuable insight into the microscopic structure of the underlying materials, including 

symmetries of the Bloch wavefunctions utilizing via optical spectroscopy.  

With the rise of two-dimensional semiconductors, the discipline gained substantial momentum, fueled 

by the rapidly developing plethora of new material combinations with unique and unconventional 

optical properties.  In my contribution, I will address two specific cases, where phenomena in relation 

to both, local and global topology of Bloch bands are reflected in the exciton spectrum of such 

atomically thin crystals.  

I will first discuss the optical response of a bilayer MoS2, embedded in a gated structure. We 

demonstrate that valence band hybridization yields highly dipolar, tunable hybrid excitons with a large 

oscillator strength, and which display direct features of the valley topology in magneto-optical studies 

[1].  In the second part of the talk, I discuss the case of a monolayer material, composed of a hexagonal 

lattice of Bismuth atoms epitaxially grown on a SiC surface (Bismuthene) [2]. Bismuthene monolayers 

have a band gap of > 1 eV, which evolves from strong spin-orbit coupling. This renders Bismuthene 

practically the only experimentally accessible Quantum Spin Hall Insulator, which promises to host 

excitons in the visible and near infrared. Via modulated white light reflection measurements, for the 

first time we capture clear experimental evidence for the emergence of excitons in the electronic 

bandgap of Bismuthene with substantially large binding energies, establishing atomically thin 

topological insulators as a new material class in excitonic research.  

[1] Lorchat, E. et al. "Excitons in Bilayer MoS 2 Displaying a Colossal Electric Field Splitting and Tunable

Magnetic Response." Physical Review Letters 126.3 (2021): 037401.

[2] Reis, F., et al. "Bismuthene on a SiC substrate: A candidate for a high-temperature quantum spin Hall

material." Science 357.6348 (2017): 287-290.
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An object that cannot be superimposed with its mirror image is said to be chiral, a concept first 

proposed by Lord Kelvin that has become ubiquitous across the modern sciences, ranging from 

high-energy physics to biology. In this talk, I will introduce chiral topological semimetals (CTSs), 

a new class of quantum materials that combine electronic and structural chirality by realizing Berry 

curvature monopoles in momentum space in structurally chiral crystals that possess neither 

inversion nor mirror-symmetries. These materials have been predicted to realize various new 

phenomena, such as multifold fermions with large Chern numbers and parallel spin-momentum 

locking (1–3), long fermi-arc surface states (4, 5), new forms of spin-orbit torques (6), exotic 

interacting phases (7) such as topological superconductivity even with negligible spin-orbit 

coupling (8), and a quantized response to circularly polarized light (9). However, until recently, all 

known topological semimetals hosted mirror symmetries, which means that the aforementioned 

phenomena must vanish.  

We have now identified a family of intermetallic compounds crystallizing in the cubic B20 as chiral 

topological semimetals and visualized their multifold fermions and long fermi-arcs directly with 

angle-resolved photoemission (ARPES) (10). By resolving a band splitting in the fermi-arc surface 

states, we showed that the multifold fermions carry the largest Chern number for quasiparticles in 

metals. We were also able to show experimentally that there is a direct relationship between the 

handedness of the crystal structure and the electronic chirality (i.e., the Chern number sign) of these 

new fermions, which indicates that structural chirality can be used as a control parameter to 

manipulate phenomena that are sensitive to the electronic chirality, such as the direction of 

topological photocurrents (11). I will then also present our latest results revealing a new type of 

parallel spin-momentum locking of multifold fermions and how spin-dependent electronic 

correlations may realize partially gapped topological phases in a metal. 

1. B. Bradlyn et al., Science. 353, aaf5037 (2016).
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11. N. B. M. Schröter et al., Science. 369, 179–183 (2020).
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The interplay of topology, superconductivity, and many-body correlations in 1D has become a subject 
of intense research for the pursuit of non-trivial superconducting pairing. The boundaries of atomically-
thin topological insulators in 2D – amongst them the quantum spin Hall (QSH) insulator [1] – provide 
a natural realization of strictly 1D electronic structure with linear (Dirac) dispersion and spin-momentum 
locking (helicity).  

We show [2] that the topological edge states of the QSH insulator 1T’-WTe2 harbour a strongly 
correlated 1D electronic ground state – a helical Tomonaga-Luttinger Liquid (TLL) – whose many-body 
Coulomb interactions can be effectively controlled by the edge state’s dielectric environment. 
Temperature-dependent scanning tunnelling spectroscopy measurements down to 4.2K reveal a 
pseudogap-like zero-bias anomaly (ZBA) within the edge state’s local density of states (LDOS), with 
minimum strictly at the Fermi energy. Consistent with the presence of a TLL, the LDOS of this ZBA 
exhibits power-law scaling in both bias voltage and temperature, with a universal scaling exponent that 
is related to the Luttinger parameter as a=C(K+K-1-2) (C=1/2 for helical systems).

A statistical analysis across tens of tunnelling points confirms [2] that K is distinct on different edges of 
the 1T’-WTe2 crystal and depends on the dielectric environment of the helical edge, provided by its van-
der-Waals substrate. This demonstrates tunability of a helical TLL in both its fundamental dependencies 
on potential and kinetic energy terms, respectively. Finally, we show that super-conductivity can be 
induced [3] into the 1T’-WTe2 quantum spin Hall state by proximity-coupling to a superconducting van-
der-Waals substrate, giving rise to an induced superconducting order parameter as large as 0.6meV in 
WTe2, stable beyond a B=2T magnetic field [3]. 

[1] M.S. Lodge, S.A. Yang, S. Mukherjee, and Bent Weber*, Atomically Thin Quantum Spin Hall Insulators.
Advanced Materials 33, 2008029 (2021).
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Huang, H. Lin, A. Bansil, S. Mukherjee, and Bent Weber*, Tuning the Many-body Interactions in a Helical
Luttinger Liquid (under review)

[3] W. Tao, Z.J. Tong, A. Das, D.-Q. Ho, Y. Sato, M. Haze, J. Jia, Y. Que, F. Bussolotti, K.E.J. Goh, B. Wang,
H. Lin, A. Bansil, S. Mukherjee, Y. Hasegawa, and Bent Weber*, Multiband super-conductivity in strongly
hybridized 1T′-WTe2 / NbSe2  heterostructures” Physical Review B 105, 094512 (2022)
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WTe2 is an important semi-metallic quantum material that exhibits non-saturating 

magnetoresistance and potentially hosts Weyl type-II nodes [1]. Through the laser-driven spin-

polarized ARPES Fermi surface mapping, we demonstrate highly asymmetric spin textures of 

electrons photoemitted from the surface states of WTe2. Such asymmetries are not present in the 

initial state spin textures, which are bound by the time-reversal and crystal lattice mirror plane 

symmetries. The findings are reproduced qualitatively by theoretical modeling within the one-step 

model photoemission formalism while a simple toy-model suggests that a similar effect shall be 

observed in other materials with low symmetry. 

Figure 1 presents our spin-integrated maps from cleaved WTe2 that allow to identify critical surface 

state features in more detail than the previous work [2]. We will present our spin-polarized maps 

of similar detail, measured using the newly developed high-resolution instrument at PGI-6 in Jülich 

that is based on a hemispherical analyzer with the scanning lens, an exchange-scattering spin 

detector, and a cw 6 eV laser. 

[1] P. K. Das et. al. Electron. Struct. 1 014003 (2019) and refs. therein.

[2] F. Y. Bruno et al., Phys. Rev. B 94, 121112 (2016).

Figure 1: Spin integrated Fermi surface maps from the WTe2 “bottom surface” measured with (a) p-polarized 

and (b) s-polarized 6 eV laser light. 
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Stimulated by the intriguing physics demonstrated with graphene, intense research on the synthesis of further 

mono-elemental 2D materials, e.g. silicene, germanene, borophene, bismuthene, etc. on various surfaces was 

conducted. In case of epitaxial graphene, both metallic and insulating surfaces were shown to be suitable 

templates for the growth of a flat and suspended 2D Dirac material. Recently, with the consideration twisted 

multilayer structures of graphene, revealing superconducting and so-called Moire nematic phases, a new 

direction of research seems to have been established [1-3]. Compared to graphene, the other mono-elemental 

2D materials are less flexible, thus the surfaces play an important role. As a matter of fact, these systems were 

grown on metallic substrates, which must compensate for the limited hybridization capability of the atoms. Out 

of the group 14 elements, the last cousin of graphene, i.e. plumbene, started to come into the focus of research 

and, again, the use of Pd1-xPbx(111) alloys or magnetic Fe layers on Ir(111) were mandatory to stabilize the 

structure of plumbene [4,5]. 

In this study we investigated the intercalation of Pb on buffer layers on SiC(0001). Thereby, suspended and 

charge neutral graphene emerged and the intercalated Pb formed plumbene honeycomb lattices, which are 

rotated by ±7.5◦ with respect to graphene. Along with this twist, a proximity-induced modulation of the hopping 

parameter in graphene is opening a band gap of around 30 meV at the Fermi energy and give rise to a metal-

insulator transition [6]. Moreover, the edges of the intercalated plumbene layers revealed edge states in between 

the gap of the conduction bands at around 1 eV as expected for charge neutral plumbene. 

We gratefully acknowledge the funding through the DFG Research Unit FOR5242. 
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Angle-resolved photoemission spectroscopy (ARPES) is a leading experimental probe for study-
ing the electronic structure and complex phenomena in 2D quantum materials. On the theoretical
side, it is quite common to interpret measured ARPES data by simple comparison with calcu-
lated band structure. However, various important effects, like matrix elements and final state ef-
fects, are in this way neglected. Here we extended and developed one-step model of photoemis-
sion  [1,2] in order to describe and understand  our experimental ARPES studies of transition 
metal dichalcogenidesdichalcogenides with the focuse on the linear dichroism in MoS2 [3], hid-
den spin polarisation in HfTe2 [4,5], ultrafast femtosecond spin dynamics of  Weyl points of 
WTe2 [6] and proximity induced spin-orbit interaction in MoSe2 over-layered with amorphous Pb
films.
Finally, we review also by us introduced new type of dichroism measurements, so called  time-
reversal  dichroism in  photoelectron  angular  distributions  (TRDAD)  to  reveal  hidden  orbital
pseudospin texture of WSe2  and TiTe2 [8]. 
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It is believed that the flat-band stimulated superconductivity may have relatively large values of the 

superconducting transition temperature [1, 2]. Several materials were proposed to host nearly flat bands 

such as, for example, multilayer graphene with rhombohedral stacking [3], twisted bilayer graphene [4], 

and semimetals with high pseudo-spin quasiparticles [5]. The recently discovered superconductivity in 

twisted bilayer graphene provides a unique platform for the flat band stimulated Cooper pairing [6]. 

Although, the effect of the flat band on superconductivity can be twofold [7]. Despite favoring Cooper 

pair formation, its nearly dispersionless nature can be a serious impediment to pair condensation. The 

Cooper pairs formation and their condensation may occur at different temperatures.  

The conditions for the emergence of the preformed Cooper pairs in materials hosting flat bands will 

be presented. As a particular example, a semimetal with a pair of three-band crossing points at which a 

flat band intersects with a Dirac cone will be considered. It will be shown that the flat band promotes 

local Cooper pair formation so that the system may be modeled as an array of superconducting grains. 

The delocalized states give rise to the phase-coherent superconductivity at low temperatures. 

*This work was supported by the Academy of Finland.
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Weyl points, carrying a Z-type monopole charge C, have bulk-surface correspondence (BSC) 
associated with helical surface states (HSSs). When |C| > 1, multi-HSSs can appear in a parallel 
manner, as shown in Fig. 1(a). However, when a pair of Weyl points carrying C = ±1 meet, a Dirac 
point carrying C = 0 can be obtained and the BSC vanishes. Nonetheless, a recent study in Ref. 
[arXiv:2201.03238] shows that a new BSC can survive for Dirac points when the system has time-
reversal (T)-glide (G) symmetry (Θ=TG), i.e., anti-parallel double/quad-HSSs associated with a 
new Z2-type monopole charge Q, as shown in Fig.1 (b). In this talk, we will systematically show 
both the parallel and anti-parallel multi-HSSs for Weyl and Dirac points, carrying two different 
kinds of monopole charges. Two material examples are also offered to understand the whole 
configuration of multi-HSSs. One carries the Z-type monopole charge C, showing both local and 
global topology for three kinds of Weyl points, and it leads to parallel multi-HSSs. The other carries 
the Z2-type monopole charge Q, only showing the global topology for two different Dirac points, 
and it is accompanied by antiparallel multi-HSSs. These diverse topological surfaces states not only 
offer the local and global topology for the bulk degeneracy, but also offer platforms to various 
topological phases. 

Figure 1. Parallel (a) and anti-parallel (b) helicoid surface states.
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Three-dimensional  topological  gapless  phases have attracted  significant  attention  due to their
unique electronic properties.  A flagship example is Weyl semimetals,  which require breaking
time-reversal or inversion symmetry. In two dimensions, the dimensionality reduction requires
imposing  an  additional  symmetry,  thereby  weakening  the  phase.  Like  its  three-dimensional
counterpart,  these  “two-dimensional  Weyl semimetals”  present  edge states  directly  related  to
Weyl nodes [2]. The direct comparison with the edge states in zigzag-like terminated graphene
ribbons is unavoidable, offering the question of how robust these states are and their differences.

Here we benchmark the robustness of the edge states in two-dimensional Weyl semimetals[1]
without inversion symmetry with those present in zigzag graphene ribbons. Our results show that,
despite  having  a  similar  electronic  band  structure,  the  edge  states  of  two-dimensional  Weyl
semimetals  are  more  robust  against  vacancies  than  graphene  ribbons  [3].  We  attribute  this
enhanced robustness to a crucial role of the spin degree of freedom in the former case.

[1] S.M. Young and C.L. Kane, Physical Review Letters, 115,  126803(2015)
[2] P.G.  Matveeva,  D.N.  Aristov,  D.Meidan,  and D.B.  Gutman,  Physical  Review B,  99,

075409 (2019)
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The impending end of Moore’s Law has prompted a search for a new computing technology with vastly lower energy 
consumed per operation than silicon CMOS. The recent discovery of topological phases of matter offers a possible 
solution: a “topological transistor” in which an electric field tunes a material from a conventional insulator “off” state 
to a topological insulator “on” state, in which topologically protected edge modes carry dissipationless current. This 
electric field-tuned topological transition has advantages over current MOSFETs: (1) Due to the combined effects of 
Rashba spin-orbit interaction and electric field control of the bandgap, the topological transistor may switch at lower 
voltage, overcoming “Boltzmann’s tyranny”[1], and (2) true electric field-controlled switching opens the possibility of 
using the full power of negative capacitance structures as an electric field amplifier to achieve further reductions in 
switching voltage[2] (see Fig. 1). We have studied thin films of Na3Bi grown in ultra-high vacuum by molecular beam 
epitaxy as a platform for topological electronic devices. When thinned to a few atomic layers Na3Bi is a large gap (>300 
meV) 2D topological insulator, and electrical transport measurements demonstrate that the current is carried by helical 
topological edge modes over millimeter-scale distances[3]. Electric field applied by proximity of an STM tip can close 
the bandgap completely and reopen it as a conventional insulator[4] (see Fig. 2) demonstrating the basis of electric field-
switched topology.  

Fig. 1. Schematic of negative capacitance topological quantum field-effect transistor. (a) Structure of the device. (b) Electrostatic 
potential energy as a function of distance across the device in “on” (red) and “off” (blue) states. (c) Band diagrams in “on” 
(topological insulator, red) and “off” (conventional insulator, blue) states. After Ref. [2].  

Fig. 2. Electric field dependence of the bandgap in monolayer (ML; red) and bilayer (BL, black) Na3Bi. Adapted from [4]. 
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[4] J.L. Collins, A. Tadich, W. Wu, L.C. Gomes, J.N.B. Rodrigues, C. Liu, J. Hellerstedt, H. Ryu, S. Tang, S.-K. Mo,
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The layered vanadium antimonides AV3Sb5 (A = K, Rb, Cs) are a new family of topological kagome 

metals that exhibit a range of strongly correlated electronic phases including charge order and 

superconductivity [1]. If and how the distinctive electronic structure of the kagome lattice is linked to 

the multiple broken-symmetry phases is a matter of active debate. Here, we combine angle-resolved 

photoemission spectroscopy and density functional theory to reveal multiple kagome-derived van Hove 

singularities (vHS) coexisting near the Fermi level of CsV3Sb5 and examine their role toward electronic 

symmetry breaking [2]. The vHS are characterized by two distinct sublattice flavors (p-type and m-

type), which originate, respectively, from their pure and mixed sublattice characters. These twofold vHS 

flavors of the kagome lattice critically determine the pairing symmetry and unconventional ground states 

emerging in the AV3Sb5 series [3]. We establish that, among the multiple vHS in CsV3Sb5, the m-type 

vHS of the dxz/dyz kagome band and the p-type vHS of the dxy/dx2–y2 kagome band are located very 

close to the Fermi level, setting the stage for electronic symmetry breaking. The former band exhibits 

pronounced Fermi surface nesting, while the latter contributes via higher-order vHS. Our work reveals 

the essential role of kagome-derived vHS for the collective phenomena realized in the AV3Sb5 family. 

Fig. 1: a, Top view of CsV3Sb5, with kagome sublattice highlighted. b, Superconducting transition. c-e, Single-

orbital tight-binding-derived electronic bands (c) and Fermi surfaces at the n=5/12 filling (d) and at the n = 3/12 

filling (e). f, Fermi surface of CsV3Sb5 across the first and second Brillouin zone (BZ).  

[1]. Ortiz, B. R., et al., Phys. Rev. Mater. 3, 94407 (2019); Phys. Rev. Lett. 125, 247002 (2020). 

[2]. M. Kang, et al., Nature Physics 18, 301 (2022). 

[3]. X. Wu, et al., Phys. Rev. Lett. 127, 177001 (2021). 
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The motion of a spin excitation across topologically nontrivial magnetic order exhibits a 
deflection that is analogous to the effect of the Lorentz force on an electrically charged particle 
in an orbital magnetic field. We used polarized inelastic neutron scattering to investigate the 
propagation of magnons (i.e., bosonic collective spin excitations) in a lattice of skyrmion tubes 
in cubic chiral magnets. For wave vectors perpendicular to the skyrmion tubes, the magnon 
spectra are consistent with the formation of finely spaced emergent Landau levels that are 
characteristic of the fictitious magnetic field used to account for the nontrivial topological 
winding of the skyrmion lattice. This provides evidence of a topological magnon band structure 
in reciprocal space, which is borne out of the nontrivial real-space topology of a magnetic order. 
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Superconductivity and competing orders in flat-bands 
with tunable quantum metric 
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Superconductivity in the limit of a vanishing bandwidth in isolated bands is a classic example of a 
non-perturbative problem, where BCS theory does not apply. What sets the superconducting phase 
stiffness, and relatedly the transition temperature, in this limit is of both fundamental and practical 
interest. This question has become especially relevant with the discovery of superconductivity in 
moiré materials. I will discuss our recent insights into this problem, starting from the non-perturbative 
limit, and examine the interplay between superconductivity and various competing orders as a function 
of the minimal spatial extent of localized Wannier functions. I will end by deriving a formula for the 
current response in two-dimensional partially filled flat band electronic systems for generic density-
density interactions without invoking any mean-field approximations. Our formalism can be applied to 
a host of topologically (non-)trivial flat band systems, including twisted bilayer graphene.
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Spin Dynamics and Unconventional Coulomb Phase in
Nd2Zr2O7
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Coulomb phases form a novel exotic state of matter which, because of frustration, lacks
long range order, yet is described by a local organizing principle [1]. Spin ice is the
emblematic example of this physics: in a lattice where magnetic ions occupy the vertices of
corner sharing tetrahedra (pyrochlore lattice), the combination of strong Ising anisotropy
along local 〈111〉 axes with ferromagnetic interactions leads to the so called ice rule (2
spins point in and 2 spins point out in each tetrahedron) [2]. In the presence of quantum
fluctuations, which can be introduced through transverse couplings (as opposed to Ising
coupling terms at play in classical Coulomb phases), quantum spin ice and more generally
U(1) quantum spin liquids can be stabilized. However, if too large, the transverse terms
are expected to stabilize ordered phases [3]. In this context, the question whether classical
ordered phases may be stabilized out of Coulomb phases via a Higgs mechanism, has
become an important issue.
The Nd2Zr2O7 pyrochlore magnet is an excellent candidate to explore this physics: its
ground state is known to be antiferromagnetically ordered in the so-called all-in all-out
(AIAO) state, but its paramagnetic phase above the ordering temperature could be a
novel example of Coulomb phase [4,5]. Recently, it was proposed that the transition
from this possible Coulomb phase towards the AIAO phase could be driven by a Higgs
mechanism [6].
Through a careful neutron scattering study of the dynamics and correlations below and
above the transition temperature TN, we confirm the coulombic nature of the phase above
TN, yet its organizing principle is different from canonical spin ice [7]. In addition, in
this Coulomb phase, the spin dynamics contains features typical of the low temperature
AIAO phase. Our observations suggest that the transition arises in the thermal regime
of the Coulomb phase and is likely not associated to a Higgs mechanism.
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Localized or propagating Majorana boundary modes are the key feature of topological 
superconductors. While being a rarity in natural compounds, the tailored manipulation of quantum 
matter offers novel opportunities for their realization. Specifically,  lattices of Shiba bound states 
that arise when magnetic adatoms are placed on the surface of a conventional superconductor can 
be used to create topological minibands within the superconducting gap of the substrate. I will 
report how one can exploit the possibilities of scanning tunneling microscopy to create and probe 
adatom lattices with single atom precision to create topological crystalline superconductors. Their 
topological character and boundary modes are protected by the spatial symmetries of the adatom 
lattice. By combining scanning probe spectroscopy, spin-sensitive measurements, first principle 
calculations, and theoretical modeling we demonstrate the realization of two types of mirror-
symmetry protected topological superconductors: (i)  with full bulk gap and topological flatband 
edge states as well as higher-order corner modes and (ii) with symmetry-protected bulk nodal 
points. Our results show the immense versatility of Shiba lattices to design the topology and sample 
geometry of 2D superconductors. 
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Ultracold gases, the quark-gluon-plasma generated in heavy-ion collisions, as well as black holes 

constitute isolated quantum systems. They all may start their time-evolution from an initial pure 

state while they may end up in a mixed final state having produced entropy, which seems like a 

paradox if time evolution is unitary and the system is isolated. This begs the question how 

entanglement evolves and how thermalization occurs within these systems.    

In order to approach this problem, first, we discuss relativistic spin hydrodynamics [1]. Heavy-ion 

collision data and numerical holographic model data show that hydrodynamics is a valid 

approximation to data when the system is still far away from equilibrium [2].    

Second, we compute the entanglement entropy [3,4] for a strongly coupled quantum many body 

system in different states. From the entanglement entropy a c-function can be defined. This leads 

to a proof of the c-theorem in vacuum states and an inverted c-theorem in thermal states [5].    

Lastly, we outline how the holographic principle combined with hydrodynamics can relate the time-

evolution of entanglement and thermalization in quantum many-body systems to spacetime 

geometry [6]. 
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A Thouless pump transports an integer amount of charge when pumping adiabatically around a
singularity. We study the splitting of such a critical point into two separate critical points by
adding a Hubbard interaction. Furthermore, we consider extensions to a spinful Rice-Mele model,
namely  a  staggered  magnetic  field  or  an  Ising-type  spin  coupling,  further  reducing  the  spin
symmetry. The resulting models additionally allow for the transport of a single charge in a two-
component  system of  spinful  fermions,  whereas  in  the  absence  of  interactions,  zero  or  two
charges are pumped. In the SU(2)-symmetric case, the ionic Hubbard model is visited once along
pump cycles that enclose a single singularity. Adding a staggered magnetic field additionally
transports  an integer  amount  of  spin  while  the  Ising term realizes  a  pure  charge  pump. We
employ real-time simulations in finite and infinite systems to calculate the adiabatic charge and
spin transport, complemented by the analysis of gaps and the many-body polarization to confirm
the adiabatic nature of the pump. The resulting charge pumps are expected to be measurable in
finite-pumping  speed  experiments  in  ultra-cold  atomic  gases,  for  which  the  SU(2)  invariant
version  is  the  most  promising path.  We discuss  the  implications  of  our  results  for  a  related
quantum-gas experiment by Walter et al. [arXiv:2204.06561]

FIG.  1.  Sketch  of  an  interacting  Rice-Mele
model.  ∆  is  the  amplitude  of  the  staggered
potential.  δ  is  the  hopping  modulation.  Two
types of paths, a staggering-shifted one C1 and
two centered ones C2  and  Ĉ2 are considered.
(a): For U = 0, C2 and Ĉ̃2 pump two charges,
while  C2 pumps  no  charge.  (b):  For  finite
interactions, C1 pumps one charge instead. C2

still  pumps  two charges while  Ĉ2 pumps  no
charge as no singularity is encircled.

*Supported by the DFG via FOR 2414 and by Alexander von-Humboldt Foundation.
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Topological phases of matter exhibit remarkable electronic properties. A prominent ex-
ample is the robust quantization of the Hall conductivity in quantum Hall insulators. A
widespread technique for generating topological band structures in synthetic quantum sys-
tems, such as ultracold atoms in optical lattices, is Floquet engineering [1]. This method
relies on the periodic modulation of the system’s parameters to emulate the properties of
a non-trivial static system. The rich properties of Floquet systems, however, transcend
those of their static counterparts. The associated quasienergy spectrum can exhibit a non-
trivial winding number, which leads to the appearance of anomalous chiral edge modes
even in situations where the bulk bands have zero Chern numbers [2,3]. Here, I report
on the realization of such an anomalous Floquet topological system in a periodically-
modulated hexagonal optical lattice and show how wavepacket dynamics can be used to
study the bulk and edge topological properties of the system [4]. The novel properties of
topological Floquet phases open the door to exciting new many-body topological phases
without any static analog. In parallel, we have constructed a new Cs quantum gas mi-
croscope which offers exciting alternative experimental possibilities to realize topological
many-body phases in state-dependent optical potentials.

References
[1] A. Eckardt, Rev. Mod. Phys. 89, 011004 (2017)
[2] T. Kitagawa et al., Phys. Rev. B 82, 235114 (2010)
[3] M. S. Rudner et al., Phys. Rev. X, 3, 031005 (2013)
[4] K. Wintersperger et al., Nat. Phys., 16, 1058–1063 (2020)

49



Novel tools for studying lattice physics with ultracold atoms 

Christof Weitenberg1,2  
1Institut für Laserphysik, Universität Hamburg, 22761 Hamburg, Germany 

2The Hamburg Centre for Ultrafast Imaging, 22761 Hamburg, Germany 
(e-mail: christof.weitenberg@physnet.uni-hamburg.de) 

Ultracold atoms in optical lattice serve as pristine model systems for quantum simulation, notably 
including topological phases induced by Floquet engineering [1]. In this talk, I will present recently 
developed tools for controlling and imaging these systems, which allow to access completely new 
regimes. The quantum gas magnifier uses matter-wave optics to magnify the density distribution 
before optical imaging, thus avoiding limitations from the diffraction limit, high optical density, 
and small depth of focus [2] (Fig. 1). This enables lattice-resolved imaging of 3D systems with 
large occupation numbers on the lattice sites, which feature a surprising density-wave formation 
with spontaneous symmetry breaking when applying a strong tilt [3]. Finally, I will introduce the 
multi-frequency lattice as a new method for controlling the lattice geometry, which is both fast and 
stable and will allow accessing new physics via controlled preparation of higher bands and via 
Floquet protocols involving sublattice modulation. 

[1] C. Weitenberg & J. Simonet, Nature Phys. 17, 1342 (2021).
[2] L. Asteria et al., Nature 599, 571 (2021).
[3] H. P. Zahn et al., Phys. Rev. X 12, 021014 (2022).

Fig. 1: Images of 87Rb atoms in 2D hexagonal optical lattices obtained with the quantum gas magnifier. The lattice 
geometry is tunable between a honeycomb lattice (left) and a boron-nitride lattice with sublattice imbalance 
(right). Adapted from [2]. 
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In recent years it has become clear that electronic Berry curvature (BC) is a key concept to
understand and predict physical properties of crystalline materials. A wealth of interest-
ing Hall-type responses in charge and heat transport are caused by the BC associated to
electronic bands inside a solid: anomalous Hall effects in magnetic materials, and various
nonlinear Hall and Nernst effects in non-magnetic systems that lack inversion symme-
try. However, for the largest class of known materials –non-magnetic ones with inversion
symmetry– electronic BC is strictly zero. Here we show that precisely for these bulk
BC-free materials, a finite BC generally emerges at their surfaces and interfaces. This
immediately activates certain surfaces in producing Hall-type transport responses. We
demonstrate this by first principles calculations of the BC at bismuth, mercury-telluride
(HgTe) and rhodium surfaces of various symmetries, revealing the presence of a surface
Berry curvature dipole and associated quantum nonlinear Hall effects at a number of
these. This opens up a plethora of materials to explore and harness the physical effects
emerging from the electronic Berry curvature associated exclusively to their boundaries.
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I will discuss several classical and quantum effects that can be investigated in two-dimensional 

quantum wells using terahertz magneto-spectroscopy.  

In HgTe-based heterostructures fascinating thickness-dependent properties arise due to 

inverted band structure of the bulk material. Besides two-dimensional semimetals with coexisting 

electrons and holes, these systems take form of Dirac semimetals, 3D topological insulators, etc.  

In spectroscopic experiments at sub-terahertz frequencies several physical effects can be observed: 

- Universal value of absorption equal to half of that in graphene,

- Quantized Faraday rotation equal to the fine-structure constant.

In Cr-doped (Bi:Sb)2Te3 wells the last effect can be obtained even in zero magnetic field (Fig. 1).

The analysis of the cyclotron resonance in the regime of classical electron motion allows 

the reconstruction of the band structure in 2D materials. Standard techniques like angle-resolved 

photoemission spectroscopy cannot be applied due to additional layers in the growth process. 

Current model approaches to the band structure of 2D systems like kp theory can thus be directly 

tested experimentally. 

Fig. 1. Quantum step in zero magnetic 

field equal to the fine structure constant 

in Cr-doped (Bi:Sb)2Te3 thin film, 

measured in the sub-terahertz frequency 

range using quasi-optical spectroscopy. 

[1] In cooperation with: A. Shuvaev, V. Dziom, J. Gospodaric, G. Astakhov, G. Tkachov, E. Hankiewicz, C.
Brüne, E. Novik, H. Buhmann, L. W. Molenkamp, Z. D. Kvon, N. N. Mikhailov, L. Pan, L. Tai, P. Zhang,
and K. L. Wang,
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The interplay of topology with magnetism in Weyl semimetals recently arose to a vanguard topic, 
because of novel physical scenarios with anomalous transport properties. Here, we address the charge 
dynamics of the noncentrosymmetric and ferromagnetic (TC = 15 K) PrAlGe material and discover that 
it harbours electronic correlations, which get reinforced upon lowering the temperature (T) and induce 
a renormalisation of the non-trivial bands staging the type I Weyl states. This is reflected in a sizeable 
reduction of the Fermi velocity with respect to the bare band value. At T < TC, the optical response 
registers a band reconstruction, which additionally causes a reshuffling of spectral weight, pertinent to 
the electronic environment of the Weyl states and scaling with the remarkable anomalous Hall 
conductivity (AHC). With the support of first-principles calculations, we provide evidence for the 
intimate relationship between a topological resonance of the absorption spectrum and the progressively 
enhanced occupation of non-trivial states with large Berry curvatures, then responsible for AHC in the 
dc limit. 
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PT-symmetric non-Hermitian systems are of high interest in the field of optical metamaterials
due to a variety of exotic  properties  and their  applications.  However,  PT-symmetric  non-
Hermitian superconductors (PTNHS) are not well-understood yet. We propose to induce such
superconductivity via spatiotemporal modulation of a material with two interacting phonon
bands [1]. Taking into account the complexity of such superconductors, their detection is a
non-trivial problem, as their reponse to usual measurement techniques is hard to predict. We
study the signal of PTNHS in angle-resolved photoelectron fluctuation spectroscopy and show
that  the  single-band  PTNHS can  have  negative  signal,  meaning  that  photoemission  of  a
Cooper pair is suppressed [1]. This suppression is a result of an asymmetric elelctron-electron
interaction in PTNHS. 

Further,  we  study  Andreev  bound  states  in  a  junction  of  PTNHS  and  two  conventional
superconductors,  showing  profound  differences  to  the  physical  processes  occurring  in
conventional SNS junctions [2]. Firstly, we have found that only discrete values of phases
give valid solutions. We identify two regimes: (1) due to non-Hermitian elelctron-electron
interactions, there are two Andreev bound states in the junction: growing and decaying; (2) a
zero-energy mode that is an eigenmode for all three superconductors propagates through the
PTNHS and decays as an evanescent mode in the conventional superconductors. This latter
phenomenon corresponds to a quasiparticle supercurrent. The rich physical picture arises in
these  junctions  due  to  different  symmetries  of  conventional  and  PT-symmetric  non-
Hermitian superconductors. This difference in symmetries is also the reason why only
distinct values of phases yield Andreev bound states.

[1] V. Kornich and B. Trauzettel, Phys. Rev. Research 4, L022018 (2022).
[2] V. Kornich and B. Trauzettel, arXiv:2205.07785 (2022).
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In a magnetic field, band electrons become confined to Landau levels. The material’s band structure 
is directly linked to the energy spectrum of these Landau levels. Since the early 1950s, excitations 
from one level to another—inter-Landau level transitions—have been widely employed as an 
extremely sensitive probe of semimetal and semiconductor band structures. I will give an overview 
of our recent progress on magneto-optical measurements of Dirac and Weyl semimetals, where we 
resolved intricate complexities of their bands, while discovering new physics. I will present our new 
analysis of highly detailed inter-Landau level transition maps, in extreme magnetic fields. A novel 
approach allows us to further exploit the rich magneto-optical spectra.
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Research on helical insulator edges states in 2D topological insulators is motivated by exotic 
fundamental physics, robust topological quantum computation and novel spinorbitronics. However, 
topological transport is often visible only on short distances. On larger distances, microwave transport 
offers powerful tools to investigate the origin of this fragility, or to dynamically enhance topological 
signatures by exploiting the high mobility of edge states with respect to bulk carriers. 

In this talk, we report on microwave 
capacitance spectroscopy in HgTe 2D 
topological insulators [1]. It highlights 
the response of the edges which host 
very mobile carriers, while bulk carriers 
are drastically slowed down in the gap. 
The edges have a higher density of 
states than expected, but charge 
relaxation occurs on short timescales, 
which suggest that edge states can be 
selectively addressed on timescales 
over which bulk carriers are frozen. We 
also propose edge resonator geometries 
to characterize Coulomb interaction by 
via high-frequency measurements [2], 
which remains difficult to quantify 
despite important consequences on the 
two-particle scattering in topological 
edge states. 

[1] M. Dartiailh et al., Phys. Rev. Lett. 124, 076802 (2020).
[2] A. Gourmelon et al., Phys. Rev. Res. 2, 043383 (2020).

Figure 1: Measured edge and bulk quantum capacitance of a HgTe 
2D topological insulator 
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HgTe quantum wells with thicknesses greater than 6.3 nm show quantized spin Hall conductance. 
In this talk, I will present some results on how the quantum spin Hall effect is affected when the 
time reversal symmetry is broken, either by addition of intentional magnetic impurities or by an 
external magnetic field. We show that the conductance quantization due to the quantum spin Hall 
effect can be observed even in the presence of magnetic impurities (figure below, left). Our 
experiments on (Hg,Mn)Te quantum wells with an inverted band structure reveal that the quantum 
spin Hall quantization is observed only at low temperatures (T < 400 mK), where Kondo screening 
of the magnetic impurities suppresses backscattering [1]. Additionally, we observe Hall 
quantization in (Hg,Mn)Te devices for magnetic fields as low as ~ 20 mT (figure below, right) [2]. 
The emergence of such low field quantum Hall plateaus is directly connected to the inverted band 
structure of (Hg,Mn)Te quantum wells and the associated van Hove singularity in the valence band. 
At higher magnetic fields, we observe counterpropagating topological and quantum Hall edge 
channels for devices with suitable potential landscape [3].  

[1] Shamim et al., Nat. Commun., 12, 3193 (2021)
[2] Shamim et al., Sci. Adv., 6, eaba4625 (2020)
[3] Shamim et al., Nat. Commun., 13, 2682 (2022)
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Magnetic adatom chains on superconducting substrates are promising platforms for 
topological superconductivity and Majorana zero modes. Signatures of these have been found 
in densely packed chains with direct exchange interaction among the adatoms. In contrast, the 
dilute limit of chains, where the atoms are sufficiently far spaced that direct hybridization of 
their d orbitals is negligible, but close enough for substrate-mediated interactions, has not been 
investigated previously.  

Here, we explore the quasi-two-dimensional superconductor 2H-NbSe2 as a substrate 
for magnetic adatom structures. Individual Fe atoms induce Yu-Shiba-Rusinov (YSR) states, 
which spatially extend over several nanometers with their energy and symmetry influenced by 
the crystal field and by the co-existing charge-density wave (CDW) [1]. We detect signatures 
of quantum spins coupled via RKKY interaction in dimers of Fe atoms by the energy shift and 
split of the YSR states [2, 3].  

We deliberately increase the chain length by adding individual Fe atoms with the STM 
tip, up to a length of 51 atoms. In each step we track the evolution of the YSR states. We find 
signatures of YSR band formation consistent with ferromagnetic coupling of quantum spins 
[2,4].  

[1] E. Liebhaber et al., Nano Lett. 20, 339 (2020).

[2] E. Liebhaber, et al., Nature Commun. 13, 2160 (2022).

[3] H. Schmid, et al, Phys. Rev. B 105, 235406 (2022).

[4] J. F. Steiner, et al., Phys. Rev. Lett. 128, 036801 (2022).
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Majorana corner modes can exist in topological superconductors (TSCs) protected by certain crystalline 
symmetries. In this talk, I will show that Majorana zero modes can occur at the corners of two-
dimensional (2D) inversion-symmetric as well as trigonal superconductors without utilizing proximity 
effect. Using mathematically derived topological invariants, I will present how to obtain comprehensive 
recipes and conduct systematic searches over material databases to identify promising TSCs with corner 
Majoranas. By combining DFT band structure calculations and pairing symmetry analyses, I will discuss 
concrete material candidates, such as monolayer WTe2 and NiTe2, as well as the recently discovered 2D 
superconductivity in PtBi2.  

[1] S.-J. Huang and Y.-T. Hsu, Physical Review Research 3 (1), 013243(2021)
[2] Y.-T. Hsu et al., Phys. Rev. Lett. 125, 097001(2020)
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Topological states are recent concepts in condensed matter physics that have important implications 
for example in metrology, due to their robust transport properties or in topological quantum 
computation through the braiding of Majorana bound states. Here, we propose a novel topological 
Josephson junction with the normal region being a quantum spin Hall insulator. Using the BHZ 
model and numerical tight-binding simulations, we show that the Fraunhofer pattern in the presence 
of Majorana edge modes in the superconductors behaves dramatically different with respect to size 
and period as compared to the situation without Majorana edge modes [1]. The two regimes are 
connected to each other by the application of a Zeeman field. By investigating the different 
scattering processes in the junction by means of an analytical scattering model, we can show that 
the presence of Majorana edge modes can induce strong crossed Andreev reflection via the two 
edges (leading to non-local triplet pairing) that is otherwise strongly suppressed by virtue of the 
spin-momentum locking of the helical edge states. We further argue that the effect originates from 
a truly non-local feature of separated Majoranas that can be measured in equilibrium and at finite 
temperature. Together with predictions for the two-terminal conductance [2], the present setup 
offers unique and experimentally accessible signatures of topological superconductivity. 

[1] F. Dominguez, E.G. Novik, P. Recher, to be submitted (2022)
[2] E.G. Novik, B. Trauzettel, P. Recher, Phys. Rev. B 101, 235308 (2020)
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A brief introduction to topological photonics will be presented. This will be followed by recap of 
some of our important results in the field of topological photonics, with a particular focus on our 
recent work. Finally, some of our work on developing novel AI techniques for modelling and 
understanding band structures as well as topological phenomena will be presented. 
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The Dirac-like equations have found application far beyond the original scope, and has been used 

to comprehend the properties of graphene and topological phases of matter. In the field of 

photonics, the opportunity to emulate Dirac physics has also enabled topological photonic 

insulators [1,2]. In this paper, we demonstrate that judiciously engineered synthetic potentials in 

photonic Dirac systems can offer physical properties beyond both the topological realms. 

Specifically, we introduce a new class of optical “Dirac waveguides”, whose guided 

electromagnetic modes are endowed with pseudo-spin degree of freedom. Pseudo-spin coupled 

with the ability to engineer synthetic gauge potentials acting on it, enables control over the guided 

modes which is 

unattainable in 

conventional optical 

waveguides. In particular, 

we use a silicon 

nanophotonic 

metasurface (Fig. 1a) that 

supports pseudo-spin 

degree of freedom as a 

testing platform [3] to 

predict and 

experimentally confirm a 

spin-full nature of the 

Dirac waveguides. We 

demonstrate that, for 

suitable trapping 

potentials, the guided modes exhibit spin-dependent field distributions (Fig. 1b), which gives rise 

to their distinct transport and radiative properties (Fig. 1c). Thereby, the Dirac waveguides manifest 

spin-dependent radiative lifetimes – the non-Hermitian spin-Hall effect – and open new avenues 

for spin-multiplexing, controlling characteristics of guided optical modes, and tuning light-matter 

interactions with photonic pseudo-spins. 

[1] A.B. Khanikaev et al., Nat. Photonics 11, 763 (2017)

[2] T. Ozawa et al., Rev. Mod. Phys. 91, 015006 (2019).

[3] S. Barik, New J. Phys. 18, 113013 (2016).

Fig. 1. (a) Dirac metasurface with variable lattice perturbation gives rise to the 

position-dependent effective mass term. (b) Spin-dependent field distributions 

of modes in the Dirac waveguide excited by light of opposite helicities. (c) 

Momentum-space images of the Dirac waveguide showing different lifetime 

and radiative coupling of spin-full guided modes.  
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Topological Photonics is an emerging and novel field of research, adapting concepts from 
condensed matter physics to photonic systems adding new degrees of freedom. After the first 
demonstrations of topological photonic insulators [1,2], the field has moved on to study and exploit 
the inherent non-hermiticity of photonic systems and the interplay with their topological nature. 
With the envisaging [3] and realization [4-6] of topological insulator lasers it became possible to 
exploit topological effects to facilitate injection locking of arrays of semiconductor lasers. The 
major drawback in topological lasers realized so far is that the emission appears in the plane of the 
topologically protected light propagation, thus hindering light extraction. By designing a 
topological system which employs out-of-plane emitters such as evanescently coupled Vertical 
Cavity Surface Emitting Lasers (VCSELs), we can successfully separate the emission direction of 
the individual lasers from the propagation direction of the topologically protected mode in-plane 
ensuring the topological protection. Here, we present the first experimental demonstration of a 
topological insulator VCSEL array [7]. Using the crystalline topological insulator model [8], with 
our device we facilitate a topological gap and ensure topological mode protection at the interface 
of a compressed and stretched hexagonal lattice.  In contrast to a range of topological photonic 
systems, here the topological protection is virtually independent of the wavelength or direction of 
lasing. The individual emitters are arranged in a lattice array measuring a few tens of microns, with 
each site emitting vertically, allowing for an efficient light collection and resulting in a powerful 
coherent laser beam. The analysis of spatial interference measurements highlights that the full array 
of 30 emitters displays an extended coherent mode emitting at a single wavelength. Our 
experiments demonstrate that the topologically protected in-plane transport can force the 
predominantly vertically oscillating emitters to act as one single coherent laser.  

[1] M. Rechtsmann et al., Nature 496, 196 (2013);
[2] M. Hafezi et al., Nat. Photon. 7, 1001 (2013).
[3] G. Harari et al., CLEO (2016); G. Harari et al., Science 359, 1230 (2018).
[4] M. Bandres et al., Science 359, 1231 (2018).
[5] Y. Zeng et al., Nature 578, 246 (2020).
[6] Note that topological lasers were also demonstrated with magneto-optics materials, e.g. Bahari et al.,
Science 358, 636 (2017), however with a very small topological bandgap not providing topological
protection.
[7] A. Dikopoltsev*, T.H. Harder* et al., Science 373, 1514–1517 (2021).
[8] L. H. Wu & X. Hu, PRL 114, 223901 (2015).
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We introduce and experimentally realize hyperbolic matter as a novel paradigm for topological states,

made of particles moving in the hyperbolic plane with negative curvature. Curvature of space is

emulated through a hyperbolic lattice using topolectrical circuit networks relying on a newly

developed complex-phase circuit element. This original method creates an effectively infinite

hyperbolic space without the typical extensive holographic boundary -- our system consists of pure

bulk matter instead. The experiment is based on hyperbolic band theory, which implies that momentum

space of two-dimensional hyperbolic matter is four-, six- or higher-dimensional, as we confirm here in

an unprecedented numerical survey of hyperbolic lattices with both open and periodic boundary

conditions. We experimentally realize hyperbolic graphene as an example of topologically nontrivial

hyperbolic matter. Our work [1] sets the stage to realize interacting hyperbolic matter to challenge our

established theories of physics in curved space, while the tunable complex-phase element developed

here can be a key ingredient for future experimental simulation of various Hamiltonians with

topological ground states.

[1] Chen et al., preprint arXiv:2205.05106
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The recent development of hyperbolic band theory, which describes energy spectra of particles on 

hyperbolic lattices, revived interest in crystalline models embedded in negatively curved spaces 

and led to the emergence of hyperbolic lattices as a new paradigm of synthetic matter. A salient 

feature of hyperbolic band theory is the unusually large dimension of the momentum space: a 

two-dimensional hyperbolic lattice leads to an at least four-dimensional Brillouin zone. This 

potentially leads to novel types of topological matter. 

This theoretical interest has also sparked the search for suitable experimental realizations in 

metamaterials. We experimentally realize an artificial hyperbolic space with constant negative 

curvature in an electric-circuit network and develop a set of methods to verify the effective 

hyperbolic metric [1]. More specifically, we consider the low-energy modes of a disk-shaped 

sample of a hyperbolic lattice, which we call “hyperbolic drum”, and reveal evidence of the 

negative curvature in both static and dynamical experiments. On the theory side, we take a first 

step towards analyzing topology in hyperbolic synthetic matter [2]. We formulate hyperbolic 

versions of two paradigmatic models of topological insulators, namely of (1) the Haldane model 

of a Chern insulator, and of (2) the Kane-Mele model of a time-reversal-symmetric topological 

insulator. Their non-trivial topology is revealed both in momentum space and real space 

invariants and we observe robust propagating metallic in-gap states at the boundary. 

[1] Patrick M. Lenggenhager et al., Nat. Commun. (accepted), arXiv:2109.01148 (2021).

[2] David M. Urwyler et al., arXiv:2203.07292 (2022).
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Synthetic gauge fields can be harnessed to engineer unconventional transport and localise 
bosonic states by breaking time-reversal symmetry and mimicking electrons' behaviour in 
electromagnetic fields. Optomechanical systems address optically mechanical modes via 
modulated radiation pressure, enabling spring constant tuning and strong mechanical interactions 
that imprint nonreciprocal Peierls phases – akin to the Aharonov-Bohm effect for electrons1[1]. 

Here we demonstrate how optomechanical cavities unlock synthetic magnetic fields for 
many-mode oscillator networks, offering a route toward acoustic chirality and non-Hermitian 
topological states [2]. These ideas are tested within state-of-the-art nanobeam photonic crystals 
that support localised optical resonances coupled to multiple coherent mechanical overtones. 
Phase control of intensity-modulated driving in a single cavity then unlocks a versatile, optically-
tunable nanomechanical network featuring arbitrary-range interactions that span a synthetic 
dimension (Fig. 1a).  Our study analyses the emergence of chiral phononic propagation in single 
mechanical loops with nonreciprocal Aharonov-Bohm (AB) link phases. In addition, we 
demonstrate the interplay of AB interference and gain by inducing parametric interactions through 
radiation pressure, through control of non-Hermitian physics, including exceptional points and 
non-reciprocal phononic amplification (Fig. 1b). We finally overview our efforts [3] in exploiting 
optomechanical nonlinearities, natural in our systems, to control bifurcations into self-oscillating 
phases via nonreciprocal control phases. 

Our findings open new prospects for bosonic transport and non-Hermitian topological 
phases for mechanical modes at the nanoscale. They ultimately illustrate the potential of 
optomechanical systems toward quantum chiral acoustic networks and strongly nonlinear systems 
with broken Hermiticity and time-reversal symmetry. 

• [1] Mathew J. P.* , del Pino, J.* , Verhagen E. (2020). Synthetic gauge fields for phonon transport
in a nano-optomechanical system (*equal contribution) - [Nature Nanotechnology volume 15, pages 198 - 202] 

• [2] del Pino, J.*, Slim, Jesse J.* and Verhagen, E. (2021). Non-Hermitian chiral phononics through
optomechanically-induced squeezing. (*equal contribution) [Nature – in press- arXiv: 2110.14710]

• [3] Košata, Jan*, del Pino, J.*, Heugel, Toni L. and Zilberberg, Oded (2022). HarmonicBalance.jl: a
Julia suite for interacting nonlinear dynamics. (*equal contribution) [arXiv:2202.00571]

(b) (a) 

Figure 1: (a) (left) A modulated cavity field c couples three resonators ai in a loop with complex beam-splitter 
couplings Jij𝑒!"!" , which phases add up to a synthetic flux Φ. (right) Time evolution of resonator amplitudes 
|ai| for trivial and nontrivial flux.  (b) (left) Graph associated with a dimer subject to parametric driving with 
complex amplitudes 𝜂!𝑒!#!, unwrapping “particle-hole” loops threaded by effective synthetic fluxes. 
Experimental fingerprints of control of exceptional points through effective fluxes. 
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Majorana flat bands at structured surfaces of nodal
noncentrosymmetric superconductors
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Surfaces of nodal noncentrosymmetric superconductors can host flat bands of Majorana
modes, which provide a promising platform for quantum computation if one can find
methods for manipulating localized Majorana wave packets. We study the fate of such flat
bands when part of the surface is subjected to an exchange field induced by a ferromagnetic
insulator. Exact diagonalization is used to find the eigenstates and eigenenergies of the
Bogoliubov–de Gennes Hamiltonian of a model system, for which an exchange field is
applied along a strip on the surface of a slab. Moreover, we discuss a setup with a
small exchange field applied to the previously field-free strip with the goal of introducing
a linear dispersion. By switching this dispersion on and off, a wave packet could be
moved in a certain direction. We find that in our model system, a linear dispersion can
indeed be achieved. The qualitative features of this dispersion can be predicted from the
momentum-dependent spin polarization of the field-free surface.
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Recent results on the AV3Sb5 (A = K, Rb, Cs) kagome metals sparked interest in this
class of materials. These compounds represent indeed an excellent ground to study Fermi
surface instabilities, with a multi-dome superconducting phase which has been found be-
sides of charge density wave order. Experimental observastions suggest that the correlated
phases depend not only on quantities like thickness and temperature of the material, but
also on the applied mechanical stress. The departure from ambient pressures unfolds a
superconducting dome while descending from a charge density order parent state, and
yields a second superconducting dome feature for increased pressures. Here are presented
results from first-principles calculations on the van Hove fermiology profile as a function
of pressure and, in particular, strain. The Star-of-David and inverse Star-of-David charge-
ordering patterns are found to be suppressed, while there is a significant rearrangement of
p-type and m-type van Hove singularities with respect to the Fermi level. This mechanism
allows to alter the correlation profile and the competition of phases via a thermodynamic
quantity, rather than via the more invasive introduction of chemical impurities. Strain
engineering can hence be seen as a suitable tool to increase the propensity for supercon-
ductivity in kagome metals.
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 We show theoretically that the formation of interband Cooper pairing at finite excitation 
energies can be accompanied by a topological phase transition. It happens in directions 
where the inter- and intra-band pairings are finite and vanishing, respectively. The emergent 
topological surface states are dispersive in energy away from the transition direction. To 
capture the underlying mechanism, we develop a generic theory in the interband 
representation of the Bogoliubov-de Gennes Hamiltonian valid for weakly interacting systems. 
We apply our theory to j=3/2 systems.  
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A topological crystalline insulator Pb0.7Sn0.3Se has topological protected surface states
with four pairs of a low energy Dirac nodes placed across the X point in momentum space
[1]. Symmetry breaking on the surface of Pb0.7Sn0.3Se at odd step edges results in the
1D edge mode running along the step edge, with flat band dispersion connecting a pair
of these surface Dirac nodes (Fig. 1 a)-b) [2].

Here we report low temperature STS study of p-doped Pb0.7Sn0.3Se subjected to a
magnetic field up to 12T. We find that on the terraces for a non-zero magnetic fields
Landau levels with energies given by En = sgn(n)vD

√
2eh̄B|n| emerge, however we do

not observe any 0th LL peak located at the Dirac point position. Instead we observe
other non-dispersing peaks labeled as −E∗ and +E∗ in Fig.1c) close to a Dirac point,
which can be attributed to the coexistence of massive and massless Dirac fermions [3].
LLs are quenched in the immediate vicinity of the odd step edge, where the 1D edge mode
remains undisturbed at magnetic fields up to 12T.
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Figure 1: a)Topographic scan of Pb0.7Sn0.3Se surface with a half-unit cell step; b) Tun-
neling spectra taken at B = 0T on the terrace 1© and at the step 2©, revealing in DOS
the deep at the Dirac point on the terrace and peak of the edge state on the odd-step c)
Landau levels measured on the terrace.
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Antimony (Sb) is an elemental material with non-trivial topological properties in its electronic band 

structure. Its topological character can be controlled by film thickness, making it an interesting candidate 

for quantum device applications. Here we report on the successful synthesis of ultrathin Sb films on semi-

insulating InSb(111)A substrates and study their structural and electronic properties by scanning tunneling 

microscopy (STM) and scanning transmission electron microscopy (STEM). Surprisingly, despite the large 

lattice mismatch (-6.4%) already the first layer of Sb atoms grows completely unstrained to the covalent 

substrate, while its azimuthal orientation remains aligned to it. Rather than compensating the strong 

mismatch by the introduction of dislocations, the Sb films form a pronounced Moiré pattern as seen in STM 

topography. The Moiré modulation is observed for film thicknesses up to 6 Sb bilayers. From model 

calculations based on density functional theory (DFT) the Moiré pattern is assigned to a periodic surface 

corrugation of the Sb films. Additionally, we find from STM quasiparticle interference patterns that the 

surface state of Sb is preserved down to low film thicknesses irrespective of the Moiré modulation. 

79



Planar Hall effect in the type-I Weyl semimetal trigonal-
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Weyl semimetals have recently attracted considerable interest in topological condensed matter. 

In quantum transport experiments, Weyl semimetals are usually identified by a negative 

longitudinal magnetoresistance (NLMR) related to the chiral anomaly [1]. It is however possible 

for the NLMR to be hidden in materials which display a large orbital magnetoresistance. 

Nonetheless, the Weyl topology still manifests itself when a magnetic field is applied in the 

sample’s plane: in this configuration, the sample’s resistivity (both longitudinal and transverse) 

oscillates when the in-plane field is rotated, with a period of π [2-3]. In this work, we report the 

discovery and characterization of a planar Hall effect in nano-structures of trigonal-PtBi2 (Figure 

1), a layered material predicted to be a type-I Weyl semimetal [4]. We also discovered an 

additional 2π-periodic contribution to the transverse resistivity, which we attribute to an 

anomalous planar Hall effect originating from a Zeeman splitting-induced Berry curvature [5]. 

 

[1] D. T. Son and B. Z. Spivak, Physical Review B, 88(10):1–4, 2013. 

[2] A. A. Burkov, Physical Review B, 96(4):041110, 2017. 
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[4] A.Veyrat, V.Labracherie, R.Acharya, D. Bashlakov, F.Caglieris, J.Facio, G.Shipunov, T.Charvin, 

Y.Naidyuk, R.Giraud, J.van den Brink, B.Büchner, C.Hess, S.Aswartham and J.Dufouleur, 
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Figure 1: Angular dependence of the longitudinal per 

square (top) and transverse (bottom) resistances, for 

in-plane fields from 0.5T (blue) to 1.5T (red). The 

longitudinal resistance is π-periodic when rotating the 

field, while the transverse resistance shows both π- 

and 2π-periodic contributions. 
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Toward spin-polarized scanning tunneling spectroscopy
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For a long time single cobalt atoms on the (111) surfaces of noble metals were considered as
prototypical systems for the Kondo effect in STM experiments [1–3]. However, Bouaziz et al.
recently suggested that the experimentally observed spectroscopic feature should be interpreted
in terms of excitations of the Co atom’s spin rather than a Kondo resonance [4]. Based on
the additional prediction of a new quasiparticle, the spinaron, the authors further propose
a distinctive change of the spectroscopic signal in high magnetic fields that should allow to
experimentally verify their theoretical results.

We investigated Co atoms on the Cu(111) surface in magnetic fields of up to 12T, providing
new but still inconclusive insight into the physics of the system. Spin-resolved scanning tunneling
spectroscopy is expected to contribute to discriminating between both existing interpretations.
In this contribution we will therefore present necessary steps toward spin-resolved spectroscopic
data of Co/Cu(111) and will discuss recent experimental results and arising challenges.

1 nm

Figure 1: Topographic scan of a ring-shaped nickelocene molecule and a single Co atom on the
Cu(111) surface. The spin excitations observed in the molecule [5] serve as a reference system
for the spin-polarized scanning tunneling spectroscopy measurements on the Co atom.
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Rare earth metal films are known to exhibit an extremely rich magnetic behavior. Especially
thin films grown epitaxially on single crystalline and highly pure substrates offer an invaluable
playground to study the impact structural properties have on the magnetization behavior. De-
pending on the sign of the RKKY coupling and details of the film preparation various domain
structures have been observed, for example on Dy(0001)/W(110) films [1].
Here we report on experiments on Gadolinium (Gd) films epitaxially grown on W(110). Gd is
a ferromagnetic metal with a Curie temperature of 293 K. Its half-filled 4f shell results in an
almost spherical charge distribution which –in comparison to other rare earth metals– results
in a very low magnetic anisotropy [2]. Our investigation on Gd(0001) films grown on W(110)
indeed show a rather rich magnetic structure in spin-polarized STM studies. In agreement with
earlier Kerr measurements [2] we find a thickness-dependent spin reorientation transition from
in-plane at thin films to out-of-plane for films thicker than around 40 nm. The latter form up and
down magnetized stripe domains which are tilted by ±30◦ with respect to the W[001] direction.
With increasing coverage their periodicity increases from (50 ± 10) nm up to (120 ± 40) nm and
domain branching is observed.

References
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Figure 1: The transition from large in-plane domains at low Gd coverage (left panel) to striped domains
at higher coverage (right panel) is investigated by SP-STM.
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We investigate the impact on basic quantum transport properties of disorder-induced
exceptional points (EPs) that emerge in a disorder-averaged Green’s function description
of two-dimensional (2D) Dirac semimetals with spin- or orbital-dependent potential scat-
tering. Remarkably, we find that EPs may promote the nearly vanishing conductance of
a finite sample at the Dirac point to a sizable value that increases with disorder strength.
This striking behavior exhibits a strong directional anisotropy that is closely related to the
Fermi arcs connecting the EPs. We corroborate our results by numerically exact simula-
tions, thus revealing the fingerprints of characteristic non-Hermitian spectral features also
on the localization properties of the considered systems. Finally, several candidates for
the experimental verification of our theoretical analysis are discussed, including disordered
electronic square-net materials and cold atoms in spin-dependent optical lattices.

Please see Ref. [1] for the associated publication.
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Due to recent progress in MBE growth the quality of 
HgTe/CdHgTe heterostructures improved. Routinely 
charge carrier mobilities of over 𝜇𝜇 > 1 ⋅ 106 cm2/Vs are 
obtained. This opens up new prospects for transport 
investigations, such as the long time still open question 
concerning the existence of a fractional Quantum Hall 
State in HgTe 2DEGs. 
 
The Fractional Quantum Hall Effect (FQHE) has not yet 
been observed in the material system of HgTe. Now that 
charge carrier mobility of HgTe QWs can be fabricated 
in the same order of magnitude as in the as for the first reported experimental observation by Willet 
et al. [Physical Review Letters, 59, 1987] on GaAs/GaAlAs heterostructures. In the following we 
present the magnetotransport data of a gate device with a mobility of 𝜇𝜇 = 1.8 ⋅ 106 cm2/Vs . The 
measurement show well pronounced quantum Hall plateaus for all filling factors, but no indication 
of any fractional state. High magnetic field measurements show a prolonged ν = 1 plateau and a 
transition to an insulating state. 

Intriguingly, the ν = 1 plateau exhibits a transition to an insulating state for filling factor ν = 1/2. 
The observation is true for all carrier density and appears to be reproducible for different QW 
materials. 
 

Shubnikov de Haas oscillations and Hall 
resistance of a high mobility sample 

 

Insulator transition 𝐵𝐵 ≈ 15 T (left) which corresponds to filling factor 𝜈𝜈 = 1/2 (right). 
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The electronic structure of Bi₁₂Rh₃Ag₆I₉, a weak topological insulator (TI) candidate, is investigated 

by means of angle-resolved photoelectron spectroscopy (ARPES) and density functional theory 

calculations. The compound consists of alternating layers of a 2D TI in a Kagome configuration, 

separated by insulating spacer layers. The Kagome net is formed by rhodium centered bismuth cubes, 

while the spacer consists of silver and iodine. The results are compared to the mother material 

Bi₁₄Rh₃I₉ [1], denoting the first experimentally observed weak TI. In particular, the influence of the 

silver substitution into the spacer layer and the potential modification of the coupling between the 

2D TI layers is discussed. 

 

[1] Rasche et al., Nature Mater, 12, 422–425 (2013) 
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2D materials and their properties are being investigated since 2004 when researchers obtained the 

monolayer graphene and investigated its excellent electrical properties. To produce down-to-monolayer 

materials the mechanical exfoliation technique has been used since the very beginning. In 2013, 

researchers found a technique that allows to build a 3D structure from exfoliated 2D materials like 

LEGO blocks and control their physical properties, called van-der-Waals (vdW) stacking. [1] 

Combining 2D materials for the discovery and characterization of new topological phases could pave 

the way for many opportunities for new and interesting fundamental aspects of physics, also for potential 

applications. This work shows how to exfoliate and encapsulate different materials, including graphene, 

hBN 𝐶𝑟2𝐺𝑒2𝑇𝑒6 (𝑇c ~62 K) and 𝐶𝑢𝐶𝑟𝑃2𝑆6 crystal, which is a paramagnetic at bulk; but recently 

researchers have found out at few-layers thicknesses, which showed ferromagnetic behavior. [2] The 

magnetism of 𝐶𝑟2𝐺𝑒2𝑇𝑒6 has been investigated by MOKE at several thicknesses to observe their 

hysteresis curves; to compare the difference between encapsulated with hBN and free-standing CGT 

behavior, we conducted the magnetic measurement for two different flakes. 

 

[1] Wang et al., Science, 342, 614-617 (2013) 

[2] Selter et al., arXiv:2112.02590v3 (2022) 
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Two-dimensional periodically driven topological insulators have been shown to exhibit numer-
ous topological phases, including ones which have no static analog, such as anomalous Floquet
topological phases. We study a two-dimensional model of spinless fermions on a honeycomb
lattice with periodic driving. We show that this model exhibits a rich mixture of weak and
strong topological phases, which we identify by computing their scattering matrix invariants.
Furthermore, we do an in-depth analysis of these topological phases in the presence of spatial
disorder and show the relative robustness of these phases against imperfections. Making use
of this robustness against spatial disorder, we propose a filter which allows the passage of only
edge states, and which can be realized using existing experimental techniques.
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Figure 1: Phases in the system

Figure 2: The proposed filter
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Stimulated by the discovery of the triangular Quantum Spin-Hall Insulator (QSHI) in-
denene on SiC [1], we explore a variety of topological phases on the triangular lattice
ranging from non-trivial Z2 to higher-order topology. They are stabilized by the interplay
of symmetry breaking and local Spin-Orbit Coupling (SOC). In the presence of strong
reflection symmetry breaking, the localization of the Wannier centers detaches from the
atomic lattice resulting in an obstructed atomic limit with higher-order to topology. Fur-
ther, we find a one-to-one correspondence between the valley Dirac fermions of the trian-
gular lattice and Kane-Mele-type honeycomb systems, albeit being gapped with atomic
SOC, a key ingredient towards large-gap QSHIs and room temperature applications.
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Layered transition metal dichalcogenides (TMDC) are a class of quasi-2D materials that exhibit a 

variety of intriguing electronic properties including superconductive, excitonic insulator, and charge-

density wave (CDW) phases [1,2]. In order to tailor the electronic and optical features for specific 

applications and gain more insight into the material, it is advantageous to be able to slightly modify their 

properties. Several interactions such as charge transfer or a rearrangement of the electron density can 

modulate the electronic properties at the organic/TMDC interface [3]. We have used organic molecules 

for this purpose by evaporating thin films of copper phthalocyanine (CuPc) on titanium diselenide 

(TiSe2) single crystals. We report the perturbed electronic characteristics of the resulting CuPc/TiSe2 

heterostructure examined with angle-resolved photoelectron spectroscopy (ARPES), time-resolved 

ARPES, and X-ray photoelectron spectroscopy.  

 

[1]  A. H. Castro Neto, Phys. Rev. Lett., 86, 4382 (2001) 

[2]  K. Rossnagel, J. Phys.: Condens. Matter, 23, 213001 (2011) 
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Local topological markers, coordinate space expressions of topological invariants, are impor-
tant tools for characterizing topological phases in materials which lack translational-invariance,
including disordered and amorphous structures. In even dimensions there exist real space for-
mulations of the Chern number, for example the Chern marker [1,2] and the Bott index [3],
but the generalization of local topological markers to odd dimensions, especially for the real
symmetry classes is challenging. The classification of topological phases of free fermions can
be formulated in terms of local valence bond projectors in the first quantised picture, and equiv-
alently, in the second quantised language in terms of the single particle density matrix. This
means that by expressing the Chern number in terms of the single particle density matrix, de-
termining this topological invariant amounts to evaluating local expectation values. We present
an analytic expression for local markers for free fermion topological states |ψ〉 in odd dimen-
sions, which we refer to as the Chern-Simons marker, by introducing a one-parameter family
of single-particle density matrices Πϑ . For the parameter value ϑ = π/2, Πϑ is the single-
particle density matrix of |ψ〉, and for ϑ = 0, it is the single-particle density matrix of a trivial
atomic limit state. By allowing the added parameter ϑ to act as an extra dimension, the odd
dimensional system in question becomes even dimensional, and the Chern-Simons marker can
be formulated in the same way as the Chern-marker. We show that there exists a choice for the
family of Πϑ such that the topological invariant of this even dimensional density matrix cor-
responds to a local expectation value in the state |ψ〉. The key point is that the Chern-Simons
marker, multiplied by a factor of two, is the Z topological invariant (the chiral winding num-
ber) for the state |ψ〉 if it is in one of the topological classes DIII, AIII, or CI, and it is the Z2
topological invariant for |ψ〉 if it is in class AII. To show how the Chern-Simons marker is used
in practice, we use it to characterize the topological phases of two amorphous Hamiltonians in
three dimensions: one with U(1) charge conservation and time-reversal invariance, thus with
a Z2 invariant (class AII) and one with only time-reversal invariance and hence a Z invariant
(class DIII).
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We realize effects of solid state physics using sound waves in periodic systems of coupled
resonators in one and two dimensions. The systems have lattice constants in the centime-
ter range which leads to eigenstates in the audible frequency range.
In one dimension we observe topological edge states analogous to the ones arising from
the Su-Schrieffer-Heeger model. In the configuration with a non-trivial winding number
the acoustic system shows a band inversion [1]. The resonant states of the system can be
excited individually.
In a two-dimensional hexagonal system, we observe Dirac cones at the K/K’ points of
the Brillouin zone. The experimental setup is designed in such a way, that the inversion
symmetry of the graphene-like lattice can be broken. This introduces a mass term that
lifts the Dirac degeneracy of the Dirac cone [2].
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Figure 1: (a): Experimental band structure of a hexagonal acoustic crystal with (right)
and without (left) broken inversion symmetry. (b): Experimental band structure (left) of
an acoustic SSH chain and symmetry of the eigenstates (right). Blue colour represents an
antisymmetric state, whereas red represents a symmetric one.
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We propose a route to detect Majorana bound states (MBSs) by coupling a topological
superconductor to a quantum dot (QD) in a pn-junction. Here, two MBSs are coherently
coupled to electrons on the QD, which recombine with holes on the QD to photons in
the pn-junction. Importantly, the polarization of the emitted photons provides direct
information on the spin structure [1,2] and nonlocality [2,3] of the MBSs and allows to
clearly distinguish the cases of well separated MBSs at zero energy from overlapping
MBSs. In addition, we show that quasiparticle poisoning influences the photon emission
intensities drastically and changes its shot noise from super-Poissonian to sub-Poissonian.
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High harmonic generation (HHG) has applications in various fields, including ultrashort pulse 

measurements, material characterization and imaging microscopy. Strong THz nonlinearity and efficient 

third harmonic generation (THG) were demonstrated in graphene [1], therefore it is natural to assume 

the presence of the same effect in other Dirac materials, such as topological insulators (TI) [2,3]. 

Topological states can be found in HgTe quantum wells with a thickness of more than 6.3 nm [4], and 

strained 3D Hg1-xCdxTe thin films with cadmium fraction x < 0.16 [5].  

We used a series of HgTe samples corresponding to three 

qualitatively different cases: 2D trivial and topological 

structures and 3D topological insulators. By using moderate 

THz fields, the presence of highly efficient THG was measured 

in these samples at different temperatures and THz powers. This 

provides insight into physical mechanisms leading to THG in 

TIs. For in-depth understanding of Dirac fermions dynamics 

and dominating scattering mechanisms in HgTe TI, we 

conducted THz pump-probe experiments that reveal several 

relaxation time scales. 

[1] Hafez, H. A. et al., Nature 561, 507 (2018).

[2] Kovalev, S. et al. Quantum Materials 6.1 (2021): 1-6.

[3] Giorgianni, F. et al. Nature Сommunications 7.1 (2016): 1-6.

[4] Bernevig, B. et al. Science 314, 5806 (2006): 1757-1761.

[5] Brüne, C. et al. Phys. Rev. Lett. 106, 12 (2011): 126803.

Fig. 1 Temperature dependence of the third 

harmonic efficiency √𝐼3𝜔/𝐼0
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Ruthenium dioxide (RuO2) has been long known as an industrial catalyst [1], but recently gained 

fundamental interest due to its exotic electronic and magnetic properties. Among those are a 

network of bulk Dirac nodal lines (DNL), a flat band surface state (FBSS) [2-4], colinear 

antiferromagnetism [5-7] and the crystal Hall effect [8]. 

 

 

 

 

 

 

 

 

 

To reveal the intricate microscopic mechanisms that govern electrons and spins, we grow high 

quality RuO2 samples by pulsed laser deposition and study those by in- and ex situ spectroscopic 

techniques including electron- and X-ray scattering (LEED, RHEED, XRD, XRR), scanning 

probes (STM, AFM), photoemission (XPS, ARPES) and voltammetry. 
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Bismuthene, i.e., a honeycomb monolayer of Bi atoms on a SiC(0001) substrate, is a quantum spin 
Hall (QSH) insulator with a record-breaking indirect band gap of 0.8 eV and a direct gap of even 
1.3 eV at the K-point of the hexagonal Brillouin zone [1,2]. These large gap values open the 
opportunity for studying optical excitations in the topological band structure of a QSH insulator. 
Here we present first results from optical spectroscopy and pump-probe ARPES. The former study 
observes optical resonances at room temperature which from comparison to ab-initio GW and 
Bethe-Salpeter equations are identified as strongly bound excitons of considerable oscillator 
strength, the first such observation in a QSH insulator [3]. In the other experiment we populate the 
conduction band states by applying a near-infrared pump pulse and map their dispersion by ARPES 
using a subsequent VUV pulse [4]. This not only allows a momentum-resolved determination of 
the relevant direct and indirect band gaps, but by varying the time delay between pump and probe 
pulse we also obtain detailed information on the excited carriers dynamics. Intriguingly, we observe 
photocarrier lifetimes much shorter than in conventional semiconductors. This is ascribed to the 
presence of topological in-gap states already established by local probes. Demonstration of the 
large band gap and the view into photoelectron dynamics mark a critical step toward optical control 
of QSH functionalities.    
 
[1] F. Reis et al., Science 357, 287 (2017)  
[2] G. Li et al. , Phys. Rev. B 98, 165146 (2018) 
[3] M. Syperek et al., submitted for publication (2022) 
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Dirac semimetals, e.g., ZrTe5 and HfTe5, have been widely investigated and have exhibited various 

exotic physical properties. Nevertheless, several properties of these compounds, including 
diamagnetism, are still unclear. In this study, we measured the temperature- and field-dependent 

diamagnetism of ZrTe5 and HfTe5 along all three crystallographic axes (a-, b-, and c-axis). The 

temperature-dependent magnetization shows an anomaly, which is a characteristic of Dirac 
crossing. Diamagnetic signal reaches the highest value of 17.3 × 10−4 emu mol−1 Oe−1 along the 

van der Waals layers, i.e., the b-axis. However, the diamagnetism remains temperature-independent 

along the other two axes. The field-dependent diamagnetic signal grows linearly without any sign 
of saturation and maintains a large value along the b-axis. Interestingly, the observed diamagnetism 

is anisotropic like other physical properties of these compounds and is strongly related to the 

effective mass, indicating the dominating contribution of orbital diamagnetism in Dirac semimetals 

induced by interband effects. ZrTe5 and HfTe5 show one of the largest diamagnetic value among 
previously reported state-of-the-art topological semimetals. Our present study adds another 

important experimental aspect to characterize nodal crossing and search for other topological 

materials with large magnetic susceptibility.  

[1] Fuseya Y, Ogata M, and Fukuyama H  J. Phys. Soc. Japan 84  012001 (2014)

[2] Liu Y et al J. Magn. Magn. Mater.  408 73-76 (2016)

[3] Zhang C L, Wang C M, Yuan Z et al Nat. Commun. 10, 1028 (2019)

[4] Suetsugu S, et al Phys. Rev. B 103 115117 (2021)

[5] Singh S et al J. Phys.: Condens. Matter 34 225802 (2022)

Figure a shows anomaly seen in magnetization in HfTe5 is a characteristic of nodal crossing, which lead to 

enhancement in orbital diamagnetism, while figure b shows a Histogram with M/H values for previously reported 

topological semimetals, where ZrTe5 and HfTe5 (present work) shows one of the largest values reported till yet 

[1,2,3,4,5]. 
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Magnetic systems exhibiting spin-canted states have garnered much attention recently for 

their promising rich exotic properties driven by the real-space spin textures and competing 

magnetic orders. The tunable family of Heusler compounds are of special interest, given that they 

exhibit a variety of topological properties, spanning from Dirac and Weyl fermions, to noncollinear 

magnetic ground states, which can host topological excitations such as (anti)skyrmion lattices and 

quasiparticles [1].  

In this work [2], we present a detailed analysis of the structural and magnetic properties of 

high-quality epitaxial thin films of the hexagonal (h-) MnPtGa hard magnet grown on Al2O3(0001) 

substrates. We find that the films crystalize in the centrosymmetric P63/mmc (Nr. 194) space group, 

with a Curie temperature of 263 K below which the system undergoes a paramagnetic to 

ferromagnetic (FM) transition, followed by a spin reorientation transition at Tsr ≈ 160 K. From 

anisotropic isothermal magnetization M-H measurements we demonstrate the perpendicular 

magnetic anisotropy of h-MnPtGa films. We further investigate the thermally induced magnetic 

transitions by single-crystal neutron diffraction at zero applied magnetic field. The emergence of 

the structurally forbidden (001) Bragg reflection at low temperature unequivocally determines a 

transition to a spin canted state, where the Mn magnetic moments align ferromagnetically along 

the c-axis and with an antiferromagnetic (AF) component projected onto the basal plane. Applying 

Rietveld refinement method to the neutron diffraction data at 2 K, we obtain the components of the 

Mn magnetic moments as μz = 4.2(4) μB and μx = 1.5(3) μB, resulting in a canting angle of 20° with 

respect to the c-axis.  

Our study highlights the remarkable applicability of single-crystal neutron diffraction, a 

technique privileged for bulk samples, to the study of noncollinear magnetic ordering in epitaxial 

thin films. Finally, we remark that the spin-canted state in h-MnPtGa opens up the possibility of 

realizing the recently predicted chiral Hall effect in canted FM and AF systems [3], allowing for 

further investigations of chiral magnetism, with the prospect of electrical detection and 

manipulation of noncollinear magnetic structures in epitaxial thin films. 

[1] K. Manna et al., Nat. Rev. Mater. 3, 244 (2018).

[2] R. Ibarra et al., Appl. Phys. Lett. 120, 172403 (2022).

[3] J. Kipp et al., Commun. Phys. 4, 99 (2021).
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We investigate the thickness dependence of topological surface states (TSS) in α-Sn films grown 

on CdTe(001) by molecular beam epitaxy. Angle-resolved photoemission spectroscopy (ARPES) 

finds a surprising anisotropic energy quantization of the TSS that breaks the fourfold symmetry of 

the unreconstructed α-Sn surface, and scales with film thickness. In particular, quantization is 

pronounced along the [110] direction, while it is suppressed along [110]. Preliminary scanning 

tunneling microscopy data with atomic resolution lay out a scenario where this anisotropy is 

imprinted by the underlying CdTe substrate. 
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Non-Hermitian (NH) Hamiltonians have been shown to possess unique signatures,
such as the skin effect and the exponential sensitivity with respect to boundary condi-
tions. Here, we discuss as to what extent these remarkable phenomena, recently predicted
and observed in a broad range of settings, may also occur in closed correlated fermionic
systems that are governed by a Hermitian many-body Hamiltonian. There, an effectively
NH quasiparticle description naturally arises in the Green’s function formalism due to
inter-particle scattering that represents a source of inherent dissipation. Using exact di-
agonalization, we analyze as a concrete platform extended Su-Schrieffer-Heeger (SSH)
chains with interactions subject to varying boundary conditions.
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The anomalous Hall effect (AHE) has been mostly realized in ferromagnetic materials in which 
electrons move asymmetrically due to spin-orbit coupling or defect scattering. People have looked for 
materials with a large AHE that are attractive for future device applications. The AHE is generally 
explained by two type of mechanisms: intrinsic and extrinsic effects [1]. The extrinsic effect refers to 
electrons being scattered asymmetrically by defects in a solid (skew scattering or side-jump of carriers). 
On the other hand, the intrinsic AHE can be expressed in terms of the Berry-phase curvature and thus is 
a quantum-mechanical property of a perfect crystal. It is theoretically explained by two contributions, a 
group velocity term induced by interband mixing and a Luttinger anomalous velocity term connected to 
the Berry curvature. Therefore, to achieve a large AHE, materials must have strong spin-orbit coupling 
and increased Berry curvature. In oxides this has recently been achieved in a strained-tuned pyrochlore 
iridate and in a polar all-oxide heterointerface with a ferromagnetic metal [2,3], where in both cases the 
Berry curvature is connected to a non-coplanar spin configuration. 
In this poster, I report on the observation of the AHE in two oxide heterostructures, SrIrO3/SrTiO3(111) 
and LaAlO3/SrRuO3/SrTiO3(100). Based on previous studies concerning spin configurations and Berry 
curvature, I will discuss the origin of the AHE in these two systems. 

[1] Nagaosa, N et al., Rev. Mod. Phys., 82, 1539-1592 (2010)
[2] Ohtsuki, T et al., PNAS, 116, 8803-8808 (2019)
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Since the discovery of Z2 topological insulators (TIs), topological phases and materials have been 

extensively explored in two- (2D) and three-dimensional (3D) systems. The recent classification 

of TIs with given crystalline symmetry has led to the discovery of a new type of topological 

phases, the higher-order topological insulators (HOTIs). The 3D HOTIs are gapped in the bulk 

and on all surfaces, but they have one-dimensional (1D) gapless modes along “hinges”, where 

two surfaces meet. In their turn, 2D HOTIs host zero-dimensional (0D) corner states inside the 

insulating edge and bulk band-gap. So far, a large part of the experimental study of 2D HOTIs 

has been performed in engineered metamaterials, while only a few candidates have been 

theoretically predicted in solids, including black phosphorene, graphdiyne, bismuthene and 

twisted bilayer graphene at certain angles. 

In this talk, we report on theoretical prediction of time-reversal-invariant HOTI in quantum wells 

(QWs) based on the most common II-VI and III-V semiconductors [1]. Starting from realistic 

multi-band k·p Hamiltonian, we directly derive an effective 2D low-energy Hamiltonian 

preserving the cubic symmetry of the semiconductors. Then, by applying open boundary 

conditions, we obtain an effective 1D Hamiltonian for the edge states and demonstrate the 

existence of the corner states in the QWs with double band inversion. As two prototypes, we 

consider realistic three-layer InAs/Ga(In)Sb QWs [2] and double HgTe/CdHgTe QWs [3] 

grown along (0mn) crystallographic orientations (where m and n are integers). 

[1] S.S. Krishtopenko, Sci. Rep. 11, 21060 (2021)

[2] S.S. Krishtopenko et al., Sci. Adv. 4, eaap7529 (2018)
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The paradigmatic magnetic Weyl semimetal Co3Sn2S2 has drawn tremendous amount of
attention in recent years [1-3]. A ferromagnetic order with a Curie temperature (TC) of
177K arises from Co atoms forming a Kagomé lattice. Above the transition tempera-
ture TC, the system enters into a paramagnetic strong topological insulator regime [4].
Although the electronic structure of Co3Sn2S2 has been studied in detail [2,4-6], several
scientific questions still remain open. For instance, different angle-resolved photoelectron
spectroscopy (ARPES) studies, such as Ref. [2] and Ref. [6] associate distinct surface
states with Fermi arcs connecting the Weyl points. Such inconsistencies motivate further
investigation of the microscopic origin of the Weyl semimetal state in the material. Here,
we present a combined vacuum ultraviolet and soft X-ray ARPES study on high-quality
single crystals grown from self-flux, in order to unveil the surface and bulk electronic
band structure, respectively. Measurements are taken as a function of temperature, i.e.,
below and above (TC), and discussed with regard to the magnetic Weyl phase. Changes
taking place in the electronic band structure through the phase transition are addressed
by means of variable polarization soft X-ray ARPES experiments performed at Beamline
P04 of the PETRA III (DESY). Our aim is to image signatures of the Berry curvature
in the momentum space below TC (25K) and to rationalize the evolution seen in k-space
above the Curie temperature (215K) [7].
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LaTiO3, a 3d transition metal oxide, has been of interest for its prototypical Mott insulator character, 

and can be readily tuned by excess oxygen doping from the insulating to the metallic phase [1]. In its 

stoichiometric form, LaTiO3 is an antiferromagnet exhibiting strong spin-orbit coupling effects [2]. In 

this study, high mobility (μ > 40 000cm2 /V.s) metallic thin films of LaTiO3 of different thicknesses (3, 

5 and 10u.c.) grown by pulsed laser deposition (PLD) on SrTiO3 substrates are investigated and show a 

series of very interesting transport effects, pointing towards an anisotropic Fermi surface as well as 

strong spin-orbit coupling. Further, when applying a perpendicular magnetic field, we observe a strong 

non-saturating colossal magnetoresistance (CMR) with an amplitude ranging from 700-6500% 

depending on the thickness. Moreover, this MR is observed to be linear starting from very low field 

(<1T) and up to at least 11T. This very distinct feature is compatible with the existence of low-mobility 

regions [3] with a coverage of up to 88% in the 10u.c sample. The presence of so many islands under 

magnetic field in an otherwise high mobility system at zero magnetic field is traced back to the existence 

of an internal domain structure. Through Cryogenic Lorentz TEM imaging studies we show this to be a 

striped structure of magnetic origin with small periodicity ~200nm, compatible with spiral magnetism. 

This combined with giant Rashba spin-splitting is promising for future oxide-based spintronics devices. 

[1] P. Scheiderer, M. Schmitt, J. Gabel, M. Zapf, M. Stübinger, P. Schütz, Lesart Dudy, C. Schlueter, T. Lee, M.
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Advancements in the mathematical characterization of classical and quantum states in
negatively curved spaces sparked a resurgence of interest in hyperbolic lattices, ushering
the research of hyperbolic topological matter [1]. These rapid developments call for new
experimental platforms to implement tabletop simulations of hyperbolic toy-models. De-
spite such obstacles, hyperbolic space can be emulated experimentally. In electric circuit
networks, the physical distances between the nodes are fundamentally decoupled from the
metric that enters the long wavelength description of its degrees of freedom, namely the
voltages and currents that pass through the circuit nodes. The latter depend merely on
the circuit elements that connect the nodes. In this work we demonstrate the efficiency
of electric circuits in experimentally emulating the physics of negatively curved spaces.
Our measurements confirm that signals in the present realization travel along hyperbolic
geodesics, a smoking gun signature for the negative curvature of space.

We excite the densest region of the frequency spec-
trum using a current pulse. By exciting a large num-
ber of modes, we approximate the continuum response.
The propagation of the pulse through the circuit leads to
a profile of instantaneous phases depicted on the right
hand side of the figure. Since the connectivity of the
nodes implements the metric of the Poincaré disk, these
phase fronts form concentric hyperbolic circles, high-
lighted by black circles. This agrees with the theoretical
expectation that the signal emanates from the excited
node along geodesics.

Our work demonstrates that electric circuits provide
a versatile and highly scalable platform for emulating hyperbolic models. Easy means are
provided for embedding hyperbolic lattices on a flat physical geometry, while allowing for
unconnected wire crossings. Such flexibility could be utilized to include coupling beyond
nearest neighbors and to implement the plethora of other hyperbolic tessellations [2]. In
particular, going beyond the presented emulation of the Laplace operator in a negatively
curved space, the platform allows to emulate much more complex tight-binding models.
These could be used to test the recently emerging concepts of hyperbolic band theory,
hyperbolic crystallography.
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We will present a soft X-ray angle-resolved photoelectron spectroscopy (SX-ARPES) study
on the paradigmatic Weyl semimetals TaAs and NbP. The main difference between these
isostructural compounds lies in the respective spin-orbit coupling (SOC) strength [1-3],
which allows us to study their electronic structure as a function of SOC. In particu-
lar, the magnitude of the induced splittings in the bulk band structure of the two non-
centrosymmetric materials differ drastically, so that NbP can be considered as an exper-
imental realization of an approximate no-SOC limit case. Based on this, we will discuss
the influence of SOC on the topological properties of the material class. Going beyond the
conclusions of previous studies, i.e., the aforementioned magnitude of the SOC-induced
energy splittings [1-3], we will address the character of the electronic wave functions us-
ing dichroic SX-ARPES [4]. More precisely, we will discuss the observation of a sizable
orbital angular momentum, which is induced by the broken inversion symmetry in the
crystal structure and not by SOC. The experimental findings are underpinned by density
functional theory and photoemission calculations.
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As commonly known for electronic states in crystalline solids, phonon bands can actu-
ally also exhibit non-trivial topological properties [1]. For instance, it has been proposed
recently that some of the phononic edge states in molecular domains of CN-triangulene
may underlie a non-trivial band topology of the phonon bulk spectrum [2]. Molecular
vibrational modes can be addressed, for example, as a characteristic change in the pho-
toemission spectrum, i.e., as vibronic sidebands of the molecular orbital states [3]. Impor-
tantly, the interaction between the molecular domain and the substrate, i.e., hybridization
of the respective electronic states involved in the adsorption process, can strongly alter
the physical properties of the molecular layer. Therefore, by utilizing low-energy elec-
tron diffraction and angle-resolved photoemission, we study the growth and electronic
structure of CN-triangulene on (i) a clean Ag(111) surface and (ii) the same but with
a semiconducting honeycomb monolayer AgTe modifying the metal-organic interface. In
both cases, the molecules order in the same commensurable super structure. Occupied
electronic states corresponding most likely to the highest occupied molecular orbitals are
found by photoemission. The observed binding energy differs in case (i) and (ii) suggest-
ing a AgTe-induced modification of the electronic coupling between the CN-triangulene
orbitals and the Ag-substrate.
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Figure 1: Faraday rotation through two inter-
faces in slab geometry for different combina-
tions of permittivities of all three layers. Layers
one and three are topologically trivial, layer two
hosts the TME with its permittivity set to 10.

A striking feature of 3-dimensional (3D) topo-
logical insulators (TIs) is the theoretically
predicted existence of a topological magneto-
electric effect (TME) [1, 2]. The presence
of a TME gives rise to additional terms in
Maxwell’s laws of electromagnetism with an
universal quantized coefficient proportional to
half-integer multiples of the fine structure con-
stant α. In an ideal scenario one therefore
expects also quantized contributions in the
magneto-optical response of TIs [1, 3].
We investigate the influence of the TME on the
continuity conditions on interfaces for electro-
magnetic (EM) waves and thus on their polar-
ization state under more realistic conditions.
One of the main results is depicted in fig. 1,
which shows the resulting rotation of the po-
larization state in Faraday geometry after the EM wave passed two decoupled interfaces,
assuming all materials are clean dielectrics with different dielectric constants. In a sym-
metric configuration the resulting rotation vanishes, otherwise it strongly depends on
the dielectric mismatch (more generally, impedance mismatch) between all contributing
interfaces. Taking the existance of an itinerant carrier concentrations in any of the lay-
ers into account confirms the main conclusion of our calculations: There is no universal
topological faraday rotation. Moreover, a quantized magneto-optical response alone is
no proof for the existence of the TME, since a quantized conductance is sufficient to be
able to observe a quantized faraday response (e.g. AC QHE). We demonstrate that it is
methodically impossible to deduce the existence of a TME from an optical experiment in
the thin film limit of TIs.
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Interacting bosons in artificial lattices have emerged as a powerful platform for the study of 
collective many-body phenomena, exotic matter phases, and phenomena arising from nontrivial 
topology. Exciton polaritons, quasiparticles composed partly of light and partly of matter, combine 
pronounced nonlinearities arising from their excitonic component with the possibility of on-chip 
implementation. In this context, organic semiconductors hosting ultra-stable Frenkel excitons have 
proven to be versatile contenders for the study of nonlinear many-body physics and bosonic 
condensation, which also enable deployment at ambient conditions.  
In previous work, we have studied the mode or band structures as well as the lasing properties of 
exciton-polaritons in single hemispherical 
microcavities [1] or coupled microcavities 
arranged in a linear 1D [2] or SSH chain [3]. 
As active material, the fluorescent protein 
mCherry was utilized in each case. In the 
present work, we have extended these studies 
to more sophisticated band structures using a 
two-dimensional lattice potential with 
honeycomb structure. We demonstrate the 
formation of photonic band structures (see 
Fig. 1) in two dimensions by mode 
tomographies and analyze the lasing properties 
by excitation power-dependent measurements 
as well as Michelson interferometry. 

[1] S. Betzold et al., ACS Photonics 7, 384 (2020)
[2] M. Dusel et al., Nat. Commun. 11, 2863 (2020)
[3] M. Dusel et al., Nano Lett. 21, 6398 (2021)

Figure 1: (a-d) Measured polariton dispersion of the 
polaritonic honeycomb lattice in different directions of 
the Brillouin zone. (e) Fourier space image at the energy 
of the Dirac cones. (f) Sketch of the first Brillioun zone 
and illustrated directions through the Brillion zone for the 
measurements shown in (a)-(d). 
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Light can carry two different kinds of angular momentum: spin angular momentum (SAM), which 
is associated with polarization, and orbital angular momentum (OAM), which occurs in light with 
spiral phase fronts. In recent years, it has been shown that rotational symmetry of a microcavity 
systems leads to an effective spin-orbit coupling of the SAM and the OAM of photons, resulting in 
new polariton eigenstates.  
Here we study helical Laguerre-Gaussian modes 𝐿𝐿𝐺𝐺0±1

𝜎𝜎±  
formed in hemispherical microcavities filled with the 
fluorescent protein mCherry [1,2,3]. For a total angular 
momentum of 𝐽𝐽 = 0, both eigenstates are radially and 
azimuthally polarized, respectively. Due to the spatial 
dependence of the linear polarization, we measure spin 
vortices for these modes. In contrast, the energetically 
degenerate modes with 𝐽𝐽 = 2 exhibit opposite circular 
polarization and carry an optical OAM with opposite 
chirality. Accordingly, phase vortices with opposite sign 
were measured by polarization-dependent interference 
measurements. 
Moreover, we show that the preservation of pump 
polarization allows lasing with active control over the 
optical OAM of ±1.  

[1] S. Betzold et al., ACS Photonics 7, 384 (2020)
[2] M. Dusel et al., Nat. Commun. 11, 2863 (2020)
[3] M. Dusel et al., Nano Lett. 21, 6398 (2021)

Figure 1: Fine-structure splitting of the 
Laguerre-Gaussian mode LG0±1 due to the 
coupling of the optical angular momentum 
with polarization. 
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Non-Hermitian systems are nonequilibrium systems which can be described by a non-

Hermitian Hamiltonian [1]. Interestingly, many non-Hermitian crystals have the non-Hermitian 

skin effect which induces the localization of the bulk eigenstates at either end of an open chain 

[2]. Then, the systems exhibit the difference between the energy bands under a periodic 

boundary condition and those under an open boundary condition. Thus, while the energy bands 

under a periodic boundary condition can be obtained from the conventional Bloch band theory, 

it is unclear how to get the energy bands under an open boundary condition. 

In our work, we present the non-Bloch band theory which produces the energy bands of a non-

Hermitian tight-binding system with an open boundary condition [3]. It is proposed that the 

energy bands are calculated from the Brillouin zone which is formed by 𝛽 = 𝑒𝑖𝑘 for the Bloch

wave number 𝑘. In Hermitian systems, the Brillouin zone becomes a unit circle because the 

Bloch wave number takes real values. On the other hand, in non-Hermitian systems, the 

Brillouin zone is formed as closed curves because the Bloch wave number becomes complex, 

which means that the bulk eigenstates are localized due to the non-Hermitian skin effect. In this 

sense, we call the loops the generalized Brillouin zone. As a result, we establish the bulk-edge 

correspondence between a topological invariant defined from the generalized Brillouin zone 

and the existence of topological edge states. 

Additionally, we extend the non-Bloch band theory to a continuous periodic system described 

by a wave equation with non-Hermiticity [4]. In the system, we derive the formula to get the 

generalized Brillouin zone. Then, we show that the generalized Brillouin zone becomes not a 

unit circle but a circle. Intriguingly, this indicates that the localization lengths of the bulk 

eigenstates are common. Furthermore, we apply the theory obtained here to a photonic crystal. 

We find that optical anisotropy and optical gain and loss induce the non-Hermitian skin effect. 

[1] Y. Ashida et al., Adv. Phys. 69, 249 (2020)

[2] S. Yao et al., Phys. Rev. Lett. 121, 086803 (2018)
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Topological insulator nanowires host Dirac-like surface states with strongly suppressed backscat-
tering [1]. As suggested in Ref. [2], surfaces with conical singularity could host Quantum Hall
states which lead to an intrinsic angular momentum quantization of an electronic fluid which
is put on the tip of the singularity. Topological insulators might be a good platform to exam-
ine this experimentally. However, they host surface states with Dirac-like dispersion instead of
Schrödinger-like which is assumed in Ref. [2]. This raises the question if such effect may also be
observed in those systems. A first step towards the answer is to choose an appropriate surface
and calculate the Dirac Landau levels on it. We choose the pseudosphere (Figure 1a) which
has a conical singularity and allows for analytical solution of the emerging eigenvalue equations.
The spectrum and the eigenstates are computed for a constant magnetic field which is aligned
perpendicularly to the surface. We further use the tight-binding package Kwant [3] to verify our
analytically gained results numerically (see Ref. [4]). Figure 1b shows an analytically calculated
Landau state.
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Figure 1: (a) Pseudosphere (b) |ψ|2 (green, solid line), |ψ↑|2 (blue, dotted line), |ψ↓|2 (red, dotted line)
and effective potential |V | (black, dotted line) of a state with main quantum number n = 2 and angular
quantum number m = −1
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Due to the large variety of both established and expected applications, Josephson junctions (JJs) 
continuously have been object of theoretical [1-3] and experimental [4,5] studies. New impulse to 
the field of research has been coming from the development of topological superconductors hosting 
unpaired Majorana fermions at the boundaries. Despite massive efforts, the unambiguous detection 
of Majorana states in topological JJs remains an open problem. In order to investigate the physics 
of trivial and topological junctions, we extend a recently proposed approach [3], in which, in 
contrast to established measurements along JJs, the transverse transport is studied. For this purpose, 
we consider a four-terminal device consisting of two superconducting (conventional s- or 
topological p-wave) and two normal metallic contacts coupled to a non-superconducting central 
region that is modeled by a non-interacting quantum dot (Fig. 1a). We compute the thermoelectric 
transport coefficients for applied temperature and voltage biases between the normal electrodes. 
For the p-wave case, we not only reproduce the celebrated quantized conductance peak at phase 
difference 𝜙 = 𝜋 (Fig. 1b), but we also observe a novel anomalous sign of the Seebeck coefficient 
that has no counterpart in the s-wave case (Fig. 1c). We also extend this geometry to central multi-
dot structures to study the role of Cooper pair splitting on the transverse thermoelectric transport. 

[1] G. Blasi et al., Phys. Rev. Lett. 124, 227701 (2020)
[2] J. P. Morten et al., Phys. Rev. B 74, 214510 (2006)
[3] A. G. Bauer et al., Phys. Rev. B 104, L201410 (2021)
[4] R. Deacon et al., Nat. Commun. 6, 7446 (2015)
[5] Z. B. Tan et al., Nat. Commun. 12, 138 (2021)

Figure 1: (a) Multiterminal setup with two normal metal (yellow) and two superconducting (blue) terminals 
connected to a central quantum dot. (b) Transverse conductance 𝐺 as a function of the phase difference 𝜙. 
(c) Transverse Seebeck coefficient 𝑆 as a function of the dot energy 𝜀' for various phase differences 𝜙.
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Abstract 

First-principles calculations based on density functional theory have been carried out for 
Dy-doped Bi2Se3 with the aim to predict the magnetic ordering as well as surface states of 
doped system. The antiferromagnetic state is predicted energetically most stable in 
comparison to ferromagnetic or paramagnetic states. The doped Dy introduces magnetic 
moment of 4.7   which shows consistency with the available reports. In order to study
electronic structure of the system, we have considered spin-orbit coupling effect. It was 
predicted that generalized gradient approximation (GGA) is incapable in predicting true 
electronic structure due to the presence of Dy-4f orbitals. Therefore, we opted GGA+U 
with Hubbard term U = 7 eV. We have predicted that bulk Dy doped Bi2Se3 exhibits direct 
energy gap of 25 meV. However, its surfaces states calculation shows reduction in band 
gap. The frontier states in these systems mainly contributed by Dy-4f orbitals. Our study 
may help experimentalist to explore novel topological properties of Dy doped Bi2Se3. 

μB
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Abstract 

Density functional theory based calculations have been carried out for Ni-excess ZrNiSn 
half heusler compound followed by doping of Ge. The electron exchange correlation 
functional, we opted Perdew-Burke-Ernzerhof form of generalized gradient approximation. 
It is predicted that excess of Ni in ZrNiSn introduces new bands in forbidden energy gap 
region, which mainly contributed by Ni-3d orbitals. Further the doping of Ge in Ni-excess 
ZrNiSn does not show drastic change in electronic structure of the material. The formation 
of these alloys is thermodynamically is feasible by following exothermic chemical 
reaction. Their phonon calculation confirms that all these alloys are dynamically stable 
and shows reduction in lattice thermal conductivity which is essential for developing more 
efficient thermoelectric devices. 
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By performing angle-resolved photoemission spectroscopy (ARPES) on the paradigmatic Weyl 

semimetals TaP and TaAs, we reveal spectroscopic manifestations of the Berry flux monopoles in the 

intensity distribution of the photoelectrons. This is confirmed over a broad range of excitation energies, 

ranging from the surface-sensitive vacuum ultraviolet (VUV) to the more bulk-sensitive soft X-ray (SX) 

regime. Our experimental observations were complemented by state-of-the-art first principle 

photoemission calculations based on the one-step model of photoemission and density functional theory 

(DFT) which allow us to clearly disentangle surface resonances from real surface states close to Fermi 

level. We further show the drawbacks of the existing ARPES-based criteria used to determine the 

surface-projected Weyl point chirality. Instead, we suggest an improved approach, namely the use of 

dichroic ARPES measurements. Lastly, we discuss the importance of proper final state description in 

the context of ARPES combined with linear and circular dichroism. 
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Topological crystalline insulators (TCI), a new state of matter, were recently theoreti-
cally predicted and experimentally realized in various rocksalt lead tin chalcogenides.[1-5]
These TCIs exhibit topological non trivial surface states protected by crystal symmetry,
as experimentally observed by ARPES measurements.[3-6] While ferromagnetic topologi-
cal insulators reveal the quantum anomalous Hall effect,[7] the behavior of surface states
in magnetically doped TCIs is under investigation. First studies of magnetically doped
SnTe thin films show ferromagnetic phase transitions below 8K with coercive fields below
0.02 T for Mn-doped SnTe at 2 K,[8] and a TC of 110 K with a coercive field of 0.155 T
at 2 K for Cr:SnTe.[9]
We study the magnetic properties of the Mn- and Cr-doped topological crystalline in-
sulator alloy Pb1−xSnxTe grown by molecular beam epitaxy (MBE). Therefore we grow
series of magnetically doped Pb1−xSnxTe thin films with optimized MBE growth parame-
ters, such as IV/VI flux ratio, substrate temperatures and layer thickness, to achieve high
quality thin films. The thin films are grown on zincblende CdTe substrates and buffer
layers, whose cubic lattice constant is nearly perfectly matched to that of PbTe. The
doping concentration ranges from 0 to 11% Mn-/Cr-content
The incorporation of magnetic dopants in the TCI lattice is investigated by RHEED and
HRXRD. Streaky RHEED patterns during the whole growth indicate a 2D growth-mode
and HRXRD shows only reflections related to the substrate and the rock-salt TCI layer,
notable for Cr-doping even at a Cr content of 11 % the thin films show no additional
phases. The magnetic properties are analysed by SQUID, resulting in hysteresis loops
with coercive fields up to 2 T at 4 K and critical temperatures of about 170 K. The
dependence of the out-of-plane ferromagnetic properties is analysed in dependence of the
Cr-content of the TCI thin films. This makes our Cr-doped thin Pb1−xSnxTe films a
promising candidate for analyzing the crystal symmetry protected surface states of a TCI
in presence of an out-of-plane magnetization.
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Often, topological properties of quantum matter manifests themselves into a pumping
phenomenon. However, in existing realizations the topological pumping is probed indi-
rectly, as an anomalous velocity of the time-dependent quantum system. Although pre-
vious descriptions of pumping focused on the driven quantum system, they call for a key
generalization that embeds the coupled degrees of freedom of the environment if one wants
to model the observable topological transfer itself.

I will present such a global framework that allows to characterize the actual pumping
as a coupling between a fast quantum system and slow classical variables. The topolog-
ical nature of this coupling induces an energy exchange between the classical systems at
a stable and quantized rate. Guided by the goal of a direct measurement of the power
transfer, I propose a realization of a topological pump between classical electromagnetic
modes coupled to a superconducting quantum circuit.
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Figure 1: (a) Schematic of the experimental setup. A fluxonium circuit is embedded in
a host cavity. The transitions between the first three levels of the fluxonium are driven
with a detuning δi, an amplitude Ωi, and a modulation frequency ωi (blue, red and
green). The power of the outgoing signals are recorded with a power spectrum analyzer
that provides the instantaneous photon flux of each frequency mode. (b) Spectrum of the
driving tones. Each fluxonium transition is driven with two side-bands used to implement
a topologically protected power transfer. (c) For decoherence rates smaller than the
modulation frequencies ωi, the power of each sideband can be resolved. The quantized
power transferred is expressed as a function of the difference of the spectral power ∆Si

in the sidebands of each reflected driving tone.
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Materials that feature interplay between magnetism, correlations and topology present an exciting

new challenge to the condensed matter physics community. Here we study two Weyl semimetal

systems that give rise to complex electronic behavior: Firstly, the ferromagnetic Kagome-lattice

system Co3Sn2S2, and secondly the Kondo system Ce3Bi4(Pt/Pd)3, where substitution of Pt with

Pd causes  a  topological  Kondo  insulator  to  Weyl  semimetal  phase  transition.  We present  the

results of our X-ray Magnetic Circular Dichroism (XMCD) and X-ray Linear Dichroism (XLD)

measurements, including a discussion of the magnetic and valence state of these materials, and

discuss implications for the topological properties.

Kagome-lattice structure of Co3Sn2S2. Co ions in red, Sn in grey and S in yellow.
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The quantum confinement of topological surface states in narrow nanostructures of a 3D 

topological insulator results in a large quantization of the transverse energy of quasi-1D surface 

Dirac fermions (SDF). Due to their helical spin texture, these SDF are only weakly scattered by 

disorder (quasi-ballistic transport) [1,2]. In binary materials, such as Bi2Se3 and Bi2Te3, the large bulk-

carrier density shifts the surface Fermi level away from the Dirac point [3], which precludes the 

observation of the topologically-protected mode with perfect transmission [2].  

With the aim to achieve a bulk-charge compensation, (Bi𝑥Sb1−𝑥)2Te3 nanostructures were grown 

by chemical vapor transport, in order to vary both the band structure and the Fermi energy (charge 

compensation due to a balance of point defects acting as donors or acceptors). From magneto-transport 

measurements, we infer the bulk and surface carrier densities, and their mobilities. Although the bulk 

contribution to the conductivity can be reduced for some stoichiometries, all samples show a metallic-

like behavior, with coexisting bulk and surface states contributions.  
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As an extension to Kitaev’s celebrated spin-liquid model on the honeycomb lattice [1], extended
Heisenberg-Kitaev models that include further symmetry-allowed interaction terms have gained
significant attention, as they are believed to describe Kitaev materials. Motivated by exper-
iments on α-RuCl3 [2, 3], we investigate the role of quenched disorder in Heisenberg-Kitaev-
Gamma models in applied magnetic fields. Using a combination of analytical and numerical
tools, we find that bond disorder has significant consequences for the system’s classical state as
well as the magnon spectrum.
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The concept of topology was introduced in physics to describe the appearance of edge states robust 

to scattering. In photonics, this unique property is exploited to realize exciting novel laser devices 

where a semiconductor device is endowed with robustness against perturbations by means of 

topology. This has lead to the demonstration of lasing from local topological defects [1] to extended 

ring laser [2] and vertical-cavity surface-emitting laser arrays [3]. 

Fig. 1: Schematic drawing of the fabricated and investigated topological laser device. 

Here, we present a way to directly influence lasing of exciton-polaritons in a topological protected 

domain boundary state realized by arrays of coupled microresonators arranged in an orbital Su-

Schriefer-Heeger geometry [4]. Doping of the sample allows for the application of a bias voltage 

to affect the condensation of exciton-polaritons in the topological mode by means of the quantum 

confined Stark effect. Specifically, by variation of the applied bias we demonstrate switching of 

the laser activity from the localized topological defect to a trivial mode. Here, we are confident that 

successfully triggering the crossover from the topologically protected to the trivial regime of a non-

linear Bosonic condensate via electro-optical methods paves the way towards ultra-fast, 

topologically protected photonic switches, possibly down to the single photon level. 
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We employ time-domain THz polarimetry to determine the evolution of Landau levels in strained 

HgTe thin films over wide parameter space with very high precision. The technique enables the 

concomitant assignment of the energetic position and character of the Landau levels driving the 

transition and is therefore a powerful asset for the reconstruction of the resulting complex Landau 

fan chart of narrow gap semiconductors. This is particularly true for inverted band gap regime 

topological HgTe heterostructures, for which the assignment of surface character in the Landau 

levels is our key objective. 

Fig. 1 depicts a characteristic ellipticity spectrum for a tensile strained 45 nm HgTe layer in the n-

type regime. We employ eight orbital k·p modelling for the evaluation of the Landau level spectrum, 

from which we can directly deduce the optical transitions [1,2]. We find excellent agreement of our data 

in the n-regime with a model that assumes axial symmetry.  

Going further, we tune the electro-chemical potential in the layer by employing a top gate structure, 

while monitoring the resulting carrier densities by means of Van-der-Pauw measurements. We 

demonstrate that for the insulating and p-regimes an axially symmetric model is inadequate to 

describe the rich optical spectra and extend our model to account for band warping and the impact 

of bulk inversion asymmetry. Overall, we find excellent agreement of our data with the extended 

model and can clearly assign where in parameter space the topological surface states dominate at 

the energetic position of the electro-chemical potential.  

[1] E. G. Novik et al., Physical Review B 72, 035321 (2005).

[2] H. Luo and J. K. Furdyna, Physical Review B 41, 5188 (1990).

Figure 1: Ellipticity signature of transitions in a 45nm thick HgTe layer. From left to right: Measured THz 

response, calculated Landau level bands (with electro-chemical potential as black dotted line and selected 

transitions as arrows) and optical response derived thereof. 
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We propose and investigate a novel Maxwell’s demon implementation based on the spin-

momentum locking property of topological insulators. We use the nuclear spins as a memory 

resource, which provides the advantage of the scalability of our device, which we call topological 

information engine, by increasing the number of nuclear spins in the system. Nuclear spin 

polarization encodes the information stored in demon’s memory and the information erasure is 

achieved via dynamic nuclear spin polarization [1]. We show that the topological information 

engine can ideally operate at the Landauer limit [2]; the heat dissipation required to erase one bit 

of information stored in the demon’s memory approaches 𝑘𝐵𝑇 ln2. Furthermore, we demonstrate 

that all energy stored in Maxwell’s demon memory, 𝑘𝐵𝑇 ln2 per one bit of information, is extracted 

in the form of electrical work. Finally, we find that the current-voltage characteristics of the 

topological information device satisfies the conditions of an ideal memristor [3]. 
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2Université Paris-Saclay, CEA, CNRS, SPEC, 91191, Gif-sur-Yvette, France

*email corresponding author: michael.barth@physik.uni-regensburg.de

Helical surface states of 3-dimensional topological insulator (TI) nanowires are expected to have
very promising physical properties like forbidden backscattering [1]. Moreover it is predicted
that a topological superconducting state which could possibly host Majorana fermions can be
realized by bringing a normal s-wave superconductor in close proximity to a TI [2]. Motivated by
an experiment on Josephson junctions build from 3-dimensional HgTe nanowires (for a schematic
plot see Fig. 1 (a)), which was performed in the Weiss Group at the university of Regensburg,
we theoretically study the influence of an axial magnetic field on the supercurrent flow in these
systems. Comparable experiments on semiconductor nanowires [3] recently showed regular oscil-
lations with respect to the magnetic flux penetrating the wire cross-section, where the period was
determined to correspond to a superconducting flux quantum Φ0 = h

2e . Interestingly, the topo-

logical insulator nanowires exhibit analogous oscillations with a halved periodicity of Φ = h
4e .

By employing numerical tight-binding simulations [4] and a semiclassical analytical approach [5],
we show that such transport signatures can originate from surface states that propagate around
the wire circumference. We model the wire with an effective 2-dimensional setup and take into
account the special surface geometry by incorporating the partial superconducting coverage of
the wire circumference. This leads to a modified phase dependence of the Andreev bound states
and further to the observed periodic oscillations in the critical current, where an example result
is shown in Fig. 1 (b).
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Figure 1: (a) Schematic plot of a Josephson junction build from a TI nanowire. (b) Critical current with
respect to an applied axial magnetic flux. The supercurrent shows peaks at multiples of Φ = h

4e .
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Application of a phase bias to the Josephson junction allows one to study its supercon-
ducting properties without the non-equilibrium dynamics, which arise when driving an
external electric current close to the critical value. Here we present a study of a phase-
biased HgTe quantum well Josephson junction in RF SQUID configuration, inductively
coupled to a separate superconducting resonator using the flip-chip technique. We can
access the full current-phase relation of the junction from a measurement of the suscep-
tibility of the RF SQUID device, which is extracted from the microwave reflection of the
resonator. At the same time, the measured dissipative part of the susceptibility provides
general information about the microwave induced transitions in the Andreev bound state
spectrum. We map the change of the junction properties with temperature, external mag-
netic field, and gate voltage.
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The first material shown to be an intrinsic magnetic topological insulator was MnBi2Te4
[1], a member of the family of layered van der Waals topological materials (MnBi2Te4)(Bi2Te3)n
(n = 0, ..., 4) with intralayer ferromagnetic (FM) and interlayer antiferromagnetic cou-
pling of the Mn moments [2]. The recent observation of novel phenomena in MnBi2Te4,
such as the quantum anomalous Hall effect and the topological magnetoelectric effect has
prompted research of the higher-n members of the family [3]. Here we combine x-ray
absorption spectroscopy, and x-ray circular and linear dichroism at the Mn L2,3 edges,
with density-functional (DFT) and multiplet ligand-field (MLFT) theory to investigate
the ground-state of Mn in MnBi6Te10 single crystals. Our magnetometry data reveal FM
state with finite remanence consistent with the spectroscopy data. Our spectroscopy re-
sults together with DFT and ab initio MLFT calculations allow us to determine in full
detail the local magnetic and electronic properties of the Mn ions in the bulk and near
the surface as a function of the temperature and the applied magnetic field, and deliver
important microscopic physical parameters, including Mn 3d-shell occupation, the spin
and orbital magnetic moments.
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Topological properties of (Hg,Cd)Te material systems are directly connected to edge or surface 

states. It is essential to understand the band structure of the bulk material to be able to clearly 

assign the regime in which the topological phase occurs. Magneto-optical transmission 

experiments provide information on transitions between Landau levels across the electroche- 

mical potential, allowing accurate reconstruction 

of the energy spectrum calculated theoretically 

in the k·p model. 

Fig. 1 shows results obtained at 4.2 K for 30 nm 

wide HgTe quantum well between CdHgTe 

barriers grown on CdTe substrate. At low 

magnetic fields of 2 to 4 T we observe sharp 

cyclotron resonance modes evolving to 

independent magneto-optical transitions with 

increase of magnetic field, characterizing 

dispersion in the vicinity of the -point. Above 

50 meV there is a characteristic interband 

transition, connecting the bottom of the 

conduction band and second valence subband, 

which allows the extraction of the confinement 

potential in the structure. Additionally, we 

observe two low-energy absorption features at 

magnetic fields above 8 T, connecting the lowest 

level in conduction band with the valence band. 

While the above-mentioned experimental 

features qualitatively match axial calculations, 

particular features require further improvement 

in the model. The magneto-optical response and 

the energy spectrum for thicknesses near 30 nm 

shed more light on (the physics at) the crossover 

between 2D and 3D topological insulators. 

Fig. 1. Relative magnetotransmittance TB/T0 plotted 

as false-colour plot in far-infrared range. Red 

vertical line serves as guide to the eye and 

correspond to magneto-absorption spectrum taken at 

B = 10 T (spectrum plotted in right panel). Low 

signal-to-noise ratio regions are masked with grey. 
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We conduct supercurrent interference measurements on side-contacted Josephson junction with 

top-gated HgTe 3DTI weak links. Electrostatic gating of the weak link region allows us to deplete the 

top topological surface state or add more carriers on this surface. While Fraunhofer-like interference 

patterns indicate uniform current flow in the junction plane throughout the entire gating, we observe 

a distinct evolution of in the interference patterns with an in-plane magnetic field, as we turn on 

electronic transport on the top surface. With both surfaces contributing, we observe supercurrent 

interference with a period of twice the flux quantum, 2Φ0, in the cross-sectional area of weak link. 

We discuss that this unusual result can be understood when Andreev bound states with nonlocal 

trajectories add to the supercurrent transport. 
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Topology in two-dimensional lattices is often associated with a honeycomb-like arrangement of atoms. 

Surprisingly, non-trivial topology can also be hosted by a triangular atomic lattice. We demonstrate this 

at the example of a triangular indium lattice on SiC – indenene – by scrutinizing the system’s massive 

Dirac fermions spectroscopically and theoretically. Indenene’s peculiar interaction with the SiC-

substrate produces an insulating low-energy band structure and promotes orbital angular momentum 

(OAM) polarization of the Dirac states in a distinct energy sequence that is unambiguously linked to its 

topological non-trivial character. We verify its non-trivial nature by mapping the real space 

manifestation of this OAM-sequence encoded in the lateral charge distribution of the bulk unit cell via 

scanning tunneling spectroscopy [1].  

As a surface atomic monolayer, indenene is prone to oxidation in air, which complicates ex situ transport 

measurements and device fabrication. Utilizing the material engineering technique of intercalation, we 

stabilize a single layer indium beneath a protective graphene layer [2], hereby preserving the electronic 

character of uncapped indenene upon exposure to air and increasing its resilience with respect to high 

temperature treatment. 
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Unbiased Quantum Monte Carlo (QMC) simulations of the Hubbard model at finite
chemical potential are prohibitively expensive due to the sign problem. To avoid expensive
brute force simulations, we explore the approximate approach based on the finding the
exact (complex) saddle points of the path integral. In particularly, we explore the saddle
point structure of the path integral formulation of the Hubbard model, when the auxiliary
field is coupled to charge density. It appears, that unlike the spin density channel, the
saddle points preserve their general form at finite chemical potential in this case. Thus
we can build the approximation which can be tested at half filing using a comparison with
QMC results, and subsequently expanded to the finite density case. This expansion can
be made via the complexification of the auxiliary fields and the shift of the saddle points
to the complex space, the approach known as the Lefschetz thimbles method.

We show that this saddle point structure shows a remarkable regularity: the field
configuration at each saddle point can be understood in terms of a set of elementary field
configurations localized in space and imaginary time that we coin instantons. Decoupling
in the charge channel, conserves SU(2) spin symmetry for each field configurations. Hence,
the instanton approach provides an SU(2) spin symmetric approximation. The interaction
between instantons is short ranged, thus we were able to formulate a classical partition
function for the instanton gas, that has predictive power:

• For a given parameter set, we can predict the distribution of instantons and show
that the instanton number is sharp in the thermodynamic limit, thereby defining a
unique dominant saddle point.

• An instanton corresponds to local moment formation and concomitant short ranged
antiferromagnetic correlations. This aspect is seen in the single particle spectral
function that shows clear signs of the upper and lower Hubbard bands.

Our instanton approach bears a lot of similarities to local dynamical approaches,
such as dynamical mean field theory, in the sense that it has the unique property of
allowing for local moment formation without breaking the SU(2) spin symmetry. It fails
to capture the magnetic transition inherent to the Hubbard model on the honeycomb
lattice, however, there are the possibilities for systematic improvements by taking into
account fluctuations around the dominant saddle-point. Finally, we show that the saddle
point structure depends upon the lattice choice. For the square lattice at half-filling, the
saddle point structure reflects the itinerant to localized nature of the magnetism as a
function of coupling strength.
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Abstract:  Topological properties of photonic systems are a quickly emerging research field. The
physical realisation of topological invariants allows the creation of photonic edge states with high
sensitivity  to  external  influcences  such  as  mechanical  pressure.  The  poster reports  about an
optoelectronic  pressure  sensing  principle developed  at  the  Institute  of  Applied  Physics  at  TU
Dresden, based on a one-dimensional topological photonic crystal interface and an organic exciton
system.  Key  concepts  and  technological  advantages  of  topological  systems  are  summarised,
highlighting the prospects for incorporating topology in optoelectronic sensing devices.
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We present the exact dimer ground state of a quantum antiferromagnet on the maple-leaf
lattice [1]. A coupling anisotropy for one of the three inequivalent nearest-neighbor bonds
is sufficient to stabilize the dimer state. Together with the Shastry-Sutherland Hamilto-
nian [2], we show that this is the only other model with an exact dimer ground state for
all two-dimensional lattices with uniform tilings. We will discuss the possible excitations
on this singlet product state, and how the lattice’s structure influences their behavior in
the presence of an external magnetic field. We will also examine the dynamics of these
magnetic excitations.
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Figure 1: Maple-leaf lattice (left) and the dimer eigenstate of the Hamiltonian in H =
∑

〈kl〉 hkl +∑
〈km〉 hkm + 2α
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x
i S
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j + Sy
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j ) (right). There are three

inequivalent nearest neighbor couplings denoted red (dotted), blue (dashed), and green (double line).
The singlets (yellow ellipses) reside on the green bonds. As the red and blue couplings do not contribute
to the energy, it is an eigenstate of H.
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For the general moiré system, we theoretically study the effective Hamiltonian for single layer consider-
ing the smooth periodic moiré potential induced by other layer, which appears because of distance difference
between each pair of atoms located on different layer. For moiré potential larger than tunable moiré energy
scale, we find the coexistence of 1D channels and localized state in real space. The 1D channels emerge
along the three 1D lines where the mass gap of single layer coming from moiré potential becomes zero,
which is showing that these channels are the edge states. Localized states emerge at the crossing point of
three 1d lines. We construct the toy model which describes the coexistence of these states by symmetry
analysis and consider the RKKY interaction between localized states which is mediated by 1D channels
by including whole spin and valley degrees of freedom. Expanding the effective action for the toy model
and controlling chemical potential to suppress oscillation coming from fermi momentum gives three spin
interaction S · (S × S ), which can give chiral spin liquid phase. We show how the analytical result can be
seen in our model numerically and propose the graphene on top of AB stacking bilayer with twist as the
candidate material for realization. [1] [2] [3]

Figure 1: (a) Fermi surface showing coexistence of 1D dispersing bands and flat bands in momentum space, red circle
is K point while red dot is K’ point; (b) Bloch wave function of 1D edge channels with gamma point as momentum,
three 1D lines cross at AA site; (c) Bloch wave function of localized state at AA site.
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Since the concept of topological band theory has been extended from band insulators to
semimetals, a variety of semimetallic topological phases has been reported [1]. Exam-
ples are Weyl semimetals where the spin-polarized bulk valence and conduction bands
touch and form Berry curvature monopoles in three-dimensional (3D) momentum space
[2]. Moreover, in so-called nodal line semimetals, linear band crossings are not point-like
but rather form 1D trajectories in the Brillouin zone. Fourfold-degenerate Dirac nodal
lines have been proposed previously in a number of materials and, more recently, also the
occurrence of a twofold-degenerate Weyl nodal line (WNL) has been reported in ferro-
magnetic Co3Sn2S2 [3]. However, in most cases, these objects do only exist if spin-orbit
coupling (SOC) is neglected, like e.g., in Co3Sn2S2 where the WNL is rather gapped out
by SOC and spread into pairs of Weyl points [3,4].
In this talk, we will present our discovery of a symmetry-enforced Weyl nodal line [5,6]. In
contrast to previous observations, we demonstrate the existence of a de facto WNL, i.e., a
line crossing of spin-polarized bands that is fully protected against SOC [5]. By utilizing
bulk-sensitive soft x-ray angle-resolved photoelectron spectroscopy (ARPES) combined
with ab initio density functional theory calculations, we trace a WNL in 3D momentum
space throughout the entire 3D Brillouin zone. In perfect agreement with the theoretical
prediction [5], the WNL is pinned only to the time-reversal invariant momenta but is else
’almost movable’ within the mirror planes. Moreover, we address the characteristics of
the electronic wave functions by means of dichroic ARPES [2] aiming to address the Berry
phase winding around the WNL.
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Topological phases have been realized in a variety of classical metamaterials [1] providing
easily accessible platforms to study topology in regimes beyond experimental limitations
imposed by quantum mechanical systems. As of yet, the majority of investigated models
are of linear nature — introducing non-linear effects promises new intriguing phenomena,
such as solitons and chaos [2,3]. To study the intertwining of topology and non-linearity we
engineered a topolectrical circuit reminiscent of the SSH-model, supplemented by variacap
diodes with voltage dependent capacitances inducing on-site non-linearity (cf. Fig. 1a).
We observe the localized cnoidal (LCn) state by feeding a sinusoidal voltage excitation
around midgap frequencies into the end of the the circuit (node 1A). This state maintains
the spatial exponential localization of the SSH edge mode while distorting the sinusoidal
input into eccentric waves in time domain (cf. Fig. 1b). This novel phenomenon is
described theoretically within a joined formalism of the non-linear Korteweg-de Vries
equation sustaining soliton and cnoidal wave solutions, and SSH-type localization.
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Figure 1: (a) Schematic of the non-linear SSH circuit. (b) AC measurement of the LCn state at
Voffset = 2.5V. (top) Sinusoidal input signal at midgap frequency. (left) Steady state voltage response
at nodes 2A, 3A, and 4A. The sinusoidal input is deformed into the LCn state, where amplitude and
eccentricity decrease from edge to bulk. (right) Phase space plot of one period of the voltage signal
(indicated by the gray area) visualizing its deformation.
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Quantum entanglement is the key resource employed in modern quantum computation.
Different entanglement measures such as the entanglement entropy and Renyi entropies
also provide useful information about the entanglement structure of quantum field the-
ories, in particular at critical points. I will discuss the symmetry resolved entanglement
and Renyi entropies, a fine-grained version of the usual entanglement and Renyi entropies,
both in the context of quantum field theory and AdS/CFT. In the presence of global con-
served charges, they quantify the entanglement content of the reduced density matrix in a
fixed charge sector. These entanglement measures can in particular be calculated in two-
dimensional conformal field theories with U(1) Kac-Moody structure at level k, and are
found to not depend on the value of the charge [1, 2]. This charge independence is called
equipartition of entanglement, and implies that no charge sector is distinguished in terms
of its entanglement content. Finally, I will discuss the symmetry resolved entanglement
in the AdS3/CFT2 dual of the U(1) Kac-Moody CFT [1, 2]. Agreement with CFT results
provides a further test of the AdS3/CFT2 correspondence. I finish with recent results [3]
about the violation of the equipartition property in CFTs with W3 symmetry, and their
AdS3/CFT2 dual in higher spin gravity.
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We study the Kondo interactions between conduction electrons in a three-dimensional
simple cubic lattice with local magnetic moments that are confined to a single layer of
the bulk using both Quantum Monte Carlo Simulations as well as mean field theory
and diagrammatics. In the ground state the system undergoes a continuous quantum
phase transition from an antiferromagnet at weak Kondo coupling to a non-magnetic
phase at larger coupling strengths. Kondo screening and therefore hybridization between
conduction electrons and local moments is observed throughout the phase diagram. The
dimensional mismatch affects the physics in several ways: (i) Momentum conservation is
violated in the out-of-plane direction but intact in the in-plane direction. This leads to
a combination of Kondo impurity and Kondo lattice physics, which strongly restricts the
structure of the correlation functions. (ii) The conduction electrons of the bulk metal
provide a bath of low-energy fermionic degrees of freedom even at half filling. Based on
these findings an analysis of the quantum critical regime reveals a marginal Fermi liquid
state of the electrons. Finally, we show that self-energy obtained from the underlying
one-loop theory agrees well with the Quantum Monte Carlo simulations.
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In high quality semiconductor materials, electronic transport- and optical properties are directly
linked to the band structure of the material. Therefore, a good knowledge of the band structure
of the semiconductor under investigation is key to predict or interpret physical phenomena
in the sample. For the narrow gap topological insulator material HgTe, sandwiched between
Hg0.32Cd0.68Te, k · p calculations based on the 8 × 8 Kane Hamiltonian are used to calculate
the band dispersion around the Gamma point as well as the magnetic field-dependent Landau
level energies [1, 2]. Being a narrow gap semiconductor, the band separation in HgTe critically
depends on the confinement energy imposed by the thickness of the HgTe layer – to an extend
that for < 10 nm thick HgTe layers the thickness measured by x-ray diffraction yields significant
uncertainties in the calculations.

To overcome these, this work presents a time-optimized measurement scheme to gain precise
insights into the band structure of new samples: The two key measurements are (1) a Landau
level fan in dependence of gate voltage and magnetic field and (2) the mid-gap conductance
between 4 K and 100 K (which reveals the band gap). Running each of the two with standard
low-frequency lock-in techniques takes multiple days to finish (see [2, 3]), which is shortened to
around 2 h by the introduction of fast gate voltage sweeps (< 1 s per V), while (1) magnetic field
or (2) temperature are slowly swept continuously (so-called gate pulsing). After the measure-
ments, the data is analyzed and fitted to the k · p calculations, resulting in an experimentally
confirmed band structure of the sample under investigation.

The time-efficient scheme allows for the integration of the band structure analysis into the
characterization program of every grown sample. Over time, this will result in a growing database
of experimentally measured Landau level evolutions, which can be used to optimize the k · p
model in itself – for example by pinning down the parameters of bulk inversion asymmetry.
Adding optical measurements in the THz frequency range will further enhance the insights into
the fine details of HgTe’s band structure [4]. In case of manganese-doping the technique can be
applied to estimate the manganese concentration based on characteristic Landau level crossings
once a database is built up.

Generally, the presented approach can be applied to any low carrier density (narrow-gap)
semiconductor material that should be analyzed by transport. To simplify the latter, design
rules for devices are briefly discussed, regarding the overlap between gate and ohmic contacts
as well as gate capacitance.
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In the last two decades, there has been an ongoing interest in engineered topologically nontrivial 
superconducting systems, fueled by the promise that they could be platforms for, e.g., topologically 
protected quantum computing. Also quantization effects due to topological invariants such as 
Chern numbers have become very relevant, yet, key quantities as the quantum geometric tensor 
(QGT) [1] providing local information about quantum states remain experimentally difficult to 
access. Recently, it has been theoretically shown that multiterminal Josephson junctions (MJJs) 
constitute an ideal platform to synthesize topological systems in a controlled manner and that the 
time-averaged transconductance between two terminals is quantized in terms of the Chern number 
[2]. Due to the, in principle, unlimited dimensionality of the synthetic space of superconducting 
phases, such systems could also play a key role in the investigation of higher-dimensional 
topological physics [3]. We theoretically construct noninteracting quantum-dot models of 
topological Josephson matter [4] in which Andreev states can be deterministically tuned into 
topological phases with nonzero Chern number. We further propose an extended synthetically 
polarized microwave spectroscopy protocol that allows to extract the local QGT of Andreev states.  
 
[1] M. Kolodrubetz et al., Phys. Rep. 697, 1 (2017). 
[2] R.-P. Riwar et al., Nat. Commun. 7, 11167 (2016). 
[3] H. Weisbrich et al., PRX Quantum 2, 010310 (2021). 
[4]  R. L. Klees et al., Phys. Rev. Lett. 124, 197002 (2020); Phys. Rev. B 103, 014516 (2021). 
 
 
 
 
 
 
 
 
Figure 1: (a) Chain of ! quantum dots (green) coupled to !+ 1 superconducting terminals (blue). (b) The 

application of two microwave drives with relative phase $ to two superconducting phases %&  and %' leads 
to (c) transitions between Andreev states with rates (&'(*). (d) Different values of $ implement linear and 
circular drives in the space of superconducting phases that allow to extract all elements of the QGT and, thus, 
the geometry (metric ,&') and topology (Berry curvature -&') of Andreev states of the multiterminal system. 
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Dissipative quantum systems play a central role in modern physics, as they represent ef-
fective models for a coupling to the environment, but also non-trivial settings for quantum
criticality. A conceptually simple class is that of quantum spins coupled to a bosonic bath
with a power-law spectrum ∝ ωs. Using a recently-developed wormhole quantum Monte
Carlo method [1], we are now able to solve dissipative quantum spin-1/2 systems, which
conserve the global SO(3) spin symmetry, to high accuracy. Here, we present results for
two fundamental open problems: (i) For a single spin coupled to a bath, we demonstrate
that, in addition to a critical phase predicted by the perturbative renormalization group
(RG), a stable strong-coupling phase is present [2]. Using a detailed scaling analysis, we
provide direct numerical evidence for the collision and annihilation of two RG fixed points,
causing the critical phase to disappear for s < s∗. In particular, we uncover a surprising
duality between the two fixed points, corresponding to a reflection symmetry of the RG
beta function, which we utilize to make analytical predictions at strong coupling which
are in excellent agreement with numerics. Fixed-point annihilation is of interest in diverse
fields from statistical mechanics to high-energy physics and has so far been studied using
perturbative techniques. (ii) For the one-dimensional Heisenberg chain, we demonstrate
that any finite coupling to an ohmic bath with s = 1 stabilizes long-range antiferromag-
netic order [3]. This is in stark contrast to the isolated chain where spontaneous breaking
of the SO(3) symmetry is forbidden by the Mermin-Wagner theorem. For the Heisenberg
chain, the ohmic bath is a marginal perturbation so that exponentially large system sizes
are required to observe long-range order at small couplings. The dissipative Heisenberg
model is relevant for spin chains on a metallic substrate. All in all, we present exact
quantum Monte Carlo results for low-dimensional spin-1/2 systems in the presence of
dissipation that take into account the important effects of the spin Berry phase.
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Transport through chiral networks in minimally twisted bilayer graphene
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Our work focuses on minimally twisted bilayer graphene, where the presence of an interlayer
voltage gives rise to a triangular network of topologically protected chiral channels. Here, we 
developed a scattering theory based solely on the basic symmetries of the network [1,2]. We
found that the network model can be tuned between two limits where electrons in the 
network propagate either along one-dimensional chiral zigzag paths or localize in closed 
orbits. Our theory demonstrates for the first time the intimate connection between the 
presence of chiral zigzag states and Aharonov-Bohm oscillations of the current that are 
robust against finite temperature effects. In addition, we also calculated their transport 
properties in a four-terminal setup including magnetic and electric fields. 

[1] C. De Beule, F. Dominguez, P. Recher, Phys. Rev. Lett. 125, 096402 (2020).
[2] C. De Beule, F. Dominguez, P. Recher, Phys. Rev. B 104, 195410 (2021).
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We numerically investigate a deconfined quantum critical point (DQCP) that happens between
Neel and valence bond solid phase in a 3dimensional Loop model. Amazingly, this DQCP is an
Liftshitz tricritical point due to an explicit   lattice symmetry breaking term. This perturbation
breaks lattice translational symmetry as well as a mirrorreflection symmetry whereas production
of these two operations leave system invariant, hence only an  additional vector potential term is
coupled to the nonlinear sigma model in IR theory. A helical valence bond solid state (HVB)
with spatially modulated valence bond order parameter separates VBS and Neel state due to this
explicit vector potential, and a continuous phase transition between Neel and HVB state is simply
described by the criticality of DQCP with an emergent Lorenz invariance in IR limit.         
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When a solid is interacting with strong-field light, the lightwave acts as an a.c. bias accelerating 

electrons through the bandstructure and driving non-perturbative transitions between different 

bands. This electronic motion leads to the emission of high-order harmonics containing fingerprints 

of the materials properties. In most solids, coherences in the resulting spectra are destroyed by 

scattering and dephasing. In topological insulator surface states however, scattering is strongly 

suppressed and thus signatures of coherent transport can be observed via high-harmonics 

generation. 

Recently, high-harmonics generation from the surface 

states of the three-dimensional topological insulator 

Bi2Te3 has been observed experimentally [1]. Here, we 

compare the experiment with results from fully quantum 

mechanical simulations and demonstrate the importance 

of Berry curvature effects in the process of high-

harmonics generation. We confirm semiclassical 

arguments based on the anomalous velocity [2],  

𝒗(𝒌) =
1

ℏ
∇𝒌𝐸(𝒌) −

𝑒

ℏ
(𝐄 × 𝛀),  

where 𝐸(𝒌) is the dispersion relation, 𝐄 the electric field 

of the lightwave and 𝛀 the Berry curvature, suggesting 

that a non-zero Berry curvature can produce high-

harmonics radiation polarized perpendicularly to the 

driving field 𝐄, and further identify possible quantum 

corrections from Zitterbewegung. When modelling the 

Bi2Te3 surface states beyond linear order [3], the 

corresponding Berry curvature can even lead to 

alternating polarization of odd and even order harmonics, 

providing an explanation for the experimental 

observations [1]. 
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Fig. 1: High-harmonics spectrum for 

 surface states from a fully 

quantum mechanical simulation with 

peak field strength 0.5 MV/cm 
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Figure 1: Pictorial representation of the slab geometry considered: in the noninteracting case (param-
agnetic semimetal with surface Dirac dispersion) and in presence of interaction, where a ferromagnetic
phase with small magnetization along z is stabilized and the dispersion acquires a pair of exceptional
points along the kz direction.

Non-Hermitian topological features, such as the so-called Exceptional Points and con-
comitant Fermi arcs, can be observed in various different classes of physical systems,
including strongly correlated materials at finite temperature. Here, non-hermiticity is pro-
vided by the finite scattering rate of quasiparticles. Usually, special requirements on the
form of the Coulomb interaction are needed in order to provide a lifetime to the different
quasiparticle flavors that does not just result in an uniform imaginary shift in eigenener-
gies. Here, we demonstrate how symmetry-broken phases, such as ferromagnetism, can
cooperate with hermitian topology to generate robust and globally protected Exceptional
Points. We consider a weak-topological finite-size geometry and assess the effects of in-
teraction at finite temperature: a spontaneous symmetry-broken magnetic phase can be
stabilized, in which the semimetallic surface states is ‘upgraded’ to a metallic dispersion
featuring Exceptional Points, which are moreover robust against any perturbation.
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Finite field transport response of a dilute magnetic topological
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We report on a hybrid Josephson junction made from the superconductor MoRe and
the dilute magnetic topological insulator – Mn doped HgTe [1]. Dilute magnetic semi-
conductor (DMS) materials are typically II-VI semiconductors, containing a few percent
of magnetic atoms. The material system has been the subject of intense study for over
half a century, and is known to exhibit a large Zeeman effect due to exchange interaction
between the magnetic ions and the semiconductor band structure, as well as for having
paramagnetic behaviour with no remanent magnetization [2]. Mn doped HgTe quantum
wells are two dimensional topological insulators where, at lowest temperatures, the spin
Hall conductance is quantized due to Kondo screening of the magnetic impurities [3], and
they have been demonstrated to show chiral quantum Hall edge modes at fields as low as
50 mT [4]. Combining (Hg,Mn)Te with superconductors thus opens the prospect of in-
ducing superconductivity in chiral edge modes, and is a promising platform for exploring
exotic new transport physics.

We examine a Josephson junction of such a system. In the zero and very low field
limit the device shows, for the first time, induced supercurrent through a DMS, which
in this case is also a topological insulator. At higher fields, a rich and “anti”-hysteretic
magnetoresistance is revealed. Careful analysis shows that the explanation of this be-
haviour can be found in magnetic flux focusing stemming from the Meissner effect in the
superconductor, without invoking any role of proximity-induced superconductivity. The
phenomenon is important, as it will ubiquitously coexist with any exotic new physics that
may be present in this class of hybrid devices.
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We study a model of interacting Dirac fermions on a bilayer honeycomb lattice at half
filling, featuring an explicit global SO(3)×U(1) symmetry. Using large-scale auxiliary-
field quantum Monte Carlo (QMC) simulations, we locate two zero-temperature phase
transitions as function of increasing interaction strength. First, we observe a continuous
transition from the weakly-interacting semimetal to a different semimetallic phase in which
the SO(3) symmetry is spontaneously broken and where two out of three Dirac cones
acquire a mass gap. The associated quantum critical point can be understood in terms
of a Gross-Neveu-SO(3) theory. Second, we subsequently observe a transition towards
an insulating phase in which the SO(3) symmetry is restored and the U(1) symmetry is
spontaneously broken. While strongly first order at the mean-field level, the QMC data is
consistent with a direct and continuous transition. It is thus a candidate for a new type
of deconfined quantum critical point that features gapless fermionic degrees of freedom.
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Figure 1: Schematic phase diagram of interacting Dirac fermions.
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Quantum point contacts have been suggested as tunable transmission elements in topological 

quantum circuits. We etched narrow constrictions into the weak links of topological Josephson 

junctions prepared from high-mobility, band-inverted HgTe quantum wells (2D topological 

insulator). In such devices, the conductance and supercurrent transmission decrease step-wise 

as we deplete the carriers in the constriction electrostatically with a gate.  In the entire gating 

range, the supercurrent diffraction pattern in a perpendicular magnetic field exhibits a slow 

decay indicative of a small number of Andreev bound states funnelling through the constriction. 

Under microwave irradiation, odd Shapiro steps are suppressed in the current-voltage 

characteristic of the open constriction. This observation has been linked to the appearance of a 

4𝜋-periodic contribution to the supercurrent of topological Josephson devices. Surprisingly, we 

recover all steps as we reduce the transmission to a small number of channels. We discuss 

possible origins of the effect and implications for topological quantum devices. 
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state and the dimensionality of the high-TC topological insulator 

Mn1+xSb2Te4  

M. Sahoo,1, 2 L.T. Corredor,1 L. C. Folkers,2 A. Tcakaev,3 K. Srowik,1 A. Alfonsov,1 

M. L. Amigo,1 J. I. Facio,1 V. B. Zabolotnyy,3 E. Weschke,4 V. Hinkov,3 V. 

Kataev,1 J. van den Brink,1, 2 B. Büchner,1, 2 A.U.B Wolter,1 and A. Isaeva5, 1 
1 Leibniz IFW Dresden, 01069 Dresden, Germany 

2Institut für Festkörper- und Materialphysik and Würzburg-Dresden Cluster of Excellence ct.qmat, 

Technische Universität Dresden, 01062 Dresden, Germany 
3Experimentelle Physik IV and Röntgen Research Center for Complex Materials (RCCM), Fakultät für 

Physik und Astronomie, Universität Würzburg, Am Hubland, D-97074 Würzburg, Germany 
4Helmholtz-Zentrum Berlin für Materialien und Energie, Albert-Einstein Straße 15, D-12489 Berlin, 

Germany 
5Van der Waals-Zeeman Institut, University of Amsterdam, Science Park 094, Amsterdam, 1098 XH, 

The Netherlands 

Soon after the exploration of antiferromagnetic MnBi2Te4 its isostructural sister compound MnSb2Te4 

gained popularity because of its high transition temperature and possible ferromagnetic interlayer 

interaction between septuple layers (see Fig. 1(a)), resulting in a remnant magnetic moment without the 

application of a magnetic field. Also, recently combined spin- and angle-resolved photoemission 

spectroscopy and scanning tunneling microscopy studies on epitaxial high-Tc MnSb2Te4 pinned down a 

non-trivial band topology essential for the QAHE in this compound [1]. Both, experimental and 

theoretical investigations have separately revealed that the magnetic and electronic topological state 

strongly depends on the amount and type of anti-site disorder and/or Mn content in these layered van-

der-Waals compounds [2]. Our joint experimental and theoretical study investigates the structural, 

surface and bulk magnetic, and electronic transport properties of high-TC Mn1+xSb2Te4 single crystals. 

We combine surface-sensitive x-ray absorption spectroscopy, and x-ray magnetic circular dichroism, 

with bulk SQUID magnetometry and local electron spin resonance studies to reveal the local magnetic 

and electronic properties of the Mn ions in the bulk and near the surface, and deliver important 

microscopic physical parameters. Our results are in accordance with an easy-axis ferrimagnetic state of 

our Mn1+xSb2Te4 single crystals with a high amount of anti-site disorder (see Fig. 1). Interestingly, our 

electron spin resonance studies suggest a more 3D-like character of the magnetic order, which is likely 

caused by the high Mn-Sb intermixing, mediating a stronger exchange path between the layers along 

the c direction compared to a weaker antiferromagnetic coupling in MnBi2Te4.                                                                       

                                                             

Fig. 1: (a) Crystal structure of MnSb2Te4,  (b) Magnetic susceptibility (T) and magnetization M (H) of MnSb2Te4. 

Ref.: [1] Wimmer et al., Adv.Mater. 33, 2102935 (2021). [2] Liu et al., Physical Review X 11, 021033 (2021).  
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The AdS/CFT correspondence is one of the most important breakthroughs of the last
decades in theoretical physics. A recently proposed way to get insights on various fea-
tures of this duality is achieved by discretizing the Anti-de Sitter spacetime. Within
this program, in [1] we consider the Poincaré disk (fixed time slice of three-dimensional
Anti-de Sitter spacetime) and we discretize it by introducing a regular hyperbolic tiling
on it. The features of this discretization are expected to be identified in the quantum
theory living on the boundary of the hyperbolic tiling. In this talk, we discuss how a
class of boundary Hamiltonians can be naturally obtained in this discrete geometry via
an inflation rule that allows constructing the tiling using concentric layers of tiles. The
models in this class are aperiodic spin chains, whose sequences of couplings are obtained
from the bulk inflation rule. As an example, we consider an aperiodic XXZ spin chain
with spin 1/2 degrees of freedom throughout the talk. The properties of this model are
studied by using strong disorder renormalization group techniques, which provide a ten-
sor network construction for the ground state of this spin chain. We also show how to
compute the entanglement entropy in this setup in two different ways: a discretization
of the Ryu-Takayanagi formula and a generalization of the standard computation for the
boundary aperiodic Hamiltonian. For both approaches, a logarithmic growth of the en-
tanglement entropy in the subsystem size is identified. The coefficients, i.e. the effective
central charges, depend on the bulk discretization parameters in both cases, albeit in a
different way.
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Massive and topological surface states in strained HgTe
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The notion that band inversion in a narrow-gap material can lead to Dirac-type surface
states dates back to the 1980’s [1,2]. Only about two decades later, it was realized that the
surface states of topological insulators are the gapless Dirac states predicted by Volkov
and Pankratov. The massive states also predicted by them received much less attention.
They are pulled from the bulk in a sufficiently large electric field and are topologically
trivial. Until recently, direct evidence for massive Volkov-Pankratov states in the form of
transport measurements was elusive.
In our recent article [3] and in this presentation, we present magneto-transport measure-
ments on gated high-mobility heterostructures containing a 60 nm layer of tensile strained
HgTe, a three-dimensional topological insulator. We observe well-developed Hall quan-
tization both in the n- and the p-type regime. While the n-type transport is due to the
topological surface state, we find from k·p analysis that the p-type transport results from
massive Volkov-Pankratov states. Their formation leads to Fermi-level pinning and pre-
vents the Dirac point and the p-conducting topological surface state from being accessible
in transport experiments. This interpretation is supported by low-field magneto-transport
experiments demonstrating the coexistence of n-conducting topological surface states and
p-conducting Volkov-Pankratov states at the relevant gate voltages.
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In the recent literature, the concept of topological Mott insulators has been spelled out in
quite different ways. Most of the proposed realizations rely either on Hartree-Fock approx-
imations or on appropriately defined auxiliary degrees of freedom. I will present a novel,
remarkably simple way of describing a topological Mott insulator without long-range or-
der based on the topological properties of their Green’s function zeros in momentum
space. After discussing the fate of the bulk-boundary correspondence in these systems, I
will show how the zeros can be seen as a form of ”topological antimatter” with distinc-
tive features associated to the annihilation with conventional topologically protected edge
modes.
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The superconductivity in bulk crystals of the half-Heusler YPtBi has been previously studied [1-3]. 
However, beyond establishing basic superconductivity, evidence of exotic pairing remains elusive, and bulk 
crystals offer little prospect of establishing any of the robust zero-energy modes physics required for 
topological quantum computers. To properly explore the superconducting state for non-trivial topological 
ordering, quantum transport studies in nanodevices are ultimately required, and these in turn require the 
existence of high-quality thin films of the material. 

Here we report on the growth of epitaxial YPtBi layers prepared by molecular beam epitaxy. Our (111)-
oriented YPtBi films are grown on Al2O3(0001) substrate. We identify the window for epitaxial growth 
with respect to substrate temperature and Bi flux and present structural characterization of the material. We 
find that the superconducting phase transition in our thin films has a critical temperature (TC) that depends 
on the degree of degradation of the surface due to oxidation. Importantly, we demonstrate that such 
degradation can be prevented by a protective AlOx capping process that is fully compatible with 
nanolithography technologies. Layers equipped with this cap show TC = 0.79 K which is comparable to the 
bulk material (TC = 0.77 K) [1]. This makes our epitaxial YPtBi thin films a promising candidate for 
realizing new topological superconducting quantum devices.  
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(MnBi2Te4)(Bi2Te3)n represent a family of van der Waals materials which exhibit a co-
existence of topologically nontrivial surface states with intrinsic magnetism [1,2]. Such
unusual combination of properties renders this natural heterostructures very attractive
for investigations since it enables a number of exotic phenomena, which in turn might find
potential applications in spintronics. In this work we address static and dynamic magnetic
properties of the title materials in the ordered and disordered states using multifrequency
and high field electron spin resonance technique. We show that the spin dynamics of
the magnetic building blocks of these compounds, the Mn-based septuple layers (SLs), is
inherently ferromagnetic (FM) featuring persisting short-range FM correlations far above
the magnetic ordering temperature as soon as the SLs get decoupled either by introducing
a nonmagnetic quintuple interlayer, as in MnBi4Te7, or by applying a moderate magnetic
field, as in MnBi2Te4 [3]. Interestingly, that in the uncorrelated paramagnetic state at
high temperatures these materials show some peculiarities as well. Our electron spin
resonance experiments in this regime reveal contrasting Mn spin dynamics in different
compounds, which manifests in a strongly anisotropic Mn spin relaxation in MnBi2Te4
while being almost isotropic in MnBi4Te7. Our density-functional calculations explain
these striking observations in terms of the sensitivity of the local electronic structure to
the Mn spin orientation, and indicate that the anisotropy of the magnetic fluctuations can
be controlled by the carrier density, which may directly affect the electronic topological
surface states [4].
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We show that topological defects in quadrupole insulators [1, 2] do not host quantized fractional 

charges, contrary to what their Wannier representation indicates [3, 4, 5]. In particular, we test the 

charge quantization hypothesis based on the Wannier representation of a parametric defect and a 

disclination. Against the expectations, we find that the local charge density decays as ∼ 1/𝑟2

with distance, leading to a diverging defect charge [6]. We identify sublattice symmetry and not 

higher-order topology as the origin of the previously reported charge quantization. 
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Oxides of 3d transition metals exhibit fascinating phenomena – absent in conventional semiconductors 
– like Mott insulating behaviour due to pronounced electron-electron interactions. The field of
Mottronics dreams of harnessing the phase transition between the correlated metal and the Mott
insulating phase for novel electronic devices.
We have recently demonstrated that the prototypical Mott insulator LaTiO3 can be tuned through the 
band filling controlled Mott transition if it is p-doped by excess oxygen during thin film growth by 
pulsed laser deposition [1]. Here we report on the influence of dimensionality in the technologically 
relevant ultrathin film limit for varying doping levels. In addition, we explore the influence of 
epitaxial strain by depositing LaTiO3 on different substrates (GdScO3, DyScO3, NdGaO3, LaAlO3). 
We find that electron correlations become stronger towards the 2D limit, driving the films deeper into 
the Mott insulating region and making it nearly impossible to enter the correlated metal phase by even 
heavier doping. The systematic application of substrate-imposed compressive strain to compensate for 
the effects of reduced dimensionality is impeded by chemical incompatibilities and by the relaxation 
of the films when the lattice mismatch becomes too large. 

(a) Generic Mott phase diagram with colored dots representing samples synthesized in this study. The horizontal
arrow indicates the band filling induced Mott insulator to metal transition, also seen in (b,c). Vertical arrows
indicate changes due to band width caused either by dimensionality or imposed by substrate strain (colored stars).
(b) Resonant photoemission at the Fermi level indicating Mott insulting or metallic behavior for samples marked
by circles in (a). (c) Corresponding resistance vs temperature data for the films in (a,b).

[1] Scheiderer et al., Adv. Mater. 30, 1706708 (2018)
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Recent measurements [1] of the out-of-plane magnetoresistance of delafossites (PdCoO2 and PtCoO2)
observed oscillations which closely resemble the Aharonov-Bohm effect. We develop a semiclassical
theory of these oscillations and show that they are a consequence of the quasi-2D dispersion of
delafossites. We observe that the Lorentz force created by an in-plane magnetic field makes the
out-of-plane motion of electrons oscillatory, similarly to Bloch oscillations. The visibility of these
Bloch-Lorentz oscillations is limited by sample wall scattering. Therefore, the aspect ratio of the
sample controls the intensity of scattering. Our theory offers a way to design an experimental
geometry that is better suited for probing the phenomenon and investigating the out-of-plane dynamics
of ballistic quasi-two-dimensional materials.

Figure 1: PdCoO2 magnetoresistance experimental set up (top) and results (solid blue lines) obtained by Putzke
et al. [1]. The semiclassical fit (dashed red lines) was obtained by modelling the finite size PdCoO2 sample.

[1] C. Putzke, M. D. Bachmann, P. McGuinness, E. Zhakina, V. Sunko, M. Konczykowski, T. Oka, R. Moessner,
A. Stern, M. K¨onig, S. Khim, A. P. Mackenzie et al., h/e oscillations in interlayer transport of delafossites
(2019), 1902.07331.
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Non-Abelian braiding of quasiparticles can encode quantum information immune from 

environmental noise with the potential to realize topological quantum computation. Here we 

propose that phonons, a bosonic excitation 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 inversions 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. 
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Figure 1: Phonon spectra (top panel) and topological configurations (middle panel) of 

monolayer Al2O3 upon electrostatic doping at (a) -0.06 e/f.u., (b) -0.08 e/f.u., (c) -0.10 e/f.u., 

(d) -0.12 e/f.u., and (e) -0.14 e/f.u. For the topological configurations in the middle panel, we 

use squares (circles) to represent the nodes formed by the lower (upper) two bands, open 

(closed) symbols to represent the nodes with negative (positive) frame charges, and one 

symbol (two concentric symbols) to represent the linear (quadratic) node. 

158



Disorder and Topology in WTe2

J. Dufouleur,1,∗ V. Labracherie,1 A. Veyrat,1 G. Shipunov,1 F. Hansen,1 S.
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In the type-II Weyl semimetals WTe2, the extremely large magnetoresistance (XMR) in-
dicates a perfect charge compensation and set the Fermi level about 50 meV below the
Weyl nodes. This questions the non-trivial nature of the negative magnetoresistance at-
tributed to the chiral anomaly in some recent studies.

Here, we investigate the magneto-transport properties of WTe2 nanostructures ob-
tained by different methods (mechanical exfoliation, chemical vapor transport). At very
low temperatures, an isotropic negative magneto-resistance is measured. We show the
topologically non-trivial origin of these transport properties that can be measured only
when the Fermi energy lies far away from the Weyl nodes. This new mechanism, different
from the chiral anomaly, is evidenced by numerical simulations based on the band struc-
ture of WTe2 that allows us to reproduce the experimental results.
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The past couple of decades saw the rise of topology in condensed matter, which led to
the discovery of various new quantum states of matter. One of the more prominent
examples is the quantum anomalous Hall effect [1], first observed in Cr (as well as V)-
doped (Bi, Sb)2Te3 material. This effect was quickly recognized as a promising platform
for potential applications in quantum metrology [2] and for academic investigations of
axion electrodynamics [3].

One of the biggest open questions surrounding the quantum anomalous Hall effect
in Cr/V-doped (Bi, Sb)2Te3 is the temperature discrepancy between the thermal break-
down of quantized transport (around 100 mK) and the Curie temperature of bulk fer-
romagnetism (around 20 K). In the intermediate temperature range, while the material
remains robustly ferromagnetic, the electronic transport is no longer quantized. Based on
traditional Hall bar measurements it is impossible to rule out that the observed signals
originate from the ordinary anomalous Hall effect from thermally activated bulk states,
and in the absence of any edge channels. Since it is of paramount importance to increase
the operational temperature of the quantum anomalous Hall effect, a natural first step is
to verify that the edge channels indeed exist at higher temperatures.

Here, in order to address this question, we move away from a traditional Hall bar, and
instead implement a novel multi-terminal Corbino geometry. By physically separating
the bulk and edge state current paths, this allows us to investigate a variety of non-
local measurement configurations at higher temperatures, where the presence of edge
channels produces large unambiguous signals. Indeed our results suggest that the quantum
anomalous Hall edge channels survive all the way up to the bulk Curie temperature,
and that thermally activated bulk conductance is solely responsible for the quantization
breakdown, by electrically shorting the edges of the sample [4]. Our results offer important
insights on the nature of the topological protection of these edge channels and provide an
encouraging sign for potential applications.
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[2] M. Götz et al., Applied Physics Letters, 112, 072102 (2018)
[3] S. Grauer et al., Physical Review Letters, 118, 246801 (2017)
[4] K. M. Fijalkowski et al., Nature Communications, 12, 5599 (2021)

160



Observation of non-Hermitian topology in a multi-terminal
quantum Hall device

Kyrylo Ochkan,1 Raghav Chaturvedi,1 Viktor Könye,1 Ewelina Hankiewicz,2
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The precise quantization of the Hall conductance to integer multiples of the con-
ductance quantum e2/h constitutes the earliest observation of nontrivial topology in
condensed-matter physics. It is the manifestation of a nonzero topological invariant:
the Chern number. Here we observe, in a multi-terminal AlGaAs quantum Hall ring,
an even deeper topological protection, with an alternate transport signature. Unlike
the Hall conductance quantization, which is observed in the presence of a single current
source, this transport signature requires multiple current sources. It is caused by non-
Hermitian topology, which leads to the formation of a non-Hermitian skin effect. The
experimentally-determined topological invariant responsible for it is more robust than
the Chern number; it remains well-quantized also across quantum Hall plateau transi-
tions. This constitutes the first experimental observation of non-Hermitian topology in a
fully-quantum, condensed-matter system.
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On the search for and towards an understanding of the smallest active building blocks
in nature, a variety of surface-deposited molecular switches have been investigated [1].
Although there are only few key parameters which determine the molecular switching, the
interaction with the substrate leads to an almost unpredictable behavior of the adsorbed
molecules, necessitating the study of most systems individually.
Here we systematically investigate the rotation and tautomerization behavior of phthalo-
cyanine on the

(√
3×

√
3
)
Bi/Ag(111)R30◦ surface. We find that both processes are

driven by the N-H stretching mode, which can be triggered by a single-electron excitation
[2]. Such an excitation of one vibrational mode, which acts on very different scales of a
molecule has - to the best of our knowledge - not yet been described.
By utilizing the tautomerization process for the molecular nanoprobe technique [3], we
proof that hot charge carriers propagate preferably in the surface state of the BiAg2
alloy. Additionally, the rotational states of the molecule allowed us to verify that the
phthalocyanine molecule exhibits two different faces with distinct excitation probabilities.
These molecular reactions can be utilized to study ballistic transport in a Rashba-split
surface state on the nanoscale.
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In this work, we study semi-classical dynamics in Weyl semi-metals(WSMs) with spa-
tially varying tilt profiles. Such tilt profiles could be realised in WSMs under rotational
strain. In case of tilt profiles with a rotational symmetry, we uncover a novel feature in
the space of semi-classical trajectories, namely a separatrix between two distinct classes
of trajectories at a critical impact parameter. One class of trajectories is always repelled
away from the center while the other class is absorbed into it. In the case of spherically
symmetric tilt profile, this provides an exact WSM analog for the photon sphere of a
black hole, which underlies the black hole shadow observed for a real black hole in recent
images from the Event Horizon Telescope. Including Berry curvature effects in the WSM,
we explicitly calculate the anomalous transport of particles and show its relation to the
Thomas precession of the underlying helicity of the Weyl particle. Using kinetic theory,
we calculate the chiral vortical current and also find its interplay with the Einstein-de
Haas effect.
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Maximal current from minimal gain in open Chern systems 
Tobias Meng, ITP TU Dresden


The advent of topological physics has added a fundamentally new dimension along which 
physical systems can be classified and understood, complementing the well-established idea of  
order by spontaneous symmetry breaking. 


Topological systems are classified by topological invariants, and those can often be related to 
physical response functions. This approach, however, typically requires closed systems. The 
question as to which extent topological physics survives when the system is coupled to an 
environment is therefore an important frontier.


In this talk, I will discuss the example of an open Chern insulator. Going beyond a non-Hermitian 
approximation, I will discuss the properties of the longtime steady state. In particular, I will be 
interested in systems with true gain, a scenario fundamentally impossible in closed systems with 
imaginary self-energies. In contrast to the naive expectation, I will show that such an open Chern 
insulator has its maximal steady state currents when the gain is minimal. More generally, our 
results illustrates that open topological states of matter are fundamentally distinct from their 
closed counterparts, even if these have complex self-energies that give rise to non-Hermitian 
physics.

164



Voltage control of the quantum scattering time in InAs/GaSb/InAs 
trilayer quantum wells 

M. Meyer1, S. Schmid1, F. Jabeen1, G. Bastard1,2, F. Hartmann1 and S. Höfling1

1Technische Physik, Physikalisches Institut and Würzburg-Dresden Cluster of Excellence ct.qmat, Am 
Hubland, D-97074 Würzburg, Germany. 

2 Physics Department, École Normale Supérieure, PSL 24 rue Lhomond, 75005 Paris, France 
(e-mail of corresponding author: manuel.meyer@physik.uni-wuerzburg.de) 

InAs/GaSb bilayer quantum wells (BQWs) are two dimensional topological insulators (2D TIs) 
where the electron and hole gases are spatially separated in the InAs- and GaSb-layers, 
respectively[1]. This enables the tuning between the trivial and topological insulating phase by a 
dual gating approach in InAs/GaSb BQWs, which makes the material system interesting for 
potential device applications[2]. By adding another InAs-layer to the BQW, i.e. forming a trilayer 
quantum well (TQW), topological band gap energies up to 60 meV can be realized which are rather 
temperature insensitive[3,4]. This makes TQWs interesting for operations at elevated temperatures. 
However, even for large-gap TIs in other material systems, e.g. WTe2 (Egap = 100 meV), the 
conductance quantization can only be observed for channels of a few hundred nm[5]. Lunczer et 
al. however introduced a measurement technique to overcome this bottleneck. By sweeping the 
top-gate voltage (VTG) to certain negative values and back, they showed that the phase coherence 
length can be enhanced significantly and conductance quantization can be observed in HgTe/CdTe 
even for Hall bars with length well above several tens of µm.  
We therefore study the evolution of the quantum scattering time τq in InAs/GaSb/InAs TQWs by gate-
voltage training. By sweeping VTG from a maximum value Vmax to a minimum value Vmin, we observe a 
hysteresis in the longitudinal resistance. Sweeps performed at low magnetic fields provide a distinct 
difference between the two hysteresis loops, where the amplitude of 
the Shubnikov-de Haas oscillations increases. This is due to a change 
in quantum scattering time τq dependent on the gate voltage 
sweeping. We investigated in detail the improvement of τq by the gate 
sweeping length Vmin and observe a significant increase of τq up to 
50% whereas the transport scattering times (τt) remains constant (see 
Fig. 1). This indicates that by gate training charged defects become 
neutral and therefore the quantum level broadening is reduced. 
Furthermore, the ratio of τq and τt allows us to determine long range 
Coulombic scattering as the dominant scattering mechanism. 

[1] C. Liu et al., PRL 100, 236601 (2008)
[2] F. Qu et al., PRL 115, 036803 (2015)
[3] S.S. Krishtopenko et al., Sci. Adv. 4, eaap7529 (2018)
[4] M. Meyer et al., PRB 104, 085301 (2021)
[5] S. Wu et al., Science 359, 76 (2018)
[6] L. Lunczer et al., PRL 123, 047701 (2019)

Fig.1: τq and τt vs Vmin. τq is 
increasing up to 50 % with gate 
training whereas τt remains 
constant. 
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Topological surface states with spin-momentum locking have been a popular subject of topological 

materials and in the field of spintronics. Tensile-strained HgTe as a three-dimensional topological 

insulator offers new opportunities for studying the spin polarization of topological surface states. Here 

we demonstrate all-electrical generation and detection of spin polarization of topological surface states 

in H-shaped devices. Our non-local method is universal in identifying spin-momentum locking in 

topological materials. The spin-charge interconversion of topological surface states suggests promising 

applications for the next-generation of spintronic applications. 
* These authors contributed equally.
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Understanding crystal shapes is a fundamental subject in surface science. It is now well studied 
how chemical bondings determine crystal shapes via dependence of surface energies on surface 
orientations. Meanwhile, discoveries of topological materials have led us to a new paradigm in 
surface science, and one can expect that topological surface states may affect surface energies and 
crystal facets in an unconventional way. Here we show that the surface energy of glide-symmetric 
topological crystalline insulators (TCI) depends on the surface orientation in a singular way via the 
parity of the Miller index [1]. This singular surface energy of the TCI affects equilibrium crystal 
shapes, resulting in emergence of unique crystal facets of the TCI [1]. This singular dependence of 
the topological surface states is unique to the TCI protected by the glide symmetry in contrast to a 
TCI protected by a mirror symmetry. In addition, we study crystal shapes of higher-order 
topological insulators. We show that when a topological insulator transforms into a higher-order 
topological insulator by adding a magnetic field, the crystal shape changes in a peculiar way [2].  

Fig. 1. Equilibrium crystal shapes of (a) trivial insulator and (b) TCI. 

Reference 
[1] Y. Tanaka, T. Zhang, M. Uwaha, and S. Murakami, arxiv:2203.08385 (2022)
[2] Y. Tanaka and S. Murakami, in preparation
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Selective equilibration of counter-propagating edge channels in
a topological insulator

Li-Xian Wang, Fabian Schmitt, Valentin L. Müller, David M. Mahler, Lukas
Lunczer, Wouter Beugeling, Hartmut Buhmann and Laurens W. Molenkamp
Institute for Topological Insulators and Physikalisches Institut, Experimentelle Physik

III,Universität Würzburg, Am Hubland, 97074 Würzburg, Germany
*email corresponding author: lwang@physik.uni-wuerzburg.de

*email corresponding author: molenkamp@physik.uni-wuerzburg.de

Three-dimensional (3D) topological insulators (TIs) offer the possibility to study the inter-
play of counter-propagating edge channels, a recurring subject in quantum Hall systems.
In a 3D TI, HgTe or (Hg,Mn)Te, counter-propagating edge channels can be formed in
a magnetic field by opposite surfaces with different type of charge carriers, manifesting
the coexistence of topological and massive surface states. Our experimental results and
analysis show that counter-propagating edge channels are scattered and equilibrated. By
tuning the number of edge channels, we demonstrate that the equilibration (inter-edge
scattering) takes place only between edge channels with the same Landau level index.

References
[1] M. Buttiker, Phys. Rev. B, 33, 3020–3026 (1986)

[2] M. Buttiker, IBM Journal of Research and Development, 32, 63–75 (1988)

[3] David M. Mahler et al., Nano. Lett., 21, 9869–9874 (2021)

[4] Saquib Shamim et al., Sci. Adv., 6, eaba4625 (2020)
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Electron–Hole Scattering Limited Transport and Weak 
Antilocalization Effect in 3DTI HgTe  

Yuan Yan1, Valentin Müller1, Oleksiy Kashuba2, Björn Trauzettel2, Mohamed 

Abdelghany1, Johannes Kleinlein1, Wouter Beugeling1, Saquib Shamim1, Lixian Wang1, 

Hartmut Buhmann1, and Laurens Molenkamp1 
1Institute for Topological Insulators and Physikalisches Institut, Experimentelle Physik III, Universität 

Würzburg, Am Hubland, 97074 Würzburg, Germany 
2Theoretische Physik IV, Institut für Theoretische Physik und Astrophysik, Universität Würzburg, 

97074 Würzburg, Germany 
(e-mail of corresponding author: yuan.yan@physik.uni-wuerzburg.de) 

We have experimentally investigated the effect of electron temperature on transport in the two-
dimensional Dirac surface states of the three-dimensional topological insulator HgTe. We have 
found that around the minimal conductivity point, where both electrons and holes are present, 
heating the carriers with a DC current results in a nonmonotonic differential resistance of narrow 
channels. We have shown that the observed initial increase in resistance can be attributed to 
electron–hole scattering, while the decrease follows naturally from the change in Fermi energy of 
the charge carriers. Both effects are governed dominantly by a van Hove singularity in the bulk 
valence band. Additionally, we have also observed the contribution of the electron–hole scattering 
to the weak antilocalization (WAL) effect that originates from the Berry phase connected with the 
topological surface state. In presence of electron–hole scattering, the phase relaxation is remarkably 
enhanced and hence the WAL effect is suppressed. The results demonstrate the importance of 
interband electron–hole scattering in the transport properties of topological insulators. 

[1] V. L. Müller, et al., Nano Lett. 21, 5195 (2021)
[2] D. M. Mahler, et al., Nano Lett. 21, 9869 (2021)
[3] M. Mühlbauer, et al., Phys. Rev. Lett. 112, 146803 (2014)
[4] G. Tkachov, et al., Phys. Rev. B 84, 035444 (2011)
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Towards x-ray photonic devices exploiting non-trivial topology

Adriana Pálffy∗

Institute for Theoretical Physics and Astrophysics, University of Würzburg, Am
Hubland, 97074 Würzburg, Germany

*adriana.palffy-buss@physik.uni-wuerzburg.de

X-ray photons have very desirable properties: they carry a large momentum, are robust,
have exceptional penetration depth, good detection efficiency and remarkable focusing po-
tential, far from any practical diffraction-limit constraint. However, at present the degree
of control over x-ray photons is far from what has been achieved at optical frequencies.
Future x-ray photonic devices would on the one hand give access to quantum properties
of x-ray photons and may enable unique quantum technology applications. On the other
hand, they could be used for sensing with unprecedented simultaneous energy and spatial
resolution for material science, magnetism or biochemical samples.

In this work, possible avenues to exploit topological effects for x-ray quantum control
will be discussed. The starting point are x-ray quantum optics phenomena in thin-film
cavities interacting resonanty with x-ray light. These are 2D nanostructures (see Fig. 1)
which exploit evanescent coupling of x-rays to form a standing wave over the cavity layers.
One or more of these layers contain Mössbauer nuclei which are resonantly driven by the
cavity x-ray field. A typical example of Mössbauer nucleus is 57Fe which has a 14.4 keV
(1 Ångstrom wavelength) transition between the nuclear ground and first excited states.
In cavities with several such layers with resonant nuclei, the coupling between layers can
be controlled. This has led to the prediction and observation of Rabi oscillations between
two nuclear ensembles [1]. Starting from here, one can envisage structures with many
layers coupled by the cavity field, ideally mimicking a Su-Schrieffer-Heeger model and
exploiting topological effects to control x-ray photons. Theoretically, such complex struc-
tures can be modelled by a versatile Green function formalism developed for the resonant
interaction of x-rays with nuclei in structured media [2].

a b

c

Figure 1: a Thin-film cavity consisting of claddings with an embedded resonant 57Fe layer
(green). b, c Examples of field intensity distributions inside the cavity for two different incidence
angles.

References
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Würzburg Essentials 

• Taxi: Tel. 0931 19410 – www.taxi-wuerzburg.de

• Public Transport: Würzburg has a public transport network with buses and trams.
Tickets (All-Day 9.00€), are available from the bus drivers or from vending machines at some
stops.
Timetables and more information can be found at http://www.bayern-fahrplan.de/

• Tourist Information: located at the Marktplatz opposite of the McDonalds
Address: Falkenhaus, Marktplatz 9, 97070 Würzburg – falkenhaus@wuerzburg.de

• Nightlife/Drinks:
The region around Würzburg is one of the major German wine regions and you shouldn’t
miss trying wines like Silvaner, Riesling, Bacchus, or Domina from the local wineries
Bürgerspital, Juliusspital, Am Stein, and Hofkeller. Juliusspital and Bürgerspital have their
own wine bars in Würzburg.
If the weather is good, enjoy a glass of wine at the “Alte Mainmühle” (Mill at the pedestrian
bridge across the river Main) or visit the beer garden “Alter Kranen” on the bank of the river
Main.
Student nightlife takes place in the pubs and bars around the Sanderstraße and along the
Juliuspromenade.

Würzburg Residence and other Sights 

Würzburg Residence was the palace of the Prince-Bishops of Würzburg during the 18th century. 
Designed by Balthasar Neumann who was the lead architect from 1720 until his death in 1753, the 
Residence is a masterpiece of the German baroque. Especially the frescoes by Giovanni Tiepolo, the 
stucco-works by Ludovico Bossi in the various halls and vaults and also the staircase by Balthasar 
Neumann are world famous and have led to the inclusion of the Würzburg Residence in the UNESCO 
World Heritage List. More information about the history of the building and the artists mentioned 
can be found on wikipedia: http://en.wikipedia.org/wiki/Wuerzburg_Residence 

A good overview of all “must see” sights in Würzburg can be found on the city councils webpage: 
www.wuerzburg.de/en/visitors/must-sees/index.html 
or on the conference website at tocotronics2018.uni-wuerzburg.de/venue.php 
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Dinner Suggestions 

Residenzgaststätten (15min walk, prices: €€) 
Residenzplatz 1, 97070 Würzburg, Tel: 0931 46771944 
Table:Franconian, German 

Bürgerspital-Weinstuben (12min walk, prices: €€) 
Theaterstr. 19, 97070 Würzburg, Tel: 0931 352880 
Table: Franconian, regional 

Glouglou (6min, prices: €€€) 
Karmelitenstr. 31, 97070 Würzburg, Tel: 0931 45228568 
Table: Italian 

Auflauf (15min walk, prices: €€) 
Peterplatz 5, 97070 Würzburg, Tel: 0931 571343 
Table: casserole (“Auflauf”) 

Zum Stachel (6min walk, prices: €€€) 
Gressengasse 1, 97070 Würzburg, Tel: 0931 52770 
Table: German, regional 

Pizzeria La Piazzetta (10min walk, prices: €) 
Büttnerstr.7-9, 97070 Würzburg, Tel: 0931 99136810 
Table: pizza 

Backöfele (10min, prices: €€) 
Ursulinergasse 2, 97070 Würzburg, Tel: 0931 59059 
Table: German, vegetarian, regional 

KUNO 1408 (12min walk, prices: €€€€) 
Neubaustr. 7, 97070 Würzburg, Tel: 0931 30931 - 1408 
Table: German, Gourmet 

Enchilada (6min walk, prices: €) 
Karmelitenstr. 20, 97070 Würzburg, Tel: 0931 4044402 
Table: Mexican 

Alte Mainmühle (7min walk, prices: €€€) 
Mainkai 1, 97070 Würzburg, Tel: 0931 16777 
Table: German, French, Franconian, international 

Burgerheart (12min walk, prices: €€) 
Neubaustraße 8, 97070, Würzburg, Tel: 0931 61947910 
Table: Burger 

KONA by Sushi Corner (10min walk, prices: €€) 
Barbarossapl. 4, 97070 Würzburg, Tel: 0931 40498050 
Table: Japanese, Sushi 

Weinstuben Juliusspital (9min walk, prices: €€) 
Juliuspromenade 19, 97070 Würzburg, Tel: 0931 54080 
Table: Franconian, regional 

 Photo: Restaurant Alte Mainmühle 
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For notes: 
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