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DETAILED PROGRAM

August 14 (Wed)

Registration & Drinks at the Hotel Victoria 11:30 – 12:00

Lunch 12:00 – 13:40

Welcome address 13:40 – 13:45

August 14 (Wed) 13:45 – 15:30

Session 1: Superconductivity
Chair: Manfred Sigrist (ETH Zürich)

13:45 – 14:15 Controlling two-phase superconductivity in CeRh2As2 with pressure
Elena Hassinger (TU Dresden/Max Planck Institute Dresden)

14:15 – 14:45 Time-Reversal Symmetry-Breaking in Charge-Ordered Kagome-Lattice Systems Probed with
Muon Spin Rotation
Zurab Guguchia (Paul Scherrer Institut)

14:45 – 15:00 Spectroscopic evidence for a first-order transition to the orbital Fulde-Ferrell-Larkin-
Ovchinnikov state
Menghan Liao (DQMP, University of Geneva)

15:00 – 15:15 Improper orders in nonsymmorphic systems
Aline Ramires (Paul Scherrer Institut)

15:15 – 15:30 Nonunitariy superconductivity from competing electronic orders in multiorbital systems
Ilaria Maccari (Institute for Theoretical Physics, ETH Zürich)

Coffee 15:30 – 16:00

August 14 (Wed) 16:00 – 17:30

Session 2: Quantum magnetism
Chair: Andrea Caviglia (University of Geneva)

16:00 – 16:30 Altermagnetism and spin symmetries
Libor Smejkal (Universität Mainz/Czech Academy of Sciences/Max Planck Institute Dresden)

16:30 – 16:45 Hidden order in the kagome magnet Co3Sn2S2 probed by RIXS
Tianlun Yu (Paul Scherrer institut)

16:45 – 17:00 Investigating Phase Transitions in Van Der Waals Magnets using a Quantum Sensor
Debarghya Dutta (University of Basel)

17:00 – 17:15 Spin liquid and deconfined criticality in maple-leaf quantum magnet
Pratyay Ghosh (Institute of Physics, EPFL)

17:15 – 17:30 EuCd2As2: a magnetic semiconductor
David Santos-Cottin (Department of Physics, University of Fribourg)

1’ poster presentations 17:30 – 18:00

Chair: Claude Monney (University of Fribourg)

Poster session 1 & commercial exhibit 18:00 – 20:30

Dinner 20:30
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August 15 (Thu)

August 15 (Thu) 8:30 – 10:15

Session 3: Oxide interfaces / Nickelates
Chair: Jean-Marc Triscone (University of Geneva)

8:30 – 9:00 Resolving the polar interface in superconducting nickelate thin films
Berit Goodge (Max Planck Institute Dresden / Cornell University)

9:00 – 9:30 Discovery of high-Tc superconductivity in a nickelate under pressure
Meng Wang (School of Physics, Sun Yat-sen University)

9:30 – 9:45 The role of oxygen octahedra connectivity in orthorhombic perovskite heterostructures
Clémentine Thibault (DQMP, University of Geneva)

9:45 – 10:00 Altermagnetic property at a cuprate/manganite interfacet
Subhrangsu Sarkar (Department of Physics and Center for Nanomaterials, University of Fribourg)

10:00 – 10:15 Quantum metric and nonlinear magnetotransport from spin-momentum locking
Giacomo Sala (DQMP, University of Geneva)

Coffee 10:15 – 10:45

August 15 (Thu) 10:45 – 12:15

Session 4: Out of equilibrium physics
Chair: Felix Baumberger (University of Geneva)

10:45 – 11:15 An X-ray view of light-driven quantum materials
Matteo Mitrano (Department of Physics, Harvard University)

11:15 – 11:45 Long-lived non-thermal phases of strongly correlated electrons
Martin Eckstein (University of Hamburg)

11:45 – 12:00 Direct detection of nonthermal phase switching in a 1T-TaS2 memory device
Corinna Burri (Paul Scherrer Institut / Department of Physics and Quantum Center, ETH Zürich)

12:00 – 12:15 Unveiling the Electronic Properties of α-SnTe: From Ferroelectric Distortion to Unexpected
Topological Surface State
Frédéric Chassot (University of Fribourg)

Lunch 12:30 – 13:45
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August 15 (Thu) 13:45 – 15:15

Session 5: Material growth
Chair: Marisa Medarde (Paul Scherrer Institut)

13:45 – 14:15 Unlocking the Promise and Simplicity of Atomically Precise Synthesis for 4d and 5d Metal
Oxides through Hybrid MBE
Bharat Jalan (Department of Chemical Engineering and Materials Science, University of Minnesota)

14:15 – 14:45 Synthesis of Electronic-Grade Quantum Heterostructures by Hybrid PLD
Chang-Beom Eom (University of Wisconsin-Madison)

14:45 – 15:00 Controlling the Magnetic Properties of the van der Waals Multiferroic Crystals Co1?xNix I2
Anastasiia Lukovkina (DQMP, University of Geneva)

15:00 – 15:15 Turning a metal into an insulator
Lucia Varbaro (DQMP, University of Geneva)

Coffee 15:15 – 15:45

August 15 (Thu) 15:45 – 17:45

Session 6: Quantum materials 3D
Chair: Fabian von Rohr (University of Geneva)

15:45 – 16:15 The Chemistry of Quantum Materials
Leslie M Schoop (Department of Chemistry, Princeton University)

16:15 – 16:45 Phonons with magnetic character
Hiroki Ueda (Paul Scherrer Institut)

16:45 – 17:00 Interplay of electronic orders in kagome metals
Mark H Fischer (Cornell University)

17:00 – 17:15 New approach for nonlinear optical tensor determination. Application to Rare earth nicke-
lates microcrystals
Volodymyr Multian (Department of condensed matter physics, Weizmann Institute of Science)

17:15 – 17:30 Discovery of Giant Unit-Cell Super-Structure in PrNiO2
Jens Oppliger (Physik-Institut, Universität Zürich)

17:30 – 17:45 Anomalous electrons in a metallic kagome ferromagnet
Sandy Adhitia Ekahana (Paul Scherrer Institut)

1’ poster presentation 17:45 – 18:15

Chair: Bruce Normand (Paul Scherrer Institut)

Poster session 2 & commercial exhibit 18:15 – 20:30

Conference dinner 20:30
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August 16 (Fri)

August 16 (Fri) 8:30 – 10:30

Session 7: Quantum materials 2D
Chair: Christoph Renner (University of Geneva)

8:30 – 9:00 Exotic superconducting states in 2D materials and moiré engineering at oxide interfaces
Mathias Scheurer (Institute for Theoretical Physics III, University of Stuttgart)

9:00 – 9:30 Observation of fractional quantum anomalous hall effect
Xiadong Xu (Department of Physics, Department of Materials Science and Engineering University of
Washington)

9:30 – 9:45 Moiré is Different: Metal-Insulator Transitions, Kondo Lattice Physics and Chiral Spin Liquids
in TMD Bilayers
Louk Rademaker (DQMP, University of Geneva)

9:45 – 10:00 Electronic structure of encapsulated mono-, bi- and trilayer Td -MoTe2
Julia Issing (DQMP, University of Geneva)

10:00 – 10:15 Tuning electronic characteristics of MoS2-Au heterostructures via twist angle manipulation:
STM insights
Ishita Pushkarna (DQMP, University of Geneva)

10:15 – 10:30 Low-density Hall response of two-dimensional electrons with a local and energy-dependent
self-energy
Giacomo Morpurgo (DQMP, University of Geneva)

Coffee 10:30 – 11:00

August 16 (Fri) 11:00 – 12:00

Session 8: Applications
Chair: Stefano Gariglio (University of Geneva)

11:00 – 11:30 New superconducting radiofrequency materials serving the future FCC collider
Franck Peauger (CERN)

11:30 – 11:45 Towards the development of superconducting joints between REBCO coated conductors: a
thermomechanical study
Celia Lucas Esparseil (DQMP, University of Geneva)

11:45 – 12:00 Controlling and investigating domain and domain walls in PbTiO3 ferroelectric thin films and
heterostructures
Ludovica Tovaglieri (DQMP, University of Geneva)

Lunch 12:15 - 14:00
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POSTER SESSIONS

August 14 (Wed) 18:00 – 20:30

Poster session 1

Toni Shiroka Signatures of skyrmion stripes in nematic superconductors 1-1

Chih-Ying Hsu STEM-EELS studies of interfaces between perovskite oxide mem-
branes and single-crystal carrier substrates

1-2

Igor Plokhikh Charge order above room temperature in kagome superconductor
LaRu3Si2

1-3

Giulia Venditti Rashba coupling to polar modes in superconducting KTaO3 1-4

Sofie Castro Holbaek Interplay of charge density wave order and superconductivity 1-5

Hengli Duan Anomalous magnetic domain patterns in Kagome semimetal
Co3Sn2S2

1-6

Ludivine Fausten Quantum sensing of correlated electrons in moiré hétérostructures 1-7

Silvan Aepli The Josephson effect in long, clean SNS junctions 1-8

Jennifer Graham Superconducting and normal state properties of the kagome system
Ta2V3.1Si0.9 probed by muon spin rotation

1-9

Vadim Geshkenbein Superconductivity in Atomically Thin Films: Diodes and 2D Critical
State Model

1-11

Dario Rossi Schwinger boson study of the J1-J2-J3 kagome Heisenberg antiferro-
magnet with Dzyaloshinskii-Moriya interactions

1-12

Francesco Lonardo Studies of the artificial flux pinning in ternary Nb3Sn multifilamentary
wires with internally oxidized nanoparticles

1-13

Xiaohanwen Lin Unusual magnetoresistance response in van der Waals antiferromag-
netic semiconductor CrPS4 vertical transport

1-14

Fengrui Yao Moiré magnetism in CrBr3 multilayers emerging from differential
strain

1-15

Jonas Knobel Long Ranged Proximity Effect in YBa2Cu3O7−δ - Sr2IrO4 Thin Film Mul-
tilayers Revealed by X-ray Absorption Spectroscopy

1-16

Soohyeon Shin Electrical transport study near a zero-Kelvin metal-insulator transition
of bulk nickelates Pr1-xLaxNiO3

1-17

Ivo Gabrovski Noncollinear textures in moiré magnets 1-18

Yann Alexanian Doping and temperature evolution of the pseudogap state of bulk
electron-doped Sr2IrO4

1-19

Michael Straub The puzzle of metallic and insulating phases in the CDW system 1T-
TaSe2

1-20

Utso Bhattacharya Light Matters: HHG Spectroscopy of Solids 1-21

Changjae Roh Surface symmetry characterization of SrTiO3(111) via optical second
harmonic generation

1-22

Yuto Shibata Tunneling conductance and spectroscopy at step edges in chiral triplet
superconductors

1-23

Patrick Siegwolf Scanning Nitrogen-Vacancy Magnetometry to Study the Origin of Ex-
change Bias in 2D van der Waals Heterostructures

1-24

Tejas Parasram Singar Probing the electronic structure of cuprate vortex cores by STM 1-25

Laurent Bugnon Soft phonons in strained multiferroic TbMmO3 films 1-26

Kiryl Pakrouski Weak ergodicity breaking in multi-band fermionic systems 1-27

Andreas Ørsted Tuning a CDW Phase Through Intrinsic Doping in Bulk ZrSe2 1-28

Xavier Boraley Frustration-induced diffuse magnetic scattering in metallic HoInCu4 1-29
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Baptiste Demazure Applying Coherent Two-Dimensional Spectroscopy to a Pulsed Magne-
tophononic System

1-30

Bruce Normand Calculating the complete spectral functions of quantum magnetic
models and materials

1-31

Tariq Leinen Probing electronic excitations in the Shastry-Sutherland compound
SrCu2(BO3)2 with resonant inelastic x-ray scattering

1-32

August 15 (Thu) 18:15 – 20:30

Poster session 2

Ilya Charaev Breaking new ground in quantum detection with SNSPDs: the search
for light-mass dark matter and high-critical-temperature superconduc-
tors

2-1

Salony Mandloi Probing mono- and few-layer 1T-TaSe2 with ARPES 2-2

Julio Antonio Larrea Jiménez Uncovering novel properties in RECo5 permanent magnets 2-3

Abhishek Ranna Probing the superconducting gap symmetry of infinite-layer nickelates
through electron irradiation induced disorder

2-4

Ellen Fogh Magnetic and magnetoelectric properties of LiFePO4 2-6

Vasile Cristian Ciomaga Hatnean Progress in the study of rare-earth silicate systems 2-7

Lorenzo Pizzino Simulating 2D-1D dimensional crossover with ultracold atoms 2-8

Xunyang Hong Investigation of charge order fluctuations in La1.675Eu0.2Sr0.125CuO4 2-9

Yuan Wei Spin-orbital excitations encoding the magnetic phase transition in the
van der Waals antiferromagnet FePS3

2-10

Alexey Kuzmenko Geometrically, electrostatically and thermally tunable phonon polari-
tons in SrTiO3-based interfaces

2-11

Feli XEder Structural studies on new, layered K–Cu–Te oxides 2-12

Giuliano Esposito Investigating Strain-Dependent Magnetoresistance and Metal-
Insulator Transition in LCMO Films at Cryogenic Temperatures Using
Near-Field Techniques

2-13

Portia Allen Quantum oscillations in focused ion beam prepared microstructures
of ZrSiS

2-14

Gianmarco Gatti Electron-phonon coupling across a WS2/hBN van der Waals interface 2-15

Simon Gerber Imaging ultrafast electronic order fluctuations of Fe3O4 2-16

Lukas Korosec Highly anisotropic in-plane ferroelectricity in CaTiO3 thin films 2-17

Johannes Motruk Optical detection of a chiral spin liquid in transition metal dichalco-
genide moiré bilayers

2-18

Noah Brugger Quantum sensor cryogenic search for dark matter in light mass range
(QROCODILE)

2-19

Manuele Balestra Synthesis of Novel Materials Using Cubic Multi-Anvil High-Pressure
Systems at the University of Geneva

2-20

Maria Herz Bismuth-Rich Intermetallic Rods with Strong Spin-Orbit Coupling 2-21

Stefano Gariglio Growth of YVO3 thin films by pulsed laser deposition 2-22

Andras Szabo Entanglement spectrum across the semimetal-diffusive metal transi-
tion in a disordered Weyl system

2-23

Tancredi Thai Angeloni Strontium Vanadate thin films growth for optical applications 2-24

Bernhard Lüscher Thermodynamical Signatures in the Superconducting Haldane Model 2-26

Davide Valentinis Superconductivity and magnetotransport in non-Fermi lquids: exact
results from Yukawa-SYK lattice models

2-27

Ivan Mohelsky Temperature dependence of the energy band gap in ZrTe5: Implica-
tions for the topological phase

2-28
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Anna Efimova A New Look on an Old Problem: Mass Enhancement in Fermi Liquids 2-29

Christoph Renner Determining the nature and strength of proximity induced spin-orbit
coupling in graphene by quasiparticle interference imaging

2-30

Wouter Bos An Ab Initio Study of Superconductivity in Mono- and bilayer Molyb-
denum disulfide

2-31

Dirk van der Marel Superconductivity in metallic hydrogen 2-32
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Controlling two-phase superconductivity in CeRh2As2 with pressure

Elena Hassinger,1,2 Konstantin Semeniuk,2 Meike Pfeiffer,1,2 Javier Landaeta,1,2 and Seunghyun Khim2

1 TU Dresden Technical University, Institute for Solid State and Materials Physics, 01062 Dresden
2 Max Planck Institute for Chemical Physics of Solids, 01187 Dresden, Germany

CeRh2As2 has a unique superconducting phase diagram in which a magnetic field drives a transition
between superconducting states, believed to be of even and odd parity. Our understanding of this
phenomenon is based on the crystal structure with locally broken inversion symmetry in the Ce layers
and two Ce layers related by global inversion symmetry. Even in the case of pure singlet pairing within
the layers, an odd-parity superconducting gap function can be reached by a sign change of the gap on
the two Ce layers. This way of creating odd-parity superconductivity is different from the traditional
one - where odd parity comes from the pairing function itself - and might be a direction of finding
more odd-parity superconductors. In order to guide the search for new odd-parity superconductors, we
need to understand, which material parameters favor its appearance. Here, I will give an overview on
the current knowledge on CeRh2As2 including phase diagrams covering the normal state and angle
dependence. I will also show results where we use pressure tuning to induce changes of the normal
state and observe the effects on the superconducting states. We find that superconductivity is fostered
by correlations in proximity to a quantum critical point. Furthermore, pressure effectively shifts the
parity transition to lower fields.
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Time-Reversal Symmetry-Breaking in Charge-Ordered Kagome-Lattice Systems
Probed with Muon Spin Rotation

Zurab Guguchia

Laboratory for Muon Spin Spectroscopy, Paul Scherrer Institute, CH-5232 Villigen PSI, Switzerland

Kagome lattices stand at the forefront of research due to their fascinating interplay of topology, correla-
tions, and magnetism [1-3]. In my talk, I aim to shed light on the latest experimental developments
concerning superconductivity and the magnetic aspects of charge order in various kagome-lattice sys-
tems, studied from the perspective of local magnetic probe. This involves the use of muon-spin rotation
(µSR) as a function of depth from the crystal surface and under extreme conditions like hydrostatic
pressure, uniaxial strain, ultra-low temperatures, and high magnetic fields. µSR is complemented by
magnetoresistance and X-ray diffraction techniques. Key systems under discussion will include: (1)
The AV3Sb5 (A = K, Rb, Cs) compound series with V kagome lattice, notable for displaying a range
of symmetry-breaking electronic orders, such as charge order and superconductivity. Here, we have
identified a depth-tunable time-reversal symmetry-breaking state associated with charge order [4-7].
(2) The bilayer kagome material ScV6Sn6, where hidden magnetism within the charge-ordered state
was observed [8]. (3) The LaRu3Si2 system with Ru kagome layers, in which we identified two distinct
types of charge order (bond order), with one manifesting above room temperature [9,10]. This finding
marks the first instance of observing a charge-ordered state at room temperature in a kagome lattice.

[1] I. Syozi, Prog. Theor. Phys. 6, 306 (1951).

[2] J.-X. Yin et. al., Nature Physics 15, 443 (2019).

[3] Z. Guguchia et. al., Nature Communications 11, 559 (2020).

[4] C. Mielke III, et. al., and Z. Guguchia, Nature 602, 245 (2022).

[5] Z. Guguchia et. al., Nature Communications 14, 153 (2023).

[6] Z. Guguchia et. al., NPJ Quantum Materials 8, 41 (2023).

[7] J.N. Graham et. al., and Z. Guguchia, arXiv:240211130 (2024).

[8] Z. Guguchia et. al., Nature Communications 14, 7796 (2023).

[9] I. Plokhikh et. al., and Z. Guguchia, arXiv:2309.09255 (2023).

[10] C. Mielke III, V. Sazgari, et. al., and Z. Guguchia, arXiv:2402.16219 (2024).
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Spectroscopic evidence for a first-order transition to the orbital
Fulde-Ferrell-Larkin-Ovchinnikov state

Menghan Liao,1 Zongzheng Cao,2 Hongyi Yan,3 Haiwen Liu,3 Ding Zhang,2 and Alberto Morpurgo1

1 Department of Quantum Matter Physics, University of Geneva
2 State Key Laboratory of Low Dimensional Quantum Physics and Department of Physics, Tsinghua University

3 Center for Advanced Quantum Studies, Department of Physics, Beijing Normal University

A Cooper pair in a superconductor may be driven into a distinct state with non-zero total momentum when
the time reversal symmetry is broken. Recently, a new type of finite momentum superconducting pairing,
namely the orbital Fulde-Ferrell-Larkin-Ovchinnikov (FFLO) state, has been proposed in superconductors
with strong spin-orbit coupling materials such as multilayer NbSe2. Experimental demonstration for this
state is limited to resistance measurements, which is not enough to establish the full physical picture. In
this talk, I will show the first thermodynamic evidence for the orbital FFLO state. A first-order phase
transition from the Ising pairing to the orbital FFLO state in NbSe2 is directly observed. By carrying
out tunneling spectroscopy measurements with atomically flat Van der Waals tunneling junctions, we
discover a discontinuity in the superconducting gap value as a function of the in-plane magnetic field.
The phase transition shows clear hysteresis behaviors when sweeping the magnetic field back and forth.
The observation matches our theoretic calculation by taking into account the melting of the Josephson
vortex lattice.
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Improper orders in nonsymmorphic systems

Aline Ramires1 and Andras Szabo2

1 Paul Scherrer Institute, 5232 Villigen PSI, Switzerland
2 Institute for Theoretical Physics, ETH Zurich, 8093 Zurich, Switzerland

The study of improper phases in the context of multiferroic materials has a long history. In this
talk, I highlight an overlooked mechanism that couples order parameter bilinears to odd-parity order
parameters such that the latter emerge as improper orders. For that, we explore a novel perspective
of nonsymmorphic symmetries based on extended symmetry groups in real space. We highlight how
nonsymmorphic symmetries can generate rather nonintuitive couplings between order parameters.
We are inspired by the phenomenology of the recently discovered superconductor CeRhAs, but our
results also have implications for other primary orders. In particular, we find that a bilinear in the
superconducting order parameter can couple linearly to odd-parity orders in centrosymmetric systems.
Our findings open the door for exploring nonsymmorphic symmetries in the broader context of improper
orders with potential applications to topological functional materials.

[1] https://arxiv.org/abs/2309.05664.
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Nonunitariy superconductivity from competing electronic orders in multiorbital
systems

Simon Hille,1 Ilaria Maccari,3 Aline Ramires,2 and Manfred Sigrist3

1 Physikalisches Institut and Bethe Center for Theoretical Physics, Universität Bonn, Nussallee 12, 53115 Bonn, Germany
2 Condensed Matter Theory Group, Paul Scherrer Institute, CH-5232 Villigen PSI, Switzerland

3 Institute for Theoretical Physics, ETH Zurich, CH-8093 Zurich, Switzerland

Nonunitary superconducting states are among the most fascinating examples of unconventional Cooper
pairing. Their condensate wave function breaks multiple symmetries and features a flavour polarisation,
often with exotic topological properties. In multiorbital systems, non-unitary superconducting states [1]
may involve other degrees of freedom and exhibit novel features compared to the single orbital case.
How to stabilise these states is, however, still poorly understood. Here, we will discuss how the interplay
between superconductivity and other electronic orders can stabilise nonunitary superconductivity in a
two-orbital system. Starting from the case in which nonunitary superconductivity emerges from the
competition with a charge-density wave [2], we will extend the study to the case where the competing
electronic order is a spin-density wave.

[1] A. Ramires, J. Phys.: Condens. Matter 34 304001 (2022).

[2] T. M. R. Wolf, M. F. Holst, M. Sigrist, and J. Lado, Phys. Rev. Research 4, L012036 (2022).
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Altermagnetism and spin symmetries

Libor Šmejkal1,2,3

1 Institut für Physik, Johannes Gutenberg Universität Mainz, D-55099 Mainz, Germany
2 Institute of Physics, Czech Academy of Sciences, Cukrovarnická 10, 162 00, Praha 6, Czech Republic

3 Max Planck Institute for the Physics of Complex Systems, Nöthnitzer Str. 38, 01187 Dresden, Germany

In the last 90 years, magnetically ordered materials have been divided into two basic classes - ferro-
magnets and antiferromagnets. They are characterized by s-wave and no spin ordering in momentum
space, respectively. In this talk, we will review our recent predictions of unconventional magnetic
classes beyond ferromagnets and antiferromagnets[1,2]. Unconventional magnets are characterized by
parameters of even (e.g. d-wave altermagnets) or odd (p-wave) wave ordering, which are not found in
conventional ferromagnets and antiferromagnets. We show how the unconventional magnets can be
identified using spin group theory, which considers - in contrast to conventional magnetic symmetries -
pairs of symmetry operations in spin and lattice space. We will discuss the implications of unconventional
magnetism in unconventional spin and anomalous Hall phenomena as well as recent experimental
observations of d-wave altermagnetism in MnTe[3].

[1] Beyond Conventional Ferromagnetism and Antiferromagnetism: A Phase with Nonrelativistic Spin and Crystal Rotation

Symmetry, L. Šmejkal, Jairo Sinova, T. Jungwirth, Phys. Rev. X 12, 031042 (2022).

[2] Exchange spin-orbit coupling and unconventional p-wave magnetism, Anna Birk Hellenes, Tomáš Jungwirth, Jairo Sinova,

Libor Šmejkal, arXiv:2310.17280v2.

[3] Altermagnetic lifting of Kramers spin degeneracy, J. Krempaský*, L. Šmejkal*, et al., Nature 626, 517 (2024).
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Hidden order in the kagome magnet Co3Sn2S2 probed by RIXS

Tianlun Yu,1 Wenliang Zhang,1 Yuan Wei,1 Dariusz Gawryluk,1 Loïc Roduit,1 Valdimir Strocov,1 Gabriel
Aeppli,1,2,3 Thorsten Schmitt,1 and Yona Soh1

1 Paul Scherrer Institut
2 Laboratory for Solid State Physics and Quantum Center, ETH Zurich

3 Institut de Physique, EPF Lausanne

Kagome motifs can host flat bands as well as quantum spin liquids due to geometric frustration from the
triangular lattice. Co3Sn2S2 is a kagome lattice based on magnetic Co atoms. It is ferromagnetically
ordered below Tc ∼177 K with a small moment of 0.3 µB per Co. It has a large anomalous Hall effect
regarding both Hall resistivity and Hall angle [1], with surface Fermi Arcs and Weyl points reported by
ARPES, suggesting it is a time-reversal symmetry breaking magnetic Weyl semimetal [2]. Despite the
large interest in the material, its magnetic structure and magnetic Hamiltonian are still not unravelled
due to the small magnetic moment limiting the effectiveness of traditional neutron scattering methods
[3]. Using magnetic circular dichroism RIXS, we discover time reversal symmetry breaking excitations of
0.3 eV, whose temperature dependence follows the static magnetic order, showing that the system has a
hidden dynamic order in addition to the static order. With further RIXS cross-section analysis based
on the polarization factors, we find that not only the spin degree of freedom, but the orbital degree of
freedom also contributes to such excitations, and discover a possible explanation of the small moment
in the FM order.

[1] E. Liu, et al. Nat. Phys. 14 (2018), 1125−1131.

[2] D. F. Liu, et al. Science, 365 (2019), 1282−1285.

[3] Qiang Zhang, et al. Phys. Rev. Lett 127 (2021), 117201.
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Investigating Phase Transitions in Van Der Waals Magnets using a Quantum
Sensor

Debarghya Dutta, Clément Pellet-Mary, Patrick Siegwolf, Märta Tschudin, David Broadway, and Patrick
Maletinsky

University of Basel

The advent of two-dimensional magnetic van der Waals(vdW) heterostructures has expanded the bound-
aries of nano-magnetism and led to novel ideas for information transfer in the field of spintronics[1]. By
probing the intrinsic layer-dependent magnetic phases, it is possible to gain fundamental understanding
of spin structure and dynamics[2]. We study these exotic magnetic phase transitions using a local,
non-invasive scanning magnetometry technique. Our sensor consists of a single nitrogen-vacancy (NV)
center in diamond that is attached to an AFM cantilever to enable scanning measurements at cryogenic
temperatures[3].
In particular, we are studying the magnetic phases of CrSBr, a layered 2D vdW anti-ferromagnet with
intralayer ferromagnetic (FM) and interlayer anti-ferromagnetic (AFM) coupling[4]. We quantitatively
characterize the FM to AFM phase transition in bilayer CrSBr by directly imaging the FM-AFM phase
boundary as it propagates through the sample[5]. Strikingly, we observe the formation of characteristic
cusp-like features in the FM-AFM phase wall which leads to the creation and propagation of AFM-AFM
domain walls. Furthermore, we correlate the interplay between the phase walls and neighboring
connected CrSBr multilayers to ultimately decipher the spin configuration of the underlying layers.

[1] Chumak, A., Vasyuchka, V., Serga, A. et al. Magnon spintronics. Nature Phys 11, 453-461 (2015).

[2] Gibertini, M., Koperski, M., Morpurgo, A.F. et al. Nat. Nanotechnol. 14, 408-419 (2019).

[3] L. Thiel et al. Science 364, 973-976 (2019).

[4] S.A. López-Paz et al., Nat. Commun. 13, 4745 (2022).

[5] Tschudin, Märta A., et al. "Nanoscale magnetism and magnetic phase transitions in atomically thin CrSBr." arXiv preprint

arXiv:2312.09279 (2023).
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Spin liquid and deconfined criticality in maple-leaf quantum magnet

Pratyay Ghosh

Institute of Physics, Ecole Polytechnique Fédérale de Lausanne (EPFL), CH-1015 Lausanne, Switzerland

We investigate the possibility of exotic phenomena, viz. quantum spin liquid (QSL) or deconfined
quantum critical point (DQCP), in the spin- 1

2 Heisenberg model on the maple-leaf lattice, a geometrically
frustrated system formed by hexagons (coupling Jh), triangles (coupling Jt), and dimers (coupling Jd).
We identify one promising region, given by Jh > 0 and Jt , Jd < 0, for hosting enticing physics. In this
region, the system exhibits an interplay between Néel order and a gapped dimerized singlet phase,
holding the possibility of harboring a QSL and a DQCP. Using bond-operator mean-field theory and
density matrix renormalization group calculations, we delve into this uncharted territory, revealing
tantalizing evidence of the existence of a QSL phase and highlighting its potential as a platform for
DQCP.
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EuCd2As2: a magnetic semiconductor

David Santos-Cottin,1 J.H Dil,2 Mario Novak,3 Alexey Kuzmenko,4 Milan Orlita,5 and Ana Akrap1

1 Department of Physics, University of Fribourg, Fribourg, Switzerland
2 Institut de Physique, EPFL, Lausanne, Switzerland

3 Department of Physics, Faculty of Science, University of Zagreb, Zagreb, Croatia
4 Department of Physics, University of Geneva, Geneva, Switzerland

5 LNCMI, CNRS-UGA-UPS-INSA, 25, avenue des Martyrs, Grenoble, France

EuCd2As2 exhibits antiferromagnetic order along the c direction with a Neel temperature TN 9.5
K [1]. Recent ab-initio calculations suggest that EuCd2As2 hosts a single pair of Dirac points at the
Fermi level in its AFM configuration [2]. Interestingly, these calculations also predict that a single
pair of Weyl points may be generated in a ferromagnetic state by applying an external magnetic field
[3,4]. Moreover, the Fermi surface of EuCd2As2 appears to be strongly sensitive to the sample growth
procedure [5], with a delicate interplay between magnetism and the Fermi surface. In this context, we
investigate the electronic, optical, and magneto-optical properties of EuCd2As2, expecting to observe
characteristic Landau-level transitions of Weyl fermions. This poster will present a comparative study of
samples grown under different conditions. On high-quality crystals, we were able to reduce the number
of carriers, leading to a strong increase in resistivity, which is in agreement with optical conductivity
measurements. We will present magneto-reflection and transmission measurements on high-purity
EuCd2As2. Interestingly, we found that this system is actually a semiconductor with a large gap of 0.77
eV, rather than a Dirac or Weyl semimetal. We will also show that an externally applied magnetic field
has a profound impact on the band structure of the system, resulting in a significant decrease in the
band gap, as large as 125 meV at 2 T.

[1] Schellenberg, et al., allgemeine Chemie 637, 1863 (2011).

[2] L. L. Wang et al., Phys. Rev. B 99, 245147 (2019).

[3] Na Hyun Jo et al., Phys. Rev. B 101, 140402(R) (2020).

[4] M. C. Rahn et al., Phys. Rev. B 97, 214422 (2018).

[5] J.-Z. Ma et al, Science Advances 5 4718 (2019).
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Resolving the polar interface in superconducting nickelate thin films

Berit Goodge,1,2 Benjamin Geisler,3 Kyuho Lee,4 Bai Yang Wang,4 Motoki Osada,4 Danfeng Li,4 Harold

Hwang,4 Rossitza Pentcheva,3 and Lena Kourkoutis2

1 Max Planck Institute for Chemical Physics of Solids
2 Cornell University

3 University of Duisberg-Essen
4 Stanford University

Superconducting infinite-layer nickelates [1] were first predicated as a potential analogue to the high-
Tc cuprates, though some key distinctions have emerged [2]. Notably, nickelates are the most polar
layered oxide superconductor yet discovered, with +/-3 formally charged atomic planes. Thus far,
superconductivity has only been stabilized in epitaxial thin films, further compounding this inherent
polarity with a large polar discontinuity at the atomic interface. This interface presents important
questions for understanding the phenomena observed in these films: for example, it was been predicted
that an ideal interface between NdNiO2 and SrTiO3 may host a high-mobility two-dimensional electron
gas (2DEG) [3]. Providing access to buried interfaces with high spatial and energy resolution, scanning
transmission electron microscopy (STEM) and electron energy loss spectroscopy (EELS) can probe
such effects with structural and chemical sensitivity. Elemental mapping reveals a single intermediate
Nd(Ti,Ni)O3 atomic layer between the substrate and film. To more completely resolve the full interface
structure, we combine precise experimental analysis and density functional theory with Hubbard U
term (DFT+U) calculations. Together, the combination of atomic-resolution STEM-EELS and DFT+U
calculations disentangle the contributions of various structural effects at this unique, strongly polar
interface for alleviating the polar discontinuity [4].

[1] Li, et al. Nature 572, 624 (2019).

[2] Wang, Lee, Goodge. Annual Reviews of Condensed Matter Physics 15, 305-324 (2024).

[3] Geisler and Pentcheva. Physical Review B 102, 020502 (2020).

[4] Goodge, et al. Nature Materials 22, 466-473 (2023).
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Discovery of high-Tc superconductivity in a nickelate under pressure

Meng Wang

School of Physics, Sun Yat-sen University, Guangzhou, China, 510275

High-transition-temperature (high-Tc) superconductivity in cuprates has been discovered for more than
three decades, but the underlying mechanism remains a mystery. Cuprates are the only unconventional
superconducting family that hosts bulk superconductivity with Tcs above the liquid nitrogen boiling
temperature at 77 Kelvin. We found superconductivity in single crystals of La3Ni2O7 grown by the high-
pressure floating zone method with a maximum Tc of 80 K at pressures between 14.0-43.5 gigapascals
[1,2]. Our collaborators have confirmed the high Tc superconductivity on our samples independently
[3-5]. The superconducting phase under high pressure exhibits an orthorhombic structure of Fmmm
space group with the 3dx2-y2 and 3dz2 orbitals of Ni cations strongly mixing with oxygen 2p orbitals
[2,6]. Density functional theory calculations suggest the superconductivity emerges coincidently with
the metallization of the ÏČ-bonding bands under the Fermi level, consisting of the 3dz2 orbitals with
the apical oxygens connecting Ni-O bilayers. ARPES and infrared measurements are consistent with
our theoretical expectations [7,8]. Thus, the discoveries not only reveal important clues for the high-Tc
superconductivity in this Ruddlesden-Popper double-layered perovskite nickelates but also provide a
new family of compounds to investigate the high-Tc superconductivity mechanism. Indeed, La4Ni3O10
has also been found superconductivity below 20 K under pressure. The new progresses in the studies of
nickelate high Tc superconductors will be introduced.

[1] Z. Liu, H. L. Sun, M. W. Huo, et al., Sci. China-Phys. Mech. Astron. 66, 217411(2023)..

[2] H. L. Sun, M. W. Huo, X. W. Hu et al., Nature 621, 493-498(2023).

[3] Y. N. Zhang, M. Wang, H. Q. Yuan et al., arXiv:2307.14819(2023).

[4] J. Hou, M. Wang, J. G. Cheng et al., Chinese Physics Letters 40, 117302(2023).

[5] Y. Z. Zhou, J. Guo, S. Cai et al., arXiv: 2311.12361 (2023).

[6] L. H. Wang, Y. Li, S. Y. Xie et al., arXiv: 2311.09186 (2023) (JACS).

[7] Z. Liu, Y. M. Dai, M. Wang, H. H. Wen et al., arXiv:2307.02950(2023).

[8] J. Yang, L. Zhao, M. Wang, X. J. Zhou et al., arXiv:2309.01148(2023).
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The role of oxygen octahedra connectivity in orthorhombic perovskite
heterostructures

Clémentine Thibault,1 Chih-Ying Hsu,1 Duncan Alexander,2 Lukas Korosec,1 Stefano Gariglio,1 and
Jean-Marc Triscone1

1 DQMP, University of Geneva, 24 Quai E.-Ansermet 1211, Switzerland
2 Electron spectrometry and Microscopy Laboratory (LSME), Institute of Physics (IPHYS), Ecole polytechnique Fédérale de Lausanne

(EPFL), Switzerland

Controlling the atomic structure in epitaxial transition metal perovskite thin films is an effective way to
tune their properties or to achieve new functionalities. This is linked to the intimate coupling of the
electronic and structural degrees of freedom in this family of materials. For instance, the rotation angle
of the oxygen octahedra is directly linked to the electronic bandwidth in nickelates or to the orbital
ordering temperature in vanadates. Another example is a predicted novel ferroelectric state due to
a tailored coupling of rotations in epitaxial heterostructures of different symmetries [1]. Achieving
such a control requires an understanding of the mechanisms that determine the atomic structure -
and may compete - in an epitaxially strained structure. In this work, we investigate orthorhombic
perovskite films grown by pulsed laser deposition on orthorhombic substrates [2]. We show that there is
a competition between oxygen octahedra connectivity and macroscopic strain leading to an ”intermediate
layer” and a ”switching plane” that allow a re-orientation of the orthorhombic unit cell [3]. The detailed
atomic structure of these oxide material combinations is probed using X-ray diffraction and scanning
transmission electron microscopy.

[1] J. M. Rondinelli and C. J. Fennie, Adv. Mater. 24, 1961 (2012).

[2] H. Meley et al., APL Mater. 6, 046102 (2018).

[3] D. Alexander et al. Cond-mat arXiv :2401.08798.
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Altermagnetic property at a cuprate/manganite interface

Subhrangsu Sarkar,1 Roxana Capu,1,2 Yurii G. Pashkevich,1,3 Jonas Knobel,1 Marli R. Cantarino,1,4

Abhishek Nag,5 Kurt Kummer,4 Davide Betto,4 Roberto SANT,4 christopher W Nicholson,1 Jarji
Khmaladzhe,1 Ke-jin Zhou,5 Nicholas B. Brookes,4 Claude Monney,1 and Christian Bernhard1

1 University of Fribourg, Department of Physics and Fribourg Center for Nanomaterials, Chemin du Musée 3,CH-1700,
Fribourg,Switzerland

2 West University of Timisoara, Department of Physics, Bd Vasile Parvan 4,Timisoara-300223, Romania
3 O. Galkin Donetsk Institute for Physics and Engineering NAS of Ukraine, 03028 Kyiv, Ukraine

4 European Synchrotron Radiation Facility, 71 Avenue des Martyrs, CS40220,F-38043 Grenoble Cedex 9,France
5 Diamond Light Source, Harwell Campus, Didcot, Oxfordshire OX110DE, United Kingdom

Using Resonant inelastic x-ray spectroscopy (RIXS) in conjunction with x-ray linear and magnetic
dichroism (XLD/XMCD), we demonstrate an altermagnetic order at the interface of epitaxially grown
heterostructure of Nd0.65(Ca0.7Sr0.3)0.35 MnO3 / YBa2Cu3O7. Cu-RIXS spectra and its polarization
analysis indicate the presence of an usual [1,2] antiferromagnetic Cu-magnon mode corresponding to
the bulk and a weakly dispersing lower-energy interfacial magnon mode, which exhibits a decreasing
weight with increasing momentum transfer. This atypical magnon-behavior can be explained by a linear
spin wave theory that takes into account a 2-D checkerboard-type orbital pattern made of dz2 and
dx2-y2, coupled with a spin-order leading to 2-D altermagnetic property at the interface [3].

[1] M. Le Tacon et al., Phys. Rev. B 88,020501(R) (2013).

[2] M. Le Tacon et al., Nat. Phys. 7, 725 (2011).

[3] S. Sarkar et al., Accepted in PNAS Nexus, doi: https://doi.org/10.1093/pnasnexus/ pgae100s.

23



Les Diablerets August 14–16, 2024
SWM 2024 – Swiss Workshop on Materials with Novel Electronic Properties

« Back to program

Quantum metric and nonlinear magnetotransport from spin-momentum locking

Giacomo Sala,1 Maria Teresa Mercaldo,2 Klevis Domi,1 Stefano Gariglio,1 Mario Cuoco,3 Carmine
Ortix,2 and Andrea Caviglia1

1 Department of Quantum Matter Physics, University of Geneva, Geneva, Switzerland
2 Dipartimento di Fisica E. R. Caianiello, Università di Salerno, Fisciano, Italy.

3 CNR-SPIN c/o Università di Salerno, Fisciano, Italy.

Quantum materials are characterized by electromagnetic responses that are directly related to the
geometry and topology of electronic wavefunctions. These properties are encoded in the Berry curvature
and quantum metric, which constitute the real and imaginary parts of the quantum geometric tensor,
respectively. Berry curvature-mediated transport effects, including the anomalous Hall [1] and nonlinear
Hall effect with time-reversal symmetry [2], have been observed in various magnetic and nonmagnetic
materials. However, transport effects governed by the quantum metric remain limited to topological
antiferromagnets [3-4]. Here [5], we show that spin-momentum locked electronic bands, which are
commonly found at the surfaces and interfaces of materials with substantial spin-orbit coupling, are char-
acterized by a nontrivial quantum metric that activates a nonlinear and nonreciprocal magnetoresistance.
We observe the occurrence of this phenomenon and its gate-tunability in 111-oriented LaAlO3/SrTiO3
interfaces. The additional presence of the Berry curvature-mediated anomalous planar Hall effect further
allows us to sense, for the first time and in a single nonmagnetic material, both components of the
quantum geometric tensor. Our findings extend the application of quantum geometry to a vast class of
materials and provide new strategies for designing electronic functionalities based on the geometric
properties of electronic wavefunctions.

[1] Nagaosa, Rev. Mod. Phys. 82, 1539, 2010.

[2] Du, Nat. Rev. Phys. 3, 744, 2021.

[3] Gao, Science 381, 181, 2023.

[4] Wang, Nature 621, 487, 2023.

[5] Sala, submitted.
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An X-ray view of light-driven quantum materials

Matteo Mitrano

Department of Physics, Harvard University, Cambridge, Massachusetts 02138, USA

Email: mmitrano@g.harvard.edu

Intense ultrashort lasers are an extremely effective tool for controlling the properties of quantum
materials and inducing emergent states with novel functionalities. Some of the most spectacular light-
induced phenomena, such as superconducting-like phases, transient charge density wave ordering, and
excitonic condensation, are found to occur in materials dominated by strong electronic correlations
with a large susceptibility to external stimuli. Microscopically understanding these states of matter
requires a direct measurement of their transient electronic dynamics and effective interactions. In
this talk, I will show how ultrafast x-ray spectroscopy enables interrogating the microscopic physics of
photoexcited quantum materials with unprecedented detail. I will discuss the generation of prethermal
and metastable electronic states in light-driven Mott insulators, such as quasi-1D copper oxides, which
are key to the emergence η-pairing condensation and light-driven superconductivity. Further, I will
illustrate how femtosecond x-rays can systematically determine the charge and spin dynamics of these
nonequilibrium phases.
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Long-lived non-thermal phases of strongly correlated electrons

Eckstein Martin

University of Hamburg

Ultrafast laser excitation offers a pathway to explore complex materials, and unveil states which are inac-
cessible through conventional equilibrium routes. Mott insulators, and more generally correlated electron
systems at the verge of Mott localisation are a promising class of materials for this endeavour, since
they exhibit exotic phenomena and complex phase diagrams already in equilibrium. Non-equilibrium
superconductors, exciton condensates, or magnetic phases have been reported [1]. Key question are (i),
how one can stabilize such non-thermal phases, extending their lifetimes or even inducing metastability,
and (ii), whether one can find a simple universal description of such states, akin to a non-thermal
free energy which depends only on few relevant slow variables. In my talk, we will examine possible
mechanisms for long time stability, as well as theoretical ideas to unravel the long-time dynamics of
such quantum systems.

[1] Yuta Murakami, Denis Golež, Martin Eckstein, Philipp Werner, arXiv:2310.05201.
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Direct detection of nonthermal phase switching in a 1T-TaS2 memory device

Corinna Burri,1,2 Nelson Hua,1 Dario Ferreira Sanchez,1 Wenxiang Hu,1,2 Henry Bell,1,2 Rok Venturini,3

Shih-Wen Huang,1 Anze Mraz,3 Dimitrios Kazazis,1 Gabriel Aeppli,1,2,4 Yasin Ekinci,1 Daniel
Grolimund,1 Dragan Mihailovic,3 and Simon Gerber1

1 Photon Science Division, Paul Scherrer Institut, Villigen PSI, Switzerland
2 Department of Physics and Quantum Center, ETH Zurich, Zurich, Switzerland

3 Department of Complex Matter, Institut Jožef Stefan, Ljubljana, Slovenia
4 Institut de Physique, EPF Lausanne, Lausanne, Switzerland

Transition metal dichalcogenide (TMDC) compounds attract great interest because of their strong
electron-electron and electron-phonon interactions, resulting in a multitude of emerging states. Of
particular interest for applications is the ability to rapidly switch between different states via charge
injection. Uniquely, in the layered TMDC 1T-TaS2 a nonvolatile, reversible metallic hidden (H) state can
be induced from the insulating equilibrium charge density wave (CDW) state by applying an optical or
electrical pulse. As a step towards the development of a new type of ultrafast, nonvolatile cryomemory
cells, we have investigated 1T-TaS2 by combining spatially-resolved micro-beam X-ray diffraction and
fluorescence, as well as in-situ transport measurements at the Swiss Light Source synchrotron. This
unique combination of techniques allowed us to spatially resolve the insultating equilibrium CDW
order, and after electrical switching the induced, nonthermal H state. Our experiment reveals that the
electrically and optically switched H states are not only electronically but also structurally equivalent.
Furthermore, we find a bulk material switch in a narrow channel in-between the electrodes of the
devices. This input regarding device design and operation paves the way for the application of 1T-TaS2
in memory technology.
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Unveiling the Electronic Properties of α-SnTe: From Ferroelectric Distortion to
Unexpected Topological Surface State

Frédéric Chassot,1 Aki Pulkkinen,2 Chennan Wang,1 Jan Hugo Dil,3,4 Juraj Krempaský,4 Jan Minár,2

Gunther Springholz,5 Geoffroy Kremer,6 and Claude Monney1

1 Université de Fribourg, 1700 Fribourg, Switzerland
2 New Technologies-Research Center University of West Bohemia, 30614 Pilzen, Czech Republic

3 École Polytechnique Fédérale de Lausanne, 1015 Lausanne, Switzerland
4 Paul Scherrer Institut, 5232 Villigen PSI, Switzerland

5 Johannes Kepler Universität, 4040 Linz, Austria
6 Institut Jean Lamour, CNRS-Université de Lorraine, 54011 Nancy, France

α-SnTe offers a combination of semiconducting and ferroelectric properties, further enriched by a
non-trivial topological behavior. At room temperature, SnTe has a rocksalt atomic structure with a
mirror symmetry that protects a metallic topological surface state. However, when the temperature
drops below a critical point, a spontaneous structural distortion occurs that not only suppresses the
topological surface state but also leads to a macroscopic electric polarization, resulting in a significant
Rashba splitting in the valence band.
In the first part of my presentation, I will discuss how we gain insights into the nature of the ferroelectric
distortion by observing the temperature evolution of the Rashba splitting in the bulk valence band
of SnTe. Our findings suggest an order-disorder phase transition with substantial deviations from a
mean-field-like behavior [1].
Although ferroelectric SnTe(111) should be a trivial insulator, I will demonstrate in the second part how
we can photoinduce a topological transition. Ultrashort and tailored light pulses allow us to transiently
and electronically restore an unexpected topological state, even while the atomic structure remains
distorted.

[1] Chassot et al. "Persistence of structural distortion and bulk band Rashba splitting in SnTe above its ferroelectric critical

temperature." Nano Letters 24.1 (2023): 82-88.
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Unlocking the Promise and Simplicity of Atomically Precise Synthesis for 4d-
and 5d Metal Oxides through Hybrid MBE

Bharat Jalan

Department of Chemical Engineering and Materials Science, University of Minnesota, Twin Cities

The ability to achieve atomically precise material synthesis has marked a profound advancement in
the field of materials science. Yet, it is often the degree of ease and precision in the synthesis process
that paves the way for groundbreaking application and discovery. Consider an element of periodic
table that is hard to oxidize and also difficult to evaporate, how do we create an atomically precise
thin films of such metals, metal oxides or their heterostructures? This has been a central question
in the synthesis science for many decades. In this talk, I will present my group’s effort to address
this question. We have recently shown that both the low vapor pressure and difficulty in oxidizing
a "stubborn" element can be addressed by using a solid metal-organic compound with significantly
higher vapor pressure, and with the added benefits of being in a pre-oxidized oxidation state along with
excellent thermal and air stability. Using this approach, we show, for the first time, the synthesis of Pt,
RuO2, SrRuO3 and superconducting Sr2RuO4 films with the same ease and control as afforded by III-V
MBE. Finally, I will present a detailed MBE growth study of SrRuO3 films combined with structural and
transport characterizations emphasizing the role of structural inhomogeneity on anomalous hump-like
magnetotransport, which has long been interpreted as a signature of Skyrmions formation.
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Synthesis of Electronic-Grade Quantum Heterostructures by Hybrid PLD

Chang-Beom Eom

University of Wisconsin-Madison

Modern quantum materials are inherently sensitive to point defects, and require a new synthesis route
to produce epitaxial oxide thin films and interfaces clean enough to probe fundamental quantum
phenomena. The recent discovery of robust superconductivity at KTaO3 (111) and KTaO3 (110) het-
erointerfaces on KaTaO3 bulk single crystals offers new insights into the role of incipient ferroelectricity
and strong spin-orbit coupling. Electronic grade epitaxial thin film platforms will facilitate investigation
and control of the interfacial superconductivity and understanding the fundamental mechanisms of the
superconductivity in KTaO3. The major challenge of research on KTaO3 system is that it is difficult to
grow high-quality KTaO3 epitaxial thin films due to potassium volatility. Recently, we have developed
the hybrid PLD method for electronic grade KTaO3 thin film growth, which successfully achieves this
by taking advantage of the unique capabilities of PLD to instantly evaporate Ta2O5 in a controlled
manner and evaporation of K2O to maintain sufficient overpressure of volatile species. We successfully
synthesized heteroepitaxial KTaO3 thin films on 111-oriented KTaO3 bulk single crystal substrates with a
SmScO3 template by hybrid PLD, followed by a LaAlO3 overlayer. Electrical transport data show a super-
conducting transition temperature of ∼ 1.35K. We anticipate that the ability to synthesize high-quality
epitaxial complex oxides such as KTaO3 that contain volatile elements will provide a new platform for
exploring new physics and technological applications arising from unique characteristics such as large
spin-orbit coupling.

This works has been done in collaboration with Jieun Kim, Jungwoo Lee, Muqing Yu, Neil Campbell,
Shun-Li Shang, Jinsol Seo, Zhipeng Wang, Sangho Oh, Zi-Kui Liu, Mark S. Rzchowski, Jeremy Levy.

This work is supported by the Gordon and Betty Moore Foundation’s EPiQS Initiative, Grant GBMF9065
to C.B.E., and a Vannevar Bush Faculty Fellowship (N00014-20-1-2844).
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Controlling the Magnetic Properties of the van der Waals Multiferroic Crystals
Co1−x Nix I2

Anastasiia Lukovkina, Sara A. López-Paz, Céline Besnard, Laure Guenee, Fabian O. von Rohr, and
Enrico Giannini

Department of Quantum Matter Physics, University of Geneva, CH-1211 Geneva, Switzerland

In the growing family of magnetic van der Waals materials multiferroic compounds CoI2 and NiI2 have
drawn significant attention lately due to the multiferroicity down to the monolayer and frustrated
cycloid ground state caused by Kitaev interactions, respectively [1-2]. Despite prior investigations of
these materials, the evolution of magnetic ground states within the solid solution between them remains
unresolved.
We have successfully grown crystals of the whole solid solution Co1−xNix I2 by employing the self-
selecting vapor growth (SSVG) technique and carefully tuning the synthesis conditions according to the
composition. Both the lattice parameters and magnetic properties evolve continuously and smoothly
from one end member to the other, showing that they can be finely chemically tuned. We also observe
that the Ni substitution for Co affects the metamagnetic transition typical for CoI2. In particular, we
find the existence of this metamagnetic transition of CoI2 in the NiI2 structure. Based on magnetic
measurements we construct the phase diagram of the Co1−xNix I2 system.
Controlling the magnetic properties by the chemical composition opens new pathways for fabricating
electronic devices made of two-dimensional (2D) flakes of multiferroic van der Waals materials.

[1] C. Kim, et al., Bond-dependent anisotropy and magnon decay in cobalt-based Kitaev triangular antiferromagnet. Nature

Physics 2023, 19, 1624-1629.

[2] Q. Song, et al., Evidence for a single-layer van der Waals multiferroic. Nature 2022, 602, 601-605.
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Turning a metal into an insulator

Lucia Varbaro,1 Lukas Korosec,1 Chih-Ying Hsu,1,2 Duncan T.L. Alexander,2 Alexandru B. Georgescu,3

and Jean-Marc Triscone1

1 Department of Quantum Matter Physics, University of Geneva, Geneva, Switzerland
2 LSME, École Polythecnique Féderale de Lausanne (EPFL), Lausanne, Switzerland

3 Department of Chemistry, Indiana University, Bloomington (IN), USA

Rare-earth nickelates (RENiO3) belong to the wider family of perovskite oxides and are well known for
their temperature dependent metal-to-insulator transition (MIT), which occurs together with a lowering
of the crystal symmetry, i.e. a breathing distortion of the NiO6 octahedra units [1,2]. By means of RF
off-axis magnetron sputtering, the growth of high quality epitaxial RENiO3 solid solutions thin films and
superlattices can be achieved. In a previous study involving nickelate superlattices, the characteristic
length scale over which a metallic or an insulating phase can be established and the physics that sets
it was investigated [3,4]. In this work, we design a system that exploits the phase boundary cost of
maintaining an interface between a metal and an insulator to control the electronic properties of a
nickelate based solid solution, specifically the orthorhombic and metallic La0.3Nd0.7NiO3. We show that
a single thin layer of this solid solution turns insulating when sandwiched in a superlattice with SmNiO3
layers, whereas in the form of a bare thin film, it remains metallic down to low temperatures.

[1] M. L. Medarde, J. Phys.: Condens. Matter 9, 1679 (1997).

[2] G. Catalan, Phase Transitions 81, 729 (2008).

[3] C. Domìnguez, Nat. Mater. 19, 1182-1187 (2020).

[4] L. Varbaro et al. Adv. El. Mater. 9, 2201291 (2023).
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The Chemistry of Quantum Materials

Leslie M. Schoop

Department of Chemistry - Princeton University

Quantum materials are hoped to change technology in various aspects. However, most of the desired
applications are hindered by the lack of suitable materials. In my group we are using concepts from
chemistry to understand, predict and synthesize new quantum materials. In this talk, I will show how
simple concepts, such as measuring bond distances, allow us to make predictions about electronic
structures of materials, which we can then use to find new topological materials. We then can combine
this with structural building blocks containing magnetic elements to design materials with non-colinear
or even non-coplanar magnetism. Thinking about the degree of delocalization in a chemical bond can
be helpful to find kagome or linear-chain materials with band structures that better resemble simple
tight binding models. I will give a general overview how powerful chemical concepts are in materials
discovery and highlight a flute of materials that were discovered in this light.
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Phonons with magnetic character

Hiroki Ueda

SwissFEL, Paul Scherrer Institute, Forschungsstrasse 111, 5232 Villigen, Switzerland

A phonon is a collective elementary excitation in a crystal and describes an excited state in quantum
mechanics with the modes of atomic vibrations. This quasi-particle can interact with another type of
excitation, leading to its mixed character. Such an interaction dominates a coupling among correlated
degrees of freedom in ultrafast timescales. Here, I focus on two cases where a phonon possesses a
magnetic character or angular momentum. (1) A chiral phonon involves rotational atomic vibrations,
inducing an orbital angular momentum. Our study on a chiral crystal, quartz, by means of resonant
inelastic X-ray scattering with circularly polarized X rays demonstrated the presence of chiral phonons
[1]. We disclosed that circularly polarized X rays couple to chiral phonons at general momentum points,
which allows us to measure chiral phonon dispersion. (2) An electromagnon is a polar phonon whose
wave function hybridizes with that of a magnon and is a characteristic excitation in magnetoelectric
multiferroics. We revealed its real-time dynamics by performing two time-resolved X-ray diffraction
experiments [2]. Following a coherent excitation of an electromagnon mode, time-resolved resonant
X-ray diffraction clarified its magnetic response while time-resolved non-resonant X-ray diffraction
observed its phononic response. Combined dynamics disclosed how the electromagnon is excited.

[1] H. Ueda et al., Nature 618 946-950 (2023).

[2] H. Ueda et al., Nat. Commun. 14, 7778 (2023).
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Interplay of electronic orders in kagome metals

Mark H Fischer, Glenn Wagner, Sofie Castro Holbaek, and Titus Neupert

University of Zurich

The family of Kagome metals AV3Sb5 with A = K, Rb, Cs has attracted a lot of attention recently for the
wealth of exotic phases its members exhibit. In particular, all three members enter a charge-density-
wave phase at 100 K and below a critical temperature of 2 K, they become superconducting. While
experimental results agree on an in-plane 2x2 reconstruction due to the charge density wave, the out-of-
plane wave vector and exact nature of the ordered phase, specifically whether it breaks additional point-
group or time-reversal symmetries in the form of loop-currents, has yet to be determined unambiguously.
In addition, very little is known about the superconducting state. With multiple conflicting experiments
and no clear microscopic understanding, a phenomenological description in the form of a Ginzburg-
Landau analysis offers valuable insights. Studying charge-density waves and their interplay, and given
recent transport experiments in the normal state, we arrive at a picture in this material class of correlated
orders at a tipping point. Finally, the interplay of charge-density-wave order and superconductivity
naturally leads to pair-density waves, a phenomenon recently uncovered in experiments.
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New approach for nonlinear optical tensor determination. Application to Rare
earth nickelates microcrystals

Volodymyr Multian,1,2 Alexey Kuzmenko,1 Dirk van der Marel,1 and Jérémie Teyssier1

1 Department of Quantum Matter Physics, University of Geneva, 24 Quai Ernest Ansermet, CH-1211, Geneva, Switzerland
2 Advanced Materials Nonlinear Optical Diagnostics lab, Institute of Physics, NAS of Ukraine, 46 Nauky pr., 03028, Kyiv, Ukraine

We developed a novel experimental approach and data analysis technique for the reconstruction of
nonlinear optical susceptibility tensors with microscopic resolution. This method is inspired by the
rotational-anisotropy second harmonic generation (RA-SHG) [1] that is widely used for the readout of
tensor elements of nonlinear susceptibilities of bulk materials. The standard RA-SHG mostly consists
of measurements of the polarization-resolved nonlinear signal of bulk crystals and is not applicable
in optical microscopes due to weak control of polarization. Our optical geometry combining a Bessel-
Gaussian laser beam and a patented optical module [2] to preserve the polarization state allows us
to overcome these restrictions and realize "static" RA-SHG analysis with microscopic precision and
multiple polarization configurations in the same experiment. For the reconstruction of second-order
nonlinear optical susceptibility tensor, we developed a fitting procedure based on evolutional algorithms
that demonstrate high efficiency even for lowest-symmetry materials. This new approach is used to
investigate the symmetry of the ground state in rare earth nickelates RNiO3. It was predicted that
this family of compounds may exhibit multiferroicity [3] and we will show that the nonlinear optical
properties potentially provide experimental evidence for such behaviors.

[1] C. Yamada and T. Kimura, "Anisotropy in second-harmonic generation from reconstructed surfaces of GaAs," Phys. Rev. Lett.,

vol. 70, no. 15, pp. 2344-2347, Apr. 1993, doi: 10.1103/PhysRevLett.70.2344.

[2] V. Multian and J. Teyssier, "A beam splitting/mixing module for an optical system and an associated optical system," 23178209.5,

Jun. 08, 2023.

[3] G. Giovannetti, S. Kumar, D. Khomskii, S. Picozzi, and J. van den Brink, "Multiferroicity in Rare-Earth Nickelates RNiO3," Phys.

Rev. Lett., vol. 103, no. 15, p. 156401, Oct. 2009, doi: 10.1103/PhysRevLett.103.156401.
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Discovery of Giant Unit-Cell Super-Structure in PrNiO2

Jens Oppliger,1 Julia Küspert,1 Ann-Christin Dippel,2 Martin von Zimmermann,2 Olof Gutowski,2

Xiaolin Ren,3,4 Xingjiang Zhou,3 Zhihai Zhu,3 Ruggero Frison,1 Qisi Wang,1,5 Leonardo Martinelli,1

Izabela Bialo,1,6 and Johan Chang1

1 Physik-Institut, Universität Zürich, Winterthurerstrasse 190, CH-8057 Zürich, Switzerland
2 Deutsches Elektronen-Synchrotron DESY, Notkestraße 85, 22607 Hamburg, Germany

3 Beijing National Laboratory for Condensed Matter Physics, nstitute of Physics, Chinese Academy of Sciences, Beijing 100190, China
4 School of Physical Sciences, University of Chinese Academy of Sciences, Beijing 100049, China

5 Department of Physics, The Chinese University of Hong Kong, Shatin, Hong Kong, China
6 AGH University of Krakow, Faculty of Physics and Applied Computer Science, 30-059 Krakow, Poland

A longstanding challenge regarding spectacular quantum phenomena such as high-temperature super-
conductivity in the cuprates is to – by design – realize similar physics in other materials. The discovery
of superconductivity in infinite layer nickelates [1-3] has therefore sparked immediate excitement. A
crucial characteristic of cuprates is the presence of two-dimensional charge order in the superconducting
phase. Recently, a similar broken symmetry state – associated with charge order – has been revealed by
resonant x-ray scattering in nickelates [4-6]. However, the interpretation of these results is surrounded
by controversy and new studies propose that oxygen diffusion could lead to the observed superstructure
[7].
To gain new insights into the nature of the observed superstructure, we performed high-energy grazing-
incidence x-ray diffraction on thin films of PrNiO2. We demonstrate, for the first time, how in-situ
high temperature annealing of the thin films induces a giant unit-cell superlattice structure with a rare
period-six in-plane and a period-four out-of-plane symmetry [8]. The stability of this superstructure
suggests a connection to an energetically favorable electronic state of matter, possibly providing a new
pathway – different from Moiré structures – to ultra small Brillouin zone electronics.

[1] D. Li et al., Nature 572, 624–627 (2019).

[2] D. Li et al., Phys. Rev. Lett. 125, 027001 (2020).

[3] S. Zeng et al., Phys. Rev. Lett. 125, 147003 (2020).

[4] G. Krieger et al., Phys. Rev. Lett. 129, 027002 (2022).

[5] M. Rossi et al., Nature Physics 18, 869–873 (2022).

[6] C. C. Tam et al., Nature Materials 21, 1116–1120 (2022).

[7] C. T. Parzyck et al., Nature Materials 23, 486–491 (2024).

[8] J. Oppliger et al., Manuscript in preparation (2024).
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Anomalous electrons in a metallic kagome ferromagnet

Sandy Adhitia Ekahana,1 Y. Soh,1 Anna Tamai,2 Daniel Gosálbez-Martínez,3,4,5,6 Mengyu Yao,1,7

Andrew Hunter,2 Wenhui Fan,8,9 Yihao Wang,10 Junbo Li,10 Armin Kleibert,1 C.A.F. Vaz,1 Junzhang
Ma,1,11 Hyungjun Lee,3 Yimin Xiong,10,12,13 Oleg Yazyev,3,4 Felix Baumberger,1,2 Ming Shi,1 and G.

Aeppli1,3,14,15

1 Paul Scherrer Institute, Villigen, Switzerland
2 Department of Quantum Matter Physics, University of Geneva, Geneva, Switzerland

3 Institut de Physique, École Polytechnique Fédérale de Lausanne (EPFL), Lausanne, Switzerland
4 National Centre for Computational Design and Discovery of Novel Materials (MARVEL), École Polytechnique Fédérale de Lausanne

(EPFL), Lausanne, Switzerland
5 Departamento de Física Aplicada, Universidad de Alicante, Alicante, Spain

6 Instituto Universitario de Materiales de Alicante (IUMA), Universidad de Alicante, Alicante, Spain
7 Max Planck Institute for Chemical Physics of Solids, Dresden, Germany

8 Beijing National Laboratory for Condensed Matter Physics, Institute of Physics, Chinese Academy of Sciences, Beijing, China
9 University of Chinese Academy of Sciences, Beijing, China

10 Anhui Province Key Laboratory of Condensed Matter Physics at Extreme Conditions, High Magnetic Field Laboratory of the Chinese
Academy of Sciences, Hefei, China

11 Department of Physics, City University of Hong Kong, Kowloon Tong, Hong Kong SAR
12 Department of Physics, School of Physics and Optoelectronics Engineering, Anhui University, Hefei, China

13 Hefei National Laboratory, Hefei, China
14 Department of Physics, Eidgenössische Technische Hochschule Zürich (ETH Zürich), Zurich, Switzerland

15 Quantum Center, Eidgenössische Technische Hochschule Zürich (ETH Zürich), Zurich, Switzerland

We present our work on ferromagnet kagome Fe3Sn2 using micro-focused laser-based angle-resolved
photoemission spectroscopy (ARPES). Our experiment reveals several results: First, we can observe
the twinned domain of this breathing kagome lattice spatially which has not been reported before.
Second, upon a closer investigation, we found a quasiparticle that lives near the Fermi level behaving in
a marginal Fermi liquid way, usually found in the cuprates system. Lastly, this interesting quasiparticle
is also found to share spectral functions with the nearby and similar band, before its disappearance
after a subtle energy and temperature change, demonstrating a conservation of quasiparticles between
these two bands. We propose a possible mechanism for how this anomalous electron can be formed by
involving a nearby flat band located slightly above the Fermi level which leads to a logical conclusion
that the electrons are fractionalized between these two bands.

[1] https://www.nature.com/articles/s41586-024-07085-w.
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Exotic superconducting states in 2D materials and moiré engineering at oxide
interfaces

Mathias S. Scheurer

Institute for Theoretical Physics III, University of Stuttgart, 70550 Stuttgart, Germany

Inspired by surprising recent experiments on the superconducting state in twisted van der Waals moiré
systems, we discuss, in the first part of the talk, two possible natural theoretical explanations. In one
explanation [1], the 2D nature of these systems and thermal fluctuations are taken into account which
naturally leads to interesting vestigial pairing states, yielding spectral functions that are consistent with
experiment. In a second explanation [2], we ask the question whether similar spectral functions can
also be obtained in a pure mean-field picture. The second part of the talk is motivated by another set of
recent experiments demonstrating atomically sharp interfaces between twisted oxides with different
Bravais lattices. We will discuss the general band theory for these types of moiré interfaces, uncovering
novel forms of geometric magic angles, and explore the unprecedented possibilities of moiré band
engineering provided by these systems.

[1] Poduval and Scheurer, Nature Communications 15, 1713 (2024).

[2] Christos, Sachdev, and Scheurer, Nature Communications 14, 7134 (2023).

[3] Putzer, Pupim, and Scheurer, arXiv:2404.12420.
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Observation of fractional quantum anomalous hall effect

Xiaodong Xu

Department of Physics, Department of Materials Science and Engineering University of Washington, Seattle, WA

xuxd@uw.edu, https://sites.google.com/uw.edu/xulab

The interplay between spontaneous symmetry breaking and topology can result in exotic quantum
states of matter. A celebrated example is the quantum anomalous Hall (QAH) effect, which exhibits an
integer quantum Hall effect at zero magnetic field due to topologically nontrivial bands and intrinsic
magnetism. In the presence of strong electron-electron interactions, fractional-QAH (FQAH) effect at
zero magnetic field can emerge, which is a lattice analog of fractional quantum Hall effect without
Landau level formation. In this talk, I will present experimental observation of FQAH effect in twisted
MoTe2 bilayer, using combined magneto-optical and -transport measurements. In addition, we find an
anomalous Hall state near the filling factor -1/2, whose behavior resembles that of the composite Fermi
liquid phase in the half-filled lowest Landau level of a two-dimensional electron gas at high magnetic
field. Direct observation of the FQAH and associated effects paves the way for researching charge
fractionalization and anyonic statistics at zero magnetic field.

[1] Observation of Fractionally Quantized Anomalous Hall Effect, Heonjoon Park et al., Nature,

https://www.nature.com/articles/s41586-023-06536-0 (2023).

[2] Signatures of Fractional Quantum Anomalous Hall States in Twisted MoTe2 Bilayer, Jiaqi Cai et al., Nature,

https://www.nature.com/articles/s41586-023-06289-w (2023).

[3] Programming Correlated Magnetic States via Gate Controlled Moiré Geometry, Eric Anderson et al., Science,

https://www.science.org/doi/full/10.1126/science.adg4268 (2023).
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Moiré is Different: Metal-Insulator Transitions, Kondo Lattice Physics and
Chiral Spin Liquids in TMD Bilayers

Louk Rademaker

Department of Quantum Matter Physics, University of Geneva, Quai Ernest-Ansermet 24, 1205 Geneva, Switzerland

The greatest open questions in quantum matter physics revolve around strongly correlated electronic
phases, traditionally observed in heavy fermions, cuprates and organics. In recent years, a new class of
materials emerged where the strength of correlations can be engineered: "moiré materials". I will briefly
introduce moiré materials such as twisted bilayer graphene and transition-metal dichalcogenide (TMD)
bilayers. I will then focus on three recent results: a universal theory for continuous metal-insulator
transitions [1], valley-charge-transfer and Kondo lattice physics under pressure in TMD homobilayers
[2] and our prediction of a chiral spin liquid phase in TMD [3,4]. These results show that the wealth of
phenomena observed in moiré materials allow for new insights in old correlated problems.

[1] Simone Fratini, Sergio Ciuchi, Vladimir Dobrosavljevic, Louk Rademaker, Universal scaling near band-tuned metal-insulator

phase transitions, Phys. Rev. Lett 131, 196303 (2023); arXiv:2307.09292.

[2] Marta Brzezinska, Sergii Grytsiuk, Malte Rösner, Marco Gibertini, and Louk Rademaker, Tuning interactions using pressure-

induced Γ -K valleytronics in moire bilayer WSe2, arXiv: 2404.07165.

[3] Dario Rossi, Johannes Motruk, Louk Rademaker, Dmitry A. Abanin, Schwinger boson study of the J1- J2-J3 kagome Heisenberg

antiferromagnet with Dzyaloshinskii-Moriya interactions, Phys. Rev. B 108, 144406 (2023); arXiv:2305.15824.

[4] Johannes Motruk, Dario Rossi, Dmitry A. Abanin, Louk Rademaker, Kagome Chiral Spin Liquid in Transition Metal Dichalco-

genide Moire Bilayers, Phys. Rev. Research 5, L022049 (2023); arXiv:2211.15696.
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Electronic structure of encapsulated mono-, bi- and trilayer Td-MoTe2

Julia Issing, Ignacio Gutiérrez-Lezama, Fabian von Rohr, Alberto Morpurgo, Anna Tamai, and Felix
Baumberger

Department of Quantum Matter Physics, University of Geneva

Bulk orthorhombic Td -MoTe2 is a type-II Weyl semimetal with topological Fermi arc surface states and
becomes superconducting at a critical temperature of Tc = 0.1 K. Remarkably, superconductivity becomes
far more robust in the 2D limit, contrary to generic models and the established trend in ultrathin metal
films. Recent transport measurements reported a gradual increase in Tc as the thickness is reduced
with Tc reaching 7.6K in the monolayer [1]. The reasons for the strong increase in Tc as well as the
nature of the superconducting state remain unknown. Here, we present the electronic structure of
exfoliated mono-, bi- and trilayer Td -MoTe2 probed by micro-focused angle resolved photoemission. Our
thickness-dependent measurements reveal that mono-, bi- and trilayer MoTe2 are compensated metals.
The electron pocket of monolayer MoTe2 shows signatures of strong coupling to optical phonons with a
mass enhancement λ≈ 1.5. In bi- and trilayer MoTe2 electron-phonon coupling is weaker consistent
with thickness dependence of Tc .

[1] D. A. Rhodes et al., Nano Lett. 2021, 21, 6, 2505-2511.
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Tuning electronic characteristics of MoS2-Au heterostructures via twist angle
manipulation: STM insights

Ishita Pushkarna, Árpád Pásztor, and Christoph Renner

DQMP, Université de Genève, 24 Quai Ernest Ansermet, CH-1211 Geneva, Switzerland

Transition metal dichalcogenides, exemplified by molybdenum disulfide (MoS2), have undergone
extensive examination on metal surfaces. However, scant attention has been paid to these fundamental
heterostructures’ twist angle-dependent electronic characteristics. This aspect presents considerable
potential for the creation of functional quantum materials. Within this discourse, we will delve into a
comprehensive investigation utilizing scanning tunneling microscopy and spectroscopy to scrutinize the
electronic traits of monolayer MoS2 interfacing with gold, focusing on twist angle variations.
Our findings reveal a noteworthy modulation of the semiconductor band edges and consequent band
gap in correspondence with the moiré wavelength, which arises from the interaction between MoS2 and
gold. Notably, this modulation diminishes progressively as the twist angle increases. We attribute these
observations to the hybridization between the nearest gold and sulfur atoms, which exhibits greater
spatial uniformity as the twist angle enlarges [1].

[1] I. Pushkarna, A. Pásztor, and C. Renner, "Twist-angle-dependent electronic properties of exfoliated single layer MoS2 on

Au(111)," Nano Letters, vol. 23, no. 20, pp. 9406-9412, 2023.
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Low-density Hall response of two-dimensional electrons with a local and
energy-dependent self-energy

Giacomo Morpurgo, Christophe Berthod, and Thierry Giamarchi

DQMP, University of Geneva

In recent years, various techniques have been developed to control the density of carriers in two-
dimensional systems, which led to unexpected results for the Hall effect [1]. On the theoretical side,
the Hall effect is not well understood at very low density of carriers, where the Boltzmann description
looses validity. We study the Hall constant RH for systems of 2D correlated electrons in the low-density
regime, using a Kubo-formula approach where correlations are described by a local self-energy. Even
if the energy-dependence of the self-energy is neglected, we find that the Hall constant deviates from
the standard R0

H = −1/(|e|n) behavior [2]. Beyond such behavior, several microscopic systems yield a
scattering rate that is not independent of energy but vanishes as a power law at low energy. For these
models, we compute the Hall effect and find non-universal behaviors in the relation between RH and n,
in particular power laws that reflect the power-law in the self-energy.

[1] F. Wu, I. Gutiérrez-Lezama, S. A. López-Paz, M. Gibertini, K. Watanabe, T. Taniguchi, F. O. von Rohr, N. Ubrig, and A. F.

Morpurgo, Quasi-1D electronic transport in a 2D magnetic semiconductor, Adv. Mater. 34, 2109759 (2022).

[2] G. Morpurgo, L. Rademaker, C. Berthod and T. Giamarchi, Hall response of locally correlated two-dimensional electrons at low

density, Phys. Rev. Research 6, 013112 (2024).
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New superconducting radiofrequency materials serving the future FCC collider

Franck Peauger

CERN, Switzerland

After the luminosity upgrade of the LHC proton collider, it is recognized that the next research machine
in particle physics will be a high-energy lepton collider. Among the projects under study such as the ILC,
the CLIC and the muon collider, the FCC-ee (Future Circular Collider - electron positrons) appears to be
the most attractive option to cover a broad energy spectrum at a high intensity.

The FCC-ee RF system currently includes more than 1,400 cavities, 25% of which are constructed using
niobium thin film technology on a copper substrate, a "CERN specialty" since the 1990s which has
demonstrated very high reliability in operation with the LEP and the LHC accelerators. The need to
push the accelerating gradient and the quality factor of this cavity type to a level never reached before
led to new ideas of superconducting materials optimized in the radiofrequency regime. These new
approaches include enhanced chemical surface treatments, improved techniques of thin layer deposition
and up-to-date assembly methods in ultra-clean environments.

This presentation will present in details all these aspects and will show the recent progress achieved on
prototype cavities specially built for the FCC-ee study.
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Towards the development of superconducting joints between REBCO coated
conductors: a thermomechanical study

Celia Lucas,1 Pablo Cayado,1 Hannes Rijckaert,2 Davide Nardelli,3 Konstantina Konstantopoulou,3 and
Carmine Senatore1,4

1 Department of Quantum Matter Physics, University of Geneva, Switzerland
2 Department of Chemistry, Ghent University, Krijgslaan 281-S3, 9000 Ghent, Belgium

3 Bruker BioSpin, Industriestrasse 26, 8117 Fällanden, Switzerland
4 Department of Nuclear and Particle Physics, University of Geneva, Switzerland

High-Temperature Superconductors (HTS), particularly Rare Earth Barium Copper Oxides (REBCO), are
pivotal in high field applications due to their exceptional properties, notably surpassing conventional
superconductors in the upper critical magnetic field (Bc2). REBCO Coated Conductors (CCs) enable
the creation of superconducting solenoids generating magnetic fields exceeding 30T. This technological
advancement is crucial for Nuclear Magnetic Resonance (NMR), where resolution scales with magnetic
field intensity. NMR magnets must operate in persistent mode, with current flowing in a continuous
superconducting loop, to ensure necessary field stability. Achieving this requires superconducting
joints to address limitations stemming from the available unit lengths of CCs, which are challenging
to produce beyond 100-200 meters. However, the complex process of producing superconducting
joints in REBCO entails simultaneous temperature and pressure application. The fragility of CCs and
the need for controlled oxygen doping in REBCO diminish CCs performance post-thermomechanical
cycles. Understanding the effects of temperature and pressure combinations on the critical current (Ic)
achievable after joint procedures is crucial. We investigated the effects of temperature and pressure
combinations ranging between 600-850◦C and 50-80 MPa, respectively, on commercial CCs’ Ic at 77K.
Complementary TEM and EDX studies were conducted to correlate changes in the REBCO microstructure
with Ic alterations.
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Controlling and investigating domain and domain walls in PbTiO3 ferroelectric
thin films and heterostructures

Ludovica Tovaglieri,1 Marios Hadjimichael,1,2 Edoardo Zatterin,3 Chia-Ping Su,4 Iaroslav Gaponenko,1

Chih-Ying Hsu,1,5 Pau Torruella Besa,5 Duncan T. L. Alexander,5 Patrycja Paruch,1 Alexandre Gloter,4

Jean-Marc Triscone,1 and Céline Lichtensteiger1

1 Department of Quantum Matter Physics, University of Geneva, 24 Quai Ernest-Ansermet, 1211 Geneva, Switzerland
2 Department of Physics, University of Warwick, Coventry CV4 7AL, United Kingdom
3 ESRF, The European Synchroton, 71 Avenue des Martyrs, Grenoble 38000, France

4 Université Paris-Saclay, CNRS, Laboratoire de Physique des Solides, Orsay 91405, France
5 Electron Spectrometry and Microscopy Laboratory (LSME), Institute of Physics (IPHYS), Ecole Polytechnique Fédérale de Lausanne

(EFPL), CH-1015 Lausanne, Switzerland

PbTiO3 is a material that exhibits a bulk paraelectric-ferroelectric phase transition at a critical tempera-
ture Tc of 765 K, with a polarisation that develops along the c-axis mostly due to ionic displacements.
Theoretical studies of domain structures in PbTiO3 thin films have revealed complex phase diagrams
with regions of distinct domain configurations as a function of different parameters [1].
We study the domain configuration in PbTiO3 heterostructures, epitaxially grown on (110)o-oriented
DyScO3 substrates, with bottom and top SrRuO3 electrodes using a combination of atomic force mi-
croscopy, laboratory and synchrotron x-ray diffraction, and high resolution scanning transmission
electron microscopy. We observe a large asymmetry in the domain configuration due to the anisotropic
strain imposed by the orthorhombic substrate, and we find that the periodicity of the domain wall
deviates from the Kittel law. As the ferroelectric film thickness increases, the domain configuration
evolves from flux-closure to an a/c-phase, with a larger scale arrangement of domains into superdomains
[2].
Moreover, above a critical value of PbTiO3 thickness, we observe a modulation in the structure of the
top SrRuO3 electrode, demonstrating the possibility of domain nano-engineering via structural coupling
to ferroelastic domains [3].

[1] Schlom et al., Annu. Rev. Mater. Res., 37, 589-626 (2007).

[2] Lichtensteiger, . . . , L.T. et al., APL Mater. 11, 061126 (2023).

[3] Lichtensteiger, . . . , L.T. et al., APL Mater. 11, 101110 (2023).

47



ABSTRACTS
of the

poster presentations



Les Diablerets August 14–16, 2024
SWM 2024 – Swiss Workshop on Materials with Novel Electronic Properties

Poster-1-1 « Back to program

Signatures of skyrmion stripes in nematic superconductors

T. Shiroka,1,2 G. Lamura,3 T. Winyard,4 M. Speight,5 S. Wurmehl,6 and Y. Nakamura7

1 Laboratorium für Festkörperphysik, ETH-Hönggerberg, CH-8093 Zürich, Switzerland
2 Laboratory for Muon-Spin Spectroscopy, Paul Scherrer Institut, CH-5232 Villigen PSI, Switzerland

3 CNR-SPIN, Corso F. M. Perrone 24, 16152 Genova, Italy
4 School of Mathematics, University of Edinburgh, Edinburgh EH9 3FD, United Kingdom

5 School of Mathematics, University of Leeds, Leeds LS2 9JT, United Kingdom
6 School of Mathematics, University of Leeds, Leeds LS2 9JT, United Kingdom

7 Department of Physics, University of Central Florida, Orlando, Florida 32816, USA

In a type-II superconductor below Tc , the magnetic field penetrates in the form of flux lines (vortices)
which, due to their reciprocal repulsion, arrange into a regular (Abrikosov) lattice. Unlike the standard
case, in nematic superconductors, electron pairs are polarized in one, spontaneously chosen direction,
thus breaking the rotational symmetry of the normal state. In either case, the overlapping field profiles
of the superconducting vortices create a well-defined magnetic field distribution, which can be detected
experimentally via local probes such as muons through the degree of their spin depolarization.
Intriguingly, nematic superconductors can host coreless vortices (skyrmions) consisting in a bound state
of two spatially separated half-quantum vortices. Such topological excitations are thought to be good
candidates for low-power data-storage technologies. Recently, the skyrmion configurations that may
arise in nematic superconductors were calculated and predicted to form striped patterns [1]. Remarkably,
their µSR signature was shown to correspond to a peculiar two-peak distribution, notably different from
that of standard type-II superconductors. By investigating selected nematic superconductors, such as
CaSn3 or LiFeAs, we bring compelling evidence of their unusual magnetic response, thus corroborating
the skyrmion-stripe scenario [2].

[1] M. Speight, T. Winyard, and E. Babaev, Phys. Rev. Lett. 130, 226002 (2023).

[2] H. Siddiquee et al., Phys. Rev. B 105, 094508 (2022).
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STEM-EELS studies of interfaces between perovskite oxide membranes and
single-crystal carrier substrates

Chih-Ying Hsu,1,3 Greta Segantini,1 Patrick Blah,2 Graham Kimbell,1 Stefano Gariglio,1 Jean-Marc

Triscone,1 Andrea Caviglia,1 and Duncan T.L. Alexander2

1 Department of Quantum Matter Physics, University of Geneva, 24 Quai Ernest-Ansermet, CH-1211 Geneva 4, Switzerland.
2 Kavli Institute of Nanoscience, Delft University of Technology, 2628 CJ Delft, The Netherlands.

3 Electron Spectrometry and Microscopy Laboratory (LSME), Institute of Physics (IPHYS), Ecole Polytechnique Fédérale de Lausanne

(EPFL), CH-1015 Lausanne, Switzerland.

Perovskite-structure transition metal oxide epitaxial thin films exhibit a variety of functionalities that
make them highly promising for the development of novel electronic devices. In recent years, interest
has arisen in transforming these thin films into perovskite membranes because of their potential benefits
of, for instance, no structural mismatch strain effects, possibilities to create texture (wrinkles), and
versatile stacking [1]. In our work, SrTiO3 (STO) membranes are grown on Sr3Al2O6 (SAO) sacrificial
layers on STO(001) substrates using pulsed laser deposition. After dissolving the SAO layer in deionized
water, the resulting STO membrane is transferred onto a Nb-doped STO(001) carrier substrate. This
membrane heterostructure is either left “as is”, or is subjected to a thermal annealing at one of a series
of temperatures. We focus on cross-section studies of these membranes using Cs-corrected scanning
transmission electron microscopy, where atomic structure quality and flatness/roughness can be precisely
assessed. By combining with electron energy-loss spectroscopy, we further apply this approach with a
goal of probing the bonding of membranes transferred to single crystal substrates, and how this evolves
with thermal annealing.

[1] A. J. Yang et al., ACS Nano. 17, 9748-9762 (2023).
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Charge order above room temperature in kagome superconductor LaRu3Si2

Igor Plokhikh

Paul Scherrer Institute

The present work focuses on LaRu3Si2, which has one of the highest critical temperatures (Tc = 7 K)
among kagome superconductors. The structural motif of this material represents Ru-based kagome layers
placed between LaSi2 hexagonal nets. Our current single-crystal X-ray diffraction study of the pristine
and Fe-doped LaRu3Si2 reveals a cascade of structural phase transitions with temperature, consistent
with the previously predicted charge order instabilities. Above 600K, the material crystallizes in an
undistorted P6/mmm structure (HT-hex), which doubles along the c-direction upon cooling (LT-hex).
Below 400K, additional charge order (CO-I) reflections with q1 = (1/4 0 0) evolve, followed by the
second charge order transition into CO-II with q2 = (1/6 0 0) below 180K. Apart from detailing the
transition in reciprocal space, I will also describe the corresponding structural transformations observed
in real space and discuss their potential implications on superconductivity.
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Rashba coupling to polar modes in superconducting KTaO3

Giulia Venditti,1 Maria Eleonora Temperini,2,3 Paolo Barone,4 Jose Lorenzana,2,5 Francesco Macheda,2

and Maria Navarro Gastiasoro6

1 Department of Quantum Matter Physics, University of Geneva, 24 Quai Ernest-Ansermet, 1211 Geneva, Switzerland
2 Department of Physics, Sapienza University of Rome, Piazzale Aldo Moro 2, 00185 Rome, Italy

3 Istituto Italiano di Tecnologia, Center for Life Nano- & Neuro-Science, Viale Regina Elena 291, 00161 Rome, Italy
4 SPIN-CNR Institute for Superconducting and other Innovative Materials and Devices, Area della Ricerca di Tor Vergata, Via del Fosso

del Cavaliere 100, 00133 Rome, Italy
5 ISC-CNR Institute for Complex Systems, Via dei Taurini 19, 00185, Rome, Italy

6 Donostia International Physics Center, 20018 Donostia-San Sebastian, Spain

The discovery of superconductivity in KTaO3 (KTO) heterostructures and uncapped surfaces has re-
cently triggered significant interest. Remarkably, the Tc shows high sensitivity on the crystallographic
orientation, reaching values an order of magnitude larger than that of SrTiO3 (STO) heterostructures
[1]. As such, insights into the pairing mechanism are of great interest. We study a pairing mechanism
based on spin-orbit assisted coupling between the t2g conduction electrons and the soft ferroelectric (FE)
modes present in the material. The theoretical approach was developed for bulk STO and generalized
to any incipient FE [2]. By combining ab initio calculations and a microscopic model, we find a strongly
anisotropic Rashba-like interaction as well as a strong electron-phonon coupling to the soft transverse
FE mode [3,4].

[1] Changjiang Liu et al., Nat. Comm., 14, 951 (2023).

[2] Gastiasoro, M. N., Temperini, M. E., Barone, P., and Lorenzana, J. (2023). Phys. Rev. R., 5(2), 023177 (2023).

[3] Venditti, G., Temperini, M. E., Barone, P., Lorenzana, J., and Gastiasoro, M. N. J. of Phys: Mater., 6(1), 014007 (2023).

[4] Venditti, G., Barone, P., Lorenzana, J., Macheda, F, and Gastiasoro, M. N. In preparation (2024).
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Interplay of charge density wave order and superconductivity

Sofie Castro Holbæk and Mark H. Fischer

University of Zurich

In many superconductors, the superconducting state emerges on top of a charge density wave (CDW). An
intriguing example is the AV3Sb5 (A=K,Rb,Cs) family of superconductors, where a 2× 2 in-plane CDW
ordered phase, potentially breaking time-reversal symmetry, appears at T ≈ 100 K. To determine the
microscopic origin and structure of the ordered phases, one often studies the CDW and superconductivity
on the kagome lattice independently. However, it remains an outstanding question to understand the
mutual influence of the different orders.
In our work, we present a phenomenological theory of CDW and superconducting orders based solely on
symmetry arguments for the kagome lattice. For this purpose, we derive a Ginzburg-Landau free energy
of possible 2× 2 CDW order and superconductivity and explore the impact of the dominant coupling
terms. In particular, we study the consequences of additional spatial or time-reversal-symmetry breaking
of the CDW order, coupling to a pair density wave, and we discuss possible experimental consequences.
Our study uncovers a rich phenomenology with interesting differences to the results of earlier studies in
tetragonal systems.
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Anomalous magnetic domain patterns in Kagome semimetal Co3Sn2S2

Hengli Duan,1 Sandy Adhitia Ekahana,1 Yuran Niu,2 and Yona Soh1

1 Paul Scherrer Institut, Villigen PSI 5232, Switzerland
2 MAX IV Laboratory, Lund University, Lund 22100, Sweden

Investigating magnetism in topological materials reveals intriguing correlations between magnetic and
electronic states, notably in the magnetic Weyl semimetal Co3Sn2S2, which features a cobalt ion kagome
lattice [1-4]. This work employs Lorentz mirror electron microscopy (L-MEM) and X-ray magnetic
circular dichroism photoemission electron microscopy (XMCD-PEEM) to explore the temperature- and
field-dependent dynamics of magnetic domains in Co3Sn2S2. We observe spontaneous magnetic bubbles
of tens of micrometers under zero-field and minimal-field cooling conditions, illustrating an intrinsic
exchange bias effect as seen in M-H curves via SQUID. The asymmetric domain evolution during field-
cooling and warming processes offers a microscopic view into the thermomagnetic hysteresis observed
in M-T curves. Furthermore, the field-dependent behaviors of these magnetic bubbles suggest the
potential existence of hybrid domain walls. This research contributes to our understanding of the
complex magnetic phenomena in Co3Sn2S2.

[1] B.A. Bernevig, C. Felser, and H. Beidenkopf, Nature 603, 41 (2022).

[2] D. Liu, A. Liang, E. Liu, et al. Science 365, 1282 (2019).

[3] E. Liu, Y. Sun, N. Kumar, et al. Nat. Phys. 14, 1125 (2018).

[4] Y. Ahn, X. Guo, R. Xue, et al. Nat. Photon. 18, 26 (2024).
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Quantum sensing of correlated electrons in moiré hétérostructures

Ludivine Fausten

A. Srivastava’s group, DQMP

Quantum sensing is a fast developing area, where properties specific to the quantum realm are exploited
to get more accurate data on a much sensitive scale. We present a new sensing scheme aimed at in-depth
studies of the highly tunable moiré Transition Metal Dichalcogenides (TMDs). The technique aims to
probe local phenomena as well as large-scale electronic correlations, which are prominent in these
systems. We obtain this precision by studying dipolar intraleyers excitons through the degree of circular
polarisation obtained by photoluminescence (PL), which allows to not average over domains or disorder.
As a case study, we will present our PL results on a dual moiré hétérostructure of WSe2/MoSe2/WSe2
and compare them to reflectance results and simulations. We could observe spectral jumps of IX with
blue- and red-shifts, occuring at what we identified to be certain rational fillings of the electronic moiré
lattice. These results introduce moiré confined IX excitons as a powerful tool to refine our understanding
of light-matter interactions in systems with complex electronic structures.

55



Les Diablerets August 14–16, 2024
SWM 2024 – Swiss Workshop on Materials with Novel Electronic Properties

Poster-1-8 « Back to program

The Josephson effect in long, clean SNS junctions

Silvan Aepli

ETH Zürich

If we have a Josephson junction where the weak link is a long, pure metal, Andreev bound states
form. I will show what Andreev bound states are and what happens when spin-singlet and spin-triplet
superconductors are coupled. I will also show the current phase relation at zero temperature for
couplings between conventional and unconventional superconductors (s-wave, d-wave and p-wave).
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Superconducting and normal state properties of the kagome system Ta2V3.1Si0.9

probed by muon spin rotation

J. N. Graham,1 V. Sazgari,1 C. Mielke III,1 M. Medarde,2 H. Luetkens,1 R. Khasanov,1 Y. Shi,3 and Z.
Guguchia1

1 Laboratory for Muon Spin Spectroscopy, Paul Scherrer Institute, CH-5232 Villigen PSI, Switzerland
2 Laboratory for Multiscale Materials Experiments, Paul Scherrer Institute, CH-5232 Villigen PSI, Switzerland

3 Beijing National Laboratory for Condensed Matter Physics and Institute of Physics, Chinese Academy of Sciences, Beijing 100190,

China

Recently, the Kagome lattice has been extensively explored as a model system to host several diverse
quantum phases, from frustrated magnetism to unconventional superconductivity [1-3]. Ta2V3.1Si0.9 is a
newly identified Kagome superconductor with a Tc of 7.5 K, a record high for Kagome metals at ambient
pressure [4]. Here we conducted comprehensive µSR measurements on the superconducting and normal
state properties of Ta2V3.1Si0.9 [5], to reveal bulk superconductivity with an extremely low superfluid
density, which is comparable to cuprates and currently the lowest TC/λ-2 ratio of all the Kagome
superconductors [3]. In addition, below Tc, µSR reveals two nodeless gaps, which are robust against
hydrostatic pressure up to 1.8 GPa, and an anomalous paramagnetic shift in response to an external
magnetic field. In the normal state, we find a sizeable increase in the zero-field muon spin depolarization
rate below 170 K. This shows similarities with other Kagome-lattice superconductors, suggesting a
potential state of time-reversal symmetry breaking [6,7], and requires further study to determine
its origin. This combination of results classifies Ta2V3.1Si0.9 as possessing both an unconventional
superconducting and normal state.

[1] Y. Wang et al. Nat. Rev. Phys. 5, 635-658 (2023).

[2] K. Jiang et al. Natl. Sci. 10, 2, nwac199 (2023).

[3] Z. Guguchia et al. npj Quantum Mater. 8, 41 (2023).

[4] H. Liu et al. Phys. Rev. B. 108, 104504 (2023).

[5] J.N. Graham et. al. In preparation (2024).

[6] T. Neupert et al. Nat. Phys. 18 137-143 (2022).

[7] Z. Guguchia et al. Nat. Comms. 14, 153 (2023).
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Superconductivity in Atomically Thin Films: Diodes and 2D Critical State Model

Vadim Geshkenbein,1 Filippo Gaggioli,1 Gianni Blatter,1 and Kostya Novoselov2

1 Institut für Theoretische Physik, ETH Zurich, CH-8093 Zurich, Switzerland
2 Institute for Functional Intelligent Materials, National University of Singapore, 117544, Singapore

A superconducting diode carries dissipationless supercurrents in one direction, but resistive normal
currents at finite voltages in the opposite direction, a phenomenon that occurs when the critical
current is different in magnitude depending on the polarity. They offer perfect voltage rectification
if an alternating current of magnitude between these values is applied. Despite the similar names
coined, diodes and superconducting diodes have key symmetry differences due to their vastly different
microscopic physics [1]. The comprehensive understanding of superconductivity is a multi-scale task
that involves several levels, starting from the electronic scale determining the microscopic mechanism,
going to the phenomenological scale describing vortices and the continuum-elastic scale describing
vortex matter, to the macroscopic scale relevant in technological applications. The prime example for
such a macro- phenomenological description is the Bean model that is hugely successful in describing the
magnetic and transport properties of bulk superconducting devices. Motivated by the development of
novel devices based on superconductivity in atomically thin films, such as twisted-layer graphene, here,
we present a simple macro-phenomenological description of the critical state in such two-dimensional
(2D) thin films. While transverse screening and demagnetization can be neglected in these systems,
thereby simplifying the task in comparison with usual film- and platelet shaped samples, surface- and
bulk pinning are important elements to be included. We use our 2D critical state model to describe the
transport and magnetic properties of 2D thin-film devices, including the phenomenon of non-reciprocal
transport in devices with asymmetric boundaries and the superconducting diode effect.

[1] P. J. W. Moll and V. B. Geshkenbein, Nature Physics 19, 1379 (2023).
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Schwinger boson study of the J1-J2-J3 kagome Heisenberg antiferromagnet
with Dzyaloshinskii-Moriya interactions

Dario Rossi,1 Johannes Motruk,1 Louk Rademaker,2 and Dmitry Abanin1,3

1 Department of Theoretical Physics, University of Geneva, Quai Ernest-Ansermet 24, 1211 Geneva, Switzerland
2 Department of Quantum Matter Physics, University of Geneva, Quai Ernest-Ansermet 24, 1211 Geneva, Switzerland

3 Google Research, Mountain View, California, USA

Schwinger boson mean-field theory is a powerful approach to study frustrated magnetic systems, which
allows to distinguish long-range magnetic orders from quantum spin liquid phases, where quantum
fluctuations remain strong up to zero temperature. In this paper, we use this framework to study the
Heisenberg model on the kagome lattice with up to third-nearest-neighbor interaction and Dzyaloshinskii-
Moriya (DM) antisymmetric exchange. This model has been argued to be relevant for the description
of transition metal dichalcogenide bilayers in certain parameter regimes [1], where spin liquids could
be realized. By means of the projective symmetry group classification of possible ansätze, we study
the effect of the DM interaction at first-nearest neighbor and then compute the J2-J3 phase diagram
at different DM angles. We find a phase displaying chiral spin liquid characteristics up to spin S=0.5,
indicating an exceptional stability of the state.

[1] J. Motruk, D. Rossi, D. A. Abanin, and L. Rademaker, Kagome chiral spin liquid in transition metal dichalco- genide moiré

bilayers, Phys. Rev. Res. 5, L022049 (2023).

59



Les Diablerets August 14–16, 2024
SWM 2024 – Swiss Workshop on Materials with Novel Electronic Properties

Poster-1-13 « Back to program

Studies of the artificial flux pinning in ternary Nb3Sn multifilamentary wires
with internally oxidized nanoparticles

Francesco Lonardo,1 Gianmarco Bovone,1 Florin Buta,1 Marco Bonura,1 Simon C. Hopkins,2 Thierry
Boutboul,2 and Carmine Senatore1,3

1 Department of Quantum Matter Physics, University of Geneva, Geneva, Switzerland
2 European Organization for Nuclear Research CERN, Geneva, Switzerland

3 Department of Nuclear and Particle Physics, University of Geneva, Geneva, Switzerland

Nb3Sn is still defending its place against high temperature superconductors in high-field applications,
like high-resolution NMR spectrometers, fusion magnets and laboratory magnets, and has even regained
interest pulled by the projected Future Circular Collider of CERN. To meet the expectations of applications
requiring ever increasing performance, we are implementing the internal oxidation process to increase
the defect density in Nb3Sn (grain boundaries and nanoprecipitates) and thus improve pinning force
and consequently critical current density. Internal oxidation involves Nb-alloys containing high oxygen-
affinity elements like Zr or Hf and an oxygen source (SnO2). Using the X-ray Absorbing Near-Edge
Structure (XANES), we demonstrated that the oxide nanoparticles (HfO2 or ZrO2) are formed during
the synthesis of Nb3Sn[1], which limits the growth of Nb3Sn grains and increases the grain boundary
density[2]. Based on Transmission Electron Microscopy images we determined the precipitate size to
be in the 4-10 nm range, approximately twice the coherence length of Nb3Sn (3nm), which makes
them effective pinning centers. The pinning enhancement is set by size and number concentration of
nanoparticles, which are strongly influenced by Nb3Sn formation temperature[3]. A deep understanding
of the nanoparticle growth mechanism is required to bring the internal oxidation process to industrial,
kilometer-long wires.

[1] G. Bovone et al., "X-Ray Absorption Spectroscopy to Investigate Precipitated Oxides in Nb3Sn Wires with an Internal Oxygen

Source," in IEEE Transactions on Applied Superconductivity, vol. 34, no. 3, pp. 1-5, May 2024, Art no. 6000205, doi:

10.1109/TASC.2024.3354232.

[2] Bovone, G., et al. "Effects of the oxygen source configuration on the superconducting properties of internally-oxidized

internal-Sn Nb3Sn wires." Superconductor Science and Technology 36.9 (2023): 095018.

[3] F. Lonardo et al., "Influence of the Heat Treatment on the Layer Jc of Internal-Sn Nb3Sn Wires with Internally Oxidized

Nanoparticles," in IEEE Transactions on Applied Superconductivity, vol. 34, no. 5, pp. 1-5, Aug. 2024, Art no. 6000305, doi:

10.1109/TASC.2024.3355353.
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Unusual magnetoresistance response in van der Waals antiferromagnetic
semiconductor CrPS4 vertical transport

Xiaohanwen Lin,1,2 Fan Wu,1,2 Ignacio Gutiérrez-Lezama,1,2 Nicolas Ubrig,1,2 and Alberto Morpurgo1,2

1 Department of Quantum Matter Physics, University of Geneva, 24 Quai Ernest Ansermet, CH-1211 Geneva, Switzerland
2 Department of Applied Physics, University of Geneva, 24 Quai Ernest Ansermet, CH-1211 Geneva, Switzerland

Vertical transport through antiferromagnetic multilayer devices has been intensively investigated, and
negative magnetoresistance due to injection-limited tunneling processes has been found in all cases.
Here, antiferromagnetic semiconductor CrPS4, in which transport is not injection-limited but space
charge-limited, is investigated. The I-V characteristics of our devices exhibit a trap-limited regime -with
a small current that increases rapidly with increasing bias and a trap-free regime, with a current that
depends quadratically on the applied bias (and transport mediated by states in the conduction band).
In the trap-limited regime, we observe a very large and positive magnetoresistance when the magnetic
field B is well below the spin-flip transition. We attribute the phenomenon to the response of the
wavefunction of localized states to the applied magnetic field. Specifically, the wavefunction is squeezed
as B is increased, resulting in an exponential decrease of the overlap of the wavefunction of impurity
states in layers with the same spin (the next-next layers, at small B). Finally, in the trap-dominated
regime, we observe large magnetoresistance oscillations, whose origin remains to be explained in detail.
Our experiments reveal a transport regime that had not so far been observed in 2-dimensional magnetic
semiconductors.
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Moiré magnetism in CrBr3 multilayers emerging from differential strain

Fengrui Yao,1,2 Dario Rossi,1,2 Ivo Gabrovski,1,2 Volodymyr Multian,1,2 Marco Gibertini,3 Ignacio

Gutiérrez-Lezama,1,2 Louk Rademaker,1,2 and Alberto F. Morpurgo1,2

1 Department of Quantum Matter Physics, University of Geneva, 24 Quai Ernest Ansermet, CH-1211 Geneva, Switzerland
2 Department of Applied Physics, University of Geneva, 24 Quai Ernest Ansermet, CH-1211 Geneva, Switzerland

3 Dipartimento di Scienze Fisiche, Informatiche e Matematiche, University of Modena and Reggio Emilia, IT-41125, Modena, Italy

Interfaces between twisted 2D materials host a wealth of physical phenomena originating from the
long-scale periodicity associated with the resulting moiré structure. Besides twisting, an alternative route
to create structures with comparably long -or even longer- periodicities is inducing a differential strain
gradient between adjacent layers in a van der Waals (vdW) material. Despite recent theoretical efforts
analyzing its benefits, this route has not yet been implemented experimentally. Here we report evidence
for the simultaneous presence of ferromagnetic and antiferromagnetic regions in CrBr3 -a hallmark
of moiré magnetism- from the observation of an unexpected, low-temperature magnetoconductance
in CrBr3 tunnel barriers with ferromagnetic Fe3GeTe2 and graphene electrodes. We attribute the
phenomenon to the presence of a strain gradient in the CrBr3 multilayer, which locally modifies the
stacking and the interlayer exchange between adjacent CrBr3 layers, resulting in spatially modulated
spin textures. Our conclusions indicate that inducing differential strain in vdW multilayers is a viable
strategy to create moiré-like superlattices, which may offer in-situ continuous tunability in the future.
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Long Ranged Proximity Effect in YBa2Cu3O7−δ - Sr2IrO4 Thin Film Multilayers
Revealed by X-ray Absorption Spectroscopy

Jonas Knobel,1 Subhrangsu Sarkar,1 Mathias Soulier,1 Roxana Capu,1,2 Fabrice Wilhelm,3 Andrei
Rogalev,3 Peter Nagel,4 Stefan Schuppler,4 and Christian Bernhard1

1 University of Fribourg, Department of Physics and Fribourg Center for Nanomaterials, Fribourg, Switzerland
2 West University of Timisoara, Timis, Romania

3 ID12, European Synchrotron Radiation Facility (ESRF), Grenoble, France
4 Institute for Quantum Materials and Technologies, Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany

Thin film heterostructures consisting of the high-TC superconductor YBa2Cu3O7 (YBCO) and the iridate
Sr2IrO4 (SIO) have been predicted to host induced superconducting spin-triplet [1] or Majorana bound
states [2] and to find applications in devices such as superconducting diodes. These possibilities emerge
because of the strong spin-orbit coupling [3] and the peculiar magnetic properties [4] of SIO.
Using X-ray Absorption Spectroscopy at both the Cu L3 and the Ir L3 edge, we observe a large charge
transfer in multilayers of these materials with holes being transferred from YBCO to SIO. This leads to
insulating behavior for thin YBCO layers. We also study the influence of the interface on the magnetism
of both materials with X-ray circular dichroism. We find that the Ir4+ ions in sufficiently thick SIO carry
a magnetic moment as previously seen in [4]. Further, we also observe an induced magnetic moment in
the YBCO layer within the superconducting phase.
The interplay between superconductivity and magnetism in the YBCO layer raises hopes to induce
spin-triplet superconductivity and further emerging exotic properties. This work provides important
insights on interface interactions in these heterostructures which is a crucial step towards real life
applications and devices.

[1] M. Horsdal et al., Phys. Rev. B. 93, 220502(R) (2016).

[2] Y. Chen and H.-Y. Kee, Phys. Rev. B. 97, 085155 (2018).

[3] B. J. Kim et al., Science 323, 1329-1332 (2009).

[4] S. Boseggia et al., J. Phys.: Condens. Matter 25, 422202 (2013).
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Electrical transport study near a zero-Kelvin metal-insulator transition of bulk
nickelates Pr1-xLaxNiO3

Soohyeon Shin, Yannick Kelin, Dariusz Gawryluk, and Marisa Medarde

Laboratory for multiscale materials experiments, Paul Scherrer Institut, Villigen 5232, Switzerland

The discovery of superconducting phases in different types of nickelates, including infinite-layer nickelates
[1], quintuple-layer nickelates [2], and pressure-induced bulk nickelates [3], has sparked significant
interest and motivated further exploration for new nickelate superconductors. Superconductivity in
cuprates, Cu-based analogue of nickelates, is strongly influenced by magnetic fluctuations associated with
an antiferromagnetic quantum phase transition [4]. Understanding the mechanism of Cooper pairing
in cuprates, which cannot be fully explained by the conventional BCS theory, requires investigating
anomalous phenomena connected to magnetic quantum phase transition, which could also play a crucial
role in nickelate superconductors. The compound RNiO3 (where R represents rare earth elements)
exhibits diverse ground states, such as metallic paramagnet and insulating antiferromagnet, depending
on the specific rare earth element [5]. By applying pressure to PrNiO3, a compound located near a
zero-Kelvin metal-insulator transition (MIT), it is possible to tune the insulating antiferromagnetic (I-AF)
ground state into a metallic paramagnetic (M-PM) state at a critical pressure of Pc ∼ 1 GPa [6]. Near
Pc, temperature-dependent electrical resistivity, measured above 5 K, was fitted with a temperature
exponent of 4/3, which may be related to the antiferromagnetic fluctuation associated with the critical
point. The phase transition from I-AF to M-PM of PrNiO3 can also be achieved by La-doping, which leads
to a structural transition from a monoclinic structure (P21/n) to an orthorhombic structure (Pbmn) [5].
In this presentation, we will revisit the zero-Kelvin MIT of PrNiO3 via La-doping. We have successfully
synthesized a series of Pr1-xLaxNiO3 polycrystals using high-pressure synthesis and measured the
electrical resistivity of the samples down to T = 0.5 K in order to investigate the anomalous phenomena
associated with quantum fluctuations near the zero-Kelvin MIT.

[1] Li, D., et al., Nature, 572(7771) (2019) 624-627.

[2] Pan, G.A., et al., Nat. Mater., 21(2) (2022) 160-164.

[3] Sun, H., et al., arXiv preprint arXiv:2305.09586, 2023.

[4] Keimer, B., et al., Nature, 518(7538) (2015) 179-86.

[5] Klein, Y.M., et al., Crystal Growth & Design, 21(7): (2021) 4230-4241.

[6] Zhou, J.S., J.B. Goodenough, and B. Dabrowski, Phys. Rev. Lett. 94(22) (2005) 226602.
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Noncollinear textures in moiré magnets

Ivo Gabrovski, Dario Rossi, and Louk Rademaker

University of Geneva

Two-dimensional magnetism and moiré physics are two very rapidly growing fields due to recent
experimental advances. In this work, we demonstrate how noncollinear magnetic textures may arise in a
bilayer of two-dimensional ferromagnets when the interlayer Heisenberg coupling is stacking-dependent.
In particular, we focus on the chromium halides (CrX3) and study theoretically how the magnetic textures
can be controlled through a twist, strain, or an external magnetic field. We find that ferromagnetic and
antiferromagnetic regions can coexist by forming noncollinear textures in two dimensions. These can be
controlled and forced to undergo spin-flip or spin-flop transitions through external parameters.
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Doping and temperature evolution of the pseudogap state of bulk
electron-doped Sr2IrO4

Yann Alexanian,1 Robin S. Perry,2,3 Anna Tamai,1 and Felix Baumberger1,4

1 Department of Quantum Matter Physics, University of Geneva, 24 Quai Ernest-Ansermet, CH-1211, Geneva, Switzerland
2 ISIS Pulsed Neutron and Muon Source, STFC Rutherford Appleton Laboratory, Harwell Campus, Didcot, Oxon OX11 0QX, United

Kingdom
3 London Centre for Nanotechnology and Department of Physics and Astronomy, University College London, London WC1E 6BT, United

Kingdom
4 Swiss Light Source, Paul Scherrer Institut, CH-5232 Villigen PSI, Switzerland

Sr2IrO4 is a layered perovskite isostructural to the high Tc cuprate superconductor La2CuO4. The
strong spin-orbit coupling of the 5d Ir4+ ions lifts the degeneracy of the t2g orbitals resulting in a
single narrow half-filled band described by pseudospin Je f f=1/2 degrees of freedom. This promotes a
Mott insultating ground state with antiferromagnetic order below 240 K despite the modest Coulomb
interaction in the Ir 5d shell. These similarities with cuprates extend to the unusual metallic state of
lightly electron doped Sr2IrO4 characterized by Fermi arcs and a pseudogap [1]. Based on this analogy,
d-wave superconductivity was predicted [2] but to date no superconductivity was observed down to
100 mK.
In this presentation, I will show Angle Resolved Photoemission (ARPES) results on electron doped bulk
crystals up to 10% doping, nearly two times higher than previously achieved. Our results show that
nodal states become more coherent with increased doping while the antinodal pseudogap persists up to
the highest doping. Following the temperature evolution of these features, we show that the pseudogap
closes around 200 K for 10% doping. Concomitantly, we find a redistribution of spectral weight along
the Fermi surface, reminiscent of the doping induced spectral weight redistribution in cuprates [3].

[1] A. De La Torre et al., Physical Review Letters, 115, 176402 (2015).

[2] F. Wang and T. Senthil, Physical Review Letters, 106, 136402 (2011).

[3] M. Platé et al., Physical Review Letters 95, 077001 (2005).
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The puzzle of metallic and insulating phases in the CDW system 1T-TaSe2

Michael Straub, Francesco Petoccchi, Catherine Witteven, Antoine Georges, Fabian von Rohr, Anna
Tamai, and Felix Baumberger

Department of Quantum Matter Physics, University of Geneva

In the layered transition-metal dichalcogenide 1T-TaSe2 the formation of a star-of-David charge density
wave results in a half-filled band at the Fermi surface that is sensitive to electron correlations. Interestingly,
while the bulk material remains a metal, the surface displays a mix of different phases, ranging from
insulating to metallic, all with the same in-plane charge ordering. We used microfocus ARPES to
investigate the quasiparticle dispersion in these different spatial domains. Insulating areas show
characteristics of a band insulator, while metallic regions exhibit a chiral Fermi surface. Additionally,
within the metallic phase, we found a series of bands varying in number and energy position. A direct
comparison to DMFT calculations considering slabs of different thickness allows us to reconcile this
puzzle as the combined effect of stacking faults between the layers and quantum confinement.
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Light Matters: HHG Spectroscopy of Solids

Utso Bhattacharya1,2

1 Institute for Theoretical Physics, ETH Zurich, 8093 Zurich, Switzerland
2 ICFO - Institut de Ciencies Fotoniques, The Barcelona Institute of Science and Technology, Avenida Carl Friedrich Gauss 3, E-08860

Castelldefels (Barcelona), Spain

Intense laser pulses, with energies comparable to electron binding in solids, unlock a new regime:
extreme nonlinear optics. This phenomenon produces high-order harmonic light from within the
material, a breakthrough that birthed the field of attosecond science. It offers access to previously
unseen spectral ranges, enabling attosecond-scale exploration and novel spectroscopy techniques. These
techniques allow detailed probing of a material’s electronic structure. This section focuses on our
research utilizing high harmonic spectroscopy to investigate various solid-state systems. We explore
properties like topology, superconductivity, disorder, and strong correlations in condensed matter. By
correlating different optical excitations with high harmonic generation, we reveal the ultrafast dynamics
of both single-particle and collective electronic excitations in these materials. We show how HHG
spectroscopy can probe exotic Majorana fermions [1], reveal various strongly correlated phases in a
cuprate superconductor [2], probe multifractality of wavefunctions in quasiperiodic materials [3], and
track phase transitions from the Mott to a charge density wave phase in strongly correlated systems [4].
Our research emphasizes the significant potential of extreme nonlinear optics in understanding various
solid state quantum phenomena.

[1] Detecting Majorana Zero Modes via Strong Field Dynamics, Niccolò Baldelli, Utso Bhattacharya, Daniel González-Cuadra,

Maciej Lewenstein, Tobias Graß, ACS Omega 7, 50, 47424-47430 [2022].
[2] High harmonic spectroscopy of quantum phase transitions in a high-Tc superconductor, Jordi Alcalà, Utso Bhattacharya,

Jens Biegert, Marcelo Ciappina, Ugaitz Elu, Tobias Graß, Piotr T. Grochowski, Maciej Lewenstein, Anna Palau, Themistoklis P. H.

Sidiropoulos, Tobias Steinle, Igor Tyulnev, PNAS 119 (40) e2207766119 [2022].
[3] Unraveling Multifractality and Mobility Edges in Quasiperiodic Aubry-André-Harper Chains through High-Harmonic Generation,

Marlena Dziurawiec, Jessica O. de Almeida, Mohit Lal Bera, Marcin Płodzień, Maciej M. Maśka, Maciej Lewenstein, Tobias Grass,

Utso Bhattacharya, arXiv:2310.02757 [2023].
[4] High Harmonic Tracking of Ultrafast Electron Dynamics across the Mott to Charge Density Wave Phase Transition, Marlena

Dziurawiec, Jessica O. de Almeida, Mohit Lal Bera, Marcin Płodzień, Maciej Lewenstein, Tobias Grass, Ravindra W. Chhajlany,

Maciej M. Maśka, Utso Bhattacharya (to appear in arxiv) [2024].
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Surface symmetry characterization of SrTiO3(111) via optical second harmonic
generation

Changjae Roh and Andrea Caviglia

Department of Quantum Matter Physics, University of Geneva

In this presentation, we report experimental findings regarding the structural symmetry evolution of
SrTiO3(111) single crystal using optical second harmonic generation (SHG). We monitor finite and clear
anisotropy of azimuth-angle dependent SHG response that is allowed by the structural discontinuity at
surface. In particular, we observe three different types of SHG responses depending on the temperature.
Above 105 K, in triangular lattice of cubic phase along (111) direction, azimuth-angle dependent SHG
pattern displays six-fold anisotropy reflecting the trigonal symmetry at the surface. Below 105 K, SHG
pattern manifests two-fold symmetry with six lobes, which reflects symmetry lowering. Below 40 K, SHG
response acquires a different two-fold pattern with four lobes associated with the quantum paraelectric
phase. We analyze the monitored SHG patterns by considering electric dipole contributions and discuss
surface symmetry evolutions resulting from the two structural phase transitions: triclinic-monoclinic
phase transition and monoclinic-quantum paraelectric phase transition at 105 K and 40 K, respectively.
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Tunneling conductance and spectroscopy at step edges in chiral triplet
superconductors

Yuto Shibata and Manfred Sigrist

Institute for Theoretical Physics, ETH Zurich, 8093 Zurich, Switzerland

Surface Andreev bound states and the spectra of single-particle excitations provide valuable insights
into the electronic structures of unconventional superconductors, offering clues to the determination
of pairing symmetry [1]. Recently, an STM study of heavy-fermion superconductor UTe2 has observe
electron-hole asymmetric tunneling differential conductance inside the superconducting gap at step
edges [2]. Supported by crystallographic symmetry arguments and further experimental indications
of triplet pairing, this observation suggests a realization of chiral triplet topological superconductivity.
However, the cause of asymmetric tunneling signals remains elusive and awaits theoretical explanation.

In this study, we explore possible causes and models of the asymmetric tunneling signature in UTe2
using Bogoliubov-de Gennes equations and the tunneling Hamiltonian formalism [3] to simulate STM
experiments of chiral triplet superconductors. We discuss the relationship between chiral edge states
and their contribution to tunneling signals. In addition, we carry out quantum transport analysis in
normal-superconductor (NS) junctions based on BTK Formalism [4], which allows us to attribute the
asymmetric tunneling signals to momentum selective tunneling at sample edges at a phenomenological
level.

[1] NØ. Fischer, M. Kugler, I. Maggio-Aprile, et al., Rev. Mod. Phys. 79, 353 (2007).

[2] L. Jiao, S. Howard, S. Ran, et al., Nature 579, 523-527 (2020).

[3] M. H. Cohen, L. M. Falicov, and J. C. Phillips, Phys. Rev. Lett. 8, 316 (1962).

[4] C. Honerkamp and M. Sigrist, J.Low Temp. Phys. 111, 895-915 (1998).
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Scanning Nitrogen-Vacancy Magnetometry to Study the Origin of Exchange Bias
in 2D van der Waals Heterostructures

Patrick Siegwolf, Clément Pellet-Mary, Debarghya Dutta, Märta Tschudin, and Patrick Maletinsky

University of Basel, Klingelbergstrasse 82, 4056 Basel

2D van der Waals magnets are an interesting platform to explore new magnetic phenomena at a reduced
dimensionality. Their atomically sharp and clean surfaces offer unique opportunities to investigate
interface effects and utilize them in novel heterostructures, such as the exchange bias between a 2D
ferromagnet (FM) and antiferromagnet (AFM). However, the origin of exchange bias is often poorly
understood due to a lack of experimental tools that are sensitive to the exact magnetic state at the
interface. Scanning nitrogen-vacancy magnetometry (S-NVM) can directly probe the magnetic order
with high sensitivity and nanoscale spatial resolution of such an interface, providing unique insights
into these heterostructures [1].
Here, we study a heterostructure between the 2D FM Fe3GeTe2 and AFM MnPS3. Although MnPS3
exhibits a perfectly compensated magnetic surface, anomalous Hall measurements reveal a strong
exchange bias on Fe3GeTe2. Using S-NVM, we reveal that at temperatures well below its Néel temperature,
MnPS3 deviates from its ideal bulk magnetic structure and shows a non-zero remanent magnetic moment
with easy-plane anisotropy. The correlation of the temperature dependence indicates that this anomalous
moment is the underlying mechanism of the exchange bias in the heterostructure [2].

[1] Thiel et al., Science 364, 2019.

[2] Aravind et al., arXiv:2403.05383, 2024.
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Probing the electronic structure of cuprate vortex cores by STM

Tejas Parasram Singar,1 Ivan Maggio-Aprile,1 Genda Gu,2 and Christoph Renner1

1 DQMP, University of Geneva, 24, Quai E-Ansermet,1211 Geneva 4, Switzerland
2 National Laboratory, Upton, New York 11973, USA

The magnetic vortices in cuprates have been intensely studied over the years. It has been known for a
long that vortex halos of HTS cuprates host exotic electronic orders modulating the local density of states
(LDOS) at atomic length scales [1]. Earlier scanning tunneling microscopy (STM) investigations revealed
charge modulations oriented along the Cu-O bond directions (period ≈ four Bi-Bi lattice spacing) inside
the vortex halo region [2], which were later understood in terms of dispersive vortex-enhanced quasi-
particle interference patterns [3]. However, the vortex cores were still lacking conventional signatures
such as the zero-bias conductance peak (ZBCP) at the core center originally predicted [4] for d-wave
superconductors. Only recently, a study performed at a low field in heavily overdoped Bi-2212 reported
the observation of d-wave core signatures [5]. Here, we present a thorough STM study of the charge
order and vortex cores in Bi-2212 as a function of a very broad range of hole doping, magnetic field,
and temperature. They provide novel insight into the checkerboard-like charge order, the subgap states
and ZBCP in the vortex core, the pseudogap, and the superconducting gap.

[1] I. Maggio-Aprile et al., Physica C: Superconductivity and its applications 615 (2023) 1354386.

[2] J.E. Hoffmann et al., Science 2002, 295, 466-469.

[3] Machida et al., Nat Commun 7, 11747 (2016).

[4] Y. Wang and A. H. MacDonald, Physical Review B 52, R3876 (1995).

[5] T. Gazdić et al., Physical Review X 11, 031040 (2021).
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Soft phonons in strained multiferroic TbMmO3 films

Laurent Bugnon,1 Kenta Shimamoto,2 Christof Schneider,2 Christian Bernhard,1 and Premysl Marsik1

1 University of Fribourg, Department of Physics, Fribourg, Switzerland
2 Paul Scherrer Institute, Villigen, Switzerland

We use far-infrared ellipsometry to determine the anisotropic optical response of the TbMnO3 film in
the spectral range of 100-700 cm-1 and temperature range of 10-300 K. The 44 nm thick sample was
grown by Pulsed Laser Deposition on an orthorhombic YAlO3 (010) substrate.
We were able to extract phonons properties, and observe softening due to the multiferroic phase
transition. The analysis of the TbMnO3 thin film is complicated by the anisotropic response of the YAlO3
substrate, which we have precisely determined a priori on a series of YAlO3 crystals with various surface
cuts.
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Weak ergodicity breaking in multi-band fermionic systems

Zimo Sun,1 Fedor Popov,2 Igor Klebanov,1 and Kiryl Pakrouski3

1 Princeton University
2 New York University

3 ETH Zurich

Many-body scars are excited states that violate the Eigenstate Thermalization Hypothesis and are
therefore responsible for weak ergodicity breaking. We extend the Group-Invariant formalism for
constructing Hamiltonians with many-body scars to the multi-band electron systems. We derive the
generalizations of the scar families known in the single-band case including the eta-pairing states. We
demonstrate that most of the interactions that are usually considered in the context of unconventional
superconductivity in materials do support many-body scars.
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Tuning a CDW Phase Through Intrinsic Doping in Bulk ZrSe2

Andreas Ørsted, Alessandro Scarfato, Enrico Giannini, and Christoph Renner

University of Geneva, Department of Quantum Matter Physics, 24 Quai Ernest-Ansermet 1211 Geneva 4, Switzerland

Using low-temperature scanning tunnelling microscopy and spectroscopy (STM/STS), we investigated
bulk ZrSe2, a layered transition metal dichalcogenide (TMD). We show that intrinsic impurities dope the
system and shift the Fermi level into the conduction band, causing a semiconductor-to-metal transition
accompanied by the appearance of charge density wave (CDW) phases. The CDW phase is a collective
phenomenon in which the electrons in a material arrange themselves in a periodic pattern, leading to
a modulation in the charge density. Due to the local nature of the doping impurities, we successfully
correlate the presence of impurities with shifts in the Fermi level and finite CDW modulation amplitudes,
highlighting the tunability of correlated electronic phases through doping in TMDs. Furthermore, due
to the nature of the electronic bands and their crossing with the Fermi level, our investigation also
highlights the k-dependence of STM, inciting increased attention to systems with similar electronic
structures.
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Frustration-induced diffuse magnetic scattering in metallic HoInCu4

Xavier Boraley,1 Oliver Stockert,2 Romain Sibille,1 Oystein Fjellvag,1 Samuel Moody,1 Veronika

Fritsch,3 and Daniel G. Mazzone1

1 Paul Scherrer Institut (PSI), Laboratory for Neutron Scattering and Imaging, CH 5232 Villigen PSI, Switzerland
2 Max Plank Institute for Chemical Physics of Solid, DE 01187 Dresden, Germany

3 Experimental Physics VI, Center for Electronic Correlation and Magnetism, Institute of Physics, University of Ausburg , DE 86135

Ausburg , Germany

Materials with magnetically frustrated interaction often host unconventional phases of matter, such as
multiferroics, (quantum) spin liquid and exotic magnetic phases. However, most research on frustrated
materials have been performed on insulating spin systems, but only little work has been done on metallic
systems.
In metallic HoInCu4, frustration stems from the cubic face-centered arrangement of the rare-earth ions,
likely leading to a magnetic ground state with partial magnetic order where only half of the Holmium
moments exhibit long-range magnetic order, the other half remaining short-range correlated [1]. Here,
we use neutron scattering to elucidate the microscopic mechanism leading to this intriguing ground
state. Notably, we will show diffuse magnetic scattering results of HoInCu4 as function of temperature
and external magnetic field. We will discuss how the diffuse signal can be attributed to magnetic nearest
and next-nearest neighbor interactions, and compare the measured magnetic excitations to the predicted
model calculations.

[1] O. Stockert et al., Phys. Rev. Research 2, 013183 (2020).
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Applying Coherent Two-Dimensional Spectroscopy to a Pulsed
Magnetophononic System

Baptiste Demazure,1,2 Götz Uhrig,3 and Bruce Normand1,2

1 LTC, Paul Scherrer Institute, 5232 Villigen-PSI, Switzerland
2 Ecole Polytechnique Fédérale de Lausanne, 1015 Lausanne, Switzerland

3 3TU Dortmund University, Otto-Hahn-Straße 4, 44221 Dortmund, Germany

Coherent two-dimensional spectroscopy is a powerful tool to distinguish non-linear contributions to the
non-equilibrium physics of quantum systems. The technique has no frequency-range limitation and thus
has recently been used in the terahertz regime to observe the high-order response of magnon excitations
[1]. In linear magnetophononics, the modulation of magnetic interactions by laser-driven phonons,
the coupled phononic and magnetic excitations both have frequencies similar to that of the driving
pulse. In this work we use the new frequency axis offered by coherent two-dimensional spectroscopy
to isolate the non-linear response of such a system by applying the methodology to a straightforward
model of a gapped quantum spin chain with strong magnetophononic coupling [2]. Pulsed driving
in this model reveals non-linear contributions of hybrid phononic and magnetic nature, including
the sum and difference frequencies of composite phonon-bitriplon excitations [3]. We demonstrate
that coherent two-dimensional spectroscopy offers both qualitative and quantitative separation of the
different non-linear contributions emerging at strong coupling in pulsed magnetophononics.

[1] J. Lu, X. Li, H. Y. Hwang, B. K. Ofori-Okai, T. Kurihara, T. Suemoto, and K. A. Nelson, Coherent Two-Dimensional Terahertz

Magnetic Resonance Spectroscopy of Collective Spin Waves, Phys. Rev. Lett. 118, 207204 (2017).

[2] M. Yarmohammadi, M. Krebs, G. S. Uhrig and B. Normand, Strong-coupling magnetophononics: Self-blocking, phonon-

bitriplons, and spin-band engineering, Phys. Rev. B 107, 174415 (2023).

[3] B. Demazure, M. Krebs, G.S. Uhrig and B. Normand, Pulsed magnetophononics in a gapped quantum spin chain, unpublished

(2024).
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Calculating the complete spectral functions of quantum magnetic models and
materials

B. Normand,1,2 A. A. Eberharter,1 M. Nayak,3 F. Mila,2 and A. M. Läuchli1,2

1 Laboratory for Theoretical and Computational Physics, Paul Scherrer Institute, CH-5232 Villigen-PSI, Switzerland
2 Institute of Physics, Ecole Polytechnique Fédérale de Lausanne (EPFL), CH-1015 Lausanne, Switzerland

3 Department of Physics, University of Fribourg, CH-1700 Fribourg, Switzerland

We report on the development of systematic cylinder matrix-product-state (MPS) methods to perform
unbiased calculations of the full spectral function, S(q,ω), of any spin model with local interactions. By
applying these methods to different systems in all applied magnetic fields up to saturation, we show
how spectral fingerprints reveal novel phenomena. In unfrustrated Heisenberg antiferromagnets, we
examine the presence of field-induced shadow modes, which are found experimentally in the square-
lattice material (CuF2(H2O)2)2pyz [1] and the honeycomb-lattice compound YbBr3 [2]. In the ideally
frustrated “Shastry-Sutherland material,” SrCu2(BO3)2, we reveal the presence of the spin-nematic
phase, which is a low-field S = 2 condensate [3]. In the triangular-lattice Heisenberg system CsYbSe2,
we benchmark and offer an explanation for the extensive scattering continua [4]. While a quantitative
calculation of excitation spectra constitutes an evolution in the understanding of unfrustrated models, it
is a veritable revolution for frustrated ones. The provision of unbiased MPS spectral functions allows the
problem of understanding to be factorised into the two separate stages of expression and interpretation,
thereby sharpening the focus on the latter step. We conclude that there is still plenty of new physics to
be found in the spectral response.

[1] F. Elson, M. Nayak, A. Eberharter, F. Mila, B. Normand, A. M. Läuchli, M. Mourigal, H. M. Rønnow and M. Månsson, Field-

induced shadow-mode excitations in the square-lattice quantum antiferromagnet, unpublished.

[2] A. Hernandez, A. Eberharter, J. Lass, G. Simutis, D. G. Mazzone, B. Normand, A. M. Läuchli, B. Roessli and M. Kenzelmann,

Rotons, shadow modes, and spin-wave decay in the honeycomb Heisenberg antiferromagnet, unpublished.

[3] E. Fogh, M. Nayak, O. Prokhenko, M. Bartkowiak, K. Munakata, J.-R. Soh, A. A. Turrini, M. E. Zayed, E. Pomjakushina, H.

Kageyama, H. Nojiri, K. Kakurai, B. Normand, F. Mila and H. M. Rønnow, Field-induced bound-state condensation and spin-nematic

phase in SrCu2(BO3)2 revealed by neutron scattering up to 25.9 T, Nat. Commun. 15, 442 (2024).

[4] T. Xie, A. A. Eberharter, J. Xing, S. Nishimoto, M. Brando, P. Khanenko, J. Sichelschmidt, A. A. Turrini, D. G. Mazzone, P.

G. Naumov, L. D. Sanjeewa, N. Harrison, A. S. Sefat, B. Normand, A. M. Läuchli, A. Podlesnyak and S. E. Nikitin, Complete

field-induced spectral response of the spin-1/2 triangular-lattice antiferromagnet CsYbSe2, npj Quantum Mater. 8, 48 (2023).
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Probing electronic excitations in the Shastry-Sutherland compound
SrCu2(BO3)2 with resonant inelastic x-ray scattering

Tariq Leinen,1 Ola Kenji Forslund,2 Eugenio Paris,3 Marco Caputo,4 Yasmine Sassa,5 Thorsten Schmitt,3

Adrian Cavalieri,1 and Flavio Giorgianni1

1 Institute of Applied Physics, University of Bern
2 Department of Physics, University of Zurich

3 Photon Science Division, Paul Scherrer Institut
4 MAX IV Laboratory, Lund University

5 KTH Royal Institute of Technology

When multiple spins interact, they can give rise to complex collective behaviour and exotic quantum
phases. This is particularly true when competing effects, including magnetic frustration, prevent the
formation of simple ordered magnetic states. An important test case to investigate these phases is the
Shastry-Sutherland model, a 2-dimensional network of orthogonal interacting spin dimers, together
with its experimental material realization SrCu2(BO3)2 [1]. To gain a comprehensive understanding of
exotic quantum effects in this system, it is necessary to account not only for the role of spin interactions
and geometric frustration but also for their coupling to the lattice and high-energy electronic states.
Although spin-lattice coupling has been quantified in this system [2], neither the nature of electronic
excitations nor their coupling with the magnetic interactions have ever precisely been determined. Here
we have conducted a Cu L-edge and O K-edge resonant inelastic X-ray scattering (RIXS) experiment to
gain deep insight into the electronic excitations of the Shastry-Sutherland compound SrCu2(BO3)2. RIXS
was able to unambiguously reveal the charge-transfer (CT) or intra-orbital character of the excitations
and provides a more comprehensive understanding of the coupling between spin and orbital degrees of
freedom in quantum spin systems.

[1] Shin Miyahara and Kazuo Ueda (2003): Theory of the orthogonal dimer Heisenberg spin model for SrCu2(BO3)2.

[2] F. Giorgianni et al. (2023) Ultrafast Frustration-Breaking and Magnetophononic Driving of Singlet Excitations in a Quantum

Magnet.
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Breaking new ground in quantum detection with SNSPDs: the search for
light-mass dark matter and high-critical-temperature superconductors

Ilya Charaev

University of Zurich

Initially developed for deep-space communication and quantum information science, SNSPDs possess
specific characteristics that make them particularly suited for detecting light dark matter (DM). Although
these detectors have already shown promising results [1], they require further development before
being used in the final designs for a DM experiment. In first part of my talk, I will discuss the remaining
technological challenges, design, and characterization of the devices.
The operation of SNSPDs based on conventional superconductors, which have a low critical temperature
(Tc), requires costly and bulky cryocoolers. This motivated exploration of other superconducting
materials with higher Tc that would enable single-photon detection at elevated temperatures, yet this
task has proven exceedingly difficult. Here I show that with proper processing, high-Tc superconductors
can meet this challenge [2][3]. We fabricated superconducting nano- and microwires out of thin flakes
of BSCCO, thin MgB2 films and LSCO-LCO bilayer films and demonstrated their single-photon response
up to 25, 20 and 8 K, respectively. High-Tc based SNSPDs exhibited single-photon sensitivity at the
technologically important 1.55 um telecommunications wavelength. This demonstration expands the
family of superconducting materials for SNSPD technique, opens the prospects of raising the temperature
ceiling, and raises important questions about the underlying mechanisms of single-photon detection by
unconventional superconductors.

[1] Y. Hochberg, I. Charaev, S. W. Nam, V. Verma, M. Colangelo, and K. K. Berggren, Detecting Sub-GeV Dark Matter with

Superconducting Nanowires, Phys Rev Lett, vol. 123, no. 15, 2019, doi: 10.1103/PhysRevLett.123.151802.

[2] I. Charaev et al., Single-photon detection using high-temperature superconductors, Nat Nanotechnol, vol. 18, no. 4, 2023,

doi: 10.1038/s41565-023-01325-2.

[3] I. Charaev et al., Single-photon detection using large-scale high-temperature MgB2 sensors at 20 K, Aug. 2023, Available:

https://arxiv.org/abs/2308.15228v1, accepted for publication in Nature Communications, March, 2024.
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Probing mono- and few-layer 1T-TaSe2 with ARPES

Salony Mandloi, Catherine Witteveen, Fabian O. von Rohr, Anna Tamai, and Felix Baumberger

University of Geneva

Physical properties can change significantly when bulk materials are thinned down to a few atomic
layers. Here, we study the intriguing example of the metallic charge density wave system 1T-TaSe2.
Previous transport experiments on 1T-TaSe2 found a metal to insulator transition at a thickness of 5
layers [1]. Monolayer 1T-TaSe2 was proposed to be a Mott insulator and is a candidate quantum spin
liquid [2]. We perform Angle resolved photoelectron spectroscopy (ARPES) measurements on ultra
clean exfoliated few layer 1T-TaSe2 to study this intriguing phase of matter.

[1] Tian, N., et al., National Science Review (2023): nwad144.

[2] Chen, Y., et al., Nat. Phys. 16, 218-224 (2020).
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Uncovering novel properties in RECo5 permanent magnets

Julio Larrea Jiménez,1 F. de Almeida Passos,1 N. L. Costa,1 V. Martelli,1 D. Cornejo,2 H. Ronnow,3 I.
Zikovich,3 G. Nilsen,4 C. E. Patrick,5 and G. Balakrishnan6

1 Laboratory for Quantum Matter under Extreme Conditions, Institute of Physics, University of São Paulo, Brazil
2 Institute of Physics, University of São Paulo, Brazil

3 Laboratory for Quantum Magnetism, Institute of Physics, Ecole Polytechnique Fédérale de Lausanne, Lausanne 1015, Switzerland
4 ISIS Pulsed Neutron and Muon Source, STFC Rutherford Appleton Laboratory, Didcot OX11 0QX, United Kingdom

5 Department of Materials, University of Oxford, Oxford OX1 3PH, United Kingdom
6 Department of Physics, University of Warwick, Coventry CV4 7AL, United Kingdom

Rare-earth (RE) permanent magnets gain the excellent magnetic properties from the interaction be-
tween localized f-electrons and itinerant conduction electrons. However, the search for the underlying
mechanisms that account for the interactions between electrons in this class of materials continues to
challenge the community of magnetism.
In this work, we will present new trends that advance on the understanding of low-lying energy scales
in the family of compounds RECo5 (RE= Nd, Sm and Y). In a first case study, the role that crystal
electric field (CEF) plays in both magnetic anisotropy and spin reorientation of the single crystal NdCo5
is investigated by inelastic neutron scattering (INS) and theoretical calculations [1]. In a second case
study, we discuss a systematic study of Sm substitution in YCo5, namely, the polycrystal SmxY1-xCo5 (x
= 0 to 1) [2]. Combining bulk physical properties (electrical transport, magnetization and specific heat)
and x-ray spectroscopies (XRD, XPS and XAS) we uncover how the tuning of f-electrons influences on
different magnetic, electronic and valence states leading to a rich variety of phase transitions, electronic
correlations and energy excitations which create new routes for the realization of hard magnets.
Acknowledgements: J.L.J., V. M and F. A. P acknowledge FAPESP-Young Investigator Grants 2018/08845-
3, 2018/19420-3 and 2019/24711-0. J. L. J acknowledges CNPq 31005/2021-6.

[1] F. Passos et al. Phys. Rev. B 108, 174409 (2023).

[2] F. Passos, et al. SciPost Phys. Proc. 11, 021 (2023).
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Probing the superconducting gap symmetry of infinite-layer nickelates through
electron irradiation induced disorder

Abhishek Ranna,1 Romain Grasset,2 Martin Gonzalez,3,4 Michal Moravec,1,5 Kyuho Lee,4,6 Bai Yang
Wang,4,6 Marcin Konczykowski,2 Harold Y. Hwang,4,7 Andrew P. Mackenzie,1,5 and Berit H. Goodge1

1 Max Planck Institute for Chemical Physics of Solids, Germany
2 Laboratoire des Solides Irradis, CEA/DRF/IRAMIS, CNRS, Ecole Polytechnique, Institut Polytechnique de Paris, France

3 Department of Materials Science, Stanford University, USA
4 Stanford Institute for Materials and Energy Sciences, SLAC National Accelerator Laboratory, USA

5 School of Physics and Astronomy, University of St. Andrews, UK
6 Department of Physics, Stanford University, USA

7 Department of Applied Physics, Stanford University, USA

Superconducting infinite-layer nickelates saw their experimental realisation two decades after their
theoretical prediction [1], generating significant interest for being isoelectronic to 3d9 superconducting
cuprates. This feat was achieved by combining epitaxial thin film synthesis with topochemical reduction
to stabilise the required nickel electronic configuration [2]. While sharing similarities in phase diagrams
[3], nickel- and copper-based systems exhibit notable disparities in band structure and hybridisation
[4-6].
Determining the superconducting nickelate’s pairing symmetry has posed a significant challenge [7],
partly due to limitations of thin-film sample geometry and surface degradation during chemical reduc-
tion processes [8]. Various techniques to investigate the superconducting order parameter symmetry,
including studies of London penetration depth through mutual inductance [9] or tunnel diode oscillator
method [10], single-particle tunnelling [11], photoemission spectroscopy [12-14], and thermal transport
are challenging to perform or interpret on these chemically reduced thin films.
In addressing this challenge, we employ high-energy electron irradiation to introduce disorder into
superconducting nickelate thin films in a controlled manner. By examining the impact of pair-breaking
defects on superconductivity, we aim to shed light on the nature of the gap symmetry. Our initial findings
show the suppression of superconducting transition temperature and increase of normal state resistivity
with induced disorder.

[1] Anisimov, et al. Electronic structure of possible nickelate analogs to cuprates. Phys. Rev. B. 59:12, 7901-7906 (1999).

[2] Li, et al. Superconductivity in an infinite-layer nickelate. Nature 572, 624 (2019).

[3] Lee, et al. Character of the “normal state” of the nickelate superconductors. Nature 619, 288-292 (2023).

[4] Lee and Pickett. Infinite-layer LaNiO2: Ni1+ is not Cu2+. Phys. Rev. B. 70, 165109 (2004).

[5] Hepting, et al. Electronic structure of the parent compound of superconducting infinite-layer nickelates. Nature Materials

19:4, (2020).

[6] Goodge, et al. Doping evolution of the Mott-Hubbard landscape in infinite-layer nickelates. Proc. Nat. Acad. Sci. 118:2,

(2021).

[7] Cheng, et al. Evidence for d-wave superconductivity of infinite-layer nickelates from low-energy electrodynamics. Nature

Materials (2024).

[8] Lee, et al. Aspects of the Synthesis of Thin Film Superconducting Infinite-Layer Nickelates. APL Materials 8(4), 041107

(2020).

[9] Harvey, et al. Evidence for nodal superconductivity in infinite-layer nickelates. arXiv:2201.12971v1 (2022).

[10] Chow, et al. Pairing symmetry in infinite-layer nickelate superconductor. arXiv:2201.10038 (2022).

[11] Gu, et al. Single particle tunneling spectrum of superconducting Nd1−x Srx NiO2 thin films. Nature Comm. 11:6027, (2020).

[12] Li, et al. Electronic structure and correlations in planar trilayer nickelate Pr4Ni3O8. Science Advances 9, eade4418 (2023).

[13] Sun, et al. Electronic Structure of Superconducting Infinite-Layer Lanthanum Nickelates. arXiv:2403.07344 (2024).

[14] Ding, et al. Cuprate-like Electronic Structures in Infinite-Layer Nickelates with 3D dispersion. arXiv:2403.07448 (2024).
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Magnetic and magnetoelectric properties of LiFePO4

Sofie Holm-Janas,1 Mitsuru Akaki„2 Ellen Fogh,3 Takumi Kihara,2,4 Manh D. Le,5 Paola C. Forino,1,3

Stanislav E. Nikitin,6 Tom Fennell,6 Adheena Painganoor,1,7 David Vaknin,8 Masao Watanabe,9 Niels B.
Christensen,1 Hiroyuki Nojiri,2 and Rasmus Toft-Petersen1,10

1 Department of Physics, Technical University of Denmark, 2800 Kongens Lyngby, Denmark
2 Institute for Materials Research, Tohoku University, Sendai 980-8577, Japan

3 Laboratory for Quantum Magnetism, Institute of Physics, École Polytechnique Fédérale de Lausanne (EPFL), 1015 Lausanne,
Switzerland

4 Research Institute for Interdisciplinary Science, Okayama University, Okayama, 700-8530, Japan
5 ISIS Facility, Rutherford Appleton Laboratory, Didcot OX11 0QX, United Kingdom

6 Laboratory for Neutron Scattering and Imaging, Paul Scherrer Institut, 5232 Villigen PSI, Switzerland
7 Institut Laue-Langevin, 38042 Grenoble Cedex 9, France

8 Ames Laboratory and Department ofPhysics and Astronomy, Iowa State University, Ames, Iowa 50011, USA
9 Materials and Life Science Division, J-PARC Center, Tokai, Ibaraki 319-1195, Japan

10 European Spallation Source ERIC, P.O. Box 176, SE-221 00, Lund, Sweden

The ability to control magnetic and electric properties is attractive for tailoring materials for devices, data
storage and sensor technology. In magnetoelectric materials, these two degrees of freedom are closely
linked and this makes them particularly interesting [1]. Here we re-visit one such system, LiFePO4,
which has been known since the 60s and is now a well-known battery material [2]. Early on, it turned
out that LiFePO4 is also a complex antiferromagnetic and magnetoelectric system [3,4]. By combining
electric polarization measurements and neutron diffraction under pulsed magnetic fields as well as
mean-field calculations we identify the spin-flop phase above 31 T and observe the corresponding change
in the magnetoelectric tensor symmetry [5,6]. However, the persistence of off-diagonal magnetoelectric
tensor elements above the critical field suggests a lowering of the magnetic point group symmetry and
hence a more complex magnetic structure in the high-field phase. Moreover, our mean-field calculations
show that the system is less frustrated than first anticipated. The results demonstrate the effectiveness
of combining pulsed-field neutron diffraction and electric polarization measurements to elucidate the
magnetic structures and symmetries at the highest attainable field strengths.

[1] W. Eerenstein, N. D. Mathur and J. F. Scott, Nature 442, 759-765 (2006).

[2] A. K. Padhi, K. S. Nanjundaswamy, and J. B. Goodenough, J. Electrochem. Soc. 144, 1188 (1997).

[3] R. P. Santoro and R. E. Newnham, Acta Cryst. 22, 344 (1967).

[4] M. Mercier, P. Bauer and B. Fouilleux, C. R. Acad. Sc. Paris B 267, 1345-1346 (1968).

[5] E. Fogh et al., Physica B 648, 414380 (2022).

[6] S. Holm-Janas et al., under consideration in Phys. Rev. B.
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Progress in the study of rare-earth silicate systems

Vasile Cristian Ciomaga Hatnean,1,2 Aurel Pui,1 Arkadiy Simonov,2 and Monica Ciomaga Hatnean3,4

1 Faculty of Chemistry, Alexandru Ioan Cuza University of Iasi, 700506 Iasi, Romania
2 Laboratory for Disordered Materials, Department of Materials, ETH Zurich, 8093 Zurich, Switzerland

3 Materials Discovery Laboratory, Department of Materials, ETH Zurich, 8093 Zurich, Switzerland
4 Laboratory for Multiscale Materials eXperiments, Paul Scherrer Institute, 5232 Villigen PSI, Switzerland

Rare-earth silicates are an interesting class of materials owing their potential for optical (laser diodes,
scintillators) and environmental barrier coating (EBC) applications. One of the major difficulties
encountered in the synthesis and study of these systems is due to the existence of a relatively large
number of chemical phases and polymorphism possible at ambient pressure. Moreover, there is an
overlap of the thermodynamic stability ranges of the different polymorphs and/or chemical phases,
thus hindering the synthesis of pure phase ceramic materials by conventional solid-state reaction. To
overcome these drawbacks and study the intrinsic properties of these systems, one can attempt to
prepare these materials in crystal form. We successfully prepared large, high quality, crack-free and pure
phase single crystals of R2SiO5 (R = Dy, Ho and Er) using a laser-diode-heated floating zone furnace.
Here, we present the results of our investigations to optimize the synthesis and crystal growth conditions
of R2SiO5, and discuss the properties of these materials [1]. The progress in preparing single crystals of
these materials is crucial for the study of the intrinsic structural, chemical and physical properties of
rare-earth silicate systems which will open the route for improving the properties of these materials for
applications.

[1] V.C. Ciomaga Hatnean et al., Crystal Growth of the R2SiO5 Compounds (R = Dy, Ho, and Er) by the Floating Zone Method

Using a Laser-Diode-Heated Furnace, Crystals 2023, 13, 1687.
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Simulating 2D-1D dimensional crossover with ultracold atoms

Lorenzo Pizzino

DQMP, University of Geneva, Switzerland

As a function of dimensionality, in quantum physics we have access to a broad range of phenomena. In
this presentation, we describe the dimensional crossover along two integer dimensionalities, namely 2D
to 1D, in strongly interacting ultracold atomic gases as a function of the transverse confining potential
Vy . We showcase the analytical tools that can be used to describe the large Vy case where the system is
well described by weakly-coupled chains, such as bosonization [1]. In this regime, we use a mean-field
approach to decouple the chains and study the temperature at which we expect the crossover to occur
and its scaling as a function of Vy . We extend the analysis to a broader range of Vy by meaning of
QMC simulations [2] and study the superfluid fraction and the evolution of the one-body density matrix
g1(x) by comparing with experiment [3]. These results allow us to define in the Vy - kb T plane a phase
diagram which ranges from BKT physics to 1D Luttinger liquid going through a distinct intermediate
phase.

[1] G. Bollmark et al. "Solving 2D and 3D lattice models of correlated fermions-combining matrix product states with mean-field

theory". Phys. Rev. X 13, 011039 (2023).

[2] H. Yao, L. Pizzino, T. Giamarchi, "Strongly-interacting bosons at 2D-1D dimensional crossover". SciPost Phys. 15, 050 (2023).

[3] Y. Guo et al. "Observation of the 2D-1D crossover in strongly interacting ultracold bosons". Nat. Phys. (2024).
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Investigation of charge order fluctuations in La1.675Eu0.2Sr0.125CuO4

Xunyang Hong,1 K. von Arx,1 J. Choi,3 Y. Sassa,4 S. Pyon,5 T. Takayama,5 H. Takagi,5 M.

Garcia-Fernandez,3 Ke-Jin Zhou,3 Johan Chang,1 and Qisi Wang1,2

1 Physik-Institut Universität Zürich
2 Department of Physics, The Chinese University of Hong Kong

3 Diamond Light Source
4 Department of Physics, Chalmers University of Technology

5 Department of Advanced Materials, University of Tokyo

This study reports direct observation of charge order fluctuations (CF) in the unconventional cuprate
superconductor La1.675Eu0.2Sr0.125CuO4 (LESCO) through resonant inelastic x-ray scattering (RIXS).
Charge order (CO) is closely related to and even competes with superconductivity in cuprates [1],
making the excitations stemming from this order, CF, critical for understanding the low-energy physics
in this system. Although intensive studies have focused on CO in cuprates [2,3], CF has not been
fully investigated due to experimental challenges in isolating the CF signal. "Thanks to the advent of
high-resolution RIXS technique [4], we can now resolve the low-energy excitations, including CF and
phonons. Indirect studies of CF on several compounds based on phonon anomalies have been carried
out in the past few years [5-7], while direct observation of CF is yet to be explored.
This study focusses on lanthanum-based cuprate deep inside the charge order phase. We managed
to separate out the CF signal from the low-lying phonons by numerical simulations, which allows for
a direct extraction of the information of CF. Our work not only advances the understanding of CF in
superconductivity but also introduces a useful numerical technique for isolating CF from low-energy
excitations, facilitating future quantum material studies.

[1] J.M. Tranquada, et al., Physical Review Letters 78.2 (1997): 338.

[2] R. Comin, et al., Annual Review of Condensed Matter Physics 7 (2016): 369-405.

[3] R. Arpaia, et al., Journal of the Physical Society of Japan 90.11 (2021): 111005.

[4] K-J. Zhou., et al., Journal of Synchrotron Radiation 29.2 (2022): 563-580.

[5] J. Li, et al., Proceedings of the National Academy of Sciences 117.28 (2020): 16219-16225.

[6] W. Lee, et al., Nature Physics 17.1 (2021): 53-57.

[7] L. Chaix, et al., Nature Physics 13.10 (2017): 952-956.
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Spin-orbital excitations encoding the magnetic phase transition in the van der
Waals antiferromagnet FePS3

Yuan Wei,1 Yi Tseng,1,2 Hebatalla Elnaggar,3 Wenliang Zhang,1 Teguh Citra Asmara,1 Eugenio Paris,1

Gabriele Domaine,2 Vladimir N. Strocov,1 Luc Testa,2 Virgile Favre,2 Mario Di Luca,4 Mitali Banerjee,4

Andrew R. Wildes,5 Frank M. F. de Groot,6 Henrik M. Ronnow,2 and Thorsten Schmitt1

1 Photon Science Division, Paul Scherrer Institut, Villigen PSI, Switzerland
2 Laboratory for Quantum Magnetism, Institute of Physics, École Polytechnique Fédérale de Lausanne, CH-1015 Lausanne, Switzerland
3 Sorbonne Université, CNRS UMR 7590, Institut de Minéralogie, de Physique des Matériaux et de Cosmochimi, 4 Place Jussieu, 75005

Paris, France
4 Laboratory of Quantum Physics, Topology and Correlations, Institute of Physics, École Polytechnique Fédérale de Lausanne, CH-1015

Lausanne, Switzerland
5 Institut Laue-Langevin, 71 Avenue des Martyrs CS 20156, 38042 Grenoble Cedex 9, France

6 Debye Institute for Nanomaterials Science, 3584 CG Utrecht, Netherlands

Magnetic van der Waals (vdW) materials offer new avenues for exploring exotic magnetic phases and
collective behavior. [1] Recent research, mainly using optical spectroscopy, reveals the sensitivity of the
acoustic phonon response to magnetic states even in few-layer structures. [2] FePS3, whose interlayer
exchange interaction is very small, is an S = 2 zig-zag quasi-two-dimensional antiferromagnetic insulator
with a honeycomb lattice. [3] Here we performed resonant inelastic X-ray scattering (RIXS) at Fe L3-edge
as a function of temperature across the magnetic transition to elaborate the spin-orbital excitations of
FePS3 and their relation to magnetism. The multiplets probed by Fe L3 RIXS have a large sensitivity to
the spin state. By comparing with ligand-field-theory calculations, we identified the essential role of
the trigonal lattice distortion and negative metal-ligand charge transfer to account for the low-energy
spin-orbital excitations. We reveal the robustness of these elementary excitations down to the few
atomic layer limits, in accordance with the persistent magneto-optical excitations and phonon modes in
monolayers measured by Raman scattering. [4] This provides crucial insight into how the spontaneous
magnetic symmetry-breaking stabilizes in the quasi-two-dimensional limit of the vdW magnet FePS3.
Our work highlights RIXS as an ideal generalized approach for studying 2D magnetic materials, featuring
sensitivities to all degrees of freedom.

[1] H. Li et al. Adv. Mater. 31,1900065 (2019).

[2] K. Kim et al. Nanotechnology 30,452001 (2019).

[3] D. Lançon et al. Phys. Rev. B 94,214407 (2016).

[4] J. Lee et al. Nano Lett. 16,7433 (2016).

[5] X. Wang et al. 2D Mater. 3,031009 (2016).

[6] A. Chang et al Phys. Rev. B 106,125412 (2022).

[7] X. Zhang et al. Adv. Sci. 2016, 3, 1600062 (2016).
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Geometrically, electrostatically and thermally tunable phonon polaritons in
SrTiO3-based interfaces

Alexey Kuzmenko

DQMP, University of Geneva, 1211 Geneva, Switzerland

Surface phonon-polaritons (SPhPs) - strongly coupled light-phonon modes bound to interfaces between
two media, one of which is a polar material with negative permittivity - hold high promise in nano-
photonics due to their capacity to squeeze the electromagnetic energy on ultra-subwavelength scales.
While the SPhPs are extensively studied in conventional semiconductors (SiC, AlN) and van der Waals ma-
terials (hBN, MoS2), little is done in the vast family of complex perovskite oxides ABO3. Using scattering-
type near-field optical microscopy (s-SNOM) we explored SPhP modes in LaAlO3(LAO)/SrTiO3(STO)
heterostructures [1] and 100 nm-thick transferable STO membranes [2]. The presence of conducting 2D
electron gas (2DEG) at the LAO/STO interfaces strongly increases the temperature dependence of the
PhP frequency, due to a coupling between the SPhPs in STO and the plasmon-polaritons in the 2DEG
and also allows for electrostatic tuning by applying voltage to a back gate [1]. In ultrathin membranes,
we observe an even-odd SPhP mode splitting, where the low energy mode shows a propagating behavior
with a strongly confined wavelength, while the high-energy mode (Berreman mode) shows the epsilon-
near-zero (ENZ) behaviour with a huge enhancement of the electric field inside the sample. Our work
shows great potential of oxides for infrared nano-photonics.

[1] Thermal and electrostatic tuning of surface phonon-polaritons in LaAlO3/SrTiO3 heterostructures, Y. Zhou, A. Waelchli, M. Boselli,

I. Crassee, A. Bercher, W. Luo, J. Duan, J.l.m. van Mechelen, D. Van Der Marel, J. Teyssier, W. Rischau, L. Alexander Korosec, S.

Gariglio, J.-M. Triscone, A. B. Kuzmenko, Nature Communications 14 , 7686 (2023).

[2] Highly confined epsilon-near-zero and surface-phonon polaritons in SrTiO3 membranes, R. Xu , I. Crassee , H. Bechtel , Y. Zhou

, A. Bercher , L. Korosec , C.W. Rischau , J. Teyssier , K. Crust , Y. Lee , S. Gilbert Corder , J. Li , J. Dionne , H. Hwang , A. B.

Kuzmenko, Y. Liu, arXiv:2312.14093, to appear in Nature Communications.
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Structural studies on new, layered K–Cu–Te oxides

Felix Eder,1 Matthias Weil,2 Ronald Miletich,3 and Harishchandra Singh4

1 University of Geneva, Department of Quantum Matter Physics, Laboratory for Quantum Material Discovery
2 Technical University of Vienna, Institute for Chemical Technologies and Analytics, Division of Structural Chemistry

3 University of Vienna, Department of Mineralogy and Crystallography
4 University of Oulo, Faculty of Science, Nano and Molecular Systems Research Unit

The family of layered alkali (A) transition metal (M) oxidotellurates(VI) with a composition of A2M2TeO6
can exhibit promising electrochemical properties (e.g. Li2Ni2TeO6 [1]) as well as frustrated 2D anti-
ferromagnetism (e.g. Na2Co2TeO6 [2] and Na2Ni2TeO6 [3]) due to the honeycomb sublattice of the
transition metal atoms.
The new phase K2Cu2TeO6 was synthesized using the hydroflux method [4]. Its crystal structure consists
of [CuTe2O6] layers separated by K+ cations. The honeycomb sublattice of the Cu atoms is distorted
due to the pronounced Jahn–Teller effect of Cu(II).
The structural evolution of K2Cu2TeO6 at increased temperatures and pressures was investigated by
high-temperature synchrotron powder diffraction and high-pressure Raman spectroscopy. During the
latter, hints of a second-order phase transition at pressures of 5–7 GPa were observed.
K2Cu2TeO6 is prone to incorporate water molecules besides the K+ cations between the layers; this
process can be tracked by the shifting of reflections to smaller angles in X-ray powder diffraction
measurements. Furthermore, there exist two stoichiometric hydrates (mono-, and tetrahydrate) of
K2Cu2TeO6, which can be obtained under hydroflux conditions as well.

[1] Grundish, N. S. et al. (2019). Chem. Mater. 31(22), 9379-9388.

[2] Bera, A. K. et al. (2017). Phys. Rev. B 95, 094424.

[3] Kurbakov, A. I. et al (2020). J. Alloys Compd. 820, 153354.

[4] Bugaris, D. E. et al. (2013). Inorg. Chem. 52(7), 3836-3844.
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Investigating Strain-Dependent Magnetoresistance and Metal-Insulator
Transition in LCMO Films at Cryogenic Temperatures Using Near-Field

Techniques

Giuliano Esposito,1 Gennady Logvenov,2 Georg Christiani,2 and Alexey Kuzmenko1

1 DQMP, University of Geneva, 1211 Geneva, Switzerland
2 Max Planck Institute for Solid State Research, Heisenbergstraße 1, D-70569 Stuttgart, Germany

Metal-insulator transitions (MITs) in complex oxides like manganites present intriguing phenomena
with significant implications for fundamental physics and potential applications [1]. In this study, we
investigate the MIT in manganites, focusing on the perovskite lanthanum calcium manganese oxide
(LCMO). Scattering scanning near-field optical microscopy (s-SNOM) emerges as a powerful tool,
offering high spatial resolution and sensitivity to local conductivity [2]. By Using s-SNOM, we explore
the MIT in LCMO and its modulation under strain. Building upon successful applications in other
materials like vanadium dioxide (VO2) [3] and neodymium nickel oxide (NdNiO3) [4], we present
preliminary findings on the impact of strain on the MIT transition in LCMO. We will present preliminary
results on colossal magneto resistance on LCMO where different strain translates to different transition
temperatures. [5]

[1] M. Imada, A. Fujimori, and Y. Tokura, Metal-Insulator Transitions, Rev. Mod. Phys. 70, 1039 (1998).

[2] X. Chen, D. Hu, R. Mescall, G. You, D. N. Basov, Q. Dai, and M. Liu, Modern Scattering-Type Scanning Near-Field Optical

Microscopy for Advanced Material Research, Adv. Mater. 31, e1804774 (2019).

[3] M. M. Qazilbash et al., Mott Transition in VO2 Revealed by Infrared Spectroscopy and Nano-Imaging, Science 318, 1750

(2007).

[4] K. W. Post et al., Coexisting First- and Second-Order Electronic Phase Transitions in a Correlated Oxide, Nat. Phys. 14, 1056

(2018).

[5] Y. Tokura, Critical Features of Colossal Magnetoresistive Manganites, Rep. Prog. Phys. 69, 797 (2006).
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Quantum oscillations in focused ion beam prepared microstructures of ZrSiS

Portia Allen,1 Carsten Putzke,1 Leslie Schoop,2 and Philip Moll1

1 MPI for the Structure and Dynamics of Matter
2 Princeton University

Nodal-line semimetals are a topological phase of matter whose unique physics has only begun to be
explored. The intersection of adjacent two-dimensional electronic bands creates closed nodal loops in
reciprocal space with various potential configurations, providing a rich playground to explore correlation
effects and different topological phases. Bulk ZrSiS has already proven to be an excellent probe into
nodal-line semimetal physics, as quantum oscillation measurements have allowed for complete Fermi
surface mapping in good agreement with density-functional-theory calculations [1] and it has shown a
topological quantum phase transition under pressure [2]. Focused ion beam microstructuring techniques
unlock new experimental capabilities, as sample sizes can be of order with their electronic mean free
path leading to novel quantum coherent orbits [3]. Microstructures of ZrSiS allow for the exploration of
these finite size effects. Here we present a size dependent study of magneto-quantum oscillations in
microstructured ZrSiS, with particular emphasis on low strain in the sample. The appearance of new
oscillation frequencies requires interpretation beyond the conventional Lifshitz-Kosevich formalism.

[1] C. Müller et al. Phys. Rev. Res., 2, 023217 (2020).

[2] D. VanGennep et al. Phys. Rev. B, 99, 085204 (2019).

[3] P.J.W. Moll et al. Nature 535, 266-270 (2016).
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Electron-phonon coupling across a WS2/hBN van der Waals interface

Gianmarco Gatti,1 Christophe Berthod,1 Michael Straub,1 Julia Issing,1 Salony Mandloi,1 Yann
Alexanian,1 Timur Kim,2 Matthew Watson,2 Cephise Cacho,2 Anna Tamai,1 and Felix Baumberger1

1 Department of Quantum Matter Physics, University of Geneva, 24 Quai Ernest-Ansermet, 1211 Geneva, Switzerland
2 Diamond Light Source, Harwell Campus, Didcot, OX11 0DE, United Kingdom

Electronic states in a two-dimensional system and bosonic excitations in an adjacent substrate may be
strongly coupled. These interfacial interactions are still poorly characterized in van der Waals heterostruc-
tures, where one would expect that they play a marginal role. However, recent optics experiments
report remarkably large coupling between excitons in a monolayer transition metal dichalcogenide
and the underlying hexagonal Boron Nitride (hBN) substrate [1]. Here, we investigate the nature and
magnitude of such interactions in the electronic states of a WS2/hBN heterostructure via angle-resolved
photoelectron spectroscopy. We resolve dispersing satellites separated from the intense quasiparticle
WS2 valence band by energies comparable to Γ phonon modes in hBN. We derive a spectral function
model to describe the interfacial coupling between charges in the WS2 layer and the lattice vibrations
of the polar hBN substrate, which we employ to provide a qualitative estimation of the interaction
strength. Finally, we evaluate the entity of this coupling at large out-of-plane WS2-to-hBN distance in
a WS2/graphite/hBN heterostructure. Our findings will define the impact of many-body interfacial
correlations in the transport properties of a two-dimensional semiconductor across a van der Waals gap.

[1] Jin, C., Kim, J., Suh, J. et al. Nature Phys 13, 127-131 (2017).
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Imaging ultrafast electronic order fluctuations of Fe3O4

Nelson Hua,1 Yanwen Sun,2 Pooja Rao,3 Nanna Z. Hagström,3 Bojan Stoychev,4 Eric Lamb,4 Meera
Madhavi,3 Surya T. Botu,3 Spencer Jeppson,3 Maël Clémence,1,5 Aidan G. McConnell,1,5 Shih-Wen

Huang,1 Serhane Zerdane,1 Roman Mankowsky,1 Henrik T. Lemke,1 Mathias Sanders,1 Vincent
Esposito,2 Patrick Kramer,2 Diling Zhu,2 Takahiro Sato,2 Sanghoon Song,2 Eric E. Fullerton,4 Oleg G.

Shpyrko,4 Roopali Kukreja,3 and Simon Gerber1

1 Paul Scherrer Institut, Switzerland
2 SLAC National Accelerator Laboratory, USA

3 University of California Davis, USA
4 University of California San Diego, USA

5 Eidgenössische Technische Hochschule Zürich, Switzerland

Speckle patterns manifesting from the interaction of coherent light with matter offer a glimpse into
the dynamics of nanoscale domains that underpin many emergent phenomena in quantum materials.
While the dynamics of the average structure can be followed with time-resolved X-ray diffraction, the
ultrafast evolution of local structures and nonequilibrium conditions have thus far eluded detection due
to experimental limitations, such as insufficient coherent flux. Here we demonstrate the experimental
realization of a nonequilibrium X-ray speckle visibility experiment using a so-called split-and-delay setup.
Photoinduced electronic domain fluctuations of the magnetic model material Fe3O4 reveal changes
of the trimeron network configuration due to charge dynamics, offering a unique perspective on the
ultrafast dynamics of the lattice structure and electronic heterogeneities.
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Highly anisotropic in-plane ferroelectricity in CaTiO3 thin films

Lukas Korosec,1 Marios Hadjimichael,1,2 Louis Bastogne,3 Evgenios Stylianidis,4 Clémentine Thibault,1

Dan Porter,5 Gareth Nisbet,5 Philippe Ghosez,3 and Jean-Marc Triscone1

1 Department of Quantum Matter Physics, University of Geneva
2 Department of Physics, University of Warwick

3 Theoretical Materials Physics, Q-MAT, Université de Liège
4 Department of Physics and Astronomy, University College London
5 Diamond Light Source, Harwell Science and Innovation Campus

While CaTiO3 is non-polar in its bulk form, ferroelectricity has been demonstrated in epitaxial thin films
[1,2,3]. We have discovered two unusual, highly anisotropic in-plane ferroelectric states in CaTiO3
films caused by the interaction between polarization, oxygen octahedral rotations, and epitaxial strain.
Films deposited on (110)-oriented NdGaO3 substrates show uniaxial in-plane ferroelectricity with a
regular dielectric response in the orthogonal in-plane direction. In films on (001)-oriented NdGaO3, the
polarization lies near the a axis in the ground state — however, electric fields along the b axis cause a
discontinuous rotation of the polarization, resulting in antiferroelectric-like double-hysteresis loops.

[1] Biegalski et al., Appl. Phys. Lett. 106, 162904 (2015).

[2] Haislmaier et al., Adv. Funct. Mater. 26, 7271 (2016).

[3] Kim et al., Nat Commun 11, 4944 (2020).
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Optical detection of a chiral spin liquid in transition metal dichalcogenide
moiré bilayers

Johannes Motruk1 and Louk Rademaker2

1 Department of Theoretical Physics, University of Geneva
2 Department of Quantum Matter Physics, University of Geneva

The first valence or conduction band of many moiré bilayers consisting of transition metal dichalcogenide
(TMD) sheets can be effectively described by an extended Hubbard model on the triangular lattice.
Since the standard Hubbard model on this lattice at half filling has been theoretically predicted to host
a chiral spin liquid (CSL) ground state at intermediate interaction strength, TMD moiré bilayers, given
their remarkable tunability, represent a promising candidate to experimentally realize this elusive state
of matter. However, the identification of such a state in an experiment remains challenging. Based
on the possibility of optical manipulation and readout of the spin in TMDs, we propose a pump-probe
protocol to detect the characteristic spin Hall conductivity of the CSL. We calculate the spin dynamics
within a parton picture benchmarked by matrix product state simulations for small system sizes and
discuss under which circumstances the quantization of the spin Hall conductivity can be detected.
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Quantum sensor cryogenic search for dark matter in light mass range
(QROCODILE)

Laura Baudis,1 Alexander Bismark,1 Noah Brugger,1 Ilya Charaev,1 Jose Javier Cuenca Garcia,1 Yonit

Hochberg,2 Ben Lehmann,3 Severin Naegeli,1 Titus Neupert,1 Diego Ramirez Garcia,1 and Andreas
Schilling1

1 University of Zurich
2 The Hebrew University of Jerusalem

3 Massachusetts Institute of Technology

Dark matter remains one of the big unsolved mysteries of modern physics. After decades of research at the
electroweak scale, the research efforts have been shifted towards sub-GeV mass ranges. Among various
approaches, superconductors offer unprecedented combination of performance [1]. Superconducting
Nanowire Single Photon detectors (SNSPDs) are sensitive to the deposition of energies in the sub-eV
range [2]. The SNSPD can be used both as the target and the sensor. By coupling with the advanced
fabrication techniques, this device becomes a promising approach for exploration of new territories in
the detection of low energy dark matter.
In this work we demonstrate the high quantum efficiency of detectors for energies lower than 0.8 eV. We
report on a measurement performed with a SNSPD to set new constraints on dark matter which scatters
on an electron as a function of the dark matter mass. Further we provide bounds on DM absorption in
SNSPD for a relic dark photon with an exposure of 415 hours for an energy threshold of 112 meV.

[1] Y. Hochberg, Y. Zhao, and K. M. Zurek, Superconducting Detectors for Superlight Dark Matter, Phys. Rev. Lett. 116 (2016), no.

1 011301.

[2] Y. Hochberg, I. Charaev, S.-W. Nam, V. Verma, M. Colangelo, K. K. Berggren, Phys. Rev. Lett. 123, 151802, 2019.
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Synthesis of Novel Materials Using Cubic Multi-Anvil High-Pressure Systems at
the University of Geneva

Manuele D. Balestra, Enrico Giannini, and Fabian O. von Rohr

DQMP, UNIGE, 24 Quai Ernest-Ansermet, Geneva, Switzerland

High-pressure synthesis has become an indispensable tool for the synthesis and discovery of various
quantum materials. The synergy of high pressure and temperature can be crucial, as it surpasses the
limitations imposed by enthalpy-driven compound formation in traditional solid-state synthesis. We will
outline the methods available at the Laboratory for Quantum Materials Discovery at the University of
Geneva. We are currently using two systems: (i) A multi-anvil press equipped with a walker module
configuration in a cubic arrangement. Operating at temperatures up to 1200 ◦C and pressures up to
3-4 GPa. (ii) A multi-anvil press equipped with a home-made configuration in a cubic arrangement,
capable of reaching pressures up to 10 GPa and a maximal temperature of 1600 ◦C. Furthermore, we
will present some of the results from our synthesis and crystal growth attempts using these systems.
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Bismuth-Rich Intermetallic Rods with Strong Spin-Orbit Coupling

Maria Herz,1,2,3 Kati Finzel,2,4 Walter Schnelle,4 and Michael Ruck2,3,4

1 Department of Quantum Matter Physics, Université de Genève
2 Faculty of Chemistry and Food Chemistry, Technische Universität Dresden

3 Würzburg-Dresden Cluster of Excellence ct.qmat, Technische Universität Dresden
4 Max Planck Institute for Chemical Physics of Solids, Dresden

During the search for novel topologically non-trivial materials, materials containing heavy elements, with
large spin-orbit coupling were investigated. A particular focus lay on materials containing the heaviest
non-radioactive element bismuth, as its large spin-orbit coupling has proven highly advantageous
in finding compounds that exhibit the desired properties. In the course of these investigations, the
novel bismuth-rich mixed halide Bi21Rh4Cl6I7 was found.[1] The black needle-shaped crystals of this
material showcase an orthorhombic structure that consists of infinite intermetallic rods 1

∞[Bi9Rh2]3+ and
discrete anionic groups [BiII2Cl5I2]3 and [BiIIICl4I2]3. The rods consist of Rh-centered [RhBi8] polyhedra
that alternately share triangular and rectangular faces. Using traditional electron counting rules, the
intermetallic rod can be interpreted as a covalent polymer with Rh2 dumbbells bonded to molecular Bi2
and Bi5 units, while a quantum-chemical bonding analysis shows that the bonds involving Rh atoms are
largely diffuse, while two-center bonds dominate in the bismuth units. Resistivity measurements indicate
two temperature regimes, of which one showcases a temperature-independent resistance and this, along
with the strong spin-orbit coupling inherent to this bismuth-rich compound, makes it a candidate for a
topological insulator.

[1] M. A. Herz, K. Finzel, W. Schnelle, M. Ruck, Z. Anorg. Allg. Chem. 2023, e202300124.
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Growth of YVO3 thin films by pulsed laser deposition

Matthieu Fanetti, Clémentine Thibault, Jean-Marc Triscone, and Stefano Gariglio

DQMP, University of Geneva

The perovskite structure adapts its unit cell symmetry, volume and internal distortions to the ionic
radii of its different elements. For the ReVO3 family, the ionic radius of the rare-earth (Re) determines
the degree of orthorhombicity (orthorhombic strain s = 2(a − b)/(a + b)) and the angle of rotation
of the oxygen octahedra: Re=La (ionic radius r(La3+) = 1.16Å) leads to an almost in-plane square
lattice (s = −0.0011), while for Re=Y (r(Y3+) = 1.019 Å) the in-plane lattice is strongly orthorhombic
(s = 0.0571). Such asymmetry poses a challenge for the epitaxial growth on square-lattice substrates,
potentially resulting in a large shear strain for the layer. We present results on the growth of YVO3 thin
films by pulsed laser deposition on (110)o NdGaO3 substrates. The structural characterization by X-ray
diffraction and atomic force microscopy reveals the substrate temperature - oxygen pressure growth
window to obtain layers with high crystalline perfection. Analysis of the diffraction data shows that the
rotations of the oxygen octahedra of the layer are coupled to the ones of the substrate.
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Entanglement spectrum across the semimetal-diffusive metal transition in a
disordered Weyl system

Vinícius Mohr,1 Shunji Tsuchiya,2 and Andras Szabo1

1 Institute for Theoretical Physics, ETH Zurich, 8093 Zurich, Switzerland
2 Department of Physics, Chuo University, Kasuga, Tokyo 112-8551, Japan

Disordered Weyl semimetals exhibit an intriguing phase diagram featuring three distinct phases. While
the system is stable for weak disorder, it undergoes a quantum phase transition into a diffusive metal at a
critical disorder strength, with Anderson localization deferred to even stronger disorder. Here I focus on
the Weyl semimetal (WSM)-diffusive metal transition. Specifically, I introduce a real-space partitioning
of the system into two subsystems, and showcase the evolution of entanglement spectrum with disorder,
which is reconstructed in the two-dimensional momentum space perpendicular to the cut direction. A
key observation is that the Fermi arc sruface states, which are a hallmark of the topology of WSMs,
leave their imprint on the entanglement spectrum, showing a clear distinction between states that are
connected to the atomic limit, and those that represent an obstruction to it. I show that, as the diffusive
metal is topologically trivial, this signature gradually fades from the entanglement spectrum, which
becomes featureless at the critical disorder strength. I also comment on the scaling of entanglement
entropy on either side of the phase transition.
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Strontium Vanadate thin films growth for optical applications

Tancredi Thai ANGELONI and Stefano GARIGLIO

University of Geneva

Light-matter interaction can be strongly enhanced by confining the electric field in optical cavities. These
require a well-suited stacking of reflecting and transparent materials selected for the frequency range
of interest. In our study, we target the Terahertz spectrum and have chosen the SrVO3 compound for
its high reflectivity in this frequency range.[1] We report results on the growth of SrVO3 thin films
by pulsed laser deposition unraveling the complex dependence of resistivity and crystalline quality on
the Ar/O2 growth atmosphere as well as laser fluence and target-substrate distance. The investigation
of electric transport reveals the role of electron-phonon coupling in the conduction of this material,
in line with recent literature.[2] Optical measurements performed by Fourier Time-domain InfraRed
spectroscopy show that the films reflectivity window is within the scope of our applications.

[1] Mathieu Mirjolet et al. "Electron-Phonon Coupling and Electron-Phonon Scattering in SrVO3". In: Advanced Science 8.15

(2021), p. 2004207.

[2] Mathieu Mirjolet et al. "Optical Plasmon Excitation in Transparent Conducting SrNbO3 and SrVO3 Thin Films". In: Advanced

Optical Materi- als 9.17 (2021), p. 2100520.
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Thermodynamical Signatures in the Superconducting Haldane Model

Bernhard Lüscher

University of Zürich

Inspired by experimental results of the Kagome materials AV3Sb5, we want to gain a better understanding
of the behavior of thermodynamical quantities, especially the thermal conductivity, in C6v-symmertric
systems when transitioning into the superconducting state. Particularly, we look at the evolution of
the thermal hall conductivity for different superconducting order parameters when its normal state
value is non-zero. To this end we examine the spinful Haldane model without inversion symmetry
breaking (M=0). Even though in this case the Chern number is zero for each band, we can get a
non-vanishing Hall conductivity by placing the chemical potential inside a band. Introducing attractive
onsite, nearest-neighbor and next-nearest-neighbor couplings we map out the leading instabilities and
examine the behavior of the thermodynamical quantities across the different gap openings.
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Superconductivity and magnetotransport in non-Fermi lquids: exact results
from Yukawa-SYK lattice models

Davide Valentinis,1,2 Gian Andrea Inkof,2 Haoyu Guo,3,4 Chenyuan Li,4 Aavishkar Patel,5 Ilya Esterlis,6

Subir Sachdev,4 and Joerg Schmalian2,1

1 Institute for Quantum Materials and Technologies, Karlsruhe Institute of Technology
2 Institute for Theoretical Condensed Matter physics, Karlsruhe Institute of Technology

3 Laboratory of Atomic and Solid State Physics, Cornell University
4 Department of Physics, Harvard University

5 Center for Computational Quantum Physics, Flatiron Institute
6 Department of Physics, University of Wisconsin-Madison

Strange-metal phases, found in, e.g., heavy fermions, pnictides, and cuprates, host partially coherent
superconducting states, born out of incoherent, non-Fermi liquid (NFL) normal-state spectra [1-4].
Such properties can be reproduced in Sachdev-Ye-Kitaev (SYK) approach [5-7], based on all-to-all
interactions among N fermion species ("flavors"), where superconductivity emerges by coupling fermions
to M bosonic flavors (the Yukawa-SYK model), responsible for Cooper pairing and for normal-state
incoherence [8,9]. In this work, we generalize the Yukawa-SYK model to a lattice with random hopping
parameters. We exactly solve the model in the spin-singlet large-N limit, at N=M and at particle-hole
symmetry, we construct the phase diagram, and we characterize the FL to NFL crossovers in the normal
and superconducting states [10,11]. Hopping exponentially decreases the critical temperature in FL
regime, which is maximal in the single-dot NFL limit at given coupling. The phase stiffness and the
condensation energy are maximal precisely at the NFL/FL crossover, analogously to experimental
evidence found in superconducting cuprates [11]. We then generalize the theory to 2D dispersive
fermions and bosons, and apply this model to DC and AC strange-metal magnetotransport [12]; we
study interaction-driven renormalization of the cyclotron resonance, and nonlinear T dependence of the
Hall angle.

[1] N. D. Mathur et al., Nature 394, 39 (1998).

[2] N. Doiron-Leyraud et al., Phys. Rev. B 80, 214531 (2009).

[3] S. Karahara et al., Phys. Rev. B 81, 184519 (2010).

[4] G. R. Stewart, Rev. Mod. Phys. 73, 797 (2001).

[5] S. Sachdev, Phys. Rev. X 5, 041025(R) (2015).

[6] R. A. Davison et al., Phys. Rev. B 95, 155131 (2017).

[7] D. Chowdhury et al., Rev. Mod. Phys. 94, 035004 (2022).

[8] I. Esterlis and J. Schmalian, Phys. Rev. B 100, 115132 (2019).

[9] D. Hauck et al., Ann. Phys. (N. Y.) 417, 168120 (2020).

[10] D. Valentinis, G. A. Inkof, and J. Schmalian, Phys. Rev. Research 5, 043007 (2023).

[11] D. Valentinis, G. A. Inkof, and J. Schmalian, Phys. Rev. B 108, L140501 (2023).

[12] D. Feng, D. Lu, K. Shen, C. Kim, H. Eisaki, A. Damascelli, R. Yoshizaki, J.-i. Shimoyama, K. Kishio, G. Gu, et al., Science 289,

277 (2000).

[13] H. Guo, D. Valentinis, J. Schmalian, S. Sachdev, and A. A. Patel,Phys. Rev. B 109, 075162 (2024).
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Temperature dependence of the energy band gap in ZrTe5: Implications for the
topological phase

Ivan Mohelsky,1,2 Jan Wyzula,1 B.A. Piot,1 G.D. Gu,3 Q. Li,3 Ana Akrap,2 and Milan Orlita1

1 Laboratoire National des Champs Magnetiques Intenses, CNRS-UJF-UPS-INSA, 25, avenue des Martyrs, 38042, Grenoble, France
2 Department of Physics, University of Fribourg, Chemin du Musee 3, CH-1700 Fribourg, Switzerland

3 Condensed Matter Physics and Materials Science Department, Brookhaven National Laboratory, Upton, New York 11973, USA

Zirconium pentatelluride (ZrTe5) is a widely studied material, with a single band with an aproximately
conical dispersion in the centre of a Brillouin zone and a narrow energy band gap. ZrTe5 is predicted
to be a topological insulator [1], however, to this day there is no consensus on whether it is a strong
[2] or weak [3] topological insulator as different studies (both experimental and theoretical) show
contradicting results.
Using Landau-level spectroscopy, we determine the temperature dependence of the energy band gap in
ZrTe5. We find that the band gap reaches Eg = (5±1) meV at low temperatures and increases mono-
tonically when the temperature is raised. This implies that ZrTe5 is a weak topological insulator, with
noninverted ordering of electronic bands in the center of the Brillouin zone [4]. Our magnetotransport
experiments performed in parallel show that the resistivity anomaly in ZrTe5 is not connected with the
temperature dependence of the band gap.

[1] Weng, H., Dai, X. & Fang, Z. Phys. Rev. X 4, 011002 (2014).

[2] Manzoni, G. et al. Phys. Rev. Lett. 117, 237601 (2016).

[3] Zhang P. et al. Nat. Com. vol 12, Article number: 406 (2021).

[4] Fan Z. et al. Scientific Reports vol 7, Article number: 45667 (2017).
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A New Look on an Old Problem: Mass Enhancement in Fermi Liquids

Anna Efimova and Louk Rademaker

University of Geneva

We show that the mass enhancement in Fermi liquids due to quasiparticle weight reduction leads to
results for the specific heat that are different than Landau’s phenomonelogical theory predicts. Our
analytical results are benchmarked numerically, by applying Dynamical Mean Field Theory (DMFT) to a
triangular lattice Hubbard model.
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Determining the nature and strength of proximity induced spin-orbit coupling
in graphene by quasiparticle interference imaging

Lihuan Sun,1 Louk Rademaker,1,2 Diego Mauro,1,3 Alessandro Scarfato,1 Árpád Pásztor,1 Ignacio
Gutiérrez-Lezama,1,3 Zhe Wang,1,3 Jose Martinez-Castro,1 Alberto F. Morpurgo,1,3 and

Christoph Renner1

1 Department of Quantum Matter Physics, University of Geneva, Geneva, Switzerland
2 Department of Theoretical Physics, University of Geneva, 1211 Geneva, Switzerland

3 Group of Applied Physics, University of Geneva, 1211 Geneva, Switzerland

Inducing and controlling spin-orbit coupling (SOC) in graphene is key to create topological states of
matter, and for the realization of spintronic devices. The most successful strategy to achieve this goal
so far is to place graphene onto a transition metal dichalcogenide. However, there is no consensus
as to the nature and the magnitude of the induced SOC. In this talk, we show that the presence of
backscattering in graphene-on-WSe2 heterostructures can be used to probe SOC and to determine
its strength quantitatively, by quasiparticle interference (QPI) imaging using a scanning tunneling
microscope [1]. Analyzing QPI images of heterostructures with selected twist angles between 0◦ and 30◦,
we find that the induced SOC consists of a valley-Zeeman (λvZ ≈ 2 meV) and a Rashba (λR ≈ 15 meV)
term. These results are in excellent agreement with transport experiments, both finding that the Rashba
term is an order of magnitude larger than current theoretical predictions. QPI further gives unambiguous
evidence that the measured SOC is the result of a modified band structure and demonstrate a viable
strategy to determine SOC quantitatively by imaging quasiparticle interference.

[1] L. Sun, L. Rademaker, D. Mauro, A. Scarfato, Á. Pásztor, I. Gutiérrez-Lezama, Z. Wang, J. Martinez-Castro, A. F. Morpurgo and

C. Renner, Determining spin-orbit coupling in graphene by quasiparticle interference imaging, Nature Communications 14, 3771

(2023).
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An Ab Initio Study of Superconductivity in Mono- and bilayer Molybdenum
disulfide

Wouter Bos

MSc student

The two-dimensional electron doped form of molybdenumdisulfide (MoS2) exhibits superconducting
properties around liquid-helium temperatures. Ion-liquid gating experiments have shown a layer
dependent increase in critical temperature from 1-2 Kelvin (K) to around 7 K in the transition from
monolayer to bilayer MoS2 converging to 10 K in bulk MoS2 [1, 2, 3]. In this thesis an attempt has
been made to increase the understanding of conventional superconductivity in doped monolayer and
bilayer MoS2 by using state of the art ab initio techniques such as, DFT, DFPT, Wannier interpolation
and Eliashberg theory. These techniques were ultimately used to predict trends in critical temperatures
differentiating by layer thickness, spin polarization and charge distribution. The valley and band resolved
electron-phonon coupling strengths were calculated using a self-written Python script, which showed
electron occupation of the Q-region to be crucial to superconductivity in bilayer MoS2.

[1] Yajun Fu et al. "Gated tuned superconductivity and phonon softening in monolayer and bilayer MoS2". In: npj Quantum

Materials 2 (1 Dec. 2017). ISSN: 23974648. DOI: 10.1038/s41535-017-0056-1.

[2] Davide Costanzo et al. "Gate-induced superconductivity in atomically thin MoS 2 crystals". In: Nature Nanotechnology 11 (4

Apr. 2016), pp. 339-344. ISSN: 17483395. DOI: 10.1038/nnano.2015.314.

[3] Davide Costanzo et al. "Tunnelling spectroscopy of gate-induced superconductivity in MoS2". In: Nature Nanotechnology 13

(6 June 2018), pp. 483-488. ISSN: 17483395. DOI: 10.1038/s41565-018-0122-2.
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Superconductivity in metallic hydrogen

Dirk van der Marel and Christophe Berthod

DQMP, Université de Genève

Superconductivity, the amazing phenomenon of lossless transmission of electric current through metallic
wires, requires cooling of the wire to low temperatures. Metallic hydrogen is considered as the most
likely candidate for superconductivity at very high temperatures, possibly even room temperature.
However, as a result of various approximations used, conflicting theoretical predictions exist for the
range of temperatures where superconductivity is expected to occur. Here we avoid those approximations
and confirm that metallic hydrogen is indeed a superconductor, but this is limited to temperatures
far below previous estimates. We exploit the "jellium" model proposed in 1966 by De Gennes, where
superconductivity is caused by the combination of Coulomb repulsion between the electrons and Coulomb
attraction between the protons and the electrons. We find that the superconducting order develops
over an energy range far exceeding the characteristic phonon energy, and that the phase of the order
parameter flips 180 degrees at the characteristic phonon energy above and below the Fermi energy.
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