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Overview of Invited Talks and Sessions
(Lecture halls HSZ /0003, HSZ /0101, HSZ/0103, HSZ /0105, CHE /0089, and CHE/0091; Poster P1 and P4)

Invited Talks

TT 27.1 Tue  9:30-10:00 HSZ/0105 Simulating high-temperature superconductivity in a triangular
moiré lattice — eKIN FAT MAK

Topical Talks in Focus Sessions

Topical Talks of the Focus Session “New Routes to Localization and Quantum Non-Ergodicity”
(joint session TT /DY)

TT 1.1 Mon  9:30-10:00 HSZ/0003 Eigenstate thermalization in thermal first-order phase transitions
— oMAKSYM SERBYN

TT 1.2 Mon 10:00-10:30 HSZ/0003 Stabilizing Floquet orders to infinite time — ¢ ANUSHYA CHANDRAN

TT 1.3 Mon 10:30-11:00 HSZ/0003 Dynamical landscape of out of equilibrium emergent lattice gauge
theories in two dimensions — eNILOTPAL. CHAKRABORTY

TT 1.4 Mon 11:15-11:45 HSZ/0003 Interference, topology, and new Hilbert-space routes to quantum
non-ergodicity — e¢YI-PING HUANG

TT 1.5 Mon 11:45-12:15 HSZ/0003 Fock-space cages and their spectral signatures — ¢ CHERYNE JONAY

Topical Talks of the Focus Session “Tunable Correlations in van der Waals Quantum Materials”
(joint session TT/DS/HL)

TT 12.1 Mon 15:00-15:30 HSZ/0003 Charge confinement in twisted bilayer graphene — eCHRISTOPH
STAMPFER

TT 12.2 Mon 15:30-16:00 HSZ/0003 Tuning Coulomb interactions and Hubbard bands in 1T-TaS; —
¢ ANNA GALLER

TT 12.3 Mon 16:00-16:30 HSZ/0003 Optical signatures of interlayer electron coherence in a bilayer
semiconductor — eNADINE LEISGANG

TT 124 Mon 16:45-17:15 HSZ/0003 Faithful modeling of quantum geometry and electronic correlations
in van der Waals heterostructures — e AMMON FISCHER

TT 12.5 Mon 17:15-17:45 HSZ/0003 Mesoscale Atomic Engineering in a Crystal Lattice — eJULIAN
KLEIN
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Topical Talks of the Focus Session “Relaxation Timescales in Open Quantum Systems” (joint
session TT /DY)

TT 18.1

TT 18.2

TT 18.3
TT 18.4

TT 18.5

Mon

Mon

Mon
Mon

Mon

15:00-15:30

15:30-16:00

16:00-16:30
16:45-17:15

17:15-17:45

CHE /0089
CHE /0089

CHE/0089
CHE /0089

CHE/0089

Markovian and non-Markovian approaches to quantum relaxation
— oHEINZ-PETER BREUER
Asymptotic relaxation
eSUSANA HUELGA
Floquet engineering of open quantum Systems — ¢ ANDRE ECKARDT
Nonequilibrium thermodynamics of time-dependent quantum
transport — eJANINE SPLETTSTOESSER

Connecting time-nonlocal and time-local quantum master equa-
tions — eMAARTEN WEGEWILJS

in quantum Markovian dynamics —

Topical Talks of the Focus Session “Quantum Sensing with Solid State Spin defects” (joint
session TT/MA)

TT 24.1

TT 24.2

TT 24.3

TT 24.4

TT 24.5

Topical Talks of the Focus Session

Tue

Tue

Tue

Tue

Tue

9:30-10:00

10:00-10:30

10:30-11:00

11:15-11:45

11:45-12:15

HSZ,/0003
HSZ,/0003

HSZ/0003

HSZ,/0003

HSZ,/0003

Exploring nanoscale van der Waals magnetism using single spin
microscopy — ePATRICK MALETINSKY

Optically addressable spin defects in two-dimensional materials —
oVLADIMIR DYAKONOV

Nitrogen vacancy centers in diamond as novel sensing and imaging
tool for magnetic nanostructures, in life science and chemistry —
eELKE NEU-RUFFING

Electron spin, nuclear spin, and optical properties of transition-
metal defects in silicon carbide with perspectives for quantum tech-
nologies — ¢GUIDO BURKARD

Statics and dynamics of complex magnetic states in microstructures
— oAURORE FINCO

“Nickelate Superconductivity: Insights into Unconventional

Pairing and Correlation Effects” (joint session TT/DS/MA)

TT 39.1 Wed
TT 39.2 Wed
TT 39.3 Wed
TT 39.4 Wed
TT 39.5 Wed
Topical Talks
Circuits”

TT 50.1 Wed
TT 50.2 Wed
TT 50.3 Wed
TT 50.4 Wed
TT 50.5 Wed

9:30-10:00

10:00-10:30

10:30-11:00

11:15-11:45

11:45-12:15

HSZ/0003
HSZ/0003
HSZ/0003
HSZ/0003

HSZ/0003

Unconventional Superconductivity
Nickelates — eDANFENG L1

Recent insights into infinite-layer nickelate heterostructures from
x-ray spectroscopy — eEvVA BENCKISER

Theory of infinite-layer nickelate superconductors — eKARSTEN
HELD

Disorder and distortions: what electrons tell us about nickelate
superconductivity — eBERIT H. GOODGE

Superconducting gap structure and bosonic mode in LasPrNi,O-
thin films at ambient pressure — eHAI-HU WEN

in Infinite-layer Samarium

of the German-French Focus Session “Superconducting Junctions and Quantum

15:00-15:30
15:30-16:00

16:00-16:30

16:45-17:15

17:15-17:45

HSZ/0003
HSZ,/0003

HSZ/0003
HSZ/0003

HSZ/0003

Josephson Quantum Tunneling at Odd Parity — eJuLIA S. MEYER
Superconducting qubits and amplifiers resilient to Tesla-scale mag-
netic fields — el0AN PoP

Josephson metamaterials as near-quantum-limited microwave am-
plifiers — eN1COLAS ROCH

Second Order Topological Insulators probed with mesoscopic
physics — eSOPHIE GUERON

Proximity superconductivity in chiral Kagome antiferromagnets —
oPIET BROUWER
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Topical Talks of the Focus Session “High-Temperature Superconductivity in Hydride Materials

at High Pressures” (joint session TT/DS)

TT 80.1 Thu 15:00-15:30 HSZ/0003 Computational searches for conventional high temperature super-
conductivity — eCHRIS PICKARD

TT 80.2 Thu 15:30-16:00 HSZ/0003 High-pressure synthesis of hydrides and their characterisation by
single-crystal X-ray diffraction — eNATALIA DUBROVINSKAIA

TT 80.3 Thu 16:00-16:30 HSZ/0003 Electrical Transport Studies in bulk and thin-film hydride high-
temperature superconductors — eSVEN FRIEDEMANN

TT 80.4 Thu 16:45-17:15 HSZ/0003 Near room-temperature conventional superconductivity in
hydrogen-rich compounds at high pressures: Experimental
evidences — eVASILY MINKOV

TT 80.5 Thu 17:15-17:45 HSZ/0003 Predictive 7T, Calculations in Hydride Superconductors —

eCHRISTOPH HEIL

Invited Talks of the joint Symposium SKM Dissertation Prize 2026 (SYSD)
See SYSD for the full program of the symposium.

SYSD 1.1

SYSD 1.2

SYSD 1.3

SYSD 1.4

SYSD 1.5

Mon

Mon

Mon

Mon

Mon

9:30-10:00

10:00-10:30

10:30-11:00

11:00-11:30

11:30-12:00

HSZ/0002
HSZ/0002
HSZ,/0002
HSZ/0002

HSZ/0002

Stochastic-Calculus Approach to
Physics — eCAIl DIEBALL
Nonuniform magnetic spin textures for sensing, storage and com-
puting applications — eSABRI KORALTAN

Anomalous Quantum Oscillations beyond Onsager’s Fermi Sur-
face Paradigm — eVALENTIN LEEB

Coherent Control Schemes for Semiconductor Quantum Systems
— eEVA SCHOLL

On stochastic thermodynamics under incomplete information:
Thermodynamic inference from Markovian events — eJANN VAN
DER MEER

Non-equilibrium Statistical

Invited Talks of the joint Symposium Designing Quantum Materials with Light: From Floquet

to Cavity Engineering (SYFC)
See SYFC for the full program of the symposium.

SYFC 1.1

SYFC 1.2

SYFC 1.3

SYFC 1.4
SYFC 1.5

Mon

Mon

Mon

Mon
Mon

9:30-10:00

10:00-10:30

10:30-11:00

11:15-11:45
11:45-12:15

HSZ/AUDI
HSZ/AUDI
HSZ/AUDI

HSZ/AUDI
HSZ/AUDI

Subcycle videography of strong-field controlled band structures
— oRUPERT HUBER

Engineering Quantum Materials through Structured Cavity
Vacuum Fluctuations — ¢ ANGEL RUBIO

Floquet engineering of quantum materials: from semiconductors
to semimetals — eSHUYUN ZHOU

(Quantum) Light Control of Materials — ¢DANTE KENNES
Lightwave-driven electrons in a Floquet topological insulator —
ePETER HOMMELHOFF

Invited Talks of the joint Symposium Fluids with Broken Time-Reversal Symmetry: Odd/Hall

Viscosity between Active Matter and Electron Flows (SYBS)
See SYBS for the full program of the symposium.

SYBS 1.1
SYBS 1.2
SYBS 1.3

SYBS 1.4
SYBS 1.5

Tue
Tue
Tue

Tue
Tue

9:30-10:00
10:00-10:30
10:30-11:00

11:15-11:30
11:30-11:45

HSZ/AUDI
HSZ/AUDI
HSZ/AUDI

HSZ/AUDI
HSZ/AUDI

Odd viscosity in three-dimensional fluids: flows, wakes, and ed-
dies — oTALI KHAIN

0Odd viscosity in two-dimensional hydrodynamic electron trans-
port — eIGOR GORNYI

0Odd slip on chiral active surfaces — e ANDREJ VILFAN

Parity-odd transport in electron fluids — eJOHANNA ERDMENGER
Curved Odd Elasticity — ePIOTR SUROWKA
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Invited Talks of the joint Symposium Interacting Degrees of Freedom in Ultrathin Quantum
Films (SYQF)
See SYQF for the full program of the symposium.

SYQF 1.1  Fri
SYQF 1.2 Fri
SYQF 1.3 Fri
SYQF 1.4 Fri

SYQF 1.5 Fri

Sessions

TT 1.1-1.5

TT 2.1-2.11
TT 3.1-3.5

TT 4.1-4.12
TT 5.1-5.11

TT 6.1-6.6
TT 7.1-7.9

TT 8.1-8.1
TT 9.1-9.7

TT 10.1-10.7
TT 11.1-11.5
TT 12.1-12.7

TT 13.1-13.13
TT 14.1-14.12
TT 15.1-15.13
TT 16.1-16.11

TT 17.1-17.11
TT 18.1-18.6

TT 19.1-19.9
TT 20.1-20.6
TT 21.1-21.11
TT 22.1-22.37
TT 23.1-23.35
TT 24.1-24.7
TT 25.1-25.11
TT 26.1-26.10
TT 27.1-274
TT 28.1-28.12

TT 29.1-29.12
TT 30.1-30.7

9:30-10:00 HSZ/AUDI Exciton dressing by extreme nonlinear magnons in a layered semi-
conductor — e¢GEOFFREY M. DIEDERICH
10:00-10:30 HSZ/AUDI A tale of demons and decay in two-dimensional (alter)magnets —
e ALEXANDER MOOK
10:30-11:00 HSZ/AUDI Magnetism, light and matter - Role of excitons in two-
dimensional magnets — eFLORIAN DIRNBERGER
11:15-11:45 HSZ/AUDI  Advantages and challanges of resonance Raman scattering with
infrared excitation energy — e¢LEONETTA BALDASSARRE
11:45-12:15 HSZ/AUDI  Shining light on 2D antiferromagnets — eDMYTRO AFANASIEV
Mon  9:30-12:15 HSZ/0003 Focus Session: New Routes to Localization and Quantum
Non-Ergodicity I (joint session TT /DY)
Mon  9:30-12:30 HSZ/0101 Quantum-Critical Phenomena (joint session TT /DY)
Mon  9:30-10:45 HSZ/0103 Correlated Electrons: Electronic Structure Calculations
Mon  9:30-12:45 HSZ/0105 Graphene, 2D and Twisted Materials
Mon  9:30-12:30 CHE/0089 Superconductivity: Sample Preparation and Characteri-
zation
Mon  9:30-11:00 CHE/0091 Topological Superconductors
Mon  9:30-12:00 POT/0351 Surface Magnetism and Topological Insulators (joint ses-
sion MA /TT)
Mon  9:30-10:15 TRE/PHYS  Topical Talk Wulfhekel (joint session O/TT)
Mon 10:30-12:30 TRE/MATH 2D Materials: Electronic structure, excitations, etc. I
(joint session O/HL/TT)
Mon 11:00-12:45 HSZ/0103 Correlated Electrons: Other Theoretical Topics
Mon 11:15-12:30 CHE/0091 PtBi,
Mon 15:00-18:15  HSZ/0003 Focus Session: Tunable Correlations in van der Waals
Quantum Materials I (joint session TT/DS/HL)
Mon 15:00-18:30 HSZ/0101 Correlated Electrons: Method Development I
Mon 15:00-18:15  HSZ/0103 Superconductivity: Properties and Electronic Structure
Mon 15:00-18:30 HSZ/0105 Topology: Majorana Physics
Mon 15:00-17:45  HSZ/0204 2D Materials beyond graphene: Growth, structure and
substrate interaction (joint session O/HL/TT)
Mon 15:00-18:30 BEY /0245 Quantum Manybody Systems (joint session QI/TT)
Mon 15:00-18:00 CHE/0089 Focus Session: Relaxation Timescales in Open Quantum
Systems (joint session TT /DY)
Mon 15:00-17:30 CHE/0091 Focus Session: New Routes to Localization and Quantum
Non-Ergodicity II (joint session TT/DY)
Mon 15:00-16:30 POT/0081 2D Materials II — Electronic and Transport Properties
(joint session HL/TT)
Mon 15:00-18:00 POT/0151 Electron Theory of Magnetism and Correlations (joint ses-
sion MA /TT)
Mon 18:00-20:00 P1 Superconductivity — Poster 1
Mon 18:00-20:00 P1 Correlated Electrons — Poster 1
Tue 9:30-12:45 HSZ/0003 Focus Session: Quantum Sensing with Solid State Spin
defects I (joint session TT/MA)
Tue 9:30-12:30 HSZ/0101 f-Electron Systems
Tue 9:30-12:15 HSZ/0103 Correlated Magnetism — Frustrated Systems
Tue 9:30-10:45 HSZ/0105 Focus Session: Tunable Correlations in van der Waals
Quantum Materials IT (joint session TT/DS/HL)
Tue 9:30-12:45 CHE/0089 Superconducting Electronics: SQUIDs and other Joseph-
son Circuits and Components
Tue 9:30-12:45 CHE/0091 Unconventional Superconductors
Tue 9:30-11:30 POT/0151 Caloric Effects in Ferromagnetic Materials (joint session

MA /TT)
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TT 31.1-31.11
TT 32.1-32.10
TT 33.1-33.6
TT 34

TT 35.1-35.6

TT 36.1-36.6
TT 37.1-37.21

TT 38.1-38.4

TT 39.1-39.7

TT 40.1-40.4

TT 41.1-41.11
TT 42.1-42.12
TT 43.1-43.12
TT 44.1-44.12
TT 45.1-45.12
TT 46.1-46.11

TT 47.1-47.12
TT 48.1-48.8

TT 49.1-49.8
TT 50.1-50.8

TT 51.1-51.12
TT 52.1-52.6
TT 53.1-53.9
TT 54.1-54.11
TT 55.1-55.11
TT 56.1-56.13
TT 57.1-57.12
TT 58.1-58.5
TT 59.1-59.7
TT 60.1-60.10
TT 61.1-61.14
TT 62.1-62.12
TT 63.1-63.15

TT 64.1-64.6
TT 65.1-65.7

TT 66.1-66.23

TT 67.1-67.6

TT 68.1-68.9

Tue
Tue
Tue
Tue
Tue

Tue
Tue

Tue

Wed

Wed
Wed
Wed
Wed
Wed
Wed
Wed

Wed
Wed

Wed
Wed

Wed
Wed
Wed
Wed
Wed
Wed
Wed
Wed
Wed
Wed
Wed
Wed
Wed

Wed
Wed

Wed

Wed

Wed

9:30-12:30
10:00-12:45
11:00-12:30
14:00-15:30
14:00-15:30

14:00-15:30
14:00-16:00

14:00-16:00

9:30-12:45

9:30-10:30
9:30-12:30
9:30-12:45
9:30-12:45
9:30-12:45
9:30-12:45
9:30-12:45

9:30-12:45
10:30-12:30

10:45-12:45
15:00-18:30

15:00-18:15
15:00-16:30
15:00-17:30
15:00-17:45
15:00-17:45
15:00-18:30
15:00-18:15
15:00-16:15
15:00-17:15
15:00-18:00
15:00-17:00
15:00-17:00
15:00-18:00

16:45-18:15
18:00-20:00

18:00-20:00

18:00-20:00

18:00-20:00

POT/0361
POT /0051
HSZ/0105
HSZ/0101
POT/0151

POT/0361
P2

P2

HSZ/0003

HSZ/0101
HSZ/0103
HSZ/0105
CHE /0089
CHE /0091
HUL/S186
POT /0112

POT/0361
TRE/MATH

HSZ/0101
HSZ/0003

HSZ/0101
HSZ/0103
HSZ/0105
HSZ/0204
HSZ/0401
CHE /0089
CHE/0091
POT /0006
POT/0081
POT/0112
P4

P4

P5

HSZ/0103
P2

P2
P2

P2

Frustrated Magnets I (joint session MA /TT)
Nanomechanical systems (joint session HL/TT)
Correlated Magnetism — Dynamics and Spectroscopy
Members’ Assembly

Cooperative Phenomena: Spin Structures and Magnetic
Phase Transitions (joint session MA /TT)

Weyl Semimetals (joint session MA /TT)

Ultrafast electron dynamics at surface and interfaces —
Poster (joint session O/TT)

Topology and symmetry protected materials & Topological
insulators — Poster (joint session O/TT)

Focus Session: Nickelate Superconductivity: Insights into
Unconventional Pairing and Correlation Effects I (joint
session TT/DS/MA)

Focus Session: Quantum Sensing with Solid State Spin
defects II (joint session TT/HL/MA)
Topological Semimetals

Other Transport Topics
Superconducting Electronics: Qubits
Nonequilibrium Quantum Systems I
TT/DY)

Many-body Systems: Equilibration, Chaos, and Localiza-
tion (joint session DY /TT)

Spin Transport and Orbitronics, Spin-Hall Effects I (joint
session MA /TT)

Frustrated Magnets II (joint session MA/TT)

2D Materials: Electronic structure, excitations, etc. II
(joint session O/HL/TT)

Correlated Electrons: Charge Order

German-French Focus Session: Superconducting Junc-
tions and Quantum Circuits

Correlated Electrons: Method Development I1

Heavy Fermions

(joint session

Nonequilibrium Quantum Systems II (joint session
TT/DY)
Graphene: Electronic structure, excitations, etc. (joint

session O/TT)

Topology and symmetry protected materials & Topological
insulators (joint session O/HL/TT)

Superconductivity: Theory I

Correlated Magnetism — Kagome Systems

Quantum Transport and Quantum Hall effects (joint ses-
sion HL/TT)

2D Materials V — Magnetic, spintronic, and topological
properties (joint session HL/TT)

Spintronics (other effects) (joint session MA /TT)
Topology — Poster

Correlated Electrons — Poster I1

Quantum Dynamics and Many-body Systems — Poster
(joint session DY /TT)

BKT Physics

2D materials: Stacking and heterostructures — Poster
(joint session O/TT)

2D Materials: Electronic structure, excitations, etc. —
Poster (joint session O/TT)

2D Materials beyond graphene: Growth, structure and
substrate interaction — Poster (joint session O/TT)
Graphene: Electronic structure, excitations, etc. — Poster
(joint session O/TT)
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TT 69.1-69.11

TT 70.1-70.5
TT 71.1-71.7
TT 72.1-72.9
TT 73.1-73.12
TT 74.1-74.12
TT 75.1-75.12
TT 76.1-76.8

TT 77.1-77.1
TT 78.1-78.7
TT 79.1-79.5
TT 80.1-80.9

TT 81.1-81.8
TT 82.1-82.6
TT 83.1-83.13
TT 84.1-84.11

TT 85.1-85.8

TT 86.1-86.7
TT 87.1-87.6
TT 88.1-88.8

TT 89.1-89.4
TT 90.1-90.6
TT 91.1-914
TT 92.1-92.19
TT 93.1-93.19
TT 94.1-94.9
TT 95.1-95.8
TT 96.1-96.12

TT 97.1-97.9
TT 98.1-98.8
TT 99.1-99.11

Thu

Thu
Thu
Thu
Thu
Thu
Thu
Thu

Thu
Thu
Thu
Thu

Thu
Thu
Thu
Thu

Thu

Thu
Thu
Thu

Thu
Thu
Thu
Thu
Thu
Fri
Fri
Fri

Fri
Fri
Fri

9:30-12:30

9:30-10:45
9:30-11:15
9:30-12:00
9:30-12:45
9:30-12:45
9:30-12:45
9:30-13:00

9:30-10:15
11:00-12:45
11:30-12:45
15:00-18:45

15:00-17:15
15:00-16:30
15:00-18:30
15:00-17:45

15:00-17:15

15:00-16:45
15:00-16:30
15:00-17:00

16:45-17:45
17:00-18:30
17:30-18:30
18:00-20:00
18:00-20:00
9:30-12:00
9:30-11:45
9:30-12:30

9:30-12:00
9:30-11:45
9:30-12:45

HSZ/0003

HSZ/0101
HSZ/0103
HSZ/0105
CHE /0089
CHE /0091
HUL/S186
POT /0151

TRE/PHYS
HSZ/0101
HSZ/0103
HSZ/0003

HSZ/0101
HSZ/0103
HSZ/0105
HSZ,/0204

CHE/0089

CHE /0091
HUL/S186
POT/0361

HSZ/0103
CHE/0091
HSZ/0101
P4

P4

HSZ/0101
HSZ/0103
HSZ/0401

CHE/0089
CHE/0091
HUL/S186

Focus Session: Nickelate Superconductivity: Insights into
Unconventional Pairing and Correlation Effects II (joint
session TT/DS/MA)

Correlated Electrons: Method Development I11

Ultrafast Phenomena

Correlated Magnetism — Spin Liquids I
Superconductivity: Tunneling and Josephson Junctions
Topological Insulators

Many-body Quantum Dynamics I (joint session DY /TT)
Focus Session: Curvilinear magnetism: Magnetics with
nanoscale curved geometries (joint session MA /TT)
Topical Talk Bibes (joint session O/TT)

Quantum Dots and Point Contacts (joint session TT/HL)
Correlated Magnetism — Transport

Focus Session: High-Temperature Superconductivity in
Hydride Materials at High Pressures (joint session
TT/DS)

Correlated Electrons: Other Materials

Cryogenic Detectors and Sensors

Topology: Quantum Hall Systems

2D Materials: Electronic structure, excitations, etc. III
(joint session O/HL/TT)
Superconductivity: Yu-Shiba-Rusinov
Physics

Correlated Magnetism — Spin Liquids II
Many-body Quantum Dynamics II (joint session DY /TT)
Spin Transport and Orbitronics, Spin-Hall Effects II (joint
session MA /TT)

Cryotechnique: Refrigeration

Quantum Impurities and Kondo Physics
Superconductivity: Theory II

Transport — Poster

Superconductivity — Poster I1

Correlated Magnetism — Low-Dimensional Systems
Fe-based Superconductors

2D Materials: Stacking and heterostructures (joint session
O/HL/TT)

Superconducting Diodes and Ratchets

Altermagnets

Quantum Chaos and Coherent Dynamics (joint session
DY/TT)

and Andreev

Members’ Assembly of the Low Temperature Physics Division

Tuesday 14:00-15:30 HSZ/0101

e Report

e Elections

e Outlook 2026

e Miscellaneous
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Monday

TT 1: Focus Session: New Routes to Localization and Quantum Non-Ergodicity | (joint
session TT /DY)

This session explores how quantum many-body systems can fail to thermalize through mechanisms
that extend beyond conventional many-body localization. Recent work has discovered new mechanisms
that lead to non-ergodic behavior, including Hilbert-space fragmentation, disorder-free localization, and
confinement effects that arise from destructive interference in Fock space. At the same time, experiments
with ultracold atoms, trapped ions, Rydberg platforms, and superconducting qubits directly reveal
many-body scars, slow relaxation, and unusual transport. This session highlights these developments
and identifies the central open questions that are now driving the field forward.

Coordinators: Roderich Moessner (MPI PKS Dresden), Frank Pollmann (TU Miinchen)

Time: Monday 9:30-12:15

Topical Talk TT 1.1 Mon 9:30 HSZ/0003
Eigenstate thermalization in thermal first-order phase tran-
sitions — eMaksyMm SERBYN — IST Austria, Am Campus 1, 3400
Klosterneuburg

In my talk I will discuss the fate of eigenstates in quantum systems in
vicinity of thermal first order phase transition. The eigenstate ther-
malization hypothesis (ETH) posits how isolated quantum many-body
systems thermalize, assuming that individual eigenstates at the same
energy density have identical expectation values of local observables in
the limit of large systems. In my talk I will show that ETH requires
generalization in the presence of thermal first-order phase transitions.
I will argue that for energies in the vicinity of the thermal phase tran-
sition, eigenstate expectation values do not need to converge to the
same thermal value. The system has a regime with coexistence of two
classes of eigenstates corresponding to the two branches with distinct
expectation values at the same energy density, and another regime with
Schrodinger-cat-like eigenstates that are inter-branch superpositions;
these two regimes are separated by an eigenstate phase transition. I
will also discuss potential extensions of these results to more physical
models, and outline how the special structure of eigenstates near first
order phase transition can be probed via quench dynamics.

Topical Talk TT 1.2 Mon 10:00 HSZ/0003

Stabilizing Floquet orders to infinite time — eANUSHYA
CHANDRAN!, SHREYaAs Raman?, RoBIN ScHAFER®, and ALIicia
KoLLar* — !Boston University, Boston, USA — 2Boston Univer-

sity, Boston, USA — 3Helmholtz-Zentrum Berlin, Berlin, Germany —
4University of Maryland, College Park, USA

Floquet engineering, in which the properties of a quantum system are
modified through the application of strong periodic drives, is an in-
dispensable tool in atomic and condensed matter systems. It enables
quantum simulation, the dynamic stabilization of unstable states, and
the realization of exotic topological order and time crystals. How-
ever, it is inevitably limited by intrinsic heating processes, so that the
engineered states are, at best, pre-thermal. I will describe a general-
purpose dissipative scheme that autonomously cools a strongly driven
system to close to a desired Floquet engineered state. I will demon-
strate this stabilization in a driven many-body spin chain, that either
spontaneously breaks a symmetry or exhibits discrete time-crystalline
order in the steady state.

Topical Talk TT 1.3 Mon 10:30 HSZ,/0003
Dynamical landscape of out of equilibrium emergent lattice
gauge theories in two dimensions — eNILOTPAL CHAKRABORTY
— University of Cambridge

Many-body models with local constraints, such as dimer, ice or gener-
ally quantum link type models often are described as emergent gauge
theories. I will describe a range of recent results, comprising classical
and quantum dynamics of different kind, highlighting the rich dynam-
ical phenomenology present in these models. In line with the session’s
topic, I will focus more on the two-dimensional U(1) quantum link
model, and highlight its potential as a new route toward localisation
and non-ergodicity in the absence of quenched disorder. In doing so,
I will also present spectral signatures of such localization. Finally, I
will end by discussing possibilities of realising the different constrained

Location: HSZ/0003

models and their dynamics in quantum simulators, for which there ap-
pears to be palpable current interest.

15 min. break

Topical Talk TT 1.4 Mon 11:15 HSZ/0003
Interference, topology, and new Hilbert-space routes to quan-
tum non-ergodicity — eY1-Pine Huanc!23 and Tao-Lin Tan?t
— 1Department of Physics, National Tsing Hua University, Hsinchu
30013, Taiwan — 2Physics Division, National Center for Theoretical
Sciences, Taipei 10617, Taiwan — 3Institute of Physics, Academia
Sinica, Taipei 115, Taiwan

A central challenge in nonequilibrium quantum physics is to under-
stand why certain many-body systems fail to thermalize even in the
absence of disorder or integrability. In this talk, I will outline a differ-
ent perspective in which non-ergodicity is governed by hidden geomet-
ric structures in Hilbert space rather than by conventional real-space
mechanisms. This viewpoint leads to the concept of interference-caged
quantum many-body scars (ICQMBS), where exact many-body de-
structive interference confines eigenstates to small regions of the Fock-
space graph. Remarkably, interference zeros and graph automorphisms
emerge as universal organizing principles, revealing a class of topologi-
cal ICQMBS whose robustness originates from local Fock-space topol-
ogy rather than symmetries or constraints. This framework not only
explains diverse non-ergodic phenomena from one-dimensional systems
to two-dimensional gauge models but also provides new tools for sys-
tematically identifying them. I will end with a brief look at stabilizing
QMBS through the lens of Kramers-Wannier duality, illustrating the
challenges and possibilities that arise when studying QMBS under du-
ality.

Topical Talk TT 1.5 Mon 11:45 HSZ/0003
Fock-space cages and their spectral signatures — eCHERYNE
Jonay — University of Ljubljana

Generic quantum many-body systems thermalize. Yet several mecha-
nisms can prevent this, notable examples include integrability, many-
body localization, Hilbert-space fragmentation, and scars. We will
discuss a new mechanism of ergodicity breaking that arises from de-
structive interference in Fock space. This leads to exact eigenstates
localized on polynomially many configurations within an exponentially
large, fully connected Hilbert space sector. We call these states Fock-
space cages. They emerge naturally in kinetically constrained models
with chiral symmetry. We will present graph-theoretic methods to ex-
plicitly construct cages with support ranging from O(1) to O(L) sites,
and examine how their dynamical signatures, such as return probabil-
ities and magnetization, resist thermalization. Finally, we will explore
the spectral statistics through the lens of chiral random matrix theory.
The exponentially degenerate zero-energy manifold produces distinc-
tive signatures, yet the agreement with random matrix predictions
varies across energy scales - a direct consequence of localized and ther-
mal eigenstates coexisting within the same Hilbert space sector. We
will also probe the stability of these phenomena: the gap between the
zero-energy manifold and the spectral bulk may give rise to protected
slow dynamics.
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TT 2: Quantum-Critical Phenomena (joint session TT /DY)

Time: Monday 9:30-12:30

TT 2.1 Mon 9:30 HSZ/0101
Possible Quantum Criticality Tuned by Pressure in CeVGes
— RonG-Zuu Lin!, Po-Yuan CHENG!, Yuskl Suimizu2, TIMOTHEE
VasiNA3, DANIEL BRAITHWAITES, HansHANG JIN?, PETER KLAVINS?,
VALENTIN Taurour?, and eCHiEN-Lune Huanc! — !Department
of Physics, National Cheng Kung University and Center for Quan-
tum Frontiers of Research & Technology, Tainan 701, Taiwan —
2International Research Center for Nuclear Materials Science, Institute
for Materials Research (IMR-Oarai), Tohoku University, Ibaraki 311-
1313, Japan — 3Univ. Grenoble Alpes, CEA, Grenoble INP, IRIG,
PHELIQS, 38000, Grenoble, France — %Department of Physics and
Astronomy, University of California, Davis, California 95616, USA

In this work, we focus on the helical antiferromagnetic (AFM) CeVGegs
to explore whether an AFM quantum critical point (QCP) can be ap-
proached. By performing resistivity measurements under pressure, we
construct the pressure-temperature-field phase diagram and track the
evolution of multiple field-induced phases. The AFM ordering temper-
ature is suppressed at the critical pressure p. = 0.7 GPa. The coeffi-
cient A in the temperature-dependent resistivity p = pg+ AT? exhibits
a maximum at p. and gradually decreases at higher pressures, indi-
cating enhanced electron-electron correlations near the critical point.
These results reveal how the competition between Ruderman-Kittel-
Kasuya-Yosida (RKKY) and Kondo interactions evolves under pres-
sure, leading to a plausible pressure-induced QCP in CeVGes.

TT 2.2 Mon 9:45 HSZ/0101
Spin and charge criticality in the pseudogap two-impurity
Anderson model — eCHARLOTTE BENEKE and MATTHIAS VoJTA
— Institut fiir Theoretische Physik, Technische Universitdt Dresden,
01062 Dresden, Germany

The Kondo effect originates from spin screening of localized impurities
by conduction electrons. This Kondo screening can be suppressed by a
fermionic bath following a pseudogap (i.e. power-law) density of states,
by inter-impurity interactions, or by coupling to multiple conduction
channels. We investigate the two-impurity Anderson model in various
limits, and establish mappings to known Kondo and Anderson models.
This leads to rich phase diagrams with Kondo-breakdown transitions
of distinct universality classes giving rise to non-Fermi-liquid behavior.
We analyze the phase diagram, and critical exponents of the pseudogap
two-impurity Anderson model in the particle-hole symmetric, SU(2)-
invariant case using perturbative renormalization-group techniques.
We recover the transitions of the pseudogap single-impurity Ander-
son model, and find additional Kondo-breakdown quantum transitions
to inter-impurity singlet-, triplet- and charge-ordered phases. At the
quantum critical points, superconducting-pairing susceptibilities can
be enhanced depending on the type of spin- and charge criticality. We
discuss connections to heavy-fermion systems and two-quantum-dot
realizations where quantum dots act as tunable magnetic impurities.

TT 2.3 Mon 10:00 HSZ/0101
Stability of Deconfined Quantum Critical Points Coupled to
Quantum Phonons — eANTON RoMEN!2, Joser WILLSHERD2:3,
Davip HormEeiER?, Jonannes KnorLe'2® and MicnaeL Knaph?2
— 1Technical University of Munich, Garching, Germany — 2Munich
Center for Quantum Science and Technology, Miinchen, Germany —
3Max-Planck-Institut fiir Physik komplexer Systeme, Dresden, Ger-
many — “University of Southern Denmark, Odense M, Denmark —
5Imperial College London, London, United Kingdom

Deconfined quantum criticality (DQC) describes continuous transi-
tions beyond the Landau-Ginzburg paradigm. A typical example is
the VBS-Néel transition in frustrated antiferromagnets. Since the VBS
order parameter breaks lattice symmetries, it can couple to lattice dis-
tortions (phonons). Field-theory (PRB 110, 125130 (2024)) predicts
that static lattice vibrations induce strong first-order character. A full
quantum treatment, however, indicates that DQC survives above a
critical phonon frequency. In this work, we provide a detailed study
on the stability of 1D DQC under spin-phonon coupling resorting to
a frustrated anisotropic J1-J2 model as a paradigmatic example. Us-
ing large-scale tensor network simulations, we determine the flow of the
continuously varying critical exponents with phonon frequency and the
critical phonon frequency, at which the transition becomes strongly
first-order. By relating the critical theory to an Ashkin-Teller type
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model, we argue that the critical endpoint is in the four-state Potts
universality class. We further compute dynamical phonon spectral
functions that provide a powerful experimental signature of DQC.

TT 2.4 Mon 10:15 HSZ/0101
Inducing extraordinary-log criticality in the Heisenberg spin
chain — eGRriGorIOs MakRris, FrRaNCEsco PariseNn ToLpIN, and
STEFAN WESSEL — Institute for Theoretical Solid State Physics,
RWTH Aachen University, Germany

We examine the ground state correlations emerging in a spin-
1/2 Heisenberg chain upon coupling it to a quantum critical two-
dimensional bilayer Heisenberg model. Based on the quantum-to-
classical mapping and recent findings of unconventional surface criti-
cality of three-dimensional classical Heisenberg models, extraordinary-
log criticality is expected to become accessible within this setup along
the coupled chain, which serves as a line defect. In particular, such
a defect corresponds, through the quantum-to-classical mapping, to
a planar defect in the classical case which exhibits extraordinary-log
criticality. We use large-scale quantum Monte Carlo simulations to
systematically explore this scenario, based on measurements of cor-
relations and the spin stiffness, using the stochastic series expansion
methods.

TT 2.5 Mon 10:30 HSZ/0101
Kibble-Zurek Dynamics in the Anisotropic Ising Model
of the 8Si(001) Surface — eGErRNOT ScCHALLER!, FRIEDE-
MANN QUEISSER', PArvAa KaToorant!, CHRISTIAN BrRAND2, CHRIS-
TIAN KoOHLFURST!, MARK FREEMAN®, ALFRED HucHT?, PETER
KRrATZER?, BJORN SOTHMANNZ, MicHAEL HOrRN-voN HoEGENZ, and
RALF ScuOTzHOLDY® — 'Helmholtz-Zentrum Dresden-Rossendorf,
Bautzner Landstrafe 400, 01328 Dresden, Germany — 2Fakultéit fiir
Physik, Universitat Duisburg-Essen and CENIDE, Lotharstrae 1,
47057 Duisburg, Germany — 2Department of Physics, University of
Alberta, 4-181 Centennial Center for Interdisciplinary Science Edmon-
ton, Alberta T6G 2E1, Canada — *Institut fiir Theoretische Physik,
Technische Universitat Dresden, 01062 Dresden, Germany

As a simplified description of the nonequilibrium dynamics of buck-
led dimers on the Si(001) surface, we consider the anisotropic two-
dimensional (2D) Ising model [1,2] and study the freezing of spatial
correlations during a cooling quench across the critical point. Depend-
ing on the cooling rate, we observe a crossover from one-dimensional
(1D) to 2D behavior [3]. For rapid cooling, we find effectively 1D be-
havior in the strongly coupled direction, for which we provide an exact
analytic solution of the nonequilibrium dynamics. For slower cooling
rates, we start to see 2D behavior where our numerical simulations
show an approach to the usual Kibble-Zurek scaling in 2D.

[1] C. Brandt et al., Phys. Rev. Lett. 130, 126203 (2023).

[2] C. Brandt et al., Phys. Rev. B 109, 134104 (2024).

[3] G. Schaller et al., Phys. Rev. Lett. 134, 246202 (2025).

TT 2.6 Mon 10:45 HSZ/0101
Frustration effects and self-consistent matter description in
the Dicke-Ising model on the sawtooth chain — eJonas LEIBIG,
Max HORMANN, ANJA LANGHELD, ANDREAS SCHELLENBERGER, and
Kar PuiLLip ScHMIDT — Department of Physics, Staudtstrafte 7,
Friedrich-Alexander-Universitdt Erlangen-Niirnberg, Germany

We investigate how the exact thermodynamic-limit mapping of the
Dicke-Ising model to a self-consistent effective matter Hamiltonian ap-
plies to the geometrically frustrated sawtooth chain. The mapping,
established in Ref. [2], was recently solved with NLCE+DMRG for
the unfrustrated chain in our work [1]. Using the same method, we
obtain the zero-temperature phase diagram of the sawtooth geometry
and identify frustration-induced features absent in the unfrustrated
case. In the frustrated Ising limit, an infinitesimal effective transverse
field lifts the classical degeneracy and produces a disorder-by-disorder
transition, analogous to the transverse-field Ising model [3].

[1] J. Leibig, M. Hérmann, A. Langheld, A. Schellenberger, and K. P.
Schmidt, to be published (2025).

[2] J. Roman-Roche, A. Gémez-Leon, F. Luis, and D. Zueco, Physical
Review B 111, 035156 (2025).

[3] D. J. Priour, M. P. Gelfand, and S. L. Sondhi, Phys. Rev. B 64,
134424 (2001).
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TT 2.7 Mon 11:15 HSZ/0101
Potts nematic quantum phase transition in Dirac fermion sys-
tems — eMax ForNoviLLE!'2, KILIAN FRABOULET!, MICHAEL M.
ScueERER?, and LAURA CLasseEn!2 — IMax Planck Institute for Solid
State Research, 70569 Stuttgart, Germany — 2School of Natural Sci-
ences, Technische Universitat Miinchen, 85748 Garching, Germany —
3Theoretische Physik ITI, Ruhr-Universitdt Bochum, 44801 Bochum,
Germany

With the advent of 2D moiré materials, Dirac fermion models have yet
again emerged as promising candidates to describe putative quantum
critical points in these systems. The presence of gapless fermions pro-
vides an avenue towards criticality beyond the conventional universal-
ity classes because it profoundly alters the quantum critical behavior,
also giving rise to non-Fermi liquid behavior. We investigate the onset
of nematic order in Dirac systems with hexagonal symmetry. Owing
to the sixfold rotational symmetry, the nematic director selects among
three equivalent orientations and the associated order parameter is de-
scribed by a 3-state Potts model coupled to the Dirac fermions via a
Yukawa interaction. In the ordered phase, the fermions remain gapless
but the Dirac points split, dynamically breaking rotational symme-
try. At the mean-field level, the transition is of first order, which we
demonstrate using a minimal lattice model. We further employ a func-
tional renormalization group approach to investigate the influence of
the Dirac fermions on the Potts model and the nature of the transition
due to a possible fermion-induced continuous quantum critical point.

TT 2.8 Mon 11:30 HSZ/0101
Chiral Quantum Phase Transition in Moiré Dirac Materials
at finite density — e ANA GaRrcia-Pace! and Laura CrLassen!:2 —
IMax-Planck-Institute for Solid State Research, Stuttgart, Germany
— 2Technical University of Munich, Munich, Germany

Chiral quantum phase transitions in Dirac materials at finite density:
Strong enough interactions induce a semimetal-to-insulator transition
in Dirac materials, which can be viewed as the solid-state analogue of
the chiral phase transition in quantum chromodynamics. Moiré Dirac
materials such as twisted bilayer graphene offer a new opportunity to
study this transition because they facilitate tuning the effective inter-
action via a twist angle. Motivated by this, we explore the quantum
phase transition of a (2+41) dimensional Dirac material at T = 0K
which spontaneously develops a gap that breaks an Ising symmetry.
It is still an open question what is the structure of the phase diagram
at finite chemical potential. To explore it, we study a Gross-Neveu-
Yukawa model for the phase transition using both a mean-field theory
and a functional renormalization group approach. Interestingly, we
find an intermediate state between semi-metal and insulator where a
homogeneous solution appears to be unstable.

TT 2.9 Mon 11:45 HSZ/0101
Pseudo-first-order transition from competing Dirac masses
in one dimension — eMANUEL WEBER — Institut fiir Theoretische
Physik and Wiirzburg-Dresden Cluster of Excellence ct.qmat, Tech-
nische Universitat Dresden, Germany

Emergent symmetries and slow crossover phenomena are central
themes in quantum criticality and manifest themselves in the pseu-
docritical scaling experienced in the context of deconfined criticality.
Here we discover its conceptual counterpart, i.e., a symmetry-enhanced
pseudo-first-order transition. It emerges from a one-dimensional re-

alization of deconfined criticality between charge- and bond-ordered
states driven by competing Holstein and Su-Schrieffer-Heeger electron-
phonon couplings, for which quantum fluctuations and thereby the
nature of the transition can be tuned systematically via the phonon
frequency wp. In the classical limit wg — 0, a low-energy Dirac theory
predicts a direct first-order transition with emergent U(1) symmetry.
Using exact quantum Monte Carlo simulations, we provide strong ev-
idence for symmetry enhancement and even finite-size scaling on in-
termediate length scales but in the thermodynamic limit it turns into
a narrow intermediate phase where both order parameters are finite,
as chiral U(1) symmetry is weakly broken on the lattice. Including
quantum lattice fluctuations diminishes the width of the intermediate
phase, gradually restores the U(1) symmetry, and eventually tunes the
system to a deconfined quantum critical point.

TT 2.10 Mon 12:00 HSZ/0101

Spectral Optimization of the 2-Sphere and Applications to
Classical and Quantum Interacting Spin Systems — eJoNas
VOLLER', GRricorios Makris!, FaBiaNn HassLeErR?, and STEFAN
WesseL! — !Institute for Theoretical Physics, RWTH Aachen Univer-
sity, Germany — 2Institute for Quantum Information, RWTH Aachen

University, Germany

We investigate discretizations of the 2-sphere using non-uniform sim-
plicial lattices. Starting from an icosahedral seed, we optimize the
lattice by solving the free-particle tight-binding model and applying
gradient descent to reduce spectral degeneracy breaking, with the goal
of restoring the 2¢ + 1-fold degeneracy of an SO(3)-symmetric sys-
tem. We then perform Monte Carlo simulations of the critical Ising
and Potts models and quantify the rotational symmetry breaking by
projecting the two-point correlation function onto spherical harmon-
ics. For sufficiently fine discretizations, we successfully recover the
expected SO(3)-symmetric behavior. Finally, we carry out quantum
Monte Carlo simulations of the transverse-field Ising model and locate
its critical point by studying Binder-cumulant crossings.

TT 2.11 Mon 12:15 HSZ/0101
Hybrid Monte Carlo on the fuzzy sphere for conformal crit-
ical phenomena — eLipIA STOCKER!, ZHENG ZHOUZ, YIN-CHEN
He3, EMiLie HurrMmann?, and Jonannes STepHAN HorMann! —
IMax Planck Institute for the Physics of Complex Systems, Dres-
den, Germany — 2Perimeter Institute for Theoretical Physics, Wa-
terloo, Ontario N2L 2Y5, Canada — 3C. N. Yang Institute for The-
oretical Physics, Stony Brook University, Stony Brook, NY, USA —
4Department of Physics, Wake Forest University, Winston-Salem, NC,
USA

The fuzzy sphere regularization was recently introduced to study con-
formal symmetry in the 3D Ising transition [1]. Preliminary analysis
with this approach showed excellent agreement with the state*operator
correspondence, even though the size of the system considered was
particularly restricted. Building on a sign-problem-free formulation of
quantum many-body models on the fuzzy sphere [2], we extend the
study to significantly larger system sizes using a hybrid Monte Carlo
(HMC) scheme. In contrast to microscopic lattice models, we study
the deconfined quantum critical point from a low-energy perspective
and address whether the transition is of first- or second-order nature,
assuming SO(5) symmetry. Our results demonstrate that HMC on the
fuzzy sphere is a powerful and scalable framework for exploring con-
formal critical phenomena in models with many degrees of freedom.
[1] Phys. Rev. X 13, 021009 (2023)

[2] SciPost Phys. Core 7, 028 (2024)
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TT 3: Correlated Electrons: Electronic Structure Calculations

Time: Monday 9:30-10:45

TT 3.1 Mon 9:30 HSZ/0103
Electronic structure, effective model and electron correla-
tion in Ruddlesden-Popper Cobalt Oxychloride — exiaoLoNG
FENG!, Yang ZHaNG?3, and Craupia FeLser! — Max Planck
Institute for Chemical Physics of Solids, 01187 Dresden, Germany
— 2Department of Physics and Astronomy, University of Tennessee,
Knoxville, Tennessee 37996, USA — 3Min H. Kao Department of Elec-
trical Engineering and Computer Science, University of Tennessee,
Knoxville, Tennessee 37996, USA

Recent advances in Ruddlesden-Popper(RP)-layered nickelates have
revealed a remarkable superconducting transition above the boiling
point of liquid nitrogen under high pressure. Here, we report a theoret-
ical investigation of RP cobalt oxychloride, which shows a correlation-
driven metal-insulator transition. Strong hybridization between Co-d
orbitals and O-p orbitals is identified close to the Fermi level. Upon in-
corporating enhanced electronic correlations, the Co-d orbital emerges
as the dominant component at the Fermi level with partial filling.
To further explore the ground state, we construct a minimal effective
model via Wannier downfolding, capturing the essential physics of the
system. Notably, our results predict an insulator-metal transition un-
der high pressure, positioning RP cobalt oxychloride as a compelling
candidate for studying correlated transition metal compounds with
potential magnetism and superconductivity.

TT 3.2 Mon 9:45 HSZ/0103
Imaging the 3d orbitals in V203 across the AFI-PM-PI
transitions — ePauLius DormanTas!, CHUN-Fu CHANG!, MARTIN
SunDERMANND2| HLyNUR GRETARSSONZ, JONATHAN DENLINGERS,
Maurits Haverkort?, and Liv Hao Tiena! — !Max Planck In-
stitute for Chemical Physics of Solids, Dresden, Germany — 2DESY,
Hamburg, Germany — 3ALS, Berkeley, USA — *Institute for Theo-

retical Physics, Heidelberg University, Heidelberg, Germany

V203 exhibits a rich phase diagram in which the transitions between
the antiferromagnetic insulating (AFI), paramagnetic metallic (PM)
and paramagnetic insulating (PI) phases are all 15! order. The pres-
ence of c-axis V-V dimers in the crystal structure is the reason for
proposing the standard model for V2O3 in which a14-a14 molecular
singlets are formed, leaving each V ion with an S=1/2 electron to
generate the complex phase diagram. Numerous ab-initio electronic
structure calculations and spectroscopy studies have been carried out
to determine the mechanism of the phase transitions, with contradict-
ing results. The main problem underlying this issue is that the actual
valence charge density in V2O3 has not yet been determined with suf-
ficient reliability, a quantity that forms the very basis for modeling the
properties. Here we utilized a newly developed experimental method
with which we can make a direct image of the active orbital. The
method is non-resonant inelastic X-ray scattering using an s-core level.
Our experimental results unveiled that the a1g4-a1g molecular singlets
have not materialized and that instead, subtle changes changes in the
orbital occupations across the transitions must be considered.

TT 3.3 Mon 10:00 HSZ/0103
Ni; 3NbS2: A correlated impurity-lattice with Ni’t in a
metallic Van der Waals magnet — eSnenGg-Huar Cuen!, CHUN-
Fu Cuanc!, Yu-Cumn Ku?3, Po-Yu Cuo?, CuaNGg-YanGc Kuo?:3,
MaRrcus ScuMIDT!, ANTOINE Ma1GNAN?, ATsusar Harik1®, and Liu
Hao Tieng! — 'Max Planck Institute for Chemical Physics of Solids,
Germany — 2Natl. Synchrotron Radiation Research Center, Taiwan
— 3Dep. of Electrophysics, Natl. Yang Ming Chiao Tung University,
Taiwan — 4CRISMAT, Normandie Univ., CNRS, France — 5Dep. of
Phys. and Electronics, Osaka Metropolitan University, Japan

Ni-intercalated NbSs has attracted considerable attention as a chi-

10

Location: HSZ/0103

ral metallic van der Waals magnet that couples helical antiferromag-
netism to a conducting Nb-4d/S-3p host, exhibiting current-driven
spin-texture control, and showing pocket-selective Fermi surface dop-
ing. Our objective is to investigate the specific role of the Ni ions in
here. In particular, we would like to know as to what extent elec-
tron correlations play a role, and if so, what the actual valence and
electronic configurations the Ni has. By combining Ni Lo 3 XAS,
Ni 2p XPS, valence band and resonant PES with material-specific
DFT+DMEFT calculations, we establish that the Ni has a strongly
correlated local electronic structure with the Ni?* (3d®) as the main
configuration. The NiSg octahedra thus set the existence and scale of
the local moment and single-ion anisotropy that are the ingredients
for the helical state. The interplay between the correlated Ni states
with the dispersing bands forming the Fermi surface is the subject of
ongoing study.

TT 3.4 Mon 10:15 HSZ/0103
Origin of orbital and magnetic transitions in rare-earth per-
ovskites — eXurJiNG Zuanc!, Erik Kocu?, and Eva PavariNt! —
IPeter Griinberg Institute, Forschungszentrum Jiilich, 52425 Jiilich,
Germany — 2Jiilich Supercomputing Centre, Forschungszentrum
Jiilich, 52425 Jilich, Germany

Strongly-correlated transition-metal oxides are characterized by com-
plex phase diagrams, which result from the interplay of orbital, charge,
lattice and spin degrees of freedom. Recently, we introduced an effi-
cient scheme to investigate these phenomena [1-3]. It combines the
LDA+DMFT method with a analysis scheme based on the decompo-
sition of the order parameter into its irreducible components. Thanks
to this approach, we could explain the origin of the inversion of orbital
and magnetic order observed with increasing rare-earth (R) radius in
the tgq series RVO3 [3|. Here we present results for these as well as
for other systems.

[1] X. J. Zhang, E. Koch, E. Pavarini, PRB 105 (2022) 115104

[2] X. J. Zhang, E. Koch, E. Pavarini, PRB 106 (2022) 115110

[3] X. J. Zhang, E. Koch, E. Pavarini, PRL 135 (2025) 026508

TT 3.5 Mon 10:30 HSZ/0103
Real-frequency DMFT for multi-orbital models with the
neural network configuration interaction impurity solver
e ALEXANDER Kowarski!, PuiLipp  Hansmann?,  Giorcio
Sanciovannt!, and ApriaNa PALFFy! — lInstitute for Theoretical
Physics and Astrophysics, Universitdt Wiirzburg, 97074 Wiirzburg,
Germany — 2Department of Physics, Friedrich-Alexander-Universitét
Erlangen-Niirnberg, 91058 Erlangen, Germany

The numerical solution of an auxiliary Anderson Impurity Model is
usually the most resource-intensive part of the dynamical mean-field
treatment of strongly correlated lattice models. Among the variety
of approaches with different trade-offs that have been developed, the
problem with exact diagonalization is that the exponential scaling of
the Hilbert space constrains it to describing the infinite bath in terms of
only a small finite number of sites. Selected Configuration Interaction
(CI) methods try to achieve more favorable scaling by performing an a
priori restriction of the basis used for diagonalization to try to capture
only the most important subspace of the desired size. Neural networks
have been shown to be remarkably suitable for performing the CI basis
selection [1] and we have previously previewed the integration of such a
CI algorithm as impurity solver in DMFT. Further developments since
then have allowed us to do DMFT calculations with self-consistency
directly on the real frequency axis for multi-orbital models with num-
bers of bath sites well beyond the reach of exact diagonalization.

[1] P. Bilous, L. Thirion, H. Menke, M. W. Haverkort, A. Palffy, P.
Hansmann, Phys. Rev. B 111, 035124 (2025)
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TT 4: Graphene, 2D and Twisted Materials

Time: Monday 9:30-12:45

TT 4.1 Mon 9:30 HSZ/0105
Toward electron lensing in graphene — Y1-CHEN Tsarl2, Yu-
En Wu3, Cuune-Tineg K24, and eMinag-Hao Liu3 — lInstitute
of Physics, Academia Sinica, Taipei, Taiwan — 2Department of Engi-
neering and System Science, National Tsing Hua University, Hsinchu,
Taiwan — 3Department of Physics and Center for Quantum Frontiers
of Research and Technology (QFort), National Cheng Kung Univer-
sity, Tainan, Taiwan — 4Research Center for Critical Issues, Academia
Sinica, Tainan, Taiwan
Electron lensing in graphene based on the combined effects of Klein
collimation and negative refraction was theoretically proposed in [1].
The proposal promises striking phenomena that could advance the
emerging field of electron optics in graphene. Yet, the original de-
sign requiring a parabolic pn junction and a point-like injector at
the focal point has remained experimentally demanding and unveri-
fied. Here, we present recent progress toward realizing electron lens-
ing in state-of-the-art ultraclean graphene devices. These devices fea-
ture multiple contacts—point injectors, narrow collectors, and wide
drains—engineered to probe the lensing regime. Low-temperature
transport measurements are systematically compared with fully ballis-
tic quantum transport simulations at zero temperature. This combined
experimental-theoretical approach enables us to assess how closely cur-
rent devices approach the envisioned lensing regime described in [1] and
to identify critical steps still needed for its experimental confirmation.
[1] M.-H. Liu, C. Gorini, and K. Richter, PRL 118, 066801 (2017).

TT 4.2 Mon 9:45 HSZ/0105
Non-collinear magnetism of flat bands in magic-angle twisted
bilayer graphene — eMaxiME Lucas!, ARNAUD RALKO?, ANDREAS
Honecker!, and Guy TRAMBLY DE LalssarRDIERE! — lLaboratoire
de Physique Théorique et Modélisation, CY Cergy Paris Université
/ CNRS, France — 2Institut Néel, Université de Grenoble Alpes /
CNRS, France

Recent advances of twisted bilayer graphene (and related moiré mate-
rials) have been stimulated by the discovery of strong electronic cor-
relations [1] between flat-band states due to a moiré pattern [2]. It
is shown experimentally and theoretically that the filling of the flat
bands affects their magnetic properties significantly. Similar to what
we have done in monolayer graphene [3], we investigate how electronic
filling and on-site interactions drive magnetic ordering by studying a
Hubbard model on the moiré lattice within an unrestricted Hartree-
Fock framework. We mapped out a rich magnetic ground-state phase
diagram and uncover a variety of exotic non-collinear spin textures.
[1] Y. Cao et al., Nature 556, 43 (2018); Nature 556, 80 (2018).

[2] G. Trambly de Laissardiére et al., Physica E 175, 116362 (2026)
[3] M. Lucas et al., arXiv:2511.22714 [cond-mat.str-el] (2025)

TT 4.3 Mon 10:00 HSZ/0105
Quantum diffusion in twisted bilayer graphene — eTAHER
Ruouma and Guy TraMBLY DE LaissarpiEre — LPTM, CY Cergy
Paris Univ / CNRS, Cergy-Pontoise, France.

The discovery of correlated insulating and superconducting phases aris-
ing from the flat bands of magic-angle twisted bilayer graphene (TBG)
[1] has stimulated intense interest in their electronic properties. We
present a theoretical study of the electronic structure and quantum
transport in these flat-band states, incorporating the structural effects
of local defects such as non-resonant scatterers. Our real-space method
[2,3,4,5] fully accounts for the modification of the electronic structure
by defects and for multiple-scattering effects in the conductivity. It
shows, in particular, that because of the extremely low Fermi velocity
in the flat bands, standard semiclassical Bloch-Boltzmann approaches
break down. We present the impact of non-resonant short-range disor-
der, modeled as diagonal Anderson disorder [4,5] with on-site energies
e; = eo £ AW, on the bandwidth, conductivity, focusing on the impact
of filling on the quantum diffusion of twisted bilayer graphene close to
the magic angle.

[1] Y. Cao, et al., Nature 556, 43 (2018); Nature 556, 80 (2018).

[2] F. Triozon, et al., Phys. Rev. B 65, 220202, (2002).

[3] O. Faizy Namarvar, et al., Phys. Rev. B 101, 245407 (2020).

[4] P. Guerrero, et al., Phys. Rev. Lett. 134, 126301, (2025).

[5] G. Trambly de Laissardiére, et al., Physica E 175 116362 (2026).
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TT 4.4 Mon 10:15 HSZ/0105
Quasiparticle Interference as a Probe of Electron’s Form
Factor in Twisted Bilayer Graphene — D.-H.-Minu NGUYEN!,
Francisco GuiNEal2, and eDario Bercioux!3 — 1Donostia In-
ternational Physics Center, 20018 Donostia-San Sebastian, Spain
— 2IMDEA Nanoscience, C/ Faraday 9, 28049 Madrid, Spain —
3SIKERBASQUE, Basque Foundation for Science, Euskadi Plaza, 5,
48009 Bilbao, Spain

We show that characteristics of the electron’s form factor in two-
dimensional materials are observable in the quasiparticle interference
(QPI) spectrum. We study QPI in twisted bilayer graphene using real-
space tight-binding calculations combined with the kernel polynomial
method, which agrees excellently with the form-factor norm obtained
from the continuum Hamiltonian. The QPI signals, displaying a chi-
ral structure, reveal all distinct interference processes between states
near the Dirac points. We propose pseudospin textures of twisted bi-
layer graphene to explain all the interference mechanisms. Our results
provide microscopic insights into the electronic eigenstates of twisted
bilayer graphene and suggest that QPI could be a promising method
for probing the form factor, which governs the material’s quantum ge-
ometry and many-body states.

[1] D.-H.-M. Nguyen, F. Guinea, D. Bercioux, arXiv:2509.11223.

TT 4.5 Mon 10:30 HSZ/0105
Charge neutrality phase diagram of twisted bilayer graphene
from sign-free Monte Carlo simulations — eJOHANNES S.
HorMmann!, JonG YEON LEE?, PATRICK LEDWITH?, EsLaM KHALAF?,
AsuVIN VisawanaTH?, and ErRez BErG® — 1Max Planck Institute for
the physics of complex systems, Dresden, Germany — 2University of
Illinois at Urbana-Champaign, Urbana, USA — 3Massachusetts Insti-
tute of Technology, Cambridge, USA — “*Harvard University, Cam-
bridge, USA — ®Weizmann Institute of Science, Rehovot, Israel

We study the phase diagram of twisted bilayer graphene at charge
neutrality as a function of twist angle 0, uniaxial heterostrain ¢, and
temperature T' using sign-problem-free quantum Monte Carlo simula-
tions. At T = 0 and zero strain, we find a continuous transition from
a Dirac semimetal to a gapped Kramers inter-valley coherent (KIVC)
phase as 6 decreases toward the magic angle. With finite strain, the
KIVC phase undergoes a further continuous transition at smaller 6
into an anisotropic semimetal with gapless excitations near the cen-
ter of the moiré Brillouin zone. In the KIVC regime, the entropy
rises sharply with temperature and plateaus at 15 K < 7T < 40K near
the value expected from a Mott-like regime of localized electrons with
nearly uncorrelated spin, valley, and orbital degrees of freedom. The
spectral function evolves continuously with 0: at low T, a gap opens
at the K points and the minimal gap shifts to I' as 6 decreases; at
intermediate T', the spectral function smoothly interpolates between a
Dirac semimetal spectrum with coherent K-point quasiparticles and a
spectrum with gapless I'-centered quasiparticles near the magic angle.

TT 4.6 Mon 10:45 HSZ/0105
Probing doping profiles in large-angle twisted bilayer
graphene by Fabry-Perot interference — eALINA MRENCA-
KovrasiNskal, Curris McDowEgLL2, THITI TAYCHATANAPATZ, and
Ming-Hao Liv? — YAGH University of Krakow, Faculty of Physics
and Applied Computer Science, Poland — 2Chulalongkorn Univer-
sity, Department of Physics, Faculty of Science, Patumwan, Bangkok,
Thailand — 3National Cheng Kung University, Department of Physics,
Tainan, Taiwan

In graphene, p-n junctions can be induced by electrostatic gating.
Fabry-Perot (FP) interferometers formed in gate-defined bipolar cav-
ities have been used to probe Klein tunneling [1], miniband structure
in moire superlattices 2], and transport in decoupled bilayer graphene
[3]. In this work, we investigate a decoupled large-angle twisted bilayer
graphene device that shows rich fringe patterns that resemble FP os-
cillations. We postulate that they originate from extra electronic cavi-
ties created by unintentional local doping in the device. Our quantum
transport simulations incorporating this assumption reproduce the ob-
served patterns. Our findings demonstrate that disorder can lead to
unexpected and rich structures that can be probed by transport.

[1] A.F. Young, P. Kim, Nat. Phys. 5 (2009) 222.

[2] C. Handschin et al. , Nano Lett. 17 (2017) 328.
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[3] P. Rickhaus et al. , Sci. Adv. 6 (2020) eaay8409.

15 min. break

TT 4.7 Mon 11:15 HSZ/0105
Theory for optical control of correlated states in moiré transi-
tion metal dichalcogenide heterostructures — eHaovanc TiaN
and UrBaN F.P. SEIFERT — Institut fiir Theoretische Physik, Uni-
versitat zu Koln, Ziilpicher Str. 77a, 50937 Koln, Germany

In recent years, moiré transition metal dichalcogenide (TMD) het-
erostructures have emerged as highly versatile platforms for investigat-
ing phases and phenomena of strongly correlated electrons on emergent
lattice scales. However, experimental characterization of the precise
nature of some interaction-driven orders, in particular antiferromag-
netism, and their excitations has remained a challenge. Given strong
light-matter couplings and valley selection rules in TMD materials, ul-
trafast optical methods may constitute a promising avenue for probing
and controlling these states and their collective modes.

In this work, we develop a theoretical framework to describe the
coherent light-driven dynamics of type-II moiré TMD heterobilayers
under circularly polarized laser irradiation. We construct a moiré-
Floquet Hamiltonian for the electronic states under periodic driving.
In the off-resonant regime, we find that the moiré valence band flattens
due to hybridization with the photon-dressed conduction band and de-
rive an effective low-energy model for the Floquet valence band. By
incorporating electron-electron interactions via a Hartree-Fock frame-
work, we analyze the impact of optical driving on the phase structure
and collective excitations (e.g., magnons).

TT 4.8 Mon 11:30 HSZ/0105
Unveiling structural transitions in the van der Waals mul-
tiferroic CuCrP2Sg under pressure and temperature —
eSWARNAMAYEE MisHral'3, GasToN GARBARINO?, ALEXANDER
Mistonov!:3, STeven GEeBEL!, and JocHEN GEck!® — llInstitute
for Solid State and Materials Physics, TU Dresden, Dresden, Ger-
many — 2European Synchrotron Radiation Facility (ESRF), Greno-
ble, France — 3Wiirzburg-Dresden Cluster of Excellence ct.qmat, TU
Dresden, Dresden, Germany

Two-dimensional (2D) crystals with strong in-plane covalent bonds and
weak van der Waals interlayer interactions have garnered significant at-
tention following the discovery of graphene and its remarkable proper-
ties. CuCrP2S¢ (CCPS) is a promising 2D material exhibiting antifer-
romagnetic behavior due to the collective ordering of Cr3+ spins and
antiferroelectric properties driven by Cu+ ion ordering. These ferroic
properties arise from spin-orbit coupling associated with crystal sym-
metry breaking. Despite its potential, a detailed pressure-dependent
crystallographic study of CCPS remains unexplored. In this work,
high-resolution single crystal x-ray diffraction is employed to explore
its response to variations in pressure and temperature. Our measure-
ments reveal a clear pressure-driven change of lattice symmetry at low
temperatures from monoclinic Pc to monoclinic C2/c, together with
signatures of charge ordering that point to strong coupling between
structure and electronic degrees of freedom. In addition, a pressure-
induced reorientation of a structural modulation is found, shifting it
from the ac plane at low pressure to the ab plane at higher pressure.

TT 4.9 Mon 11:45 HSZ/0105

Switching Magnetic Anisotropy by Chemical Substitution
in Single Crystals of the 2D van der Waals System
(Fe1-2Niz)2P2Ss — eYULIIA SHEMERLIUK}, ANja U. B. WoLTER!,
BerRND BUcHNER!2, and SAICHARAN AswARTHAM® — 1The Leibniz
Institute for Solid State and Materials Research, Dresden, Germany
— 2Institute for Solid State and Materials Physics and Wiirzburg-
Dresden Cluster of Excellence ct.qgmat, TU Dresden, Germany —
3International Center for Interfacing Magnetism and Superconductiv-
ity with Topological Matter - MagTop, Institute of Physics, Polish
Academy of Sciences: Warsaw, Poland

During recent years, layered quasi-two-dimensional van der Waals ma-
terials have attracted considerable attention in fundamental science
due to their intrinsic low-dimensional crystal structure, which affects
their physical properties. Among these materials, layered thiophos-
phates M2P2Sg (M= Ni, Co, Fe, Mn, V) stand out as a versatile
platform for exploring the interplay between structure and magnetic
exchange interactions. In this talk, we will show how chemical sub-
stitution and structural tuning influence magnetic ground states in
the quasi-2D system (Fej_zNiz)2P2Se. This series combines two
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structurally compatible parent compounds with fundamentally differ-
ent magnetic behaviors, interlayer couplings, and ordering temper-
atures. Our magnetization measurements on single crystals across
the substitution series reveal antiferromagnetic ground states through-
out. Importantly, we observe a continuous reorientation of magnetic
anisotropy from out-of-plane to in-plane with increasing Ni content.

TT 4.10 Mon 12:00 HSZ/0105
Tuning surface resonance states on black phosphorus —
eDONGMING ZHAO!, ByrongIN LEer?, Junao Banc2?, CLAUDIA
FeLser!, Jian-FEne GE!, and Doonee Cno? — 'Max Planck In-
stitute for Chemical Physics of Solids, 01187 Dresden, Germany —
2Department of Physics, Yonsei University, Seoul 03722, Republic of
Korea

Surface resonance states can significantly alter how semiconductors
respond to external electric fields. When present, such states can ac-
commodate charge accumulation at the surface, reducing the response
from bulk carriers and thereby suppressing band bending. In this
work, we show that surface-resonance states near the band edge of
black phosphorus couple strongly to the tip-induced electrostatic po-
tential in scanning tunneling spectroscopy. This coupling produces a
characteristic dip in the tunneling conductance spectrum. Our simu-
lations indicate that this dip arises from a field-driven change in the
tunneling probability into surface resonance states. By effectively tun-
ing the electric field in the junction, we drive the surface-resonance
band across the Fermi level, enhancing its contribution to the tun-
neling current. Our results illustrate how localized surface resonances
under an external field dominate electrostatic screening, highlighting
their importance in designing and operating semiconductor devices.

TT 4.11 Mon 12:15 HSZ/0105

in Cuprate Heterostructures
1,2
’

Quantifying Twist Angles
with Anisotropic Raman Signatures — eFrLaviaA Lo Sarpo
MAaRrINA  Esposito®#, Tommaso ConraLoNe!®  KORNELIUS
NieLscn'2% Nicora Poccial?, and Hamper Goram! — !Leibniz
Institute for Solid State and Materials Research Dresden (IFWDres-
den), 01069 Dresden, Germany — 2Institute of Materials ScienceTech-
nische Universitdt DresdenDresden 01062, Germany — 3Department
of PhysicsUniversity of Naples Federico IINaples 80126, Italy —
4National Institute for Nuclear Physics (INFN) - Sezione di Napoli-
Naples 80126, Ttaly — ®Institute of Applied PhysicsTechnische Uni-
versitdt Dresden, 01062 Dresden, Germany

Artificially engineered twisted van der Waals (vdW) heterostructures
have unlocked new pathways for exploring emergent quantum phenom-
ena and strongly correlated electronic states. Many of these phenom-
ena are highly sensitive to the twist angle, which can be deliberately
tuned to tailor the interlayer interactions which makes the twist angle a
critical tunable parameter. In particular, twisted cuprate heterostruc-
tures based on BizSroCaCuzOsg4, (BSCCO) have demonstrated angle-
dependent superconducting properties, positioning the twist angle as a
key tunable parameter. In this work, a fully non-invasive, polarization-
resolved Raman spectroscopy approach is introduced for determining
twist angles in artificially stacked BSCCO heterostructures. By an-
alyzing twist-dependent anisotropic vibrational Raman modes, clear
optical fingerprints of the rotational misalignment between cuprate
layers are identified.

TT 4.12 Mon 12:30 HSZ/0105
Polaritonic near-field effects on the metal-to-insulator tran-
sition of the Hubbard model — ePauL FaprLer!, Marios
MicHAEL?, KATHARINA LENK®, MIcHAEL SENTEF!', and MARTIN
EcksTEIN?® — !Institute for Theoretical Physics, University of Bre-
men — 2Max-Planck-Institut fiir Physik komplexer Systeme, Dresden

— 3Department of Physics, University of Hamburg

The influence of the dielectric environment on material properties has
been studied theoretically mostly within two different contexts: Within
Coulomb engineering one uses electrostatic screening of the longitudi-
nal electromagnetic field to renormalize interactions [1]. In contrast,
within cavity material engineering one tries to shape the transverse
electromagnetic field to produce desired material properties [2]. For
certain settings, such as in the near-field of materials hosting phonon-
or plasmon-polaritons, this separation is no longer possible as the lon-
gitudinal and transverse components of the electromagnetic field mix.
We investigate the resulting effect on the metal-to-insulator phase tran-
sition of a 2-D Hubbard model suspended above a polariton-hosting
material using DMFT + GW treating the longitudinal and transverse
fields consistently. Lastly, we consider the gauge dependence intro-
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duced by our scheme for the Coulomb [3] and Weyl gauge [4].
[1] E. van Loon et al., npj 2D Mater. Appl. 7, 47 (2023)
[2] F. Schlawin et al., Appl. Phys. Rev. 9, 011312 (2022)

[3] K. Lenk et al., Phys. Rev. B 106, 245124 (2022)
[4] C. Eckhardt et al., Phys. Rev. Lett. 135, 156902 (2025)

TT 5: Superconductivity: Sample Preparation and Characterization

Time: Monday 9:30-12:30

TT 5.1 Mon 9:30 CHE/0089
Dielectric properties of NbN-films at the insulating side of
the superconductor-insulator-transition — eMax REINHART!,
LEA PrarrINGER!, SVEN LinzeEN?, EvGenn ILICHEVZ, ALEXANDER
WEIzeL!, and CrrisToPH STRUNK! — lExperimental and Applied
Physics, Uni Regensburg, Germany — 2Leibniz Institute of Photonic

Technology, Jena, Germany

In 2D strongly disordered thin films the superconductor-insulator-
transition (SIT) occurs [1]. The resistive behavior of the insulating
side of this transition is well studied, as it has been observed in various
materials [2,3]. For the imaginary part of the impedance the situation
is less clear. To obtain information on the dielectric properties of 3nm
thin NbN in the insulating regime at Rsq(2 K) = 60 kQ we deposited
interdigitated gold fingers as capacitor within an LC-circuit on SiOx
and NbN. On SiOx, we obtained C' &~ 6 pF. On insulating NbN, the
measured capacitance was 6.6 pF. In the latter case the capacitance
has a contribution, that depends non-monotonically on temperature,
magnetic field and DC bias voltage.

[1] D.B. Haviland et al., Phys. Rev. Lett. 62 (1989) 2180

[2] V.F. Gantmakher and V.T. Dolgopolov, Phys. Usp. 180 (2010) 3

[3] N. G. Ebensperger, Dielectric properties on the insulating, side
of the superconductor-insulator-transition [PhD thesis|, Universitit
Stuttgart, 2021

TT 5.2 Mon 9:45 CHE/0089
Gap smearing and sub-gap states in disordered nitride su-
perconductors — eFREDERIK BoLLE!, Yayr Lin', HEIDEMARIE
KrUGER?, MARTIN DrEsseL', and Marc ScHerrFLER! — 11.

Physikalisches Institut, Universitit Stuttgart — 2Leibniz IPHT, Jena

In recent years nitride-based superconductors have gathered a lot of
attention due to their high critical temperatures, large kinetic induc-
tances, and ease of manufacturing. According to the BCS theory, at
temperatures far below the critical transition temperature, the super-
conducting s-wave state is characterized by a hard gap A and a coher-
ence peak above the gap. In the case of substantial disorder, subgap
states emerge and the coherence peak is suppressed.

We present the quasiparticle dynamics of ultra-thin NbN and MoN
films with various levels of disorder, probed at energies comparable
to the energy gap using THz spectroscopy (0.2meV — 10meV). To
quantify the additional pair-breaking we employ the phenomenological
Dynes model for the optical conductivity. We find in the case of NbN, a
temperature-independent pair-breaking rate, which suggests magnetic
impurities, while MoN shows a strongly temperature-dependent pair-
breaking rate, which we attribute to inhomogeneities of the local gap
function. The understanding of this excess quasiparticle density plays
an important role for decoherence and loss mechanisms in quantum
circuits at millikelvin temperatures.

TT 5.3 Mon 10:00 CHE/0089
Superconducting resonators from ultrathin NbN films —
®MEENAKSHI SHARMA!, HRISHIKESH BORAH!, SURINDER SINGH?Z,
SANDEEP SINGHZ, HAOLIN JIN!, YEJIN LEE!, and urr voorL! — MPI

CPFS, Dresden, Germany — 2CSIR NPL, Delhi, India

We investigate superconducting microwave resonators fabricated from
ultrathin niobium nitride (NbN) films with thicknesses down to 3 nm.
Such films show extremely high kinetic inductance values of 298 pH
per square, approaching the regime where disorder strongly influences
superconductivity. However, they remain robust and exhibit a critical
temperature of 7.8 K, making them suitable for high-impedance cir-
cuit applications. The resonators achieve internal quality factors of ap-
proximately 10%-10°, demonstrating that reliable device performance
can be sustained even at such critical thicknesses. By monitoring the
resonance frequency as a function of temperature, we probe the elec-
trodynamic response of the ultrathin superconducting state. The su-
perfluid density departs from the exponential temperature dependence
expected for conventional BCS superconductors and instead follows a
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power-law behavior at low temperatures, indicating spatial inhomo-
geneity in the superconducting condensate. At millikelvin tempera-
tures, dissipation is dominated by two-level systems, but the large ki-
netic inductance suppresses their influence on the resonance frequency,
thereby enabling stable and reproducible devices. These results estab-
lish ultrathin NbN as both a practical platform for high-impedance
quantum circuits and an accessible system for studying unconventional
superconducting physics.

TT 5.4 Mon 10:15 CHE/0089
Tuning Superconductivity and Vortex Dynamics in NbRe
Films via Grain-Size Control eZAHRA MAKHDOUMI
KakHAKI!, FRANCEscO AvITABILEZ, ABHISHEK KuMARZ, FRANCESCO
CoLaNGELO?, CArRLA CIRILLO3, CARMINE ATTANASIO?, and OLEK-
saNDR DoBrovoLskly! — !Cryogenic Quantum Electronics, EMG
and LENA, Technische Universitdt Braunschweig, Germany —
2Universita degli Studi di Salerno, Italy — 3CNR-SPIN, Universita di
Salerno, Italy

NbRe, a non-centrosymmetric superconductor with strong antisym-
metric spin-orbit coupling and relatively high Tc, is of interest for
superconducting spintronics and single-photon detectors. Yet, it poses
a challenge: understanding how its order parameter evolves in thin
films as crystallite size changes. Here, we induce a significant struc-
tural transformation in 20 nm-thick NbRe films through thermal an-
nealing, increasing the average crystallite size from about 2 nm to
approximately 8 nm across as-grown and annealed conditions [1]. We
probe superconducting pairing via upper critical field measurements
and quantify vortex dynamics through current-voltage curves under
varying temperatures and magnetic fields. The annealed films exhibit
discrete resistive states and traces of normal-conducting domains at-
tributed to dissipative vortex motion and local overheating [2]. In
addi- tion to spin-triplet correlations in NbRe-based hybrids [3], the
annealed films show indications of two superconducting gaps.

[1] Makhdoumi Kakhaki et al., SUST 37 (2024) 125002

[2] Bezuglyj et al., PRB 99 (2019) 174518

[3] Colangelo et al., PRL (2025), arXiv:2510.08110

TT 5.5 Mon 10:30 CHE/0089
Superconductivity of [(SnSe);s]m[NbSe2] superlattices with
varying NbSe; interlayer spacing — eOrivio Cuiarti!, LiNus
P. StanLBERG!, WiELAND G. STOFFEL!, Tom HERTER-LEHMANN!,
Wit VALLanT!, ALiNa DieTRICH!, DANIELLE HAMANNZ, DavID
C. Jounson?, and Saskia F. Fiscaerb® — I1Novel Materials
Group, Humboldt-Universitat zu Berlin, 10099 Berlin, Germany —
2Department of Chemistry and Materials Science Institute, University
of Oregon, Eugene OR 97403, USA — 3Center for the Science of Ma-

terials Berlin, Humboldt-Universitit zu Berlin, 12489 Berlin, Germany

In layered superconductors the coupling betwee superconducting layers
is crucial due to its strong impact on their properties [1]. We investi-
gate the properties of [(SnSe)1ys]m|[NbSe2| superlattices, which allow
for nearly arbitrary stacking sequences due to the growth technique
[2]. With this degree of freedom we study how coupling mechanisms
enable the occurrence of superconductivity.

Temperature-dependent resistance measurements show superconduc-
tivity for NbSes interlayer distances of 2.4 nm or smaller. This is
explained by the interplay of grain boundaries, crossplane tunneling
and proximity effect in the SnSe spacer layer. Additionally, current-
voltage characteristics provide insights into the coupling mechanisms
of 2D superconductors.

[1] Chiatti et al., J. Phys.: Condens. Matter 35, 215701 (2023)

[2] Grosse et al., Sci. Rep. 6, 33457 (2016)

TT 5.6 Mon 10:45 CHE/0089
Characterization and superconducting properties of SrBi>Sey
eMax BRrUckNErR!, JuLE KirscHKE!, AsHiwINI BaLopaI!,
CEeDRIC ScHMITT?, Lukas GEHRIGZ?, KILIAN STRAUss?, CHRISTOPH

FrataMmann®, Dina 1. Fazuiznanova?, CHRISTIAN LieBscHER?, Tnva
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EREMIN®, StmoN Moserb2, ANDREAs KREvssic!, and Anna E.

BouMmer! — !Experimental Physics IV, Ruhr-University Bochum,
Bochum — 2Physikalisches Institut and Wiirzburg-Dresden Cluster of
Excellence ct.qmat, Universitat Wiirzburg, Wiirzburg — 3Faculty of
Physics and Astronomy, Ruhr-University Bochum, Bochum — 4private
— S5Theoretical Physics III, Ruhr-University Bochum, Bochum

SrBi2Sey4 is a newly discovered quasi-one-dimensional superconductor
that offers a promising platform for exploring exotic superconductivity
in low-dimensional systems. We present the growth of free-standing
single crystals using a Bi-Se-rich self-flux method and characterize their
structure and composition via x-ray diffraction, transmission electron
microscopy, and energy-dispersive x-ray spectroscopy. Heat-capacity
and magnetization measurements confirm bulk superconductivity be-
low Tc = 2.9 K, while magnetotransport reveals an anisotropic upper-
critical field. Additionally, we present angle-resolved photoemission
spectroscopy and density-functional theory calculations, that provide
insight into the electronic structure and lay the groundwork for under-
standing possible unconventional superconductivity in SrBizSey.

We acknowledge funding from the European Research Council through
Project 101040811, Distort-to-Grasp.

15 min. break

TT 5.7 Mon 11:15 CHE/0089
Structural transition and emergent bulk superconductivity
in Te-doped PtBi; — eSouMmeEN Asul2, KiLiaN Srowik! 2, PABLO
PEDRAzZZINITS, Oxksana E. KviTniTskaval, Anpru KuiBarovl,
SusMmiTA CHANGDAR!, Rur Lou!, ALEXANDER FEDOROV!, SWARNA-
MAYEE MisHrRA%, ALEXANDER MisToNOV?*, SAICHARAN AswARTHAM!,
JocHEN GEck?, SERGEY Borisenko!, Laura T. CorREDOR!, and
BerND BucuNER!"#4 — lInstitute for Solid State Research, Leibniz
IFW Dresden, 01069 Dresden, Germany — 2Max Planck Institute for
Chemical Physics of Solids, 01187 Dresden, Germany — 3Lab. Ba-
jas Temperaturas, Centro Atémico Bariloche, CNEA-CONICET, 8400
San Carlos de Bariloche, Argentina — “Institute of Solid State and
Materials Physics, TU Dresden, 01062 Dresden, Germany

Noncentrosymmetric trigonal PtBiz has emerged as a topological sys-
tem exhibiting signatures of unconventional surface superconductivity,
while sub-Kelvin superconductivity, as revealed by resistivity measure-
ments, makes it a promising platform for studying chemical-tuning ef-
fects. We have carried out Te doping at the Bi sites of PtBiz and
grown plate-like crystals with nominal compositions of PtBiz_,Te,
(x = 0.02 - 0.05) using a stoichiometric-melt-growth method. De-
tailed structural, electrical transport, magnetic, thermodynamic, and
spectroscopic studies reveal that doping of Te at Bi-sites results in
a transition from noncentrosymmetric (space group: P31m) to cen-
trosymmetric (space group: P3ml) crystal structure and gives rise to
a bulk superconductivity with comparatively higher T, ~ 2.4 K.

TT 5.8 Mon 11:30 CHE/0089
High-pressure high-temperature synthesis of uranium-silver
compounds — eJorRDAN TIERNEY!, JuLiA-MaRriaA HUBNER?, UL-
RICH SCHWARZ!, ANDREAS LEITHE-JASPER!, ULRICH BURKHARDT!,
Markus Konic!, ANamaRia GuiHoR', YUril Prors!, and ETERI

Svanipze! — IMPI CPfS, Dresden — 2TU Dresden

Uranium-based quantum materials have recently entered a renaissance.
Evidence of correlated topological states, spin-liquid behavior, hidden
order phases, and spin-triplet superconductivity prove that these mate-
rials are exceptionally interesting. Because of their complex chemistry
and fragile stability, many potentially fascinating uranium-based sys-
tems are currently entirely beyond the reach of conventional synthesis
methods. In this talk, we will show how simultaneous high-pressure
high-temperature synthesis, combined with micro-scale specimen iso-
lation, can reach previously unattainable phases. We will discuss the
uranium-silver system, in which no binary compounds have been previ-
ously reported; the two elements have appeared to be immiscible dur-
ing conventional synthesis. By employing simultaneous high-pressure
high-temperature synthesis instead, we have discovered several new
materials. In particular, we were able to identify new magnetic and
superconducting phases, with the detailed analysis of chemical and
physical properties still currently underway. This proof-of-principle
work shows that by implementing this methodology we can access
high-purity materials and study their novel crystallographic arrange-
ments and exotic quantum states. Supported by DFG grant number
553528746.

TT 5.9 Mon 11:45 CHE/0089
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From superconductivity to unusual magnetic behaviour in
noncentrosymmetric mercurides — oR. Nixon2, N. ZAREMBAL,
S. ApecBoYEGA®, A. LErTHE-JAsPERY, M. KrNEL!, YU. ProTs?, L.

AxseLrupb4, M. Scamipr!, U. BURKHARDT!, J. SICHELSCHMIDT!,

L. AMipant® 8, F. La MaTTiNa”7, M. SHATRUK®, A. SHENGELAYAS,
M. Branpo!, Yu. Grin!, and E. Svanipze! — 'MPI CPfS, Dresden
— 2Uni. of St Andrews, UK — 3Florida St. Uni., US — *Ivan Franko
Lviv National Uni., Ukraine — °ESRF, Grenoble, France — SHZDR,
Dresden — 7Lab. for Transport at Nanoscale Interfaces, Duebendorf,

Switzerland — 8Ivane Javakhishvili Thilisi State Uni., Georgia

Mercury and superconductivity are forever linked due to the discovery
of zero resistivity (Onnes 1911), yet superconductivity in elemental Hg
remains non-trivial (Tresca 2022). Here we examine superconductivity
in noncentrosymmetric mercurides, A11_zHgs444, (A = Na, Ca, Sr).
Due to their complexity, these structures were refined over many years
(Tambornino 2015), the Ca and Sr adopt Ai1_zHgsat, (Tkachuk
2008), and Na forms a 3-fold superstructure, NajiHgs2 (Hoch 2012).
Mercurides are often structurally characterised, but physical proper-
ties are rarely reported. We previously identified Sr11—,Hgs44, to su-
perconduct (Nixon 2024), motivated by growing interest of unconven-
tional pairing in noncentrosymmetric superconductors (Bauer 2004),
we extend to the Na and Ca analogues, also identified to supercon-
duct (Nixon in prep.). Moving to rare-earths, we obtain the related
Eui1-,Hgs44, phase, however, multiple Eu sites give several magnetic
phases (Nixon 2025). Research funded by DFG - No. 528628333.

TT 5.10 Mon 12:00 CHE/0089

Atomic scale imaging of the effect of chemical pressure in
Sro_,Ba,RuO; — eSir1 A. Berce!, REBEccA BisseT!, DANIEL
HALLIDAY!, CAROLINA DE ALMEIDA MARQUEs!, Luke C. RHoDEs!,
ALExANDER C. Komarek?, PuiL D. C. King!, and PETER WanHLD3
— ISUPA, School of Physics and Astronomy, University of St An-
drews, North Haugh, St Andrews, KY16 9SS, United Kingdom —
2Max Planck Institute for Chemical Physics of Solids N&thnitzer
Strasse 40, Dresden 01187, Germany — 3Physikalisches Institut, Uni-
versitat Bonn, Nussallee 12, 53115 Bonn, Germany

Tuning the electronic structure of layered perovskites is a powerful
pathway to control their properties for future applications. Structural
distortion in SroRuOy4 affects the electronic structure, moving the van
Hove singularity across the Fermi level, with significant consequences
for physical properties such as superconductivity [1-2|. Here, we study
the effect of chemical pressure by substitution with isovalent Ba atoms
in Sra_zBagzRuO4 for x = 0, 0.2, and 0.4 by Scanning Tunnelling Mi-
croscopy (STM). We report changes in the electronic structure with
rotation of the surface RuO octahedra as well as surface inhomogene-
ity with regions of varying degrees of rotation. Our results highlight
the connection between electronic and lattice degrees of freedom and
demonstrate control of the electronic structure.

[1] C.A. Marques et al. Advanced Materials 33 (2021) 2100593

[2] J.B. Profe et al. Phys. Rev. Research 6 (2024) 043057

TT 5.11 Mon 12:15 CHE/0089
Multiple superconducting transitions in Ybs,;Co4Sniz_, —
eRomaN GuMeENIUK!, MERET ORrLOB!, VoLODYMYR LEVYTSKYIl,
ALEXANDER A. TsIRLINZ, BoHDAN KUNDYs?, and ANDREAS LEITHE-
Jasper? — !nstitut fiir Experimentelle Physik, TU Bergakademie
Freiberg, 09596 Freiberg, Germany — 2Felix-Bloch-Institut fiir Fes-
tkorperphysik, Universitdt Leipzig, 04103 Leipzig, Germany —
3Université de Strasbourg, CNRS, Institut de Physique et Chimie des
Matériaux, Strasbourg F-67000, France — *Max-Planck-Institut fiir
Chemische Physik fester Stoffe, 01187 Dresden, Germany

Ybs31,;Co4Sn13—_; is shown to posses homogeneity range within 0 <
x < 0.5. For all z a primitive cubic [space group Pm3n, a =~ 9.54
A] structure of strongly disordered Sc3zlrySiis4, type is found. De-
spite showing no signatures of presence of additional phases, different
pieces of the same stoichiometric Yb3Co4Sni3 sample revealed multi-
ple superconducting transitions of varying intensity at 7. = 3.1(2) K
and T, 2.4(2) K in temperature dependence of specific heat. On
the other hand, Ybs 2Co4Sni2 5 is found to be a strongly coupled su-
perconductor with single transition at 7. = 2.4(2) K and enhanced
critical magnetic field Beg = 4.79(9) T. To shed light on superconduct-
ing behaviors in both stannides diverse models were applied to describe
Bea(T:) and ¢e(T') dependencies. Both Ybg4,Co4Sniz—, (z = 0,0.2)
compounds reveal bosonic peaks in specific heat and thus, possible
‘rattling’ behavior. They are also metallic systems, some aspects of
which are described by a free electron gas model [1].

[1] M. Orlob et al., Phys. Rev. B 112 (2025) 174513
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TT 6: Topological Superconductors

Time: Monday 9:30-11:00

TT 6.1 Mon 9:30 CHE/0091
Experimental Signatures of Gate-Tuneable One-Dimensional
Edge Channels in BisSe3z Josephson Junctions — eFEIKE
VAN VEEN!, FeEMkE WirMmans!, Jara Vw0iEM2, DANIEL
VANMAEKELBERGH?, CHUAN L', and ALEXANDER BRINKAMN! —
IMESA + Institute for Nanotechnology, University of Twente, Hallen-
weg 15, 7522 NH Enschede, The Netherlands — 2Debye Institute for
Nanomaterials Science, Utrecht University, Princetonplein 1, 3584 CC
Utrecht, The Netherlands

The quantum spin Hall (QSH) effect exhibits helical edge channels that
can be utilized in the development of quantum computing [1]. Such
QSH states are expected to be present in the hybridization gap that
opens at the Dirac point in ultrathin 3D topological insulators (TIs)
when opposite topological surface states hybridize [2|. In a previous
study, an enhanced density of states has been probed at the edges
of ultrathin colloidal BizSes nanoplatelets (NPLs) with scanning tun-
nelling spectroscopy [3]. Here, we study superconducting transport
properties of these BigSe3 NPLs and reveal strong signatures of a 1D
edge state contribution. Moreover, we found experimental evidence of
a thickness dependence as is described by theoretical frameworks [2].
We can deplete the NPLs, hereby destroying the supercurrent, allow-
ing for an ”on” or "off” mode of the JJs. These observations contribute
to the understanding and development of (non)-topological JJs made
of ultrathin 3D TIs and shed new light on previous studies on super-
conductivity induced in QSH states.

[1] 10.1103/RevModPhys.82.3045

[2] 10.1103/PhysRevB.97.075419

[3] 10.1021/acs.nanolett.3c04460

TT 6.2 Mon 9:45 CHE/0091
Higher-order topological states in antiferromag-
net/superconductor interface eIGNACIO SARDINERO?,
Yuriko BaBa2, RuBEN SeoaNeE-Souto?, and PaBLo Burserh?* —
IDepartment of Theoretical Condensed Matter Physics, Universidad
Auténoma de Madrid, 28049 Madrid, Spain — 2Instituto de Estruc-
tura de la Materia (IEM-CSIC), Serrano, 121, 28006 Madrid, Spain
— 3Instituto de Ciencia de Materiales de Madrid (ICMM-CSIC), Sor
Juana Inés de la Cruz, 3, 28049 Madrid, Spain — 4Condensed Matter
Physics Center (IFIMAC), Universidad Auténoma de Madrid, 28049
Madrid, Spain

Topological superconductors (TSs) are promising candidates for reli-
able quantum information processing. While field-free platforms often
rely on ferromagnets, their stray magnetization hinders scalability. An-
tiferromagnets (AFMs) offer a novel approach by providing local time-
reversal symmetry breaking without macroscopic magnetization. Mo-
tivated by recent experiments [1], we investigate TS in van der Waals
AFM /superconductor hybrid structures. We show that trivial Andreev
bound states can localize at uncompensated magnetic edges, which
could explain the recent experiment [1]. Then, we propose a path-
way to nontrivial topological phases driven by the interplay of AFM
with Rashba or Ising spin-orbit couplings. We demonstrate that spe-
cific crystalline symmetries, particularly mirror symmetry combined
spin-flip operations, stabilize second-order topological superconduct-
ing phases, characterized by a finite quadrupole moment.

[1] C. Gonzalez-Sanchez et al., arXiv:2505.18578

TT 6.3 Mon 10:00 CHE/0091
Topological superconductivity induced by atomic-scale
skyrmion lattices — eFELIX NICcKEL and STEFAN HEINZE — In-
stitute of Theoretical Physics and Astrophysics, University of Kiel

Topological superconductivity, which can host Majorana zero modes
with potential applications in topological quantum computing, re-
lies on unconventional superconductors not known to exist in nature.
However, magnet*superconductor hybrid systems (MSHs), built from
ultra-thin magnetic layers on conventional superconductors, can in-
duce such unconventional pairing [1]. While much research has focused
on ferromagnetic systems with substantial spin*orbit coupling (SOC),
non-collinear magnetic structures have been only sparsely investigated.
Among them, atomic-scale skyrmion lattices are particularly interest-
ing, as they lead to topological orbital moments and a topological Hall
effect. They also offer a promising platform for MSHs, since their non-
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coplanar spin arrangement, characterized by the scalar spin chirality,
induces spin mixing naturally, even in the absence of SOC.

We present a systematic study based on a tight-binding model of
various collinear, non-collinear, and non-coplanar spin textures and
analyze their effect on the superconducting substrate. We relate the
scalar spin chirality to the topological phase of the superconductor,
characterized by its Chern number. For magnetic textures with finite
scalar spin chirality, we find topological superconductivity, indicating
a direct link between both properties [2].

[1] R. Lo Conte et al., Riv. Nuovo Cim. 47, 453 (2024)
[2] F. Nickel et al., npj Spintronics 3, 13 (2025)

TT 6.4 Mon 10:15 CHE/0091
Topologically enabled superconductivity in 2D quantum ma-
terials — eFRaNCEsca PaoLerTi!, DANIELE GUERCI?, GIORGIO
SaNciovanNi!, UrBaN F. P. SeirerT3, and Erio J. Konig? — 1JMU
Wiirzburg — 2Massachusetts Institute of Technology — 3Universitét

zu Koln — 4University of Wisconsin-Madison

We investigate the role of Green’s function zeros in strongly interact-
ing topological Mott insulators, focusing on their meaning and phys-
ical interpretation. Recent advancements, particularly through slave
rotor calculations of the Kane-Mele-Hubbard model, have established
a connection between zeros and spinons and with U(1) gapped spin
liquids. We find a macroscopic spin-charge separation resulting from
the non-trivial interplay with the conventional boundary modes of the
topological insulator. We further employ our method to an attractive
Hubbard-Haldane honeycomb model. In this context, the extensive
slave-rotor mean-field calculations are used as a microscopic founda-
tion to determine the phase diagram of the model as well as important
phenomenological properties, such as the coherence length and pene-
tration depth (Pearl length) within a topologically enabled mechanism
of superconductivity.

TT 6.5 Mon 10:30 CHE/0091
Euler band topology in superfluids and superconductors —
eSHINGO KoBavasHi!, MaNaBU SaTo2, and Akira Furusaki! —
IRIKEN Center for Emergent Matter Science, Wako, Saitama, Japan
— 2Department of Applied Physics, University of Tokyo, Bunkyo,
Tokyo, Japan
Real band topology often appears in systems with space-time inver-
sion symmetry and is characterized by invariants such as the Euler
and second Stiefel-Whitney classes. Here, we examine the generic
band topology of Bogoliubov de-Gennes (BdG) Hamiltonians with
Ca,T symmetry, where C5, and T are twofold rotation about the z
axis and time-reversal symmetries, respectively. We discuss the Euler
band topology of superfluids and superconductors in the DIII and CI
Altland-Zirnbauer symmetry classes. We demonstrate our theory with
two examples: the superfluid 3He B phase in magnetic field and the
nodal lines of multi-orbital s-wave superconductors in class CI. These
results provide a theoretical framework for exploring Euler band topol-
ogy in superfluids and superconductors and offer a unified understand-
ing of the robustness of topological phases under TRSB perturbations,
including Majorana Ising physics and higher-order topology.

TT 6.6 Mon 10:45 CHE/0091
Topology of non-normalizable physical vector fields
oPuILIPP GESSLER, ALESSANDRO PIGNEDOLI, ALEXANDER NEUHAUS,
PascaL DREHER, FRANK MEYER zU HERINGDORF, MARIA AZHAR,
and KARIN EVERSCHOR-SITTE — Faculty of Physics and Center for
Nanointegration Duisburg-Essen (CENIDE), University of Duisburg-
Essen, 47048 Duisburg, Germany

Topological classification of physical vector fields typically relies on
normalizing the field and using homotopy groups to classify them.
When field amplitudes vanish, normalization becomes impossible, pre-
venting a direct topological classification. We resolve this by mapping
the d-dimensional vector field into a (d+1)-dimensional space, enabling
a general classification scheme for non-normalizable fields. Applying
this method to the transverse electric mode of a classical electromag-
netic waveguide, we reveal their topological nature. This approach
extends topological analysis to a broad range of physical systems, in-
cluding magnetism, water waves, and ferroelectrics.
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TT 7: Surface Magnetism and Topological Insulators (joint session MA/TT)

Time: Monday 9:30-12:00

TT 7.1 Mon 9:30 POT/0351
Impact of keV He-ion bombardment on the magnetic prox-
imity effect in Pt/Fe bilayers — eMika OSSENSCHMIDT!,
ARNE VEREUKEN!, YAHYA SHUBBAK!, VARUN VANAKALAPU!, MAIK
GAERNER?, ArRNO EnreEsMANN!, and Timo KuscHEL? — ! University

of Kassel, Germany — 2Bielefeld University, Germany

The static magnetic proximity effect (MPE) describes the occurrence
of spin polarization at the interface of nominally paramagnetic materi-
als caused by its adjacency to a ferromagnetic material. KeV-He light
ion bombardment (IB) of thin-film interfaces offers the opportunity to
modify the interface properties of thin-film systems without destroying
the thin films, e.g., as shown for exchange-bias systems [1].

Samples of Pt 4 nm/Fe 10 nm//MgO(001) were fabricated by sput-
ter deposition and the subsequent IB was performed with 10 keV Het
ions with a varying ion dose from 10'® to 10'7 ions/cm? in a few steps.
To analyze the strength of the MPE in Pt, x-ray resonant magnetic re-
flectivity measurements were performed at the Pt L3 absorption edge
(11.567 keV) at DESY beamline P09 [2].

The fits of the x-ray reflectivity measurements provide a significant
difference for the roughness o of the Pt-Fe interface due to IB while
substrate and surface roughnesses as well as layer thicknesses remained
nearly unchanged. The resulting maximum Pt moment at the interface
for the sample with IB is higher than without IB, due to the increasing
intermixing of Pt and Fe atoms at the Pt-Fe interface.

[1] Ehresmann et al., J. Phys. D: Appl. Phys. 38, 801 (2005)

[2] Kuschel et al., Phys. Rev. Lett. 115, 097401 (2015)

TT 7.2 Mon 9:45 POT/0351
Exchange splitting at surfaces: a new paradigm for spin-
polarization in antiferromagnets — eWiLLIAM SCHAARMAN and
SopHIE WEBER — Chalmers University of Technology, Géteborg, Swe-
den

There has been recent interest in combining the robustness and ul-
trafast dynamics of antiferromagnets with the transport properties of
spin-polarized band structures. While antiferromagnetic bands are
typically spin-degenerate, exceptions to this rule such as the alter-
magnets have demonstrated the possibility to obtain spin polarization
in bulk antiferromagnets via selective symmetry lowering. Here, we
use symmetry analysis and density functional theory to examine a
ferromagnetic-like exchange splitting at certain surfaces. Such spin
polarization of the surface-projected band structure can occur for sur-
face orientations with a net two-dimensional magnetization which can
emerge via symmetry-lowering at the antiferromagnet’s surface. By an-
alyzing the band structure of a slab geometry projected onto a single
surface, we confirm surface spin polarization in two representative ma-
terials, magnetoelectric Cr203 and altermagnetic FeF2. We rationalize
the magnitudes of exchange splitting on distance surface orientations
in these two materials as a complex interplay between the exchange
and crystal field splittings of individual magnetic atoms making up
the surface. Notably, our analysis shows the effect of surface exchange
splitting can in some cases be of the order of €V which has important
implications for spintronic devices.

TT 7.3 Mon 10:00 POT/0351
Image-potential states on a 2D Gr-ferromagnet hybrid: en-
hancing spin and stacking sensing — Macies Bazarnik>2 and
e ANIKA ScHLENHOFF1'2 — llnstitute of Physics, University of Miin-
ster, Germany — 2Department of Physics, University of Hamburg,
Germany

With the increasing research interest in 2D materials, image-potential
states (IPSs) have regained attention as sensitive probes, e.g. for a
charge transfer at buried graphene(Gr)-metal interfaces. For a Gr-
ferromagnet hybrid, the question arises how IPSs sense a respective
spin transfer laterally varying within the moiré heterostructure.

Here, we present spin-resolved scanning tunneling microscopy and
spectroscopy studies on Fe intercalated Gr/Ir(111), that show the IPSs’
sensitivity to the spatial variation of the Gr-Fe distance, and of the in-
terfacial charge and spin transfer within the moiré unit cell [1]. A
stacking contrast between fcc and hcp sites, indistinguishable in the
direct tunneling mode, is provided by the IPSs. We observe a moiré-
site- and energy-dependent spin-polarization of the IPSs that can be
mapped across the entire moiré unit cell. Unlike the electronic states
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around the Fermi energy, the lowest IPSs are found to exhibit a high
spin-polarization on the on-top sites attributed to their interfacial char-
acter at the respective Gr-Fe distance. Since the physisorbed Gr is only
weakly spin-polarized on these sites, our work demonstrates that the
lowest order IPSs can be used to locally sense the spin density at mag-
netic interfaces buried by a nonmagnetic passivation layer.

[1] M. Bazarnik and A. Schlenhoff, ACS Nano 19, 25812 (2025).

TT 7.4 Mon 10:15 POT/0351
Theoretical Investigation of Intrinsically Patterned 2D Tran-
sition Metal Halides: Defects, Structure, and Magnetic Phe-
nomena — eNEETA BisuT!, ANDREAS GORLING!, FEIFEI X1anG2,
BINBIN Da2, MoHAMMAD SAJJANZ, SABINE MAIER?, and CHRISTIAN
Nriss! — !Lehrstuhl fiir Theoretische Chemie, Friedrich-Alexander-
Universitat Erlangen-Niirnberg,
Egerlandstrafie 3, 91058 Erlangen

— 2Department of Physics, Friedrich- Alexander-Universitit Erlangen-
Niirnberg, 91058 Erlangen

In the quest for complex structured functional materials, defect en-
gineering and patterning in two-dimensional (2D) systems are criti-
cal for tuning material properties and enabling new functionalities.
Herein, we report on intrinsically patterned 2D transition metal di-
halides (TMDs) on a gold surface, featuring periodic halogen vacan-
cies in the upper and bottom halide layers that result in alternating
coordination of the transition metal atoms throughout the film.

‘We explore the formation pathways leading to periodic halogen va-
cancies and their role in modifying the electronic and magnetic struc-
ture of TMDs. Our calculations also explores the possibility of non-
collinear magnetic textures through the magnetic anisotropy calcula-
tions. The excellent match between the experimental findings and the
DFT calculations, confirms the intrinsic vacancy lattice. By coupling
our theoretical results with experimental observations, we provide a
comprehensive framework for understanding the structure formation
and magnetic properties of 2D materials.

TT 7.5 Mon 10:30 POT/0351
Magnetic domain structure of holmium films at low tem-
peratures — ePaTrick HARTL!, VijavaLaxmi SANKESHWARZ, and
MatTHIAS BoDE! — 1Physikalisches Institut, Experimentelle Physik
II, Universitdt Wiirzburg, Am Hubland, D-97074 Wiirzburg, Germany
— 2Indian Institute of Science Education and Research(IISER), Pune,
Maharashtra 411008, India

Rare-earth metals play a central role in modern magnetism, with their
behavior largely governed by the element-specific sign and oscillation
period of the RKKY interaction. However, real-space investigations
of their complex magnetic domain structures remain scarce. Here, we
present a systematic study of the structural and magnetic properties of
epitaxial holmium (Ho) films grown on W(110), using low-temperature
spin-polarized scanning tunneling microscopy (SP-STM).

Bulk Ho crystallizes in a hexagonal close-packed structure and ex-
hibits an exceptionally large magnetic moment of approximately 10 g,
forming a helical spin spiral below T = 20 K. In our films, we find pre-
dominantly ferromagnetic in-plane domains for thicknesses up to about
50 atomic layers (AL), with domain walls strongly pinned to crystalline
defects. For coverages above 50 AL, additional out-of-plane stripe do-
mains emerge, which we attribute to the uncompensated c-axis mag-
netization of the helical cone state. Domain wall analysis reveals Néel-
capped Bloch-type walls with characteristic widths of roughly ~ 1.2 nm
(60°), ~ 3nm (120°), and ~ 4nm (180°). The stripe domains are sup-
pressed by out-of-plane magnetic fields of poH = £300mT.
Published in: P. Hartl et al., Phys. Rev. B 112, 174402 (2025).

TT 7.6 Mon 10:45 POT/0351
Electronic bounds in magnetic crystals — eDaNIEL Passos! and
Ivo Souzal:2 — Centro de Fisica de Materiales, Universidad del Pais
Vasco, 20018 San Sebastian, Spain — 2Ikerbasque Foundation, 48013
Bilbao, Spain

A quantum system in its ground-state must display non-negative op-
tical absorption. This simple statement forms the basis for a string of
inequalities between moments of the absorptive conductivity. Through
the use of sum rules, these inequalities provide bounds on quantities
of physical interest. Recent discoveries include new constraints on the
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electronic localization length in insulators, and an upper bound on the
bandgap of topological insulators. Current research focuses on find-
ing inequalities relating ground-state properties such as the quantum
metric to more directly measurable quantities.

We present a systematic study of bound relations between different
electronic properties of magnetic crystals: electron density, effective
mass, orbital magnetization, localization length, Chern invariant, and
electric susceptibility. New results include a lower bound on the electric
susceptibility of Chern insulators, and an upper bound on the sum-rule
part of the orbital magnetization. In addition, bounds involving the
Chern invariant are generalized from two dimensions (Chern number)
to three (Chern vector). Bound relations are established for metals as
well as insulators, and are illustrated for model systems. The manner
in which they approach saturation in a model Chern insulator with
tunable flat bands is analyzed in terms of the optical absorption spec-
trum.

15 min break

TT 7.7 Mon 11:15 POT/0351
Hidden Dirac-Like Crossings in a Prototypical Topological
Insulator — eWEI-SuENG CHiu'2, INA MARIE VERzZOLA®, YING-
Jiun Cuen!, Rovi ANGELO BELova ViLpaos®, CrLaus MICHAEL
SceNEIDERY2, FENG-CHUAN CHUANG?, and CHRISTIAN TuscHE!2 —
IForschungszentrum Jiilich, Germany — 2 Universitit Duisburg-Essen,
Germany — 3National Sun Yat-sen University, Taiwan

The prototypical topological insulator BizSes has been extensively
studied for its topological surface state characterized by a Za topolog-
ical invariant. By using spin-resolving momentum microscopy with an
Au passivated Ir(100) imaging spin filter, we simultaneously recorded
the spin-resolved momentum maps (kg,ky) over entire surface Bril-
louin zone of BizSes. In addition to the well-known Dirac cone near
Fermi energy, we observe a sequence of several Dirac-like spin tex-
tures and crossings spanning binding energies down to 4 eV at the T'
point. Moreover, a Dirac-like crossing is also found at a binding energy
2.3 eV at the M point. Our first-principles calculations indicate that
those overlooked bands are attributed to surface states. The Dirac-like
crossing at the M point arises from crystalline-symmetry-enforced de-
generacy at the high symmetry point, showing that BizSe3 has a more
complex surface electronic structure than previously expected.

TT 7.8 Mon 11:30 POT/0351
Single domain spectroscopic signatures of a magnetic Kagome
metal eLukasz Prucinski!, Gustav BiuLMAYER!, YURIY
Moxkrousov!, Yisuur Zuou?, Yixi Su?, JONATHAN DENLINGER?,

AaroN Bostwick3, CHRISTOPHER Jozwiak3, ELl ROTENBERGS,

DwMitrry UsacHov?, and Craus M. SceNEIDER! — FZ Jiilich —
2JONS/MLZ Garching — 3ALS/LBNL Berkeley — 4DIPC San Se-
bastian

We investigate the magnetic Kagome metal DyMngSng using high-
resolution micro-focused circular-dichroic angle-resolved photoemis-
sion (u-CD-ARPES) to probe its magnetic and electronic properties.
By tuning the kinetic energy to various features of the Dy 4f mul-
tiplet, we resolve magnetic domains in samples cryo-cooled down to
20 K. Smaller, but clear signatures are detected in the Mn 3p lev-
els. The behavior of both Dy 4f and Mn 3p features are in re-
markable agreement with our modeling based on the Hartree-Fock
method, revealing ferrimagnetic alignment of Dy and Mn local mo-
ments, and further strengthening our interpretation. Adjusting the
energy to the Mn 3d-dominated valence bands reveals signatures which
we relate to the orbital magnetization through a comparison to ab ini-
tio electronic structure calculations. Our study establishes the spec-
troscopic access to a single magnetic domain in a Kagome metal,
paving the way for further research into imaging magnetic phases of
novel magnetic materials using u-CD-ARPES. Preprint is available at
https://arxiv.org/abs/2507.12085.

TT 7.9 Mon 11:45 POT/0351
Topologically non-trivial Kondo insulating state in graphene
nanoribbons — eAmocu Kintkarb2, Guangze CHEN®, YANWEI
Gu?, Davip Jacos®®, Joaquin FERNANDEz-RossiER?, GONGALO
CatarINAZ, AnTONIO T. CosTA?, OLIVER GRONINGZ, CARLO AN-
ToN1o Pianepori?, Kraus MULLEN?, PascaL Rurrieux?, Jose L.
Lapo®, AxkiMirsu Narita?, and Roman Faser?? — 1KIT, Karl-
sruhe, Germany — 2Empa, Diibendorf, Switzerland — 3Chalmers
University of Technology, Gothenburg, Sweden — *MPIP, Mainz, Ger-
many — >UPV/EHU, San Sebastian, Spain — Basque Foundation for
Science,Bilbao, Spain — 7INL, Braga, Portugal — ®Aalto University,
Espoo, Finland — 2University of Bern, Bern, Switzerland

Metallic rare-earth alloys display characteristic correlated electron phe-
nomena due to interactions between electrons which give rise to a nar-
row heavy-fermion band near the Fermi level that hybridizes with the
metallic band and opens a hybridization gap. When the Fermi level
falls within this gap the system forms a Kondo insulator, which can also
acquire a topologically non-trivial character. Here we provide evidence
for a topological Kondo insulating state in a specific atomically precise
graphene nanoribbon synthesized on Au(111) by on surface methods
and characterized by scanning probe microscopy. We observe a sharp
resonance near the Fermi level and a pronounced zero-bias peak at
the ribbon termini. We show that these spectroscopic signatures are
a fingerprint of a topological Kondo insulating state in this graphene
nanoribbon.

TT 8: Topical Talk Wulfhekel (joint session O/TT)

Time: Monday 9:30-10:15

Topical Talk TT 8.1 Mon 9:30 TRE/PHYS
Vortices, inter-band coupling and inelastic QPI in two band
superconductors — eWuLF WULFHEKEL — Physikalisches Institut,
Karlsruhe Institute of Technology

The majority of superconductors have more than one Fermi surface,
on which the electrons pair below the critical temperature, yet their
behavior can be well described by a single-band Bardeen-Cooper-
Schrieffer theory. This is mostly due to interband scattering, especially
in superconductors in the dirty limit, rigidly linking the pairing ampli-
tude of the bands. We here lift this constrain and study the behavior
of the ultra-pure two-band superconductor Pb. We show that at low
temperatures, it is neither of type I nor type II and superconducting
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vortices of arbitrary flux quanta can be formed. We show that on the
non-spherical Fermi surfaces, a modified index theory is needed for
the description of in gap states in vortices. Further, the two conden-
sates are only weakly coupled and can be individually manipulated.
By studying stacking fault tetrahedra, we demonstrate local tuning of
interband coupling ranging from weak to strong and the modification
of the superconducting order parameters from two well separated gaps
to one merged gap around defects. The experiments critically test
the theory of multiband superconductors and give a route to access
a wide range of predicted quantum effects in these systems. Finally,
we demonstrate that quasi particle interference is also possible in the
inelastic tunneling channel enabling the imaging of standing phonons
with STM.
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TT 9: 2D Materials: Electronic structure, excitations, etc. | (joint session O/HL/TT)

Time: Monday 10:30-12:30

Invited Talk TT 9.1 Mon 10:30 TRE/MATH
Magnetic Order in 2D Materials Beyond Bulk Constraints —
e JEISON FiscHER — II. Physikalisches Institut, Universitat zu Koln

Even though exfoliated microflakes remain widely used in 2D mag-
netism research, their bulk origin restricts access to many potentially
interesting phases, an obstacle that molecular beam epitaxy (MBE)
can overcome. MBE enables the controlled synthesis of single-layer
materials directly related to, yet often distinct from, their bulk coun-
terparts.

In my talk, I will present structural characterization and discuss the
mechanisms behind the formation of such novel 2D materials grown
via MBE on graphene. [1-2] The emerging magnetic properties of
these new 2D materials will be exemplified with two cases: CroS3-2D
and FesS9-2D. CreS3 forms a covalently bonded NiAs-type structure
without van der Waals gaps. Using spin-polarized scanning tunneling
microscopy (STM) and X-ray magnetic circular dichroism (XMCD),
we show that it hosts ferromagnetic coupling within the plane with
magnetic moments pointing out-of-plane, combined with A-type an-
tiferromagnetic coupling between different Cr planes. FeaSo exhibits
a unique hexagonal phase, in which Fe atoms occupy tetragonally co-
ordinated sites. Spin-polarized STM reveals that the moments are
noncollinear within the plane. We map the in-plane components of
two distinct magnetic configurations and find that the moments are
confined to the 2D plane, forming a Néel state and a 2Q) state.

[1] Knispel et al. Small, 2025 21, 2408044.

[2] Safeer et al. Adv. Funct. Mater. 2025, 202500907.

TT 9.2 Mon 11:00 TRE/MATH
Ab initio modeling of magnons and magnon-phonon coupling
in 2D magnetic materials — ALl EsqQuEMBRE-KucukaLicll,
Knoa Le2, Hsiao-Y1 CHEN3, Ivan MaLiyov?, JIN-JIAN ZHou?, Da-
VIDE SANGALLI®, and e ALEJANDRO MoLiNA-SANcHEzZ! — 1ICMUV,
University of Valencia, Valencia, Spain — 2CALTECH, California,
USA — 3Tohoku University, Japan — 4Beijing Institute of Technology,
Beijing, China — ®ISM-CNR, Roma, Italy

Understanding spin-wave excitations in two-dimensional magnetic ma-
terials is essential for advancing spintronic and quantum information
technologies. Chromium trihalides and related 2D magnets provide
a platform where the choice of halide influences on the magnetic be-
havior, yet its impact on magnon properties is not completely under-
stood. We present first-principles calculations of magnon dispersions
and wave functions in monolayer Cr trihalides using the Bethe-Salpeter
equation (BSE), resolving key features such as the topological gap at
the Dirac point. The BSE analysis reveals that magnons originate
from electronic transitions spanning a wider energy range than exci-
tons, offering new insight magnon character and enabling the extrac-
tion of Heisenberg exchange parameters. Building on this framework,
we develop an ab initio description of mag-ph coupling by deriving
BSE-based mag-ph interaction matrices and applying them to mono-
layer CrI3 and hydrogenated graphene. We show that mag-ph and
electron-phonon couplings differ markedly, identifying specific phonon
modes that dominate magnon scattering.

TT 9.3 Mon 11:15 TRE/MATH
Electron-phonon interaction in transition-metal dichalco-
genides — eGERRIT JOHANNES MANN, THORSTEN DEILMANN, and
MicHAEL RoHLFING — Institute of Solid State Theory, University of
Miinster, Germany

Electron-phonon interaction is a crucial effect in solid state physics, in
particular in two-dimensional materials. We developed a generally ap-
plicable ab-initio implementation on top of density functional theory
using a basis set of localized Gaussian orbitals. It combines finite differ-
ences calculations with the perturbative Allen-Heine-Cardona frame-
work in order to calculate the temperature-dependent renormalization
of the electronic bandstructure due to electron-phonon interaction.
Our implementation circumvents the limiting problems of previous
implementations and allows to evaluate Debye-Waller contributions
beyond the rigid-ion approximation [1], which are usually neglected.
In addition to the renormalization of the electronic bands, electron-
phonon interaction introduces a line broadening due to finite-lifetime
effects, which have recently been incorporated into our implementa-
tion. In this presentation, we discuss our results, including those with
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Location: TRE/MATH

finite-lifetime effects, for two-dimensional transition-metal dichalco-
genides, where the renormalization of the electronic bandstructure due
to electron-phonon interaction can be as large as several hundreds of
meV.

[1] Mann et al., Phys. Rev. B 110, 075145 (2024)

TT 9.4 Mon 11:30 TRE/MATH
Surface-state engineering for nonlinear charge and spin
photocurrent generation — eJavier Sivianes!, PeEio GARcIA-
GoOIRICELAYA2, DANIEL HERNANGOMEZ-PEREZ3, and JULEN IBANEZ-
Azpirozb*® — 1Centro de Fisica de Materiales (CSIC-UPV/EHU),
Donostia, Spain — 2University of the Basque Country UPV/EHU,
Leioa, Spain — 3CIC nanoGUNE BRTA, San Sebastian, Spain —
4IKERBASQUE, Basque Foundation for Science, Bilbao, Spain —
5Donostia International Physics Center (DIPC), Donostia, Spain

We systematically explore the generation of nonlinear charge and spin
photocurrents using spin-orbit-split surface states. This mechanism
enables net DC flow along the surface plane even in centrosymmet-
ric bulk environments like the Rashba prototype Au(111), where we
characterize the main quadratic contributions by combining model pre-
dictions with density functional calculations. We further identify the
T1/Si(111) surface as a prime scenario for experimental verification;
with slight doping, it develops metallic surface states featuring re-
markable relativistic properties deviating from the Rashba paradigm,
while the bulk remains semiconducting. Its nonlinear charge photocur-
rent reveals a distinct angular signature and a magnitude comparable
to bulk ferroelectrics, highlighting the potential of surface-state pho-
tocurrents for low-bias optoelectronic applications. Moreover, the non-
trivial spin texture of its surface states enables the generation of pure
out-of-plane spin-polarized currents, offering a highly versatile nonlin-
ear spin-filtering functionality beyond the conventional spin Hall effect.

TT 9.5 Mon 11:45 TRE/MATH
Influence of Vanadium Doping on WSesz, as seen through
ARPES — eJana KAHLERD2 FLORIAN K. DIEKMANND2, MATTHIAS
KaLLineb23 Tmv Rieper!2, Apina Tivm!2, Ansa Yarml2,
Jens Buck!?, MenG-Jie HuanG?, JuLes M. KneEBuscub?, Luka
Hansen'3, Jan BenepikT!3, and Kar Rossnagenb2:3 — lInstitut
fir Experimentelle und Angewandte Physik, Christian-Albrechts-
Universitdt zu Kiel, 24098 Kiel, Germany — 2Ruprecht Haensel
Laboratory, Deutsches Elektronen-Synchrotron DESY, 22607 Ham-
burg, Germany — 3Kiel Nano, Surface and Interface Science KiNSIS,
Christian-Albrechts-Universitit zu Kiel, 24098 Kiel, Germany

Spintronics offers a compelling, energy-efficient alternative to tradi-
tional electronics with potential applications in communications, sens-
ing, and information processing. The vanadium-doped layered tran-
sition metal dichalcogenide 2H-WSes is particularly promising as a
room-temperature magnetic semiconductor with gate-tunable trans-
port properties. Here, we use a combination of 11 eV laser, 21.2 eV
He-lamp, and soft X-ray synchrotron ARPES to highlight the influence
of a fairly small vanadium doping on the electronic structure of WSes.
Both the pristine and doped compounds were grown by chemical vapor
transport in our own laboratory.

TT 9.6 Mon 12:00 TRE/MATH
Engineering sulfur vacancy dimers in monolayer WSy —
eDANIEL JANsEN!, Guancvao Miao!, Jan Kgriensurc!, JEI-
soN FiscHer!, THoMas MicHELY!, Hannu-PEkka Kowmsa?2, and
WouTkr JoLie! — !Institute of Physics II, University of Cologne,
Cologne, Germany — 2Faculty of Information Technology and Elec-

trical Engineering, University of Oulu, Oulu, Finland

Sulfur vacancies [1] and sulfur vacancy dimers in nearest-neighbor
distance [2] in monolayer WSy have been experimentally proven to
yield bright and stable photon emission, thus holding promises for the
development of quantum technologies.

Here we investigate dimers of sulfur vacancies in different configura-
tions in monolayer WSy created with the tip of a scanning tunneling
microscope [3]. Scanning tunneling spectroscopy reveals strong hy-
bridization of the sulfur vacancy electronic in-gap states, validated by
density functional theory calculations. For dimers in nearest-neighbor
configuration we find that inelastically tunneling electrons can induce
sulfur atom migration, resulting in a rotary motion of the dimer. This
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motion is studied in detail by analyzing the emerging telegraph noise
in the junction. Lastly, we elaborate on scenarios to make use of the
dimer motion for the design of vacancy structures and lattices.

[1] Schuler et al., Sci. Adv. 6, 38 (2020)
[2] Sun et al., Nature Commun. 15, 9476 (2024)
[3] Jansen et al., Phys. Rev. B 109, 195430 (2024)

TT 9.7 Mon 12:15 TRE/MATH
Alkali-metal doped transition metal chlorides confined in bi-
layer graphene: Insights from first-principles calculations
— eMuNawar ALI!, ARrRKADY V. KRASHENINNIKOVZ, GIOVANNI
CantiELE!, and Manupr GHORBANI-AsL? — !Universita degli Studi
di Napoli "Federico II," Dipartimento di Fisica "Ettore Pancini,"
Complesso di Monte S. Angelo, via Cinthia, 80126 Napoli, Italy —
2Institute of Ion Beam Physics and Materials Research, Helmholtz-
Zentrum Dresden-Rossendorf, 01314 Dresden, Germany

TT 10: Correlated Electrons:

Time: Monday 11:00-12:45

TT 10.1 Mon 11:00 HSZ/0103
Two site entanglement and maximal correlations in the
Hubbard model — Freperic Bippus!, ANna Kaucu!, eGERGO
Roosz!, CHRISTIAN MAYRHOFER!, FAKHER AssaaD?:3, and KARSTEN
HeLp! — lInstitute of Solid State Physics, TU Wien, 1040 Vienna,
Austria — 2Institut fiir Theoretische Physik und Astrophysik, Uni-
versitiit Wiirzburg, 97074 Wiirzburg Germany — 3Wiirzburg-Dresden
Cluster of Excellence ct.qmat, Am Hubland, 97074 Wirzburg, Ger-
many

The study of entanglement in strongly correlated electron systems typi-
cally requires knowledge of the reduced density matrix. Here, we apply
the parquet dynamical vertex approximation to study the two-site re-
duced density matrix at varying distance, in the Hubbard model at
weak coupling. This allows us to investigate the spatial structure of
entanglement in dependence of interaction strength, electron filling,
and temperature. We compare results from different entanglement
measures and benchmark against quantum Monte Carlo. Using the
two-site density matrix, we compute the fermionic entanglement neg-
ativity, the mutual information between the two sites. We determine
the maximal correlation function between the two lattice points.

TT 10.2 Mon 11:15 HSZ/0103
Superconductor-Insulator transition in a two-orbital attrac-
tive Hubbard model with Hund exchange — eLLAURA TORCHIA
and Massimo CapPoNE — International School for Advanced Studies
(SISSA), via Bonomea 265, 34136 Trieste, Italy

We study a two-orbital attractive Hubbard model with a repulsive
Hund exchange coupling J as an idealized model for a two-band su-
perconductor. This framework is motivated by systems where a strong
isotropic electron-phonon coupling drives the on-site Hubbard repul-
sion U negative while leaving the exchange term unaffected. We solve
the model at 7" = 0 and half-filling using DMFT, focusing on the intra-
orbital singlet superconducting phase and discarding other possible in-
stabilities, as inter-orbital pairing and a charge-density wave ordering.
Already at J = 0, the two-orbital model features a superconductor-
insulator transition as |U| grows, in contrast with the single-orbital
case which remains superconducting for any U < 0. We find that a
finite J strengthens the effect of the attractive U, both in the normal
state and, even more significantly, in the superconducting state. How-
ever, this pushes the system towards an effectively stronger coupling,
hence to a faster transition to the insulating state.

Similarly to the Mott transition in the repulsive model, the
superconductor-insulator transition here is marked by a vanishing
quasi-particle weigh Z. This leads to a scenario that recalls strongly
correlated superconductivity close to a Mott transition, where pair-
ing is enhanced but phase coherence is rapidly lost, even though the
present model is dominated by attractive interactions.

TT 10.3 Mon 11:30 HSZ/0103

Orbital Magnetic Field Driven Metal-Insulator Transi-
tion in Strongly Correlated Electron Systems — eGEORG
RouRrRINGERD2 and ANTON Markov? — !Theory and Simulation of

Condensed Matter, Department of Physics, King’s College London,
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The intercalation of atomic and molecular species into layered mate-
rials has emerged as a powerful strategy for synthesizing novel two-
dimensional systems with tunable electronic, magnetic, and energy-
storage properties. Encapsulating transition-metal halides into bilayer
graphene has proven effective for stabilizing 2D magnetic phases that
are otherwise thermodynamically unstable. Using density functional
theory, we systematically investigate the intercalation of metal chlo-
rides (T'Cl3, T = Fe, Cu, Mo, Al) doped with alkali metals (Li, Na,
K, Rb, Cs) across a range of concentrations. Li- and Na-doped FeCls,
CuCls, and MoCl3 monolayers exhibit the highest thermodynamic
stability, whereas AlCl3 remains unstable even under doping. Bader
charge analyses reveal substantial charge transfer from the graphene
host to the intercalated layers, particularly in the case of CuCl3, which
also shows the strongest binding. These findings provide a theoreti-
cal framework for understanding the stability of these heterostructures
and highlight alkali-metal-intercalated graphene systems as a platform
for engineering tunable 2D magnetic materials.

Other Theoretical Topics
Location: HSZ/0103

The Strand, London WC2R 2LS, United Kingdom — 2I. Institute
of Theoretical Physics, University of Hamburg, 20355 Hamburg, Ger-
many — SCenter for Nonlinear Phenomena and Complex Systems,
Université Libre de Bruxelles, CP 231, Campus Plaine, B-1050 Brus-
sels, Belgium

We study the effects of an orbital magnetic field on the Mott metal-
insulator transition in the Hubbard-Hofstadter model. We demon-
strate that sufficiently large magnetic fields induce a Mott insulator-
to-metal phase transition supporting our claim with dynamical mean
field theory (DMFT) numerical results. For both competing phases
(metal and insulator) we observe a magnetic-field-induced metalliza-
tion reflected in an enhancement of kinetic and potential energy. We
demonstrate that this phenomenon originates from a field-driven re-
distribution of spectral weight due to the formation of magnetic mini-
bands and the Aharonov-Bohm effect experienced by electrons virtu-
ally tunneling around an elementary plaquette. Our theoretical results
might be relevant for recent experimental studies on magnetic field
driven insulator-to-metal transitions in strongly correlated materials
such as VOg,A-type organic conductors, and moiré multilayers.

TT 10.4 Mon 11:45 HSZ/0103
Probing Green’s Function Zeros by Cotunneling through
Mott Insulators — eCARL LeEMANN?31 Lorenzo Crippa®:2:3,
Giorcio Sanciovanni?3, and JaN Bubpicu!2:5 — 1Technische Uni-
versitéit Dresden, 01069 Dresden, Germany — 2Wiirzburg-Dresden
Cluster of Excellence ct.qmat, 97074 Wiirzburg, Germany — 3Institut
fir Theoretische Physik und Astrophysik, Universitdt Wiirzburg,
97074 Wiirzburg, Germany — *I. Institute of Theoretical Physics,
University of Hamburg, Notkestrasse 9, 22607 Hamburg, Germany —
5Max Planck Institute for the Physics of Complex Systems, Néthnitzer
Strasse 38, 01187 Dresden, Germany

Quantum tunneling experiments have provided deep insights into basic
excitations occurring as Green’s function poles in the realm of complex
quantum matter. However, strongly correlated quantum materials also
allow for Green’s functions zeros (GFZs) that may be seen as an anti-
dote to the familiar poles and have so far largely eluded direct experi-
mental study. Here, we propose and investigate theoretically how co-
tunneling through Mott insulators enables direct access to the shadow
band structure of GFZs. In particular, we derive an effective Hamilto-
nian for the GFZ that is shown to govern the cotunneling amplitude
and reveal fingerprints of many-body correlations clearly distinguish-
ing the GFZ structure from the underlying free Bloch band structure
of the system. Our perturbative analytical results are corroborated by
numerical data for a one-dimensional model system consisting of a Su-
Schrieffer-Heeger-Hubbard model coupled to two single-level quantum
dots.

TT 10.5 Mon 12:00 HSZ/0103

Conformal elastic zero modes at isostructural transitions
— eLARS 1 Nick Sanper!, and Markus Garst!:2

FRANKE",
Hnstitute of Theoretical Solid State Physics, Karlsruhe Institute of
Technology, 76131 Karlsruhe, Germany — 2Institute for Quantum
Materials and Technology, Karlsruhe Institute of Technology, 76131
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Karlsruhe, Germany

In correlated materials the coupling of the itinerant electrons to the
crystal lattice can induce an isostructural instability where the bulk
modulus vanishes. This occurs for example at the endpoint of a line
of first order Mott metal-insulator transitions or metamagnetic transi-
tions [1]. Interestingly, at such an isostructural instability the acous-
tic phonons remain non-critical and their velocities are finite. Con-
sequently, the isostructural transition is a genuine mean-field transi-
tion without critical microscopic fluctuations. Nevertheless, we demon-
strate that four elastic macroscopic zero modes exist. In addition to a
soft mode given by a macroscopic volume change, there are three fur-
ther zero modes corresponding to special conformal transformations.
We discuss the consequences for the critical dynamics close to isostruc-
tural instabilities as well as realizations in dilational metamaterials.
[1] M. Zacharias, L. Bartosch, M. Garst, PRL 109 (2012) 176401

TT 10.6 Mon 12:15 HSZ/0103
Stabilization of sliding ferroelectricity through exciton con-
densation — eMarTEO D’ALEssio’?, DANIELE VaRsaNo?, ELisa
MorLiNarib2, and MassiMo RoNTANI2 — 1 University of Modena and
Reggio Emilia, Department of Physics, Informatics and Mathematics,
Modena, Italy — 2CNR Nanoscience Institute, Modena, Italy

Sliding ferroelectricity is a phenomenon that arises from the insurgence
of spontaneous electronic polarization perpendicular to the layers of
two-dimensional (2D) systems upon the relative sliding of the atomic
layer constituents. Because of the weak van der Waals (vdW) interac-
tions between layers, sliding and the associated symmetry breaking can
occur at low energy cost in materials such as transition-metal dichalco-
genides. Here we discuss theoretically this phenomenon by focusing on
a prototype structure, the WTe2 bilayer, where sliding ferroelectricity
was first experimentally observed. We compute the significant energy

TT 11:

Time: Monday 11:15-12:30

TT 11.1 Mon 11:15 CHE/0091
Surface-confined fluctuating superconductivity in the topo-
logical semimetal v-PtBis — eMaNAswINI SAHOO, LuMINIiTA HAR-
NAGEA, MaAHDI BEHNAMI, MICHELE CECCARDI, SEBASTIAN GASS,
SABINE WURMEHL, ANJA UB WorLTER, and BERND BUCHNER —
Leibniz Institute for Solid State and Materials Research Dresden,
Helmholtzstrasse 20, D-01069 Dresden, Germany

PtBig has recently emerged as a promising candidate for hosting super-
conducting topological surface states. While surface-sensitive probes
have observed this unique superconductivity, it remains elusive in bulk
thermodynamic measurements. Here, we present evidence of supercon-
ducting fluctuations at elevated temperatures through AC susceptibil-
ity measurements. The real component of the susceptibility exhibits a
diamagnetic response below 20 K, accompanied by a finite imaginary
component, both indicative of surface-confined superconducting fluctu-
ations. The small superconducting volume fraction supports a surface
rather than bulk origin. Complementary magnetoresistance measure-
ments reveal anomalies below this characteristic temperature. These
findings establish PtBis as a robust platform for exploring topologi-
cal superconductivity and provide strong motivation for future studies
aimed at elucidating the superconducting bulk-surface interplay.

TT 11.2 Mon 11:30 CHE/0091
Engineering Weyl nodes in the nodal-line semimetal PtBi> —
e AnkiT Kumar!2, JosepH DUFOULEUR!, and BErRND BtyicuNERD2 —
! Leibniz Institute for Solid State and Materials Research(IFW) Dres-
den — 2Department of Physics, TU Dresden

The nonmagnetic Weyl and nodal-line semimetal PtBis has recently
been shown an anomalous planar Hall effect (APHE), a phenomenon
generated purely by Berry curvature surrounding Zeeman-induced
Weyl points. The location of Zeeman-split Weyl nodes along the nodal
line can be tuned.

In this work, we investigate the tunability of Weyl physics in PtBia
through systematic APHE measurements performed under three-
dimensional rotations of the magnetic field. By tilting the magnetic
field out of plane, we are able to tune the amplitude of the anoma-
lous Hall effect, obtaining a signal stronger or weaker than that mea-
sured in-plane. This behaviour provides evidence that the location of
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band renormalizations of the ground state induced by excitonic effects
and show that in the case of bilayer WTe2 - as long as exciton coherence
survives - relevant modifications result in the energetics of the system
that contribute to stabilize ferroelectricity upon sliding displacement
of the layers. We thus show that electron-hole interaction effects can
play an important role in sliding ferroelectricity, where they have been
neglected up to now.

TT 10.7 Mon 12:30 HSZ/0103
Ising Spin-Orbit Coupling in Three Dimensions — eToNGHUA
Yu, ELt GERBER, and BENJAMIN WIEDER — Institut de Physique
Théorique, Université Paris-Saclay, CEA, CNRS, F-91191 Gif-sur-
Yvette, France.

Ising-type spin-orbit coupling (SOC) that produces out-of-plane spin
polarization has been extensively explored in nonmagnetic two-
dimensional (2D) materials, and has been shown to give rise to in-
triguing phenomena such as Pauli-limit-violating and spin-triplet su-
perconductivity, SOC-polarized (interacting) topological bands, and
high-performance nonvolatile valley spin valve. For 2D systems ly-
ing in the zy-plane, Ising SOC enforces that the bulk is nearly S-
symmetric, in sharp contrast to systems dominated by Rashba or Dres-
selhaus SOC. Though all known examples of Ising SOC occur in 2D
mono- or few-layer systems, there is no mathematical obstruction that
restricts three-dimensional (3D) crystals from exhibiting nearly perfect
(Ising-like) SOC textures. Using Green’s functions and the projected
spin spectrum applied to first-principles calculations, we identify 3D
materials with Ising SOC that do not decompose into simple van der
Waals layers of 2D Ising SOC materials, and we characterize their as-
sociated topological properties. Our calculations expand the class of
Ising SOC materials and reveal new venues for spintronics and uncon-
ventional superconductivity.

PtBi,
Location: CHE/0091

Zeeman-induced Weyl nodes can be manipulated by controlling the
field orientation.

Our results establish a new pathway to engineer Zeeman-induced
Weyl nodes in nodal line semimetals by a magnetic field.

TT 11.3 Mon 11:45 CHE/0091
Low-temperature scanning tunneling spectroscopy on the
superconducting Weyl semimetal t-PtBi> ®SEBASTIAN
ScuimMEL!, JuLia BrsproswaNNyl, XisocHun Huang?, YAN-
INA Fasano®, Gricory SuipuNov?, VicTor FELIXx CORREAS,
Josg ZaBaLa3, LumiNiTA HARNAGEA®, SVEN HoOFFMANN!, BERND
Bucuner®, MaTThias Bope2, and CHrisTiaN Hess! — 1Universitit
Wuppertal, 42119, Wuppertal, Germany — 2Universitat Wiirzburg,
97074 Wiirzburg, Germany — 3Centro Atémico Bariloche and Insti-
tuto Balseiro,8400, Bariloche, Argentina — *University of Amsterdam,
1098 XH Amsterdam, The Netherlands — °IFW Dresden, 01069, Dres-

den, Germany

Combining a topologically non-trivial Weyl semimetal nature and
surface superconductivity with T, > 5 K, trigonal PtBia (t-PtBiz)
is a fascinating representative of quantum materials. Intriguingly,
large superconducting gaps, comparable to those known from high-
T. superconductors, suggest elevated transition temperatures, and
ARPES revealed that the surface superconductivity is confined to Weyl
Fermi arcs exhibiting unconventional i-wave symmetry [1,2]. Via low-
temperature scanning tunneling spectroscopy, we experimentally ad-
dress the local electronic properties of the surface of t-PtBis. Here we
report on the temperature dependence of the surface superconductivity
and peculiar spectroscopic signatures of its spacially varying electronic
structures. The presented results corroborate the unconventional non-
trivial electronic properties of t-PtBis.

[1] A. Kuibarov et al., Nature(2024)

[2] S. Changdar et al., Nature(2025)

TT 11.4 Mon 12:00 CHE/0091
t-PtBia: Topological Fermi Arcs and Surface Super-
conductivity from Quasiparticle Interference eJULIA
BEsPROSWANNY!, SEBASTIAN ScHIMMEL!, SVEN HorFmanN!, GRE-
GORY SHIPUNOV?, SAICHARAN AswaArRTHAMZ, JoaQuIN Puig®, Yan-

INA Fasano3, DANNY Baumann2, RiccArRDO VOCATUROZ, JORGE



Dresden 2026 — TT

Monday

I. Facio®, OLEGc JaNsoN2, JEROEN VAN DEN BRINK2, BERND

Bocuner?, and CHrisTIAN HEess! — University of Wuppertal, 42119
Wuppertal, Germany — 2IFW Dresden, 01069 Dresden, Germany —
3Centro Atémico Bariloche, Instituto Balseiro, 8400 Bariloche, Ar-
gentina

Non-centrosymmetric trigonal PtBia hosts a rich electronic structure
that gives rise to several quantum phenomena. In particular, the co-
existence of topological surface states and surface superconductivity
suggests that it may be an intrinsic, possibly high-T., topological su-
perconductor. ARPES [1] shows that superconductivity in t-PtBiy is
both intertwined with and confined to its topological surface states.

By means of low-temperature scanning tunneling spectroscopy and
quasi-particle interference investigations, we probe the local topologi-
cal and superconducting properties and their interplay on the surface
of t-PtBi2. The revealed scattering channels originate from the topo-
logical Fermi arcs. These QPI signatures are suppressed in the super-
conducting state, while re-emerging above B, — highlighting the close
connection between superconductivity and topology.

[1] A. Kuibarov et. al., Nature 626, 294 (2024).

TT 11.5 Mon 12:15 CHE/0091
Phonon and Coulomb mechanism for nodal topological super-
conductivity on PtBis surface — eKRisTIAN MAELAND, GIORGIO
SaNGIOVANNI, and BJORN TRAUZETTEL — Institute for Theoretical
Physics and Astrophysics, University of Wiirzburg and Wiirzburg-
Dresden Cluster of Excellence ct.qmat, D-97074 Wiirzburg, Germany

Experiments show that the Weyl semimetal PtBix hosts unconven-
tional superconductivity in its topological surface states. Hence, the
material is a candidate for intrinsic topological superconductivity.
Measurements indicate nodal gaps in the center of the Fermi arcs.
‘We show that unusually anisotropic electron-phonon coupling on Weyl
semimetal surfaces combined with statically screened Coulomb repul-
sion is a microscopic mechanism for the i-wave pairing. We solve the
linearized gap equation close to the critical temperature and find nodal
gaps when the surface state bandwidth is comparable to the maximum
phonon energy, as is the case in PtBis.

TT 12: Focus Session: Tunable Correlations in van der Waals Quantum Materials | (joint
session TT/DS/HL)

The library of strongly correlated layered materials has intensively grown, giving now access to the full
breadth of symmetry broken emergent phases, ranging from excitonic, to magnetic, superconducting,
or Mott insulating ground states. At the same time, also the ways of tuning these correlated phases
in 2D are steadily developing, e.g, via twisting or stacking, engineered defects, or applied external
fields. Taken together, this nowadays allows for sheer endless possibilities to tailor layered correlated
quantum materials on demand opening unprecedented avenues towards both deep insights into emergent
phenomena and novel functionalization routes based on many-body properties.

This focus session will highlight recent advancements and breakthroughs achieved in this field, which
we expect to be of great interest to the broadest audience and to stimulate discussions crossing field

boundaries.

Coordinators: Lennart Klebl (Uni Wiirzburg, Jonas Profe (Uni Frankfurt), Malte Rosner (Uni Bielefeld),

Ursula Wurstbauer (Uni Miinster)
Time: Monday 15:00-18:15

Topical Talk TT 12.1 Mon 15:00 HSZ/0003
Charge confinement in twisted bilayer graphene
oCHRISTOPH STAMPFER — JARA-FIT and 2nd Institute of Physics,
RWTH Aachen University, 52074 Aachen, Germany — Peter Griinberg
Institute (PGI-9), Forschungszentrum Jiilich, 52425 Jiilich, Germany

Twisted bilayer graphene (tBLG) near the magic angle is a unique plat-
form where the combination of topology and strong correlations gives
rise to exotic electronic phases. These phases are gate-tunable and re-
lated to the presence of flat electronic bands, isolated by single-particle
band gaps. This enables charge confinement and allows to explore
the interplay of confinement, electron interactions, band renormalisa-
tion and the moiré superlattice, potentially revealing key paradigms
of strong correlations. In this talk we will present two experiments
where we study charge confinement in tBLG. First, we report on
the observation of negative electronic compressibility in tBLG for
Fermi energies close to insulating states. To observe this negative
compressibility, we take advantage of naturally occurring twist-angle
domains that emerge during the fabrication of the samples, leading
to the formation of charge islands. Second, we present gate-defined
single-electron transistors (SETs) in near-magic-angle tBLG with well-
tunable Coulomb blockade resonances. These SETs allow to study
magnetic field-induced quantum oscillations in the density of states of
the source-drain reservoirs, providing insight into gate-tunable Fermi
surfaces of tBLG and open the door to quantum dots and Josephson
junction arrays in tBLG.

Topical Talk TT 12.2 Mon 15:30 HSZ/0003
Tuning Coulomb interactions and Hubbard bands in 1T-TaS,
— oANNA GALLER — Institute of Theoretical and Computational
Physics, TU Graz, Austria — Max Planck Institute for the Structure
and Dynamics of Matter, Hamburg, Germany

Monolayer 1T-TaSs hosts a star-of-David charge-density wave (CDW)
that stabilizes a low-temperature Mott-insulating state. Recent time-
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Location: HSZ/0003

resolved spectroscopies indicate a coupling between the CDW ampli-
tude mode and the electronic correlation strength, yet the role of the
screened Coulomb interaction remains unclear. Using the constrained
random-phase approximation, we show that the CDW amplitude mod-
ifies the bare and screened on-site interactions, leading to sizable vari-
ations in the effective Hubbard U. Our combined density-functional
and dynamical mean-field theory calculations reveal that the Hubbard
bands shift in concert with the CDW amplitude, and that a reduced
distortion drives a transition from a Mott insulator to a correlated
metal. These results demonstrate a direct link between lattice distor-
tions and Coulomb interactions in transition-metal dichalcogenides,
providing a microscopic mechanism for light-induced control of corre-
lated phases in two-dimensional quantum materials.

Topical Talk TT 12.3 Mon 16:00 HSZ/0003
Optical signatures of interlayer electron coherence in a bi-
layer semiconductor — eNADINE LEriscanc!:2, XiaorLing Liu2,
PaveL Dovrcirev?, PHiLP KiM2, and MIKHAIL Lukin? — 1Phillips-
Universitit Marburg, Germany — 2Harvard University, United States

Emergent strongly correlated electronic phenomena in atomically thin
transition-metal dichalcogenides represent an exciting frontier in con-
densed matter physics, with examples ranging from bilayer supercon-
ductivity and electronic Wigner crystals to the ongoing search for ex-
citon condensation. Here, we take a step towards the latter by re-
porting experimental signatures of unconventional coupling of inter-
layer excitons consistent with coherence between interlayer electrons
in a transition-metal dichalcogenide bilayer. We investigate naturally-
grown MoSs homobilayers integrated in a dual-gate device structure
allowing independent control of the electron density and out-of-plane
electric field. When the bilayer is electron-doped under conditions
where tunnelling between layers is negligible, we observe that two inter-
layer excitons - which normally should not interact - hybridize in a way
distinct from both conventional level crossing and anti-crossing. We
show that these observations can be explained by quasi-static random
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coupling between the excitons, which increases with electron density
and decreases with temperature. We argue that this phenomenon is
indicative of a spatially fluctuating order parameter in the form of in-
terlayer electron coherence - a theoretically predicted many-body state
that has yet to be unambiguously established experimentally outside
the quantum Hall regime.

15 min. break

Topical Talk TT 12.4 Mon 16:45 HSZ/0003
Faithful modeling of quantum geometry and electronic corre-
lations in van der Waals heterostructures — e AMMON FISCHER
— Max Planck Institute for the Structure and Dynamics of Matter,
Hamburg, Germany — Center for Computational Quantum Physics,
Flatiron Institute, New York, NY 10010, USA

Moiré materials - twisted stacks of two-dimensional materials - bridge
between two influential paradigms of condensed matter research: non-
trivial quantum geometry and strong electron-electron interactions.
In this talk, I will outline how the construction of faithful low-energy
models and their successive treatment by state-of-the-art many-body
techniques allows to resolve electronic order in moiré and non-moiré
heterostructures from first principles. In twisted bilayers of WSes,
functional renormalization group techniques allow to unravel the an-
gle evolution of antiferromagnetic order and superconductivity in the
crossover regime from weak-to-moderate interactions. In rhombo-
hedral multilayer graphenes, the low-energy theory is naturally de-
scribed in terms of supercell Wannier functions that span the effective
U(4) x U(4) subspace of the spin, valley and layer degrees of freedom.
Electronic correlations give rise to various iso-spin ordered regimes, su-
perconductivity and charge density wave order at low electronic den-
sities bridging to the physics of their twisted counterparts.

Topical Talk TT 12.5 Mon 17:15 HSZ/0003
Mesoscale Atomic Engineering in a Crystal Lattice — eJULIAN
KLEIN — Department of Materials Science and Engineering, Mas-
sachusetts Institute of Technology, Cambridge, 02319 MA, USA

Controlling the arrangement of individual atoms with lasers, ion traps,
and scanning probe techniques has enabled quantum simulation and
computing platforms that transcend naturally occurring configurations
of matter. Yet achieving comparable atomic control within a solid and
at scale remains a foundational challenge, one that could revolutionize
the design of artificial matter. Here, I demonstrate atomic engineering
of artificial matter inside a scanning transmission electron microscope.
By developing strategies to position and move the electron beam with
few-picometer accuracy, deterministic control over atomic motion in
both space and time is achieved. Full automation of the microscope
enables the creation of three-dimensional defect superlattices in many-
nanometer thick CrSBr with user-defined lattice spacing and symme-
try, spanning tens of thousands of engineered sites over fields of view
exceeding one hundred nanometers, all generated in under an hour.
Our results establish atomic engineering in the electron microscope
as a practical reality, opening unprecedented opportunities to create
quantum defects and quantum phases with tunable charge and spin in-
teractions, and to control host-lattice excitations by arranging atoms
in patterns that are commensurate or incommensurate with the under-
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lying crystal over mesoscopic, and potentially micro- or macroscopic,
length scales.

TT 12.6 Mon 17:45 HSZ/0003
Interlayer electrodynamics of CDWs in van der Waals mate-
rials and heterostructures — AcHvyut Tiwari, RENJITH MATHEW
Roy, Maxim WENZzEL, CHRISTIAN PRANGE, Bruno GowmPF, and
eMARTIN DRESSEL — 1. Physikalisches Institut, Universitédt Stuttgart

Layered transition metal dichalcogenides such as 1T-TaSs, 2H-TaSy
and their natural heterostructure 4Hy-TaSo provide a platform for
studying interlayer coupling, orbital hybridization, and charge trans-
fer that determine collective electronic phenomena, such as un-
conventional superconductivity and strong electronic correlations.
Temperature-dependent infrared measurements of the in-plane and
out-of-plane optical response of 1T-TaS2 across its CDW-driven metal-
insulator transition are combined with DFT calculations. We find that
a quasi-1D instability that induces interlayer dimerization is respon-
sible for the MI-transition. Furthermore, spectroscopic ellipsometry
combined with an anisotropic Bruggeman effective medium approxi-
mation reveals that metallic domains evolve in a strongly anisotropic
way and often extend along the out-of-plane direction as the transition
proceeds.

When 1T-TaS» is stacked between 1H-TaS»2, forming a natural het-
erostructure of 4Hy,-TaSs, charge transfer occurs between the layers,
that can be tuned with temperature, and which is related to the CDW
in 1T-TaSg layer. We conclude that the phase transition in 1T-TaSg
is inherently three dimensional, despite its layered structure, and that
interlayer coupling is essential for its electronic structure and phase
behavior both individually and in heterostructures.

TT 12.7 Mon 18:00 HSZ/0003
Enhancing Plasmonic Superconductivity in Layered Mate-
rials via Dynamical Coulomb Engineering — eYANN IN 'T
VELD!, MiknaIL I. KarsneLson?3, ANDREw J. MiLLis*®, and
MarLte RosNEr?6 — 11, Institute of Theoretical Physics, Universitét
Hamburg, Hamburg, Germany — 2Institute for Molecules and Materi-
als, Radboud University, Nijmegen, the Netherlands — 3Constructor
Knowledge Institute, Constructor University, Bremen, Germany —
4Center for Computational Quantum Physics, Flatiron Institute, New
York, United States of America — 5Department of Physics, Columbia
University, New York, United States of America — SFaculty of Physics,
Bielefeld University, Bielefeld, Germany

Conventional Coulomb engineering, through controlled manipulation
of the environment, offers an effective route to tune the correlation
properties of atomically thin van der Waals materials via static screen-
ing. Here we present tunable dynamical screening as a method for
precisely tailoring bosonic modes to optimize many-body properties.
We show that “bosonic engineering” of plasmon modes can be used
to enhance plasmon-induced superconducting critical temperatures of
layered superconductors in metallic environments by up to an order
of magnitude, due to the formation of interlayer hybridized plasmon
modes with enhanced superconducting pairing strength. We determine
optimal properties of the screening environment to maximize critical
temperatures. We show how bosonic engineering can aid the search
for experimental verification of plasmon mediated superconductivity.
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TT 13: Correlated Electrons: Method Development |

Time: Monday 15:00-18:30

TT 13.1 Mon 15:00 HSZ/0101
Real-Frequency Dynamical Mean-Field Theory Without
Broadening Inside the Self-Consistency Cycle — e ALEKSANDRS
Zacinskis!, Frank T. EBeL2, Sina SHokRI!, Lukas HELLMAN?,
FaBiaN B. KucLer3, KarsTten HeLp?, and MaAuriTs W.
HaverkorT! — !Institute for Theoretical Physics, Heidelberg Uni-
versity — 2Institute of Solid State Physics, TU Wien — 3Institute for
Theoretical Physics, University of Cologne

Dynamical mean-field theory has become one of the central frameworks
for studying strongly correlated electron systems. Real-frequency im-
plementations offer a major advantage by providing direct access to
spectral properties without the need for analytic continuation. Most
current real-frequency implementations work slightly off the real axis
and evaluate G(w+il') instead of G(w), which introduces an artificial
broadening and can lead to systematic errors. We present a strictly
real-frequency method with zero broadening inside the self-consistency
cycle, addressing both the Dyson equation and the "improved esti-
mator" self-energy [PRB 105, 245132]. Our formulation allows the
self-energy to be extracted directly from the continued-fraction repre-
sentation of the impurity Green’s function, as obtained from Krylov
bases in Lanczos methods, Wilson chains in NRG, or Kernel Polyno-
mial methods. This method completely removes the need for artificial
broadening and is applicable to all real-frequency impurity solvers. We
compare the zero-broadening self-energy to its finite-broadening coun-
terpart obtained with Exact Diagonalization solver, demonstrating the
impact of broadening on accuracy and various quantities.

TT 13.2 Mon 15:15 HSZ/0101
Bath parameterization and multi-orbital physics in cluster
DMFT — eDieco FLOREzZ-ABLAN!, CARLOS MEJUTO-ZAERAZ, and
MassiMo CapoNE! — !International School for Advanced Studies
(SISSA), Via Bonomea 265, 34136 Trieste, Italy — 2Univ Toulouse,
CNRS, Laboratoire de Physique Théorique, Toulouse, France.

Quantum embedding methods such as cluster dynamical mean-field
theory (CDMFT) require accurate and reliable impurity solvers and
a controlled treatment of the bath in order to be predictive for cor-
related materials. Building on an efficient selected configuration in-
teraction impurity solver, a systematic analysis of bath discretization
effects is presented for one- and two-orbital Hubbard models within
Hamiltonian-based CDMFT, focusing on the impact of bath size and
parameterization on the zero-temperature Mott transition and on pos-
sible tendencies towards symmetry-broken solutions. The study shows
that, while large baths yield relatively robust results for the single-band
half-filled Hubbard model, small baths can display a non-negligible de-
pendence on parameterization, and that in the two-orbital case some
quantitative sensitivity to bath parametrization persists.

Building on this benchmark, the same CDMFT machinery is ap-
plied to investigate the Hund metal regime of the two-band Hubbard
model, which is relevant for the description infinite-layer nickelates,
with the goal of assessing the effects of short-range spatial fluctuations
on Hund-driven correlations and how they affect the stability of the
Hunds metal phase in the presence of a crystal-field splitting.

TT 13.3 Mon 15:30 HSZ/0101
Uncovering correlated topological phases via a cluster-
diagrammatic approach eFELiIXx Fossart and EvVGENY
StEPANOV — CPHT, CNRS, Ecole polytechnique, Institut Polytech-
nique de Paris, 91120 Palaiseau, France

Topological phases exhibit remarkable properties, including protected
conducting edge states and robustness against local perturbations.
Most studies of topological phenomena have focused on the non-
interacting limit, where complete topological classification can be done
using a single-particle band structure. While topological properties are
known to be robust against weak interactions and disorder, a funda-
mental question remains: can electronic correlations themselves in-
duce topological phases starting from a trivial non-interacting sys-
tem? In this work, we address this question by extending the dia-
grammatic D-TRILEX method to a two-site cluster DMFT reference
system. This approach therefore enables capturing short-range corre-
lations non-perturbatively, while treating long-range correlations dia-
grammatically beyond the cluster DMFT level. We apply our method
to the one-dimensional Hubbard model and demonstrate that, by tun-
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ing the strength of the non-local Coulomb interaction, our approach
captures the formation of both the bond-order-wave (BOW) and the
charge-density-wave (CDW) states. We show that the BOW phase can
be mapped onto the Su-Schrieffer-Heeger model, while the combined
CDW+BOW state corresponds to a Rice-Mele model. The non-trivial
topological character of these interaction-induced phases is confirmed
by the presence of localised edge states.

TT 13.4 Mon 15:45 HSZ/0101
Cluster extension of the DMF2RG and application to the 2d
Hubbard model — eMaRceEL KRAMER!2:3, MICHAEL MEIXNER?,
KiLiaN FRABOULET®, DEMETRIO VILARDI®, PIETRO BoONETTI?, NILS
WENTZELL?, ALESSANDRO ToscHi?, and SABINE ANDERGASSEND2
— lnstitute of Information Systems Engineering, TU Wien, Vienna,
Austria — 2Institute for Solid State Physics, TU Wien, Vienna, Aus-
tria — S3Max Planck Institute for Solid State Research, Stuttgart,
Germany — *Department of Physics, Harvard University, Cambdrige,
USA — 5Center for Computational Quantum Physics, Flatiron Insti-
tute, New York, USA

The DMF2RG has been introduced to overcome the weak-coupling
limitation of the fermionic functional renormalization group (fRG).
This approach builds on the idea of exploiting the dynamical mean-
field theory (DMFT) as starting point for the fRG flow, thus captur-
ing local non-perturbative correlations via DMFT together with per-
turbative non-local correlations generated during the flow. We show
how non-local non-perturbative correlations can be incorporated in
the DMF?RG scheme by employing solutions of non-local extensions
of DMFT as a starting point of the flow. The one-loop fRG flow equa-
tions are formulated within the single-boson exchange decomposition
(SBE), which classifies diagrams contributing to the two-particle vertex
in terms of interaction reducibility and has been proven to be a pow-
erful bosonization scheme. We illustrate the ability of this approach
to capture non-local non-perturbative correlations in the 2d Hubbard
model and summarize latest methodological advances.

TT 13.5 Mon 16:00 HSZ/0101
Exact tgg super-exchange Hamiltonians for complex orbital
ordering — e AMIT CHAUHAN, XUE-JING ZHANG, and Eva PAVARINI
— Peter Griinberg Institute, Forschungszentrum Jiilich, 52425 Jiilich,
Germany

We present a general approach for studying complex orbital order-
ing in t5_ correlated systems. The first step consists in building ex-
act super-exchange (SE) Hamiltonians [1-4], projected onto irreducible
tensor components. The technique we adopt is suitable both for an-
alytic and efficient numerical calculations. Next, we obtain the total
energy- which includes SE, spin-orbit and crystal-field contributions-
via a variational Ansatz for the many-body wavefunction. The to-
tal energy is then optimized in the chosen parametric space to find the
spin and orbitally ordered ground state. Finally, SE theory is combined
with DFT4+DMFT calculations via an order parameter decomposition
scheme. Results for paradigmatic cases are presented.

[1] X.-J. Zhang, E. Koch, E. Pavarini, PRB 105, 115104 (2022).

[2] X.-J. Zhang, E. Koch, E. Pavarini, PRB 102, 035113 (2020).

[3] X.-J. Zhang, E. Koch, E. Pavarini, PRB 106, 115110 (2022).

[4] A. Chauhan, X.-J. Zhang, E. Pavarini (in preparation).

TT 13.6 Mon 16:15 HSZ/0101
Dimer Hubbard operators and their applications — eJiE
XioNnGg and SILKE BIERMANN CPhT, Ecole Polytechnique,
Palaiseau, France

Hubbard operators, introduced in the 1960s as projectors between
atomic many-body eigenstates [1], serve as quasiparticle operators
that naturally represent the lower and upper Hubbard bands. They
also provide one of the earliest systematic approaches for calculating
Green’s functions in the Hubbard model. Extending this approach,
we construct quasiparticle operators for the dimer Hubbard model
and propose a general framework for analyzing quasiparticle operators
in interacting many-body systems with periodic boundary conditions.
As an application, we derive the equations of motion for the dimer
Hubbard operators and compute Green’s functions for finite bench-
mark models. Our findings suggest broad prospects for extending the
quasiparticle-operator construction to larger correlated systems and
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exploring its potential applications in topological phases.
[1] J. Hubbard, Proc. R. Soc. Lond. A 276, 238 (1963).

15 min. break

TT 13.7 Mon 16:45 HSZ/0101
Non-perturbative effects of short-range spatial correlations
at the two-particle level — eMICHAEL MEIXNER!, MATTHIAS
REITNER?, THOMAS ScHAFER!"3, and ALEssaNDRO Toscui? — 'Max-
Planck-Institute for Solid-State Research, Stuttgart, Germany — 2TU
Wien, Vienna, Austria — 3University of Trieste, Trieste, Italy

Non-local correlations have a strong impact on the electronic dynam-
ics of the square lattice Hubbard model. Specifically, the Mott metal-
insulator transition (MIT) occurs at lower interactions when including
spatial correlations to the local model via cellular dynamical mean field
theory (CDMFT). We present the Bethe-Salpeter equation (BSE) of
the charge response and corresponding Ward identities applicable to
the CDMFT. The scheme is employed to study the impact of real space
bosonic correlations between the impurity sites onto the lattice thermo-
dynamic derivatives such as the charge response. Firstly, we report the
occurrence of the break down of self-consistent perturbation theory in
the charge channel by observation of the divergence of the irreducible
vertex. This is, we find, a precursor of the thermodynamic instability
of CDMFT and the corresponding suppression of the charge response
at the metal-insulator transition. Secondly, for both phenomena, we
underline the essential role of next-neighbour spin correlations.

TT 13.8 Mon 17:00 HSZ/0101
Promising properties of Ghost Gutzwiller Ansatz: from Mott
insulators to correlated antiferromagnets — e ANTONIO MARIA
TAGLIENTE!, MicHELE FaBrizio!, and CARLOS MEJUTO-ZAERAZ —
'International School for Advanced Studies (SISSA) — 2Laboratoire
de Physique Théorique, CNRS, Université de Toulouse, UPS

The ghost Gutzwiller wavefunction is a recently proposed variational
Ansatz that generalizes the traditional Gutzwiller wavefunction. It
consists of a Slater determinant defined in an enlarged Hilbert space
that is variationally projected into the physical one. This wavefunc-
tion is therefore naturally capable of describing Hubbard bands and
coexisting quasiparticle peaks.

Here, we present several results obtained through this wavefunction
treated with the so-called Gutzwiller approximation.

We begin by showing that the wavefunction can describe genuine
paramagnetic Mott insulators, whose finite spin susceptibility has re-
mained elusive using other methods. A metal lead in contact with such
a Mott insulator can directly reveal the spinon excitations responsible
for the paramagnetic behavior, which emerge at the interface as a
heavy-fermion band.

We finally demonstrate that the ghost Gutzwiller wavefunction can
stabilize a correlated antiferromagnet with spin-unpolarized Hubbard
bands but polarized spinons. This solution contains much more entan-
glement than the conventional dynamical mean-field one, and might
be more representative of an actual correlated antiferromagnet in finite
dimensions.

TT 13.9 Mon 17:15 HSZ/0101
Fluctuating field theory description of collective instabili-
ties in the doped Hubbard model — eErik LINNER!'2, LAURA
Torcnuia!, SikeE BIERMANNZ3% and Massimo Caprone!®
Hnternational School for Advanced Studies (SISSA), Trieste, Italy —
2CPHT, CNRS, Ecole Polytechnique, Institut Polytechnique de Paris,
Palaiseau, France — 3Collége de France, Paris, France — 4European
Theoretical Spectroscopy Facility, Palaiseau, France — >CNR-IOM,
Istituto Officina dei Materiali, Consiglio Nazionale delle Ricerche, Tri-
este, Italy

Fluctuating field theory is a recently developed method for the descrip-
tion of competing collective fluctuations in correlated electron systems,
able to account for spin, charge, and superconducting instabilities. On
the basis of a variational principle, the method allows to explicitly ac-
count for the leading collective modes and their interplay, with access
to electronic and spectroscopic properties. Extending its prior applica-
tion to the Hubbard model at half-filling, we investigate its description
of the doped Hubbard model, accounting for various spin instabilities.
Interestingly, unlike for Néel ordering which dominates near half-filling,
we show that the phase structure of the fluctuating fields for collec-
tive instabilities with arbitrary ordering vector Q become important.
Within the method, the incommensurate spin ordering driven by dop-
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ing is associated with a phase structure expressing the modulation of
the ordering relative the underlying lattice geometry. Thus, we ob-
serve the method, despite its weak-coupling rot, gives an efficient tool
to investigate the phase diagram beyond mean-field theory.

TT 13.10 Mon 17:30 HSZ/0101
Competing instabilities for models with non-local and re-
tarded interactions: a functional renormalization group per-
spective — oKiLiaAN FRABOULET!23, AiMAN AL-ErRvant*, MARCEL
GIEVERS®, SARAH HEINZELMANNS3, FRrIEDRICH KRIEN®, and SABINE
ANDERGASSEN?® — IMax-Planck-Institut fiir Festkorperforschung,
Heisenbergstrafie 1, 70569 Stuttgart, Germany — 2Institute of In-
formation Systems Engineering, TU Wien, 1040 Vienna, Austria —
3Institute for Theoretical Physics and Center for Quantum Science,
Universitdt Tibingen, Auf der Morgenstelle 14, 72076 Tiibingen,
Germany — *Institute for Theoretical Physics 111, Ruhr-Universitit
Bochum, 44801 Bochum, Germany — °Institute of Solid State Physics,
TU Wien, 1040 Vienna, Austria

The functional renormalization group is an established approach to
study competing orders in many-electron systems in an unbiased man-
ner, notably with a bosonization technique called single-boson ex-
change formalism. The resulting fRG approach, referred to as single-
boson exchange fRG, is used to analyze competing orders in the
2D extended Hubbard model, especially the growth of the charge-
density wave instability when the nearest-neighbor Coulomb repulsion
increases. Finally, I will show how one can, using the single-boson
exchange fRG, efficiently design a temperature flow (where the tem-
perature is used as flow parameter) for models involving retarded inter-
actions with electron-phonon couplings, such as the Hubbard-Holstein
model.

TT 13.11 Mon 17:45 HSZ/0101
Finite-difference parquet method and the strong-coupling
pseudogap — Jae-Mo Linm!':2, Dominik Kiese?, Seung-Sup B.
Ler?, and eFamiaN B. KucLer*3 — lUniversité Catholique de
Louvain, Louvain-la-Neuve, Belgium — 2Seoul National University,
Seoul, Korea — 3Flatiron Institute, New York, USA — #University of
Cologne, Cologne, Germany

We present the finite-difference parquet method [1], a two-particle di-
agrammatic approach with nonperturbative input. It takes the fully
irreducible two-particle vertex from a reference solution while requir-
ing only its full vertex explicitly. Using dynamical mean-field theory
(DMFT) as a reference, this yields a reformulation of the parquet dy-
namical vertex approximation circumventing ill-behaved two-particle
irreducible vertices. We use this method to investigate the pseudogap
phase of the underdoped Hubard model. Our numerical results are
consistent with diagrammatic Monte Carlo simulations and shed new
light on the microscopic mechanism of the strong-coupling pseudogap:
With dominant short-ranged antiferromagnetic spin fluctuations, we
find an enhanced electron-paramagnon scattering amplitude crucial
for the pseudogap opening. The form of this enhancement, reflected
in the real part of the Hedin vertex, requires strong local correlations
from DMFT as well as nonlocal correlations in multiple two-particle
channels from solving the parquet equations.

[1] https://arxiv.org/abs/2505.20116

TT 13.12 Mon 18:00 HSZ/0101
Strong-coupling functional renormalization group: non-
Fermi liquid physics in the infinite-U Hubbard model — JoNas
ArnNoLD, PETER KoriETz, and e ANDREAS RUCKRIEGEL — Institut
fir Theoretische Physik, Universitdt Frankfurt, Max-von-Laue Strafe
1, 60438 Frankfurt, Germany

Exact functional renormalization group (FRG) flow equations for
quantum systems can be derived directly within an operator formal-
ism without using functional integrals. This simple insight allows us to
apply unbiased FRG methods directly to strongly correlated electron
systems with projected Hilbert spaces. Here, we use this approach
to compute the electronic spectral function of the Hubbard model at
infinite on-site repulsion where many-body states involving doubly oc-
cupied lattice sites are eliminated from the physical Hilbert space. For
a square lattice with nearest-neighbor hopping we find that the finite-
temperature electronic spectrum evolves from a Fermi liquid at low
densities to an incoherent non-Fermi liquid at larger densities. Both
at high and low densities, the volume of the Fermi surface is not con-
strained by Luttinger’s theorem.

TT 13.13 Mon 18:15 HSZ/0101
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Nagaoka kinetic ferromagnetism in the infinite-U Hubbard
model — eJonas ArNoLD, PETER KoPiETZ, and ANDREAS RUCK-
RIEGEL — Institut fiir Theoretische Physik, Universitat Frankfurt,
Max-von-Laue Strafe 1, 60438 Frankfurt, Germany

We present a study of the infinite-U Hubbard model using an extension
of the functional renormalization group (FRG) that works directly with
non-canonical fermionic operators. Thus the projected Hilbert space
is incorporated exactly, yielding an unbiased diagrammatic method

that works in the thermodynamic limit, suitable to capture the long
range physics of the strongly correlated electrons. We discuss the mag-
netic phase diagram for the full range of hole doping. Upon increas-
ing the density, we identify a paramagnetic ground-state, followed by
an antiferromagnetic stripe order and finally Nangaoka’s kinetic fer-
romagnetism at high densities. The dynamical susceptibilities reveal
the evolution of a paramagnon band into a diffusive continuum with
increasing electron density.

TT 14: Superconductivity: Properties and Electronic Structure

Time: Monday 15:00-18:15

TT 14.1 Mon 15:00 HSZ/0103
Tuning the superconducting dome in granular aluminum
thin films — ANIRUDDHA DESHPANDE, JAN PUSSKEILER, CHRISTIAN
PranGge, UWE RoGGE, MARTIN DRESSEL, and e M ARC SCHEFFLER —
1. Physikalisches Institut, Universitdt Stuttgart, Stuttgart, Germany

The peculiar superconducting properties of granular aluminum, which
consists of nanometer-sized aluminum grains separated by aluminum
oxide, are attractive for applications in quantum circuitry, and they
are interesting from a fundamental materials physics view. The phase
diagram of granular aluminum as a function of normal-state resistivity
features a superconducting dome with a maximum critical temperature
Te well above the T. = 1.2 K of pure aluminum. We show how the
maximum of this superconducting dome grows if the substrate temper-
ature during deposition is lowered from 300 K to cooling with liquid
nitrogen (150 and 100 K) and liquid helium (25 K). The highest Tc
that we observe is 3.27 K [1]. These results highlight that granular
aluminum is a model system for complex phase diagrams of supercon-
ductors and demonstrate its potential in the context of high kinetic
inductance applications, where materials properties can be carefully
tuned by optimized thin-film growth [2]. This is augmented by our
observation of comparably sharp superconducting transitions of high-
resistivity samples grown at cryogenic temperatures and by a thickness
dependence even for films substantially thicker than the grain size [1].
[1] A. Deshpande et al., J. Appl. Phys. 137 (2025) 013902

[2] A. Deshpande et al., Physica C 634 (2025) 1354709

TT 14.2 Mon 15:15 HSZ/0103
Two facets of kinetic inductance in Corbino reflectometry on
disordered and granular superconductors — eJAN PUSSKEILER!,
MARTIN DrEsseEL!, THoMAS VALENTINZ, AMEYA NAMBISANZ, SIMON
GriserT?, Toan Poprl2, CurisTorn STRUNK®, DENNIS RIEGER?,
and MArRc ScHEFFLER! — 11. Physikalisches Institut, Universitit
Stuttgart — 2Physikalisches Institut and IQMT, KIT — 3Institut fiir
Experimentelle und Angewandte Physik, Universitdt Regensburg —

4Qinu GmbH, Karlsruhe

Kinetic inductance Ly;, manifests as a linear-in-frequency contribution
to the reactance, which determines the low-temperature electrodynam-
ics of superconducting microwave circuitry. We directly probe this in-
ductive response from MHz- to GHz-frequencies, Im(Z) = w - Ly, by
broadband microwave reflectometry on superconducting granular alu-
minum and titanium nitride in the Corbino geometry. Furthermore,
we identify an unconventional collective mode with a phase velocity
governed by Lyi,. We observe an acoustic dispersion relation for up
to 10 harmonics, which enables us to obtain the kinetic inductance
independently for both phenomena observed in one spectrum.

We report low-temperature kinetic inductances ranging from
20 pH/O to 2 nH/O for granular aluminum and up to 6.2 nH/O for
titanium nitride thin films, with critical temperatures 7 ranging from
1 K to 3 K. We calculate the low-temperature superfluid stiffness Jy
and observe its suppression with increased normal-state resistivity pn.
For both materials in regimes with large pn, we find that Jo converges
to T, consistent with a phase-driven superconducting transition.

TT 14.3 Mon 15:30 HSZ/0103
Strange metals studied by EELS and RIXS — eJOrc Fink —
IFW-Dresden, Dresden, Germany

Strange metal behavior, which occurs above the dome of unconven-
tional superconductivity is characterized by a linear temperature de-
pendence of the resistivity. This signals a breakdown of the quasipar-
ticle concept used in normal Fermi liquids. In the phenomenological
marginal Fermi liquid (MFL) theory the behavior is related to a con-
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tinuum of low-energy electronic excitations. Holographic theories have
predicted that this continuum causes an overdamping of plasmon ex-
citations. On the other hand, our EELS and RIXS experiments reveal
well pronounced optical and acoustic plasmons in cuprates and ruthen-
ates. The contradiction can be explained by an energy-dependent ef-
fective mass related to a strong coupling of the charge carriers to an
oscillator at about 0.4 €V also detected in ARPES experiments. More-
over, this energy is used as a cutoff energy in the MFL theory. The
oscillator energy is well below the plasmon energies which leads to re-
silient quasiparticles at high energy. Possibly, the oscillator is related
to a coupling of the charge carriers to spin fluctuations.

TT 14.4 Mon 15:45 HSZ/0103
ARPES and RIXS combined in the recently designed
"TOF-PAX-RIXS" spectrometer — eCuaric Fawaz!, Towm
LacMaNN!, OLENA Tkacu2, Sercn CHERNOVS, Luis FILSINGER!,
YAarRYNA LyTvyNenko?, JAaN ScuHunck?, OLENA FEDCHENKOZ?,
SteGMAR RoTu!, HARsHIT AcarwaL?, MARKUs ScHoLz3, Javirt
Dev?3, Kar RossNaGEL?, MARTIN BEYE*, Morriz Horscu®, GERD
ScuONHENSEZ, HaNs-JoacHM ELMmERs?, and MATTHIEU LE Tacon!
— 1Karlsruher Institut fiir Technologie (KIT), Germany — 2Johannes
Gutenberg Universitit Mainz, Germany — 3Deutsches Elektronen-
Synchrotron DESY, Germany — *Stockholm University, Sweden —

5Christian-Albrechts-Universitit zu Kiel (CAU), Germany

The TOFPAXRIXS instrument, recently commissioned on the P04
beamline at DESY, offers a compact design that uniquely combines
Angle-Resolved Photoemission Spectroscopy (ARPES) with a Time-of-
Flight (ToF) detector and Resonant Inelastic X-ray Scattering (RIXS)
using the Photoelectron spectrometry for Analysis of X-rays (PAX) ap-
proach [1]. This enables direct correlation between electronic proper-
ties measured by ARPES and collective excitations probed by RIXS, an
essential step toward understanding electronic order in quantum ma-
terials, including unconventional superconductors, antiferromagnets,
and van der Waals heterostructures.

In this talk, I will briefly introduce the ToF-PAX-RIXS concept and
show first results combining ARPES and RIXS on the same sample.
[1] G. L. Dakovski et al., J Synchrotron Rad. 24 (2017) 1180

TT 14.5 Mon 16:00 HSZ/0103
On-site two-hole Coulomb energy in CuO and LasCuQOg4
from coincidence electron spectroscopy — eDaniLo Kuun!,
SwaRNSHIKHA SiNHAD2 FrReEDRIK O. L. Jonansson?, KATARZYNA
SiEWIRSKA!, ANTONELLO TEBANO?, NiLs MARTENSSON®, ANDREAS
LinDBLAD?, DaNIELE D1 CasTro?, and ALEXANDER FouLiscul:2
— 'Helmholtz-Zentrum Berlin fiir Materialien und Energie GmbH,
Berlin, Germany — 2Universitdt Potsdam, Potsdam, Germany —
3Uppsala University, Uppsala, Sweden — 4Universita di Roma Tor
Vergata, Roma, Italy

The high temperature superconductivity in layered cuprates is likely
driven by strong electron correlations, though not fully understood.
Here, Auger photoelectron coincidence spectroscopy (APECS) data of
undoped LagCuO4 and CuO from the COESCA station at the BESSY
IT storage ring will be shown [1]. O 1s/ KVV and Cu 2p/ LVV coinci-
dence measurements allow to disentangle the various structures in the
Auger spectra and give detailed information of site specific multi-hole
valence states. The Auger spectra are analysed with Cini-Sawatzky
and atomic multiplet models, in order to extract electronic parameters
such as on-site Coulomb energy in O 2p and Cu 3d orbitals. Dynamics
of the core excited states and delocalization of the multi-hole states
are investigated. Our unique setup with ARTOF 2 time-of-flight spec-
trometers in combination with the tailored photon-pulse structure of
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a soft x-ray undulator beam line enables APECS with unprecedented
information rate.
[1] D. Kiihn et al., Nat. Commun. 16, 9748 (2025)

TT 14.6 Mon 16:15 HSZ/0103
Signatures of the Fermi surface reconstruction of a doped
Mott insulator in a slab geometry — eGREGORIO STAFFIERI
and MicHELE FaBrizio — International School for Advanced Stud-
ies (SISSA), Via Bonomea 265, 1-34136 Trieste, Italy

In the underdoped regime of high-T. superconductors, the Fermi sur-
face consists of small pockets coexisting with a pseudogap at the
antinodal points, while in the overdoped regime it becomes large and
electron-like. Evidence for this doping-driven reconstruction has been
found in the two-dimensional single-band Hubbard model using various
numerical methods.

We study the reconstruction of the Fermi surface in a hole-doped
Mott insulator with slab geometry using the Dynamical Cluster Ap-
proximation (DCA). We show that enhanced correlations at the sur-
face lead to a strong layer dependence of the Fermi surface: hole-like
pockets appear in the superficial layers and gradually evolve into a
single electron-like surface in the innermost layers. We also investigate
Friedel oscillations induced by the surface as a function of hole doping
and identify clear signatures of the reconstruction in their periodic-
ity. In addition, we introduce a computationally tractable quantity
that diagnoses the same variation through a concurrent breakdown of
Luttinger’s theorem. Together, these observables provide reliable in-
dicators of Fermi surface topology without requiring momentum-space
periodization.

15 min. break

TT 14.7 Mon 16:45 HSZ/0103
How to activate and detect the Higgs mode in superconduc-
tors — eDIrRk MANSKE — Max Planck Institute for Solid State Re-
search, Heisenbergstrasse 1, 70569 Stuttgart, Germany

Higgs Spectroscopy is a new and emergent field [1-3] that allows to
classify and determine the superconducting order parameter by means
of ultra-fast optical spectroscopy. There are two established ways to
activate the Higgs mode in superconductors, namely a single-cycle
*quench* or an adiabatic, multicycle *drive* pulse. In the talk I
will review and report on the latest progress on Higgs spectroscopy,
in particular on the role of the third-harmonic-generation (THG) [4-
6,9] and the possible IR-activation of the Higgs mode by impurities
or external dc current [7,8]. Finally, I discuss recent results on Non-
Equilibrium Anti-Stokes Raman Scattering (NEARS) [10,11], where
the Higgs mode, for the first time, has been observed directly.

[1] L. Schwarz, D. Manske et al., Nat. Commun. 2020

[2] L. Schwarz and D. Manske, Phys. Rev. B 2020

[3] H. Chu, S. Kaiser, D. Manske et al., Nat. Commun. 2020

[4] L. Schwarz, R. Haenel, and D. Manske, Phys. Rev. B 2021

[5] H. Chu, S. Kaiser, D. Manske et al., Nature Commun. 2023

[6] M.-J. Kim, S. Kaiser, D. Manske et al., Sci. Adv. 2024

[7] M. Puviani, L. Schwarz, X.-X. Zhang, S. Kaiser, and D. Manske,
Phys. Rev. B 2020

[8] R. Haenel, P. Froese, D. Manske, and L. Schwarz, Phys. Rev. B
104, 2021

[9] L.Schwarz, B. Fauseweh, and D. Manske, Phys. Rev. B 2020

[10 | T. Glier, D. Manske et al., Nature Comm. 2025

[11] M. Puviani, R. Haenel, and D. Manske, Phys. Rev. 2023

TT 14.8 Mon 17:00 HSZ/0103
Probing Charge Density Wave in Superconductors via Phase-
resolved Higgs Spectroscopy — eLiweEN FENG!, Icor ILyakov?,
Jan-CurisTorH DEINERT2, Hao CuU?, and STeEFAN KAISER! —
ITUD Dresden University of Technology, Germany — 2Helmholtz-
Zentrum Dresden-Rossendorf, Germany — 3Shanghai Jiao Tong Uni-
versity, China

Superconductivity (SC) and charge density wave (CDW) orders of-
ten coexist in high-Tc superconductors, and their interplay is essential
for understanding these correlated systems. Using high-field terahertz
radiation, we coherently drive collective modes and investigate third-
harmonic generation (THG) in superconductors exhibiting both CDW
amplitude fluctuations and Higgs oscillations. In 2H-NbSe2 and hole-
doped Lag_4Sr,CuOy4, we identify a clear Fano interference between
CDW fluctuations and Higgs oscillations [1, 2]. In contrast, electron-
doped Laz_;Ce; CuOy4 shows distinct coupling behavior, revealing not
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only a weak Higgs-CDW interaction but also signatures of an intrinsic,
field-depinned CDW |[3]. These results establish THz phase-resolved
Higgs spectroscopy as a powerful method for probing CDW dynamics
and intertwined orders in superconductors.

[1] H. Chu et al., Nat Commun. 14 (2023) 1343

[2] L. Feng et al., Phys Rev B 108 (2023) L100504

[3] L. Feng et al., arXiv:2504.11947 (2025)

TT 14.9 Mon 17:15 HSZ/0103
Probing the intermediate state of the type-I topological
superconductor SnAs using Muon Spin Spectroscopy —
®SHASHANK SRrivastaval, Omkar KULKARNI!, ARUSHI ARUSHI,
DEEPAK SINGHZ2, ADRIAN D. HiLLIER?, and Ravi PrRakasH SINGH! —
ndian Institute of Science Education and Research, Bhopal 462066,
India — 2ISIS Facility, STFC Rutherford Appleton Laboratory, Didcot

0OX11 0QX, United Kingdom

The possibility of topological superconductivity in a type-I supercon-
ductor embraces exotic physics. The topological semimetal SnAs shows
superconductivity below 3.6 K, but there is ambiguity in the nature
of superconductivity. Some reports claim type-I superconductivity in
SnAs, but recent studies contradict it. We have resolved this enigma
using a thorough microscopic analysis of the superconducting ground
state.

In this work, we report the muon spin rotation/relaxation (uSR)
study of the possible topological superconductor SnAs. The zero-
field (ZF) puSR data reveal that this system is a time-reversal-invariant
superconductor. The systematic transverse field (TF) uSR measure-
ments unveil the type-I superconductivity and the intermediate state
using the superconducting phase diagram for SnAs. Moreover, ab initio
calculations of band structure and phonons were performed, which cor-
relate with the basic experimental characterization. Our study opens
a platform for understanding the underlying physics behind the origin
of topological superconductivity in type-I superconductors.

TT 14.10 Mon 17:30 HSZ/0103
Layer-selective Cooper pairing in an alternately stacked tran-
sition metal dichalcogenide — HaoJie Guo!, eSANDRA SAJANT,
IRIAN SANCHEzZ-RAMIREZ!, TARUSHI AGARWALZ, ALEJANDRO BLANCO
Prces!, CHaNDAN PaTra2, Maia G. VERGNIORY!, RAFAEL M.
FERNANDES®, Ravl PRAKASH SINGHZ2, FERNANDO DE JUANY, MARIA
N. Gastiasoro!, and MicuerL M. Ucepal! — Donostia Interna-
tional Physics Center, Paseo Manuel de Lardizabal 4, 20018 San
Sebastian, Spain — 2Department of Physics, Indian Institute of
Science Education and Research Bhopal, 462066 Bhopal, India —
3Department of Physics, The Grainger College of Engineering, Uni-
versity of Illinois Urbana-Champaign, Urbana, Illinois 61801, USA

Multigap superconductivity occurs when different superconducting
gaps form on separate Fermi surfaces. In the layered material 4Hb-
TaSSe, made of alternating trigonal (H) and octahedral (T) polymorph
layers, we demonstrate the presence of two weakly coupled and spa-
tially separated superconducting condensates. Using quasiparticle tun-
neling and Andreev reflection spectroscopy on each polymorph layer,
we identify two gaps that differ in magnitude and internal structure.
Their responses to temperature and magnetic field also differ: each gap
opens at a distinct temperature and shows opposite resilience to mag-
netic fields, enabling selective external tuning of each condensate. A
theoretical model supported by ab-initio calculations reproduces these
features and accounts for the unusually high critical field in the T-layer,
highlighting TMD polymorphs as tunable multigap superconductors.

TT 14.11 Mon 17:45 HSZ/0103
Probing hidden vortices and geometrical effect via surface-
projected quasiparticle states — eRunyun X1 and Hao ZHENG —
Tsung-Dao Lee Institute, Shanghai Jiao Tong University, Shanghai,
China

Vortices host quasiparticle excitations such as Caroli-de Gennes-
Matricon (CdGM) or Majorana states. Understanding how these
states are modulated by various geometrical structures is essential for
both fundamental superconductivity research and quantum device de-
sign. Yet, this relationship remains challenging to elucidate. Here,
using a scanning tunneling microscope equipped with a dilution re-
frigerator, we clearly resolve coherent quasiparticle states from lateral
vortices buried beneath the surface of NbSea under in-plane magnetic
fields. Our combined spectroscopic visualization and model calcula-
tion uncover a depth-dependent quantum coupling behavior between
vortices and the superconductor surface: shallow vortices (depth of
~ 1.5 coherence lengths) exhibit anomalous split quasiparticle states
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accompanied by a pseudogap, while deeper vortices (> 4 coherence
lengths) restore the conventional CdGM characteristics. Our findings
establish a rescaling law of vortex bound states under geometrical ef-
fect and identify a critical length scale relevant for superconducting
devices aimed to utilize intrinsic vortex quasiparticles.

TT 14.12 Mon 18:00 HSZ/0103
Crystal Structure Effects on Vortex Dynamics in Supercon-

ducting MgB; Films — eCLEMENS ScuMID!, CORENTIN PFAFF?,

Theo Courrois?, ANTON POKUSINSKYI®, ALEXANDER KASATKIN?,
KARINE DUMESNIL?, STEPHANE MAaNGIN2, THoMas HAurT?, and
OLEKSANDR DOBROVOLSKIY® — !Faculty of Physics and Vienna Doc-
toral School in Physics, University of Vienna, Austria — 2Institute
Jean Lamour, Université de Lorraine-CNRS, Vandoeuvre-lés-Nancy,
France — 3Cryogenic Quantum Electronics, EMG and LENA, Tech-

nische Universitidt Braunschweig, Germany — 4G. V. Kurdyumov In-

stitute for Metal Physics, NAS Ukraine, Kyiv, Ukraine

MgB2 offers one of the highest critical temperatures among non-
cuprate superconductors. However, its dynamic phase diagram at high
vortex velocities remains unexplored, and the film structure and inter-
face quality are expected to affect the current-driven resistive transi-
tion. Here, we investigate two different structures incorporating MgB2o
thin films sputtered on sapphire (AloOgz) substrates. The difference
between the films is in the inclusion of an additional MgO layer be-
tween the substrate and MgBa, resulting in a single crystal structure,
as opposed to an MgO-free textured one. We find that the activation
energy for vortex motion is a factor of two higher for the single-crystal
film. Current-voltage measurements reveal multiple jumps, suggesting
that the transition to the normal state is driven by the formation of
normal domains. Additionally, a lower instability current in the tex-
tured film suggests less efficient heat removal, which agrees with the
results of an HRTEM inspection of the film-substrate interface.

TT 15: Topology: Majorana Physics

Time: Monday 15:00-18:30

TT 15.1 Mon 15:00 HSZ/0105
Negative hybridization: a potential cure for braiding with
imperfect Majorana modes — CoLE PEeTERS, THEMBA HODGE,
and eSTEPHAN RAcHEL — School of Physics, University of Melbourne,
Australia

Majorana zero modes, the elementary building blocks for the quan-
tum bits of topological quantum computers, are known to suffer from
hybridization when they get too close to each other. In that case,
their wavefunctions start to overlap and the energy of the Majorana
zero modes is pushed to finite energies. This breaking of the ground-
state degeneracy leads to an accumulation of error during a braid—the
fundamental process which encodes topological quantum gates. Here
we show that, in certain situations, the energy splitting of the Ma-
jorana wavefunctions can become negative which can be utilized to
reduce the average hybridization energy of the total braid. We discuss
two instructive examples where negative hybridization improves the
braiding performance to the point where imperfect Majorana modes
have their non-Abelian statistics restored, resulting in successfully op-
erated quantum gates. The upshot is that negative hybridization as
an intrinsic property of Majorana modes has the potential to bring a
Majorana-based quantum computer closer to reality.

TT 15.2 Mon 15:15 HSZ/0105
Distinguishing Majorana bound states from accidental zero-
energy modes with a microwave cavity — SARATH PrEM!,
eOLEsIA DmyTRUK?, and Mircea Trir! — !International Research
Centre MagTop, Institute of Physics, Polish Academy of Sciences, PL-
02668 Warsaw, Poland — 2CPHT, CNRS, Ecole polytechnique, Insti-
tut Polytechnique de Paris, 91120 Palaiseau, France

Detecting Majorana bound states (MBSs) in hybrid nanowires is chal-
lenging as their transport measurement signatures can be mimicked
by trivial zero-energy Andreev bound states (ABSs) or zero-energy
quasi-Majorana bound states (QMBSs). We propose an alternative ap-
proach that relies on microwave absorption visibility that is extracted
from parity-dependent cavity-nanowire susceptibility measurements.
We study a one-dimensional Rashba spin-orbit nanowire with an s-
wave superconductor-covered proximitized region and an uncovered
quantum dot region subjected to a magnetic field with spatially vary-
ing capacitive coupling to a single-mode cavity. True MBSs yield a
visibility extremum only when both Majorana modes at superconduct-
ing edges simultaneously couple to the cavity exhibiting their nonlocal
characteristics. In contrast, the zero-energy ABSs or QMBSs show
a visibility extremum even when the cavity couples only locally to
part of the nanowire. Owing to the recent experiments on poor man’s
Majoranas, we show that the visibility retains the nonlocal detection
features.

[1] S. Prem, O. Dmytruk, and M. Trif, arXiv:2509.13194

TT 15.3 Mon 15:30 HSZ/0105
Scaling up a quantum dot Kitaev chain — Cnun-Xiao Liu, SE-
BASTIAN MILES, ALBERTO BORDIN, SEBASTIAAN TEN HAAF, GREG
Mazur, MERT BozKuUrT, and eMicHAEL WIMMER — QuTech and
Kavli institute of nanoscience, TU Delft, The Netherlands
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Location: HSZ/0105

Superconducting quantum dot devices can be used to implement a Ki-
taev chain, and tuned reliably into a topological phase. Recent experi-
ments have succesfully implemented two- and three-site Kitaev chains
[1,2]. In this talk, I discuss challenges of scaling up to longer chains
and how to overcome them. To this end, I will show that the relative
phase between sites in a quantum dot Kitaev chain can be adjusted by
electrostatic means only. Finally, I will compare our theory to recent
experiments.

[1] T. Dvir et al., Nature 614 (2023) 445

[2] S.L.D. ten Haaf et al., Nature 641 (2025) 890

TT 15.4 Mon 15:45 HSZ/0105
Experiments on hybrid topological insulator superconductor
nanostructures — eJAkoB ScHLUCK, ErLLA NikopeM, and YoIcHI
ANDO — Institute of Physics II, University of Cologne

Hybrid structures of topological insulators and conventional s-wave su-
perconductors are predicted to generate topological superconductivity,
which can host Majorana zero modes [1|. These quasiparticle excita-
tions display non-Abelian exchange statistics and hold great potential
for quantum computation [2|. Recently, we studied for the first time
the phase-tunable density of states in topological insulator Josephson
junctions via tunneling measurements [3]. The periodic gap closing
and reopening can be interpreted as a signature of a topological phase
transition. Furthermore, we established a new platform for experi-
ments on topological superconductivity, the topological nano-SQUID
[4]. By contacting top and bottom surface of the topological insulator
simultaneously, we realize a scenario, where an in-plane magnetic field
is sufficient to reliably reach the topological regime. In my talk, I will
focus on the ongoing experimental efforts building on these achieve-
ments.

[1] L. Fu and C. L. Kane, Phys. Rev. Lett. 100 (2008) 096407

[2] C. Nayak et al., Rev. Mod. Phys. 80 (2008) 1083

[3] J. Schluck et al., arXiv:2406.08265v2

[4] E. Nikodem et al., arXiv:2412.07993v3

TT 15.5 Mon 16:00 HSZ/0105
Characterization of side-contacted topological-insulator-
nanowire junctions — eELLA NIKODEM, JAKOB SCHLUCK, and
Yoicur Anpo — II. Physikalisches Institut, Universitat zu Kéln

Superconducting hybrid devices based on topological insulator (TI)
nanowires are a promising platform for realizing topological super-
conductivity and hosting Majorana zero modes (MZMs). We report
our recent efforts to realize high-quality Josephson junctions based on
etched BiSbTeSe2 nanowires laterally sandwiched with superconduct-
ing Nb. This device architecture enables full surface proximitization
and forms an intrinsic columnar nano-SQUID, in which the top and
bottom surfaces act as parallel SNS junctions. Upon threading a mag-
netic flux, we observe two key phenomena: (1) robust SQUID-like
oscillations of the critical current with the periodicity of the super-
conducting flux quantum, confirming surface-dominated supercurrent
[1]; and (2) a large gate- and field-tunable Josephson diode effect [2].
Conceptually, this device geometry allows for individual tuning of the
phase difference of the top and bottom junctions, enabling the cre-
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ation of a discrete vortex at the end of the nanowire that hosts a MZM
[3]. This is substantiated by theoretical considerations based on both
a phenomenological approach and full 3D tight-binding simulations.
Preliminary tunnel spectroscopy results further pave the way towards
detecting Majorana bound states in this platform.

[1] E. Nikodem et al., https://arxiv.org/abs/2412.07993

[2] E. Nikodem et al., Sci. Adv. 11 (2025) eadw4898

[3] L. Fu and C. Kane, Phys. Rev. Lett. 100 (2008) 096407

TT 15.6 Mon 16:15 HSZ/0105
Towards microwave measurements of topological insulator
nano-SQUID devices — e¢JorRGE EsTEBAN BoLio, Lucas MARTEN
JansseN, ELLa NikobpEM, JAKOB ScHLUCK, CHRISTIAN DiIcKEL, and
YoicHr ANpo — Physics Institute II, University of Cologne, Ziilpicher
Str. 77, 50937 Kéln, Germany

A topological insulator (TI) nanowire side contacted by superconduct-
ing leads gives rise to a TI nano-SQUID formed by the two parallel
S-N-S Josephson junctions of the top and bottom surface. This plat-
form is expected to exhibit a robust topological phase. While DC
measurements in this platform have been performed [1,2|, microwave
measurements can also illuminate the junction quality and open a path
for fast and robust detection of Majorana zero-modes (MZMs) [3|. We
describe the integration of the TI nano-SQUID into a 3D transmon
setup, and report our progress in the development of a dual nano-
SQUID device where the overlap between two MZMs could be gate
controlled.

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

[2] Nikodem et al. Sci. Adv. 11 (2025) eadw4898

[3] E. Ginossar & E. Grosfeld, Nat. Commun. 5 (2014) 4772

TT 15.7 Mon 16:30 HSZ/0105
Poor man’s Majorana bound states in quantum dot based
Kitaev chain coupled to a photonic cavity — eFRANCEscoO
BuoneEMANI', Avaro GoMEz-LEoN?, MARco ScHIro®, and OLESIA
DumyTrUK! — 1CPHT, CNRS, Ecole polytechnique, Institut Polytech-
nique de Paris, 91120 Palaiseau, France — 2Institute of Fundamental
Physics IFF-CSIC, Calle Serrano 113b, 28006 Madrid, Spain — 3JEIP,
UAR 3573 CNRS, College de France, PSL Research University, 11,
place Marcelin Berthelot, 75231 Paris Cedex 05, France

Majorana bound states (MBSs) in topological superconductors, given
their robustness against external perturbations, are the ideal building
blocks for quantum computation. In light of this, poor man’s Majorana
bound states (PMMBSs), isolated zero-energy bound states, promise
to engineer Majorana bound states in a highly tunable setup consisting
of a chain of quantum dots that are connected via superconductors.

We analyze the interaction between the minimal microscopic dot
chain with proximity-induced superconductivity for PMMBSs and a
single mode photonic cavity. We showed how the coupling to the light
in the microscopic model leads to a different phenomenology compared
to the case where the coupling was introduced in the two-site Kitaev
chain model. Thus, we demonstrated that even starting from the mi-
croscopic quantum dot model coupled to photons, it is possible to con-
trol the sweet spot condition, for the emergence of PMMBSs, through
the cavity parameters.

15 min. break

TT 15.8 Mon 17:00 HSZ/0105
Proximity-induced superconducting states in high Chern
number quantum anomalous Hall heterostructures — ALEJAN-
DrRO S. G6MEz!'2, RaraeL A. Morina®, PaBLo Burser!:?4, and
oYURIKO BaBa23 — lUniversidad Auténoma de Madrid, Madrid,
Spain — 2IFIMAC-UAM, Madrid, Spain — 3Instituto de Estructura
de la Materia IEM-CSIC, Madrid, Spain — *Instituto Nicolas Cabrera-
UAM, Madrid, Spain

Multilayer stackings of magnetically doped and undoped topological
insulators can host multiple chiral channels forming a high Chern num-
ber quantum anomalous Hall (QAH) state [1]. This topological state
does not require an external magnetic field. Therefore, a single channel
QAH proximized by an s-wave superconductor has been proposed as a
promising platform to achieve topological superconductivity and chiral
Majorana modes [2,3]. In this work, we generalize these proposals to
the case of heterostructures with multiple chiral states proximitized
by a superconductor. We theoretically study the topological phases of
the bulk system and the appearance of zero-energy states due to the
bulk-boundary correspondence in the band inversion regime. Finally,
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we discuss the nature and topological protection of the zero-energy
states against disorder and finite-size confinement effects.

[1] Y.F. Zhao et al. Nature 588 (2020) 419

[2] X.L. Qi, T.L. Hughes, S.C. Zhang Phys. Rev. B 82 (2010) 184516
[3] A. Udayet al., Nat. Phys. 20 (2024) 1589

TT 15.9 Mon 17:15 HSZ/0105
Braiding of Majorana wave packets at surfaces of noncen-
trosymmetric superconductors — eGrorc HeepT!, CLARA JO-
HANNA Lappl2, JuLia Monika Link!2, and CARSTEN Timm?!»2
ITU Dresden, 01062 Dresden, Germany — 2Wiirzburg-Dresden Clus-
ter of Excellence ct.qmat, TU Dresden, 01062 Dresden, Germany

Broken inversion symmetry in noncentrosymmetric superconductors
causes singlet-triplet mixing of Cooper pairs. If the triplet pairing
is sufficiently strong flat zero-energy Majorana surface bands are ex-
pected. We describe such a system in terms of a finite concentration
of localized Majorana wave packets, which may be promising for quan-
tum computation. Moving Majorana wave packets along closed paths
leads to braiding of Majorana modes. We determine the non-Abelian
phase associated with this braiding. To that end, we construct an
exact time-dependent many-particle Hamiltonian that describes the
desired motion and show that the phase can efficiently be evaluated in
an effective single-particle picture.

TT 15.10 Mon 17:30 HSZ/0105
Phase dynamics and parity effects in quantum spin Hall
Josephson junctions with coupled edges — eCaseTaN HEINZ!,
Patrik RecHERD?, and FErRNANDO DomiNcUEz® — !Technische
Universitdt Braunschweig, D-38106 Braunschweig, Germany —
2Laboratory for Emerging Nanometrology, D-38106 Braunschweig,

Germany — 3Universitit Wiirzburg, D-97074 Wiirzburg, Germany

We investigate a novel backscattering mechanism in quantum spin Hall
N’SNSN’ Josephson junctions in the presence of time-reversal symme-
try. This extended geometry allows for the interplay between two types
of Andreev bound states (ABS): the usual phase-dependent ABS local-
ized at the edges of the central SNS junction and phase-independent
ABS localized at the edges of the N’S regions. Crucially, the latter
arise at discrete energies F, and mediate a backscattering process be-
tween opposite edges of the SNS junction, opening gaps whenever both
types of ABS are at resonance. In this scenario, the 4w-periodic ABS
decouples from the rest of the 27-periodic spectrum. Using the pa-
rameters extracted from the microscopic calculation, we construct an
RSJ model that incorporates the 4m-periodic ABS, the remaining 27-
periodic part of the spectrum and the quasi-particle continuum. Here,
two types of parity changes can arise: transitions between the 47- and
2m-periodic ABS, and parity leakage from the 27-periodic ABS into the
continuum. Our results show different dynamical regimes depending
on the rate of non-adiabatic transitions, ranging from Shapiro steps at
integer multiples of hwqc/2e, over non-integer steps, to steps only at
even integers, with wq. as the external ac driving frequency.

TT 15.11 Mon 17:45 HSZ/0105
Manipulating the topological spin of Majoranas — eSTIJN DE
Wit!, EMRE Duman?, MERT BozKURT®, ALEXANDER BRINKMAN',
and INANC ADAGIDELI!"? — IMESA+ Institute for Nanotechnology,
University of Twente, The Netherlands — 2Faculty of Engineering and
Natural Sciences, Sabanci University, Istanbul, Turkey — 3QuTech,
Delft University of Technology, Delft 2600 GA, The Netherlands

The non-Abelian exchange statistics of Majorana zero modes make
them interesting for both technological applications and fundamental
research. Unlike their non-Abelian counterpart, the Abelian contri-
bution is often neglected in the discussion of Majorana braiding. We
consider Majoranas bound to vortices in topological superconductors.
Here, the Abelian exchange phase originates from the Majoranas so-
called topological spin, and it is interpreted as an Aharonov-Casher
phase arising from a vortex encircling an e/4 charge. In this work,
we show how this fractional charge and hence the topological spin of
Majoranas can be manipulated, introducing an additional knob for
braiding operations in topological quantum computing. Final, we pro-
pose a vortex interference experiment to probe the presence of this
fractional e/4 charge.

TT 15.12 Mon 18:00 HSZ/0105

Ab Initio Exploration of Material Platforms for Majo-
rana Zero Modes in Magnetic Chains on Superconductors
— eANDRAs LAszLOFFY!:2, BENDEGUzZ NYARI®, LEVENTE Ro6zsa?,

LAszL6 Szunvocu®, and BavLizs UsraLussy? — Pazmany Péter
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Catholic University, Budapest, Hungary — 2HUN-REN Wigner Re-
search Centre for Physics, Budapest, Hungary — 3Budapest Univer-
sity of Technology and Economics, Budapest, Hungary

In magnetic chains on superconductors, Shiba bands are formed within
the superconducting gap. Spin-orbit coupling or a spin-spiral con-
figuration can lead to the hybridization of Shiba bands which can
open a topologically non-trivial gap around the Fermi energy. To
have a quantitative and realistic description of these systems, we
solve the Kohn-Sham-Dirac Bogoliubov-de Gennes equations within
the Korringa-Kohn-Rostoker multiple scattering theory. Elementary
superconducting surfaces rarely support the appearance of a topolog-
ical superconducting state, since either the superconducting gap or
the spin-orbit coupling strength is small.[1] By adding a non-magnetic
overlayer between the superconductor and the chain, we explore the
topological properties of a large variety of systems in terms of varying
the type of magnetic atoms in the chain and its crystallographic direc-
tion. We demonstrate that the formation of a spin spiral state has a
larger impact on the robustness of the topologically non-trivial band
structure than the enhanced spin-orbit coupling.

[1] Nyari et. al., PRB 112 (2025) 115414

TT 15.13 Mon 18:15 HSZ/0105

Ab initio band structure of magnetic chains on supercon-
ductors — eBENDEGUz NvAri:3, ANDRAS LAszLOFFY2, BaLAzs
UsraLussy?, LAszLé Szunvyoch®, and LEVENTE R6zsa?3 — THUN-
REN-BME Condensed Matter Research Group — 2HUN-REN Wigner
Research Centre for Physics — 2Budapest University of Technolofy
and Economics

The detection of band topology and the reliability of Majorana Zero
Mode (MZM) observations based only on real space quantities is a long
standing problem. Due to the bulk edge correspondence the appear-
ance of MZMs in a finite chain is related to the properties of the band
structure, or more precisely the topological invariant, however these
quantities can not be measured directly. In this work I present an
ab initio approach which provides direct access to the band structure
of magnetic chains on superconductors. The method relies on a 1D
embedding scheme and includes the effect of the infinite host to the
chain. The method was applied to Mn chains on Nb(110) and Ta(110)
where the topological properties and symmetry aspects of the band
structure were studied together showing the coexistence of trivial and
non-trivial bands in the band structure [1].

[1] B. Nyari et al., Phys. Rev. B 112 (2025) 115414

TT 16: 2D Materials beyond graphene: Growth, structure and substrate interaction (joint
session O/HL/TT)

Time: Monday 15:00-17:45

TT 16.1 Mon 15:00 HSZ/0204
MnBr; on graphene on Ir(110)
— AFFAN SAFEER!, OkTay GULERYUz!, NICOLAE ATODIRESEI?,
eTromas MicuerLy!, and Jeison Fiscuer! — 1I. Physikalisches In-
stitut, Universitdt zu Koln, Germany — 2Peter Griinberg Institut,

Forschungszentrum Jiilich, Germany

A virtual super-moiré:

MnBry on Gr/Ir(110) constitutes a three lattice system, giving rise
to a super-moiré pattern — a moiré of moirés. The super-moiré of
Gr/MnBra /Ir(110) is unique, as it involves a virtual moiré of MnBr»
with the Ir(110) surface lattice — two lattices not in contact with each
other. Using a careful Fourier analysis of the bias dependence of
scanning tunneling microscope topographs, scanning tunneling spec-
troscopy, the known properties of Gr/Ir(110), and the results of ab
initio calculations, the origin of the virtual moiré is uncovered and
related to the inhomogeneous binding of Gr to Ir(110). Compara-
tive experiments with MnBry on Gr/Ir(111) show similar growth and
structure as on Gr/Ir(110), but highlight the unique properties of the
MnBra/Gr/Ir(110) super-moiré.

TT 16.2 Mon 15:15 HSZ/0204

Magnetism of monolayers of FeCl, and FeBry Epitaxi-
ally Grown on BiySes — eSesasTIEN E. Hapsapi!, WEIBIN
L12, Pierruici GARGIANIZ, CINTHIA PIaMONTEZES, OLEKSANDR

StETsovycu?, PaveL JELiNEk?, MaxiM ILyn?, and CeLIA RoGErO!

— IMaterials Physics Center(MPC - CFM), Donostia, Spain —
2ALBA Synchrotron Light Source, Barcelona, Spain — 3Paul Scher-
rer Institut, Villigen, Switzerland — 4FZU - Institute of Physics of the
Czech Academy of Sciences, Prague, Czech Republic

Two-dimensional transition metal dihalides exhibit novel magnetic and
electronic properties. By combining 2D magnetic semiconductors with
topological insulators (TIs) novel quantum and spintronic phenom-
ena can be investigated. Here, we report the uniform and epitaxial
growth of monolayer FeCly and FeBrg on the TI BiaSes. Structural
and electronic characterization via LEED, STM, and STS measure-
ments revealed a material-specific moiré pattern resulting from lat-
tice mismatch, as well as a position-independent bandgap of 4 €V.
Synchrotron-radiation-based XAS and XMCD measurements confirm
robust ferromagnetic order down to the monolayer limit, with an in-
trinsic reduction of the effective spin magnetic moment by 40-50%.
These magnetic vdW heterostructures provide a platform for investi-
gating magnetic proximity effects and moiré-induced modifications of
topological surface states. [1] S. E. Hadjadj et al., Chem. Mater.,
35, 23, 9847*9856,(2023) (2] S. Kerschbaumer et al., Adv. Science,
€08262,(2025)

TT 16.3 Mon 15:30 HSZ/0204
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Location: HSZ/0204

Rise and fall of 1T-TaS;: Epitaxial growth of monolayer
TaSs on Au(111) — eLars Buss!, Carny SurLaiMAN!, RAQUEL
SANcHEZ-BArQuILLA', TuLia CoJocARIUZ, MARCIN SzpyTMAS, TEV-
FIK ONUR MENTES2, ANDREA LocaTeLL?, JENs Farrta?, and Jan
Inco FLeEGe! — !Applied Physics and Semiconductor Spectroscopy,
BTU Cottbus-Senftenberg, Cottbus, Germany — 2Elettra-Sincrotrone
Trieste S.C.p.A, Basovizza, Trieste, Italy — 3Faculty of Physics and
Applied Computer Science, AGH University of Krakow, Poland —
4Institute of Solid State Physics, University of Bremen, Germany

Two-dimensional TaSo has attracted extensive research interest due
to its ability to exhibit electron correlation effects, including charge
density waves (CDWs). In particular, 1T-TaSs is of interest as it
shows a CDW at room temperature. However, when grown on metal
substrates, only 2H-TaS2 has been reported. To elucidate the reasons
for the apparent lack of 1T-TaSs growth in the literature, we have
investigated the growth of TaSz on Au(111) employing in situ low-
energy electron microscopy (LEEM) and micro-diffraction (WLEED)
as well as X-ray photoemission electron microscopy (XPEEM) [1]. We
show that at elevated temperatures TaS2 nucleates and grows in the
metastable 1T-TaS2 phase, which transforms into the stable 2H-TaS>
phase via a temperature-activated process and then continues to grow
at a considerably lower rate. Furthermore, we observe CDW-like order-
ing in 1T-TaS2/Au(111), though it is suppressed in 2H-TaSo/Au(111).

[1] L. Buf et al. Phys. Rev. Materials 9, 074006 (2025).

TT 16.4 Mon 15:45 HSZ/0204
Band-Like Transport and its Modulation by Nitrogen Doping
in Transferable Semi-Conducting 2D-imine Covalent Organic
Framework — e¢V1jAYy BAHADUR YADAV, DIKSHA SRIVASTAVA, SATYA
VEER SINGH, ITu PANDEY, MANABENDRA CHANDRA, and THIRU-
VANCHERIL G. GoPAKUMAR — Indian Institute of Technology Kanpur

Two-dimensional (2D) imine-based covalent organic frameworks
(COFs) are promising semiconductors for thin-film electronics and
sensing due to their extended in-plane mw-conjugation, enabling effi-
cient charge transport. Here, we investigate two highly crystalline
2D imine COF films synthesised via quasi-equilibrium Schiff base con-
densation. By selecting molecular precursors, we tuned the nitrogen
content, producing COFs with ten and six nitrogen atoms per unit cell
(10N-COF and 6N-COF). The films are chemically stable in organic
solvents and water, mechanically robust, and transferable onto various
substrates, allowing fabrication over areas of tens of square centime-
ters. Electrical measurements using silver electrode arrays show linear
current*voltage behaviour, indicating band-like transport, with consis-
tent responses across multiple regions. The conductivity of 10N-COF
is 736 times higher than that of 6N-COF. Density functional theory
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calculations reveal similar band gaps but enhanced band dispersion
near the Fermi level in 10N-COF, improving charge carrier mobility.
Nitrogen incorporation thus effectively tunes charge transport in 2D
COFs.

TT 16.5 Mon 16:00 HSZ/0204
Co2S2: a new 2D material and its phase transitions —
e ABDALLAH KARAKA, MAX WOLFERTZ, AFFAN SAFEER, GUANGYAO
Miao, WouTER JoLig, THomAs MICHELY, and JEisoN FiscHER — II.
Physikalisches Institut, Universitat zu Koln, Ziilpicher Str. 77, 50937
Cologne, Germany

Using molecular beam epitaxy under ultra high vacuum conditions, 2D
materials can be synthesized under conditions far from equilibrium for
which no bulk parent compound exists.

Co02S2-2D is such an example. Using scanning tunneling microscopy
and low energy electron diffraction we characterize this new single-layer
2D material crystallizing in the Cul structure (space group: P3ml
trigonal), when grown on graphene on Ir(111) using molecular beam
epitaxy. We found it can be synthesized phase pure upon low tem-
perature growth and moderate annealing with a lattice constant of
3.66 + 0.05 A and a height of 6.2 A. Beyond the single-layer limit
it transforms into a new hexagonal crystal structure with a distinctly
different lattice parameter of 3.52 + 0.05 A and a height of 11.7 A
This transition typically occurs between 650 and 750 K, although the
exact temperature depends on the annealing conditions. The phase
transition is accompanied by the emergence of a 2x2 superstructure in
the high temperature phase.

TT 16.6 Mon 16:15 HSZ/0204
Tailored growth of 2D alloy transition metal dichalcogenides
with tunable optical and electrical properties using lig-
uid precursors — eMp TariK Hossain!, AXEL PRINTSCHLER!,
NuaT Lam Duone!, Jurian Picker!, RanuL SHARMA!, CHRISTOF
NeuMANN!, MoNa SepiGHI?, JOHANNES BISKUPEK?, MUHAMMAD
SurvaN Ramzan!, Carerina Coccur!, UTE Ka1sEr?, and ANDREY
TurcHANIN' — 1 Friedrich Schiller University Jena, Jena, Germany —

2University of Ulm, Ulm, Germany

Doping or alloying of two-dimensional (2D) transition metal dichalco-
genides (TMDs) provides a promising route to tune the optical, mag-
netic, and electronic properties. Here, we present a liquid-precursor-
based chemical vapor deposition (CVD) for the controlled growth
of large-area monolayer (VxW,Moi_x.y)S2 alloys with tunable opti-
cal and electrical properties. Comprehensive characterization using
atomic force microscopy, transmission electron microscopy, Raman
spectroscopy, photoluminescence (PL) spectroscopy, and ab initio cal-
culations confirms the structural and optical quality. Notably, PL
shows a noticeable defect exciton peak at room temperature in the
V-doped monolayer. Furthermore, by adjusting the composition, we
modulate the carrier type of these monolayers from n-type to p-type or
even make the monolayers metallic for high vanadium concentrations,
which is deduced from electrical transport measurements and density
functional theory calculations. This work demonstrates high poten-
tial of liquid-precursor CVD as a platform for the tailored growth of
complex 2D TMD alloys for next-generation optoelectronic devices.

TT 16.7 Mon 16:30 HSZ/0204
CVD growth and characterization of WSez monolayers on
Au(111) and their conversion to Janus SeWS — eJULIAN
Picker!, JoNas BRANDHOFF2, MAXIMILIAN ScHAALZ, FELIX OTTOZ,
CurisToF NEUMANN!, TorsTEN FRriTz2, and ANDREY TURCHANIN!
— Mnstitute of Physical Chemistry, Friedrich Schiller University Jena,
Germany — 2Institute of Solid State Physics, Friedrich Schiller Uni-
versity Jena, Germany

Transition metal dichalcogenides (TMDs) exhibit distinctive optical
and electronic properties in the two-dimensional monolayer limit. Re-
cently, Janus TMDs have attracted significant attention because their
asymmetric chalcogen composition breaks the out-of-plane symmetry
and enables properties not attainable in conventional TMDs. In this
work, we initially investigate the structural and electronic characteris-
tics of WSe2 monolayers grown on Au(111) via ambient-pressure chem-
ical vapor deposition (CVD). Surface-sensitive techniques - including
scanning tunneling microscopy (STM), low-energy electron diffraction
(LEED), X-ray photoelectron spectroscopy (XPS), and angle-resolved
photoelectron spectroscopy (ARPES) - were employed to characterize
the properties of these monolayers. Subsequently, the WSe2 monolay-
ers were transformed into Janus SeWS monolayers through selective
chalcogen replacement at the WSez /Au interface. A comparative anal-

30

ysis reveals the structural and electronic differences between the two
systems.

TT 16.8 Mon 16:45 HSZ/0204
Controlling polymorphism in the growth of 2D manganese
sulfide on graphene via substrate interaction oeMax
WOoLFERTZ, ABDALLAH KARAKA, NicoLas GEORGOPOULOS, OKTAY
GULERYUZ, AFFAN SAFEER, THOMAS MICHELY, and JEISON FISCHER
— II. Physikalisches Institut, Universitdt zu Koln, Zilpicher Str. 77,
50937 Cologne, Germany

We investigate the epitaxial growth of single-layer manganese sulfide
on graphene/Ir substrates grown via molecular beam epitaxy. Mor-
phology, crystal structure and electronic properties are examined us-
ing scanning tunneling microscopy and - spectroscopy and low energy
electron diffraction. While bulk MnS exists in the three polymorphs,
o-(rock-salt structure), 8-(zincblende structure), and v-MnS (wurtzite
structure), its structure in a single-layer is unknown, as fabrication us-
ing exfoliation methods cannot be applied. We find that when grown
by molecular beam epitaxy on Gr/Ir substrates manganese sulfide
grows in two competing phases: manganese sulfide in trigonal Cul-
structure (space group P-3m1l) and MnS in thin platelets of a cubic
rock-salt structure (space group Fm-3m). Their in-plane lattice param-
eters are 4.16 A, and 3.63 A respectively. We show that the substrate
exerts a strong influence on the phase selected. While the growth on
Gr/Ir(111) results in a large share of cubic MnS, the Gr/Ir(110) sub-
strate favors the formation of single layer trigonal manganese sulfide.
Also, the use of seeding methods for avoiding loss of Mn into the bulk
Ir crystals is discussed.

TT 16.9 Mon 17:00 HSZ/0204
Low Temperature MOCVD Growth of two-dimensional InSe
and InSe/WS2 Heterostructures — eRoBIN GUENKEL, NiLs LAN-
cLoTz, MaTvEl KisLiTsyN, JUERGEN BEeLz, and KErRSTIN VoLz —
mar.quest|Marburg Center for Quantum Materials and Sustainable
Technologies, Philipps University Marburg, Germany

Two-dimensional van der Waals heterostructures offer powerful oppor-
tunities for engineered optoelectronic functionality, particularly when
type-1I band alignment enables efficient charge separation and inter-
layer transitions. InSe and WS* are especially promising in this regard
because their band structures allow for the formation of a type-II in-
terface at the I' point, which avoids momentum mismatch. This is an
essential requirement for robust radiative processes in 2D stacks. This
talk presents a low-temperature metal-organic chemical vapor deposi-
tion (MOCVD) approach for synthesizing high-quality InSe and verti-
cally integrated InSe/WS2 heterostructures. Using DTBSe and TMIn
at 350 °C, we synthesize homogeneous, single-phase InSe films on 2-
inch sapphire substrates and extend the process to directly grow on
monolayer WS2. Atomic force microscopy, Raman spectroscopy, and
energy-dispersive X-ray spectroscopy provide insight into the morphol-
ogy, crystallinity, and composition of the films, offering a detailed un-
derstanding of the growth behavior and the influence of the substrate
surface chemistry.

TT 16.10 Mon 17:15 HSZ/0204
Synthesis of Vertically Stacked 2D-hBN/Borophene Het-
erostructures on Ir(111) via Intrinsic Segregation — eMARKO
KriEGEL, KaArRIM OwMAMBAC, SMRUTI MOHANTY, BIRK FINKE,
Frank-J. MEYER zU HERINGDORF, and MicHAEL HorN-voN HoOE-

GEN — University Duisburg-Essen and Center for Nanointegration
Duisburg-Essen (CENIDE), Lotharstr. 1, 47057 Duisburg, Germany

Research efforts on 2D materials increasingly target complex archi-
tectures built from high-quality heterostructures. A key challenge re-
mains the reliable and scalable in-situ fabrication of such systems. In
this work, we use high-resolution spot-profile analysis LEED (SPA-
LEED) and -microscopy (LEEM) to investigate a synthesis route for
an hBN /borophene heterostructure on Ir(111) based on intrinsic seg-
regation. At elevated temperatures, boron dissolves into the Ir sub-
surface region during exposure to the borazine precursor BsN3Hg in
a CVD process [1], thereby creating a boron reservoir. Increasing the
precursor pressure drives the chemical balance toward formation of a
complete hBN layer across the Ir surface [2]. Upon cooldown, the de-
creasing boron solubility induces segregation, resulting in the growth
of a continuous borophene layer beneath the hBN overlayer. This one-
step CVD approach establishes a promising, scalable pathway for the
controlled synthesis of high-quality 2D heterostructures. [1] K. Omam-
bac et al., ACS Nano 15 (2021) 7421 [2] K. Omambac et al., ACS Nano
17 (2023) 17946
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TT 16.11 Mon 17:30 HSZ/0204
MBE growth and characterization of high-quality mono-
layer MoS2 on stepped Au surface — eSAvyaN DEBNATH, RAM
PrakasH PANDEYA, KONSTANTIN SHCHUKIN, PATRIK STAUDENMAYER,
and ALEXANDER GRUNEIS — Optoelektronische Materialien Institut
fiir Festkorperelektronik, TU Wien, 1040 Wien, Austria

In the present work, we investigate the growth of sub-monolayer MoS2
on Au(788) and Au(111), using molecular beam epitaxy. Sample
growth quality is characterized using low-energy electron diffraction,
X-ray photoemission spectroscopy, and scanning electron microscopy.
Furthermore, a comparative study of the electronic properties was per-
formed by studying the band structure using angle-resolved photoe-

mission spectroscopy (ARPES), and the vibrational properties were
measured by angle-resolved polarized Raman (ARPR) spectroscopy.

Our study reveals superior crystalline quality, with fewer S defi-
ciencies, and better azimuthal order of MoS2 grown on the stepped
Au(788) substrate compared to the Au(111). In the case of ARPES,
we observed more resolved band dispersion on MoS2/Au (788), con-
firmed by probing the spin-orbit splitting at the Brillouin zone bound-
ary (K point). On the other hand, ARPR of the first Raman mode
E2g on MoS2/Au (788) deviates from the symmetry of freestanding
MoS2, suggesting the effect of the stepped surface on the vibrational
properties. We discuss the role of increased catalytic activity at step
edges in promoting the growth of high-quality TMDCs, such as MoS2
and WS2, on stepped surfaces.

TT 17: Quantum Manybody Systems (joint session QI/TT)

Time: Monday 15:00-18:30

Invited Talk TT 17.1 Mon 15:00 BEY/0245
Reducing Noise, Complexity, and Optimization Barriers in
Quantum Simulations of Strongly Correlated Systems —
eWERNER DoBrAUTZ — Center for Advanced Systems Understand-
ing (CASUS), Gorlitz, Germany — Helmholtz-Zentrum Dresden-
Rossendorf (HZDR), Dresden, Germany — Center for Scalable Data
Analytics and Artificial Intelligence (ScaDS.AI) Dresden/Leipzig,
Dresden, Germany — Technical University Dresden, Dresden, Ger-
many

Near-term quantum hardware poses severe constraints for quantum
chemistry and quantum many-body simulations due to noise, limited
coherence, and challenging optimization landscapes. We present a uni-
fying set of algorithmic strategies to address these bottlenecks, combin-
ing transcorrelated Hamiltonians, spin-adapted representations, and
advanced variational optimization techniques. By embedding elec-
tronic correlations directly into the Hamiltonian, transcorrelated meth-
ods yield compact, noise-resilient quantum circuits and improved con-
vergence for both molecular systems and lattice models. Spin-adapted
formulations further reduce Hilbert space complexity and enable effi-
cient simulations of correlated spin systems. To enhance robustness
and trainability, we introduce multireference error mitigation strate-
gies and qBang, a momentum-aware variational optimization scheme
that effectively navigates flat and ill-conditioned energy landscapes.
Together, these approaches establish a scalable and hardware-aware
framework for accurate quantum simulations of strongly correlated
systems on current and near-term quantum devices.

TT 17.2 Mon 15:30 BEY /0245
Hybrid superconducting devices — e ANAMARIA GHIHOR!, YEJIN
Lee!, Haouin Jin!, Markus Konic!, ANDREAS LEITHE-JASPER!,
RoeMER HINLOPEN''2, CARsSTEN Putzkr?, PuiLip Morr?, URri
Voor!, and ETer1 Svanipze! — IMPI CPfS - Nothnitzer Str. 40,
Dresden, Germany — 2MPI MPSD - Luruper Chaussee 149, Ham-

burg, Germany

Superconducting resonators are highly tunable, low-loss coherent
macroscopic devices, making them ideal for quantum technology and
sensing applications. Recently, these resonators have been paired with
van der Waals (vdW) materials to explore their microwave losses, di-
electric properties and kinetic inductance. However, creating a hybrid
device that only integrates a superconducting resonator with a vdW
flake limits the range of materials that can be used. To overcome this
limitation, we fabricate a lamella using a focused ion beam (FIB), ef-
fectively replicating the flake. This approach offers the added benefit
of precise dimensional control, something that is difficult to achieve
with exfoliated flakes. The lamella can then be attached in situ to
the resonator using a micro-manipulator. In this talk we will show
preliminary hybrid devices with lamella developed from conventional
and unconventional superconductors.This approach greatly expands
the range of materials that can be explored and enables detailed stud-
ies of their superfluid density.

TT 17.3 Mon 15:45 BEY /0245
Hybrid Monte Carlo enhanced by exact diagonalization: sim-
ulating interacting Hubbard systems — eMaARTINA G1sTI', FINN
TeMMEN2, TaomMmas Luul, Davip Lurrz?, and JoHANN OSTMEYERS
— Mnstitute of Physics, University of Bonn, Nufallee 12, 53115 Bonn
— 2Forschungszentrum Jiilich GmbH Wilhelm-Johnen-Strafe 52428

31

Location: BEY /0245

Jiilich — 3Helmholtz Institute for Radiation and Nuclear Physics, Uni-
versity of Bonn

We present a hybrid simulation framework that integrates the hybrid
Monte Carlo method with exact diagonalization techniques to study
Hubbard chains coupled through many-body interactions. Within a
path integral formulation, thermal expectation values are expressed
and evaluated exactly along the chains. We study the impact of the
hybrid method on persistent challenges in the application of stochas-
tic simulations, such as the sign problem and ergodicity violations.
The approach mitigates the sign problem that hampers conventional
simulations, providing a feasible path for studying strongly correlated
quantum systems beyond one dimension.

TT 17.4 Mon 16:00 BEY /0245
Topological properties of coupled superconducting chains in
the presence of interactions — eFREDERICK DEL Pozo — abora-
toire Kastler Brossel, Sorbonne Universite, CNRS, ENS-PSL Research
University, Coll‘ege de France; 4 Place Jussieu, 75005 Paris, France

We investigate the topological and critical properties of coupled and
interacting superconducting wires.

As a prototype of superconductors with topological order, the Ki-
taev chain model is a perfect testing ground for novel theoretical and
numerical tools, including the density-matrix-renormalization-group
(DMRG) algorithm and bi-partite entanglement entropy.

In the following talk we report on the results of several recent works,
which have lead to a deeper understanding of the topological and crit-
ical properties of coupled and interacting Kitaev chains, also in the
presence of real-space disorder. We reveal that the usual topological
invariant, defined in the absence of interactions, remains a sensible
marker for the topology when two wires are brought into close prox-
imity of each other where interaction effects and inter-wire hopping
processes become relevant. We also reveal the appearance of a many-
body entangled ground state, and interaction reinforced critical region
in the wires’ phase diagram.

Our results highlight the rich physics present in quasi one-
dimensional quantum systems, and motivates the further research
into properties relevant for applications in superconducting qubits and
topological quantum computation protocols.

TT 17.5 Mon 16:15 BEY /0245
Quantum Assisted Ghost Gutzwiller Ansatz — ePV SRILUCK-
suMY, Francois JAMET, and FEpOR Simkovic — IQM Quantum
Computers, Georg-Brauchle-Ring 23-25, 80992 Munich, Germany

The ghost Gutzwiller ansatz (gGut) technique was shown to achieve
accuracy comparable to dynamical mean-field theory at a much lower
computational cost. However, gGut is limited by the bottleneck of
computing the density matrix. We develop a hybrid quantum-classical
gGut technique that computes ground state properties of embedding
Hamiltonians on a quantum computer using the quantum-selected con-
figuration interaction (QSCI) algorithm. We find that the ground
states of interest become sufficiently sparse as the number of ghost
orbitals increases. We investigate QSCI’s performance using local uni-
tary cluster Jastrow (LUCJ) ansatz with circuit cutting on IQM’s
quantum hardware for up to 24 qubits. Our converged gGut calcu-
lations correctly capture the metal-to-insulator phase transition in the
Fermi-Hubbard model. This was achieved using quantum samples to
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build a basis with as little as 1% of the total CI states.

30min. break

TT 17.6 Mon 17:00 BEY/0245
Measurement-Based Quantum Computation in Symmetry-
Enriched Topological Phases — ePauL HerrINGER!D23 VIR B.
BuLcHANDANI*®, Younes JavanMarD!, Davip T. STEPHEN®7, and
RoBERT RaAUsSENDORFI'3 — lLeibniz Universitit Hannover, Han-
nover, Germany — 2University of British Columbia, Vancouver,
Canada — 3Stewart Blusson Quantum Matter Institute, Vancouver,
Canada — “Rice University, Houston, USA — 5National University
of Singapore, Singapore — SUniversity of Colorado Boulder, Boulder,
USA — 7California Institute of Technology, Pasadena, USA

We present the first examples of topological phases of matter with
uniform power for measurement-based quantum computation. This
is possible thanks to a new framework for analyzing the computa-
tional properties of phases of matter that is more general than previ-
ous constructions, which were limited to short-range entangled phases
in one dimension. We show that ground states of the toric code in an
anisotropic magnetic field yield a natural, albeit non-computationally-
universal, application of our framework. We then present a new model
with topological order whose ground states are universal resources for
MBQC. Both topological models are enriched by subsystem symme-
tries, and these symmetries protect their computational power. Our
framework greatly expands the range of physical models that can be
analyzed from the computational perspective.

TT 17.7 Mon 17:15 BEY /0245
Many-body localization in the Sherrington-Kirkpatrick
model — eGErRGo DENEs!, BaLAzs HeTENYI', MARTON KORMOS!,
ANcELo VaLLi!, Pascu Moca'?, and GERGELY ZARAND!
IDepartment of Theoretical Physics, Institute of Physics, Budapest
University of Technology and Economics, Muegyetem rkp. 3., H-1111
Budapest, Hungary — 2Department of Physics, University of Oradea,

Str. Universitatii nr. 1 Oradea, 410087, Romania

The Sherrington-Kirkpatrick (SK) model has been extensively studied
for more than 50 years [1]. In the context of optimization problems,
it represents one of the most difficult paradigmatic optimization prob-
lems, the MAXCUT problem. Its quantum extension, the transverse
field SK model (TFSK model) is therefore a paradigmatic model for
the Quantum Adiabatic Optimization Approach (QAOA).

We performed extensive finite-size numerical simulations of the
TFSK model at different transverse field strengths to extract various
many-body localization (MBL) indicators, such as inverse participa-
tion ratio, Shannon entropy, and level spacing ratio. Our numerical
and analytical analysis suggest the presence of an MBL transition as
a function of the transverse field at certain energy densities, differ-
ent from the spin-glass transition, and in contrast to the findings of
Ref. [2]. In the MBL phase, states do not seem to be exponentially
localized, rather, our data suggest the presence of power-law MBL.

[1] M. Mezard, G. Parisi, M. A. Virasoro Spin Glass Theory and
Beyond, ISBN: 978-9971-5-0116-7 (1986).

[2] S. Mukherjee, S. Nag, A. Garg, Phys. Rev. B 97, 144202 (2018).

TT 17.8 Mon 17:30 BEY /0245
Typical entanglement entropy of anyon chains — YaLE
Yauk!2, eALEXANDER HaAHN'32) and Lucas Hackr*® — 1Max-
Planck-Institut fiir Quantenoptik, Hans-Kopfermann-Strafe 1, D-
85748 Garching, Germany — 2Munich Center for Quantum Science
and Technology (MCQST), Schellingstrae 4, D-80799 Munich, Ger-
many — 3Technical University of Munich, TUM School of Natural Sci-
ences, Physics Department, D-85748 Garching, Germany — 4School of
Mathematics and Statistics, The University of Melbourne, Parkville,
VIC 3010, Australia — 2School of Physics, The University of Mel-
bourne, Parkville, VIC 3010, Australia

Random-state entanglement serves as a key probe of quantum chaos,
thermalization, and information scrambling, but its behavior in topo-
logically ordered systems remains unclear. Here we study the statis-
tical properties of bipartite entanglement in one-dimensional anyon
chains, where the Hilbert space is constrained by the fusion rules. In
such systems, the conventional trace must be replaced by the quantum
trace, requiring a consistent redefinition of density matrices and entan-
glement measures that incorporates topological data. We compute the
average bipartite entanglement entropy and its variance for both open
and periodic boundary conditions. The resulting average anyonic en-
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tanglement entropy reproduces the Page curve exactly, revealing that
topological constraints modify the normalization but not the universal
form of typical entanglement. Despite topological charge conservation,
the average entanglement shows no symmetry-related correction of the
kind that appears in systems with Lie group symmetries.

TT 17.9 Mon 17:45 BEY /0245
Thermal Entanglement and Out-of-Equilibrium Thermody-
namics in 1D Bosonic Systems — eJurLia MaTHE, Nicky Kar
Honc Li, PHARNAM BAKHSHINEZHAD, and GIUSEPPE VITAGLIANO —
TU Wien, Atominstitut, Stadionallee 2, 1020 Vienna, Austria

We investigate entanglement in- and out-of equilibirum in harmonic
chains, with direct relevance to low-energy descriptions of paradig-
matic models, like 1D Bose-Einstein condensates. Working in a regime
where all states are Gaussian, we employ the logarithmic negativity
and the covariance matrix criterion (CMC) as known entanglement
quantifiers. For thermal states, we extensively characterize entangle-
ment and its scaling behaviour, including in the massless (critical)
limit. We extract the optimal entanglement witness coming from the
CMC and uncover a simple mode-resolved structure underlying the
entanglement-to-separability transition. At finite temperature, the
optimal witnesses are diagonal in the normal-mode basis, allowing
to characterize entanglement from a few normal mode uncertainties,
which are physically related to static susceptibilities. We then investi-
gate out-of-equilibrium dynamics arising from a time-dependent cou-
pling and analyze entanglement growth, suppression, and transport.
Based on this, we construct a full Gaussian framework for studying
entanglement in thermodynamic cycles. Our results give a unified and
physically intuitive picture of how entanglement emerges and evolves
in 1D Gaussian many-body systems and show that thermal separabil-
ity and entanglement are mainly governed by the low-energy (infrared)
sector that also underlies the continuum field-theory description.

TT 17.10 Mon 18:00 BEY /0245
Symmetry-preserving warm starts for variational ground
state preparation — elvana MIHALIKOVA — Matej Bel University,
Narodna ulica 12, Banskd Bystrica, 97401, Slovakia — Institute of
Physics, Slovak Academy of Sciences, Bratislava 84511, Slovakia

Enforcing physical symmetries can dramatically simplify ground-state
preparation in the variational quantum eigensolver (VQE). This work
considers a 12-spin all-to-all neutrino-inspired model and a 4 x 3 Heisen-
berg lattice. In both systems, simple product states are projected
onto symmetry subspaces with fixed total spin J and J. (and, for
the Heisenberg lattice, translation and mirror symmetries), then re-
fined using swap-based entangling layers that generate only symmetry-
compatible correlations. The resulting warm starts lie well within pre-
viously established worst-case upper bounds on the energy error nor-
malized by system size and interaction-graph degree, showing that
symmetry-aware initialization can substantially outperform generic
guarantees. For the Heisenberg lattice, the symmetry-preserving con-
struction reduces the relevant search space from 4096 basis states to
just 9 symmetry-compatible states and increases the effective spectral
gap from about 7 to about 28 energy units. Within a VQE setting
this yields a smoother optimization landscape and faster convergence
with shallow circuits. In practice, the neutrino-inspired model reaches
~ 98.8% fidelity within the J = 0 subspace, and the Heisenberg lat-
tice exceeds 98.0% fidelity once translation and mirror symmetries are
enforced.

TT 17.11 Mon 18:15 BEY /0245
An emerging generator of rotations for a 1- or many-particle
Hofstadter problem on a lattice pierced by magnetic field
— eARABI SEsHAPPAND2 TaNGT MorvaN?, ALBERTO NARDINZ, and
LEONARDO Mazza? — !Department of Physics, University of Cali-
fornia, Merced, CA 95343, USA — 2Université Paris-Saclay, CNRS,
LPTMS, 91405, Orsay, France

Topological quantum computation is an exciting direction for develop-
ment of fault-tolerant qubits—a quintessential example being manip-
ulation of excitations in fractional quantum Hall (FQH) systems. As
recent cold-atom and photonic experiments have realized few-particle
FQH states in small lattices, and theoretical results have shown spec-
tra of specific lattice sizes to exhibit exactly flat-bands in momen-
tum space, we have theoretically studied similar FQH lattices for
1- and many-particle bosonic cases. Our construction is that of a
two-dimensional (2D) square lattice, with nearest-neighbor hopping,
pierced by a perpendicular, uniform magnetic field. We vary the mag-
netic field such that, for lattice edge length L, the flux per plaquette
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ranges between « 1/L and « 1/4, and analyze the resultant
spectra. We have found that, for low energy levels, measurements of
density are an excellent proxy for defining a gauge-invariant generator

of rotations (GIGR) and can make order in the spectra. This removes
any need for assumption of circular droplet invariance, and provides a
useful characterization technique for cold-atom experiments.

TT 18: Focus Session: Relaxation Timescales in Open Quantum Systems (joint session
TT/DY)

In the quantum year 2025 many applications of quantum systems are revisited for their actual physical
implementability. Realizing that no quantum system is truly isolated from its environment highlights the
need for a thorough understanding of the coupling between an open system and its environment. While
many standard treatments lead to Lindblad equations, the underlying approximations are not always
applicable and require detailed case-by-case studies. This theoretical focus session provides a platform
discussing modern developments in the field in the regime of strongly interacting or driven open systems
and their impact on relaxation timescales. We aim to enhance attention and trigger also experimental
activity in the field of system-environment interactions and the induced relaxation timescales.

Coordinators: Gernot Schaller (Helmholtz-Zentrum Dresden-Rossendorf), Nikodem Szpak (Universitét

Duisburg-Essen)
Time: Monday 15:00-18:00

Topical Talk TT 18.1 Mon 15:00 CHE/0089
Markovian and non-Markovian approaches to quantum relax-
ation — eHEINzZ-PETER BREUER — Institute of Physics, University
of Freiburg, Hermann-Herder-Strafle 3, D-79104 Freiburg, Germany

Relaxation and decoherence processes in open quantum systems are of-
ten approximated by means of a Markovian evolution in which the open
system irretrievably loses information to its surroundings, expressing
the memoryless nature of the dynamics. However, strongly coupled
open systems often exhibit a pronounced non-Markovian behavior dis-
tinguished by a flow of information from the environment back to the
open system. This information backflow implies the presence of mem-
ory effects and represents the key feature of non-Markovian quantum
dynamics. In the talk we will discuss fundamental physical concepts
used to characterize and quantify non-Markovian relaxation dynamics
in open systems, and present some applications to irreversibility and
entropy production in nonequilibrium quantum thermodynamics.

Topical Talk TT 18.2 Mon 15:30 CHE/0089
Asymptotic relaxation in quantum Markovian dynamics —
eSuUsANA HueELcA — Institute of Theoretical Physics, Ulm University,
Germany

We investigate the long-time dynamics of generic time-dependent
GKLS master equations and provide sufficient conditions such that
the dynamics is asymptotically independent of the initial state. These
conditions represent a natural extension of the Spohn-Frigerio theorem
to the case of a time-dependent generator. To illustrate our results, we
analyze a specific master equation for driven systems and connect our
conditions to the microscopic Hamiltonian of system and environment.
The case of a 3-level system is also treated in detail. A brief mention of
the non-Markovian case is included, with specific focus on time-local
master equations which are asymptotically in Lindblad form. These
findings pave the way for the development of a more general theory of
relaxation beyond the Markovian case.

Topical Talk TT 18.3 Mon 16:00 CHE/0089
Floquet engineering of open quantum Systems — eANDRE
EckARDT — Institut fiir Physik und Astronomie, TU Berlin, Berlin

In recent years, we have seen tremendous progress in the control of
quantum systems by means of time-periodic driving. This includes the
realization of effective time-independent Hamiltonians with interesting
properties, such as artificial magnetic fields coupling to the motion of
charge neutral particles in quantum simulators (e.g. of ultracold atoms
in optical lattice or photons in superconducting circuits). Also phe-
nomena without equilibrium counterpart, like chiral edge modes con-
necting Bloch bands with zero Chern number, have been investigated.
Another paradigm for the control of quantum systems is reservoir en-
gineering. Here a system is coupled to a controlled environment that
is designed to either cool the system or to stabilize a non-equilibrium
steady state of interest. I will report on recent theoretical work, where
we combine both approaches in open Floquet systems. One motiva-
tion is to use dissipation in order to counteract unwanted heating, as it
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necessarily occurs in Floquet engineered systems, e,.g. for the prepa-
ration of Floquet engineered topological states of matter. The other
motivation is the stabilization of interesting non-equilibrium steady
states beyond the strict constraints of thermal equilibrium. Here I will
discuss driving-induced non-equilibrium Bose condensation in high-
temperature environments. Finally, I will also briefly address chal-
lenges arising when simulating open many-body quantum systems out
of equilibrium and ideas how to tackle them.

15 min. break

Topical Talk TT 18.4 Mon 16:45 CHE/0089
Nonequilibrium thermodynamics of time-dependent quan-
tum transport — eJANINE SPLETTSTOESSER — Chalmers University
of Technology, Gothenburg, Sweden

Quantum transport induced by time-dependent driving fields is not
only of interest when considering the conductor’s charge response. On
the contrary, in recent years there has been strong interest in the ther-
modynamics and energetic properties of quantum conductors. By ap-
plying time-dependent driving fields to a conductor cyclic quantum
heat engines can be implemented and quantum properties can be used
to rapidly load and discharge so-called quantum batteries.

In this presentation, I will first show how different time-scales in the
response of a quantum dot impact the (energy) decay of a quantum dot
brought out of equilibrium. This is visible both in the relative entropy,
where Coulomb interaction results in an anomalous decay referred to
as Mpemba effect [1], as well as in the geometric properties of a slowly
driven cyclic engine [2]. I will then show how the precision of time-
dependently driven engines is bounded by the produced or dissipated
power [3].

[1] J. Graf, J. Splettstoesser, J. Monsel, J. Phys.: Condens. Matter
37, 195302 (2025)

[2] J. Monsel, J. Schulenborg, Th. Baquet, J. Splettstoesser, Phys.
Rev. B 106, 035405 (2022)

[3] L. Tesser, J. Balduque, J. Splettstoesser, arXiv:2509.07583 (2025)

Topical Talk TT 18.5 Mon 17:15 CHE/0089
Connecting time-nonlocal and time-local quantum master
equations — eMAARTEN WEGEwIJs — Peter Griinberg Institut,

Forschungszentrum Jiilich, 52425 Jiilich, Germany — Institute for
Theory of Statistical Physics, RWTH Aachen, 52056 Aachen, Germany

A perhaps puzzling feature of open-system dynamics is that it admits
both a retarded description via a time-nonlocal memory-kernel /C and
an equivalent time-convolutionless description by a time-local genera-
tor G. This leads to a split in approaches to the problem of time scales
in open quantum systems.

In this talk I discuss an elegant fixed-point relation G = I@(Q) that
connects these two approaches directly, without first solving the respec-
tive quantum master equations for the dynamics ultimately of interest.
As applications, I connect the distinct results (!) obtained when ex-
panding in the same perturbation parameter and relate distinct time-
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scales (!) obtained by approximations approaching the same, exact
stationary state. The fixed-point relation is also explicitly related to
quantum Markovianity as defined by completely-positive divisibility
of the dynamics (Huelga, Rivas, Plenio): What generates the retar-
dation of the memory kernel turns out to be precisely what defines
the Markovian divisibility of the dynamics. Exact solutions of simple
models of electron transport (resonant level) and atomic-decay (dissi-
pative Jaynes-Cummings) illustate these findings.

[1] SciPost Phys. 7, 012 (2019)

[2] Phys. Rev. X 11, 021041 (2021)

[3] Phys. Rev. B 104, 155407 (2021)

[4] SciPost Phys. 12, 121 (2022)

[5] J. Chem. Phys. 161 (2024)

TT 18.6 Mon 17:45 CHE/0089

Coupling—energy driven pumping through quantum dots:

The role of coherences — eLukas LiTzBal, GERNOT SCHALLER?,

1 — 1Universitit Duisburg-

2Helmholtz-Zentrum Dresden-

JurceEN Konic!l, and NIKODEM SzpPAK
Essen, Duisburg, Germany
Rossendorf, Dresden, Germany

We study the impact of off-resonant tunneling and coherences on the
electron transport through quantum dots. We focus on two electron
pump setups where first—order tunneling processes are suppressed and
the pumping mechanism is exclusively driven by modulations of the
coupling energy. For calculations we use an exact solution for a non—
Coulomb interacting situation. The first setup is driven by a coupling
and decoupling procedure of the quantum dot and the environment
and the second setup by measurement—induced effects resembling the
anti-Zeno effect. We show that both electron pumps are based on de-
coherence operations and modulations of the coupling energy and there
is quantitative and qualitative agreement between them. Furthermore,
we show that non—-Markovian effects can increase the performance of
the devices and are signatures for the importance of coherences in
electron transport.

TT 19: Focus Session: New Routes to Localization and Quantum Non-Ergodicity Il (joint
session TT/DY)

Time: Monday 15:00-17:30

TT 19.1 Mon 15:00 CHE/0091
Localized obstructed pairs with zero superfluid stiffness from
doping an antiferromagnetic insulator — eTamMAGHNA HazRrAl,
NisHcHHAL VERMAZ, and JOrRG Scumarnian! — Mnstitiit fiir The-
orie der Kondensierten Materie, Karlsruher Institut fiir Technologie,

Karlsruhe, Germany — 2Department of Physics, Columbia University

Doping a Mott antiferromagnet is widely expected to yield mobile
Cooper pairs whose kinetic energy sets the superfluid stiffness. We
show instead that, when doped charges propagate on the line graph
of a lattice with strong antiferromagnetic exchange, they bind into 0b-
structed Cooper pairs, which are compact localized bosons that possess
zero superfluid stiffness at leading order in the strong-coupling expan-
sion. The pair-hopping Hamiltonian generates an exactly flat bosonic
band whose compact localized states dominate the low-energy Hilbert
space, yielding a ground-state manifold with extensive degeneracy and
a phase stiffness that vanishes anomalously as the third inverse power
of the pairing strength in the strong-coupling limit. At quarter filling,
the frustrated dynamics maps onto a quantum dimer model at the
Rokhsar-Kivelson point, realizing a d-wave resonating-valence-bond
spin liquid with topological ground-state degeneracy and deconfined
holon excitations. Our results establish a mechanism for interaction-
driven localization without disorder, in which strong magnetically-
mediated pairing produces Cooper pairs whose kinetic energy collapses
to zero, revealing a distinct failure mode of unconventional supercon-
ductivity in strongly-correlated materials.

TT 19.2 Mon 15:15 CHE/0091
Disorder-free localization from mass-imbalanced fractional-
ization — eSH1 FENG, JoHANNES KNOLLE, and MicHAEL KNaP —
Technical University of Munich, Garching, Germany

We report disorder-free localization of Majorana fermions over inter-
mediate timescales in an emergent gapless non-integrable Zs quantum
liquid. A large density of heavy visons induced by an external magnetic
field provides coherent disorder that localizes the light fermions while
preserving translation symmetry. Compelling evidence of the localiza-
tion within intermediate time scale is provided by the time evolution
of the local energy density, which shows negligible spreading after a
local quench on its ground state; and a vanishing energy current re-
sponse despite the gapless energy spectrum. These results demonstrate
that the disorder-free localization can also occur near equilibrium at
low energy, and offer an explanation to the thermal paradox in recent
experiments where a linear specific heat coexists with vanishing ther-
mal transport in frustrated Mott insulators with disorder-free gapless
quantum magnets.

TT 19.3 Mon 15:30 CHE/0091
Fock space fragmentation in quenches of disordered inter-
acting fermions — elsuita Mopak!, Rajesu NarRavaNAN?, FERr-
pINAND EvVERs3, and Soumya Bera! — !Department of Physics, In-
dian Institute of Technology Bombay, Mumbai, India. — 2Department
of Physics, Indian Institute of Technology Madras, Chennai, India —
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3Institute of Theoretical Physics and Halle-Berlin-Regensburg Cluster
of Excellence CCE, University of Regensburg, Regensburg, Germany

Hilbert space fragmentation primarily originates from specific kine-
matic constraints or emergent conservation laws in many-body sys-
tems with translation invariance. It leads to non-ergodic dynamics and
breakdown of the eigenstate thermalization hypothesis. We demon-
strate that also in disordered systems (e.g. random-field XXZ model),
fragmentation appears as a natural concept offering fresh perspectives
on many-body delocalization (MBdL). We split the Fock-space into
potential-energy shells, which contain the accessible phase space for
the relaxation of a quenched initial state. In this construction, dy-
namical observables reflect properties of the shell geometry, e.g., the
drastic sample-to-sample fluctuations observed in the weak disorder
regime, W < W, represent fluctuations of the shell-mass. Upon cross-
ing over to strong disorder, W > W,, the potential-energy shell decays
into fragments; we argue that, unlike percolation, fragmentation is a
strong-coupling scenario with turn-around flow: W.(L) diverges with
increasing system size. We conjecture that the slowing down of the
relaxation dynamics reported in traditional MBdL studies is a mani-
festation of Fock-space fragmentation introduced here.

TT 19.4 Mon 15:45 CHE/0091
Non-ergodic one-magnon magnetization dynamics of the
Kagome lattice antiferromagnet — HENRIK SCHLUTER, ®JANNIS
EckKSELER, and JURGEN ScHNACK — Bielefeld University

The present view of modern physics on non-equilibrium dynamics is
that generic systems equilibrate or thermalize under rather general
conditions, even closed systems under unitary time evolution. The in-
vestigation of exceptions thus not only appears attractive, in view of
quantum computing where thermalization is a threat it also seems to be
necessary. Here, we present aspects of the one-magnon dynamics on the
Kagome lattice antiferromagnet as an example of a non-equilibrating
dynamics due to flat bands. Similar to the one-dimensional delta chain
localized eigenstates also called localized magnons lead to disorder-free
localization and prevent the system from thermalization [1].

[1] H. Schliiter, J. Schnack and J. Eckseler, Zeitschrift fiir Natur-
forschung A (2025) doi:10.1515/zna-2025-0249

TT 19.5 Mon 16:00 CHE/0091
Cooling dynamics of a disorder-free localized Kitaev model
— oARKADEEP MITRA, FrRANCEscoO Piazza, and MarKUs HEYL —
Theoretical Physics I1I, Center for Electronic Correlations and Mag-
netism, Institute of Physics, University of Augsburg, 86135 Augsburg,
Germany

The Kitaev spin-1/2 model on a 2D honeycomb lattice has a Z3 gauge
symmetry that translates to an effective picture of free Majorana
fermions on a background static charge field. This yields a ground
state that realizes a quantum spin liquid (QSL) with fractional excita-
tions. At high temperatures, however, it has recently been observed to
enter a disorder-free localized phase, so that any experimental cooling
of a Kitaev material has to cross this localized and associated phase
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transition. Motivated from this, we study theoretically the cooling dy-
namics upon coupling the Kitaev model to phonons with a symmetry
breaking interaction. We envisage that signatures obtained from this
dynamics could act as probes for QSL.

15 min. break

TT 19.6 Mon 16:30 CHE/0091
Scrambling signature of scars — eTnomas MicHEL!, MATHIAS
StEINHUBER?, JUuaN Dieco UrBINAZ, and PETER SCHLAGHECK! —
IUniversité de Liége, Liége, Belgique — 2Universitiit Regensburg, Re-
gensburg, Germany
We study signatures of scrambling, such as out-of-time-ordered corre-
lators, that are associated with weakly unstable periodic orbits in a
mixed or chaotic classical phase space, fulfilling Heller’s criterion [1]
for the existence of scars. As verified within generic dynamical systems
like the kicked rotor and the driven pendulum, evaluating scrambling
observables for coherent states centred in phase space about such pe-
riodic orbits gives rise to characteristic scar features both in the short
and long time regimes, the latter amounting to a significant amend-
ment of the characteristic growth exponent with respect to the generic
semiclassical prediction [2,3]. Extensions to many-body scars in Bose-
Hubbard rings [4] are discussed.
[1] E. J. Heller, Phys. Rev. Lett. 53, 1515 (1984).
[2] J. Rammensee, J.-D. Urbina, and K. Richter, Phys. Rev. Lett.
121, 124101 (2018).
[3] T. R. Michel, J. Diego Urbina, and P. Schlagheck, J. Phys. A:
Math. Theor. 58, 275303 (2025).
[4] Q. Hummel, K. Richter, and P. Schlagheck, Phys. Rev. Lett. 130,
250402 (2023).

TT 19.7 Mon 16:45 CHE/0091

Flat bands on the state graph —
2

Many-Body Cages -
eTom BEen-AmI'2, Markus HEevL!, and RODERICH MOESSNER
— 1University of Augsburg, D-86135 Augsburg, Germany — 2Max-
Planck-Institut fiir Physik komplexer Systeme, Nothnitzer Strafie 38,
Dresden 01187, Germany

We identify the many-body counterpart of flat bands, which we term
many-body caging, as a general mechanism for non-equilibrium phe-
nomena such as a novel type of glassy eigenspectrum order and many-
body Rabi oscillations in the time domain. We focus on constrained
systems of great current interest in the context of Rydberg atoms and
synthetic or emergent gauge theories. We find that their state graphs
host motifs which produce flat bands in the many-body spectrum at a
particular set of universal energies. Basis states in Fock space exhibit
Edwards-Anderson type order in the absence of quenched disorder,
with an intricate, possibly fractal, distribution over Fock space. This
is reflected in a distinctive structure of a non-vanishing post-quench

long-time Loschmidt echo, an experimentally accessible quantity. In
general, phenomena familiar from single-particle flat bands manifest
themselves in characteristic many-body incarnations, such as a reen-
trant ‘Anderson’ delocalisation, offering a rich ensemble of experimen-
tal signatures in the abovementioned quantum simulators. The variety
of single-particle flat band types suggests an analogous typology—and
concomitant phenomenological richness to be explored—of their many-
body counterparts.

TT 19.8 Mon 17:00 CHE/0091
Dynamics in the presence of local symmetry-breaking impuri-
ties — oYanur Li1'2, PaBLo SaLa®?, FRaANK PoLLMANND2| SANJAY
Moubpcaryal 2, and OLExEI MoTRuNIcH?4 — ITechnical University
of Munich, Germany — 2Munich Center for Quantum Science and
Technology, Germany — 2California Institute of Technology, USA —
4Walter Burke Institute for Theoretical Physics, USA

Continuous symmetries lead to universal slow relaxation of correlation
functions in quantum many-body systems. In this talk, I will show
how local symmetry-breaking impurities affect the dynamics of these
correlation functions using Brownian quantum circuits. While explic-
itly breaking the symmetry is generally expected to lead to eventual
restoration of full ergodicity, we find that approximately conserved
quantities that survive under such circumstances can still induce slow
relaxation. This can be understood using a super-Hamiltonian formu-
lation, where low-lying excitations determine the late-time dynamics.
We show that in one dimension, symmetry-breaking impurities modify
diffusive and subdiffusive behaviors associated with U(1) and dipole
conservation at late times, e.g., by increasing power-law decay expo-
nents of the decay of autocorrelation functions. On the other hand, for
an impurity that disrupts strong Hilbert space fragmentation, it leads
to prethermal plateaus in autocorrelation functions. Overall, our ap-
proach systematically characterizes how symmetry-breaking impurities
affect relaxation dynamics in symmetric systems.

TT 19.9 Mon 17:15 CHE/0091
Late time dynamics of quantum entanglement — eFELIX
DuseLb2, Frank Porumann2:3 Topias MickriTz?, and ALEXAN-
DER ALTLAND® — !Department of Physics, Technical University of
Munich, 85748 Garching, Germany — 2?Munich Quantum Valley,
80807 Munich, Germany — 3Munich Center for Quantum Science and
Technology (MCQST), Schellingstrake 4, 80799 Munich, Germany —
4Centro Brasileiro de Pesquisas Fisicas, Rua Xavier Sigaud 150, 22290-
180 Rio de Janeiro, Rio de Janeiro, Brazil — ®Institut fiir Theoretische
Physik, Universitat zu Koln, Ziilpicher Strafe 77, 50937 Cologne, Ger-
many

We study entanglement spreading in quantum circuits composed of lo-
cal qudits with large Hilbert space dimension, and single-particle dy-
namics relaxing slower than the characteristic timescale for entangling
of neighboring qudits.

TT 20: 2D Materials Il — Electronic and Transport Properties (joint session HL/TT)

Time: Monday 15:00-16:30

TT 20.1 Mon 15:00 POT/0081
Ballistic electrostatic graphene superlattices using He
ion-milled etching masks — eREBEcca Horrmann!, GruLia
Picainint!, JunieN Barrier!, Davip Barcons Ruiz!, Hanan
Herzic SHEINFUX!, TakasHl TANIGUCHI?, KENJI WATANABES,
ApriaNn BacuroLp!#, and Frank H.L. Koppens'* — 1ICFO-
Institut de Ciencies Fotoniques, Castelldefels, Spain. — 2International
Center for Materials Nanoarchitectonics, NIMS, Tsukuba, Japan —
3Research Center for Functional Materials, NIMS, Tsukuba, Japan —
4ICREA-Instituci6 Catalana de Recerca i Estudis Avancats, Barcelona,
Spain
An electrostatic superlattice is created by applying a periodic electro-
static potential to a material using patterned gates or dielectrics, lead-
ing to tunable band structure reconstruction. This approach enables
free design of the superlattice geometry and lattice period. While high
mobility has been observed, signatures of ballistic transport (e.g. nega-
tive resistance in cross geometry, transverse magnetic focusing) remain
to be reported. Here, we present a nanofabrication technique combin-
ing Helium ion milling of etching masks with damage-free etching of
graphite gates [1]. Using these gates in a graphene heterostructure
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creates an electrostatic superlattice which preserves graphene’s high
mobility. We report superlattice features. The high electronic quality
is confirmed by transverse magnetic focusing and device-size limited
mean free path.

[1]D. Barcons Ruiz, et al., Nat. Commun. 13, 6926 (2022)

TT 20.2 Mon 15:15 POT/0081
Tomographic flow regime in the 2D Corbino disk geometry
— oGRIGORIT STARKOV — Institute for Theoretical Physics and As-
trophysics, University of Wiirzburg, D-97074 Wiirzburg, Germany

2D materials offer a unique test ground to study electron transport
regimes dominated by the electron-electron collisions. This makes
them the perfect platform to observe the electron hydrodynamic flows.
Not so long ago, it has been realized that precisely in 2D, the electron
collisions constrained due to Pauli blocking result in the appearance of
the long lived collective modes with odd angular character. The cor-
responding novel transport regime has been dubbed "tomographic”.
In the recent experiment [2|, magnetoresistance in Corbino-shaped
graphene devices was used to disentangle different contributions to
the electron transport and to determine viscosity. The obtained
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temperature-dependence thereof has been linked to the tomographic
flow. However, the analysis is based on the bulk expressions for the
conductivity and does not treat boundary corrections in detail. At the
same time, boundary layers have been shown to be anomalously large
in the tomographic flow regime [3].

To take into account the boundary effects, I analyze the magne-
toresistance in the 2D Corbino disk geometry across different regimes,
using the linearized Boltzmann equation.

[1] P. Ledwith et al, Phys. Rev. Lett. 123, 116601 (2019) [2] Y.
Zeng et al, arXiv:2407.05026 (2025) [3] N. Ben-Schachar, J. Hoffmann,
arXiv:2503.14431 (2025)

TT 20.3 Mon 15:30 POT/0081
Pulsed-gate spectroscopy of the electron-hole block- ade
in Dbilayer graphene double quantum dots elLARS
MesTer!2, HuBerr DuLiscal2, KaTriIN HeEckerD2, KONSTANTI-
Nos KonToGEORGIOU2, SAMUEL MOLLER!2, LEON STECHER!, KENJI
WaranaBe?, Takasar TanicucHI®?, FaBiaN HassLER®, CHRISTIAN
Vork!2, and Curistorn STamMPFERY2 — 1JARA-FIT and 2nd In-
stitute of Physics, RWTH Aachen University, Aachen, Germany —
2PGI-9, Forschungszentrum Jiilich, Jiilich, Germany — 3JARA- In-
stitute for Quantum Information, RWTH Aachen University, Aachen,
Germany — “Research Center for Functional Materials, Na- tional
Institute for Materials Science, Namiki, Japan — SInternational Cen-
ter for Materials Nanoarchitectonics, National Institute for Materials
Science, Namiki, Japan

Pauli blockade is an established read-out mechanism for quantum-dot
(QD) spin qubits. Using bilayer graphene (BLG) as a platform offers
advantages such as a tunable valley degree of freedom. Recently, a
strong spin-valley blockade was demonstrated in an electron-hole BLG
double quantum dot (DQD) using time-averaged transport measure-
ments. Here, we employ pulsed-gate spectroscopy by pulsing between
the (Oe, Oh) and (le, 1h) charge configurations. Comparison with sim-
ulations allows us to identify unconventional higher-order tunneling as
the dominant blockade-lifting mechanism, with timescales governed by
QD-lead coupling and the number of accessible states. Our results pro-
vide direct access to blockade-lifting dynamics in a BLG DQD, offering
relavant insights for the development of future BLG-based qubits.

TT 20.4 Mon 15:45 POT/0081
Temperature Dependent Electrical Transport in Thin SnSe;
— eLARs THoOLE!, AArTI LakHARAZ, PREETI A. BHOBE?, and ROLF
J. Haug! — !Institut fiir Festkérperphysik, Leibniz Universitat Han-
nover, 30167 Hannover, Germany — 2Department of Physics, In-
dian Institute of Technology Indore, Khandwa Road, Indore, Simrol,
453552, India

The two-dimensional material SnSes shows special temperature depen-
dent behavior [1], which has not been understood to its full capacity
as of now.

We fabricated thin samples of SnSes and investigated its electrical
transport behavior in regards to its temperature dependence [2]. These
samples show a metal-insulator transition with a metallic state for
higher temperatures. The low-temperature transport regime is domi-
nated by variable-range hopping. Additionally, the influence of defect
states in these samples is investigated by looking at the thickness de-
pendence for different samples [3].

[1] C. Guo, et al., Appl. Phys. Lett. 109, 203104 (2016).
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[2] A. Lakhara, L. Thole, R. J. Haug, and P. Bhobe. arXiv: 2507.14536
(2025).

[3] A. Lakhara, L. Thole, R. J. Haug, and P. Bhobe. Phys. Rev. B
112, 235401 (2025).

TT 20.5 Mon 16:00 POT/0081
Polarization resolved Electron Spin Resonance in two-
dimensional electron systems — eDANIAR KHUDAIBERDIEV!,
ALEXEY SHUVAEV!, MICHAIL GLAZOVZ, ANTON SHCHEPETILNIKOVS,
VIACHESLAV MURAVEVS, CHRISTIAN REICHL?, WERNER
WEecscHEIDER?, and ANDREI PimeEnov! — llnstitute of Solid State
Physics, Technische Universitdt Wien, 1040 Vienna, Austria — 2St.
Petersburg, Russia — 3Chernogolovka, Russia — “Laboratory for

Solid State Physics, ETH Zurich, CH-8093 Zurich, Switzerland

Electron spin resonance (ESR) has long served as a powerful probe
of g-factor anisotropy, spin-orbit interactions, hyperfine coupling, and
collective many-body spin phenomena in two-dimensional electron sys-
tems (2DESs). Most prior studies detect ESR in the photoresistance
of Hall bars, where the excitation-field distribution and polarization
are distorted, complicating the analysis of the excitation conditions.

In contrast, we report polarization-resolved ESR in sub-THz trans-
mission using a quasi-optical setup and large-area samples that en-
sure high polarization purity. First we study the 2DES hosted in a
4.5-nm AlAs quantum well with a single isotropic valley. The selec-
tion rules indicate that Dresselhaus spin-orbit coupling mediates the
electric-dipole-active spin absorption. Further we examine systems
with more complex spectra such as wide AlAs wells with an active
pseudospin, HgTe and InAs quantum wells with low effective mass
and strong spin-orbit coupling enhancing the effects.

TT 20.6 Mon 16:15 POT/0081
First-Principles Investigation of Electronic Transport in 2D
GaSe: Backward Diodes, p-i-n FETs, and Double-Gate MOS-
FETs — eDocukaN Hazar OzBey and EnciN Durcun — UNAM
- National Nanotechnology Research Center and Institute of Materials
Science and Nanotechnology, Bilkent University, Ankara, Turkey

In this study, we present a comprehensive first-principles investiga-
tion of charge transport in monolayer GaSe nanodevices by com-
bining density functional theory with the nonequilibrium Green’s
function (DFT + NEGF) formalism. Three representative architec-
tures, namely p—n junctions, p—i—n field-effect transistors (FETs), and
double-gate MOSFETS, are systematically analyzed. Our calculations
reveal that GaSe p—n junctions display an unconventional backward
diode response, in which reverse currents within the £1 V window
exceed forward currents owing to tunneling-assisted transport, as ev-
idenced by the projected local density of states. When configured
as p—i—n FETs, electrostatic gating allows selective control over tun-
neling conduction. Moderate gate biases suppress the reverse cur-
rent, whereas stronger gating reactivates and amplifies it. Finally,
double-gate GaSe MOSFETs with channel lengths of approximately
5 nm exhibit competitive figures of merit that meet or surpass the
ITRS-2028 high-performance benchmarks, achieving an on/off ratio of
1.2 x 10%, intrinsic delay time of 0.24 ps, and power—delay product of
only 0.06 fJ-um~1!. Our results highlight GaSe as a single 2D semicon-
ductor capable of integrating backward-diode behavior with high-speed
transistor operation.
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TT 21.1 Mon 15:00 POT/0151
Origin of pressure-induced anomalies in the nodal-line ferri-
magnet Mn3SizTeg — VARUN VENKATASUBRAMANIAN!, MAKOTO
SHiMIZUZ2, eDANIEL GUTERDING®, and HArRALD O. JeEscHke! —
IResearch Institute for Interdisciplinary Science, Okayama Univer-
sity, Okayama, Japan — 2Department of Physics, Graduate School
of Science, Kyoto University, Kyoto, Japan — 3Technische Hochschule
Brandenburg, Brandenburg an der Havel, Germany

The nodal-line ferrimagnet MngzSioTeg exhibits a pressure-induced
insulator-to-metal transition (IMT), which coincides with pronounced
anomalies in its magnetic ordering temperature and anomalous Hall
conductivity. We employ density functional theory (DFT) in combi-
nation with classical Monte Carlo simulations to elucidate the origin of
these effects. Pressure-dependent Heisenberg Hamiltonians extracted
from DFT reveal a strong evolution of exchange couplings across the
structural transition from the trigonal to the monoclinic phase, produc-
ing a dome-shaped variation of the ferrimagnetic ordering temperature
in quantitative agreement with experiment. While our simulations cap-
ture the pressure-driven IMT and magnetic evolution, the anomalous
Hall response cannot be fully explained by intrinsic Berry curvature
effects, indicating additional extrinsic contributions.

[1] V. Venkatasubramanian, M. Shimizu, D. Guterding, and
H. O. Jeschke, Origin of pressure-induced anomalies in the nodal-line
ferrimagnet MngSiz Teg, arXiv:2509.18238

TT 21.2 Mon 15:15 POT/0151
Near Room-Temperature Ferromagnetism and Insulator-
Metal Transition in van der Waals Material CrGeTe; —
DANIEL GUTERDING!, JiHAAN EBAD-ALLAH?, GILI SCHARFS, HAN-
Xianag Xu?, Makoro SumMIzu®, Junya Otsuki®, ArLon Ron3,
CHRISTINE KUNTSCHER?, and eHARALD O. JEscHKE® — !Technische
Hochschule Brandenburg, Brandenburg an der Havel, Germany —
2 Augsburg University, Augsburg, Germany — 3Tel Aviv University,
Tel Aviv, Israel — 4Chinese Academy of Sciences, Beijing, China —
5Kyoto University, Kyoto, Japan — SResearch Institute for Interdis-
ciplinary Science, Okayama University, Okayama, Japan

We investigate how pressure tunes the electronic and magnetic prop-
erties of the van der Waals ferromagnet CrGeTes, a promising mate-
rial for near room-temperature applications. Using DFT+DMFT, we
trace the transition from semiconducting to metallic ferromagnet [1].
Optical conductivity reveals a mid-infrared feature, signalling orbital-
selective correlations, while a double-exchange mechanism stabilizes
high-temperature ferromagnetism [2]. The anomalous Hall effect shows
extrinsic behaviour beyond pure Berry curvature effects [3]. These re-
sults highlight the interplay of magnetism and electronic correlations
in achieving tunable ferromagnetism in CrGeTes, suggesting that pres-
sure and charge carrier doping offer promising routes to control mag-
netism and transport in layered materials.

[1] H-X. Xu et al., Phys. Rev. B 108, 125142 (2023)

[2] J. Ebad-Allah et al., Phys. Rev. B 111, L140402 (2025)

[3] G. Scharf et al., Phys. Rev. Res. 7, 013127 (2025)

TT 21.3 Mon 15:30 POT/0151
Ground State of the Topological Insulator Candidate
EusAuGes — eVinicius EsTevo Sitva FREHSE!, ALEKSANDR
SukHANOV!, ARTEM KorsHuNov2, EuceEN WESHCKE?, ALy
ABDELDAIM?, PrisciLa Rosa®, and MAREIN Raun! — 1Universitét
Augsburg, Augsburg, Germany — 2Donostia International Physics
Center, San Sebastian, Spain — 3Helmholz Zentrum Berlin, Berlin,
Germany — 4Diamond Light Source, Didcot, UK — ®Los Alamos Na-
tional Laboratory, Los Alamos, USA

Eu2AuGes is an unusual rare earth germanide in which quasi-trigonal
europium sheets are interleaved with Au-Ge honeycomb layers, where
high-throughput calculations indicate potential for topological band
Bulk and transport data have revealed a series of (re-
)ordering transitions upon cooling, as well as metamagnetic transitions
at low temperature. Recently, we identified a broad transition around
Tepw = 130 K as the continuous freezing-out of a buckling mode of
the honeycomb layers.

Here, we present preliminary evidence from neutron and resonant
elastic X-ray scattering, which hints at helical magnetic order below
Tnx = 11 K. Unexpectedly for the nominally spin-only divalent eu-

inversions.
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ropium, the magnetic order also appears to be accompanied by a mod-
ulated orbital order parameter. This phase is preceded by a transition
at 23 K, where we observe a subtle doubling of the ab-plane, possibly
related to the charge density wave formed during Topw -

TT 21.4 Mon 15:45 POT/0151
Electronic structure, magnetic and optical properties
of antiferromagnetic 3d-oxides from a Wannier-localized
optimally-tuned screened range-separated hybrid functional
— eALEXANDER SHickb?2, Guy Onap?, JEFFREY NEATON?% and
Leror Kronik? — 'FZU-Institute of Physics, Czech Academy of
Sciences, Prague, Czech Republic — 2Weizmann Institute of Sci-
ence, Rehovoth, Israel — 3University of California, Berkeley, USA —
4Lawrence Berkeley National Laboratory, Berkeley, USA

We apply the recently developed Wannier-localized, optimally tuned,
screened range-separated hybrid (WOT-SRSH) functional to proto-
typical bulk antiferromagnetic insulators — MnO, NiO, and hematite
(Fe203). Comparison to calculations based on well-established func-
tionals, namely PBEO, and HSEO06, as well as to self-consistent quasi-
particle GW and dynamic mean field theory calculations, and to exper-
iment, shows that the WOT-SRSH functional provides a good quan-
titative description of band gaps, spin magnetic moments, photoemis-
sion, and optical absorption spectra. This establishes WOT-SRSH
as a uniform, non-empirical framework for band theory of electronic,
magnetic, and optical properties of magnetic insulators.

TT 21.5 Mon 16:00 POT/0151

Spectroscopic evidence of Kondo resonance in 3d van der

Waals ferromagnets — eDEEPALI SHARMA'2, NEERAJ BHATT!,
AsiF ALt', Rajeswarl Roy CHOWDHURY!, CHANDAN PaTrAl, Ravi
PrakasH SiNGH!, and Ravi SHANKAR Sincu! — 1IISER Bhopal,

Bhopal, India — 2TU Dortmund, Dortmund, Germany

Two-dimensional van der Waals (vdW) ferromagnets drive the ad-
vancement in spintronic applications and enable the exploration of ex-
otic magnetism in low-dimensional systems. The entanglement of the
dual—localized and itinerant—nature of electrons lies at the heart of the
correlated electron systems giving rise to exotic ground state properties
such as complex magnetism, heavy fermionic behavior, Kondo lattice
formation, etc. Through temperature-dependent electronic structure
of vdW ferromagnets, Co substituted FezGeTea, probed using high-
resolution photoemission spectroscopy and density functional theory
combined with dynamical mean field theory (DFT + DMFT), we pro-
vide direct evidence of the emergence of Kondo resonance peak driven
by complex interplay between localized and itinerant electrons. Fur-
ther, in overall agreement with the experimental electronic structure
and magnetic properties, DFT + DMFT also reveals non-Stoner mag-
netism. The findings provide a way forward to the understanding of
complex interplay between electronic structure, exotic magnetism, and
heavy fermionic behavior leading to the Kondo scenario in 3d vdW fer-
romagnets.

TT 21.6 Mon 16:15 POT/0151
T-linear and quadratic transport across the Cuprate and
Nickelate phase diagram : pseudogap, strange-metal and
Fermi-liquid — eDoncwook Kim!, MoToHARU KITATANIZ, JURAJ
Krsnik3, and KArRsTEN HELD? — 'Wiedner Hauptstrafe 8-10, 1040
Wien — 23-2-1 Koto, Kamigori-cho, Ako-gun, Hyogo 678-1297, Japan
— 3Trg Republike Hrvatske 14. HR-10000 Zagreb Croatia — *Wiedner
Hauptstrafie 8-10, 1040 Wien

We investigate DC resistivity and nodal quasiparticle (QP) scatter-
ing in hole-doped cuprates-nickelate type superconductors by ladder
dynamical vertex approximation (LDI'A). In the pseudogap regime
of doping § = 0.1-0.175, we observe a crossover from T-linear to T2
resistivity at low T'. For dopings § = 0.2-0.25, the resistivity remains
fully T-linear down to the lowest temperatures, indicating strange-
metal behavior associated with a nearby quantum critical point (QCP).
At higher doping of § = 0.3 the T2 recovery reappears, signaling
exit from the quantum-critical regime. The nodal QP scattering rate
and the first-Matsubara-frequency rule analysis independently confirm
the same FL*NFL crossover, providing consistent support for the T-
dependent transport obtained within LDT'A
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TT 21.7 Mon 16:45 POT/0151
Toward ab-initio simulation for resonant inelastic X-ray
scattering in strongly correlated materials — eYun YENDZ,
MarTHiAs Krack?, and MICHAEL ScHULER?3 — lInstitute for The-
oretical Physics, Bremen Center for Computational Materials Science,
University of Bremen, Bremen, Germany — 2PSI Center for Sci-
entific Computing, Theory and Data, Villigen PSI, Switzerland —
3Department of Physics, University of Fribourg, Fribourg, Switzerland

X-ray absorption spectroscopy (XAS) and resonant inelastic X-ray
scattering (RIXS) can be used to study low-energy excitations in com-
plex materials, which are challenging to interpret due to strong corre-
lations during the photoexcitation processes. We aim to develop ab-
initio methods for XAS and RIXS, by constructing Anderson impurity
models using Wannier-based tight-binding parameters and constrained
random phase approximation. The spectrums are then computed via
exact diagonalization and Krylov subspace methods. We will show a
benchmark on spin spiral materials, where the d-d excitation intensity
dependence can be related to the onset of magnetic order with the
support of our methods.

TT 21.8 Mon 17:00 POT/0151
Magnetic Persistence in PrAlGe via RIXS and XAS model-
ing — eJuaN FELIPE PULGARIN MosQUERAM2, YuN YENS3, TIAN-
LUN Yu?, YeEonc-AH Son?, THORSTEN ScHMmITT?, and MICHAEL
ScHUELER!"?2 — 1PSI Center for Scientific Computing, Theory and
Data, Villigen PSI, Switzerland — 2University of Fribourg, Depart-
ment of Physics, University of Fribourg, Fribourg , Switzerland —
3Institute for Theoretical Physics and Bremen Center for Computa-
tional Materials Science, University of Bremen, Bremen, Germany —
4PSI Center for Photon Sciences, Villigen-PSI, Switzerland

The interplay between topological electronic states and magnetism is
in the spotlight of condensed matter for potential applications. PrAlGe
is a prime candidate in this context, with several works reporting it
as a magnetic Weyl semimetal. However, the microscopic relation-
ship between the magnetic ordering, anomalous Hall effect and local
spectroscopic signatures remains an open question. We study this
phenomenon based on a combination of X-ray spectroscopy and first-
principle calculations. We present our ab-initio approach to com-
puting X-ray absorption spectroscopy and resonant inelastic X-ray
scattering based on accurate Anderson Impurity model derived from
density-functional theory with Hubbard corrections. This comparison
is crucial for understanding the experimental finding that the ferro-
magnetic transition occurs at Tc ~ 16 K, significantly lower than the
temperature scale at which the AHE and circular dichroism vanish
Taug ~ 35 K). The survival of circular dichroism above Tt serves as
a local probe for the persistence of local magnetic moments.

TT 21.9 Mon 17:15 POT/0151
Ab initio spin Hamiltonians and magnetism of Ce and
Yb triangular-lattice compounds — LeoNID V. Pourovskil2,
eRAFAEL D. Soares3, and ALEXANDER WIETEKS — 'CPHT, CNRS,
Ecole polytechnique, Institut Polytechnique de Paris, 91120 Palaiseau,
France — 2Collége de France, Université PSL, 11 place Marcelin Berth-
elot, 75005 Paris, France — 3Max Planck Institute for the Physics of
Complex Systems, Nothnitzer Strafe 38, 01187 Dresden, Germany

We calculate the crystal-field splitting, ground-state Kramers dou-
blet and intersite exchange interactions within the ground-state dou-
blet manifold for a representative set of Ce and Yb triangular-lattice
compounds. These include the putative quantum spin liquids (QSL)
RbCeO2 and YbZnaGaOs and the antiferromagnets KCeO2 and
KCeSs. The calculated nearest-neighbor (NN) couplings are antiferro-
magnetic and exhibit noticeable anisotropy. The next-nearest-neighbor
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(NNN) couplings are ferromagnetic in the Ce systems and dominated
by classical dipole—dipole interactions in the Yb case. Solving the re-
sulting effective spin-1/2 models by exact diagonalization up to N = 36
sites, we predict ordered magnetic ground states for all systems, in-
cluding the two QSL candidates. We explore the phase space of an
anisotropic NN + isotropic NNN triangular-lattice model finding that
a significant antiferromagnetic NNN coupling is required to stabilize
QSL phases, while the NN exchange anisotropy is detrimental to them.
Our findings highlight a possibly important role of deviations from the
perfect triangular model in real materials.

TT 21.10 Mon 17:30 POT/0151
Transition metal dihalides: from band structure to magnetic
properties — ®ALEXANDER YARESKO!, SEBASTIEN HaDJADJIZ, and
MaxiMm ILyn? — Max Planck Institute for Solid State Research,
Stuttgart, Germany — 2Centro de Fisica de Materiales, Donostia-San
Sebastian, Spain
Transition metal dihalides TX2 (T=Fe, Ni, X=Cl, Br) have recently
attracted attention because of successful growth of monolayer-thick
TXs films on various substrates, such as Au or NbSesz, allowing to
study 2D magnetism. We compare results of band structure calcula-
tions for bulk and monolayer FeX2 and NiXs. By mapping the total
energies calculated for helical spin structures with various q to the
Heisenberg model we show that the change of magnetic order within
a layer from ferro- in NiCly to helimagnetic in NiBra can be explained
by the increased strength of antiferromagnetic (AF) 3-rd neighbor ex-
change interaction Jz which competes with FM nearest neighbor J;.
We found that inter-layer coupling Jo. stabilizes FM order within a
layer. Thus, one can expect stronger tendency to a helimagnetic state
in a NiX2 monolayer.

In contrast to NiXs, J; estimated from LDA+U spin-spiral calcu-
lations for FeXs is weak but shows substantial dependence on the
strength of the Coulomb repulsion U. In agreement with experimental
findings, calculations including spin-orbit coupling result in apprecia-
ble easy axis anisotropy with Fe magnetic moments normal to layers.

‘We also discuss various microscopic contributions to intra- and inter-
layer exchange interactions.

TT 21.11 Mon 17:45 POT/0151
Coexistence of charge order and antiferromagnetism in three-
dimensional Hubbard-Holstein model: A study (exploring
phases) at and away from half-filling — eSanpip HALDER and
MosHE ScHECHTER — Ben-Gurion University of the Negev, Beer-
Sheva, Israel

The physics of correlated electron systems has long been explored
through the Hubbard model and its extensions, including models
with long-range hopping. Likewise, phenomena arising from electron-
phonon coupling- such as charge order and superconductivity- have
been extensively studied within the Holstein model, though largely in
lower dimensions. In transition-metal oxides, however, both electron
correlations (U) and electron-phonon coupling (V) coexist intrinsically,
motivating a comprehensive study of the Hubbard-Holstein model in
three dimensions.

Using an exact diagonalization-based semi-classical Monte Carlo (s-
MC) method, we investigate the intriguing properties of this model.
At half-filling, the system undergoes a first-order transition between a
charge-ordered (CO) phase and an antiferromagnetic (AF) phase as U
and V are varied. In the AF regime, near the phase boundary, hole dop-
ing drives the system from the AF state (n=1) to a CO state (n=0.5),
and eventually to a disordered phase at low densities. Notably, a ro-
bust coexistence of AF and CO emerges around x=0.35 (n=0.65), with
Tco exceeding Ty, consistent with experiments on Las—S7rNiOjy.
The study provides new insight into correlated materials and guiding
future experimental explorations.
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TT 22.1 Mon 18:00 P1
Sextets in four-terminal Josephson junctions — eMiriam R.
EBerr!, Davip C. OunmacHT!, WoLFcanGg BEerzig!, and Juan C.
Cugevas?3 — 1Fachbereich Physik, Universitdt Konstanz, D-78457
Konstanz, Germany — 2Departamento de Fisica Teérica de la Ma-
teria Condensada, Universidad Autonoma de Madrid, 28049 Madrid,
Spain — 2Condensed Matter Physics Center (IFIMAC), Universidad
Auténoma de Madrid, 28049 Madrid, Spain

Multiterminal superconducting junctions have revitalized the investi-
gation of the Josephson effect. One of the most interesting aspects
of these hybrid systems is the occurrence of multi-Cooper pair tun-
neling processes that have no analog in two-terminal devices. Such
correlated tunneling events are also intimately connected to the An-
dreev bound states (ABSs) supported by these structures. Josephson
junctions with four superconducting terminals have attracted special
attention because they are predicted to support ABSs with nontrivial
topological properties. Here, we present a theoretical study of sextets,
which are correlated tunneling processes involving three Cooper pairs
and four different superconducting terminals [1]. We investigate how
sextets can be identified from the analysis of the current-phase rela-
tion and show how sextets are connected to the hybridization of ABSs.
Furthermore, we discuss their existence in recent experiments on four-
terminal devices realized in hybrid Al/InAs heterostructures [2].

[1] M. R. Ebert et al., Phys. Rev. B 112, 195430 (2025)

[2] T. Antonelli et al., Phys. Rev. X 15, 031066 (2025)

TT 22.2 Mon 18:00 P1
Superconducting proximity effect in non-collinear anti-
ferromagnets — eANsHUMAN Papnr', PrajwaL RicvEDI MAD-
HUSUDAN Raol, Asin Jov?2, Asesa K Gorpil, JiHo Yoon!, JAECHUN
Jeon!, BANABIR PaL!, and Stuarr S. P. ParkiN! — Max Planck
Institute of Microstructure Physics, 06120, Halle (Saale), Germany —
2Indian Institute of Science, 560012, Bengaluru, India

Triplet Cooper-pair generation in superconducting hybrids is typi-
cally achieved using multilayer ferromagnetic structures with non-
collinear magnetization, but such systems restrict material flexibility
and can introduce vortex-related artefacts. Non-collinear antiferro-
magnets (NCAFMs) provide a promising alternative: their intrinsic
spin textures and residual uncompensated moments can support long-
range superconducting correlations without complex magnetic stack-
ing. Here, we interface superconducting thin films (thickness lesser
than the coherence length) with two magnetic phases of a Mn-based
antiperovskite and track how their critical temperature evolves un-
der magnetic fields of various orientations. The symmetry and spin
configuration of the NCAFMs are expected to modify the Andreev
spectrum at the interface and thereby affect the robustness of the su-
perconducting condensate, a common indicator of triplet pairing. We
further attempt to study the interface using tunneling spectroscopy
and explore possible signatures of spin-dependent Andreev states.

TT 22.3 Mon 18:00 P1
RF-Driven Josephson Dynamics in an STM-Defined Pb-NbS»
Junction — eAsLa Karic, RiaN LicTHART, ALEXANDER LAFLEUR,
KEvIN HAUSER, BENJAMIN FROELICH, and FABIAN D. NATTERER —
Department of Physics, University of Zurich, Winterthurerstrasse 190,
CH-8057, Switzerland

We use a scanning tunneling microscope to form an ultrasmall Joseph-
son junction between a Pb tip and an NbSgy sample at 1.5 K and inves-
tigate how its electromagnetic environment shapes the Josephson re-
sponse. We apply radio-frequency (RF) driving up to 40 GHz and track
the evolution of dI/dV spectra as a function of RF amplitude. The
measurements reveal pronounced photon-assisted tunneling features
and a strong modulation, suppression, and reemergence of the zero-bias
Josephson peak, consistent with a phase-diffusive regime dominated by
environmental fluctuations. In ongoing work, we increase the effective
junction capacitance to directly probe how controlled changes in the
junction capacitance modify the Josephson dynamics. Understanding
these environmental effects is essential for identifying the conditions
under which STM-based Josephson junctions can be pushed toward
more coherent operation relevant for qubit applications.

TT 22.4 Mon 18:00 P1
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prediction of SJTM observables in putative PDW state
in cuprates — eMoNIKANA GoPE, SHASWAT CHATURVEDI, and
PeavyusH CHOUBEY — Department of Physics, Indian Institute of
Technology Roorkee, Roorkee-247667, Uttarakhand, India

The coexistence of competing electronic phases, such as pair-density
wave (PDW) and charge-density wave (CDW), in high-temperature
superconductors remains unresolved. These phases originate from dis-
tinct mechanisms, exhibit spatial modulations, and influence super-
conductivity differently. Scanning Josephson Tunnelling Microscopy
(SJTM) enables atomic-scale probing of these modulations by measur-
ing Josephson and quasiparticle tunnelling currents between a super-
conducting tip and a superconducting sample, thus serving as a direct
local probe of the superconducting gap order parameter. Using this
technique, we aim to distinguish PDW signatures from other compet-
ing orders in cuprates. Starting with the tJ model, which captures
strong electron correlations and the interplay between electron hop-
ping, exchange interactions, and strong correlation effects in cuprate
superconductors, we stabilise a metastable PDW phase under specific
doping and fixed-temperature conditions. We then compute the criti-
cal current for a superconducting s-wave tip in both PDW and PDW
+ dSC states, finding distinct modulations in Ic and abs(Ic). Finally,
we employ a Wannier-function-based continuum approach to calculate
the critical current and predict characteristic SJTM signatures of the
PDW state.

TT 22.5 Mon 18:00 P1
Theory of ESR-STM in superconducting hybrids — eMARCEL
PorLAk and BiOrRN TRAUZETTEL — Institute for Theoretical Physics
and Astrophysics, University of Wiirzburg, 97074 Wiirzburg, Germany

The electron spin resonance scanning tunneling microscopy (ESR-
STM) is a technique that has emerged in the last few years and is
a focus of both experimental and theoretical studies. It combines tun-
neling with an external rf field to probe magnetic adatoms with high
resolution in energy and space. Such tunneling problems can be stud-
ied in the presence of superconducting electrodes. This leads to the
presence of Yu-Shiba-Rusinov states, Andreev reflection and Shapiro
steps. We employ the Green’s function approach, to study the effect
of an external rf driving on the tunneling current in superconducting
hybrids in the presence of driven spins.

TT 22.6 Mon 18:00 P1
Schrieffer-Wolff-transformation approach to Josephson junc-
tions: quasiparticle effects and Josephson harmonics
eApim Baicsi!'?, Tropor Iriein®4, and Rox Z1TKO3
1Széchenyi Istvan University, Gyor, Hungary — 2MTA-BME Lendiilet
"Momentum” Open Quantum Systems Research Group, Institute of
Physics, Budapest University of Technology and Economics, Budapest,
Hungary — 3Jozef Stefan Institute, Ljubljana, Slovenia — 4University
of Ljubljana, Ljubljana, Slovenia
We use the Schrieffer-Wolff transformation (SWT) to analyze Joseph-
son junctions between superconducting leads described by the charge-
conserving BCS theory. Starting from the single-electron tunneling
terms, we directly recover the conventional effective Hamiltonian pro-
portional to cos ¢, with an operator-valued phase bias ¢. The SWT
approach has the advantage that it can be systematically extended to
more complex scenarios. We show that if a Bogoliubov quasiparti-
cle is present its motion couples to that of Cooper pairs, introducing
correlated dynamics that reshape the energy spectrum of the junc-
tion. Furthermore, higher-order terms in the SWT naturally describe
Josephson harmonics, whose amplitudes are directly related to the mi-
croscopic properties of the superconducting leads and the junction.
We derive expressions that could facilitate tuning the ratio between
the different harmonics in a controlled way.

TT 22.7 Mon 18:00 P1
Towards new precision measurements of the AC Joseph-
son effect — eSanDIP SanHal, OLivEr KieLer!, RaLr BEeHR!,
JorN BEYER?, JoHANNEs KonLmann!, and Mark BIELER! —
! Physikalisch-Technische Bundesanstalt (PTB), Bundesallee 100,
38116 Braunschweig, Germany — 2Physikalisch-Technische Bunde-

sanstalt (PTB), Abbestrae 2-12, 10587 Berlin, Germany

The AC Josephson effect is used today to realise the unit volt since it
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establishes a perfect relationship between voltage and frequency just
based upon the magnetic flux quantum ¢g = % Around four decades
ago, the universality of the Josephson effect was studied and experi-
mentally verified with an uncertainty of 3 parts in 10'° [1]. Consid-
ering the recent progress in superconducting quantum technology and
metrology, we believe that re-evaluating this uncertainty could shed
new light on the precision of the AC Josephson effect. We plan to use
two independent Josephson junction arrays comprising several thou-
sand Josephson junctions, being driven by a microwave generator to
synthesize DC voltages. To detect small voltage differences between
these two arrays, which will be connected in a superconducting loop,
a state-of-the-art DC SQUID will be inductively coupled and used as
an extremely sensitive null detector. At the conference, we will ex-
plain the principle behind our experimental setup, provide a detailed
introduction of the involved quantum devices, which will be fabricated
using the established Nb thin film technology at PTB, and present a
roadmap for the upcoming measurements.

[1] https://doi.org/10.1103/PhysRevLett.58.1165

TT 22.8 Mon 18:00 P1
Coulomb blockade in ultrasmall step-edge junctions made
of granular aluminum — eSERGEY LoTkHov and Lukas GRUN-
HAUPT — Physikalisch-Technische Bundesanstalt, Bundesallee 100,
38116 Braunschweig

We developed a fabrication routine and implemented a Coulomb block-
ade transistor with two step-edge junctions made of granular aluminum
(grAl) superconductive film. Our process neither involves widely-used
shadow-evaporated overlaps, nor the surface oxidation of aluminum
for creating the tunnel barriers. This technique enables multijunction
single-charge circuitry free of stray replicas. At low temperatures, the
transistor exhibited a typical periodic structure of Coulomb diamonds
adjacent to the superconducting voltage gap of grAl, both varying un-
der experimental conditions. The gap was found to depend weakly on
the transversal magnetic field up to at least 2 Tesla, which we explain
by the microstructure of the superconductive grAl film. Furthermore,
the charging effects persisted unaffected across the superconducting
transistion of grAl, thus supporting a simple, single-electron tunneling
picture of the Coulomb effects observed.

TT 229 Mon 18:00 P1

Towards next-generation Josephson arbitrary waveform syn-

thesizers — eNisuHTHA CHAUDHRY, OLIVER KIELER, ABDULRAH-
MAN Wipaa, MicHAEL Haas, OMAR M. ALADDIN, and JOHANNES
KonLmaNN — Physikalisch-Technische Bundesanstalt, Bundesallee

100, 38116 Braunschweig, Germany

With the rapid emergence of new quantum technologies, there is a
crucial need for cryogenic microwave generation and detection systems
that eliminate additional noise and improve signal quality. We put
forward the Josephson Arbitrary Waveform synthesizer (JAWS) as a
drive-signal source for these quantum devices for ultrabroadband oper-
ation at cryogenic temperatures. The JAWS consists of a pulse-driven
series array of Niobium-based SNS Josephson junctions. JAWS de-
livers ultra-precise, quantum-accurate quantized arbitrary waveforms
with exceptional spectral purity of up to -125 dBc and extremely low
noise or voltage drift. In this conference presentation, we will intro-
duce the current effort at PTB in which we are extending the operation
of previously established JAWS circuits to temperatures as low as 1 K
by exploring different substrate options and optimizing parameters of
the Josephson junctions. The JAWS chips will be able to provide four
different signal channels from DC to GHz and can also be placed close
to the quantum chips at cryogenic temperatures.

TT 22.10 Mon 18:00 P1
Impedance-matched Josephson Parametric Amplifiers —
e AMITESH GuUPTA — Physikalisch-Technische Bundesanstalt, Bunde-
sallee 100, 38116 Braunschweig, Germany

Frequency-multiplexed microwave readout of superconducting qubits is
greatly benefited by low-noise and wide-band amplification. Over the
past decade, Josephson junction based amplifiers, like the impedance-
matched Josephson parametric amplifiers (JPAs), have become one of
the solutions, offering quantum-limited noise performance along with
bandwidth of a few hundreds of MHz. We present a streamlined way to
design a matching network for JPAs using quarter-wave and half-wave
transmission lines. It relies on eliminating the complex part of the
impedance of the JPA*s dc-SQUID, and matching the input to the
negative resistance arising from pumping the JPA. We present har-
monic balance simulations of our designs, and show first experimental
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results of the devices fabricated using Nb-trilayer technology.

TT 22.11 Mon 18:00 P1
Charge Sensitive Superconducting Transmon Qubits for In-
frared Radiation Detection — eJoNaTHAN HuscHLE!, MARKUS
GriepeL!2, Hannes RorziNnger!2, and ALExEY V. UstinovDl?2 —
IPhysikalisches Institut (PHI), Karlsruhe Institute for Technology —
2Institute for Quantum Materials and Technologies (IQMT), Karlsruhe
Institute for Technology

In superconductors, the absorption of photons with energies exceeding
the energy gap breaks Cooper pairs. This increases the population of
quasiparticles, enhances noise, and introduces additional dissipation
at microwave frequencies. The coherence of superconducting qubits
is particularly sensitive to these effects and can thus serve as probes
of quasiparticle dynamics. To enhance the sensitivity, we use a charge
susceptible transmon qubit to investigate charge noise. In combination
with a controllable infrared radiation source, we study the impact on
both the charge noise and the coherence time of the modified transmon
qubit. We present the qubit design and report on our measurement
results at millikelvin temperatures.

TT 22.12 Mon 18:00 P1
Tuneup Protocol for Superconducting Qubits — ePauL
KucLER!, NicorLas GosLiNg!, Masum Upbbpin2, ASEN GEORGIEVS,

L1-WE1 Cuanc3, Surova Vaipvya?, HIRESH JADOENATHMISSIER?,

4 1 NicorLas Zapatal, Lukas

MaumuT CQETIN®, PHILIPP LENHARD",

ScHELLER®, ROBERT GARTMANN®, Wanc N. WonG2, MANOGNYA
AcnArva?, ToBias LINDSTROM?, MARK BIELER®, SEBASTIAN DE
Graar?, Lukas GRONHAUPT?, and Toan Pop!6:7 — HIQMT, KIT,
Karslruhe — 2NPL, Teddington, United Kingdom — 3PTB, Braun-
schweig — “#Orange Quantum Systems, Delft, The Netherlands —
5IPE, KIT, Karlsruhe — SPHI, KIT, Karlsruhe — 7PI1, Stuttgart

University, Stuttgart

We present a standardized, control-platform-agnostic procedure for
tuning up superconducting qubits, developed to ensure consistency and
reproducibility across laboratories and to enable metrological studies
of qubit performance. A central component of the protocol is the cali-
bration of a high-fidelity QND readout, which forms the foundation for
all subsequent qubit measurements. Building on this, we establish the
control pulses required for reliable qubit manipulation, including cali-
brated 7 and 7 /2 pulses. After completing the pulse-calibration work-
flow, we validate the tuneup through randomized benchmarking and
readout-induced leakage benchmarking, providing quantitative checks
of both gate performance and measurement backaction. This unified
procedure supports transparent comparison of results across different
control stacks and contributes to building a consistent metrological
framework for superconducting-qubit experiments.

TT 22.13 Mon 18:00 P1
Investigation of Parasitic Two-Level Systems in Merged-
Element Transmon Qubits — eETIENNE DaumMm, BENEDIKT

BerLiTZ, ALEXEY V. UsTIiNOV, and JURGEN LISENFELD — Physikalis-
ches Institut, Karlsruhe Institute of Technology, Wolfgang-Gaede-
Strafse 1, Karlsruhe, 76131, Baden-Wiirttemberg, Germany

In conventional transmon qubits, decoherence is dominated by a large
number of parasitic two-level systems (TLS) residing at the edges of
its large area coplanar shunt capacitor and junction leads. Avoiding
these defects by improvements in design, fabrication and materials
proved to be a significant challenge that so far led to limited progress.
The merged-element transmon qubit (“mergemon”), a recently pro-
posed paradigm shift in transmon design, attempts to address these
issues by engineering the Josephson junction to act as its own shunt
capacitor. With its energy mostly confined within the junctions, efforts
required to improve qubit coherence can be concentrated on the junc-
tion barrier, a potentially easier to control interface compared to ex-
posed circuit areas. Incorporating an additional aluminium deposition
and oxidation into the in-situ bandaged Niemeyer-Dolan technique, we
were able to fabricate flux-tunable mergemon qubits achieving mean
Ty relaxation times of up to 130us (Q ~ 3.3 x 108). TLS spectroscopy
under applied strain and electric fields, together with systematic de-
sign variations, revealed that even for mergemon qubits - despite their
significantly reduced footprint and increased junction barrier volume
- careful design considerations are still essential to avoid coherence
limitations due to surface loss.

TT 22.14 Mon 18:00 P1

Superconducting quarton qubits with stacked Joseph-
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1, HossaMm Tonamy!, THILO

KrUMREY!, JURGEN LiseNnrELD!, HaNNEs RorziNGeEr!:2, and
Avrexey V. UstiNnov!:2 — IPhysikalisches Institut (PHI), Karlsruher
Institut fiir Technologie (KIT) — 2Institut fiir Quantenmaterialien und

-technologien (IQMT), Karlsruher Institut fiir Technologie (KIT)

Realizing compact, low-loss inductive elements is a key challenge for
scalable superconducting qubits. Although planar Josephson junction
arrays offer large inductances, they also have a substantial footprint,
which causes additional surface loss and increases the stray capaci-
tance. We implement quarton flux qubits with a large positive an-
harmonicity using vertically stacked Josephson junctions, which offer
compact inductance, low stray capacitance, and reduced surface par-
ticipation.

We present DC transport characteristics of stacked junctions and
microwave-loss measurements of quarton qubits. Qubit spectroscopy
reveals numerous avoided crossings induced by two-level systems
(TLS), suggesting the TLS in the array junctions as the dominant
loss channel. We discuss how qubit coherence and the TLS density are
influenced by stack geometry.

son junctions — eALEX KREUZER

TT 22.15 Mon 18:00 P1
Building a Quantum Wheatstone Bridge — ¢THiLO KRUMREY!,
ALex Kreuzer!, Hossam Tonamy!, Aran C. SantTos®, HANNES
RotzingeErY2| and ALexey V. Ustivovl? — !Physikalisches In-
stitut, Karlsruher Institut fiir Technologie, Karlsruhe, Germany —
2IQMT, Karlsruher Institut fiir Technologie, Karlsruhe, Germany —
3Instituto de Fisica Fundamental (IFF), Consejo Superior de Investi-
gaciones Cientificas (CSIC), Madrid, Spain

Today’s qubits, while still quite noisy, are sufficiently coherent for non-
computing applications. We are exploring the possibility of using an
arrangement of superconducting qubits to study the quantum version
of the Wheatstone resistance bridge[l]. It would allow for compar-
ative measurements of coupling energies using the interference of an
excitation gradient across strongly coupled qubits. We propose an im-
plementation of a quantum Wheatstone bridge using superconducting
quantum circuits with quarton flux qubits. Here, the large positive
anharmonicity and the tunability [2] of the operating frequency are
beneficial for our application. We will discuss the current status on
the qubits and resonators designs, simulation and fabrication results.
[1] K. Poulsen et al., PRL 128, 240401 (2022)

[2] F. Yan et al., arXiv:2006.04130v1

TT 22.16 Mon 18:00 P1
Designing a W-band Josephson parametric ampli-
fier. eJonas N. Kimmerer!, Urs StroBeL!, Jakos
LeEnscHEN!, KARAPET HaMBARDZUMYAN!, SERGEI Masis!, JURGEN
LisenFeELD!, HaNNEs RotzinceEr!:2, and ALexey V. Ustinov!:2
— 1Physikalisches Institut (PHI), Karlsruher Institut fiir Technolo-
gie, 76131 Karlsruhe, Germany — 2Institut fiir QuantenMaterialien
und Technologien (IQMT), Karlsruher Institut fiir Technologie, 76344
Eggenstein-Leopoldshafen, Germany

Superconducting quantum circuits operating in the millimeter-wave
regime are expected to offer several advantages that could impact the
scalability of future quantum computing systems. These advantages
include a reduced footprint, faster qubit manipulation, increased ther-
mal resilience, and higher operating temperatures.

The realization of superconducting qubits in the millimeter-wave
regime presents several challenges, one of which is an efficient readout
chain. It should include a Josephson parametric amplifier (JPA), which
is a nonlinear device that amplifies microwave signals with added noise
approaching the quantum limit.

Here, we propose a tunable JPA design operating in the W-band at
a frequency of about 100 GHz. Our approach employs a frequency-
tunable DC-SQUID made using niobium-based Josephson junction
technology. We present numerical simulations conducted to determine
the optimal design and operating parameters for three- and four-wave
mixing and also address the challenges to overcome in practical devices,
such as pumping and coupling schemes.

TT 22.17 Mon 18:00 P1

Immersion Cooling of Transmon Qubits — eVasiLll SEVRIUK!,

AMBER CARRECk!, DANIEL DoriNg!, ZAkARIA MoHAMED!, RAIS
SHAIKHAIDAROV!, LEv LeviTIN!, PETRI HEIKKINEN!, ToOBIAS
LINDSTROMZ, ALEXANDER TZALENCHUK!2, SEBASTIAN DE GRAAFZ,
AnDrREW Casey!, and Joun SaunpERs! — !Royal Holloway Univer-

sity of London, UK — 2National Physical Laboratory, UK
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Superconducting qubits have become a standard platform both for de-
veloping new engineering approaches in quantum computation and for
exploring fundamental questions in solid-state physics and quantum
mechanics [1]. Despite this progress, achieving efficient thermalization
of qubits remains an important challenge [2]. In this work, we present
experimental results obtained by immersing a transmon qubit device
into liquid helium and studying the temperature dependence of its key
parameters. Our approach extends prior studies on immersion cooling
of superconducting resonators [3].

[1] M. Devoret et al., arXiv:cond-mat/0411174

[2] D. Lvov et al., arXiv:2409.02784

[3] M. Lucas et al., Nat. Commun. 14, 3522 (2023)

TT 22.18 Mon 18:00 P1
Dual-tone spectroscopy of atomic tunneling systems in amor-
phous solids — eANTON JARECKA, JAN BLICKBERNDT, MORITZ
MAUR, ANDREAS FLEISCHMANN, ANDREAS REISER, and CHRISTIAN
Enss — Kirchhoff Institute for Physics, Heidelberg University

The performance of state-of-the-art superconducting quantum devices
is limited by noise and decoherence effects, which are known to orig-
inate from atomic tunneling systems (TSs) residing in interfaces and
dielectric layers. With the goal of further understanding the dielectric
properties of such TSs, we investigate their non-equilibrium response
by performing radio-frequency dual-tone spectroscopy using a probe
and a pump field. For that purpose, we have developed a superconduct-
ing microstructured LC-resonator consisting of four identical interdig-
ital capacitors (IDCs) arranged in a Wheatstone bridge setup and two
meander inductances, giving rise to two resonance branches. A bulk
glass serves as the IDC’s dielectric, providing an ensemble of T'Ss. We
use the setup to probe a dielectric volume shared by the two resonances.
Therefore, the resonances address the same ensemble of T'Ss. By tuning
the T'S-pump field interaction so that the dominant T'S Rabi frequen-
cies match the frequency difference of the resonant branches, we can
precisely control the dielectric loss of our sample. The measurements
are qualitatively described within a framework based on the dressing of
tunneling states induced by strong pump fields. Probing these dressed
state transitions provides insights into the non-equilibrium dynamics
and, consequently, the dielectric response of atomic T'Ss.

TT 22.19 Mon 18:00 P1
Landau-Zener transitions in ultra-cold glasses — eJaN BLick-
BERNDT, CHRISTIAN STANDER, ANTON JARECKA, ANDREAS FLEIS-
CHMANN, ANDREAS REISER, and CHRISTIAN Enss — Kirchhoff-
Institute for Physics, Heidelberg University, Germany

Atomic tunneling systems (TSs) are inherent to disordered struc-
tures and therefore appear not only in amorphous solids, but also
in oxide layers, tunneling barriers and interfaces of superconducting
micro-structured devices, deteriorating their performance by introduc-
ing noise and decoherence. Understanding their nature is thus crucial
to mitigate the adverse effects of T'Ss on quantum devices. In this work
we investigate the non-equilibrium dynamics of a resonantly driven T'S
ensemble, which is influenced by slowly varying electric or mechanical
bias fields by tuning the TSs energy splitting. To directly probe the
TSs dielectric response, we developed a superconducting lumped ele-
ment resonator microfabricated onto a bulk glass substrate, enabling
controlled excitation and readout of the underlying TS population.
By varying the sweep rate of the applied bias, we demonstrate rate-
dependent control over the dielectric loss of the sample. Furthermore,
when applying sufficiently large bias amplitudes we observe a disper-
sive red shift of the resonator frequency due to an excess saturation
of low-energy T'Ss. Introducing noise bias fields leads to a measurable
reduction of effective T'S coherence times, demonstrating their sensitiv-
ity to spectral fluctuations in their environment. To complement our
experiments, we developed a GPU-accelerated Monte Carlo simulation
of the tunneling dynamics to validate and extend our findings.

TT 22.20 Mon 18:00 P1
Optimization of cross-type dc-SQUIDs for the readout of
MMCs — ALEXANDER STOLL, e LUKAS MUNCH, DANIEL HENGSTLER,
ANDREAS REIFENBERGER, ANDREAS FLEISCHMANN, and CHRISTIAN
Enss — Kirchhoff-Institute for Physics, Heidelberg University, Ger-
many

Readout chains of ultra-low-temperature detector systems often limit
the achievable energy resolution. Even superconducting quantum in-
terference devices (SQUIDs), the state-of-the-art sensors for cryogenic
detectors such as metallic magnetic calorimeters (MMCs), typically
dominate the white-noise regime. The energy sensitivity of a dc-
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SQUID e ~ TV LC is mainly set by the inductance, intrinsic Josephson
junction capacitance, and temperature. While the inductance is fixed
for practical reasons, the capacitance can be reduced by moving from a
window-type to a cross-type junction geometry. Furthermore, the op-
eration temperature of the SQUIDs which typically decouples from the
much lower mixing chamber temperature due to heat dissipation in the
shunt resistors, can be lowered. Following an idea from Stephen Boyd
and coworkers (to be published), we divide the cooling fins into multi-
ple sectors across the shunt resistor to improve electronic heat dissipa-
tion. We describe the fabrication of cross-type dc-SQUIDs for MMC
readout, emphasizing the role of CMP-based processing in achieving
high wafer-scale yield and uniformity on three-inch wafers. Finally, we
present their characterization and compare the noise performance to
earlier dc-SQUID generations.

TT 22.21 Mon 18:00 P1
AuTi Magnetic Penetration Depth Thermometers for low
temperature microcalorimeters — eNAEMI GRUN, CHRISTIAN

Enss, ANDREAS FLEISCHMANN, LOREDANA GasTALDO, DANIEL
HeENGSTLER, FLorRIAN KAISER, Lukas MUNCH, ANDREAS REIFEN-
BERGER, and MARTIN SCHWENDELE — Kirchhoff Institute for Physics,
University Heidelberg

Low temperature microcalorimeters reach high energy resolution in a
wide energy range thanks to very sensitive thermometers. Magnetic
penetration depth thermometers (MPTs) would represent a very in-
teresting alternative with respect to commonly used metallic magnetic
calorimeters (MMCs) and transition edge sensors (TESs). The work-
ing principle of MPTs is based on the Meissner-Ochsenfeld effect and
the temperature dependence of the magnetic penetration depth. A
temperature increase due to energy deposition in the absorber mate-
rial translates into an increase in the magnetic penetration depth of
the MPT, which can be read out by highly sensitive SQUID magne-
tometers. We are investigating AuTi bilayers as a possible MPT sensor
material and are targetting a transition temperature below 100 mK. To
avoid hysteretic effects, the sensor does not have a bulk geometry, but
is deposited onto the readout coil in the geometry of separate stripes
or dots. We discuss the properties of the AuTi bilayers and the results
obtained with MPT prototypes based on different geometries.

TT 22.22 Mon 18:00 P1
Identification of Noise Sources in Superconducting Mi-
crostructures eKRrisHNAM MimaNI, DANIEL HENGSTLER,
MarTHEW HERBsT, DAvID MAZIBRADA, LUKAS MUNCH, ANDREAS
REIFENBERGER, MARKUS RENGER, CHRISTIAN STANDER, RuUI YANG,
ANDREAS FLEISCHMANN, LOREDANA GASTALDO, and CHRISTIAN ENss
— Kirchhoff-Institute for Physics, Heidelberg University

Improving the performance of superconducting devices often means
identifying and eliminating noise sources. Many noise sources are
transferable across different device categories such as qubits, SQUIDs,
and superconducting detectors due to the intrinsic nature of the micro-
fabricated thin film materials. Our stand-alone device can analyze the
specific noise contributions of these micro-fabricated thin films. The
device consists of a Wheatstone-like bridge of four micro-fabricated
superconducting inductors, two of which are filled with a sample ma-
terial, and a pair of two-stage dc-SQUID read-out chains. We can use
the method of cross-correlation, to suppress the noise of the read-out
chains and derive the total noise contribution of our device, or drive
the Wheatstone bridge with an ac-current to measure the complex ac-
susceptibility of the sample material. Our experiments are performed
at temperatures between 7' = 20 mK and 7" = 800 mK in the frequency
range from f = 100mHz to f = 500kHz. We present the results of
multiple measurements on thin films of Si02, AuPd, Ag:Er, as well as
Au:Er and perform a detailed comparison. We discuss our efforts to
increase the frequency bandwidth for both our measurement modes,
measuring towards noise levels of below v/Sg = 10n®g/v/Haz.

TT 22.23 Mon 18:00 P1
Superconducting Resonators from Ultrathin NbN Films —
eHRISHIKESH BOrRAH, MEENAKSHI SHARMA, HaoLIN JIN, YEJIN LEE,
and Url VooL — Max Planck Institute for Chemical Physics of Solids

We explore the transport and microwave response of ultrathin Niobium
Nitride (NbN) of 3 nm thickness. Transport measurements confirm the
2D behavior of our system, consistent with the Berezinskii-Kosterlitz-
Thouless transition. In such ultrathin limit, the inertia of the cooper
pairs defined as kinetic inductance becomes dominant. Our films ex-
hibit a high kinetic inductance of 300 pH/sq, which significantly im-
pacts the response of superconducting microwave resonators patterned
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from the films. Moreover, temperature dependence measurements of
the microwave response reveal that in low temperature regime, the su-
perfluid density follows a power-law rather than the BCS prediction.
Energy losses at low temperature are dominated by two-level system
(TLS) defects while at higher temperatures, losses are caused by the
breaking of Cooper pairs. This work investigates the ultrathin NbN
regime for compact, high-impedance devices ideal for quantum circuits
and sensitive detectors.

TT 22.24 Mon 18:00 P1
Chaotic Behavior of Josephson Diodes — oVieko Dimi¢!, Si-
MoN FEYRER!, ALEXANDER KIRCHNER!, DANIEL CRAWFORDZ, Da-
vipE Curcio®, Giorcio Biasior®, TeEro HEIKKILA2, CHRISTOPH
StrUuNk!, and LEaANDRO Tosih* — lInstitute of Experimental and
Applied Physics, University of Regensburg, Germany — 2Department
of Physics and Nanoscience Center, University of Jyviskyld — 3CNR-
Istituto Officina dei Materiali Laboratorio TASC, Ttaly — “Centro
Atomico Bariloche, Comision Nacional de Energia Atomica, Argentina

The behavior of nonlinear resonators is well described by the Duffing
oscillator model. For sufficiently high driving powers, the response
of the system has three solutions, two metastable, and one unstable,
i.e., the system enters bifurcation regime. This also applies for nonlin-
ear superconducting resonators where the nonlinearity stems from the
nonlinear behavior of Josephson junctions. If instead we have a junc-
tion exhibiting the Josephson diode effect, the Duffing model acquires
an additional term which results in reemergence of stable solutions for
certain parameters. Here we present the design and measurement of
two tunable A\/4 resonators fabricated out of a hybrid Al/InAs het-
erostructure. One resonator is terminated with a single Josephson
junction, while the other is terminated with a SQUID. We perform
microwave measurements of the resonators and observe the onset of
the bifurcation regime in both devices, while the reemergence of stable
solutions is observed in the SQUID device. We have also explored the
dependence with in-plane magnetic field, in particular the range where
superconducting diode effect has been observed.

TT 22.25 Mon 18:00 P1
Planar Broadband Superconducting Waveguide for Coherent
Control of Rare-Earth Spin Ensembles — ¢ ArRJUN BuaskieR!2,
Georc Mair?!, LEa RicHArRD?!, MIcHAEL STANGER!, AN-
preas Er?1, Hans HueBr? 13, and NapeEzHpDA KUKHARCHYK?'1:3
— 18chool of Natural Sciences, Technische Universitit Miinchen,
85748 Garching, Germany — 2Walther-Meifner-Institut, Bayerische
Akademie der Wissenschaften, 85748 Garching, Germany — 3Munich
Center for Quantum Science and Technology, 80799 Miinchen, Ger-
many

Solid-state quantum memories based on rare-earth ions require highly
homogeneous microwave fields to enable coherent control of large spin
ensembles. While coplanar waveguides can be used for this purpose,
they inherently produce non-uniform field distribution: The microwave
field peaks at the center conductor, and the field direction varies sub-
stantially within the gaps, which leads to a variety of Rabi frequencies.
To overcome this limitation, we introduce a new planar superconduct-
ing broadband transmission-line architecture implemented via a tech-
nique such as flip-chip bonding, designed to generate a highly uniform
microwave field across the active region. In this approach, a CaWO4
crystal doped with erbium ions has to be thinned producing a flat and
uniform membrane to ensure proper impedance matching and optimal
coupling to the microwave field. Such a design provides a promising
platform for implementing rare-earth-based quantum memories with
microwave superconducting quantum technologies.

TT 22.26 Mon 18:00 P1
High-quality superconducting broadband microwave struc-
tures for broadband electron spin resonance experiments
eRoBERT PanT!:2, Grorc Mairb»2, ARJUN BHASKER!:?,
SEBASTIAN DoMINGUEz-CALDERON!2,  Hans HuesL!?3, and
NaDpEzHDA KUKHARCHYKDZ3 1Walther-Meifner-Institut, Bay-
erische Akademie der Wissenschaften, 85748 Garching, Germany —
2School of Natural Sciences, Technische Universitdt Miinchen, 85748
Garching, Germany — S3Munich Center for Quantum Science and
Technology, 80799 Miinchen, Germany

Electron spin resonance (ESR) spectroscopy is a powerful tool when
it comes to studying the internal structure of materials and character-
izing spins of unpaired electrons within. Superconducting microwave
resonators are widely employed for such studies allowing to achieve
strong coupling to spin systems. However, a generally narrow fre-
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quency range of their operation limits the amount of simultaneously
coupled spin states. Over-coupled resonating structures can provide
a substantially broader spectrum of microwave frequencies for reso-
nance absorptions, thus improving the measurement efficiency. In the
following work, several promising configurations of superconducting
coplanar waveguide resonators in the over-coupled regime are devel-
oped, including a A/2 transmission-line resonator with implemented
interdigital capacitors that ensure an increased coupling rate to spin
ensembles in the low frequency range of 0—4 GHz.

TT 22.27 Mon 18:00 P1
Metallic-Magnetic Calorimeters for Efficient High Resolu-
tion X-ray Spectroscopy for Energies up to 150 keV —
eDANIEL KREUZBERGER, ANDREAS ABELN, HENDRIK HADENFELDT,
DanNIEL HENGSTLER, ANDREAS REIFENBERGER, DANIEL UNGER, AN-
DREAS FLEISCHMANN, LOREDANA GASTALDO, and CHRISTIAN ENnss —
Kirchhoff-Institute for Physics, Heidelberg University, Germany

Metallic Magnetic Calorimeters are cryogenic detectors for broadband
x-ray spectroscopy with high energy resolution and small, well un-
derstood non-linearity. They consist of a metallic particle absorber,
typically made of gold and a paramagnetic temperature sensor made
of an erbium doped noble metal host material. If a photon is absorbed,
its energy is converted to heat, leading to a temperature change of the
sensor material. This temperature rise changes the magnetization of
the sensor material, which is read out by a sensitive SQUID magne-
tometer.

Experiments on highly charged ions and light muonic atoms have
brought up the necessity to build densely packed arrays of MMCs with
a high stopping power for photon energies up to 150 keV. This can be
achieved with the presented new microfabrication-process for 120 pm
thick absorbers made of electroplated gold. We also present fabrication
results for the fast thermalization of the MMCs using the backside of
the silicon substrate, which can be achieved by using DRIE processes,
and filling these T'SVs with copper. Finally we present characteriza-
tion results for two different MMC arrays fabricated with those newly
developed processes and results from most-recent beamtimes.

TT 22.28 Mon 18:00 P1
MMC-based photon and phonon detector for scintillating
crystals at mK temperatures — eloANA-ALEXANDRA NITU,
CHRISTIAN Enss, ANDREAS FLEISCHMANN, CLARA MARIE GUNTHER,
DaNIEL HENGSTLER, SEBASTIAN HILSCHER, AsHISH JAaDpHAV, CAGLA
MAHANOGLU, ANDREAS REIFENBERGER, and LOREDANA GASTALDO
— Kirchhoff Institute for Physics, Heidelberg University

Scintillating bolometers operated at mK temperatures provide a means
to probe for neutrinoless double beta decay (Ov38) and Dark Matter.
The ratio of light to heat signals permits discrimination between heavy
particles, for instance a particles, and lighter ones, like 8 or  particles.
The AMoRE collaboration uses separate photon and phonon detectors
based on metallic magnetic calorimeter (MMC) technology to search
for OvBB in 1°°Mo using LiMoOy crystals.

We present an integrated photon-phonon (P2) detector concept,
where both detectors are microfabricated on the same 3-inch silicon
substrate and thermally separated by etched trenches. Presently, the
optimization of the photon and phonon detectors is done separately.
The development of the photon detector has been completed and pre-
liminary results validate fabrication procedures. A phonon detector
prototype was designed and microfabricated using the same steps as
the pre-existing photon detector. We present the fabrication steps to
obtain the target mechanical and thermal properties and discuss pre-
liminary results in comparison to the expected performance.

TT 22.29 Mon 18:00 P1
Time response of an MMC-based large-area photon detector
operated at mK — eSeBAsTIAN HiLscHER, CHRISTIAN EnNss, AN-
DREAS FLEISCHMANN, CLARA MARIE GUNTHER, DANIEL HENGSTLER,
AsHisH JapHAV, CAGLA MAHANOGLU, [0ANA-ALEXANDRA NiTU, AN-
DREAS REIFENBERGER, CHRISTIAN RITTER, DANIEL UNGER, and
Lorepana Gastaro — Kirchhoff Institute for Physics, Heidelberg,
Germany

We present a large-area photon detector based on low temperature
metallic magnetic calorimeters (MMCs), for which the silicon substrate
acts as absorber. The detector is designed for measuring light emission
in scintillating crystals, for instance in the AMoRE experiment. The
visible photons emitted in the scintillating crystal are absorbed on a
central silicon area isolated by through-silicon trenches from the rest
of the substrate. Prototype devices have been produced and character-
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ized at mK temperatures with focus on the time profile of temperature
pulses. Very important for the optimization of the detector is modeling
this time profile. Here, we present simulations of the phonon propa-
gation and scattering inside the silicon absorber, with either specular
or diffusive reflections at the surfaces. These simulations provide a
time dependence of the fraction of energy reaching the MMC sensor.
We compare the results obtained from measurement and simulation
and discuss the implications of the photon detector for the AMoRE
experiment.

TT 22.30 Mon 18:00 P1
Towards large-area 256-pixel MMC arrays for high resolution
X-ray spectroscopy — ¢ ANDREAS ABELN, DANIEL HENGSTLER, Lu-
cAs HERBSTRITT, DANIEL KREUZBERGER, ANDREAS REIFENBERGER,
ANDREAS FLEISCHMANN, LOREDANA GASTALDO, and CHRISTIAN ENss
— Kirchhoff Institute for Physics, Heidelberg University

Metallic Magnetic Calorimeters (MMCs) are energy-dispersive cryo-
genic particle detectors. Operated at temperatures below 50 mK, they
provide very good energy resolution, high quantum efficiency as well
as high linearity over a large energy range. In many precision exper-
iments in X-ray spectroscopy the photon flux is small, thus a large
active detection area is desirable. Therefore, we develop arrays with
increasing number of pixels.

In this contribution we present a detector setup featuring a novel dense-
packed 16 x 16 pixel MMC array. The pixels provide a total active area
of 4mm X 4mm and are equipped with 5 pm thick absorbers made of
gold. This ensures a stopping power of at least 50 % for photon ener-
gies up to 20keV. The expected energy resolution is 1.4eV (FWHM)
at an operating temperature of 20 mK. For the cost-effective read-out
of the 128 detector channels we envisage the flux-ramp multiplexing
technique. We present first results of the detector characterization ob-
tained utilizing parallel 2-stage dc-SQUID read-out chains. We discuss
the detector performance, focusing on the thermal behavior within the
detector as well as to the thermal bath.

TT 22.31 Mon 18:00 P1
MOCCA: A molecule camera for the position and energy
resolved detection of neutral molecule fragments — eN.
FiepLer!, A. FrLeiscamann!, C. A. Jakos2?, D. KREUZBERGER!,
A. Ozkaral, D. HEngsTLER!, A. REIFENBERGER!, L. GAsTAaLDO!,
P. Martini®, S. Rosin3, H. ZETTERGRENS, O. Novorny?, H. T.
ScumipT?, and C. Enss! — Kirchhoff Institute for Physics, Heidel-
berg University — 2Max Planck Institute for Nuclear Physics, Heidel-
berg — 3Department of Physics, Stockholm University

The MOCCA detector is a high-resolution camera for neutral molecule
fragments with kinetic energies in the keV range. It features several
thousand pixels based on metallic magnetic calorimeters and is read
out using SQUIDs. To reconstruct the kinematics of electron-ion and
ion-ion reactions, MOCCA measures both the energy and the impact
position of molecular fragments incident on the detector, even with
multiple particles hitting the detector simultaneously. The latest fab-
ricated version is currently being deployed at the Cryogenic Storage
Ring (CSR) at the Max Planck Institute for Nuclear Physics in Heidel-
berg, where molecular ions are stored and prepared in their rotational
and vibrational ground states, allowing detailed studies of electron-ion
interactions. We present plans for integrating the 11.5k-pixel MOCCA-
Quattro detector system into the Double ElectroStatic Ion Ring Ex-
pEriment (DESIREE) at Stockholm University, which enables mutual
neutralization of ions at extremely small relative velocities. This will
significantly enhance studies of neutralization processes in complex
molecules prepared in their quantum ground state.

TT 22.32 Mon 18:00 P1
Towards reproducible Transition Edge Sensors for rare
event searches oeKiLiaN Hem!, GODEHARD ANGLOHER!,
Lact ANDRICEKZ, MUKUND BHarADWAJ!, DIETER HAUFF3, BERND
LieBic2, GERHARD LiEMANNZ, JeLENA Ninkovic?, KAROLINE
ScHAFFNER!3, KUMRIE SHERA!, RAIMUND STRrRAUSS®, PHILIPP
Wasser?, and Lutz ZieGeLe! — !Max-Planck-Institut fiir Physik

— 2Max-Planck Halbleiterlabor — 3Technische Universitdt Miinchen

One approach to the search for dark matter is the use of scintillating
crystals, such as sodium iodide (Nal), operated at cryogenic tempera-
tures, as implemented by the COSINUS experiment. The readout of
the signal, generated upon a nuclear recoil in a Nal crystal, relies on
tungsten based transition edge sensors (TESs). These sensors consist
of thin (7200 nm) tungsten films that are operated in the transition
between the normal and superconducting state.
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The transition temperature of such thin tungsten films depends on a
multitude of factors, including grain size, stress level, and film impuri-
ties. However, for COSINUS, and next-generation rare event searches,
the ability to mass-produce sensors with a consistent transition tem-
perature of 715 mK is crucial. Achieving this necessitates a solid
understanding of the factors influencing the transition temperature as
well as a precise control of these parameters during the fabrication
process.

This contribution presents the first steps taken towards the estab-
lishment of a reproducible TES fabrication process as well as future
measures to achieve consistent transition temperatures.

TT 22.33 Mon 18:00 P1

In-situ thermometry of Holmium in LiYF4 crystals with Er-

bium as a probe — eJuLia Larour!?3, CEsARE MATTIROLIZ,
MATTHIAS ALTHAMMER®'!, NADEZHDA KUkHARCHYK®S'D4, and HEN-
RIK M. RonNow? — !Technische Universitit Miinchen — 2Ecole

Polytechnique Fédérale de Lausanne — 3Walther-MeiRner-Institut fiir
Tieftemperaturforschung — *Munich Center for Quantum Science and
Technology

Measurements of sample temperatures in cryogenic environments are,
in most cases, performed using resistance thermometers. Such mea-
surements, however, do not allow for determining the actual tempera-
ture inside optical crystals, such as LiYFy4, due to thermal boundary
resistance and thermal-conductivity mismatches between the sample,
mounting plate, and sensor. These limitations can be overcome by
employing an in-situ spin-temperature measurement technique based
on the analysis of changes in the hyperfine energy-level populations of
fast-thermalizing, highly coherent electron spin systems. In this work,
we investigate mixed ensembles of Holmium and Erbium ions diluted in
a LiYF4 host for in-situ spin thermometry. To this end, we monitored
the relative changes in the absorption spectra of LiYF4 with 0.1% and
1% Ho doping and 0.005% Er co-doping in the magnetic fields of 0-5T
over the temperature range of 0.1-1 K. We compare the thermometry
results for the lower- and higher-doped samples to estimate the im-
pact of ion-ion interactions. Samples doped with only Holmium and
Erbium are similarly probed to serve as temperature references.

TT 22.34 Mon 18:00 P1
Fast calibration and performance verification of RuOs chip
thermometers down to 20 mK utilizing adiabatic demagneti-
zation refrigeration in the PPMS. — e¢JoRGINHO VILLAR GUER-
RERO, PHILIPP GEGENWART, CHRISTIAN HEIL, and TiM TREU — Uni-
versity Augsburg
Access to temperatures in the millikelvin (mK) range is essential for
the research and development of quantum technologies. Calibrated
low-temperature sensors are expensive and only available with long
lead times. We focus on the fast calibration of cheap Ruthenium Ox-
ide (RuO2) thick-film resistor chips that are widely used in the auto-
motive industry and are therefore readily available. Upon cooling to
below 4 K, they show a pronounced rise of the resistance, which fol-
lows variable-range hopping and can be used for low-temperature ther-
mometry down to 20mK [1]. The thermometers feature a low mass
and consequently a low specific heat. Their small size allows mount-
ing them on small contact surfaces. For calibration and performance
tests down to mK temperatures, we utilize adiabatic demagnetization
of frustrated oxide quantum magnets in the Quantum Design Physical
Property Measurement System [2]. We present a miniaturized ther-
mometer calibration setup with reduced response time and minimal
self-heating for use down to 20 mK. We report measurements against
secondary thermometers with traceable calibration as well as verifica-
tion with superconducting transitions of Rh-Ir alloy.
[1] R. W. Willekers et al., Cryogenics 30, Issue 4, 1990
[2] T. Treu et al., J. Phys. Condens. Matter 37, 013001 (2025)

TT 22.35 Mon 18:00 P1
Optimizing the Energy Resolution of Calorimetric Low Tem-
perature Detectors (CLTDs) by Reducing Mechanical Vibra-
tions of the Cryogenic Setup — eEL1as EisenscumipT!»3, HARDY
WEISWEILER!, ANDRE SCHIRMEISEN?'®, JACK-ANDRE SCHMIDT?3,

and Saskia KrarT-BErMuTH! — lTechnische Hochschule Mittel-
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hessen, D-35390 Giessen, Germany — 2Justus-Liebig-Universitit
Giessen, D-35392 Giessen, Germay — 3TransMIT GmbH, D-35392
Giessen, Germany

A CLTD consists of an absorber whose temperature can be measured
with a thermometer. Due to the careful consideration of absorber*s
heat capacity and thermal coupling, the temperature increase of the
absorber due to the impact of a particle can be directly related to the
energy of said particle [1],

One limit to the energy resolution is electronic noise which is partly
due to vibrations. In this study, the required low temperature is
reached using a Pulse Tube Cooler (PTC) for precooling and a pumped
4He pot on a second stage. The CLTD*s energy resolution is notice-
ably influenced by mechanical vibrations. In this work, measurements
and FEM simulations of vibrations at different cold finger designs are
correlated to the energy resolution of heavy ion CLTDs obtained from
alpha particles.

[1] P. Egelhof and S. Kraft-Bermuth, Prog. Part. Nucl. Phys. 132,
104031 (2023)
DOI:10.1016/j.ppnp.2023.104031.

TT 22.36 Mon 18:00 P1
Optimization of a Single-Stage GM-Type Cooler for Large
Thermal Masses — MiriaM REIF3, eJAN OLE SONNENBERGERDZ,
BErND  ScuMIDT?3,  JACK-ANDRE ScumiDT?, and ANDRE
ScHIRMEISENZ:3 — 1Technische Hochschule Mittelhessen, Friedberg,
Germany — 2TransMIT GmbH, Giessen, Germany — S3Instiute of

Applied Physics, Justus-Liebig University, Giessen, Germany

The demands placed on cooling systems are constantly increasing,
which is why they are becoming larger resulting in more overall mass,
yet are still expected to cool as quickly as existing systems. Therefore,
the systems must be optimized to cool larger masses.[1] A single-stage
cooler is ideal for pre-cooling, which is why a single-stage GM-type
PTS power cooler was tested as part of the investigation. The per-
formance data of the system was recorded and analyzed under various
operating conditions. Based on these measurements, a cooling curve
was measured and optimized varying the operating frequency to de-
termine the optimal operating point of the system.

Another another test was then carried out with an attached thermal
load in the form of 42 kg of copper to investigate the cooling behavior
under increased mass. Once the mass had cooled down without opti-
mization, the cooling time was reduced by around 25% based on the
data gained from the previous experiments. These tests provide deeper
insight into the performance and optimization of the single-stage GM-
type power cooler.

[1] Snodgrass et al., Nat Commun 15, 3386 (2024)

TT 22.37 Mon 18:00 P1
Purification of liquid Helium with a heat flush purifier in a
dry cryostat — eFranziska HOMKE and For THE DELiGHT CoL-
LABORATION — Kirchhoff-Institute for Physics, 69120 Heidelberg, INF
227, Germany

The Direct search Experiment for Light dark matter (DELight) aims
to search for dark matter by probing elastic scattering interactions of
light dark matter particles with helium atoms in liquid helium. The
helium is cooled to low millikelvin temperatures within a 3He/4He
dilution refrigerator. At these temperatures *He is in its superfluid
phase, enabling a long mean free path for the phonons and rotons pro-
duced in the scattering events. However, 3He impurities drastically
limit the mean free path and hinder the ballistic propagation of the
phonons and rotons. To achieve a sufficiently large mean free path,
the 3He concentration in the helium must be reduced by at least three
orders of magnitude from the natural concentration.

A heat flush purifier makes use of the unique properties of superfluid
4He to remove 3He and other impurities via a temperature gradient. It
can be operated in continuous flow and will be integrated into the he-
lium filling circuit of the cell. In wet cryostats, these devices were able
to achieve the desired 3He concentration in *He within a single cycle,
but no implementations in dry cryostats have yet been described.

This contribution presents the ongoing developments in the design
and optimization of a heat flush purifier for the DELight cell.



Dresden 2026 — TT

Monday

TT 23: Correlated Electrons — Poster |
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TT 23.1 Mon 18:00 P1
High-field magnetization of clinoatacamite CuxCl(OH)3 —
eDavip RoLL!, LroniE ST6pTER?, CAROLIN KASTNER!, SVEN
LuTHER®, RaLF Fevermerm?, Dirk MenzerL!, Anja U. B.
Worrer®, KirriLy RULE®, and STeEraN StOLLow! — IPKM, TU
Braunschweig — 2FZ Jiilich, JOCNS at MLZ, Garching, Germany —
SHLD-EMFL, HZDR, Dresden-Rossendorf, Germany — *HZB, Berlin,
Germany — 9Leibniz IFW Dresden, Dresden, Germany — SANSTO,

Lucas Heights, Australia

The mineral clinoatacamite CuaCI(OH)s is closely related to the
Kagome material herbertsmithite ZnCu3Clz2(OH)g and has been dis-
cussed as a geometrically frustrated magnet. Its Kagome structure
of Cu?* ions features antiferromagnetic in-plane coupling and weaker
ferromagnetic interlayer exchange, giving rise to exotic quantum states
at low temperatures and in applied magnetic fields. In recent years,
we have extensively characterized the magnetic phase diagram up to
14 T, revealing multiple distinct magnetic phases.

Here, we present high-field magnetization measurements on a single-
crystalline sample up to 52 T. The magnetization at 2.2 K increases
with field but begins to saturate at about 15 T, reaching only a frac-
tion of full magnetization and indicating that the system is not fully
magnetized. This stands in clear contrast to previously published re-
sults, where the mineral is reported to be fully magnetized at around
35 T. Consequently, we expect the magnetization to rise again at fields
beyond our current range, implying the possible presence of a magne-
tization plateau.

TT 23.2 Mon 18:00 P1
Anisotropic spin models on frustrated lattices: from spin lig-
uids to supersolids — eMARTIN ULacal, JURE KokaLi23, TAKAMI
Tounvama?, and PETER PRELOVSEKS — IMPIPKS, Dresden, Ger-
many — 2University of Ljubljana, Faculty of civic and geotedic en-
gineering, Ljubljana, Slovenia — 2Institute ”JoZef Stefan”, Ljubljana,
Slovenia — 4Science universigy of Tokyo, Tokyo, Japan

Recent experiments on novel materials, best described by easy-axis
spin models on a triangular lattice, stimulated renewed theoretical
interest in basic properties of anisotropic spin models on frustrated
planar lattices. While the thermodynamic properties of the model on
the Kagome lattices are consistent with the spin-liquid scenario in the
whole range of anisotropies, the case of the triangular lattice is more
complex. Several numerical studies indicate that anisotropic systems
should follow the supersolid scenario with broken translation symmetry
in the ground state, as well as the transverse magnetic order, implying
a gapless Goldstone mode. Confirming this scenario at finite magnetic
fields, we find numerically that at zero field, the available evidence
points instead to a solid with a finite gap.

TT 23.3 Mon 18:00 P1
Observation of spin-glass behavior in Nd e LORENZ
Pecu!, Lukas Bauer!, Jiki PospisiL*, Curistorn Franz!, Leo
Maximov!, Anpreas Baurr!3, Marc A. WiLpe'3, and CHris-
TIAN PrLEIDERER!'Z3 — !Technical University of Munich (TUM)
— 2MCQST, Munich — 3TUM Center for Quantum Engineering —
4Charles University, Prague

Frustration and effective disorder in Nd are expected to produce frozen,
disordered spins with slow, history-dependent dynamics [1]. We in-
vestigate the low-temperature magnetic and electronic properties of
single-crystal neodymium to map its complex phase behavior and
search for a spin-glass like state. To identify such phases, we com-
bine temperature and field sweeps with ac magnetization (frequency-
resolved), dc magnetization (ZFC/FC), and relaxation measurements.
From anomalies in x'(T), x/(T), M(H), and dM/dH along principal
crystallographic directions, we construct a 7-B phase diagram. Es-
tablished spin glass freezing criterias are the presence of a ZFC/FC
bifurcation, a frequency-dependent shift of the x’ and x” peak, and
slow non-exponential relaxation [2]. These benchmarks, together with
more recent perspectives on complex low-temperature phases in corre-
lated systems, provide the framework for interpreting our Nd data and
distinguishing glassy behavior from conventional long-range magnetic
order.

[1] Kamber, Umut et al. Science 368, eaay6757 (2020).

[2] K. Binder and A. P. Young, Rev. Mod. Phys. 58, 801 (1986).
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TT 23.4 Mon 18:00 P1
Exploring Quantum Phases of Magnetic Skyrmions — eMARC
CURRLE, SOPHEAK SORN, and MARKUS GARST — Karlsruhe Institute
of Technology, Karlsruhe, Germany

The topological skyrmion density in the continuum theory of two-
dimensional magnets obeys both a dipole conservation law and the
Girvin-MacDonald-Platzman algebra, suggesting a close correspon-
dence with the quantum Hall problem [1]. Motivated by this obser-
vation, we explore quantum phases of skyrmions using analogies with
integer and fractional quantum Hall states. Employing an effective de-
scription in terms of collective coordinates for skyrmions, we demon-
strate that quantum states of the skyrmion many-body system can be
represented as holomorphic wavefunctions similar to the states within
the lowest Landau level. We highlight the consequences of this cor-
respondence, in particular, the possibility of systematically applying
methods from quantum Hall physics to identify skyrmion liquid states.
[1] S. Sorn, J. Schmalian, M. Garst, Phys. Rev. X 15, 041037 (2025)

TT 23.5 Mon 18:00 P1
Quantum Phase Transitions of Kitaev’s Toric Code on a
Honeycomb lattice — eVIikTOR KoTT, MATTHIAS MUHLHAUSER,
JaNn ALEXANDER Kozior, and Kar PHiLLip ScuMIDT — Department
Physik, Friedrich-Alexander-Universitidt Erlangen-Niirnberg (FAU)

We investigate the robustness of the topological phase of Kitaev’s
toric code in a uniform magnetic field on the honeycomb (and tri-
angular) lattice using perturbative linked-cluster expansions (LCEs)
based on a hypergraph decomposition, together with quantum Monte
Carlo (QMC) simulations. The LCE approach allows us to correctly
account for the nontrivial mutual exchange statistics of elementary
anyonic excitations. By extracting the ground-state energy and exci-
tation energies of the topological phase, we determine the quantum
phase transitions out of the topologically ordered state. In addition,
we use QMC to explore the full quantum phase diagram. In contrast
to the conventional toric code on the square lattice, the ground-state
phase diagram depends on the sign of the magnetic field, which distin-
guishes between unfrustrated and frustrated parameter regimes. This
leads to distinct quantum-critical properties and a richer phase dia-
gram.

TT 23.6 Mon 18:00 P1
The XY Toric Code on the Kagome lattice — eCONSTANZE
KoLBrL, MAXIMILIAN VIEWEG, and KA1 PHiLLip ScumMIiDT — Depart-
ment Physik, Staudtstrafe 7, 91058 Erlangen

This theoretical work investigates the XY toric tode on the Kagome lat-
tice, constituting a generalisation of the 2024 introduced XY checker-
board toric code on the square lattice [1]. Main objectives are deriving
ground state and low-excitation properties and further extracting the
parameter-dependent quantum phase diagram of the model. Besides
a four-spin z-flavour star operator, two kinds of plaquette operators
are introduced, including both Pauli  and y interactions and realis-
ing a bipartition. Due to the geometry of the lattice, the plaquette
operators connect three and six spins each. Star operators still act as
symmetries of the Hamiltonian, whereas different plaquette operator
types generally do not commute. The behaviour in the limit of isolated
plaquettes is examined analytically using first-order perturbation the-
ory, checking for topological order. Further intuition is gained from
exact diagonalisation of the full Hamiltonian for a system comprising
24 spins. A duality mapping is performed, giving rise to a self-dual
model built from four- and six-spin Ising interactions. Symmetries of
the dual model are investigated, and high-order perturbation theory is
performed. The general goal is to understand the influence of geome-
try on the physical properties of topological codes.

(1] M. Vieweg, K.P. Schmidt, Phys. Rev. Res., 7 (2025)

TT 23.7 Mon 18:00 P1
Stochastic series expansion quantum Monte Carlo for quan-
tum lattice models beyond spin 1/2 — eMEeLANIE A. R. WoLF,
ANjA LANGHELD, CALvIN KRAMER, JAN ALEXANDER Kozior, and
Kar PuiLLip ScuMiDT — Department Physik, Friedrich-Alexander-
Universitdt Erlangen-Nirnberg, Staudtdtr. 7, 91058 Erlangen, Ger-
many

Stochastic series expansion quantum Monte Carlo is a well established
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method for the quantitative investigation of quantum spin models with
spin 1/2. Especially, the sampling of quantum Ising models with arbi-
trary interactions [1] without a sign problem, constitutes an important
milestone in the development of the method. Therefore, it follows nat-
urally to ask how to transfer this efficient sampling scheme to quan-
tum systems with a larger local Hilbert space like spin-one or quantum
Potts models. In our work we implement the stochastic series expan-
sion quantum Monte Carlo scheme [2] and explore the quantum and
thermal properties of quantum Potts models.

[1] A. Sandvik, Phys. Rev. E 68, 056701

[2] C. Ding et al., arXiv:1702.02675

TT 23.8 Mon 18:00 P1
Convergence behavior of non-perturbative linked-cluster ex-
pansions at criticality — eHARrRALD LEeiser, Max HORMANN, and
Kar PHiLLip ScHMiDT — Chair for Theoretical Physics V, FAU
Erlangen-Niirnberg, Germany

Non-perturbative linked-cluster expansions (NLCE) provide a system-
atic framework for computing properties of quantum lattice models
directly in the thermodynamic limit. For applying it to excited states,
we use a transformation T that block-diagonalizes cluster Hamiltoni-
ans, like the Schrieffer-Wolff transformation, while satisfying cluster-
additivity. In perturbative linked-cluster expansions up to order N,
certain classes of transformations all yield identical and exact results
at order N. However, in non-perturbative LCE this equivalence breaks
down entirely, as the hierarchical structure of contributions is absent.
As a result, the non-perturbative effects introduced by different trans-
formations can produce different convergence behavior, also depending
on the observable under study. Our goal is to understand how differ-
ent choices of T influence the convergence behavior and what these
differences reveal about the transformations themselves. Furthermore,
we aim to understand the role of the transformation 7' in extract-
ing quantum-critical behavior from NLCEs. For that, we analyze the
energy gap of the transverse-field Ising chain at its quantum critical
point, since its exact solution reduces the computational complexity
to polynomial, enabling comparison up to large system sizes.

TT 23.9 Mon 18:00 P1
Optimized Crystal Synthesis and Anistropic Magnetism
of the 2D Layered Magnets MPSes (M = Fe, Ni, Mn)
— eMASOUMEH RAHIMKHANI!, SAICHARAN ASWARTHAM?, MARTIN
KosTkal, Asawini BaLopsi!, ANDREAS KREYssic!, and Anna E.
BouMmeR! — l!Experimental Physics IV, Ruhr-University Bochum,
Bochum, Germany — 2?International Centre for Interfacing Magnetism
and Superconductivity with Topological Matter, Institute of Physics,
Polish Academy of Sciences, Warszawa, Poland

Transition-metal phosphochalcogenides MPSes (M = Fe, Ni, Mn) are
important layered van der Waals materials with rich magnetic and
electronic behavior. Among them, FePSes is a much investigated lay-
ered antiferromagnet with strong potential for applications in two-
dimensional spintronics and quantum devices.

Here, we use an additive-free chemical vapor transport technique
for growth of single crystals of FePSes. Single crystals reach up to
3mm in length and show nearly ideal atomic ratio composition in
energy-dispersive x-ray spectroscopy. Magnetic measurements reveal
an antiferromagnetic transition around 120 K. We studied the effect
of substitution at the Fe site on the anistropic magnetism. We will
discuss how substituted Fej_, M;PSes single crystals can be prepared
and how substitution at the Fe site affects the anisotropic magnetism.

TT 23.10 Mon 18:00 P1
Electronic and Magnetic Properties of CaMnyP2> and
SrMnyP, Single Crystals — eJuLE KIRSCHKE, JoscHA GRUN-
waLD, T. R. THoMAs, N. S. SANGEETHA, ASHIWINI BALODHI, AN-
DREAS KREYssiG, and ANNA E. BOHMER — Experimental Physics IV,
Ruhr-University Bochum, Bochum, Germany

CaMn2P2 and SrMnsPs are insulators that adopt the trigonal
CaAlsSis-type structure containing corrugated Mn honeycomb lay-
ers. Here, we report a systematic study of single crystals grown from
Sn flux, including attempts to synthesize Sri_,K;MnsPg, which re-
vealed that K does not substitute in the SrMnsPs structure. In con-
trast, CaMngaPs exhibits an unexpected sensitivity to the Ca content
used during growth. While powder x-ray diffraction confirms identi-
cal crystal structures for all batches, their transport properties differ
drastically. Samples prepared with high Ca content during the growth
anomalously show almost metallic temperature dependence of the re-
sistivity, whereas others show the insulating behavior commonly re-

46

ported in the literature. The electronic and magnetic properties of
different samples were studied by heat capacity and magnetization
measurements.

We acknowledge support by the Deutsche Forschungsgemeinschaft
(DFG) under CRC/TRR 288.

TT 23.11 Mon 18:00 P1
Quantum effects in the magnon spectrum of 2D altermag-
nets on a square lattice and anisotropic honeycomb lat-
tice via continuous similarity transformations. — eDac-
BiorN HEeRING!', VANEssa SurammMan!, RaymonD WIEDMANNS,
MarTHIAS R. WaLTHERZ, GOTZ S. UBRIG!, and Ka1 P. ScuMipT? —
LCondensed Matter Theory, Technische Universitéit Dortmund, Otto-
Hahn-Strafe 4, 44221 Dortmund, Germany — 2Department of Physics,
Friedrich-Alexander-Universitdt Erlangen-Niirnberg, Staudtstrafe 7,
91058 Erlangen, Germany — 3Max-Planck-Institut fiir Festkorper-
forschung, Heisenbergstrafie 1, 70569, Stuttgart, Germany

We investigate quantum effects on magnon excitations in a minimal
spin-1/2 Heisenberg model for 2D altermagnets on the square lattice
and for an anisotropic honeycomb lattice. For both, a continuous sim-
ilarity transformation is applied in momentum space to derive an ef-
fective Hamiltonian that conserves the number of magnon excitations.
This allows us to quantitatively calculate the one-magnon dispersion,
the effects of magnon-magnon interactions, and the dynamic structure
factor in a certain range of parameters. For the altermagnet, we focus
on the altermagnetic spin splitting of the magnon bands and the size
of the roton minimum. For the honeycomb, we additionally analyze
the ground state energy and the staggered magnetization. We further
analyze the stability of the assumed long-range order and the magnons
by different generators.

TT 23.12 Mon 18:00 P1
Spectral densities for inelastic scattering in anisotropic
Heisenberg models on mono- and bilayer square lattices and
the honeycomb lattice via continuous similarity transforma-
tions — eVANESsA SuLaiMAN!, Dac-Biorn HeriNGg!, MarTHIAS R.
Warraer?, Kar P. ScamipT?, and GoTz S. Unric! — Condensed
Matter Theory, Technische Universitat Dortmund, Otto-Hahn-Strafe
4, 44221 Dortmund, Germany — 2Department of Physics, Friedrich-
Alexander-Universitat Erlangen-Niirnberg, Staudtstrafte 7, 91058 Er-
langen, Germany

We apply a continuous similarity transformation (CST) [1] with
a magnon-conserving generator to the antiferromagnetic anisotropic
XXZ model. For the square lattice, the resulting effective Hamiltonian
has already been analyzed [2]. We extend the approach by applying
the CST to observables as well. Using the continuous fraction repre-
sentation, we calculate spectral densities for these observables on the
square and honeycomb lattice, as well as the bilayer square lattice.
These are compared to experimental data from RIXS measurements
[3], for example with single-layered CazCuO2Cls and bilayer SrzIraO7.
[1] M. Powalski et al., Phys. Rev. Lett. 115, 207202 (2015) and Sci-
Post Phys. 4, 001 (2018)

[2] M. R. Walther et al., Phys. Rev. Research 5, 013132 (2023)

[3] K.-J. Zhou et al., J. Synchrotron Rad. 29, 563 (2022)

TT 23.13 Mon 18:00 P1
Hall Response, Angular Magnetoresistance, and Field-
Induced Metamagnetism in SryRu3Oiq — eILkE Masal, Si-
MONE SEIPEL!, LARA PATzoLp!, ZAHRA GHAZINEZHAD!, AGUSTINUS
Acune NucroHo?, MARrRkUs Brapen!, and THomas Lorenz! —
Hnstitute of Physics II; University of Cologne, Germany — 2Bandung
Institute of Technology, Indonesia

SraRu3O;g is a ferromagnetic metal with T = 105 K and exhibits an
additional metamagnetic transition below 50 K, whose microscopic ori-
gin remains unclear. We investigate single crystals to characterize the
anisotropy of magnetization and electrical transport. For in-plane cur-
rents, we measure both the normal and anomalous Hall effects, finding
a non-monotonic temperature dependence and a low-temperature sign
reversal of the anomalous Hall signal, similar to behavior known from
SrRuO3 and associated with Weyl points in its band structure. Due
to the layered crystal structure, the out-of-plane resistivity is highly
anisotropic (pe > pap) and shows pronounced changes across the meta-
magnetic transition. From magnetoresistance data, we extract the
field-induced metamagnetic transition at low temperatures and analyse
the angular dependence of both the transition fields and the in-plane
magnetoresistance. We also identify a clear angular magnetoresistance
response in Sr4RuszO1g. Possible low-temperature phases remain sub-
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jects of ongoing research.
Funded by the DFG via CRC 1238 projects A02, BO1 and B04.

TT 23.14 Mon 18:00 P1
Heat Transport and Thermodynamic Properties of the Quasi-
Two-Dimensional Quantum Magnet Cuz(OH)3Br — eNAINISH
Tickoo!, Ronir SHarRMA!, Lucas BeERGER!, ZHIYING ZHAOZ, ZHE
WanG3, and THomas Lorenz! — lInstitute of Physics II, University
of Cologne, D-50937 Cologne, Germany — 2State Key Laboratory of
Structural Chemistry, Fujian Institute of Research on the Structure of
Matter, Chinese Academy of Sciences, Fuzhou, Fujian 350002, China
— 3Department of Physics, TU Dortmund University, D-44227 Dort-
mund, Germany

Cuz(OH)3Br is a quasi-two-dimensional quantum magnet that can be
seen as a system of coupled antiferromagnetic spin-1/2 chains. Specific
heat, magnetisation and magnetostriction measurements have shown
pronounced anomalies at Ty = 9.3 K. These measurements, along
with Monte Carlo simulations, have shown that below the Tp, the
system undergoes a field-induced transition from a 3D ordered state
to a partially decoupled state when a magnetic field (B, = 16.3 T) is
applied transverse to the ordered spins. This transition is interpreted
as a dimensional reduction arising from the distinct responses of the
AFM chains to an external magnetic field [1]. This study examines
the thermal conductivity « (T, B) of Cu2(OH)3Br single crystals un-
der magnetic fields applied along the crystallographic b axis. Strong
anomalies in k near Ty reveal a significant interplay between phonons
and magnetic excitations in low-temperature heat transport
Funded by the DFG via CRC 1238 Projects A01, BO1 and B04.

[1] A. Reinoldet al., Phys. Rev. B 111, L100405 (2025)

TT 23.15 Mon 18:00 P1
Magnetic and Electronic Transport Behavior in Cr-Based
Quantum Materials — eSHITAO QU, RAN TAO, MENGMENG LoONG,
Maps FoNAGER HaNsEeN, and F. MALTE GROSCHE — Cavendish Lab-
oratory, University of Cambridge, Cambridge, United Kingdom

Unconventional superconductivity among transition metal compounds
is seen in Cu-, Fe- and most recently Ni-based materials. What about
other transition metal systems? There are a surprising number of
chromium-based superconductors, often in conjunction with applied
pressure: CrAs, A2CrzAsz (with A an alkaline metal), ACr3Ass, and
CsCr3Sbs. Moreover, CrSb is one of the best-studied metallic alter-
magnets. These findings motivate a wider study of Cr-based correlated
electron materials.

We initially investigate (i) CrP — an isostructural and isoelectronic
relative to CrAs, (ii) CrSe — an altermagnet candidate, and (iii) the
Kagome lattice systems CsCrzSbs and CsCrgSbeg.

Single crystals are prepared via flux and vapour-transport techniques
and characterised in standard X-ray, magnetometry and transport
measurements. They enable studies of the electronic structure and
magnetic/superconducting phase diagram, forming a promising basis
for exploring correlated-electron behavior in Cr-based quantum sys-
tems more widely.

TT 23.16 Mon 18:00 P1
Correlated Electronic Structure of Layered Cathode Material
LiMnO2 — e¢OweN CoLIRE, FrRaNCEsco CassoL, and SILKE BIER-
MANN — Centre de Physique Théorique (CPHT), Ecole Polytechnique,
Institut Polytechnique de Paris, CNRS, Palaiseau, France

Electronic Coulomb correlations are ubiquitous in transition metal
compounds. Our work focuses on layered LiMnO2, a cathode ma-
terial used in Li-ion batteries, which crystallizes in a monoclinic struc-
ture with alternating Lithium and MnO6 layers. The compound is a
Mott insulator with a high-spin d4 configuration undergoing a transi-
tion to an antiferromagnetically ordered state below the Néel temper-
ature of 250 K. We investigate the electronic structure using Density
Functional Theory calculations and combined Density Functional - Dy-
namical Mean Field Theory, with an emphasis on the interplay of the
intra-atomic Hund’s exchange coupling and crystal field splittings.

TT 23.17 Mon 18:00 P1
Non-equilibrium Charge Dynamics at the metal-insulator
transition in k-(BETS)>2Mn[N(CN)2]s — eSANGEETA PANWAR!,
Timv TuyzeL!, Jens MOULLER!, MARk KaRrRTsovNik?, and NATALIA
Kusucu® — !Institute of Physics, Goethe-Universitit Frankfurt,
Frankfurt (Main), Germany — 2Walther-Meissner-Institut, Bayerische
Akademie der Wissenschaften,Garching, Germany — Sprivate
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Low-dimensional molecular conductors have been shown to host elec-
tronic ferroelectricity, where electronic degrees of freedom cause polar
order, allowing for fast switching and phase control [1]. Using fluc-
tuation spectroscopy, we recently investigated the nature of electronic
ferroelectricity in the organic conductor k-(BETS)2Mn[N(CN)2|s [2],
representative of a broader class of quasi two-dimensional correlated
electron systems. Here, we explore how these phenomena evolve when
tuning the bandwidth by applying hydrostatic pressure. We will in-
vestigate the slow dynamics of polar nanoregions (PNR) and the evo-
lution of drastic changes in the dynamics as the system is tuned from
the insulating to the superconducting phase. By employing fluctuation
spectroscopy under pressure, we aim to study how superconductivity
emerges from the ferroelectric/multiferroic insulating state and to ex-
amine how PNR formation and glassy dipolar freezing evolve [3].

[1] Lang et al., J. Electronic Materials 54, 5087 (2025)

[2] Thomas et al., npj Spintronics 2, 24 (2024)

[3] Zverev et al. PRB 82, 155123 (2010)

TT 23.18 Mon 18:00 P1
Ru L-edge RIXS on the dimer compound Ba3zCeRu3Og:
a cluster Mott insulator? eLARA PirzoLp!, FRED-
ERIK Paecu!, ENrico BErcaMascol, HENRIK SCHILLINGZ, ANNA
SANDBERG®, HLYNUR GRETARsSON?, PETRA BECKER-BOHATY?Z,
Maria HerMmaNNns®, and Markus GRONINGER! — 1II. Physikalis-
ches Institut, University of Cologne, Germany — 2Kristallographie,
University of Cologne, Germany — 3KOMKO, University of Stock-

holm, Sweden — 4DESY, Hamburg, Germany

Cluster Mott insulators host charge carriers in quasi-molecular orbitals
on, e.g., dimers or tetramers [1-2]. With strong spin-orbit coupling,
this may yield unconventional quasi-molecular magnetic moments tun-
able via, e.g., intracluster hopping. Cluster Mott insulators emerge
in 5d transition-metal compounds due to large hopping, whereas in
3d materials one expects conventional Mott behavior with carriers lo-
calized on individual sites. To clarify whether cluster Mott insula-
tors are realized in 4d compounds, we address the electronic structure
of BazgCeRu2Og that hosts RuzOg dimers with 4 t24 holes. Ru L-
edge RIXS and exact diagonalization reveal a rich excitation spectrum
on top of an intricate non-magnetic ground state in the intermediate
regime. Compared to 5d cluster Mott insulators, BazCeRuzOg shows
reduced intracluster hopping, smaller spin-orbit coupling, and larger
electronic correlations, realizing an intriguing part of phase space.

[1] Revelli et al., Sci. Adv. 5, eaav4020 (2019).

[2] Magnaterra et al., PRL 133, 046501 (2024).

TT 23.19 Mon 18:00 P1
Sample-Based Quantum Diagonalization of Similarity-
Transformed Hamiltonians for Strongly Correlated Systems
— eEMANUELE Riccrh? and WERNER DosrauTz!2:3:4 — 1Technical
University Dresden, 01069 Dresden, Germany — 2Center for Scal-
able Data Analytics and Artificial Intelligence Dresden/Leipzig, 01069
Dresden, Germany — 3Center for Advanced Systems Understanding,
02826 Gorlitz, Germany — “Helmholtz-Zentrum Dresden-Rossendorf,
01328 Dresden, Germany

One of the central challenges in electronic structure theory is the accu-
rate description of strongly correlated systems. We address this using
a hybrid quantum-classical scheme, sample-based quantum diagonal-
ization, in which a quantum computer acts as a dedicated sampler
to identify a compact, problem-adapted subspace of important Slater
determinants. The corresponding reduced Hamiltonian is then diag-
onalized classically to obtain the ground state. To mitigate quantum
errors, we apply a classical post-processing step that projects samples
onto the correct particle-number sector.

Before sampling, we perform a similarity transformation of the
Hamiltonian that concentrates the ground-state weight into a smaller
set of determinants, reducing the relevant subspace and improv-
ing accuracy at the cost of a non-Hermitian effective Hamiltonian.
While non-Hermiticity would ordinarily hinder quantum algorithms,
we demonstrate that it can still be exploited within a sampling-based
framework using the UCJ (unitary cluster Jastrow) ansatz initialized
with single and double amplitudes from the transformed Hamiltonian.

TT 23.20 Mon 18:00 P1
A Local-Wave Basis for the Hubbard Model — eLEoN WasTL!2
and WERNER Dosrautz!:234 — 1Center for Advanced Systems
Understanding, 02826 Goérlitz, Germany — 2Helmholtz-Zentrum
Dresden-Rossendorf, 01328 Dresden, Germany — 3Center for Scal-
able Data Analytics and Artificial Intelligence Dresden/Leipzig, 01069
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Dresden, Germany — *Technical University Dresden, 01069 Dresden,
Germany

The Fermi-Hubbard model is the prototypical model for interacting
electrons and can be employed to describe a wide variety of physical
phenomena. Its 2D version is believed to contain the fundamental
physics describing low-temperature superconductivity. We present a
new basis for the two-dimensional Hubbard model which we call the
local-wave basis as it is a hybrid between real space and momentum
space. We numerically study the advantages of our newly found trans-
formation using the density matrix renormalization group (DMRG).
Since DMRG in its more recent form is a method that is inherently
one-dimensional as it is built on top of the matrix product state (MPS)
formalism, we combine our local-wave basis with a new way of order-
ing the sites in the MPS based on a modified version of simulated
annealing (SA) using the two-site mutual information as its objective
function. Combined with this approach to find the optimal ordering,
we show that our method yields lower energies for the same maximal
bond dimension than both the pure momentum space and the real
space formulation in the low to intermediate U/t regime.

TT 23.21 Mon 18:00 P1
Calculating Moments for Many-Electrons Systems — e ELAHEH
Apisr and Erik KocH — Peter Griinberg Institut, Forschungszentrum
Jilich, 52425 Jiilich, Germany

We describe an approach for computing the M*" moment of an N-
electron system, defined as (EM) = Tr H™. Since the Hamiltonian
H consists of pairs of creation-annihilation operators and the calcula-
tion is performed in the basis of Slater determinants {|I)}, the matrix
element (I|HM|I) contributes to the moment only when the orbital
indices of the creation operators form a permutation of those of the
annihilation operators. Writing the permutations in cycle notation,
the simplest contributions arise from permutations creating a single
cycle in which all orbitals are different. These permutations are classi-
fied by their number of descents. Permutations with the same number
of descents contribute equally to 3" ((I|HM|I). Since the number of
permutations with the same number of descents is given by the Eule-
rian numbers, it suffices to compute the trace for one permutation and
multiply the result by this number. In this way the trace can be eval-
uated combinatorially, without explicitly constructing the many-body
Hilbert space. We are able to calculate the all other permutations with
respect to these permutations. Finally, we present a recursive formula
for the moment that is computationally efficient.

TT 23.22 Mon 18:00 P1

Polynomial Neural Networks in Quantum Many-Body
Physics — eAsHISH YasawanNTH Kancen!2 and WERNER
DosrauTz!+2:34 — ITechnical University Dresden, 01069 Dresden,

Germany — 2Center for Scalable Data Analytics and Artificial In-
telligence Dresden/Leipzig, 01069 Dresden, Germany — 3Center
for Advanced Systems Understanding, 02826 Gorlitz, Germany —
4Helmholtz-Zentrum Dresden-Rossendorf, 01328 Dresden, Germany

Polynomial neural networks were originally derived by applying ten-
sor decompositions to high-order weight tensors. This derivation
yields a model architecture that is inherently non-linear through
Hadamard products, effectively eliminating the need for standard,
tensor-unfriendly activation functions like ReLU.

In this work, we investigate the utility of this architecture within the
context of quantum many-body physics and chemistry. We demon-
strate that the algebraic properties of these polynomial expansions
allow them to serve as robust, activation-free representations of com-
plex quantum correlations. We explore two specific applications: (1)
as a standalone wave function ansatz, which can be optimised via both
deterministic Density Matrix Renormalization Group sweeps and Vari-
ational Monte Carlo, and (2) as a Jastrow correlation factor within the
Transcorrelated approach for Quantum Chemistry, trainable via stan-
dard gradient-based machine learning optimisation. This framework
suggests that the tensor structure underlying polynomial networks of-
fers a flexible and numerically stable bridge between classical deep
learning and quantum simulation.

TT 23.23 Mon 18:00 P1
Quantics tensor trains: Quantifying entanglement across
length scales — STEFAN Ronsuap!, JuENG-WEI RosHap?, e ALENA
Lorenz?, SErap HasiL!, KarsTten HeLp!, Anna Kaucnu!, and
MAaRKUS WALLERBERGER! — 1TU Wien — 2Univ. Grenoble Alpes

— 3JMU Wiirzburg
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Understanding entanglement remains one of the most intriguing prob-
lems in physics. In contrast to particle and site entanglement, length or
energy scale entanglement, quantifying the information exchange be-
tween different length scales, has received far less attention. Here, we
identify the quantics tensor train (QTT) technique, a matrix product
state-inspired approach for overcoming computational bottlenecks in
resource-intensive numerical calculations, as a renormalization group
method by analytically expressing an exact cyclic reduction-based
real-space renormalization scheme in QTT language. We precisely
match the QTT bond dimension, a measure of length scale entan-
glement, to the number of rescaled couplings generated in each coarse-
graining renormalization step and present our results for the one-
dimensional tight-binding model with n-th-nearest-neighbor hopping.
Furthermore, though analytically unfeasible, we numerically generate
the bond-dimension of the two- and three-dimensional case of the in-
teracting and non-interacting Green’s function in momentum space
and find, that for the interacting as well as for the one-dimensional
non-interacting Green’s function, the bond dimension saturates when
lowering the temperature.

TT 23.24 Mon 18:00 P1
DMFT-Lanczos study of Alkali-Doped Fullerides: Supercon-
ductivity across the (U,J) plane — eLArA BREMER, LORENZO
Cripra, Icor KriveEnko, and Tim O. WEHLING — 1. Institute of
Theoretical Physics, University of Hamburg, Notkestrafie 9-11, 22607
Hamburg

Alkali-doped fullerides (A3Cgo) provide a versatile platform for study-
ing unconventional s-wave superconductivity in a strongly correlated
setting, where superconducting phases emerge in close proximity to
Mott insulating states. These molecular superconductors exhibit crit-
ical temperatures up to about 40 K. Theoretical descriptions of alkali-
doped fullerides commonly employ a three-orbital Hubbard-Kanamori
model whose defining feature is an effective negative Hund’s coupling
arising from the coupling of the electronic states to intramolecular
Jahn-Teller phonon modes, thereby reversing the usual Hund’s rules.

In this contribution we present calculations performed with the
multi-orbital Lanczos impurity solver of the EDIpack library within
a dynamical mean-field theory framework. We explore the (U, J) in-
teraction space, focusing on the evolution from the regime of weak
negative Hund’s coupling to regimes with strongly negative Hund’s
coupling. We analyze how the interplay between the Mott insulat-
ing phase present for large Hubbard interaction U and the charge-
disproportionated insulating phase present for large negative values of
J influences the character of the superconducting states and ehances
critical temperatures.

TT 23.25 Mon 18:00 P1
Investigating Non-Hermitian Dynamics in Neural Quantum
States — eMonamMmeDd Bokvb2 and WERNER Dosrautz!:2:3:4
— !Center for Scalable Data Analytics and Artificial Intelligence
Dresden/Leipzig, 01069 Dresden, Germany — 2Technical University
Dresden, 01069 Dresden, Germany — 3Center for Advanced Sys-
tems Understanding, 02826 Gorlitz, Germany — 4Helmholtz-Zentrum
Dresden-Rossendorf, 01328 Dresden, Germany

Both the Neural Quantum States (NQS) and the Transcorrelated (TC)
method have proven to be impactful approaches in Ab Initio quantum
chemistry and quantum many-body settings. The potential of com-
bining these methods remains largely unexplored. In this work, the
application and impact of the combination of these methods are ex-
plored with a focus on the computational cost.

The application of the similarity transform in the TC method yields
non-Hermitian Hamiltonians. The optimization and impact of this
non-Hermiticity on NQS dynamics pose both a great challenge and a
source of unexplored possibilities to navigate physics with correlations
that differ in magnitude.

In order to investigate both the impact and challenges of these meth-
ods, a study is done on a variety of different systems. These systems
range from Ab Initio quantum chemistry problems such as hydrogen
chains, to lattice models such as the non-Hermitian Transverse Field
Ising and the Hubbard model.

TT 23.26 Mon 18:00 P1
Non-equilibrium DMFT solved with the help of Tensor Cross
Interpolation — eBasTiaNn ScuHINDLER!, Eva Paprotzkil?, and
MARTIN EcksTEIN'2 — 11. Institute for Theoretical Physics, Univer-
sity of Hamburg, Notkestrake 9-11, 22607 Hamburg, Germany — 2The
Hamburg Centre for Ultrafast Imaging, Hamburg, Germany
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The non-perturbative solution of the quantum impurity problem pro-
vides the biggest computational challenge when DMFT is applied in
non-equilibrium. Most applications of non-equilibrium DMFT are
based on simplified perturbative solutions [1]. In diagrammatic ap-
proaches to the impurity model, the numerical integration of high-
dimensional expressions poses the main computational bottleneck, lim-
iting feasible expansion orders and the number of accessible time steps.
Tensor Cross Interpolation (TCI) has recently emerged as a powerful
technique to mitigate the exponential scaling of computational cost
with dimensionality [2]. In this work, we apply TCI to diagram-
matic expressions obtained from a pseudo-particle expansion of the
hybridization around the atomic limit in the non-equilibrium steady
state. We demonstrate that, with an appropriate parametrization and
an FFT-based integration scheme [3], TCI yields a significant speed-up
for higher-order contributions. Moreover, we employ TCI to efficiently
evaluate the multidimensional integrals required for higher-order spec-
troscopy, in particular time-resolved resonant inelastic x-ray scattering.
[1] Murakami et al., Rev. Mod. Phys. 97.3 (2025)

[2] Nufiez Fernandez, et al., SciPost Physics 18.3 (2025)

[3] Eckstein, arXiv:2410.19707 (2024)

TT 23.27 Mon 18:00 P1
Stochastic semiclassical electron-lattice dynamics with
DMFT — eToMm KaHAaNA, FRANCESCO VALIERA, and MARTIN Eck-
STEIN — I. Institute of Theoretical Physics, University of Hamburg,
Hamburg, Germany

The interplay between lattice motion and strongly correlated elec-
tronic phases poses a major challenge in nonequilibrium condensed-
matter systems, especially near phase transitions where ionic distor-
tions strongly affect the electronic state. We address this problem by
solving the coupled electron-lattice dynamics using a quasi-equilibrium
(adiabatic) Dynamical Mean-Field Theory on an inhomogeneous lat-
tice defined by the instantaneous phonon configuration. Conservative
forces, friction, and stochastic contributions to the lattice dynamics are
obtained from the electronic correlation functions. Because each lat-
tice site must be treated as an impurity embedded in a self-consistent
bath, this approach is computationally demanding. To make it feasible,
we replace the DMFT impurity solver with a trained neural-network
emulator that reproduces high-order impurity solutions. This NN-
accelerated DMFT loop enables computationally efficient simulations
of the coupled electron-lattice dynamics on inhomogeneous lattices.
We present benchmarks for the Hubbard-Holstein model. The method
provides a path toward simulations of photo-induced transitions in
correlated materials, such as Mott and charge-ordered states.

TT 23.28 Mon 18:00 P1
Superradiance in Higher-Order Correlated Collective Emis-
sion — eDanNIL Praronov!:2, Xin H. H. Zuanc!23 and PEk-
TER RaBL1'23 — 1Technical University of Munich, TUM School of
Natural Sciences, Physics Department, 85748 Garching, Germany —
2Walther-Meifner-Institut, Bayerische Akademie der Wissenschaften,
85748 Garching, Germany — 2Munich Center for Quantum Science
and Technology (MCQST), 80799 Munich, Germany

We investigate supercorrelated decay of an initially inverted ensemble
of two-level emitters, where cooperative emission is governed by higher
powers of the collective decay operator beyond conventional Dicke su-
perradiance. We develop a qualitative theoretical framework that cap-
tures the essential mechanism of generalized supercorrelated decay and
predicts the corresponding scaling laws. This framework clarifies the
physical distinctions between conventional superradiance and higher-
order supercorrelated emission. We further analyze the phenomenon
in a waveguide quantum electrodynamics setting, where guided modes
mediate strong collective interactions. By deriving an effective semi-
classical theory, we obtain a computationally efficient description that
enables large-scale simulations of the dynamics.

TT 23.29 Mon 18:00 P1
Hierarchy of timescales in a disordered spin-1/2 XX ladder —
eKaDIR CEVEN, LUukas PEINEMANN, and FABIAN HEIDRICH-MEISNER
— Institut fiir Theoretische Physik, Georg-August-Universitat Gottin-
gen, Gottingen, Germany

Understanding the timescales associated with relaxation to equilibrium
in closed quantum many-body systems is one of the central focuses in
the study of their non-equilibrium dynamics. At late times, these relax-
ation processes exhibit universal behavior, emerging from the inherent
randomness of chaotic Hamiltonians. In our work [1], we investigate
a disordered spin-1/2 XX ladder — an experimentally realizable model
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known for its diffusive dynamics — to explore the connection between
transport properties and spectral measures derived solely from the sys-
tem’s energy levels via these relaxation timescales. We begin by ana-
lyzing the spectral form factor, which yields the time when the system
begins to follow the random matrix theory (RMT) statistics, known as
the RMT time. We then determine the Thouless times — the average
times for a local excitation to diffuse across the entire finite system —
through the linear-response theory for both spin and energy transport.
Our numerical results confirm that the RMT time scales quadratically
with system size and upper bounds the Thouless times. Interestingly,
we also find that, unlike other non-integrable models, spin diffusion
proceeds faster than energy diffusion.
Supported by the DFG via FOR 5522.
[1] K.Ceven,L.Peinemann,F.Heidrich-Meisner,arXiv:2509.20078(2025).

TT 23.30 Mon 18:00 P1
Charge carrier relaxation dynamics in the one-dimensional
Kondo lattice model eArRTURO PEREZ RoOMERO, Mica
ScHwaRrM, and FABIAN HEIDRICH-MEISNER — Institut for Theoreti-
cal Physics, Georg-August-Universitat Gottingen, D-37077 Gottingen,
Germany

A generic question in the field of ultrafast dynamics is concerned with
the relaxation dynamics and the subsequent thermalization of optically
excited charge carriers. Among several possible relaxation channels
available in a solid-state system, we focus on the coupling to mag-
netic excitations. In this paper, we study the real-time dynamics of a
paradigmatic model, the Kondo lattice model in one dimension. We
conduct a comprehensive study of the relaxation processes by evaluat-
ing the spin polarization of the conduction electron, the local spin-spin
correlation between localized and conduction electrons, and the elec-
tronic momentum distribution. While in the well-studied cases of one
or two charge carriers in a ferromagnetic background, no thermaliza-
tion occurs, we demonstrate that the stationary state is compatible
with thermalization if either the electronic filling is finite or the mag-
netic background is in the singlet sector. Our real-time simulations us-
ing the time-dependent Lanczos method are corroborated by a direct
comparison with finite-temperature expectation values and an analysis
of the spectrum in terms of the gap ratio.

This work was funded by the Deutsche Forschungsgemeinschaft
(DPG, German Research Foundation) via CRC 1073.

TT 23.31 Mon 18:00 P1
Collective dynamics in SmNiCz probed by time resolved

spectroscopy — ePrivanka Yoar!, Cuanpra V KoTvapal,

BHAGEERATH SwaRAJ', AMoN. P Lanz!, AMiR.A HAGHIGHIRADZ,
Soria. M Souriou?, MartHiEu LE Tacon?, and JURE DEMSAR!

1JGU Mainz — 2KIT

Rare-earth transition-metal carbides RNiCsy are a unique class of in-
termetallic compounds that crystallize in a non-centrosymmetric or-
thorhombic CeNiCa-type structure. Except for LaNiCy and CeNiCa,
where exotic superconductivity has been reported, most members of
this family exhibit quasi-1D charge-density-wave (CDW) order and
competing magnetic order at low temperature. SmNiCsy is unique,
where an incommensurate CDW order appearing below Tcpw ~ 148 K
gets fully suppressed below a first-order transition into a ferromagnetic
(FM) phase at Ty ~ 18 K.

Here, we employ optical pump-probe spectroscopy to investigate the
interplay between the FM and CDW phases by probing single-particle
and collective dynamics as a function of temperature. The FM phase is
characterized by rather slow (10 ps) demagnetization dynamics, while
in the CDW phase, we observe characteristic CDW collective modes.
The dominant amplitude mode is found at 1.45 THz, showing pro-
nounced softening towards Tocpw. Excitation density-dependent stud-
ies provide additional information on the strength of the two phases.

TT 23.32 Mon 18:00 P1
High precision physics in Anderson impurity models, from
neutrino mass to axion production in the sun. — ¢VErRA BuTz
and MaAuriTs W HaveErRkorT — Universitat Heidelberg, Institut fiir
theoretische Physik, Philosophenweg 19, 69120 Heidelberg

High-precision comparisons between experimental measurements and
numerical simulations not only test the accuracy of computational
methods but also offer deeper insights into fundamental physics. In
this work, we investigate how charged ions with multiple electrons in-
teract with continuum states, such as photons, free electrons, or as-yet-
unobserved particles. This is achieved by using a generalized Ander-
son impurity model, in which the interactions can be described via the
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self-energy or hybridization function. The real part of the self-energy
induces energy shifts in atomic multiplets, such as the Lamb shift,
while the imaginary part results in finite lifetimes for excited states,
leading to phenomena like fluorescence or Auger-Meitner decay. Using
this method of high-precision calculations of decay rates, on highly
charged heavy ions in laboratory or astrophysical settings, allows us
to probe the Standard Model. Be that by measuring unknowns, like
the neutrino mass [1] or discovering new potential particles like dark
matter candidates [2].

[1] Nat. Phys. 20, 921 (2024)

[2] JCAP 09 (2021) 006

TT 23.33 Mon 18:00 P1
Critical dynamics at isostructural instabilities eNICK
SANDER — Karlsruhe Institute of Technology

At an elastic structural instability at least one of the elastic moduli
vanishes. An acoustic phonon only softens at such an instability if it
is accompanied with a change of crystal symmetry. At isostructural
transitions with vanishing bulk modulus, however, no softening occurs
and all microscopic phonon modes remain non-critical [1]. Neverthe-
less, we demonstrate that there exist four macroscopic critical elastic
modes that will determine the critical dynamics at such an instability.
These modes represent conformal symmetry transformations and the
displacement vector satisfy a corresponding Killing equation, whose
exact form depends on the crystal symmetry. We discuss implications
for instabilities in correlated materials like the Mott metal-insulator
transition, and realizations with mechanical metamaterials.

[1] R. A. Cowley, Phys. Rev. B 13, 4877 (1976)

TT 23.34 Mon 18:00 P1

Quantum geometry in the context of many-body perturba-

tion theory — eMaR1i0 GEOFFROY and CORENTIN MoRICE — Labo-
ratoire de Physique des Solides, Université Paris-Saclay, CNRS, Orsay,
France

Quantum geometry gives rise to some of the most topical physical
phenomena in the past decades, but our current understanding of it
remains based on single-particle topological band theory, and fails in
the presence of electronic correlations [1]. This is particularly problem-
atic given the overwhelming usage of density functional theory for the
diagnosis of topological states in materials [2]. Many-body generaliza-
tions of the Chern number and other invariants have been put forward,
but many-body quantum geometry remains elusive. We study the in-
fluence of electronic interactions on the Berry curvature in tractable
systems, in view of developing formalisms adapted to accurate predic-
tions in real materials.

[1] J. Vidal et al., PRB 84, 041109(R) (2011)

[2] B. Bradlyn et al., Nature 547, 298 (2017)

TT 23.35 Mon 18:00 P1
Higher-harmonic generation in the driven Mott-Hubbard
model — e ABDELRAHMAN AZzAB, FRIEDEMANN QUEISSER, and RALF
ScueuTzHOLD — Helmholtz-Zentrum Dresden-Rossendorf, Bautzner
Landstrafte 400, 01328 Dresden, Germany

Motivated by recent experiments, we study the generation of higher
harmonics in the Mott insulator state of the Fermi-Hubbard model
under the influence of an oscillating external electromagnetic field, see
also [1]. We find a strong dependence of the higher-harmonic intensity
on the spin order (e.g., anti-ferromagnetic versus paramagnetic phase).
Funding by the DFG through the SFB 1242 is gratefully acknowl-
edged.
[1] F. Queisser and R. Schiitzhold, Phys. Rev. B 109, 205110 (2024).

TT 24: Focus Session: Quantum Sensing with Solid State Spin defects | (joint session
TT/MA)

The electron spins of defects in solid state materials show remarkable quantum coherence, making
them excellent sensors. Recent advances in material engineering and measurement techniques lead to
continuous improvements in the sensitivity and resolution of established single spin sensors such as
the Nitrogen-Vacancy center in diamond, and the development of new defect sensors in materials such
as Silicon Carbide and hexagonal Boron Nitride. In condensed matter physics, such sensors are often
being used for exploring the structure of magnets, superconductors, topological phases, etc. This focus
session will highlight most of the recent experimental and theoretical advances, current challenges, and
emerging directions, focusing both on the improvements of the defects themselves, and their use for
exploring novel phenomena in condensed matter physics.

Coordinators: Aparajita Singha (TU Dresden), Uri Vool (Max Planck Institute for Chemical Physics of

Solids)
Time: Tuesday 9:30-12:45

Topical Talk TT 24.1 Tue 9:30 HSZ,/0003
Exploring nanoscale van der Waals magnetism using single
spin microscopy — ePATRICK MALETINSKY — Basel University, De-
partement of Physics, Klingelbergstrasse 82, 4056 Basel

Atomically thin van der Waals (vdW) magnets provide a unique plat-
form to explore magnetism in the ultimate two-dimensional limit [1].
Their weak interlayer coupling, tunable anisotropy, and gate sensitivity
enable engineering of magnetic order and spin textures at the atomic
scale. However, their small magnetic moments, nanoscale domains,
and complex coupling make them difficult to probe experimentally [2].

I will present recent progress in understanding vdW magnetism us-
ing single-spin magnetometry based on nitrogen-vacancy centers in
diamond. This quantum-sensing technique enables nanoscale imaging
of magnetic order, phase transitions in few-layer systems under ambi-
ent and cryogenic conditions. I will show how this approach reveals
microscopic mechanisms of magnetism in layered materials and uncov-
ers phenomena such as ”lateral exchange bias” and spin-reorientation
transitions in ultrathin magnets [3,4].

I will conclude with an outlook on how quantum sensors can advance
the study of correlated and topological magnetism in vdW materials
[5], and how combining them with strain, gating, or optical control
may enable designer spintronic and magnonic systems.
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[1] Science 363, 706; Nat. Nanotechnol. 14, 408 [2] Science 364, 973
[3] Nat. Commun. 15, 6005 [4] Nat. Commun. 16, 9725 [5] Nat. Rev.
Phys. 6, 753

Topical Talk TT 24.2 Tue 10:00 HSZ/0003
Optically addressable spin defects in two-dimensional ma-
terials — eVwLADIMIR DyakoNov — Julius-Maximilians-Universitéat
Wiirzburg, 97074 Wiirzburg, Germany

Two-dimensional (2D) materials have emerged as the new playground
for quantum photonics devices. Among them, hexagonal boron ni-
tride (hBN) is an interesting candidate, mainly because of its crystal-
lographic compatibility with different 2D materials, but also because
of its ability to harbour optically active defects generating single pho-
tons. The negatively charged boron vacancy was the first intrinsic,
optically addressable spin defect in hBN that allows coherent control
at room temperature, as reported in 2020. [1] Although other types
of spin centers have been found in this material since then, this spin-1
color center remains the only one with a clearly elucidated structure.
Practical applications of hBN spin centres as intrinsic magnetic field,
temperature, etc. sensors in van der Waals heterostructures are hence
envisioned. To further boost the quantum sensing applications of this
spin defect in hBN, we investigated the dynamics of the intermediate
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state, because it is likely to trap electrons for a certain time, which
affects the subsequent sensing protocol when the pulsed magnetic res-
onance experiment is designed.[2] Finally, we found that spin defects
exhibit a direct correlation between Raman features and PL intensity,
which allowed us to develop an all-optical method for determining the
absolute spin defect density in flakes. [3]

[1] A. Gottscholl et al., Nat. Mater. 19, 540 (2020)

[2] P. Konrad et al., arXiv:2503.22815 [quant-ph| (2025)

[3] A. Patra et al., Adv. Funct. Mater. 17851 (2025).

Topical Talk TT 24.3 Tue 10:30 HSZ,/0003
Nitrogen vacancy centers in diamond as novel sensing
and imaging tool for magnetic nanostructures, in life sci-
ence and chemistry — SEBASTIAN WEsTRICH!, N1KHITA KHERAL,

EmMa Resmann!, Epuramv SpINDLER!, KrisTiIN KOHL!, ALENA

ErLENBACH!, Marnias WEILER!, GEORG VON FREYMANN!, AR-
TUR WIDERA', MARIA WACHTLER?, STEFANIE MULLER-SCHUSSELES,
and eELkE NEU-RuUFFING! — Department of Physics and Research
Center Optimas, RPTU Kaiserslautern Landau, Erwin-Schrédinger-
Strafie 56 67663 Kaiserslautern — 2Institut fiir Physikalische Chemie,
Christian-Albrechts-Universitdt zu Kiel — 3Department of Biology,
RPTU Kaiserslautern Landau

Nitrogen vacancy centers (NV centers) locally probe magnetic fields,
electric fields and temperature. Advantages of NV sensors include their
sensitivity for fluctuating magnetic fields, which can be harnessed e.g.
to detect free radicals. Additionally, near field based energy transfer
serves as sensing resource to detect optically-active dipoles in close
proximity. The talk will summarize our work on using scanning NV-
based magnetometry to characterize magnetic nanostructures, includ-
ing calibrating the scanning NV’s position with respect to the sample.
We highlight work on imaging frustrated magnetic systems (spin ice)
as well as magnetic structures obtained via Direct Laser Writing. As
another route towards broadening the field of applicability, we demon-
strate for the first time near field energy transfer between NV centers
and a naturally occuring fluorophore, namely chlorophyll. We further-
more explore routes to employ NV centers as sensor in photocatalysis.

15 min. break

Topical Talk TT 24.4 Tue 11:15 HSZ/0003
Electron spin, nuclear spin, and optical properties of
transition-metal defects in silicon carbide with perspectives
for quantum technologies — ¢Guipo BURKARD — Department of
Physics and IQST, University of Konstanz, 78457 Konstanz, Germany

Transition-metal (TM) defects in silicon carbide (SiC) have emerged as
a promising solid-state platform for quantum technologies, particularly
because certain species, such as vanadium, provide optical emission in
the telecom band and thus enable efficient spin-photon interfaces and
quantum memories. In parallel, high-spin nuclei in solids are attracting
growing interest for quantum information processing due to their long
coherence times and intrinsically large Hilbert spaces, which support
advanced protocols in quantum communication, measurement-based
quantum computing, and quantum sensing, as well as explorations of
fundamental quantum phenomena. A scalable route toward quantum
networking relies on modular devices that combine an optically ad-
dressable electronic spin with one or more nuclear-spin qudits. We
present a theoretical framework for TM defects in SiC. We model
the spin and optical structure of a single active 3d electron, reveal-
ing how crystal fields and spin-orbit coupling modify selection rules,
the g-tensor, and Rabi dynamics. We derive the effective hyperfine in-
teraction within the spin-orbit-induced Kramers doublets and analyze
nuclear-electron state transfer. Building on these insights, we propose
a driven, dissipative protocol for robust nuclear-spin polarization and
investigate how strain engineering can tailor electronic levels, optical
A systems, and spin initialization pathways.

Topical Talk TT 24.5 Tue 11:45 HSZ/0003

Statics and dynamics of complex magnetic states in mi-
crostructures — e AURORE FiINco — Laboratoire Charles Coulomb,
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CNRS and University of Montpellier, Montpellier, France

Scanning NV center microscopy is a versatile technique allowing both
the mapping of static magnetic textures [1] and of microwave fields,
which can be generated for example by spin waves. Here I will focus
on the investigation of microstructures.

I will first show how we can use magnetoelectric coupling in the anti-
ferromagnetic multiferroic bismuth ferrite to pattern a thin film using
electric field and create whirling textures of both electric polarization
and magnetization [2].

In a second part, I will discuss ferromagnetic microstructures, in the
room-temperature van der Waals magnet Fe;GeTes, demonstrating
the stabilization of vortices [3], and in permalloy, which hosts either a
S state or a vortex. In this material and when choosing the appropriate
dimensions for the microstructures, spin wave modes with frequencies
in the vicinity of 2.87 GHz are present and can therefore be probed
and imaged. Through the handedness of the stray field that these spin
wave mode produce, we can even discriminate between several modes
with similar frequencies.

[1] Finco and Jacques, APL Materials 11, 100901 (2023)
[2] Chaudron et al, Nature Materials 23, 905 (2024)
[3] Sfeir et al, Physical Review Materials 9, 114003 (2025)

TT 24.6 Tue 12:15 HSZ/0003
Probing Vortex Dynamics in 2D Superconductors with
Scanning Quantum Microscope — eMALIK LENGER', SREEHARI
Javaram!, Lucas Pupim2, RuoMmiNG PENG!, MATHIAS SCHEURERZ,
JURGEN SMET3, and JOre WRracHTRUPY3 — 13rd Institute of
Physics, University Stuttgart, Stuttgart, Germany — 2Institute for
Theoretical Physics III, University Stuttgart, Stuttgart, Germany —
3Max Planck Institute for Solid State Research, Stuttgart, Germany

Magnetic dynamics at the nanoscale provide crucial insight into the
behavior of superconductors. Using single-spin scanning quantum mi-
croscopy, we probe vortex dynamics in the two-dimensional supercon-
ductor NbSe2. Our measurements reveal a disordered vortex glass
phase that melts near the critical temperature and displays cooling-
rate-dependent configurations. Surprisingly, magnetic noise persists
well below Tc, with a strength that increases at lower temperatures
- contrary to expectations. This behavior, detected via spin deco-
herence, points to an intrinsic origin driven by competition between
supercurrent density and thermal fluctuations. Our results establish
single-spin microscopy as a powerful platform for investigating fluctu-
ations in 2D superconductors.

TT 24.7 Tue 12:30 HSZ/0003
Quantum sensing of a synthetic 3D spin texture — eR. J. PENA
RomAN:2:3 S, Marry!2, F. SaMap®5, S. JosepaY®, A. MORALES®,
S. Cuarroprapuyay!3, A. Kikav?, K. Kern?7, O. HeLiwic®?, and
A. SineguAD2:3 — 1IFMP, Dresden University of Technology — 2Max
Planck Institute for Solid State Research — 3Wurzburg-Dresden Clus-
ter of Excellence (ct.qmat) — 4Institute of Ion Beam Physics and Ma-
terial Research, Helmholtz-Zentrum Dresden-Rossendorf — SInsititute
of Physics, Chemnitz University of Technology — 6QZabre AG, Zurich
— TInstitute de Physique, Ecole Polytechnique Fédérale de Lausanne

Multilayered synthetic antiferromagnets (SAFs) are artificial three-
dimensional (3D) architectures engineered to create novel, complex,
and stable spin textures. Magnetic imaging of the spin texture is a
crucial step for achieving tailored material performance and new func-
tionalities. However, the deterministic detection of the magnetic tex-
tures and their quantitative characterization at the nanoscale remains
challenging. Here, we use nitrogen-vacancy scanning probe microscopy
under ambient conditions to perform quantitative vector-field magne-
tometry in a multilayered SAF. We demonstrate distinct fingerprints
emerging from spin noise and constant stray fields, providing insights
into the structure of domains and domain walls, as well as into mag-
netic noise associated with thermal spin waves. Combined with modern
machine learning approaches, this work opens up new possibilities for
quantitative magnetometry in materials with tailored and complex 3D
spin textures.
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TT 25: f-Electron Systems

Time: Tuesday 9:30-12:30

TT 25.1 Tue 9:30 HSZ/0101
Strong correlations in rare earth intermetallic compounds
— oPavEL SHEE!, CHiA JuNG YanG2, Tanava HaLDER!, NaINiSH
Tickool!, SuisaiR KuMar PaNDEY®, AsHis Kumar Nanpyl, RuTa
KuLkaRNI?, ARUMUGAM THAMIZHAVEL?, MANFRED FIEBIGZ, ANAMI-
TRA MUKHERJEE!, and SHOvON PaL! — ! National Institute of Science
Education and Research, Bhubaneswar, India — 2ETH Zurich, Zurich,
Switzerland — 3Artificial Intelligence for Science Institute, Beijing,
China — “4Tata Institute of Fundamental Research, Mumbai, India

In rare-earth intermetallic compounds, the strong correlations between
magnetic ordering and the crystal electric field (CEF) are essential to
understand their many-body ground states. The CEF excitations at
a low energy scale becomes crucial to study as it leaves its finger-
prints on the exotic magnetic behaviour in rare-earth intermetallics.
Using THz time-domain spectroscopy, we have directly probed the
underlying CEF states in two distinct material system: a prototype
Kondo lattice system (CeAgaGez) and a metallic ferromagnet (PrSi).
In CeAgaGegz, we elucidate the low lying CEF state to strongly couple
with the Ruderman-Kittel-Kasuya-Yosida (RKKY) interaction, evi-
denced by a distinct blueshift in the transition frequency [1]. How-
ever, in PrSi, we identify a prominent increase in the population of
the higher CEF state at the curie temperature, showcasing an intri-
cate interplay between CEF and magnetic ordering in these strongly
correlated systems|2].

[1] P. Shee et al., Phys. Rev. B 109, 075133 (2024)

[2] P. Shee et al. manuscript submitted to Advanced Science.

TT 25.2 Tue 9:45 HSZ/0101
Rare-earth nitrides: nitrogen stoichiometry, 4f valence, and
the role of the rare-earth 5d states in SmN — ANNA MELENDEZ-
Sans!, Vanpa M. PeReiral, Cuun-Fu Cuanc!, CHANG-YANG
Kuob23 Cuien-TE Cuen?, Liv Hao Tieng!, and eSmione C.
ArTENDORF! — ! Max Planck Institute for Chemical Physics of Solids,
Dresden, Germany — 2National Synchrotron Radiation Research Cen-
ter, Hsinchu, Taiwan — 3Department of Electrophysics, National Yang
Ming Chiao Tung University, Hsinchu, Taiwan

We report on the influence of nitrogen stoichiometry on the electronic
structure of epitaxial rare-earth nitride (REN) thin films grown by
molecular beam epitaxy under ultra-high vacuum base conditions us-
ing moderate growth conditions, i.e., slow deposition rates, and mod-
erate temperatures and pressures. The systematic variation of the
growth parameters enables precise control of the nitrogen content and
the preparation of near-stoichiometric, well-ordered REN thin films
[1,2]. Using samarium nitride as a critical model system, we present a
combined x-ray photoelectron spectroscopy and x-ray absorption spec-
troscopy study that reveals the dependence of the rare-earth valence
and electronic structure on the nitrogen content. Our findings suggest
that the RE 5d states may play a crucial role in the nitrogen-deficient
samples, as the empty states can stabilize the RE 4f valence by hosting
the extra electrons.

[1] V. M. Pereira et al., Phys. Rev. Mater. 7, 124405 (2023)

[2] A. Meléndez-Sans et al., Phys. Rev. B 110, 045120 (2024)

TT 25.3 Tue 10:00 HSZ/0101
Terahertz Signatures of Coupled Topological and Heavy-
Fermion States in SmBg eZEKAI CHEN, DEBANKIT
PrivabparsHi, Erik W. DE Vos, and MANFRED Fi1EBIG — Depart-
ment of Materials, ETH Zurich, Zurich, Switzerland.

We present a THz time-domain spectroscopy study that resonantly
probes the conducting surface state of the topological Kondo insulator
samarium hexaboride (SmBg). Previous work on Kondo insulators has
shown that the Kondo quasiparticles disintegrate near a quantum crit-
ical point (QCP) following THz radiation, leading to a delayed echo-
pulse-like signal in the time domain [1]. In contrast to these materials,
SmBg exhibits an additional in-gap state that is hypothesized to be
related to its topological surface conductivity. In the presented exper-
iment, this in-gap state is resonantly probed with THz radiation. Our
results show the aforementioned echo-like signal at 3 ps, which matches
the theoretical surface Kondo temperature [2]. The link between the
topological surface state and the Kondo effect is corroborated by the
observation of a transition towards negative optical conductivity of the
instantaneous THz reflection, which emerges on the same temperature
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scale as the echo-response. Our results provide insight into the emer-
gence of a coupling between the in-gap surface state and the underlying
correlated Kondo physics in SmBg.

[1] Nature Physics 14, 1103 (2018)

[2] Physical Review Letters, 114, 177202 (2015)

TT 25.4 Tue 10:15 HSZ/0101
Observation of 5f valence fluctuations in UPd2Cdyp by high-
resolution XAS — eJiNnDRICH KOLORENC — Institute of Physics
(FZU), Czech Academy of Sciences, Prague, Czech Republic

The regime of valence fluctuations, known from anomalous rare-earth
systems, has not yet been identified by microscopic techniques in any
uranium compound. It was only suggested in a few of them on the
basis of thermodynamic measurements (such as the magnetic suscepti-
bility) and their similarity to the behavior of rare-earth valence fluctu-
ators. Such arguments, however, are hardly unequivocal. We present
uranium L3 and M, x-ray absorption spectra taken on UPdsCdag,
which is a heavy-fermion antiferromagnet. Although it has only one
type of uranium site in its primitive cell, the spectra obtained in the
high-energy-resolution fluorescence-detection mode display two edges,
each associated with a different valence state, 5f2 and 5f3. Moreover,
the shape of the My spectrum is well approximated by a combina-
tion of UCI3 (5f3) and UCly (5f?) spectra. This suggests 52 < 5f3
fluctuations on a timescale longer than the characteristic time of the
spectroscopy technique. Unlike 4f systems, in which such fluctuations
typically lead to a destruction of magnetism due to one of the involved
4f™ configurations being non-magnetic, the 52 and 5f2 states are both
magnetic, allowing for a magnetic ordering in the fluctuating state.
This contribution is a result of a collaboration between Niigata Uni-
versity, Japan Atomic Energy Agency, Kyushu University, Japan Syn-
chrotron Radiation Research Institute, Helmholtz-Zentrum Dresden-
Rossendorf, ESRF in Grenoble, and Charles University in Prague.

TT 25.5 Tue 10:30 HSZ/0101
Stoichiometry control of the magnetic structure and crys-
talline electric field effects in the Kondo lattice CeAlGe —
eSooHYEON SHIN and Yixi Su — Juelich Center for Neutron Sciense
at MLZ, Lichtenbergstrasse 1, Garching 85748, Germany

CeAlGe crystallizes in the LaAlSi-type tetragonal structure, where spa-
tial inversion symmetry is broken. This system is expected to host
Weyl fermions near a Fermi surface that becomes more stable when
time-reversal symmetry is broken. The magnetic ground state and
associated topological properties of CeAlGe are known to depend sen-
sitively on chemical stoichiometry. For instance, crystals grown by
the flux method typically contain 5-15% excess Al on the Ge site and
exhibit commensurate antiferromagnetic order below T=5.1 K. In con-
trast, crystals prepared by the floating-zone method under 30 bar of
Ar gas yield stoichiometric compositions and display incommensurate
order below T=4.4 K, where topological Hall effects are induced by
external magnetic fields.

In this presentation, we report recent neutron-scattering experi-
ments. Small-angle scattering reveals the emergence of additional
incommensurate magnetic ordering associated with Al substitution.
Furthermore, time-of-flight measurements suggest the presence of a
magnetoelastic bound state between the first excited crystal-field level
and an optical phonon mode near 17 meV. We will discuss the impli-
cations of this magnetoelastic bound state for the magnetic structures
in CeAlGe.

TT 25.6 Tue 10:45 HSZ/0101
Acoustic signatures of field-induced electronic topological
transitions in YbNiyPy — eJEREMY SourD!, E.O. ELJAOUHARI?,
B.V. Scuwarze!, K. KriemT3, C. KRELLNER3, F. HussTeDT 4,
J. Wosnitzal4, S. Zugeruitsyn!, and G. ZwicknacL?®
!Dresden High Magnetic Field Laboratory (HLDEMFL), HZDR, Ger-
many — 2Institut fiir Mathematische Physik, TU Braunschweig —
3Physikalisches Institut, Johann Wolfgang Goethe-Universitit, Frank-
furt am Main — “Institut fiir Festkorper- und Materialphysik, TU
Dresden — ®Max Planck Institute for Chemical Physics of Solids, Dres-
den

The Fermi surface is a central concept to elaborate the physical prop-
erties of correlated electron systems. While resulting from the pre-
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cise chemistry of a given material through its crystal and electronic
structures, the Fermi-surface shape and topology can evolve drastically
upon varying a control parameter leading to an electronic-topological
transition (ETT). In heavy-fermion systems the strong electronic cor-
relations generate renormalized flat bands close to the Fermi level,
leading to effective Fermi energies of the order of 10 T. Thus, in these
systems the Zeeman energy from moderate magnetic field is enough to
induce an ETT, as observed for example in YbNigP2. We used acoustic
waves in order to probe the sequence of ETT in YbNiyg P2, by perform-
ing ultrasound experiments at low temperature. By comparing the
observed anomalies of the sound velocity for different acoustic modes,
we show how ultrasound permits to better explore the reciprocal space
structure of the ETTs in YbNigPo.

15 min. break

TT 25.7 Tue 11:15 HSZ/0101
Tuning quadrupolar order in YbRu>Ge> using uniaxial stress
— eARrINDAM GHARA!, Carruin I. O’NEwL!, ELena Gatih2, You-
SueENG Li3, NuBia Caroca-CaNaLEs!, CHRrisToPH GEIBEL!, HILARY
Noap!, and MicHAEL Nickras! — Max Planck Institute for Chemi-
cal Physics of Solids, Dresden, Germany — 2Goethe University Frank-
furt, Germany — 3National Taiwan University, Taiwan

Multipolar order has gained renewed attention due to its close con-
nection with nematicity, altermagnetism, and quantum criticality.
YbRu2Gez exhibits a ferroquadrupolar transition at Tg = 10.2K ac-
companied by a tetragonal-to-orthorhombic structural distortion [1,2].
Experimental studies [2] have proposed a Big4 order parameter for the
ferroquadrupolar ground state. According to theoretical work [3], a
transverse field, such as a magnetic field along the ¢ axis or a Bag
stress, can drive YbRuzGez towards a quantum critical point. This
makes YbRusGes a model system for studying quadrupolar fluctua-
tions under symmetry-resolved tuning parameters.

We used these tuning parameters to map the phase diagram of
YbRuzGes via resistance and Young’s modulus measurements. While
the data under c-axis magnetic field behave as expected for a transverse
field, the response to Bz, stress is unexpected: the resistivity anomaly
broadens, whereas the Young’s modulus anomaly stays sharp. This
behaviour challenges the assumption that B2y stress acts purely as a
transverse field.

[1] Jeevan et al., Phys. Rev. B 73, 020407 (2006)
[2] Rosenberg et al., PNAS 116, 7232 (2019)
[3] Maharaj et al., PNAS 114, 13430 (2017)

TT 25.8 Tue 11:30 HSZ/0101
YbsRheSnig: a valence fluctuating system with ultra-low
thermal conductivity — eOLEKSANDR BoLiELy1!, VoLODYMYR
Levyrskyl!, KrisTina O. KVASHNINAZ, ANDREAS LEITHE-JASPERS,
and RomaN GuMmENIUK! — !Institut fiir Experimentelle Physik, TU
Bergakademie Freiberg, 09596 Freiberg, Germany — 2Helmholtz-
Zentrum Dresden-Rossendorf (HZDR), 01314 Dresden, Germany —
3Max-Planck-Institut fiir Chemische Physik fester Stoffe, 01187 Dres-
den, Germany

YbsRheSn1g obtained by high-frequency melting of elemental metals
crystallizes with an unique structural configuration closely related to
the YbsRh4Sni3 Remeika prototype. An important feature of this
structure is that the small Snl-atoms reside within enlarged Frank-
Kasper polyhedra thus, possessing potential for a "rattling" motion.
X-ray absorption spectra of YbsRhgSnjg indicate Yb-ions to be in
the intermediate valence state (IVS), i.e. switching between the 4f13
(Yb3t) and 4™ (Yb21) configurations. In agreement with this find-
ing temperature dependence of magnetic susceptibility reveals a well
pronounced maximum. Both Hall and Seebeck coefficients indicate
the change of charge carrier type from electrons to holes between 120
and 220 K. Together with electrical resistivity and theoretical DFT
calculations these effects confirm YbsRhgSnig to be a metal, which
disobeys the free electron gas theory. The ultra-low thermal conduc-
tivity is attributed to the appearance of phonon resonance as well as
to the "rattling" motion of Snl atoms in the studied structure.

TT 25.9 Tue 11:45 HSZ/0101
Antiferromagnetic order and spin excitations in HoInCuy
— 0. Stockert!, X. BoraLEY?, J. Lass?, R. SiBiLLE?, @. S.
FieLivAe23, S. Mooby2, A. M. LiucHLi®?, V. FrirscH®, and
D. G. MazzoNgE? — Max-Planck-Institut CPfS, Dresden — 2Paul-
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Scherrer-Institut, Villigen, Switzerland — 3Institute for Energy Tech-
nology, Kjeller, Norway — %Ecole Polytechnique Fédérale de Lau-
sanne, Lausanne, Switzerland — 5Universitat Augsburg, Augsburg

Magnetic frustration quite often leads to novel quantum phases in con-
densed matter physics. Here, we focus on the intermetallic compound
HoInCuy with a face-centered cubic structure being prone to frustra-
tion.

We performed extensive elastic and inelastic neutron scattering on
HoInCuy to unravel the magnetic structure and to study the under-
lying exchange interactions [1,2]. Below 0.76 K HoInCuy orders in a
type-1IT AF structure with a reduced ordered moment and partially
disordered Ho spins. Enhanced spin fluctuations due to frustration
are detected as a diffuse signal, even well inside the ordered state. In
the magnetic field polarized state the spin excitations and the magnetic
diffuse scattering can be well modeled using linear spin-wave theory
yielding a consistent set of nearest and next-nearest neighbor interac-
tions. In contrast, in zero magnetic field spin-wave theory fully fails to
describe the overdamped spin excitations in the AF ordered state. All
these findings emphasize the importance of frustration in HoInCuy.
[1] O. Stockert et al., Phys. Rev. Res. 2, 013183 (2020).

[2] X. Boraley et al., Phys. Rev. Lett. 135, 046702 (2025).

TT 25.10 Tue 12:00 HSZ/0101
Single crystal growth and characterization of EuMnsSis
and EuMn;Ges — eJaNINA STRAHL!, Tom GERNTKED2, KRISTIN
KriemT!, Kurtr KuMMER?, and CorNELIUS KRELLNER! — Institute
of Physics, Goethe-University, Frankfurt (Main), Germany —
2European Synchrotron Radiation Facility (ESRF), F-38043 Greno-
ble Cedex, France

EuMnsSiz exhibits a thermally driven valence transition of the eu-
ropium ions from Eu3t at low temperatures to Eu?-5t at high tem-
peratures [1]. The isoelectronic and isostructural substitution of sil-
icon with germanium leads to a stabilization of the divalent state of
Eu in EuMn2Geg with reported ferromagnetic Eu ordering below 13
K [2]. Both rare earth intermetallic 122 compounds crystallize in the
tetragonal ThCraSis structure type and show antiferromagnetic order-
ing of the manganese sublattices above room temperature. In literature
[1,2], additional Mn spin-reorientation transitions in polycrystalline
EuMnsSiz samples at low temperatures were observed. In this contri-
bution, we present the single crystal growth and physical properties of
both compounds. We found antiferromagnetic ordering of the Eu ions
in single crystalline EuMnyGea below 10.4 K. Furthermore, there is
evidence that previously reported Mn reorientation transitions are ab-
sent in pure EuMnsSis single crystals, and a valence crossover occurs
between 350-530 K.

[1] M. Hofmann et al., Phys. Rev. B 69, 174432 (2004)

[2] I. Nowik et al., Phys. Rev. B 55, 3033 (1997)

TT 25.11 Tue 12:15 HSZ/0101
Polaronic quasiparticles in the valence-transition compound
TmSe|_,Te, — 6CHUL-HEE MIN 2, SIMON MULLER®, LENART DUDY?,
MICHAEL HEBER®, WOOJAE CHOI®, JONATHAN DENLIGNER’, CHANG
JONG KANG®, MATTHIAS KALLANEZ, NILS WIND?, MARKUS SCHOLZ®,
CHRISTOPH SCHLUETER®, ANDREI GLOSKOVSKII?, EMILE RIENKS®,
VLADIMIR HINKOV®, HENDRIK BENTMANN!, YONG SEUNG KWON®,
FRIEDRICH REINERT®, HYEONG DO KIM?, and KAI ROSSNAGEL2® —
IFYI, NTNU, Norway — 2IEAP, CAU Kiel, Germany — 3Uni.
Wiirzburg, Germany — *SOLEIL, France — °DESY, Germany —
SDGIST, South Korea — 7ALS, USA — ®BESSY II, Germany —

9PAL, South Korea

Exotic quasiparticle states have been proposed in mixed-valent com-
pounds exhibiting valence transitions. However, clear spectro-
scopic evidence identifying these states has remained elusive. Using
synchrotron-based photoemission spectroscopy, we have probed the
Tm 3d and 4f emissions in TmSej _;Te,, where a semimetal-insulator
transition occurs. Our photoemission results reveal a novel quasiparti-
cle excitation in the semimetallic phase: a Holstein polaron. This local
lattice distortion, induced by 4f photohole, is surprising in a metallic
system where efficient screening is expected. We interpret this ob-
servation as evidence that, in heavy fermion systems, the conduction
electrons’ screening response is slower than the characteristic atomic
distortion. Our finding underscores the critical role of electron-phonon
coupling, which necessitates an extension of the standard Periodic An-
derson Model.

[1] Phys. Rev. Lett. 135, 186501 (2025)
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TT 26: Correlated Magnetism — Frustrated Systems

Time: Tuesday 9:30-12:15

TT 26.1 Tue 9:30 HSZ/0103
Finite-temperature Lanczos approach to frustrated quan-
tum spin systems — e ANDREAS HONECKER!, MaLo RouxeL!, and
KaTaRINA KARL OVA2 — lLaboratoire de Physique Théorique et Mod-
élisation, CNRS, CY Cergy Paris Université, France — 2Department of
Theoretical Physics and Astrophysics, P.J. Safarik University, Kosice,
Slovakia

The finite-temperature Lanczos method or its quantum typicality vari-
ants are a method of choice for computing thermodynamic properties
of frustrated quantum spin systems, in particular in two dimensions.
Here we show that quasi-exact results can be obtained with moderate
numerical effort for systems with N < 40 spins 1/2, even if the method
involves Monte Carlo sampling. We illustrate the approach on the
diamond-decorated square and honeycomb lattices. These models not
only distinguish themselves by the presence of local conservation laws,
but also offer a rich phase diagram, including phases with macroscopic
ground-state degeneracy. We comment in particular on the resulting
enhanced magnetocaloric effect [1].

[1] K. Karlova, A. Honecker, N. Cagi, S. Wessel, J. Strecka, T.
Verkholyak, Phys. Rev. B 110, 214429 (2024).

TT 26.2 Tue 9:45 HSZ/0103
Quantum annealing for lattice models with long-range in-
teractions — eJAN ALEXANDER KozioL and Kar PHILLIP SCHMIDT
— Department of Physics, Staudtstrafe 7, Friedrich-Alexander-
Universitét Erlangen-Niirnberg (FAU), D-91058 Erlangen, Germany

We use superconducting qubit quantum annealing devices to deter-
mine the ground state in the thermodynamic limit of Ising models
with algebraically decaying long-range interactions. This is enabled
by a unit-cell-based optimization scheme, in which the finite optimiza-
tions on each unit cell are performed using commercial quantum an-
nealing hardware. To demonstrate the capabilities of the approach,
we choose three exemplary problems relevant for other quantum sim-
ulation platforms and material science: (i) the calculation of devil’s
staircases of magnetization plateaux of the long-range Ising model in
a longitudinal field on the triangular lattice, motivated by atomic and
molecular quantum simulators; (ii) the evaluation of the ground state
of the same model on the Kagomé lattice in the absence of a field,
motivated by artificial spin ice; (iii) the study of models with modified
few-nearest-neighbor interactions relevant for Ising compounds with
potential long-range interactions. The approach discussed in this work
provides a useful and realistic application of existing quantum anneal-
ing technology, applicable across many research areas in which lattice
problems with resummable long-range interactions are relevant.

TT 26.3 Tue 10:00 HSZ/0103
Nature of intersite exchange interactions in Ce triangular-
lattice delafossites — eLLEONID Pourovskii — CPHT, CNRS, Ecole
polytechnique, IP Paris, 91120 Palaiseau, France — Collége de France,
Université PSL, 75005 Paris, France

Anisotropic intersite exchange interactions (IEI) in frustrated rare-
earth magnets are difficult to assess both theoretically and experimen-
tally. We propose an ab initio force-theorem framework combining
the quasi-atomic Hubbard-I approach to 4f correlations with a static
mean-field treatment of the on-site intershell Coulomb interaction be-
tween rare-earth 4f and 5d states to simultaneously capture both 4f
superexchange and 5d-mediated indirect exchange. Applying it to a
set of Ce delafossites — the selenide CsCeSes, sulfide KCeSg2, and oxide
RbCeO2 — we find a remarkable qualitative evolution of IEI. While
the superexchange is found to dominate over the indirect exchange
in the oxide, the situation is reversed in the selenide. Both coupling
mechanisms are found to contribute comparably in the sulfide. The
calculated IEI place CsCeSez and KCeS3 in the yz-stripe region of the
published spin-1/2 triangular-lattice model phase diagram, in agree-
ment with experiment, while those for RbCeO2 correspond to the 120°
antiferromagnetic order. The magnetic excitation spectra of CsCeSea
and KCeSy evaluated from the calculated spin Hamiltonains are in
good qualitative and quantitative agreement with experimental data.

TT 26.4 Tue 10:15 HSZ/0103
Quantum Monte Carlo study of the Su-Schrieffer-Heeger
model on a triangular lattice — eDisua Houl, Anika GoTz!,
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Location: HSZ/0103

Japson Siva?, NaTtanaeL CosTa?, and FAKHER ASSAAD

Mnstitut fiir Theoretische Physik und Astrophysik, Universitat
Wiirzburg, Wiirzburg, Germany — 2Universidade Federal do Rio de
Janeiro, Rio de Janeiro, Brazil

We study the half-filled bond Su-Schrieffer-Heeger (SSH) model on
the triangular lattice using sign-problem-free auxiliary-field quantum
Monte Carlo methods. By varying the hopping matrix element, we
interpolate between the assisted hopping limit — characterized by an
emergent local Zg symmetry and phases in which the hopping is weakly
modulated by phonons. In addition to a s-wave superconducting state
and a staggered valence-bond solid state, we observe an emergent flux
phase which, in the absence of fluctuations, would exhibit a Dirac dis-
persion. We find that this phase is gapped and does not appear to
break any ultraviolet symmetries of the model, leading us to tenta-
tively identify it as a gapped Z2 quantum spin liquid phase.

1

TT 26.5 Tue 10:30 HSZ/0103
Exact nematic and mixed magnetic phases driven by com-
peting orders on the pyrochlore lattice — eNiccoLd FRrRANCINI,
Lukas ScumipT, Lukas JaNsseEN, and DANIEL LozaNno-GOMEzZ —
Institut fiir Theoretische Physik and Wiirzburg-Dresden Cluster of Ex-
cellence ct.qmat, TU Dresden, 01062 Dresden, Germany

Pyrochlore magnets are a paradigmatic example of three-dimensional
frustrated systems and provide an excellent platform for studying a
variety of exotic many-body phenomena. In recent years, increasing
attention has been devoted to bilinear spin models on this lattice,
where multiple magnetic phases can be degenerate in energy, often
stabilizing unconventional magnetic states. In this work, we focus on
one such model, parametrized by the interaction coupling J,4, which
defines a line in parameter space corresponding to the phase bound-
ary between three distinct magnetic phases. Using a combination of
analytical and numerical methods, we show that this model exhibits
an order-by-disorder mechanism at low temperatures, giving rise to a
mized magnetic phase. This represents the first realization of a q =0
long-range-ordered phase in a pyrochlore magnet characterized by two
distinct order parameters, which we denote as the A2 @12 phase. Fur-
thermore, at J,+ =1/ V2, the model acquires a subextensive number
of discrete symmetries, which preclude the stabilization of conventional
long-range order and instead lead to the emergence of a novel nematic
phase. We characterize this nematic phase, describe how its ground-
state configurations are constructed, and analyze its stability at higher
temperatures and under small deviations from J,+ = 1/4/2.

TT 26.6 Tue 10:45 HSZ/0103
From Open-Shell Nanographenes to Quantum Spin Chains:
Controllable Spins in Carbon Ladders — e ANDONI AGIRRE!Z,
TuoMmas FREDERIKSEND3, GEza Giepke!?, and Tosias Grass!?
— 1Donostia International Physics Center (DIPC), Manuel Lardiza-
bal Pasealekua 4, 20018 Donostia, Basque Country — 2Department of
PMAS: Physics, Chemistry and Technology, University of the Basque
Country (UPV/EHU), Manuel Lardizabal Pasealekua 3, 20018 Donos-
tia, Basque Country — 3IKERBASQUE, Basque Foundation for Sci-
ence, Euskadi Plaza 5, 48009 Bilbao, Basque Country

The low-energy electronic structure of nanographenes with open-shell
configurations can be faithfully represented by effective quantum spin
models, providing a promising route toward carbon-based quantum
simulators. Here we demonstrate this correspondence for an oligo-
indenoindene molecule, composed of alternating pentagon-hexagon
rings and theoretically mapped to a frustrated Fermi-Hubbard ladder.
We show that a spin-1/2 Heisenberg chain consisting of only one spin
per pentagon and featuring nearest- and next-nearest-neighbor cou-
plings, quantitatively reproduces the molecular excitation spectrum
and entanglement structure obtained from matrix-product-state cal-
culations. By systematically identifying the effective spins with de-
localized fermionic modes across the molecular backbone, we achieve
near-quantitative agreement in both static and dynamical magnetic
properties. Our results establish them as experimentally realizable
platforms for exploring frustrated magnetism and correlated spin dy-
namics in purely carbon-based materials.

15 min. break
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TT 26.7 Tue 11:15 HSZ/0103
Single crystal growth and study of the spin gap system
CuzWOg — e ANNAROSE Josk PaLLivan®2, Nazmur IsLam?, CINTLI
AGUILAR-MALDONADO?, RALF FEYERHERM?, ANDREY MALYUK?3,
SABINE WUrRMEHL3, and BeLLa Lake?! — ITechnische Universitit
Berlin, Germany — 2Helmholtz-Zentrum Berlin fiir Materialien und
Energie, Berlin, Germany — 3Leibniz Institute for Solid State and
Materials Research Dresden, Germany

Frustration in magnetic materials is an important phenomena leading
to exotic quantum states due to the presence of the competing inter-
actions in those materials. From this point of view, cuprates are inter-
esting because of the possibility of having multiple correlations and in-
teractions resulting in unusual correlated phases[1]. Copper tungstate,
CuzWOg, is one such compound where Cu?t (S=1/2) occupies the
triangular bipyramidal sites. This cubic system (Pa-3) hosts a unique
magnetic lattice consisting of coupled hexagons and equilateral trian-
gles of Cu?t giving rise to multiple exchange interactions. In order to
study the magnetic behavior and solve the magnetic Hamiltonian of
this material, we have grown the first single crystals of CusWOsg by
several different growth techniques and the high crystalline quality of
these crystals has been confirmed. We have also studied the thermo-
dynamic properties on these crystals down to low temperatures and
our results confirm the reported singlet ground state with a spin gap
of about 130K which suggests a dominant hexagonal interaction[2].
[1] Y. Fudamoto et al., Phy. Rev B 65, 174428 (2002)

[2] M. Hase et al., Phys. B: Condens. Matter 215, 325 (1995)

TT 26.8 Tue 11:30 HSZ/0103
Magnetic frustration and field-induced transitions in the oc-
tahedral lattice iridate Ho3IrOg — eABanouB Hannal, CINTLI
AcuiLAR MarLponapo!, RaLF FeEveEruErRM!, A.T. M. NazmuL
IsLam!, and BeLLa Lake!2 — 1Helmholtz-Zentrum Berlin fiir Mate-
rialien und Energie GmbH, Hahn-Meitner Platz 1, D-14109 Berlin,
Germany — 2Institut fiir Festkdrperphysik, Technische Universitét
Berlin, Germany

HosIrOg is a new octahedral lattice compound in which holmium ions
form a distorted network of corner sharing octahedra, providing a clean
platform to study frustration in rare earth iridates. X ray and neu-
tron powder diffraction confirm a single phase cubic Ia-3 structure
with ordered Ho and Ir sites and no detectable impurities, so the mag-
netic behaviour can be interpreted without structural complications.
Low temperature magnetometry shows a sharp transition near 1 kelvin
with strong field dependence, and Curie Weiss analysis indicates anti-
ferromagnetic interactions and a large frustration parameter, pointing
to competing exchanges on the octahedral lattice. AC susceptibility,
nonlinear magnetization curves and field dependent anomalies reveal

a genuine thermodynamic transition and metamagnetic steps, while
heat capacity data are consistent with a low lying triplet ground state
and an additional Schottky like feature around 5 K.

TT 26.9 Tue 11:45 HSZ/0103
Crystal growth, electronic and magnetic Properties of
Mn3AlgSi — eAsHrwiNni Baropur!;, Min Gyu Kim2, ANDREAS
Kreyssic!, and Anna E. Boumer! — !Experimental Physics
IV, Ruhr-University Bochum, Bochum, Germany — 2University of

Wisconsin-Milwaukee, Milwaukee, USA

The Mn-based intermetallic compound Mn3zAlgSi crystallizes in a
hexagonal structure in which the Mn ions form a well-separated tri-
angular network, giving rise to unusual transport and thermodynamic
behavior. We have synthesized high-quality single crystals of MngzAlgSi
and performed magnetic, transport and heat-capacity measurements.
The magnetic susceptibility exhibits isotropic behavior with no evi-
dence of long-range magnetic ordering down to 1.8 K. Low-temperature
resistivity measurements reveal a negative magnetoresistance. We fur-
ther present the critical scaling behavior in applied magnetic fields, in
both magnetization and heat-capacity.

We acknowledge funding from the European Research Council
through Project 101040811, Distort-to-Grasp.

TT 26.10 Tue 12:00 HSZ/0103
Synthesis and characterization of Mn3Al;Si3 012 single crys-
tal — eMarwa ABOUELELA'2, ATM NazmuL IsLam?, RALF
FeveErRHERM?, and BeLLa Lakgel2 — lnstitut fiir Festkorperphysik,
Technische Universitit, Berlin, Germany — 2Helmholtz-Zentrum
Berlin fiir Materialien und Energie GmbH, Berlin, Germany

Geometric magnetic frustration, typically found in materials with tri-
angular and tetrahedral motifs, has attracted significant interest in
recent research [1]. The garnet MngAl2SizOq2 exhibits geometrical
frustration, where magnetic Mn2* (3d®) ions that have spin-5/2 form
hyper-Kagome structure which is three-dimensional network of corner-
sharing triangles [2]. In this study, we synthesized the first single crys-
tals of Mn3gAl2Si3O12 grown by the optical floating-zone technique.
X-ray and neutron diffraction confirmed the garnet space group Ia3d.
Temperature-dependent magnetic susceptibility measurements reveal
antiferromagnetic ordering of the Mn?t ions below Ty = 6.5 K, along
with an effective moment of 5.85 13 and a Curie-Weiss temperature of
Tew = —24.48 K, giving a frustration index of f = |0cw/Tn| = 3.8.
Investigation of the magnetic structure below Ty and the short-range
order above T\ is ongoing.

[1] Islam, Manisha et al., Crystals 13 (2023)397

[2] Lau et al., Phys. Rev. B 80 (2009) 214414

TT 27: Focus Session: Tunable Correlations in van der Waals Quantum Materials Il (joint
session TT/DS/HL)

Time: Tuesday 9:30-10:45

Invited Talk TT 27.1 Tue 9:30 HSZ/0105
Simulating high-temperature superconductivity in a triangu-
lar moiré lattice — eKin Far Mak — Luruper Chaussee 149 Bldg.
900 (MPSD), 22761 Hamburg, Germany

Moiré materials built on transition metal dichalcogenide semiconduc-
tors have emerged as a tunable platform for simulating the Hubbard
model on a triangular lattice. A natural question arises: Can the
platform be tuned to yield a phase diagram similar to that in high-
temperature cuprate superconductors? In this talk, I will discuss the
emergence of high-temperature superconductivity near the Mott tran-
sition in a triangular moiré lattice with intermediate coupling strength.
The emergent doping-temperature phase diagram looks remarkably
similar to that in cuprate superconductors. I will also discuss the
evolution of the phase diagram by tuning the band structure of the
material by gating. The results could provide a new angle for under-
standing the phenomenon of high-temperature superconductivity in
strongly correlated materials.

TT 27.2 Tue 10:00 HSZ/0105
Engineering Hubbard models with gated two-dimensional
moiré systems — eY1qQ1 Yanc!, YuBo Yanc2?, MiGUEL MoORALES?,
and SHIWEI ZHANG? — 1Lund University, Lund, Sweden — 2Hofstra
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University, New York, USA — 3Flatiron Institute, New York, USA

Lattice models are powerful tools for studying strongly correlated
quantum many-body systems, but their general lack of exact solutions
motivates efforts to simulate them in tunable platforms. Recently, a
promising new candidate has emerged for such platforms from two-
dimensional materials. A subset of moiré systems can be effectively
described as a two-dimensional electron gas (2D EG) subject to a
moiré potential, with electron-electron interactions screened by nearby
metallic gates. In this talk, we present the realization of lattice models
in such systems [1]. We show that, by controlling the gate separation,
a 2D EG in a square moiré potential can be systematically tuned into
a system whose ground state exhibits orders analogous to those of the
square lattice Hubbard model, including the stripe phase. Further-
more, we study how variations in gate separation and moiré potential
depth affect the ground-state orders. A number of antiferromagnetic
phases, as well as a ferromagnetic phase and a paramagnetic phase,
are identified.We then apply our quantitative downfolding approach
to triangular moiré systems closer to current experimental conditions,
compare them with the square lattice parameters studied, and outline
routes for experimental realization of the phases.

[1] arXiv:2508.13314
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TT 27.3 Tue 10:15 HSZ/0105
Dirac quantum criticality in twisted double bilayer transition
metal dichalcogenides — eJAN BIEDERMANN and LUKAS JANSSEN
— Institut fiir Theoretische Physik and Wiirzburg-Dresden Cluster of
Excellence ct.qmat, Technische Universitdt Dresden, 01062 Dresden,
Germany

We investigate the phase diagram of twisted double bilayer transi-
tion metal dichalcogenides with ABBA stacking as a function of twist
angle and pressure. At a filling of 2 holes per moiré unit cell, the
noninteracting system hosts a Dirac semimetal with graphene-like low-
energy bands. At small twist angles however, interactions dominate the
low-temperature physics, stabilizing an antiferromagnetic insulating
ground state that is characterized by spin density modulations at the
moiré scale. The twist-tuned semimetal-to-antiferromagnet transition
is shown to be continuous and belongs to the Gross-Neveu-Heisenberg
universality class. We propose that this transition may also be realized
by applying uniaxial pressure to a sample, raising the intriguing pos-
sibility of experimentally measuring the associated critical exponents
for the first time.

TT 27.4 Tue 10:30 HSZ/0105
Chemically Tunable Correlation Strength in Breathing Mode
Kagome van der Waals Materials Nbs(F,Cl,Br,I)gs — eJoosT

AreTz!, SERGI GRYTSIUK!, X1aoJiNg Liu2, GiovaNNA FERAcCOZ,

CHRySTALLA KNEKNAZ:3, MuHAMMAD WAaSEEM2, ZHIYING DANZ,
Marco Biancur?, PriLip HormanNN?, MazHAR ALI®, MIKHAIL
KarsneLson!6 Anrona Grusisic-Caso?, Huco STranD?, ERIK
vaN Loon®, and MaLte RosNer!® — 1Radboud University, Ni-
jmegen, Netherlands — 2University of Groningen, Netherlands —
3University of Amsterdam, Netherlands — 4Aarhus University, Den-
mark — ®Delft University of Technology, Netherlands — ¢Constructor
University, Bremen, Germany — 7 Orebro University, Sweden — 8Lund
University, Sweden — 9Bielefeld University, Germany

Finding tunable correlated electron systems in nature is highly de-
sirable for studying strongly correlated materials. Our recent work
demonstrates that the NbsXg-family offers such a platform for tun-
ing correlation effects in van der Waals systems. By using ab initio
downfolding and cluster dynamical mean-field theory we show how
correlation effects evolve across the halide series. In these materi-
als an intruiging interplay between in-plane trimerization and out-of-
plane dimerization leads to correlated insulating behavior, where the
strength of correlations can be tuned by switching the halide or by
changing the layer number. The predicted trends are supported by
ARPES measurements. The correlated electron physics in this sys-
tem is robust, tunable and layered, which allows studying the role of
correlations in devices such as the NbSes /NbgBrg Josephson diode.

TT 28: Superconducting Electronics: SQUIDs and other Josephson Circuits and Components

Time: Tuesday 9:30-12:45

TT 28.1 Tue 9:30 CHE/0089

Gate-controlled switching in non-centrosymmetric supercon-
ducting devices - Large output voltage — eJENNIFER KocHu!,
LeoN Rur!, AnceLo D1 BerNarRDO!2, and ELKE ScHEER! —
IUniversitit Konstanz, Konstanz, Germany — 2Universita degli Studi

di Salerno, Fisciano (SA), Italy

Gate-controlled supercurrent (GCS) devices have become of great in-
terest as a superconducting equivalent to complementary metal-oxide-
semiconductor (CMOS) logic. The underlying concept is based on the
observation that supercurrent can be controlled electrically through
the application of a gate voltage [1,2].

We investigate GCS devices made of the non-centrosymmetric super-
conductor Nbg.18Rep.g2. By combining geometric adjustments with
the material’s high normal-state resistivity, we achieve a significant in-
crease of the output voltage. The resulting voltage is high enough to
drive CMOS transistors, demonstrating the potential of GCS devices
to interface directly with conventional semiconductor electronics. This
finding represents an important step towards hybrid computing archi-
tectures.

[1] De Simoni et al., Nature Nanotech 13, 802 (2018)

[2] Paolucci et al., Nano Letters 18, 4195 (2018)

TT 28.2 Tue 9:45 CHE/0089
Chemical-mechanical polishing process for the fabrication of
cross-type Nb/Al-AlO,/Nb Josephson tunnel junctions —
e ALEXANDER STOLL, LUKAs MUNCH, DANIEL HENGSTLER, ANDREAS
REIFENBERGER, ANDREAS FLEISCHMANN, and CHRISTIAN Enss —
Kirchhoff-Institute for Physics, Heidelberg University, Germany

The core elements at the frontier of superconducting electronic de-
vices, such as qubits or superconducting quantum interference devices
(SQUIDs), are the Josephson tunnel junctions (JJs). To enable scaling
in production of these devices, good parameter control is required, in-
cluding a uniform quality and reproducibility. We use a cross-type
geometry for our JJs so that our junction area is not limited by
alignment inaccuracies and, at the same time, parasitic capacitances
and thus parasitic LC resonances can be avoided. A sputtered SiO2
layer used for the insulation of the structured Nb/Al-AlO;/Nb tri-
layer including its sidewalls usually requires a time-consuming lift-off
and leaves behind undesired wings that can compromise the quality
of subsequent layers. To mitigate these challenges, we introduced a
chemical-mechanical polishing (CMP) step. We present our optimized
fabrication process which achieves a well-embedded, smooth, and uni-
form post-CMP surface and substantially improves the reliability and
yield of our JJs on 3 inch wafer-scale. A variety of tests to charac-
terize the JJs based on their I'V-characteristics and their Fraunhofer
Patterns as well as the electrical properties of the superconducting Nb
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are discussed.

TT 28.3 Tue 10:00 CHE/0089
Towards the next generation of dc SQUID sensors —
eMaURO EsaTTorE!, OLIVER KIELER!, MicHAEL PAULSENZ?, RAINER
KORBER?, PATRYK KRzysTEczko2, MARK BIELER!, and JORN
Bever? — 1Physikalisch-Technische Bundesanstalt, Bundesallee 100,
38116 Braunschweig, Germany — 2Physikalisch-Technische Bunde-

sanstalt, Abbestrae 2-10, 10587 Berlin, Germany

This is an update on our path towards next-generation SQUID devices,
featuring “fine-pitch” input coils and window-type Nb/Al-AlOx/Nb
Josephson junctions (JJs), both realized with sub-micrometer dimen-
sions. The circuit elements are fabricated using electron beam lithogra-
phy and are integrated into existing sensor designs which are currently
fabricated using UV lithography, which limits the minimal dimensions.
For current sensor SQUIDs, it is crucial to maximize the inductive cou-
pling k between the signal input coil and the SQUID loop to minimize
the coupled energy sensitivity e. = €/k? - with & being the intrinsic
energy sensitivity. The SQUID energy sensitivity e \/(CJJ) can
also be lowered by reducing the JJ capacitance Cy;. Our aim is to
achieve high sensor compactness as well as reduced coupling losses,
without further modifying the sensors design. To that end, we fabri-
cated fine-pitch coils with lateral width down to 0.3 pm - almost an
order of magnitude smaller than coils fabricated with UV lithography
- with inductance values ranging from 400 nH to 14 pH, depending
on the number of coil windings. Details concerning design aspects of
both circuit elements, their fabrication and characterization results are
provided.

~
~

TT 28.4 Tue 10:15 CHE/0089
Tapping-mode SQUID-on-tip Microscopy with Proximity
Josephson Junctions — eMarTHus Roc!, Tycuo J. Browm!,
Daan B. Borrse!2, MiLan P. Avnan!23 and Kaven Lanapr!:?
— lInstitute of Physics, Leiden University, Leiden, The Netherlands
— 2QuantaMap B.V., Leiden, The Netherlands — 3Faculty of Physics,
Ludwig-Maximilians-University Munich, Munich, Germany

Understanding nanoscale dynamics in strongly correlated systems and
quantum materials requires investigating the interplay between dis-
sipation, magnetism and electronic transport. The local mapping of
transport properties, such as current flow, and their relation to geom-
etry and magnetism still remains a major challenge. Here, we intro-
duce tapping-mode SQUID-on-tip, which combines atomic force mi-
croscopy (AFM) with nanoSQUID sensing. This microscope is able
to simultaneously image magnetic flux, electrical currents, local heat-
ing and sample topography. Our probes minimize nanoSQUID-sample
distance, provide in-plane magnetic sensitivity, and operate even on
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highly corrugated nanostructures and devices. Our fully electronic
readout removes the need for optical elements and external radiation.
By using proximity-junction nanoSQUIDs with large voltage output,
we resolve nanoscale currents down to 100 nA using a simple four-
probe electronic readout. In addition to demonstrating the technique,
we will show the first applications to strongly correlated electron sys-
tems, where our microscope offers immediate new insights into the
underlying physics.

[1] M. Rog et al., arXiv:2508.21575

TT 28.5 Tue 10:30 CHE/0089
Nanoscale SQUID on a wireframe tip cantilever by cor-
ner lithography — eTH1js Roskamp!, Tim HorsTiNkZ?, MELISSA
Goopwin!, ErwIN BEerenscHor!, RoerLanp Humink2, EbiN
SaraJiLic?, NieLs Tas!, and Hans HiLgenkamp! — 'MESA+ In-
stitute, University of Twente, Enschede, The Netherlands — 2Bruker

Nederland B.V., Bruker Corporation, Leiderdorp, The Netherlands

Superconducting quantum interference devices (SQUIDs) are the most
sensitive magnetic flux sensors and are used in scanning SQUID mi-
croscopy (SSM) to spatially resolve and map magnetism. Conventional
SSM probes make use of planar silicon substrates which limit their
spatial resolution to several micrometers due to an increased sample-
pickup area spacing.

Employing ideas from other scanning probe techniques like atomic
force microscopy, moving the SQUID to the apex of tip on a scanning
probe can significantly increase the spatial resolution.

We have used the principles of corner lithography and molding in
silicon wafers to create freestanding superconducting wireframe tips on
cantilevers on the wafer scale. With a focused ion beam we pattern su-
perconducting weak links at the apex of the fabricated wireframe tips
to create SQUIDs with sizes from sub-100 nm to several micrometers.
By integrating the wireframe probe on a silicon nitride cantilever with
pre-defined contact pads, leads, and resistive strain gauges, we create
a SQUID on cantilever probe which will enable simultaneous magnetic
and topographic imaging.

TT 28.6 Tue 10:45 CHE/0089
Low noise amplification using Nb trilayer Dimer Joseph-
son Junction Array Amplifiers — eBuoomika R BuaT, ASEN
L GEeorciev, FaBiaNn Kaar, VicTOR GAYDAMACHENKO, CHRISTOPH
KissLing, JupiTH FELGNER, MARK BIELER, and Lukas GRUNHAUPT
— Physikalisch-Technische Bundesanstalt, Bundesallee 100, 38116
Braunschweig, Germany

Minimizing added noise in amplification is crucial for quantum-based
devices requiring microwave readout signals in the femtowatt range.
For example, in superconducting qubits, it significantly improves read-
out fidelity. Extensive efforts over the last decade have been made
in the development of parametric amplifiers to address this challenge.
We develop a Dimer Josephson Junction Array Amplifier (DJJAA) [1],
in which parametric amplification in the degenerate four-wave-mixing
regime is facilitated by pairs of resonant modes, referred to as dimers.
We design it to feature multiple flux-tunable dimers within the 2 to
8 GHz range, each of which could be utilized for parametric amplifi-
cation. Our DJJAAs have 900 to 3000 dc-SQUIDs, and we fabricate
them using Nb/Al-AlOx/Nb trilayer technology. We present the fabri-
cation flow of our devices and provide an overview of the corresponding
experimental results. Our devices show gain on the order of 20 dB with
bandwidths in the range of 5 to 10 MHz and the typical input satura-
tion powers are on the order of -110 dBm.

[1] P. Winkel et al., Phys. Rev. Applied 13, 024015 (2020).

15 min. break

TT 28.7
Controlling three- and four-wave
JTWPAs — eDannL BazuLin!:2,
Bruckmoserb 2, Leon KocH?, YonciiE Yuan?, MICHAEL
Hamper*®, Steran FiLippl2:6 and KiriL G. Feporov!:26 —
1Walther-MeiRner-Institut, Bayerische Akademie der Wissenschaften,
85748 Garching, Germany — 2Technical University of Munich, TUM
School of Natural Sciences, Physics Department, 85748 Garching, Ger-
many — 3Peak Quantum GmbH, 85748 Garching, Germany — *TUM
School of Computation Information and Technology, Technical Uni-
versity of Munich, 85748 Garching, Germany — °Universitit der Bun-
deswehr Miinchen, 85579 Neubiberg, Germany — SMunich Center for
Quantum Science and Technology (MCQST), 80799 Munich, Germany

Tue 11:15 CHE/0089
mixing processes in

Jonannes Scuirk!:2, NIKLAS
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Josephson travelling-wave parametric amplifiers (JTWPAs) are essen-
tial for scalable quantum computing with superconducting circuits.
Their typical bandwidths of several gigahertz, in combination with
quantum-limited noise performance, enable high-fidelity multiplexed
readout of qubits. In JTWPAs, amplification occurs due to the in-
teraction between the pump and signal modes in a nonlinear medium
provided by superconducting nonlinear asymmetric inductive elements
(SNAILs). Here, we experimentally investigate a robust JTWPA de-
sign based on SNAILs that is capable of operating in both three- and
four-wave-mixing regimes. Our results show that we can fully suppress
the three-wave mixing process while observing over 10 dB gain from
the four-wave pumping over the bandwidth of 4 GHz.

TT 28.8 Tue 11:30 CHE/0089
Demonstration of natively phase-matched parametric am-
plification in a left-handed transmission line — eCHRISTOPH
KissLiNG!, VicTor GAYDAMACHENKO!, FaBiaN Kaap!, MELANIE
ZiecLER?, HanNEs TorprErR?, and Lukas GRONHAUPT! —
I Physikalisch-Technische Bundesanstalt, Bundesallee 100, 38116
Braunschweig — 2Technische Universitdt Ilmenau, Ehrenbergstrafe

29, 98693 Ilmenau

Wideband amplification of weak microwave signals is a key ingredient
for cutting-edge experiments ranging from quantum information pro-
cessing to the search for dark matter. A class of devices that achieves
this is the traveling-wave parametric amplifier (TWPA). So far, all
TWPA implementations are based on right-handed transmission lines,
which exhibit a positive refractive index. Recently, an alternative ap-
proach has been proposed that utilizes left-handed transmission lines,
which have a negative refractive index [1]. This property allows for
self-phase-matched parametric amplification in the four-wave-mixing
regime, eliminating the need for any engineering of nonlinearity or
dispersion for phase matching. Here, we present our implementation
of this concept, which employs a left-handed transmission line with
nonlinear inductors made from a granular aluminum thin film. First
results show a signal power gain exceeding 10 dB, dynamically tun-
able across multiple GHz. With only one lithography step, and an
order-of-magnitude reduction in circuit length, the concept is promis-
ing to significantly reduce the complexity of designing and fabricating
a TWPA.

[1] C. Kow et al., Phys. Rev. Applied 24, 024026 (2025)

TT 28.9 Tue 11:45 CHE/0089
Towards 1 V Josephson Arbitrary Waveform Synthesizer —
eOMAR M. Arappin!, OrLiver KieLER!, ABDULRAHMAN WiDAAL,
Hannes PrerssLer!, Erasmus WoLF?, MARCO SCHUBERT?, JUDITH
FELGNER!, RoLF-WERNER GERDAU!, Jonannes KourLmann!, and
MAaRK BIELER! — !Physikalisch-Technische Bundesanstalt, Bunde-
sallee 100, 38116 Braunschweig, Germany — 2Supracon AG, An der

Lehmgrube 11, 07751 Jena, Germany

The Josephson Arbitrary Waveform Synthesizer (JAWS) provides
quantum-accurate AC voltage waveforms with high spectral purity,
low noise, and inherent long-term stability. Based on pulse-driven
Josephson junction (JJ) arrays, JAWS is established as the primary
AC voltage standard. Recent JAWS developments at PTB include in-
creasing the output voltage per chip, targeting 1 V RMS to advance
its use in high-accuracy metrological applications [1]. Current efforts
focus on enhancing the JAWS fabrication process to enable larger ar-
ray sizes using 5-stacked JJ arrays. The stacked junction technology is
combined with improved on-chip Wilkinson power dividers, allowing
the incorporation of more than two JJ arrays on one chip [2]. The
power dividers have been successfully demonstrated with 3-stacked JJ
arrays achieving 600 mV RMS per JAWS chip with a total of 36,000
junctions. In this contribution, we present the recent results of 5-
stacked JJ arrays and Wilkinson power dividers with up to 60,000 JJs
per JAWS chip.

[1] DOI: 10.1016/B978-0-323-90800-9.00001-9

[2] DOI: 10.1109/TASC.2021.3055161

TT 28.10 Tue 12:00 CHE/0089

Study on the feedthrough error in quantum-based supercon-

ducting RF waveform generators — eMIicHAEL Haas, ABDUL-
RAHMAN Wipaa, OLivErR KIELER, MAarco Kraus, RaLr BEHR, Jo-
HANNES KoHLMANN, and MARK BIELER — Physikalisch-Technische

Bundesanstalt, Bundesallee 100, 38116 Braunschweig, Germany

Quantum-based signal generators are of great interest for a variety of
applications such as electrical metrology or quantum computing. The
Josephson Arbitrary Waveform Synthesizer (JAWS) consisting of an
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array of Josephson junctions is one of such devices. It allows the gen-
eration of arbitrary, low-noise waveforms with high spectral purity by
utilizing the Josephson effect. This approach is well established for
signal frequencies in the kHz to low MHz range. However, modern
applications typically demand increasing signal frequencies, reaching
the microwave range. To satisfy the need for higher JAWS output fre-
quencies, modified circuit designs and bias schemes are necessary. This
is mainly because of the so-called feedthrough error, which denotes an
input signal being fed through to the output. We will present recent
developments of GHz-JAWS at PTB, comprising detailed investiga-
tions on the feedthrough error and methods for its reduction.

TT 28.11 Tue 12:15 CHE/0089
Nonequilibrium plasmon fluid in a Josephson junction chain
— AnNTON V. Busbis!, eLucia VicriorTi!, MaKsYM SERBYN!, and
AnprEw P. Hicainpornam? — lInstitute of Science and Technol-
ogy Austria, Am Campus 1, Klosterneuburg, 3400, Austria — 2James
Franck Institute and Department of Physics, University of Chicago,
929 E 57th St, Chicago, Illinois 60637, USA

With the recent push towards the development of quantum technolo-
gies, multimode quantum systems, such as superconducting resonators,
have drawn considerable attention. These systems can be generally de-
scribed as weakly nonlinear bosonic modes coupled to a thermal bath
and subject to coherent driving. As the number of modes grows and ex-
trinsic decoherence is reduced, understanding the mode-to-mode inter-
action becomes increasingly relevant, especially far from equilibrium.
We consider the interacting plasmonic modes emerging in a long chain
of Josephson junctions (JJs), probed via multitone microwave spec-
troscopy. We investigate the nonequilibrium kinetics of the resulting
one-dimensional quantum fluid both theoretically and experimentally,
focusing on four-wave-mixing processes. Under two coherent drives, we
observe cascaded coupling between plasmonic modes, reproduced using

input-output theory applied to nonlinear mode multiplets. Under in-
coherent broadband drive, we explore the kinetics of weakly populated
modes and numerically implement a kinetic equation that predicts the
non-equilibrium steady state and captures the excess linewidth of non-
driven modes. Our work establishes the key role of four-wave-mixing
nonlinearities in the non-equilibrium response of JJ chains.

TT 28.12 Tue 12:30 CHE/0089

Superconducting non-volatile memory device based on charge

trapping in AlO3. — eLeoN Rur!, JENNIFER Kocu!, ANGELO D1
BerNARDOD2) and ELke ScHEER! — !Department of Physics, Uni-
versity of Konstanz, 78464 Konstanz, Germany — 2Department of

Physics, University of Salerno, 84084 Salerno, Italy

Gate-controlled supercurrent (GCS) is a debated research topic. Ex-
periments on three-terminal devices have shown that applying a gate
voltage can modulate the supercurrent [1]. The authors interpret their
findings as a direct electric-field effect, suggesting potential for CMOS-
compatible superconducting transistors.

In contrast, other studies suggest that the observed modulation
stems from a small leakage current flowing within the substrate [2,3],
which can be as small as a few fA causing nonequilibrium phonons
and/or electrons suppressing the supercurrent. A leakage current flow-
ing through the substrate is typically undesirable for applications.

Here, instead, we show that the charge-trapping properties of the
Al20O3 substrate can be harnessed to realize a non-volatile supercon-
ducting memory device based on the GCS effect [4]. We outline the
device concept and operating principle and provide an outlook on fu-
ture avenues for device optimization.

[1] De Simoni et al., Nat. Nanotechnol. 13, 802 (2018).
[2] Ritter et al., Nat. Electron. 5, 71 (2022).

[3] Basset et al., Phys. Rev. Research 3, 043169 (2021).
[4] Ruf et al., arXiv:2503.17241 (2025).

TT 29: Unconventional Superconductors

Time: Tuesday 9:30-12:45

TT 29.1 Tue 9:30 CHE/0091
Investigation of the field-dependent phase diagram of UTe>
— eoF. Hussteprh?, M. Kimara®, S. NapuviLe THADATHIL!:Z,
M. Konic®, G. Laperror?, J.-P. Brison?, G. Kn~eBerL?, J.
Wosnitzal>2, and T. Herm! — !Hochfeld-Magnetlabor Dresden
(HLD-EMFL) and Wiirzburg-Dresden Cluster of Excellence ctd.qmat,
HZDR, Germany — 2Institut fiir Festkorper- und Materialphysik, TU
Dresden, Germany — 3Institute for Materials Research, Tohoku Uni-
versity, Japan — %Centre CEA de Grenoble, France — ®Max Planck
Institute for Chemical Physics of Solids, Dresden, Germany

While the general shape of the UTeg superconducting (SC) phase dia-
gram is already known, there are still investigations ongoing regarding
the details of the SC states. This includes, for example, the shape and
nature of the high-field reentrant SC phase near the crystallographic
b axis as well as multiple superconducting phases at lower fields. Es-
pecially interesting is the case for field applied parallel to the b axis.
The phase diagram proposed by Rosuel et al. [1] contains two second-
order phase transition lines meeting, which is thermodynamically for-
bidden [2]. This problem could be resolved by a fourth line emerging
from this point. The first indication of such a line was proposed by
Sakai et al. [3]. We performed transport studies on a microfabricated
sample to get deeper insight in the phase diagram for both the a axis
and b axis as well as the angle-dependent behavior of the emergent
phases.

[1] Rosuel et al., PRX 13, 011022 (2023)

[2] Yip et al., PRB 43, 2742 (1991)

[3] Sakai et al., PRL 130, 196002 (2023)

TT 29.2 Tue 9:45 CHE/0091
Determining the superconducting order parameter of UPts
using scanning tunneling microscopy — eREBEcca Bisser!,
Luke C. Ruopes!, Huco Drcrtre!, MaTTHEW NEAT!, ANa
MaLpoNaDo!, ANDREW HuxLEY?, CAROLINA A. MARQUEs', and
PeTeErR WanLb3 — 1SUPA, School of Physics and Astronomy, Uni-
versity of St Andrews, North Haugh, St Andrews, KY16 9SS, United
Kingdom — 2SUPA, School of Physics and Astronomy, University
of Edinburgh, Kings Buildings, Edinburgh, EH9 3FD, United King-
dom — 3Physikalisches Institut, Universitdt Bonn, Nussallee 12, 53115
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Location: CHE/0091

Bonn, Germany

The hunt for spin-triplet superconductors has excited researchers for
decades, with new candidates regularly being proposed as others are
ruled out. This pairing of electrons into a Cooper pair state with to-
tal spin of one is allowed theoretically but has yet to be confirmed in
a material. A system with these characteristics would have profound
fundamental and technological implications. Here, we use ultra-low
temperature scanning tunneling microscopy to measure the supercon-
ducting gap of UPts, which reveals a zero-bias Andreev bound state
in the surface perpendicular to the c-axis. The superconducting origin
of the gap is confirmed via observation of a vortex lattice, as well as
by suppression of the gap above the expected critical field and tem-
perature. For triplet pairing, such an Andreev state is fragile against
Rashba spin-splitting, whereas for singlet pairing it remains robust,
strongly suggesting that UPt3 is a spin-singlet superconductor.

TT 29.3 Tue 10:00 CHE/0091
Study of tri-layer Bismuth-based Cuprates through ARPES
measurement — eELisA AUFFrRAaY!'2, LENART DuDpY?, and SiHAM
BenaaBiB! — lLaboratoire de Physique des Solides, CNRS, Orsay,
France — 2Synchrotron Soleil, CEA, CNRS, St Aubin, France

It is now well established that three-layer cuprates exhibit the high-
est critical temperature within each family, making them particularly
interesting systems for studying superconductivity. Due to the pres-
ence of an underdoped inner CuQO2 plane, the magnetic environment
is expected to differ from that of two-layer cuprates, a feature that has
indeed been demonstrated by nuclear magnetic resonance measure-
ments. This doping imbalance has also been revealed by ARPES mea-
surements on the three-layer compound Bi2223. The bismuth-based
three-layer cuprate is one of the most accessible in terms of synthesis
and experimental investigation, and together with Hgl1223 it belongs
to the cuprates with the highest critical temperatures across the entire
family. This makes it an excellent candidate for understanding three-
layer physics, as highlighted by the number of recent publications de-
voted to it. Among these ARPES studies, only a few focus on the
antinodal region where superconductivity truly emerges, so systematic
comparisons between nodal and antinodal behavior are still lacking. In
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this presentation, we report our ARPES measurements on Bi2223. We
present the momentum dependence of the 70 meV kink, which has pre-
viously been studied in the nodal region in superconducting state, as
well as a comparison between the normal and superconducting phases.

TT 29.4 Tue 10:15 CHE/0091
Boundary critical temperature in unconventional supercon-
ductors and effects of impurities — eDavip Haink!? and
BeNEDIKT Fausewen!-2 — 1High-performance Computing, Institute
of Software Technology, German Aerospace Center (DLR), 51147
Cologne, Germany — 2Condensed Matter Theory, TU Dortmund Uni-
versity, Otto-Hahn-Strafie 4, 44227 Dortmund, Germany

In BCS theory, s-wave superconductors have a higher critical temper-
ature at their boundaries than in their bulk [PRB 101, 134512 (2020)].
We show that this boundary behavior does not hold for p-wave, but
for d-wave superconductors and for coexisting phases. We further in-
vestigate the effects of randomly distributed impurities in the chemical
potential on the critical temperature of the edge.

TT 29.5 Tue 10:30 CHE/0091
Weak competition between magnetism and superconductiv-
ity in the heavy-fermion compound CeRhsAs; — ePavLo

Kuanenko! 2, Javier F. Lanpaeta?, SiMon RuUET?, THOMAS
LUHMANNZ, KONSTANTIN SEMENIUK23:6, Max PELLY?, ANDREAS
W. Rost?, GRrzEGOrRz CHAJEWSKI®, DAaRIUsz KACzoROwSKI®,

CurisToPH GEIBELZ, SEUNGHYUN KHIM2, ELENA HassiNger?®| and

MaNUEL Branpo? — 'Helmholtz Zentrum Dresden Rossendorf, Ger-
many — 2MPI CPfS, Germany — 3TUD, Germany — *University of
St. Andrews, United Kingdom — SInstitute of Low Temperature and
Structure Research, Poland — SKIT Karlsruhe, Germany

The heavy-fermion superconductor CeRhaAso shows superconductiv-
ity at Tc = 0.35K, which is preceded by another phase (phase I) at
To = 0.54 K. Recent uSR studies detected an internal magnetic field
within phase I and suggested its coexistence with superconductivity.
When a magnetic field is applied parallel to the ¢ axis of its tetrag-
onal unit cell, a second superconducting (SC) phase is observed at
poH* =~ 4T. An earlier study has shown that phase I persists up
to poHo =~ 6T, larger than H*. However, the phase transition disap-
peared upon entering the SC dome, contradicting thermodynamic con-
siderations. Here, we report magnetic field-dependent ac-susceptibility
and magnetostriction measurements on high-quality single crystals.
We observed clear evidence of the singularity at Hp in fields up to 7T
and inside the SC dome. Analysis of the phase boundaries in terms
of the Ginzburg-Landau theory of coupled order parameters shows a
weak competition between phase I and superconductivity.

TT 29.6 Tue 10:45 CHE/0091
Entropy-rich superconductivity and unconventional vortex
dynamics in CeRhgAsy; — eSHUAI ZHANG, XINYANG Liu, ENKE
Liu, and PEIE SUN — Institute of Physics and Beijing National Lab-
oratory for Condensed Matter Physics, Chinese Academy of Sciences,
Beijing 100190, China
We investigate the multiple superconducting (SC) phases SC1 and
SC2 of CeRhaAsz using high-resolution magnetocaloric-effect (MCE)
measurements. Pronounced temperature hysteresis observed during
quasiadiabatic field sweeps provides direct thermodynamic evidence
that both the SCl-normal (NS) and SC2-NS transitions are first or-
der. In contrast, a continuous yet asymmetric entropy evolution across
the SC1-SC2 boundary reveals a change in the superconducting order
parameter, consistent with a second-order transition. The observed
temperature dips in field-sweep traces identify SC2 as a higher-entropy
phase compared with SC1 and NS. Furthermore, the two-step resistive
transitions and enhanced AT near the SC2-NS boundary highlight the
unconventional and current-sensitive nature of SC2. These results es-
tablish a comprehensive thermodynamic phase diagram for CeRha Aso
and demonstrate that MCE is a powerful probe of entropy discon-
tinuities and symmetry reconstruction in locally noncentrosymmetric
superconductors.

TT 29.7 Tue 11:00 CHE/0091

superconductivity in  hole-doped
1,2 Lucca MARCHETTI!,

Chiral topological
Sn/Si(111) eMATTHEW BUNNEY
Domenico D1 SaNTE?, CARSTEN HoNERKAMP2, and STEPHAN
RacHEL! — 1School of Physics, University of Melbourne, Australia —
2Institute for Theoretical Solid State Physics, RWTH Aachen Univer-
sity, Germany — 2Department of Physics and Astronomy, University

of Bologna, Italy
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A third monolayer of tin atoms on the semiconductor substrate Si(111)
has been shown to become superconducting upon six to ten percent
hole doping. Experiments have reported promising results hinting at
a superconducting chiral d-wave order parameter. Here we examine
Sn/Si(111) by combining most recent ab initio results, quasi-particle
interference calculations, state-of-the-art truncated-unity functional
renormalization group simulations and Bogoliubov-de Gennes analysis.
‘We show remarkable agreement between experimental and theoretical
quasi-particle interference data both in the metallic and superconduct-
ing regimes. The interacting phase diagram reveals that the supercon-
ductivity is indeed chiral d-wave with Chern number C = 4. Surpris-
ingly, magnetically ordered phases are absent, instead we find charge
density wave order, as observed in related compounds, as a competing
phase. Our results substantiate further that Sn/Si(111) is a promising
candidate material for chiral topological superconductivity.

15 min. break

TT 29.8 Tue 11:30 CHE/0091
Point-contact spectroscopy of atomic contacts from the non-
centrosymmetric superconductor Nb;gsRega — ¢ T1ARK TI1WARY,
Evrias Habpzic, MARCEL STROHMEIER, and ELKE SCHEER — Univer-
sity of Konstanz, 78457 Konstanz, Germany

Revealing various properties of unconventional superconductivity, the
non-centrosymmetric superconductor NbigRegs (Nb-Re) has become
of great interest in the recent years. A key feature is the absence of
inversion symmetry which is causing a Rashba-type spin-orbit cou-
pling. Theoretically, this lack of symmetry allows for an admixture of
spin-singlet and spin-triplet states. While previous measurements [1]
on point contacts with Nb-Re single crystals stated the existance of
two distinct BCS-like superconducting energy gaps, measurements on
Nb-Re thin films [2]| are showing a single s-wave gap. To address these
inconsistencies, we utilised the mechanically controlled break junction
technique to characterise Nb-Re atomic contacts. We observe the typi-
cal features of Andreev refelctions for atomic contacts with high trans-
mission as well as tunneling spectra for contacts with low transmission.
As a result the two distinct gaps observed in [1] can be reproduced.
While the temperature dependencies of both gaps follow an BCS-like
behaviour, the magnetic field dependent measurements shows a non-
BCS-like behaviour.

[1] Cirillo et al., Phys. Rev. B, 91, 134508 (2015)

[2] Cirillo et al., Phys. Rev. B, 94, 104512 (2016)

TT 29.9 Tue 11:45 CHE/0091
Unconventional superconductivity in monolayer transition
metal dichalcogenides — eSusHoJIT Rovy!, ANDREAS KREISELZ,
BRrIAN ANDERSEN®, and SHANTANU MUKHERJEE? — !University of
Regensburg, Regensburg, Germany — 2Niels Bohr Institute, Univer-
sity of Copenhagen, Denmark — 3Niels Bohr Institute, University of
Copenhagen, Denmark — “Indian Institute of Technology Madras,
Chennai, India

The observation of a Leggett mode, nodal superconducting gaps in
STM measurements, unusually large in-plane upper critical fields far
exceeding the Pauli limit, and a two-fold gap anisotropy in magne-
toresistance experiments all point toward an unconventional pairing
mechanism. Ab-initio calculations have further revealed a strongly
anisotropic Eliashberg electron-phonon spectral function in monolayer
NbSe2, with a significant contribution arising from same-spin K-K’
scattering. In this work [1], we consider the interplay of electron-
electron and electron-phonon interactions. Starting from the ab-initio
phonon spectrum, we compute the effective phonon-mediated interac-
tion and incorporate it into an RPA-based description of the screened
Coulomb interaction. Our framework captures the full lattice struc-
ture, the multi-orbital character of the relevant d-band states, and
phonon retardation effects within a unified microscopic model. Us-
ing this model, we address key magnetic-field-dependent phenomena
in Ising superconductors, including the enhanced Pauli limit and the
two-fold magnetoresistance anisotropy.

[1] S. Roy et al., arXiv:2509.03907 (2025).

TT 29.10 Tue 12:00 CHE/0091
Effects of YIG exchange field on TMDC superconduc-
tor NbSez — eALFREDO SpPURI', MARcCIN Farrscu!, CHRISTIAN
WIEDEMANNY, WoLrcang BEerLzic!, ELke ScuHEer!, and ANGELO
D1 BerNarRDOD?2 — lUniversitdt Konstanz, Konstanz, Germany —

2Univerista degli studi di Salerno, Fisciano, Italy
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Yttrium iron garnet (YIG) [1] is a heavily investigated material for ap-
plication in spintronic devices as a ferromagnet with high critical tem-
perature (T ¢ ~ 560 °C), insulating properties due to a large bandgap
of ~ 2.85 eV, and a strong local in-plane exchange field (Hex ~ 102
T). Coupling YIG with a natural 2D Ising superconductor like NbSes,
with a very high in-plane critical field (Hc ~ 40 T in the monolayer
limit) [2], offers the possibility of novel unconventional superconduct-
ing states.

We have assembled YIG/NbSez heterostructures and investigated
their superconducting properties. NbSes with a YIG flake on top re-
veals features in the T'c(B) curve that are not found on bare NbSeg,
We tentatively attribute the features in the heterostructures to scat-
tering between two different energy bands in NbSe2, enhanced by the
strong exchange field of the YIG.

[1] R. Hartmann et al., APL Mater. 12, 031121 (2024).
[2] X. Xi et al., Nature Phys. 12, 139 (2016).

TT 29.11 Tue 12:15 CHE/0091
Effects of disorder on the superconducting properties of
YFe;Gez — eMaps Hansen!, Han Zonag!, JiasueEne CHEND,
RoMmIAN GRasseT?, SiHaM BENHABIB3, and MaLTE GROSCHE!
— University of Cambridge, Cambridge, United Kingdom —
2Laboratoire des Solides Irradies, Ecole Polytechnique, CNRS, Institut
Polytechnique de Paris, Palaiseau, France — 3Laboratoire de Physique
des Solides, Orsay, France

YFepGep has been reported as an unconventional superconductor [1-
3]. The non-Fermi liquid behavior observed in the normal state, as
well as enhanced magnetic fluctuations [4,5] evidence the strongly cor-
related nature of the electron system. The pairing mechanism remains
unknown, however, theoretical proposals hypothesize two different sce-
narios: an s/~ [6] or a triplet pairing wavefunction [7]. We have
grown high quality crystals and induced point-like defects at various
concentrations, using the electron irradiation facility SIRIUS. Here, we
present a study on the effect of disorder on the Sommerfeld coefficient
and the transport properties of YFeaGes to address the outstanding

question of the pairing mechanism.

[1] Y. Zou et al., Phys. Status Solidi RRL 8, 928 (2014)
[2] J. Chen et al., Phys. Rev. Lett. 116, 127001 (2016)
[3] J. Chen et al., Phys. Rev. Lett. 125, 237002 (2020)
[4] N. Sirica et al., Phys. Rev. B 91, 121102 (2015)

[5] H. Wo et al., Phys. Rev. Lett. 122, 217003 (2019)
[6] A. Subedi, Phys. Rev. 89, 024504 (2014)

[7] D. J. Singh, Phys. Rev. B 89, 024505 (2014)

TT 29.12 Tue 12:30 CHE/0091
Inverse proximity effect and unconventional superconductiv-
ity in the Pb/CrTe hybrid thin films — eLicuen Ji2, Wrr
CueN?, XINyU Zuou?, XusHENG Wanc2, Y1 Hu?, Xiaorenc Hu?2,
QINGHUA ZHANG3, DiNe ZHANGZ, QI-kUN XUEZ2, and SHual-Hua
Ji2 — Max Planck Institute for Chemical Physics of Solids, Dres-
den 01187, Germany — 2State Key Laboratory of Low-Dimensional
Quantum Physics, Department of Physics, Tsinghua University, Bei-
jing 100084, China — 3Beijing National Laboratory for Condensed
Matter Physics, Institute of Physics, Chinese Academy of Sciences,
Beijing 100190, China
Two-dimensional (2D) heterostructures provide an important platform
for exploring unconventional quantum states. Here, we investigate
molecular-beam-epitaxial 2D vertical superconductor (S)/ferromagnet
(F) hybrids composed of superconducting Pb and ferromagnetic CrTe
using in situ scanning tunneling microscopy and ex situ transport mea-
surements. We observe an unconventional superconducting gap struc-
ture accompanied by a pronounced inverse proximity effect. Transport
data further show strong suppression of both the critical temperature
and upper critical field. Importantly, the critical temperature exhibits
an oscillatory dependence on the CrTe thickness, and re-entrant super-
conductivity emerges within a finite magnetic-field window. These re-
sults offer new insights into the unconventional superconducting prop-
erties of Pb/CrTe hybrids, underscoring the crucial role of interfacial
effect and inverse proximity effect.

TT 30: Caloric Effects in Ferromagnetic Materials (joint session MA/TT)

Time: Tuesday 9:30-11:30

Invited Talk TT 30.1 Tue 9:30 POT/0151
Magnetic Cooling: From applications at room temperature
to hydrogen liquefaction — eT. GorrscuaLL!, E. Bykov!, M.
StrassHEM!, T. Prarte?, C. Fuita?, D. Benke?, M. Frigs?,
W. L3, A. Doring3, K. Skokov3, O. GurrLEiscH®, and J.
Wosnitzal — 1Helmholtz-Zentrum Dresden-Rossendorf, Dresden,
Germany — 2MAGNOTHERM Solutions GmbH, Darmstadt, Ger-
many — 3Technical University of Darmstadt, Darmstadt, Germany

Magnetic cooling can be utilized to construct environmentally friendly
cooling devices, air conditioners, and heat pumps. Recently, low tem-
peratures became the focus of attention as an area of application for
magnetocaloric cooling, namely for hydrogen liquefaction. The con-
ventional liquefaction process uses up to 40 % of the lower heating
value of the gas we are compressing, just to liquefy it! Magnetocaloric
materials enable an alternative and more efficient approach. A large
number of compounds are already known that show magnetocaloric
effects in the desired temperature range and new candidates are con-
stantly being added. In this work, we would like to discuss our current
progress for the creation of a materials library for cryogenic appli-
cations. The basis for this is our characterization infrastructure for
materials research at TU Darmstadt and the Dresden High Magnetic
Field Laboratory in static and pulsed magnetic fields. Furthermore,
we also provide an overview of the recent results in the demonstrator
development of a magnetic hydrogen liquefier within the framework of
the European project HyLICAL.

TT 30.2 Tue 10:00 POT/0151

Hydrogen tunned transition temperature of GdFeSi for
magnetocaloric hydrogen liquefaction application — eALLAN
DoriNg!, WEI Liu!, Marc StrassHEmM?, TiNo GOTTSCHALLZ,
KonsTANTIN Skokov!, and Oriver GurtrLeiscH! — lInstitute
of Materials Science, Functional Materials, Technical University of
Darmstadt, Darmstadt, Germany — 2Hochfeld-Magnetlabor Dresden

(HLD-EMFL), HZDR, Dresden, Germany
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Hydrogen can play an important role in the future carbon-neutral soci-
ety. Among several alternatives to store this energy carrier, the liquid
H2 (LH2) stands out for its higher volume-to-energy ratio. However,
the actual method of H2 liquefaction sums up to 34% of the costs of
LH2. The magnetocaloric cooling could be one alternative to improve
the efficiency of the process. Thus, it is essential to conduct research
on materials exhibiting a strong magnetocaloric effect (MCE) within
the temperature range of 20 K to 77 K. The peak of the MCE is
at transition temperatures, such as the Curie temperature (TC). The
magnetocaloric effect peak of GdFeSi is at 125 K. In this study, the TC
of GdFeSi was shifted to lower temperatures by hydrogenation process,
achieving a shift of over 90 K. By the anisotropic crystal expansion,
GdFeSiH exhibited and higher magnetocaloric effect than the pristine
alloy, not only by the isothermal entropy change, but also directly mea-
sured adiabatic temperature change. We acknowledge the HyLICAL
project for the funding of this research through grant 101101461, and
Deutsche Forschungsgemeinschaft (DFG) within the CRC/TRR 270
(Project-ID 405553726).

TT 30.3 Tue 10:15 POT/0151
First-principles investigation of chemical substitution and in-
terstitial doping in La(Fe,Si)13 — ¢ ANITA YADAV and MARKUS E.
GRUNER — University of Duisburg-Essen, 47057 Duisburg, Germany

La(Fe;Sii—¢)13 is a prominent magnetocaloric material, characterized
by a sharp first-order phase transition and a large associated entropy
change. Its behavior arises from an intricate coupling among the mag-
netic, electronic, and lattice degrees of freedom, which makes the mate-
rial highly responsive to external factors and enables targeted tuning of
its magnetocaloric response [1,2]. The operating range can be modified
through substitution and interstitial loading, which can alter the local
atomic environment and reshape the coupling between structural and
magnetic subsystems. In this work, we employ first-principles calcula-
tions in the framework of density functional theory (DFT) to system-
atically screen the impact of chemical substitution and loading of light
elements on interstitial sites with respect to structural stability, lat-
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tice expansion, magnetic interactions, and thermodynamic behavior.
Furthermore, we explore the benefits of machine-learning force-fields
based on our DFT results for an efficient modeling of the thermody-
namic properties of La(FezSii—_z)13-based compounds. Funding by
the DFG via TRR270 (B06) is gratefully acknowledged.

[1] M. E. Gruner et al., Phys. Rev. Lett. 114, 057202 (2015)

[2] K. P. Skokov et al., Appl. Phys. Rev. 10, 031408 (2023)

TT 30.4 Tue 10:30 POT/0151
Magnetocaloric Laves phases based on light rare earths:
Addressing Criticality — oM. STrassHeiM» 2, L. Bryrr®?,
J. Wosnrrzal2, and T. GorrscHaLL! — !Hochfeld-Magnetlabor
Dresden (HLD-EMFL), HZDR, Dresden, Germany — 2Institut fiir
Festkorper- und Materialphysik, TU Dresden, Germany — 5Leibniz
Institute for Solid State and Materials Research Dresden, Germany —
4TU Bergakademie Freiberg, Germany

Laves-phase intermetallic compounds based on heavy rare-earth ele-
ments have long been recognized for their excellent magnetocaloric
performance at low temperatures, making them promising candidates
for cryogenic cooling applications. However, the reliance on heavy rare
earths poses challenges in terms of cost, availability, and sustainabil-
ity. In this work, we explore the magnetocaloric properties of the light
rare-earth-based Laves phase CeFez. By the substitution of Al, its
unstable ferromagnetism can be disturbed enough to establish an an-
tiferromagnetic phase below 80 K. Using a combination of structural,
magnetic, and direct adiabatic temperature change measurements at
the Dresden High Field Laboratory, we investigate the potential of
this antiferromagnetic state for its potential in magnetocaloric hydro-
gen liquefaction.

TT 30.5 Tue 10:45 POT/0151
Pressure effect on the magnetocaloric response of RCog
Laves Phases — oCATALINA SaLAzZAR-MEJial, E. Bykov!, W.
Liv?, K. Skokov2?, O. GurrLeiscH?, J. Wosnitzal3, and T.
GorrscHaLL! — 1High Magnetic Field Laboratory (HLD-EMFL),
Helmholtz-Zentrum Dresden-Rossendorf, Germany — 2Institut fiir
Materialwissenschaft, TU Darmstadt, Germany — 3Institut fiir
Festkorper- und Materialphysik, TU Dresden, Germany

Rare-earth Laves phases are potential candidates for magnetic refrig-
eration at cryogenic temperatures. They exhibit large magnetocaloric
effects and their transition temperatures can be tuned through elemen-
tal substitutions. In this work, we investigate the effect of hydrostatic
pressure on the magnetism and magnetocaloric effect of RCoz Laves
phases with rare-earth elements R = Tb, Dy, Ho, and Er. In general,
we observe that the Curie temperature, T, decreases with applied
pressure in all alloys. T¢ is most sensitive to pressure in ThCoz,
with dT¢ /dp ~ —22 K/GPa, and this value decreases systematically
along the series, reaching dT¢/dp ~ —7.7 K/GPa in ErCoz. More
interestingly, hydrostatic pressure has an almost negligible effect on
the magnetocaloric response - specifically on the isothermal entropy
change, ASp, with the exception of HoCog, where ASt increases by
about 26% under an applied pressure of approximately 1 GPa and for
a magnetic field change of 5 T.

TT 30.6 Tue 11:00 POT/0151
Manipulating Magnetocaloric Properties Through Magnetic
Exchange at Mn3_yGaC/Fe Interfaces — eIvaN Tarasov and
ULr WiIEDWALD — Faculty of Physics and Center for Nanointegration
(CENIDE), University of Duisburg-Essen, 47057 Duisburg, Germany

Magnetocaloric materials enable solid-state cooling by exploiting tem-
perature changes under magnetic-field variation. Manganese-based an-
tiperovskites (APVs, MnzAX) are promising materials due to their
sharp, tunable first-order magnetostructural transition (FOMST). A
key challenge is to control the working temperature window and en-
hance the magnetocaloric response within a given material system.
Tailoring magnetic exchange interactions offers a new strategy.

Here, we investigate APV /Fe bilayers, focusing on interface-driven
exchange effects. Uncoupled Mn2GaCj 1 films show a sharp FOMST
at 189 K with a strong M /T peak. A 5 nm Fe cap lowers the tran-
sition to 175 K, broadens hysteresis, and suppresses the OM/OT peak
above 1 T. The bare APV exhibits ASy, ~ 10 J kg™ K~ ! at B=6
T, whereas coupling reduces this to ~ 1 J kg K=1 at B=5T. In
multi-domain bilayers, 9M /0T increases by 15% (AFM-FM) and 46%
(FM-PM) for a Fe film thickness of ¢ = 2.6 nm, but disappears for
t = 21 nm, accompanied by an anomaly near 50 K linked to interfacial
AFM ordering.

Funding by the Deutsche Forschungsgemeinschaft (DFG) within
CRC/TRR 270, project B02 (Project-ID 405553726) is gratefully ac-
knowledged.

TT 30.7 Tue 11:15 POT/0151
Frustration and Antiferromagnetic Ordering in Low-
Temperature Materials for Adiabatic Demagnetization —
eANTON JESCHE, TiM TREU, MARVIN KLINGER, JORGINHO VILLAR
GUERRERO, and PHILIPP GEGENWART — EP VI, Institute of Physics,
University of Augsburg, Germany

The development of improved materials for adiabatic demagnetization
refrigeration (ADR) has been driven increasingly by research on mag-
netically frustrated systems, where competing interactions can sup-
press magnetic ordering to very low temperatures [1]. Such behav-
ior is particularly attractive for low-temperature cooling and has led
to several promising rare-earth-based compounds. Notable examples
include KBaYb(BO3)2, which reaches temperatures near 20 mK [2],
and NaGdP20O7, which demonstrates extended hold times below 2 K
in standard cryogenic environments [3].

This contribution will highlight selected Yb- and Gd-based mate-
rials and discuss the influence of frustration and antiferromagnetic
(AFM) ordering on their cooling performance. Using NaGdP2O7 as
a representative case, we examine how magnetic entropy near AFM
transitions affects ADR behavior under varying magnetic fields and
temperatures. We further show that high-resolution thermodynamic
information, such as heat capacity, can be extracted directly from ADR
curves.

[1] M. E. Zhitomirsky, Phys. Rev. B, 2003, 67, 104421, [2] Y.
Tokiwa, Commun. Mater. 2021, 2, 42, [3] P. Telang, Phys. Rev. B,
2025, 111, 064434

TT 31: Frustrated Magnets | (joint session MA/TT)

Time: Tuesday 9:30-12:30

TT 31.1 Tue 9:30 POT/0361
Spontaneous symmetry breaking in the Heisenberg antifer-
romagnet on a triangular lattice — eBasTiAN PraDENAsSDZ,
GRriGor Apamyan!3, and OLEc TcHERNYsHYOV! — 1William H.
Miller IIT Department of Physics and Astronomy, Johns Hopkins Uni-
versity, Baltimore, USA — 2Leibniz Institute for Solid State and Ma-
terials Research, IFW, Dresden, Germany — 3Department of Physics,
Massachusetts Institute of Technology, Cambridge, USA

We present a detailed investigation of an overlooked symmetry struc-
ture in non-collinear antiferromagnets that gives rise to an emergent
quantum number for magnons. Focusing on the triangular-lattice
Heisenberg antiferromagnet, we show that its spin order parameter
transforms under an enlarged symmetry group, SO(3)r, x SO(2)R,
rather than the conventional spin-rotation group SO(3). Although
this larger symmetry is spontaneously broken by the ground state,
a residual subgroup survives, leading to conserved Noether charges
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that, upon quantization, endow magnons with an additional quantum
number—isospin—beyond their energy and momentum. Our results
provide a comprehensive framework for understanding symmetry, de-
generacy, and quantum numbers in non-collinear magnetic systems,
and bridge an unexpected connection between the paradigms of sym-
metry breaking in non-collinear antiferromagnets and chiral symmetry
breaking in particle physics.

TT 31.2 Tue 9:45 POT/0361
Antiferro octupolar order in the 5d! double perovskite
SroMgReOg and its spectroscopic signatures — eDaRrIO FIORE
Moscal and LEoNiD Pourovskii?3 — University of Vienna, Fac-
ulty of Physics and Center for Computational Materials Science, Vi-
enna, Austria — 2CPHT, CNRS, Ecole polytechnique, Institut Poly-
technique de Paris, 91120 Palaiseau, France — 3College de France,
Université PSL, 11 place Marcelin Berthelot, 75005 Paris, France

Hidden-order phases governed by high-rank multipolar order parame-
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ters have recently been identified in several cubic 5d double perovskites.
Because experimental probes often couple weakly to high-rank mo-
ments, multipolar orders can remain elusive or be misinterpreted as
lower-rank phases. A notable example is the 5d! double perovskite
SroMgReOg, originally proposed as a spin glass and later reclassified
as a conventional dipolar antiferromagnet.

In this work, we show instead that SroMgReOg hosts a hidden anti-
ferroic order of magnetic octupoles. The dominant tetragonal crystal
field isolates a doublet carrying octupolar degrees of freedom, while
weak dipolar moments arise only through admixture of the excited j
= 1/2 spin-orbit multiplet. This octupolar order produces character-
istic quasigapless magnetic excitations and superstructural neutron-
diffraction intensities that peak at large scattering momenta.

This results highlights the tunability of multipolar interactions in
spin-orbit entangled materials and places SroMgReOg with unconven-
tional octupolar phases.

TT 31.3 Tue 10:00 POT/0361

Field-dependent CEF excitations in CesBi — eNIKOLAI

Paviovskil!, ALEXANDER SUKHANOVZ, ANTON KuLBakovl!,

MICHAEL SMIDMAN®, FEDERICO Mazza%, DARREN PEETS!,
1 5

Kausuick Parur!, Ross STEwaRT®, Ross Pirz®, and DmyTro
Inosov! — 1TU Dresden, Germany — 2University of Augsburg, Ger-
many — 3Zhejiang University, China — #TU Vienna, Austria —
51ISIS, UK — SANSTO, Australia

CegBi is a cerium-based intermetallic compound where crystal-field
(CEF) splitting and anisotropic magnetic interactions occur on com-
parable energy scales. To identify the relevant low-energy degrees of
freedom, we investigate the field dependence of CEF-related excita-
tions in single-crystalline Ce2Bi using neutron-scattering techniques.
Single-crystal diffraction establishes the crystallographic symmetry at
the Ce site, providing the structural framework required for interpret-
ing the magnetic excitations. The excitation spectrum shows a clear
magnetic mode within the J = 5/2 manifold whose energy and in-
tensity vary strongly with applied field. Crucially, the mode displays
clear dispersion, demonstrating the presence of exchange interactions;
as a result, what was previously interpreted as a localized CEF level
is revealed to be a dispersive magnetic exciton. The field-induced evo-
lution of this exciton constrains the mixing within the CEF manifold
and the anisotropy of the ground-state Kramers doublet.

TT 31.4 Tue 10:15 POT/0361
High-field magnetic excitations in a kagome antiferromagnet
— eYosHIHIKO IHArRA!, DMYTRO INosovZ, DARREN PEETs?, Movu
Karo!, and Hirovuk: Yosuipa! — 'Hokkaido University, Sapporo,
Japan — 2TU Dresden, Dresden, Germany

Magnetic ground states in kagome antiferromagnets have been inten-
sively studied to reveal the quantum mechanically disordered magnetic
states. By applying high magnetic fields, further intriguing phenom-
ena have been introduced such as the plateau in magnetization curve
at the 1/9 of the full saturation value in YCu3(OH)g.5Br2.5. [S. Jeon
et al.,, Nat. Phys. 20, 435 (2024), S. Suetsugu et al., PRL 132,
226701 (2024), G. Zheng et al., PNAS 122, 2421390112 (2025)]. Al-
though higher magnetic fields induce another magnetization plateau
at the 1/3 of the full saturation, the field strength required to access
the 1/3 plateau is more than 50 T and is too large to perform most
of the microscopic experiments. Thus, we focus on another Cu-based
mineral InCu3(OH)gCl3, which shows the 1/3 plateau around 10 T
due to smaller energy scale of exchange interactions [M. Kato et al.,
Commun. Phys. 7, 424 (2024)]. This allows us to perform NMR ex-
periments in the entire field range reaching the full saturation. The
measured nuclear spin-lattice relaxation rate demonstrates that the
magnetic excitations are gapped in the 1/3 plateau state and the gap
size increases with fields [M. Kato et al., JPSJ 94, 083704 (2025)|. We
will also discuss the magnetic excitations above the 1/3 plateau based
on the results obtained in the high-field magnet in Tohoku Univ.

TT 31.5 Tue 10:30 POT/0361
Evidence for a Near-Ideal Jeff 1/2 Ground State
in Triangular-Lattice Na2BaCo(PO4)2 — eMicueL M. F.
CarvaLao!?, Sueng H. Cuen!, Yu C. Ku®?*, AnacHA JOSE®,
RyaN Morrow®, Cuanc Y. Kuo34, Cuun F. Cuancl, Zuiwer Hul,
MauriTs W. Haverkort®, and Liv H. Tienc! — 1Max Planck In-
stitute for Chemical Physics of Solids,Dresden — 2Institute of Physics
II, University of Cologne — 3Department of Electrophysics, National
Yang Ming Chiao Tung University, Hsinchu, Taiwan — 4National Syn-
chrotron Radiation Research Center, Hsinchu, Taiwan — ®Institut fuer
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Festkoerperphysik, Leibniz IFW, Dresden — SInstitute for theoretical
physics, Heidelberg University

We investigated the local Co 3d electronic structure of
Na2BaCo(PO4)2 using polarization-dependent X-ray absorption spec-
troscopy (XAS) together with full multiplet cluster calculations. To
obtain reliable spectra from this strongly insulating material, we em-
ployed the line-fitting inverse partial fluorescence yield (IPFY) method.
Our combined experimental and theoretical analysis shows that the
CoO6 octahedra exhibit only a very small effective trigonal distortion
of about 11 meV, placing the system close to the ideal conditions for
a Jeff = 1/2 ground state. Using our cluster model, we are also able
to simulate the magnetic susceptibility along different crystallographic
directions, . Overall, these results establish Na2BaCo(PO4)2 as a
promising platform for investigating exotic magnetic behavior linked
to Jeff = 1/2 states on triangular lattices.

TT 31.6 Tue 10:45 POT/0361
reduction and fractionalized magnetization
plateaus in the scalene-distorted triangular-lattice mag-
net kobyashevite — eKausHick Parull, AnToN KuLBaAKOV!,
RoMmaAN GUMENIUK2, MaRiA TERESA FERNANDEz-D1az3, SERGEY
GRANOVSKY!, SERGEI Zvyacin?, DMmyTro INosov!, and DARREN
PeeTs!® — 1TU Dresden, Germany — 2TU Bergakademie Freiberg,
Germany — 3ILL, France — *HZDR, Germany — ®ct.qmat, TU Dres-
den, Germany

Dimensional

Quantum magnetism intertwined with lattice distortion can give rise
to exotic ground states, yet studies on scalene-distorted triangular-
lattice antiferromagnets remain scarce. Here, we report the crystal
and magnetic structures, as well as magnetic and thermodynamic
properties, of kobyashevite, Cus(SO4)2(OH)s-4H20. This compound
hosts a scalene-distorted triangular lattice and exhibits antiferromag-
netic order at 4 K, with a possible second transition at 0.64 K. High-
field magnetization and specific-heat measurements reveal a cascade
of field-induced states, manifested as magnetization plateaus, sugges-
tive of a rich magnetic phase diagram. Neutron diffraction uncovers a
dimensionally-reduced commensurate magnetic structure with propa-
gation vector k = (00 %), consisting of coupled alternating ferromag-
netic and antiferromagnetic spin chains, while the Cu4 spins remain
idle at 1.5 K. Collectively, these results establish kobyashevite as a
promising platform for exploring the interplay of frustration, distor-
tion, and dimensional reduction in quantum magnets.

15 min break

TT 31.7 Tue 11:15 POT/0361
Atomically sharp magnetic solitons for racetrack memory at
the spatial limit — K ALLEn!, K Du?, J Bouaziz?, S Misural, G
BiHLMAYERS3, Y Zuanc!, Y Hao?, V UkLEev®, C Luo®, F Rapu?®,
Y Gaol, Cu Lane®, J-X Zuu®, M Yi!, H Cao?, S-W CHeonGZ,
eSTEFAN BLUGEL?, and EmiLiA Morosan! — Dept. of Physics and
Astronomy & Rice Center for Quantum Materials, Rice University,
Houston, 77005, TX, USA — 2Dept. of Physics and Astronomy, Rut-
gers University, Piscataway, 08854, NJ, USA — 3Peter-Griinberg Insti-
tute, Forschungszentrum Jiilich, 52425 Jiilich, Germany — *Neutron
Scattering Division, Oak Ridge Natl Lab, Oak Ridge, 3