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Intrinsically stretchable polymers and devices for biosensing ap-
plications — eULRIKE KRAFT

Complexity in Organic Mixed Ionic Electronic Conductors and its
Application in Neuromorphic Computing — eHANS KLEEMANN
Organic Neuromorphic Interfaces for Biohybrid Systems: Material
and Structural Biomimicry of Synaptic Plasticity — eFRANCESCA
SANTORO

Fully-organic flexible detectors for real-time dose monitoring dur-
ing radio/proton therapy — eBEATRICE FRABONI

Organic LEDs and photodetectors for light-based diagnostics and
therapy — eCAROLINE MURAWSKI, RABIUL ISLAM, SIDDHARTHA SAG-
GAR, JENS P. WEBER

X-ray nanodiffraction studies of lead-halide perovskite supercrys-
tals — JoNAS HILLER, ROBERT THALWITZER, ATA BOZKURT, MATHEUS
FERREIRA, RICHARD HODAK, FABIAN STRAUSS, ELKE NADLER, GERARD
HinsLEY, BiHAN WANG, KuaN HooN NGo1, WITOLD RUDZINSKI, EKATE-
RINA KNESCHAUREK, WOJCIECH ROSEKER, MICHAEL SPRUNG, DMITRY
LAPKIN, DMITRY BARANOV, FRANK SCHREIBER, IVAN VARTANYANTS,
MARCUS SCHEELE, eIVAN ZALUZHNYY

Quantum Repeater Hardware made from Silicon Carbide — ¢JORG
WRACHTRUP

Diamond based quantum sensing for drug testing — eROMANA
SCHIRHAGL

The oxygen-related ST1 centre in diamond: a room temperature
coherently controllable electron spin — eSEBASTIEN PEZZAGNA
Silicon quantum emitters emitting in the optical telecommuni-
cation range for scalable quantum photonic circuits — ¢YONDER
BERENCEN

Advances in materials processing for quantum sensing — eADAM
GALI

Tailoring the performance of WSe; quantum emitters via cavity
quantum electrodynamics and coherent driving — eIVAN SOLOVEV
Deterministic single-photon emitters in 2D materials — e¢URSULA
WURSTBAUER

Resolving atomic and electronic structure of point defects in MoS,
by first-principles calculations and scanning tunneling microscopy
— oHANNU-PEKKA KOMSA

Polarization dynamics of isolated defects in hexagonal boron ni-
tride — SERKAN PACAL, CAGLAR SAMANER, FURKAN AGLARCI, OMER
S. TAPSIN, eSERKAN ATES

Defect-driven quantum emission in 2D materials — eMAGDALENA
GRZESZCZYK
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Quantum dots for single-electron current sources — eJOHANNES
C. BAYER, THOMAS GERSTER, DARIO MARADAN, NIELS UBBELOHDE,
Kvraus PiErz, HANS W. SCHUMACHER, FRANK HOHLS

Optical readout of reconfigurable in-plane magnetic domains in
CrSBr — eALEKSANDRA L.OPION, PIERRE-MAURICE PIEL, MANUEL
TERBECK, JAN-HENDRIK LARUSCH, JAKOB HENZ, MARIE-CHRISTIN
HEISSENBUTTEL, THORSTEN DEILMANN, MICHAEL ROHLFING, ZDENEK
SOFER, URSULA WURSTBAUER

Ferroelectric switching in Mn-doped epitaxial BaTiO;3 films and
superlattices on silicon — e ALFREDO BLAZQUEZ MARTINEZ, VALENTIN
VAINO HEVELKE, IBUKUN OLANIYAN, MINH-ANH LUONG, INES HAUSLER,
SVEN WIESNER, CHRISTOPH T. KocH, DONG-JIK KiM, CATHERINE
DUBOURDIEU

Tunability of quantized Hall plateaus — eSERKAN SIRT, VLADIMIR
UMANSKY, STEFAN LUDWIG

How to achieve high gain in organic photodetectors? — ¢JOHANNES
BENDUHN

Dual proximity engineering of spin-orbit and magnetic effects in
graphene heterostructures — ¢ CHRISTOPH KASTL

Transition Metal Nitride Semiconductors for Photoelectrochem-
ical Energy Conversion — eVERENA STREIBEL, LAURA I. WAGNER,
ELISE SIROTTI, DAVID A. EGGER, IAN D. SHARP

Antisymmetric vibrations in the excited state dynamics of
quadrupolar dyes — SOMAYEH SOURI, KATRIN WINTE, DANIEL LUNE-
MANN, DANIEL TIMMER, ELENA MENA-OSTERITZ, SERGEI TRETIAK,
CHRISTOPH LIENAU, e ANTONIETTA DE S10

Phonon-mediated nonlinearity and defects in hexagonal boron ni-
tride — eNAHID TALEBI

Organic semiconductors: Opening new perspectives in sustainable
electronics — eKARL LEO

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
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Mon
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HSZ/0002
HSZ/0002
HSZ/0002

HSZ/0002

Stochastic-Calculus Approach to
Physics — eCAI 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
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SYFC 1.4
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Mon

9:30-10:00

10:00-10:30

10:30-11:00

11:15-11:45

HSZ/AUDI
HSZ/AUDI
HSZ/AUDI

HSZ/AUDI

Subcycle videography of strong-field controlled band structures
— oRUPERT HUBER, MANUEL MEIERHOFER, ULRICH HOFER
Engineering Quantum Materials through Structured Cavity
Vacuum Fluctuations — e ANGEL RUBIO

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

(Quantum) Light Control of Materials — eDANTE KENNES
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SYFC 1.5 Mon

11:45-12:15

HSZ/AUDI

Lightwave-driven electrons in a Floquet topological insulator —

DaNIEL LESkO, ToBiAs WEITZ, WEIZHE L1, SELINA NOCKER, CELINA
HUTTNER, TAMARA PROBSTER, SIMON WITTIGSCHLAGER, CHRISTIAN
HEIDE, OFER NEUFELD, ePETER HOMMELHOFF

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 TFri

SYQF 1.4 Tri

SYQF 1.5 Fri
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HL 19.1-19.7
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HL 26.1-26.56
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HL 28.1-28.11

Exciton dressing by extreme nonlinear magnons in a layered semi-

conductor — eGEOFFREY M. DIEDERICH

A tale of demons and decay in two-dimensional (alter)magnets —

e ALEXANDER MOOK

Magnetism,

light and matter - Role of excitons in two-

dimensional magnets — eFLORIAN DIRNBERGER

Advantages and challanges of resonance Raman scattering with

infrared excitation energy — e¢LEONETTA BALDASSARRE

9:30-10:00 HSZ/AUDI
10:00-10:30 HSZ/AUDI
10:30-11:00 HSZ/AUDI
11:15-11:45 HSZ/AUDI
11:45-12:15  HSZ/AUDI
Mon  9:30-12:45 POT/0006
Mon  9:30-12:45 POT/0051
Mon 9:30-12:45 POT/0081
Mon 9:30-12:00 POT/0251
Mon 10:30-12:30 TRE/MATH
Mon 15:00-18:15  HSZ/0003
Mon 15:00-17:45  HSZ/0204
Mon 15:00-18:15 POT/0006
Mon 15:00-16:30 POT/0051
Mon 15:00-16:30 POT/0081
Mon 15:00-18:15 POT/0251
Mon 16:45-18:30 POT/0051
Mon 16:45-18:30 POT/0081
Tue 9:30-10:45 HSZ/0105
Tue 9:30-12:00 POT/0006
Tue 9:30-12:45 POT/0081
Tue 9:30-12:15 POT/0251
Tue 10:00-12:45 POT/0051
Tue  10:30-12:30 HSZ/0201
Tue  18:00-20:00 P1
Wed 9:30-10:30 HSZ/0101
Wed 9:30-11:00 POT/0006
Wed 9:30-12:15 POT/0051
Wed  9:30-12:45 POT/0081
Wed 9:30-12:15 POT/0251
Wed 9:30-11:30 P1
Wed 10:30-12:30 TRE/MATH
Wed 15:00-17:45 HSZ/0401

Shining light on 2D antiferromagnets — ¢DMYTRO AFANASIEV

Optical Properties I

Focus Session: Biocompatible Organic Semiconductors for
Artificial Intelligence

2D Materials I — Excitonic properties

Perovskite and Photovoltaics: Synthesis and Performance
2D Materials: Electronic structure, excitations, etc. I
(joint session O/HL/TT)

Focus Session: Tunable Correlations in van der Waals
Quantum Materials I (joint session T'T/DS/HL)

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

Ultra-fast Phenomena I

Oxide Semiconductors: Growth and Fabrication

2D Materials IT — Electronic and transport properties
(joint session HL/TT)

Focus Session: Quantum Emitters in 3D Semiconductors
Heterostructures, Interfaces and Surfaces: Photonics

2D Materials IIT — Interlayer excitons

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

Organic Semiconductors: Optics and Photonics

Focus Session: Quantum Emitters in 2D Semiconductors
Quantum Dots and Wires: Rings, Wires and Transport
Nanomechanical systems (joint session HL/TT)
Graphene: Growth, structure and substrate interaction
(joint session O/HL)

Poster 1

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

Biocompatible Organic Semiconductors

Transport Properties

2D Materials IV — Emerging materials and properties
Focus Session: Young Semiconductor Forum

Poster 11

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

Topology and symmetry protected materials & Topological
insulators (joint session O/HL/TT)
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Quantum Transport and Quantum Hall effects (joint ses-
sion HL/TT)

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

Materials and Devices for Quantum Technology I

2D Materials 2 (joint session DS/HL)

Nitrides I — Growth and fabrication

Quantum Dots and Wires: Telecom Wavelength

Optical Properties II

2D Materials VI — Optoelectronic properties

Nitrides IT — Designed properties and LED

Materials and Devices for Quantum Technology IT

2D semiconductors VII — CrSBr and related heterostruc-
tures

Oxide Semiconductors: Transport and Spectroscopy
Quantum Dots and Point Contacts (joint session TT/HL)
Nitrides IIT — Emerging thin films and electrochemistry
Excursion and Network-Event at Infineon Dresden AG
(joint session FM /HL)

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

Perovskite and Photovoltaics: Spectroscopy

Ultra-fast Phenomena II

2D Materials VIII — Quantum emitters and defects
Heterostructures, Interfaces and Surfaces: Fabrication and
Structure

Quantum Emitters in 2D Semiconductors

Members’ Assembly

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

THz and MIR Physics in Semiconductors

Organic Semiconductors: Carrier Dynamics

2D Materials IX — Photonic properties and devices
Quantum Dots and Wires: (Single) Photonics

Quantum Emitters in 3D Semiconductors

Nitrides IV — Optical properties

Members’ Assembly of the Semiconductor Physics Division

Thu 17:45-19:15

POT/0051
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HL 1: Optical Properties |

Time: Monday 9:30-12:45

HL 1.1 Mon 9:30 POT/0006
Critical-Point Analysis of TazNs; Light Absorbers from
Room-Temperature Photo-Modulated Spectroscopy —
eMaTTHIAS QUINTERN2, JoHANNEsS DirrLorrl2, Lukas Worz!,
GABRIEL GROTZNER'2, JonANNA EicuHorN?, and IaN D. Suarp!:2
— ITechnical University of Munich, TUM School of Natural Sciences,
Department of Physics, 85748 Garching, Germany — 2Technical Uni-
versity of Munich, Walter Schottky Institute, 85748 Garching, Ger-
many

Tantalum nitride (TagNs) thin films are promising photoanode mate-
rials for solar water splitting. However, the fundamental nature of the
TasNs bandgap remains under debate. To overcome the limitations
of conventional Tauc-plot analysis, we built a new combined photore-
flectance (PR) and phototransmittance (PT) setup. Our measure-
ments indicate a direct fundamental bandgap of 2.1 €V, but also reveal
higher-energy critical points. Furthermore, we find that the PR and
PT spectra closely match temperature-corrected transient absorption
spectra. The overall differences in the transmission spectra are minor,
suggesting that the samples share a similar bulk electronic structure.
At the same time, the more surface-sensitive PR signals exhibit greater
variations and even additional sub-gap features in some samples. By
performing measurements using different pump wavelengths and power
densities, as well as employing a phase analysis, we assign individual
features of PR spectra to a surface layer. This has implications for
out-of-plane charge transport properties and interfacial energies, both
of which are crucial parameters for photoelectrochemical performance.

HL 1.2 Mon 9:45 POT/0006
OptiMate3B: Three-body-information-based prediction of
optical spectra for semiconductors and insulators — eMALTE
GRUNERT, Max GrossMaNN, and EricH RuUNGE — Institute of
Physics and Institute of Micro- and Nanotechnologies, Technische Uni-
versitdt Ilmenau, 98693 Ilmenau, Germany

Optical spectra of semiconductors and insulators are essential both for
many technologically important applications as well as for the under-
standing of materials. However, their computation via adequate ab
initio techniques remains prohibitively expensive for either large-scale
studies or many realistic systems. Recently however, machine learn-
ing techniques have emerged as promising alternative. We present
OptiMate-3B, a line graph attention network capable of predicting the
optical spectra of semiconductors and insulators under both the inde-
pendent particle approximation and the random phase approximation -
i.e. incorporating local-field effects - within milliseconds. OptiMate-3B
incorporates three-body information to capture angular information in
crystalline materials, further enhancing its predictive accuracy. Hav-
ing been trained on tens of thousands of high-fidelity first-principles
spectra, the model generalizes across a broad chemical and structural
space. Its open and user-friendly interface facilitates direct integra-
tion into high-throughput materials workflows, providing an efficient
surrogate for ab initio optical spectroscopy.

HL 1.3 Mon 10:00 POT/0006
Intensity-dependent excitonic second- and third-harmonic
generation enhanced by static electric fields — RuixiN Zuol,
eMarTHIAS REICHELT!, CoNg Nco!, Xiaonong Sonc?, WEIFENG
Yanc23, and TorsTEN MEIER! — !Department of Physics and Cen-
ter for Optoelectronics and Photonics Paderborn (CeOPP), Paderborn
University, Warburger Strafte 100, D-33098 Paderborn, Germany —
2School of Physics and Optoelectronic Engineering, Hainan Univer-
sity, Haikou 570288, China — 3Center for Theoretical Physics, Hainan
University, Haikou 570288, China

The many-body Coulomb interaction plays a decisive role in the ul-
trafast photoinduced carrier dynamics governing semiconductor high-
harmonic generation, see, e.g., [1,2]. Moreover, static electric fields
were shown to surprisingly enhance excitonic second- and third-
harmonic generation [3]. Here, we study this enhancement for ma-
terial models corresponding to transition-metal dichalcogenides and
study the dependencies on several parameters.

[1] A. Trautmann, R. Zuo, G. Wang, W.-R. Hannes, S. Yang, L. H.
Thong, C. Ngo, J. T. Steiner, M. Ciappina, M. Reichelt, H. T. Duc,
X. Song, W. Yang, and T. Meier, Proc. SPIE 11999, 1199909 (2022).
[2] J. Hader, J. Neuhaus, J. V. Moloney, and S. W. Koch, Opt. Lett.

Location: POT /0006

48, 2094 (2023).
[3] R. Zuo, M. Reichelt, C. Ngo, X. Song, W. Yang, and T. Meier,
arXiv:2511.05112.

HL 1.4 Mon 10:15 POT/0006
Thin Films of Size-Selected CusZnSnS; and CuoNiSnSy

Nanocrystals: Structural and Optical Properties —
eOLEKSANDRA IVAKHNO-TSEHELNYK!, SERHIY KONDRATENKO?,
VoLopymYyrR Dzuacan3, and Dietricn R.T. Zaun! —

1Semiconductor Physics & Research Center for Materials, Archi-
tectures and Integration of Nanomembranes (MAIN), Chemnitz Uni-
versity of Technology. — 2Taras Shevchenko National University of
Kyiv, 01601 Kyiv, Ukraine. — 3Lashkaryov Institute of Semiconduc-
tor Physics, NAS of Ukraine, 03038 Kyiv, Ukraine.

An investigation was conducted into thin films of Cua NiSnSs (CNTS)
and CuzZnSnSy (CZTS) nanocrystals (NCs) in the context of their
promising use for photovoltaics (PV). Colloidal NC ensembles were
obtained by "green" colloidal synthesis and directly subjected to size-
selective centrifugation, yielding fractions of different sizes. This ap-
proach provides a relatively non-toxic and scalable method of pro-
ducing light-absorbing NC materials. The thin films were prepared
by spin-coating the NC fractions onto various substrates. A range of
analytical techniques were employed to investigate their properties, en-
compassing Raman spectroscopy, atomic force microscopy (AFM), X-
ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS), and
spectroscopic ellipsometry. These techniques enabled the investiga-
tion of the relationship between the crystal structure, composition,
morphology, and optical properties with the size of CZTS and CNTS
nanocrystals.

HL 1.5 Mon 10:30 POT/0006
Simulations of the nonlinear optical dynamics of quantum
dot ensembles in a microcavity — eMomT Kumar!2, HENDRIK
Rose2, and TorsTEN MEIER}'2 — 1Department of Physics and Cen-
ter for Optoelectronics and Photonics Paderborn (CeOPP), Paderborn
University, Warburger Strasse 100, D-33098 Paderborn, Germany —
2?Institute for Photonic Quantum Systems (PhoQS), Paderborn Uni-
versity, Warburger Strasse 100, D-33098 Paderborn, Germany

Recently, it has been demonstrated that photon echoes emitted from
ensembles of inhomogeneously-broadened quantum dots can be con-
trolled in several ways by suitably designed light pulses [1,2]. The
strong coupling of a single two-level system to the mode of a micro-
cavity results in a complex nonlinear optical dynamics [3]. Here, we
present numerical simulations of the coherent dynamics of quantum
dots ensembles, described as two-level systems, inside a single-mode
microcavity. The coupling to the field mode results in a complex dy-
namics which is studied numerically as function of the relevant system
parameters and for different excitation conditions.

[1] A. N. Kosarev, H. Rose, S. V. Poltavtsev, M. Reichelt, C. Schneider,
M. Kamp, S. Hofling, M. Bayer, T. Meier, and 1. A. Akimov, Comm.
Physics 3, 228 (2020).

[2] S. Grisard, A. V. Trifonov, H. Rose, R. Reichhardt, M. Reichelt,
C. Schneider, M. Kamp, S. Hofling, M. Bayer, T. Meier, and I. A.
Akimov, ACS Photonics 10, 3161 (2023).

[3] M. Koch, J. Shah, and T. Meier, Phys. Rev. B 57, R2049(R)
(1998).

HL 1.6 Mon 10:45 POT/0006
Optical Limiting Induced by Excited-State Absorption in
Thiophene Oligomers — eMusTAPHA DRIOUECH, MICHELE (GUER-
RINI, and CATERINA CoccHi — Friedrich-Schiller Universitdt Jena,
Institute for Condensed Matter Theory and Optics, 07743 Jena, Ger-
many

Optical limiting (OL) is a nonlinear effect that reduces light transmis-
sion at high intensities, providing protection for sensitive optical de-
vices and human eyes. Non-perturbative ab initio methods have proven
to be powerful predictive tools for OL [1]. In this work, we investigate
the optical absorption spectra of a set of thiophene oligomers under
the influence of a broadband, instantaneous electric field [2]. At suffi-
ciently high intensities, absorption peaks that are absent in the linear
response emerge below the absorption onset in the linear regime. To
elucidate the optical nonlinearities involved, we perform pump-probe
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simulations and analyze the population dynamics, revealing that these
emergent features originate from excited-state absorption in the near-
infrared to visible region. Further analysis, taking into account both
molecular length and applied laser intensity, demonstrates how these
factors influence the nonlinear response. Our results show that this
fully ab initio approach can accurately capture and unravel the funda-
mental processes driving optical nonlinearities in thiophene oligomers.

[1] C. Cocchi, et al., Phys. Rev. Lett. 112, 198303 (2014).

[2] M. Driouech, et al., J. Phys. Chem. Lett 16, 11867 (2025).

15 min. break

HL 1.7 Mon 11:15 POT/0006
Polarization-resolved Raman measurements on optically
anisotropic crystals — eSUusANNE MoRITz, LUKAs TREFFLICH, RON
HiLpeEBRANDT, MARIUS GRUNDMANN, and CHRIS STURM — Univer-
sitdt Leipzig, Felix-Bloch-Institut fiir Festkorperphysik, Germany

Raman spectroscopy provides a powerful, non-destructive way to probe
lattice vibrations, crystal symmetry, and electron-phonon interactions.
For years, optically anisotropic materials have been gaining impor-
tance in solid-state physics research. These materials are investigated
by measuring the Raman intensity in two configurations, namely cross-
polarized and parallel polarization. However, due to their low symme-
try, this is not sufficient in order to extract the properties of the Raman
tensor and extensive polarization-resolved Raman measurements are
required for a precise determination, particularly of the Raman tensor
[1,2,3]. Here, we present an efficient measurement scheme in order to
determine the Raman tensor of optically anisotropic materials with
high precision. Special care must be taken regarding the influence of
the used polarizing optics, such as half-wave plates, as well as the im-
pact of the non-idealities of all optical elements included in the setup,
such as mirrors or beam splitters. For this purpose, we also show a
procedure for calibrating these elements.

[1] C. Kranert et al., Phys. Rev. Lett. 116, 127401 (2016)

[2] C. Kranert et al., Sci. Rep. 6, 35964 (2016)

[3] R. Hildebrandt et al., Appl. Phys. Lett. 119, 121109 (2021)

HL 1.8 Mon 11:30 POT/0006
Quadrupole Transitions in Molecules from Real-Time Time-
Dependent Density Function Theory — e ANvarR KHUJAKULOV!,
MicHELE MicHELE GUERRINI', CARLO ANDREA Rozzi!, and CATE-
rRINA Coccni? — lInstitute for Condensed Matter Theory and Optics,

07743 Jena, Germany — 2Istituto Nanoscienze - 41125 Modena, Italy

The breakdown of the dipole approximation in tightly focused or short-
wavelength laser fields is driven by spatial electric field variations,
leading to significant beyond-dipole effects including quadrupole tran-
sitions and a nonlinear optical response [1]. We extend the Yabana-
Bertsch implementation of real-time time-dependent density func-
tional theory to include quadrupole transitions in the absorption
cross-sections and apply the developed approach to atoms and small
molecules. Our results reveal absorption peaks appearing above the
linear absorption onset, a clear signature of quadrupole transitions.
Critically, for molecules with appropriate symmetry, the quadrupole
contribution to the absorption cross-section is maximized when a spe-
cific molecular axis aligns with the electric field gradient, analogous
to the dipole case. By systematically rotating the molecular axis rel-
ative to the laser polarization vector, we calculate the orientation-
dependent absorption cross-section and differentiate the contributions
from dipole and quadrupole transitions. We quantitatively demon-
strate that quadrupole transition is not a minor effect but a significant
contributor to absorption spectra beyond the dipole approximation.
[1] C. Cocchi, et al., Phys. Rev. Lett. 112, 198303 (2014).

HL 1.9 Mon 11:45 POT/0006
Phase-matched electron-photon interactions enabled by 3D
printed helical waveguides — eMasoup TALEB!, MOoHSEN
Samapi?, and NaHID TaLesr! — lInstitute of Experimental and Ap-
plied Physics, Kiel University, 24098 Kiel, Germany — 2Department
of Electrical and Information Engineering, Kiel University, 24143 Kiel,
Germany

We demonstrate a new phase-matching mechanism between free elec-
trons and guided optical modes using 3D-printed helical waveguides.
The structure consists of a polymer micro-fiber coated with a thin
gold layer, fabricated by two-photon polymerization. When an elec-
tron beam propagates parallel to the helix axis, the helical geometry
extends the optical path and enables sequential, phase-synchronous

coupling to a plasmonic hybrid mode. This interaction unifies ele-
ments of Smith-Purcell and Cherenkov emission and yields a strong,
highly directional visible-light output. Cathodoluminescence measure-
ments reveal a dominant emission near 2.1-2.2 eV, collimated along the
electron trajectory and exhibiting circular polarization dictated by the
helix handedness. The observed photon yield (70.02 photons per elec-
tron for an 11-turn helix) exceeds that of planar electron-driven photon
sources by more than two orders of magnitude. These results intro-
duce helical micro-waveguides as an efficient platform for directional,
polarization-controlled electron-photon interactions.

HL 1.10 Mon 12:00 POT/0006
Quantum-engineered CaAlSiN3 via terbium substitution:
coupling spin, optical, and lattice responses in a rare-earth
nitride host — eSIKANDER AzaM and JAN MINAR — University of
West Bohemia New Technologies - Research Centre Univerzitni 8 301
00 Plzen Czech Republic

Rare-earth nitrides attract interest because they link optical activity,
magnetism, and mechanical stability. CaAlSiN3 is a robust wide-gap
host, but the microscopic role of terbium substitution is not well es-
tablished. We study pristine and Th-doped CaAlSiN3 (8.5 and 17 per-
cent) using spin-polarized density functional theory within GGA+U
and spin-orbit coupling in WIEN2k. Tb narrows the bandgap and in-
troduces 4f-derived mid-gap states that enhance visible-range absorp-
tion. The densities of states show hybridization between Tb 4f levels
and the surrounding network. The optical response shows higher ab-
sorption, a larger refractive index, and shifts in dielectric features that
follow these electronic changes. Simulated Th L*-edge X-ray absorp-
tion spectra display white-line shifts and peak broadening with increas-
ing Tb content, consistent with the modified unoccupied 4f states. Th
carries a strong local moment, raising the total moment to about 11.8
uB at higher doping. All compositions remain mechanically stable,
and bulk and shear moduli increase moderately. The piezoelectric re-
sponse also strengthens, with d33 and e33 roughly doubling compared
to the undoped host. These results show that Tbh substitution tunes the
electronic, magnetic, optical, and mechanical behaviour of CaAISiN*,
supporting its potential in photonic and spin-related applications.

HL 1.11 Mon 12:15 POT/0006
Accurate computation of Berry connection purely lim-
ited by basis set completeness — MARTIN THUOMMLER!,
e ALEXANDER CRoY!, THOoMAS LETTAU2, ULF PEScHEL?3, and STE-
FANIE GRAFED34 — lnstitute of Physical Chemistry, Friedrich
Schiller University Jena — 2Institute of Condensed Matter Theory
and Optics, Friedrich Schiller University Jena — 3 Abbe School of Pho-
tonics, Friedrich Schiller University Jena — 4Fraunhofer Institute for
Applied Optics and Precision Engeneering Jena

Wannierization provides a reliable framework for interpolating opera-
tor matrix elements in the Brillouin zone. This Fourier-type interpola-
tion of the matrix elements of k-local operators, e.g., the Hamiltonian,
is well understood. However, the Berry connection is computed from
the overlap matrices of the cell periodic parts of the Bloch functions
with different k and hence non-local. So far, all proposed interpola-
tion schemes do not account for the matrix structure of the overlap
matrices, but treat the matrix elements as independent when com-
puting the Berry connection. In this work, we propose a consistent
interpolation scheme based on the matrix logarithm. Its accuracy is
only limited by the basis set incompleteness of the considered bands in
the ab-initio calculation. The quality of the new interpolation scheme
is demonstrated by an improved agreement between the velocity and
momentum operator over the full Brillouin zone. As an application,
we demonstrate how this refinement impacts the predicted linear and
non-linear optical properties of semiconductors.

HL 1.12 Mon 12:30 POT/0006
Focused Ion Beam (FIB) patterned Microcavities for Topo-
logical Lasers — eLorENz LOrrLER!"4, DomiNIK HORNEBERD%,
JakoB LINDENTHAL24, JoHANNES DURETH!'4, MARKAS SubpzIiusZ?,
MonNika EMMERLING!, MarTIN Kamp3, Smmon BerzoLp'?, Jo-
HANNES Benpunn?4) Sven Horningb4) KarL Leo?#4, and SeBas-
T1aAN KLEMBTD* — TUniversity of Wiirzburg, Physikalisches Institut,
Lehrstuhl fiir Technische Physik — 2Dresden Integrated Center for Ap-
plied Physics and Photonic Materials (IAPP), and Institute of Applied
Physics, Technische Universitit Dresden — 3University of Wiirzburg,
Physikalisches Institut and Wilhelm-Conrad-Rontgen-Research Cen-
ter for Complex Material Systems — *Wiirzburg-Dresden Cluster of
Excellence ct.qmat
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Topological lasers can be realized by coupling individual photonic res-
onators in topologically non-trivial lattice geometries. Optical mi-
crocavities have been found to be a promising platform for studying
topological laser interfaces with long-range coherence. The fabrica-
tion of such structures typically involves etching of the microcavity
and through the emitter layer. In our work, we create the photonic
potential by FIB milling of a glass substrate prior to depositing di-

electric Bragg reflectors. This technique allows the potential to be
engineered while keeping the emitter layer intact. Here, the emitter is
either semiconductor quantum wells or the organic semiconductor Alqs
doped with DCM dye. By exploring modified lattice geometries that
enhance the interface-to-bulk ratio as well as temperature-dependent
studies, we aim for the next step towards practical topological lasers.

HL 2: Focus Session: Biocompatible Organic Semiconductors for Artificial Intelligence

This Focus Session deals with electronic components that interface with biological systems and offer
diverse possibilities in research and applications, e.g., in healthcare. Carbon-based organic semiconduc-
tors are particularly well-suited to this interface: They enable electronic devices with a broad spectrum
of electronic and optoelectronic functions that are biocompatible and often even resorbable by the body.
Furthermore, they are particularly well-suited for neuromorphic functions that enable local data analy-
sis computing towards artificial and neurohybrid intelligence. Turning this vision into practice requires
extensive interdisciplinary research on semiconductor materials, components, and electronic systems.
This Focus Session aims to provide an overview of the current state of the art including new organic
materials, devices and core applications in bioelectronic interfaces.

Organized by Karl Leo
Time: Monday 9:30-12:45

Invited Talk HL 2.1 Mon 9:30 POT/0051
Intrinsically stretchable polymers and devices for biosensing
applications — eULRIKE KRAFT — Organic Bioelectronics Research
Group, MPI for Polymer Research, Mainz, Germany

Organic electrochemical transistors (OECTS) currently attract vast in-
terest for biosensing applications due to their, intrinsic signal ampli-
fication and low operating voltages, enabling sensing in close contact
to the human body and in aqueous environments with liquid analytes.
Furthermore, the low elastic modulus of polymers can be tailored to
match that of soft biological tissues, drawing increasing interest to-
wards soft and stretchable health-monitoring devices.

The first part of the talk will focus on our work on biosensors based
on planar OECTs that are functionalized with antibodies for e.g. the
detection of the SARS-CoV-2 spike protein or with aptamers for the
detection of e.g. cytokines, which are proteins crucial for immune reg-
ulation and inflammatory responses.

In the second part, I will summarize our efforts on stretchable elec-
tronics including a fast and reliable transfer-printing method for the de-
position of conductive polymer films (e.g. PEDOT:PSS) onto stretch-
able, biodegradable substrates Taking advantage of this method and
infusing the substrates with small-molecule plasticizers that also dif-
fuse into the conductive films, improves the electrical performance as
well as the mechanical properties. Lastly, this platform is employed
for studying the effect of strain on the figures-of-merit of intrinsically
stretchable OECTs.

Invited Talk HL 2.2 Mon 10:00 POT/0051
Complexity in Organic Mixed Ionic Electronic Conductors
and its Application in Neuromorphic Computing — eHans
KLEEMANN — Technische Universitat Dresden, Dresden, Germany

Complexity is decisive property enabling systems to work at the edge
of chaos, which is necessary for resource-efficient computing and the
design of intelligent machines. The complex behavior of a system origi-
nates from the nonlinear properties of all its components, resulting in a
plethora of different signatures such as multi-state stability, stochastic
oscillations, etc. These nonlinear properties and their couplings need
to be understood and modeled to develop intelligent & energy-efficient
computers.

Organic mixed ionic-electronic conductors (OMIECs) based on con-
jugated polymers open up a fascinating field of research where the
ionic-electronic coupling, in combination with correlation effects at
high charge carrier densities enables the implementation of various
paradigms of neuromorphic computing. In this contribution, I will dis-
cuss the various signatures of nonlinearity and complexity that have
been observed in OMIECS in recent years and review the current under-
standing of these effects. Furthermore, I will discuss how phenomena
such as hysteresis and bistability can be employed to design funda-
mental elements of asynchronous computing, such as spiking neurons
or C-elements, providing the foundation for the efficient implementa-

Location: POT/0051

tion of approaches of stochastic computing in hardware. Finally, T will
present a technology platform that allows us to integrate such devices
in all-printed, complementary circuits operating above 1kHz.

Invited Talk HL 2.3 Mon 10:30 POT/0051
Organic Neuromorphic Interfaces for Biohybrid Systems:
Material and Structural Biomimicry of Synaptic Plasticity
— eFRANCESCA SANTORO — Forschngszentrum Jiilich

Organic neuromorphic interfaces offer a promising route toward
biohybrid systems that emulate neural function. We present
PEDOT:PSS-based organic electrochemical transistors that exploit
mixed ionic*electronic conduction and biocompatibility to reproduce
key mechanisms of synaptic plasticity. Through the integration of bio-
gels and azopolymer-functionalized conjugated polymers, neural activ-
ity is modulated by chemical and optical stimuli, enabling short- and
long-term plasticity and interactions with neurotransmitters such as
dopamine and glutamate. Beyond planar devices, 2.5D and 3D mi-
crofabricated organic semiconductor architectures fabricated by two-
photon lithography or electrodeposition mimic neuronal morphology
and promote cell adhesion and connectivity. The mechanical compli-
ance of these materials supports stable interfacing with soft tissues,
underscoring the role of material and structural biomimicry in next-
generation organic biohybrid neuromorphic platforms.

15 min. break

Invited Talk HL 2.4 Mon 11:15 POT/0051
Fully-organic flexible detectors for real-time dose monitoring
during radio/proton therapy — eBEeaTrICE FrABONI — Depart-
ment of Physics and Astronomy , University of Bologna, Italy

The development of detectors for high energy ionizing radiation is a
long-lasting research topic not only for fundamental applications but
also for medical applications in radio and hadron therapy. Innova-
tive sensors are needed, able to provide, in-situ and in real-time, an
accurate recording and mapping of the dose delivered during a treat-
ment plan. Organic small molecules and polymers are promising ac-
tive layers for advanced dosimetry purposes, as their mechanical fea-
tures allow the development of devices able to adapt to complex con-
toured surfaces with outstanding portability (low power operation)
and lightweight. They also provide the unique possibility to develop
human-tissue-equivalent dosimeters, thanks to their density and com-
position. The physical process of radiation detection for organic thin-
film based detectors will be discussed in two different configurations:
1) the direct one, based on a simple planar device with an organic thin
film as active conversion layer, and 2) the indirect one, based on a
polysiloxane-based scintillating layer effectively coupled to an organic
phototransistor (OPT). A new kinetic model has been developed to de-
scribe the organic dosimeter response mechanism under photon/proton
irradiation and to provide further insight into the physical processes
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controlling its response.
I.Fratelli et al Science Advances 11, 7633 (2025) S. Calvi et al., NPJ
Flexible Electronics 7,5 (2023)

Invited Talk HL 2.5 Mon 11:45 POT/0051
Organic LEDs and photodetectors for light-based diagnostics
and therapy — eCAROLINE Murawski!2, RaBiuL IsLamb?2, Sip-
DHARTHA SaGGarD?, and Jens P. WEBER!'2 — llInstitute of Solid-
State Electronics, TUD Dresden University of Technology, 01062 Dres-
den, Germany — 2Kurt Schwabe Institute for Sensor Technologies,
04736 Waldheim, Germany

Light-based biomedical sensing and therapy enables highly precise,
timely and contactless interventions and range from neuronal stim-
ulation via optogenetics over sensing cellular activity by functional
fluorescence to monitoring health signals using wearable devices. Or-
ganic semiconductors are ideally suited building blocks due to their
tunability of material properties, mechanical flexibility and ability for
patterning to microscopic shapes. Here, I will present the development
of organic LEDs (OLEDs) and photodiodes (OPDs) as light sources
and sensors for biomedical applications. The OLEDs are tailored to-
wards high power output and application-specific angular and spec-
tral emission properties. Devices are fabricated on flexible substrates,
patterned to sub-mm scale, and applied in optogenetics and fluores-
cence imaging. Furthermore, I will show flexible OPDs used for pho-
toplethysmography at ambient light conditions and under water.

HL 2.6 Mon 12:15 POT/0051
Reservoir computing with mixed ionic-electronic conductors
— oRicHARD KANTELBERG, HANS KLEEMANN, and KARL LEO — In-
stitut fiir Angewandte Physik, TU Dresden

Reservoir computing (RC) is a promising paradigm for machine learn-
ing that utilizes dynamic systems, termed as reservoirs, to process and
analyze complex temporal data. Organic mixed ionic electronic con-
ductors (OMIECs) have emerged as a novel class of materials with in-

HL 3: 2D Materials | —

Time: Monday 9:30-12:45

HL 3.1 Mon 9:30 POT/0081
Exciton-Electron Complexes in Multilayer Transition-Metal
Dichalcogenides — eoFLoRIAN Hirscu!, ALEXANDRA HUBLER!,
Jonas voN MiLczewski?, and RicHARD ScuMipT! — lInstitute for
Theoretical Physics, Heidelberg University, Philosophenweg 16, 69120
Heidelberg, Germany — 2Department of Physics, Harvard University,

Cambridge, Massachusetts 02138, USA

Understanding few-body correlations in van der Waals heterostruc-
tures is essential for uncovering emergent electronic phases in layered
quantum materials. We report recent progress in identifying exciton-
electron-electron bound states in multilayer transition-metal dichalco-
genides (TMDs). Starting from the two-body problem, we employ
complementary theoretical approaches to characterize bound states
and systematically extend this framework to the four-body regime.
Within an effective-mass model, we solve the resulting few-body Hamil-
tonians using exact diagonalization, enabling efficient exploration of
material and geometric parameters. This allows us to map out regimes
in which such exciton-electron complexes become bound. Our results
provide a versatile framework for investigating exciton-mediated cor-
relations in complex multilayer TMD structures and related systems,
including platforms where exciton-induced electron pairing or super-
conductivity may emerge.

HL 3.2 Mon 9:45 POT/0081
Intra- and Interlayer Excitons in TMDC bilayers under exter-
nal influence — eJAN-HAUKE GRAALMANN and MICHAEL ROHLFING
— University of Miinster, Institute of Solid State Theory, Wilhelm-
Klemm-Strafse 10, 48149 Miinster, Germany

External influences lead to several changes in the optical spectrum of
TMDC bilayers obtained by solving the Bethe-Salpeter. We discuss
both the effect of applied pressure and that of an electric field [1,2].
To get the deformation induced by applied pressure, we use Hooke’s
law. In this case, our investigations show an effective shift of the in-
tralayer A exciton whose direction depends on the stress conditions
and we observe a similar behavior for the interlayer exciton, while the

triguing properties, such as their ability to exhibit both electronic and
ionic conductivity, as well as their biocompatibility, flexibility, and low
power consumption|[1]. These features make OMIECs particularly suit-
able for the development of unconventional computing architectures
in the field of bioelectronics|2]. We present recent findings interlink-
ing electronic conductivity, system nonlinearity and reservoir size with
the neuromorphic functionality and RC performance of self-organized
and structured OMIEC reservoirs. This study includes novel insights
into the differences and similarities of p-type, n-type and ambipolar
semiconductors in terms of operation speed and energy consumption.
The recent progress in reservoir computing using organic mixed ionic
electronic provides valuable knowledge for the targeted development
OMIEC reservoirs.

References 1.*¥Paulsen, B. D., Tybrandt, K., Stavrinidou, E. &
Rivnay, J. Organic mixed ionic*electronic conductors. Nat. Mater.
19, 13*26 (2020). 2.*van de Burgt, Y., Melianas, A., Keene, S. T.,
Malliaras, G. & Salleo, A. Organic electronics for neuromorphic com-
puting. Nat. Electron. 1, 386%397 (2018).

HL 2.7 Mon 12:30 POT/0051
Redundant information in physical reservoir computing —
e ANDREAS HorackeR, RicHARD KANTELBERG, HaNs KLEEMANN,
and KArRL LEo — Dresden Integrated Center for Applied Physics and
Photonic Materials (DC-IAPP), TU Dresden, Dresden, Germany

Maximizing the processing power of a physical reservoir given its physi-
cal constraints is crucial for practical applications, but remains an open
problem. As a basis for such an optimization, a quantity measuring
reservoir capability is needed. To address this need, we propose the use
of independent component analysis for assessing information content
in reservoir outputs. We present evaluations of organic mixed ionic-
electronic conductor based physical and simulated reservoirs and show
that task-specific performance is linked to information redundancy in
the output channels. By leveraging this insight, sparser reservoir read-
out can be realised without loss of performance.

Excitonic properties
Location: POT /0081

shift rate is smaller for the latter. Our results for the 2H-MoS2 bilayer
compare very well with available room-temperature measurements for
the interlayer exciton.

An electric field applied perpendicular to the 2H-MoSez bilayer does
not lead to a deformation, but instead to a Stark shift of the excitons.
To explain that, we focus on the lifting of the degeneracy in the band
structure by breaking the symmetry of the potential.

[1] P. Steeger, J. Graalmann et al., nano Lett., 23, (2023)

[2] J. Jasinski et al., Nat Commun 16, 1382, (2025)

HL 3.3 Mon 10:00 POT/0081
Optical probing of the gate-tunable electronic band struc-
ture of bilayer graphene using a WSez sensor layer —

eJonas Brum!, Davip TesBe!, Takasai TanicucHi?, KEeNJI
1

WataNaBE?, Lurz WAaLDECKER!, CHrisTorH STamprerD3, and
BeErRND BEescHOTEN! — 12nd Institute of Physics and JARA-FIT,
RWTH Aachen University, Aachen, Germany — 2National Insti-
tute for Materials Science, Namiki, Tsukuba, Japan — 3PGI-9,

Forschungszentrum Jiilich, Jiilich, Germany

Rydberg excitons in transition-metal dichalcogenide monolayers are
highly sensitive to their dielectric environment. Previous work has
shown that reflection-contrast spectroscopy provides a non-invasive op-
tical probe of their binding energies, enabling the detection of subtle
variations in the charge-carrier density n in adjacent layers of van
der Waals (vdW) heterostructures. Here, we apply this technique to
a fully hBN-encapsulated WSes /bilayer-graphene (BLG) device with
graphite top and bottom gates and compare the optical response with
transport measurements. By applying a displacement field D, we open
a band gap in BLG. As the Fermi level is tuned from the valence band
across the band gap into the conduction band, we capture changes in n
through shifts in the 2s exciton binding energy. These measurements
further allow us to resolve the layer population of BLG upon sign re-
versal of D. We also demonstrate optical quantum Hall measurements,
enabling extraction of gate lever arms optically. Unlike transport mea-
surements, this optical technique offers highly local, spatially-resolved
access to the electronic band structure of BLG.
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HL 3.4 Mon 10:15 POT/0081
Anisotropic Excitonic Response in MoSe2-WSe; Lateral
Heterostructures — oMIGUEL MoRraLEs Coceral2, FRANZ
Fiscuerb?, CarL EMIL MgrcH NIeELSEN!, and GABRIEL BESTER!
— University of Hamburg, Institute of Physical Chemistry, 22761
Hamburg, Germany — 2Max Planck Institute for the Structure and
Dynamics of Matter, 22761 Hamburg, Germany

We investigate lateral heterostructures of transition-metal dichalco-
genide monolayers, in particular MoSe2-WSez. In these systems,
the one-dimensional (1D) interface together with the type-II band
alignment enables the emergence of 1D exciton physics within a two-
dimensional monolayer material, with the "inter-layer" excitons re-
taining near monolayer-level brightness. Motivated by the recent
experimental observation of these spatially indirect excitons [1], we
calculate the exciton and trion fine structure using ab initio many-
body screened configuration interaction [2]. We find that the lowest
bright exciton state is non-degenerate due to the loss of symmetry in-
duced by the 1D interface. Moreover, the many-body dipoles of these
two excitons lie along different in-plane polarization axes, leading to
an anisotropic optical response that may be useful for optoelectronic
applications.

[1] R. Rosati, et al., Nat. Commun. 14, 2438 (2023)
[2] Mgrch Nielsen, C.E., Fischer, F. & Bester, G. npj 2D Mater. Appl.
9, 11 (2025)

HL 3.5 Mon 10:30 POT/0081
Substrate interaction on local exciton/trion ratio in mono- to
few-layer WS2 — eAPPANNA Parvancapal2, DMITRII SycHEV!,
and ILka HermEs! — !Leibniz Institute of Polymer Research Dres-
den e.V., Dresden, Germany — 2Institute of Applied Physics, Dresden

University of Technology, Dresden, Germany

Two-dimensional Tungsten Disulfide (WS2) possesses distinctive opto-
electronic properties such as high photoluminescence yield, a tunable
band gap, large exciton binding, quantum confinement, strong-light
matter interaction. The combination with low dimensionality makes
them a favorable candidate for a variety of lightweight and flexible
optoelectronic devices such as photodetectors, solar cells and LEDs.
However, large-scale industrial implementation of optoelectronic 2D
materials is often impeded by their high spatial heterogeneity, caused
by nanoscale variations in layer thickness, substrates interactions and
local strain. Thus, standard optical characterization methods like Pho-
toluminescence (PL) and Raman spectroscopy, which commonly pro-
vide such information, can lack the spatial resolution to resolve these
variations. Here, electrical atomic force microscopy (AFM) methods
with in-situ illumination at different wavelengths deliver nanoscale in-
formation on the impact of layer thickness, changes in substrates in-
teractions and local strain onto the material’s optoelectronic response.
In our study, we demonstrate the capability of photo-Kelvin probe
force microscopy (pKPFM) to capture local photo-potential in mono-
and few-layer WS2 and correlate PL spectroscopy. Furthermore, we
investigate the impact of substrates on the local charge carriers.

HL 3.6 Mon 10:45 POT/0081
Signatures of efficient intervalley scattering by acous-
tic phonons in WSe2 monolayers — eHENDRIK LAMBERS!,

DanieL Grorr?, DanieL WicGer?, NIt Saigan!, Lara Brivov?,

TiLMANN KunN2, ALEXANDER W. HorLLerrNEr?, and URsuLA
WuRrsTBAUER! — lInstitute of Physics, University of Miinster —
2Institute of Solid State Theory, University of Miinster — 3Walter

Schottky Institute, Technical University of Munich

When group VI TMDC are thinned down to the monolayer limit, their
bandgap transfers from indirect to direct. While their strong exciton
dominated light-matter coupling can be easily investigated by opti-
cal spectroscopy, exciton-phonon coupling is often inaccessible, even
though it is important for exciton thermalization and intervalley scat-
tering. We employ resonant Raman scattering at cryogenic tempera-
tures to study the exciton phonon coupling in WSes monolayers. In
resonance with the WSeg exciton, we observe rich Raman spectra.
Here, we focus on the resonance profiles of the degenerated A;’/E’
mode, that exhibits two asymmetric resonance peaks that cannot be
described by a first order Raman scattering process. A higher-order
Raman scattering process including simultaneous generation and an-
nihilation of acoustic M-point phonons describes the experimental res-
onance profile well. Our results indicate a strong electron phonon
coupling and efficient intervalley scattering between the nearly degen-

erate direct and indirect exciton transitions in WSes. The findings are
relevant to understand unusual bright emission in WSe2 monolayers
despite spin-forbidden lowest interband transition.

15 min. break

HL 3.7 Mon 11:15 POT/0081
Transport of exciton complexes in the presence of Fermi sea
of free carriers in monolayer semiconductors — eMINUSHREE
Rout!, KoLoman WacNEr!2, Jonas ZiEGLERD2, RAUL PEREA-
Causin®, SamMUEL BrEm?, ERMIN MaLic?, and ALExEY CHERNIKOV!
— Mnstitute of Applied Physics, Technische Universitéit Dresden, Ger-
many — 2Department of Physics, University of Regensburg, Ger-
many — 3Department of Physics, Stockholm University, Sweden —
4Department of Physics, Philipps-Universitit Marburg, Germany

Exciton-carrier interactions in doped monolayer semiconductors
present an interesting and technologically relevant scenario in solid-
state physics. Among the consequences is the formation of trions-three
particle system formed when excitons bind with free charge carriers.
Here, we aim to explore how trion-phonon and exciton-carrier inter-
actions influence excitonic quasiparticle diffusion using transient mi-
croscopy. Theoretical results predict that trions have reduced mobility
at low carrier densities due to strong phonon coupling and increased
mass. At higher densities, effective trion diffusion should increase sig-
nificantly due to the Fermi pressure effect. Previous experimental stud-
ies revealed that exciton diffusion shows a non-monotonic dependence
on carrier density, transitioning from elastic scattering regime to the
formation of bound quasiparticle states like trions and fermi-polarons.
This work aims to uncover the fundamental mechanisms governing the
transport of light-emitting quasiparticles in the presence Fermi-bose
mixtures in 2D semiconductors and experimentally test the prediction
of the Fermi-pressure effect.

HL 3.8 Mon 11:30 POT/0081
Investigation of dynamics and character of excitons in WSe;
and MoSe> multilayers — eANNA WEINDLY, MaTTHIAS BREM!,
JENNIFER LEHNER!, KeNJ1 WaTanaBr?, Takasui TaNicucHi®,
and CHRISTIAN ScHULLER! — !Institut fiir Experimentelle und
Angewandte Physik, Universitdt Regensburg, 93053 Regensburg —
2Research Center for Functional Materials, National Institute for Ma-
terials Science, Tsukuba Ibaraki 305-0044, Japan — 3International
Center for Materials Nanoarchitectonics, National Institute for Ma-
terials Science, Tsukuba Ibaraki 305-0044, Japan

We report about our time-resolved Faraday ellipticity (TRFE) experi-
ments on multilayers of the transition metal dichalcogenide WSe2 and
MoSes. In a continuation of our recent work by Raiber et al. [1], we
aim to investigate the nature of the pseudospin oscillations that ap-
pear in the TRFE signal when we apply an in-plane magnetic field to
our multilayer samples. Now we try to characterize and manipulate
these oscillations by playing with different experimental parameters.
Varying the angle of the magnetic field, adding an electric field or
investigating the layer dependence are examples for our toolbox of pa-
rameters to gain further insights into the dynamics of the multilayers.
The current results, for example on the resonance behavior of the oscil-
lations and the layer-dependent starting point of the oscillations, will
be presented.

[1] S. Raiber et al., Ultrafast pseudospin quantum beats in multilayer
WSez and MoSez, Nat. Commun. 13, 4997 (2022).

HL 3.9 Mon 11:45 POT/0081
In-situ mapping of pressure-induced exciton traps in sus-
pended MoS2 monolayers using Fabry-Perot interference —
oNikLas WALTER!3, LEONARD GEILEN!3, Lukas ScHLEICHERZ3,
ALEXANDER MusTal3, ANNE RopRricuEz?, BENEDICT BROUWERD3,
Eva WEIG?3, and ALEXANDER HOLLEITNER!"® — 1Walter Schottky
Institute, TU Munich, Germany — 2Chair of Nano and Quantum Sen-
sors, TU Munich, Germany — 3Munich Center for Quantum Science
and Technology (MCQST), Munich, Germany

We demonstrate the in-situ readout of the spatial profile of suspended
MoS2 monolayers hosted on substrates with nanostructured holes. As
the profiles are spatially bent, the suspended MoS2 monolayers act
as exciton traps with a tunable luminescence intensity and energy.
The tunability is realized by controlling the environmental pressure
on the monolayers, which allows one to control hundreds of suspended
MoS2 monolayers on a single substrate. The in-situ readout is based on
Fabry-Perot interferences and a model of the corresponding reflectance
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contrast maps of the investigated monolayers.

HL 3.10 Mon 12:00 POT/0081
Coherent two-dimensional electronic spectroscopy integrated
with confocal microscopy for probing 2D materials —
eTrIDEEP KawDE, PaverL Trorimov, MarTeEo Russo, ANTON
TrRENCZEK, and HELENE SEILER — Freie Universitat Berlin, 14195,
Berlin, Germany

Two-dimensional electronic spectroscopy is a powerful tool for prob-
ing ultrafast processes in van der Waals materials and heterostruc-
tures. As these structures are typically only 10x100 pm in size and
highly heterogeneous, the challenge of ultrafast studies on such ma-
terials is to balance requirements in spatial and angular resolutions -
often requiring highly dispersive microscope objectives - with tempo-
ral resolution. We present a coherent 2D electronic spectroscopy setup
integrated with a confocal back focal plane imaging setup, featuring
high magnification, spatial and angle resolution, while maintaining a
time resolution of ~15 femtosecond. We demonstrate this approach
on an exfoliated W Ses monolayer. The data reveal <100 femtosecond
homogeneous linewidth broadening of the A exciton lineshape, indi-
cating rapid exciton-energy fluctuations. These measurements provide
insight into dephasing mechanisms such as excitation-induced dephas-
ing, which sets fundamental limits to coherent control and quantum-
optical applications.

HL 3.11 Mon 12:15 POT/0081
Acousto-optic characterization of van der Waals systems —
eF'ELIX EHRING, BENJAMIN MAYER, HUBERT KRENNER, URSULA
WURSTBAUER, and EMELINE NYSTEN — Institute of Physics, Uni-
versity of Miinster, Germany

With wavelengths in the micrometer range at GHz frequencies, sur-
face acoustic waves (SAWs) are a versatile tool for radio frequency
control and probing of charge carrier dynamics in novel semiconduc-
tor nanostructures. They are generated on a piezoelectric chip and
routed over long distances to couple either mechanically or electrically

to many solid-state nanosystems [1]. In our experiments, we fabri-
cated hybrid lithium niobate SAW-devices in which different mechan-
ically exfoliated transition metal dichalcogenide (TMDC) 2D materi-
als were transferred. We investigated the influence of SAW-induced
dynamic electric and strain fields on the photoluminescence (PL) of
various TMDCs and their heterostructures. By combining optical and
acoustic measurements, we were able to gain insights on the charge
carrier dynamics and their resulting impact on exciton recombination
and lifetime [2].

[1] Per Delsing et al 2019, J. Phys. D: Appl. Phys. 52 353001 [2]
Emeline Nysten et al 2024, Adv Mater 36 €2402799

HL 3.12 Mon 12:30 POT/0081
Dark exciton activation in WSes monolayer by tip-enhanced
photoluminescence spectroscopy — ADLEN SMIRI, FENDA RizkKy
PraTama, and eTakEsHI NakaANisHI — MathAM-OIL AIST, Sendai,
Japan

Dark excitons in 2D transition metal dichalcogenide semiconductors
are characterized by long lifetimes, making them highly attractive
candidates for quantum computing and optoelectronics.The purpose
of this paper is to theoretically address the interactions between local
electromagnetic fields and dark excitonic states, and show that the
strong out-of-plane near field from a metallic tip enhances radiative
recombination of spin-forbidden dark excitons by providing additional
in-plane momentum to overcome momentum mismatch [1]. Using ab
initio calculations, a Wannier-Mott exciton model, and a numerical
solution of the Laplace equation, we model the tip-enhanced near-field
and its interaction with excitons via first-order time-dependent pertur-
bation theory. Focusing on WSes monolayers, we demonstrate that the
activation of dark excitons is attributed to the strong z-component of
the near field induced by the tip. We also analyze substrate screening
effects on excitonic properties and lifetimes. Our results offer a the-
oretical framework for controlled activation of dark excitons toward
quantum and nanophotonic applications.

[1] Adlen Smiri, F. R. Pratama and Takeshi Nakanish, npj 2D Ma-
terials and Applications 9, 88 (2025)

HL 4: Perovskite and Photovoltaics: Synthesis and Performance

Time: Monday 9:30-12:00

Invited Talk HL 4.1 Mon 9:30 POT/0251
X-ray nanodiffraction studies of lead-halide perovskite super-
crystals — Jonas HiLLER!, RoBERT THALWITZER!, ATA BOZKURT!,
MaTHEUS FERREIRAZ, RicHARD Hopak!, FaBIAN STrAUss!, ELKE
NapLer!, Gerarp HinsLEy®, Bimman Wance®, Kuan Hoon
Ncor®, WitoLp Rubpzinski?, EKATERINA KNESCHAUREK!, Woui-
cilEcH RoseEkER®, MIcCHAEL SPRUNG3, DMITRY LAPKIN', DMITRY
BaraNovZ?, FRANK ScHREIBER!, IvaN VARTANYANTS®, MARcuUs
ScHEELE!, and eIvaN Zaruzunyy! — !University of Tiibingen —
2Lund University — 3Deutsches Elektronen-Synchrotron DESY —

4University of Krakow

We synthesize mechanically robust supercrystals built from cubic lead
halide perovskite nanocrystals by a two-layer phase diffusion self-
assembly with acetonitrile as the antisolvent. This method yields
highly faceted thick supercrystals, which are robust enough to be
picked up and relocated by microgrippers. We employed X-ray nanod-
iffraction together with high-resolution scanning electron microscopy
and atomic force microscopy to reveal the structure of CsPbBrs,
CsPbBraCl, and CsPbCl3 supercrystals and explain their unusual me-
chanical robustness. We show that the removal of organic ligands from
perovskite nanocrystals results in a size gradient of the nanocrystals
within the supercrystals.
Hiller et al., ACS Nano 19 (2025) 26117

HL 4.2 Mon 10:00 POT/0251
Impact of Antisolvents on Halide Perovskite Nanocrystal
Synthesis — oT'1m JurLius HASHAGEN, LEo LUBER, and ALEXANDER
SkYRME URBAN — Nanospectroscopy Group, Nano-Institute Munich,
Department of Physics, Ludwig-Maximilians-Universitdt Miinchen,
Koniginstrafe 10, 80539 Munich, Germany

Lead halide perovskite nanocrystals (NCs) offer highly tunable opti-
cal properties and high photoluminescence efficiencies, making them
promising for optoelectronic and photocatalytic applications. Their
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synthesis, however, is extremely sensitive to the choice of antisolvent,
which governs nucleation and growth kinetics and thereby the struc-
tural and optical quality of the resulting NCs. [1] In this work, we sys-
tematically investigate how structural and chemical variations among
antisolvents affect the formation of CsPbBr2 NCs. By tuning precur-
sor compositions and antisolvent identities, we identify clear trends in
crystallization behavior and photoluminescence characteristics. These
experimental results are combined with a Gaussian Process regression
model that encodes antisolvent geometry to predict NC emission wave-
lengths.[2] The model performs accurately for well-represented antisol-
vent classes but still faces challenges when extrapolating to sparsely
sampled or previously unseen antisolvents. Our combined experimen-
tal and data-driven approach highlights the decisive role of antisolvent
molecular structure in NC synthesis and demonstrates a pathway to-
ward predictive control over perovskite nanocrystal properties.

[1]K. Frank et al., Nat. Commun. 2024, 15, 8952.

[2]N. A. Henke et al., Adv. Mater. 2025, e09472.

HL 4.3 Mon 10:15 POT/0251
Tuning Lead Halide Perovskite Nanocrystal Properties via
Controllable Synthesis and Machine-Learning Insights —
eMaxIMILIAN DORFLER, LEO LUBER, and ALEXANDER URBAN —
Nanospectroscopy Group, Nano-Institute Munich, Department of
Physics, Ludwig-Maximilians-Universitdt Miinchen, Koéniginstrafe 10,
80539 Munich, Germany

Halide perovskite nanocrystals (NCs) combine high photoluminescence
efficiency with tunable emission, but achieving narrow linewidths re-
quires tightly controlled, highly monodisperse synthesis. In this work,
we perform in situ observations of CsPbBr3 NC formation under am-
bient conditions and systematically evaluate how synthesis parameters
shape their optical response. By analyzing the evolving photolumines-
cence spectra, we assess how reaction time, dilution, and precursor-to-
antisolvent ratios jointly influence crystal growth and resultant mor-
phology. The in situ approach allows us to track nanocrystal growth
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pathways and provides the opportunity for real-time steering of the
synthesis. Particular emphasis is placed on understanding the condi-
tions under which the NCs adopt 2D versus 3D morphologies. In future
work, we will employ machine-learning tools - specifically Bayesian
optimization - to efficiently navigate the sparsely sampled synthesis
parameter space. This data-driven strategy aims to identify regions
that yield high quantum efficiencies and narrow linewidths, enabling
rapid discovery of conditions that favor predominantly monodisperse
nanocrystals or nanoplatelets with minimal experimental iteration.

HL 4.4 Mon 10:30 POT/0251
Scalable Perovskite-Silicon Tandem Photovoltaics by Hy-
brid 2-Step Inkjet Printing — eTHERESA KUEcHLE!, RAPHAEL
Pescul2, Jinzaao Li'2) and ULricH W. PaerzoLp!:2 — 1Light
Technology Institute, KIT, Germany — 2Institute of Microstructure
Technology, KIT, Germany

In recent years, the power conversion efficiency (PCE) of perovskite-
silicon tandem photovoltaics has improved significantly on a lab scale.
For photovoltaics industry, fully scalable processes are required to en-
sure homogeneous thin-film formation while maintaining conformity to
the bottom cell.

Here, we show a hybrid two-step process for the perovskite thin film
fabrication whereby inorganic components are evaporated, followed
by inkjet printing of organic components. Our approach addresses
scalability challenges and highlights the suitability of inkjet printing
with a green solvent for the fabrication of large textured tandem so-
lar cells. We show that optimizing the stoichiometry is necessary and
can be achieved by fine-tuning the dots per inch in the second step.
Through inkjet printing parameter optimization, we achieve wide-band
gap single-junction perovskite solar cells with close to 20 % PCE. Ad-
ditionally, we successfully fabricate large-textured (3 to 5 pm pyramid
size) tandem solar cells with an active area of 1 cm?, achieving a single-
JV-scan PCE of 27.4 %. These results underscore the potential of this
hybrid fabrication process to overcome upscaling hurdles and advance
the development of highly efficient tandem solar cells for industrial
applications.

HL 4.5 Mon 10:45 POT/0251
A Materials Perspective on Sequential Inorganic Scaffold
Deposition for Hybrid-Processed Perovskite Thin Films
eRoNJA PAPPENBERGER'?, JuLiAN PETRY! 2, ALEXANDER
WELLE®?, ToNGHAN ZHAO!, ALEXANDER DIERCKSZ, RAPHAEL
Pescul 2, PauL FassL'»2, and ULricH W. PaeTzoLp!:? — llInstitute
of Microstructure Technology, KIT, Germany — 2Light Technology
Institute, KIT, Germany — 3Institute of Functional Interfaces, KIT,
Germany — *Karlsruhe Nano Micro Facility, KIT, Germany

As perovskite solar cells (PSCs) advance toward industrial-scale pro-
duction, fabrication processes must combine high-throughput with
simple integration. In this regard, the hybrid two-step deposition route
has emerged as a promising method, allowing for conformal coatings on
micron-scale textures, a critical feature for perovskite/silicon tandem
photovoltaics. This work presents a fully sequential route, wherein the
inorganic materials CsCl and Pbly are deposited separately, simplify-
ing industrial implementation compared to co-deposition. Microstruc-
tural analysis shows that sequential deposition promotes vertical Pbla
growth with a secondary tilted orientation, unlike the horizontal orien-
tation from co-deposition. Elemental distribution reveals high diffusiv-
ity for Cs, formamidinium, and I, yielding a homogeneous distribution
in the perovskite absorber, while Pb and Cl remain largely scaffold-
bound. PSCs with a 1.69 €V bandgap achieve efficiencies of 19.3%
(co-deposition) and 18.7% (sequential), highlighting fully sequential
hybrid deposition as a promising route toward industrial PSC produc-
tion.

15 min. break

HL 4.6 Mon 11:15 POT/0251

How stable are mixed-metal chalcohalides? — ePascaL
HenkeL!, JaArRNO Laakso!, Jinarur Li2, and PaTtrick RINKEDS —

11

IDepartment of Applied Physics, Aalto University, Espoo, Finland —
2Xi’an Jiaotong University, Xi’an, China — 3Technical University of
Munich, Garching, Germany

Perovskite-inspired quaternary mixed-metal chalcohalides (MMCHs,
M(II)2M(IIT)Ch2X3) are an emerging materials class for photo-
voltaics,[1,2] capable of delivering high conversion efficiencies.|[3] Yet,
their thermodynamic stability remains largely unexplored.

We assess the thermodynamic stability of 54 MMCH compounds by
modelling their phase diagrams using DFT, pymatgen tools from Mate-
rials Project[4] and the Alexandria Materials Database.[5] All studied
MMCHs lie above the convex hull, independent of their space group
(Cmem, Cme21, P21/c). Accounting for computational uncertainty
(mostly from the applied exchange-correlation functional) moves a con-
siderable fraction of MMCHs close to or below the hull. The MMCH
decomposition paths follow five reactions, with 4 M(II)oM(III)ChaX3
< 2M(III)2Chs + 6 M(IT)X2 + 2M(II)Ch occurring most frequently.
Experiments show that compounds close to the convex hull can be
synthesized, whereas compounds far from the hull decompose follow-
ing the predicted reactions. Overall, our results show that MMCHs are
synthesizable, but fabrication conditions need further optimisation.

[1] Chem. Mater. 35, 7761-7769 (2023), [2| Phys. Rev. Materials
9, 115405 (2025), [3] Mater. Horiz. 8, 2709 (2021). [4] Chem. Mater.
20, 1798-1807 (2008). [5] https://alexandria.icams.rub.de/.

HL 4.7 Mon 11:30 POT/0251
minimizing ionic losses in DMSO-free tin-based perovskite
solar cells — ePARIA FOROZI SOWMEEH!, SHENGNAN ZU0?, CHIARA
Frasca2, BIRUK ALEBACHEW SEID!, SERCAN OzeEN!, WENTAO Liu2,
MaHMoUD HUSSEIN ALDAMASYZ, YUAN ZHANGS, FENGsHUO Zu?2:3,
NorBERT Kocnu2?3, MARTIN STOLTERFOHT?, ANTONIO ABATEZ,
ArTEM Musnenko?, and FerLix Lanc! — lInstitute of Physics
and Astronomy University of Potsdam, Potsdam-Golm, Germany —
2Helmholtz-Zentrum Berlin fiir Materialien und Energie, Berlin, Ger-
many — SDepartment of Physics, Humboldt University of Berlin,
Berlin, Germany — “Electronic Engineering Department, The Chi-
nese University of Hong Kong, Hong Kong SAR, China

The presence of mobile ions and the potential toxicity of Pb-based
perovskite solar cells remain two major drawbacks for their commer-
cialization despite their exceptional optoelectronic properties. On the
other hand, Sn-based perovskites, which are believed to exhibit smaller
ion-induced instabilities, have been revealed as eco-friendly perovskite
counterparts, though thorough investigations are still missing. Herein,
we investigate the nature of mobile ions, quantify the ionic loss within
Sn-based perovskite solar cells and compare with those of Pb-based
and mixed PbSn devices. We report minimal ionic losses and over 10-
fold lower ion densities in DMSO-free processed Sn samples compared
to Pb-based perovskites. The Sn-based devices also exhibit the lowest
associated ionic losses with sustained device stability upon illumina-
tion. This study paves the way for development of innovative, stable
thin film solar cells with suppressed ion migration.

HL 4.8 Mon 11:45 POT/0251
Beyond 1D: How Edge Effects Impact Ion Densities and Sta-
bility in Perovskite Solar Cells — eJARLA THIESBRUMMEL!2,
FraNcisco PERA-CaMarco?, BRuNo EHRLER®, DIiLARA ABDEL?,
Patricio FArRreLL?, and FeLix Lang! — lUniversity of Potsdam,
Potsdam, Germany — 2Helmholtz-Zentrum zu Berlin, Berlin, Ger-
many — 3AMOLF, Amsterdam, Germany — *Weierstrass Institut,
Berlin, Germany

Understanding how mobile ions redistribute within metal halide per-
ovskites is essential for interpreting device stability and quantitative
ion-density measurements. While most studies focus on ion transport
along the device stack, lateral ion motion and edge effects remain rel-
atively unexplored, despite their strong relevance, especially in small-
area, lab-scale photovoltaic devices. In this work, we investigate side
collection of ions at device edges and its consequences for both appar-
ent ion densities and long-term material stability, using a combination
of 2D drift-diffusion simulations and experiments.
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HL 5: 2D Materials: Electronic structure,
Time: Monday 10:30-12:30

Invited Talk HL 5.1 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.

HL 5.2 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.

HL 5.3 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

excitations, etc. | (joint session O/HL/TT)

12

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)

HL 54 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.

HL 5.5 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.

HL 5.6 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)

HL 5.7 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

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.

HL 6: 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 HL 6.1 Mon 15:00 HSZ/0003
Charge confinement in twisted bilayer graphene
eCHRrIsTOPH 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 HL 6.2 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-
resolved spectroscopies indicate a coupling between the CDW ampli-
tude mode and the electronic correlation strength, yet the role of the
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Location: HSZ/0003

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 HL 6.3 Mon 16:00 HSZ/0003
Optical signatures of interlayer electron coherence in a bi-
layer semiconductor — eNADINE LEeiscanc!2, XiaoLiNg Liu2,
PaveL Dovcirev?, PuiLip Kim?, and MikaaIL 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 MoS2 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
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-
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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 HL 6.4 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 WSeq,
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 HL 6.5 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-
lying crystal over mesoscopic, and potentially micro- or macroscopic,
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length scales.

HL 6.6 Mon 17:45 HSZ/0003
Interlayer electrodynamics of CDWs in van der Waals mate-
rials and heterostructures — AcuyuTt TiwaRI, RENJITH MATHEW
Roy, Maxim WENZzEL, CHRISTIAN PRANGE, Bruno GowmPF, and
eMARTIN DRrRESSEL — 1. Physikalisches Institut, Universitiat Stuttgart

Layered transition metal dichalcogenides such as 1T-TaS2, 2H-TaS>
and their natural heterostructure 4Hy-TaSs 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-TaSy 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-TaSs is stacked between 1H-TaSs2, forming a natural het-
erostructure of 4Hy,-TaSa, 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.

HL 6.7 Mon 18:00 HSZ/0003
Enhancing Plasmonic Superconductivity in Layered Mate-
rials via Dynamical Coulomb Engineering — eYANN IN 'T
VELD!, MikHAIL I. KarsneLson23, ANDREw J. MirLis®, and
MaLTE RosNER?6 — 1. Institute of Theoretical Physics, Universitét
Hamburg, Hamburg, Germany — 2Institute for Molecules and Materi-
als, Radboud University, Nijmegen, the Netherlands — 2Constructor
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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HL 7: 2D Materials beyond graphene: Growth, structure and substrate interaction (joint
session O/HL/TT)

Time: Monday 15:00-17:45

HL 7.1 Mon 15:00 HSZ/0204
A virtual super-moiré: MnBrz on graphene on Ir(110)
— ArrAN SAFeerR!, OkTay GULERYUz!, NICOLAE ATODIRESEI?,
eTHOMAS MIcHELY!, and Jeison FiscHErR! — 1II. Physikalisches In-
stitut, Universitdt zu Ko6ln, Germany — 2Peter Griinberg Institut,

Forschungszentrum Jiilich, Germany

MnBrz 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/MnBrsy/Ir(110) is unique, as it involves a virtual moiré of MnBra
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 MnBra on Gr/Ir(111) show similar growth and
structure as on Gr/Ir(110), but highlight the unique properties of the
MnBry/Gr/Ir(110) super-moiré.

HL 7.2 Mon 15:15 HSZ/0204

Magnetism of monolayers of FeCl, and FeBry Epitaxi-
ally Grown on BizSe; — eSesasTIEN E. Hapsapil, WEIBIN
L2, PierLUiGT GARGIANI?, CINTHIA PiamMoNTEzZE®, OLEKSANDR

SteTsovycu?, PaveL JeELiNeEk?, 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 FeBra on the TI BizSes. 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 eV.
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)

HL 7.3 Mon 15:30 HSZ/0204
Rise and fall of 1T-TaS,: Epitaxial growth of monolayer
TaS; on Au(111l) — eLars Buss!, Carny Suramvan!, RaQUEL
SANCHEZ-BARQUILLAY, TuLia CojocaRIUZ, MARCIN SzPyTMAS, TEV-
FiIk ONUR MENTESZ, ANDREA LocareLLi?, Jens Farra?, and Jan
Inco FrLeEge! — lApplied 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-TaSy is of interest as it
shows a CDW at room temperature. However, when grown on metal
substrates, only 2H-TaSs has been reported. To elucidate the reasons
for the apparent lack of 1T-TaSo 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-TaSg 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-TaSs/Au(111).

[1] L. Bufs et al. Phys. Rev. Materials 9, 074006 (2025).
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HL 7.4 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, ITUu 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
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.
HL 7.5 Mon 16:00 HSZ/0204

Co2S2: a new 2D material and its phase transitions —
e ABDALLAH KARAKA, MAX WOLFERTZ, AFFAN SAFEER, GUANGYAO
Miao, WouTEeR JoLiE, THoMAS MICHELY, and JEisoN FiscHErR — 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.

HL 7.6 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 HossaiNn!, AXEL PRINTSCHLER!,
NuaT Lam Duonc!, Jurian Picker!, Ranur SuarMAl, CHRISTOF
NeuMaNN!, MoNa SeDpIGHI?, JOHANNES BISKUPEK2, MUHAMMAD
SurvaN Ramzan!, Carerina CoccHil, UTE KAIseEr?, and ANDREY
TURCHANIN! — 1Friedrich 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 (VXWZMol_x_y)Sg 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
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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.

HL 7.7 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 OTTO?,
CurisTOF NEUMANN!, TorRsTEN FRriTz?, 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 WSea /Au interface. A comparative anal-
ysis reveals the structural and electronic differences between the two
systems.

HL 7.8 Mon 16:45 HSZ/0204
Controlling polymorphism in the growth of 2D manganese
sulfide on graphene via substrate interaction oeMax
WoLFERTZ, ABDALLAH KARAKA, NicoLas GEORGoPoOULOS, OKTAY
GULERYUZ, AFFAN SAFEER, THOMAS MICHELY, and JEISON FISCHER
— II. Physikalisches Institut, Universitdt zu Koln, Ziilpicher 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,
a-(rock-salt structure), 8-(zincblende structure), and y-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.

HL 7.9 Mon 17:00 HSZ/0204
Low Temperature MOCVD Growth of two-dimensional InSe
and InSe/WS2 Heterostructures — eRoBIN GUENKEL, NiLs LAN-
GLOTZ, MATVEI KisLiTsyN, JUERGEN BEeLz, and KERSTIN 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-
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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.

HL 7.10 Mon 17:15 HSZ/0204
Synthesis of Vertically Stacked 2D-hBN/Borophene Het-
erostructures on Ir(111) via Intrinsic Segregation — eMARKO
KrieGeL, KarmM OwmaMBAC, SMRUTI MoHANTY, BIRK FINKE,
Frank-J. MEYER zU HERINGDORF, and MicHAEL HoOrN-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 B3N3Hg 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

HL 7.11 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.
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HL 8: Ultra-fast Phenomena |

Time: Monday 15:00-18:15

HL 8.1 Mon 15:00 POT/0006

Lightwave Engineering of Excitonic States in an Atom-

ically Thin Semiconductor — eOmER KNELLER!, NILOUFAR
NILFOROUSHAN!, MarTHIAS KNORR!, MARKUs Borscu?, FABIAN
MoosHAMMER', MackiLLo Kira?, and Ruperr Hubgr!

1Department of Physics, University of Regensburg, 93040 Regensburg,
Germany — ?Department of Electrical Engineering and Computer Sci-
ence, University of Michigan, Ann Arbor, Michigan 48109, USA

Coherently shaping excitonic states holds great potential for novel
optoelectronics and quantum information processing. Yet, their
femtosecond-scale coherence time substantially constrains coherent
control. Here, intense phase-stable carrier waves of light resonantly
drive the excitonic 1s-2p states in monolayer MoSes faster than their
natural decoherence rate, driving the excitonic system into multiple
Rabi oscillations that occur during a single cycle of light. The dynam-
ics are probed by injecting excitons into the 1s state using femtosecond
NIR pulses and measuring the induced high-order sideband emission.
The signal exhibits surprising spectro-temporal signatures that are re-
produced by many-body simulations and a reduced two-level model,
exposing the dominant role of the 1s-2p sub-system, even under these
extreme driving conditions. An intuitive Floquet analysis links these
features to light-induced avoided crossings between higher-order Flo-
quet replicas of the driven two-level system. Our results bridge light-
wave electronics in quantum materials, attosecond science, and atomic
physics, and establish an exciting new route to shaping many-body
quantum correlations at optical clock rates.

HL 8.2 Mon 15:15 POT/0006
Light-Induced Polarization Switching in R-Stacked Bilayer
WSes — eXi1ANGZHOU ZHU, STEFONO MocaTTi, and MATTEO CA-
LANDRA — Department of Physics, University of Trento, Via Som-
marive 14, 38123 Povo, Italy

Sliding ferroelectricity in two-dimensional van der Waals materials en-
ables polarization control by relative layer motion, offering a promis-
ing platform for novel memory devices. Recent works show that
strong laser pulses can reverse the polarization of such systems by
driving shear phonons, but the required interlayer sliding and struc-
tural distortions limit the achievable switching speed. Here, we demon-
strate a purely electronic pathway for light-induced polarization rever-
sal in rhombohedrally stacked bilayer transition-metal dichalcogenides
(TMDs). With constrained density-functional theory (cDFT), we find
that photoexcited carrier densities below 0.2 e per unit cell are suf-
ficient to switch the intrinsic ferroelectric dipole without interlayer
sliding in WSez. This occurs because photoexcitation induces an im-
balanced charge redistribution between the layers, which generates a
counter-dipole. Using real-time semiconductor Bloch equation simula-
tions, we shows that the total polarization can reverse by light within a
few hundred femtoseconds. Furthermore, time-dependent charge anal-
ysis reveals that this ultrafast switching is primarily driven by a lo-
calized dipole rearrangement around the tungsten sites. These results
establish a new mechanism for electronic control in 2D ferroelectrics,
relevant for high-speed volatile memory applications.
Funded by the European Union (ERC, DELIGHT, 101052708)

HL 8.3 Mon 15:30 POT/0006
Ultrafast excitonic coherent oscillations in monolayer tung-
sten disulphide eJORGE CERVANTES VILLANUEVA!, Da-
VIDE SANGALLIZ, ALBERTO GARCiA-CRisT6BAL!, and ALEJANDRO
MoriNa-SANcHEz! — !nstitut de Ciéncia dels Materials (ICMUV),
Universitat de Valéncia, Catedratico José Beltran 2, 46980 Paterna,
Valencia, Spain — 2Istituto di Struttura della Materia-CNR, (ISM-
CNR), Area della Ricerca di Roma 1, Monterotondo Scalo, Italy

Understanding coherent excitonic dynamics in two-dimensional semi-
conductors is crucial for advancing quantum-optical technologies.
Monolayer transition metal dichalcogenides (TMDs) provide an ideal
platform due to their strong Coulomb interactions and large exciton
binding energies. We perform ab initio pump-probe simulations by
propagating the time-dependent density matrix under the influence of
overlapping pump and probe fields, capturing the generation and de-
tection of coherent excitons on femtosecond timescales. Focusing on
monolayer WS2 with a pump tuned between the A and B excitons,
we observe ultrafast oscillations arising from coherent coupling among
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multiple excitonic states, including the intermediate A* resonance. Ex-
ploiting the balance between exciton populations, we propose a scheme
to control the coherent response, realizing an optical switch with po-
tential applications in quantum information. These results establish
ab initio pump-probe modeling as a predictive tool for characterizing
and manipulating coherent excitonic states.

HL 8.4 Mon 15:45 POT/0006
Carrier-envelope phase control of ultrafast photocurrents
in layered MoS2 — eJoHANNES ScHMuck!2, Biorn Sinzl2,
Nina PerTINGERD?, SERGEY ZHEREBTsOV!2, and ALEXANDER W.
HorLerTNER!'2 — 1Walter Schottky Institute and Physics Depart-
ment, Technical University of Munich, Garching, Germany — >Munich
Center of Quantum Science and Technology, Munich, Germany

We demonstrate carrier-envelope-phase (CEP)-controlled photocur-
rents in mono-, bi-, and tri-layer MoS2 driven by few-cycle laser
pulses. The photocurrent in the two-terminal devices scale quadrati-
cally with the field amplitude, indicating perturbative carrier dynam-
ics in the weak-field regime distinct from strong-field tunnelling [1].
Our results extend light-field-sensitive current control from bulk di-
electrics, semiconductors, and graphene to two-dimensional transition-
metal dichalcogenides, highlighting their potential for electric-field sen-
sitive optoelectronics.

[1] J. Schmuck et al., submitted, arXiv preprint arXiv:2511.08148
(2025).

HL 8.5 Mon 16:00 POT/0006
Development of an ultrafast scanning electron microscope
— eoLeEON Kross!, BEnJAMIN ScHRODER!, NikLas WEMHEUER!,
LeoN Brauns!, Murar Sivis'2, and Craus Ropersh? — IMax
Planck Institute for Multidisciplinary Sciences, Gottingen, Germany
— 2University of Gottingen, 4th Physical Institute, Gottingen, Ger-
many

Ultrafast electron microscopy (UEM) enables the study of structural
and electronic dynamics in solid-state materials with nanoscale spatial
and femtosecond temporal resolution [1]. While UEM at high (> 30
keV) and low (< 1keV) electron energies is well established, ultrafast
experiments in the intermediate energy regime have been less employed
thus far, despite their potential to bridge the gap between surface-
and bulk-sensitive measurements. Here, we present a new ultrafast
scanning electron microscope (USEM), designed to investigate phys-
ical phenomena in the energy range from 1 to 30 keV. The modular
architecture supports diverse experimental configurations and detec-
tion schemes, spanning from standard SEM operation modes - such
as secondary- and backscattered-electron imaging - to more advanced
techniques including cathodoluminescence or electron diffraction. In
this contribution, we show example measurements, highlighting the
performance of our USEM and its potential for exploring ultrafast
physical phenomena. [1] A. Feist et al. Ultramicroscopy, 176, 63-73
(2017)

HL 8.6 Mon 16:15 POT/0006
Ultrafast X-ray diffraction shows dynamics of phase domains
make V203 films remember photoexcitation ten thousand
times longer — e¢OLEG GoroBTsov!h 2, Yoav KaLcHEIM® 4, ZiMING
Suao!, AnaroLy SHaBALIN®, NELsoN Hua®3, DANIEL WEINSTOCK!,
RyaN Bouck!, MATHEW SEABERG?, DiLINg ZHU?, OLEG SHPYRKO?3,
Ivan ScHULLER?, and ANDREJ SINGER! — !Cornell University, USA
— 2University of Tiibingen, Germany — 3University of California
San Diego, USA — “Technion-Israel Institute of Technology, Israel
— 5SLAC National Accelerator Laboratory, USA

Metal-insulator transitions in vanadium oxides combine electronic and
structural phase transformations. Memory effects present during the
phase transition in thin V203 films make the material a candidate for
neuromorphic computing, but what role does the structural phase het-
erogeneity play in memory? We used an X-ray free-electron laser probe
to show that strain feedback on structural phase domain nucleation in-
creases the metal-insulator relaxation time after an optically induced
insulator-metal transition from nanoseconds to a hundred microsec-
onds. The dynamic range and precision of the experiment distinguish
that the memory follows a stretched exponential law, not a power law.
We also provide an experimental basis for the transition incubation
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times during the first 10 picoseconds after the excitation.

15 min. break

HL 8.7 Mon 16:45 POT/0006
Carrier-envelope phase modulation of ultrafast photocur-
rents in indium nitride — eMaxiMILIAN A. GRUBER, ALEXAN-
DRA V. NEMMAIER, JOHANNES SCHMUCK, ABHILASH ULHE, GREGOR
KoBLMULLER, and ALEXANDER W. HOLLEITNER — Walter Schottky
Institute and Physics Department, Technical University of Munich,
Munich, Germany

Few-cycle laser pulses allow for electronic transport at petahertz fre-
quencies, where the carrier-envelope phase (CEP) controls the direc-
tion and strength of the ultrafast photocurrents. While such effects
have been studied in graphene, bulk semiconductors and wide-bandgap
dielectrics, their realization in group-III nitrides remains largely unex-
plored. We demonstrate CEPdependent photocurrents in InN devices
excited by stabilized 6 fs optical pulses. The response reveals fieldsen-
sitive contributions and strong interface effects close to the contacts
of the investigated sample, highlighting the microscopic role of builtin
electric fields in device architecture. The results position InN as a
promising platform for CEP-controlled ultrafast transport.

HL 8.8 Mon 17:00 POT/0006
Towards studying quasi-particle interactions on the nanoscale
— eoPHILIPP KESSLER, MATTHIAS HENSEN, VICTOR LISINETSKII,
and ToBias BrIXNER — Institut fiir Physikalische und Theoretische
Chemie, Universitdt Wiirzburg, Am Hubland, 97074 Wiirzburg

Investigating the properties and dynamics of quasi-particles is essen-
tial for tailoring material functionality in device fabrication. Nonlinear
optical spectroscopy has become a standard tool for probing ultrafast
single quasi-particle dynamics. However, the use of high light inten-
sities, intended to improve the signal-to-noise ratio, can also generate
multiple quasi-particle excitations, which may interact with each other.
As a result, the measured signal consists of overlapping contributions
from single- and multi-particle processes, each with distinct dynam-
ics. To address this, our group recently developed the intensity cycling
technique, which enables the experimental separation of individual per-
turbative orders in nonlinear light—matter interaction [1,2]. Here, we
report our progress in extending this technique to time-resolved pho-
toemission electron microscopy (PEEM) to study quasi-particle inter-
actions with high spatial resolution. In our PEEM setup [3], we employ
a 680 nm pump pulse with variable intensity for excitation and a 340
nm probe pulse for photoemission. This scheme allows us to investi-
gate organic thin films of molecular aggregates, focusing primarily on
exciton—exciton annihilation as a probe of exciton diffusion.

[1] P. Maly et al., Nature 616, 280-287 (2023).

[2] J. J. Krich et al., J. Phys. Chem. Lett. 16, 5897-5905 (2025).

[3] B. Huber et al., Rev. Sci. Instrum. 90, 113103 (2019).

HL 8.9 Mon 17:15 POT/0006
Watching polarons form in real time — eVicTOorR GARCIA-
HerRrRERO and FaBio CarRUso — Institute of Theoretical Physics and
Astrophysics, Christian-Albrechts University of Kiel, Germany

Polaron formation in pump-probe experiments is a fast,
equilibrium process arising from the coupled motion of electrons and
lattice vibrations, leading to the emergence of a localized quasiparti-
cle. A new first-principles quantum-kinetic approach is introduced to
track the real-time dynamics of electrons and the lattice under electron-
phonon interactions. We applied this method to the polar insulators
MgO and LiF, and determine the characteristic timescales of polaron
localization and identify its unique dynamical signatures. The results
reveal distinct dynamical signatures of polaron formation and estab-
lish clear, practical criteria for its detection in ultrafast pump-probe
experiments, providing a direct connection between theory and exper-
iment.

Founded by Marie Sklodowska-Curie Actions (MSCA), TIMES net-
work.

non-

HL 8.10 Mon 17:30 POT/0006
Dynamic control of electron correlations in photodoped
charge-transfer insulators — eTHoMmAs C. Rossi2, NicoLas

TANCOGNE-DEJEANS, MALTE OPPERMANND?, MicHAEL PORER®
b 9 9
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ARNAUD MacrEz®, RaJEsH V. CHOPDEKAR?, YAYOl TAKAMURA?,

Urs Staus®, RENskeE M. vaN DER VEEN?, ANcEL Rusio®$8, and
Majep CHErgUIM® — 1LSU and LACUS, EPFL, Lausanne, Switzer-
land — 2PS-ADLU, HZB, Berlin, Germany — 3MPI for the Struc-
ture and Dynamics of Matter, Hamburg, Germany — “*Department
of Chemistry, University of Basel, Switzerland — ®°SLS, PSI, Villigen,
Switzerland. — 9Crystal Growth Facility, EPFL, Lausanne, Switzer-
land — 7Department of Materials and Science Engineering, UC Davis,
USA — 8ICC and CCQ, Simons Foundation Flatiron Institute, New
York, USA — 9Elettra-Sincrotrone, Trieste, Italy

Tuning the electronic properties of materials is typically achieved by
altering their chemical composition or thermodynamic parameters. An
alternative route relies on ultrafast light excitation, which can create
transient phases such as light-induced superconductivity and hidden
insulator-to-metal transitions. In this talk, I will present evidence of
light-driven dynamic screening of electron correlations in a prototyp-
ical charge-transfer insulator, nickel oxide (NiO). The excited state,
characterized by weakened electron correlations, is metastable for hun-
dreds of picoseconds. The high degree of control achieved over both
the energetic and temporal aspects of electronic correlations offers a
promising path toward full optical control of the electronic properties
of correlated systems and the Mott transition.

HL 8.11 Mon 17:45 POT/0006
Photostriction-Driven Phase Transition in Layered Chiral
NbOX3 Crystals: Electrical-Field-Controlled Enantiomer Se-
lectivity — oJorRGE CARDENAS-GAMBOA!, MARTIN GUTIERREZ-
Amico?, Aritz LEONARDO?, GREGORY A. FiETE?, JUAN L. MARES3,
JEROEN vAN DEN BRrink!, Craupia FELsErR®?, and Maia G.
VERGIONRY® — !nstitute for Theoretical Solid State Physics, IFW
Dresden — 2Department of Applied Physics, Aalto University —
3Donostia International Physics Center — “Northeastern University,

Boston — ®Max Planck Institute for Chemical Physics of Solids

Controlling the handedness of crystal structures is essential for de-
veloping next-generation optical, electronic, and information technolo-
gies. Yet, achieving reversible and selective control over crystal chi-
rality remains a major challenge. In this work, we demonstrate a
two-step pathway for enantiomer selectivity in layered chiral NbOXs
(X = Cl, Br, I) crystals based on photostriction-driven phase transi-
tions. Ab-initio simulations reveal that optical excitation is capable
of inducing a structural phase transition in NbOXj> from the mono-
clinic (C2) ground state to the higher-symmetry (C2/m) structure. In
the resulting transient high-symmetry state, an applied electric field
breaks the residual inversion-symmetry degeneracy, selectively stabi-
lizing one enantiomeric final state configuration over the other. Our
results establish a combined optical-electrical control scheme for chi-
ral materials, enabling reversible and non-contact enantiomer selection
with potential applications in ultrafast switching, optoelectronics, and
chiral information storage.

HL 8.12 Mon 18:00 POT/0006
Efficient Two-Dimensional Spectroscopy Simulations in-
cluding Realistic Pulse Shapes, Overlapping, and Time-
Ordering Effects — Rem1 GiLLior!2, eMarTEO RUSso!, ALEXAN-
pER BLECH!, MANUEL JorrFrE2, CHRISTIANE KocH!, and HELENE
SEILER! — lFreie Universitit Berlin, Berlin, Germany — 2Institut
Polytechnique de Paris, Palaiseau, France

We present an approach capable of simulating Two-Dimensional Elec-
tronic Spectroscopy (2DES) spectra with arbitrary pulse shapes, pulse
overlap, and pulse ordering on a standard laptop. Under the assump-
tion of simple dephasing, we show that the 2DES emitted signal - a
convolution integral that involves pulses* fields and material response
and that is traditionally challenging to evaluate numerically - reduces
to a simple product of three independent one-dimensional integrals.
This fortunate simplification makes this approach fast and computa-
tionally less expensive than others, while still capturing most of the re-
alistic pulse-dependent effects listed above. Finally, we benchmark the
effectiveness of this approach on three canonical systems - an anhar-
monic oscillator, two coupled oscillators, and a dimer model - studying
how spectral phase distortions and strongly non-Gaussian pulse shapes,
such as those produced by hollow-core fibers, can influence the 2DES
emitted signal.
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HL 9: Oxide Semiconductors: Growth and Fabrication

Time: Monday 15:00-16:30

HL 9.1 Mon 15:00 POT/0051
Growth of rutile GeO2 by plasma-assisted suboxide molec-
ular beam epitaxy — ALEXANDER Karc!, eSatjawoor Puiw-
OnNDEE!, MANUEL ALONso-Orrs!2, MARCO SCHOWALTER!, AN-
DREAS RosENAUERD'2, MARTIN Eickaorrh?2, and Parrick VoaT? —
Hnstitute of Solid State Physics, University of Bremen, Bremen, Ger-
many — ?MAPEX Center for Materials and Processes, University of
Bremen, Germany — 3Max Planck Institute for Solid State Research,
Stuttgart, Germany

The interest in ultra-wide bandgap (UWBG) semiconductors for high-
power electronic applications is rapidly increasing, for which rutile ger-
manium dioxide (r-GeO2) is a promising material. It possesses excel-
lent properties: a bandgap of 4.6 eV [1], thermal conductivity of 51
W/mK [1], and a breakdown electric field of 7 MV /cm [1] and theo-
retical bipolar dopability [2].

This work reports on the growth of r-GeO2 on m-plane AlaO3 sub-
strates using plasma-assisted suboxide molecular beam epitaxy, us-
ing a SnOg buffer, followed by a r-GexSn(;_)O2 buffer to stabilize
the r-GeOg2 phase. The growth of r-GeOs on those buffer layers is
demonstrated and the responsible nucleation mechanism is investi-
gated in detail. Characterization was performed by atomic force mi-
croscopy (AFM) and high resolution X-ray diffraction (HRXRD). Se-
lected r-GeOx2 layers were analyzed by scanning transmission electron
microscopy (STEM).

[1]: M. Labed et al., Materials Today 83, 513-537 (2025)

[2]: S. Chae et al., Appl. Phys. Lett. 114, 102104 (2019)

HL 9.2 Mon 15:15 POT/0051
Wafer-scale transfer and integration of tungsten-doped vana-
dium dioxide films — eGuanyr Li*2, HE Ma2, and PETER J.
Krar! — MUniversity of Giessen Institute of Physic, Giessen, 35392,
Germany — 2Beijing University of Technology, Institute of Informa-
tion Photonics Technology, Beijing 100124, People’s Republic of China

The trend in modern optoelectronic devices is towards greater flexi-
bility, wearability, and multifunctionality. This demands more flexible
fabrication methods of functional layers. Vanadium dioxide (VO3),
with its metal-insulator transition (MIT) at 68 °C, is of interest for
many optoelectronic devices. However, high-quality VO2 usually needs
to be grown at T' >450 °C in an oxygen-containing atmosphere imply-
ing a low compatibility with many optoelectronic device concepts, e.g.,
on flexible substrates. Here, we use a layer-by-layer transfer method of
wafer-scale tungsten-doped VO3 films, which enables sequential inte-
gration of VOg films with different MIT temperatures (down to 40 °C)
onto arbitrary substrates. By stacking multiple VO2 films with differ-
ent doping levels of W, a quasi-gradient-doped VOg architecture can
be achieved, effectively broadening the MIT temperature window and
reducing the hysteresis of VO32. Such integrated VO3 films find a wide
scope of applications, e.g., flexible temperature indicator strips, in-
frared camouflage devices, nonreciprocal ultrafast light modulators, or
smart photo actuators. Our work promotes the development of more
flexible and tunable optoelectronic devices integrated with VOa.

HL 9.3 Mon 15:30 POT/0051
Growth and characterization of ultra-wide bandgap oxide
semiconductor LiGasOg — eNaAzAr Masiuta, Sorie VoaT, HoL-
GER VON WENCKSTERN, and MARIUs GRUNDMANN — Universitat
Leipzig, Felix Bloch Institute for Solid State Physics, Semiconductor
Physics Group, Leipzig, Germany

Lithium gallium oxide (LiGasOg) has been recently grown as an ultra-
wide bandgap oxide semiconductor with robust p-type conductivity us-
ing mist chemical vapor deposition[!!. This discovery suggests applica-
tion of the material in high-power electronics by forming p-n junctions
with n-type a-GagOs3, B-GagOgs, and isostructural v-GazO3. How-
ever, establishing the origin of p-type conductivity of lithium gallium
oxide remains an experimental challengep], while a theoretical predic-
tion argues that neither native nor dopant defects in LiGasOg could be
responsible for it[3]. We analyze the influence of pulsed laser deposi-
tion growth parameters on the quality of lithium gallium oxide films on
different substrates. The structural, optical, and electrical characteri-
zation of LiGasOg is performed to determine the type of conductivity
and its origin in the fabricated samples.

[1] K. Zhang et al., Adv. Electron. Mater. 11, 2300550 (2025).

[2] K. Zhang et al., APL Mater. 13(4), 041104 (2025).
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[3] J. L. Lyons, J. Appl. Phys. 135(16), 165705 (2024).

HL 9.4 Mon 15:45 POT/0051
(N:)CuBi204 photocathode thin films for photoelectrochem-
ical water splitting — eMiriam J. FeureENBAcH!2, DowmiNIC
Raprl2, KaTariNA S. Frasuar!2, Ian D. Suarpr'2, and VERENA
STREIBEL!'?2 — 1Walter Schottky Institute, Technical University of
Munich, Garching, Germany — 2Physics Department, TUM School of
Natural Sciences, Technical University of Munich, Garching, Germany

Photoelectrochemical (PEC) water splitting is a promising pathway
to carbon-neutral solar fuels. While metal oxides are well explored as
photoanodes, complementary photocathodes remain scarce. Potential
candidates are Cu-based oxides, which naturally exhibit p-type con-
ductivity. Among them, copper bismuthate (CuBi*O¥*) is a promising
material [1], combining a visible-light bandgap with high photocurrent
onset potentials [2], but suffering from poor charge transport [1]. To
address this limitation, we developed a reactive co-sputtering and an-
nealing process to synthesize high-quality, nitrogen-modified CuBi*O*
thin films. We systematically examine structural and optical effects
of nitrogen incorporation and find a significant improvement in PEC
activity. To understand this enhanced performance, we investigate the
charge carrier transport properties with (photo)conductivity measure-
ments. [1] J. K. Cooper et al., Chem. Mater., 2021, 33, 3, 934*945.
[2] N. T. Hahn et al., J. Phys. Chem. C, 2012, 116, 10, 6459*6466.

HL 9.5 Mon 16:00 POT/0051
High-throughput combinatorial synthesis of perovskite-type
materials for solar applications — eCLEMENS PETERSEN, AN-
DREAS RosNEs, and HOLGER VON WENCKSTERN — Centre for Ma-
terials Science and Nanotechnology, University of Oslo, Norwa

Recently, combinatorial deposition methods have increasingly gained
attention due to the high experimental throughput and resource-wise
efficiency they offer in materials discovery. Our combinatorial pulsed
laser deposition (c-PLD) approach enables the fabrication of mate-
rial libraries on a single substrate, spanning wide compositional spaces
with precise spatial control. Combined with high-throughput charac-
terization techniques (HTC) such as spatially resolved UV-VIS spec-
troscopy and X-ray diffraction, the properties of complex materials can
be rapidly mapped with high chemical resolution and minimal effort.
We demonstrate the potential of c-PLD for accelerating the discov-
ery of perovskite oxides for solar-energy-related applications. Using
the SrTiO3*BaTiOz (STO-BTO) system as an example, we showcase
rapid screening of structural and optical properties on small area spa-
tially addressable material libraries (SAML) covering the full composi-
tion range. In addition, STO-BTO SAMLs enable systematic strain en-
gineering of functional perovskite materials. The tunable band struc-
tures and suitability for catalytic processes such as photoelectroly-
sis and proton-coupled electron transfer render titanate perovskites
promising candidates for solar fuel production. Our results underline
the capability of c-PLD and HTC workflows to efficiently identify and
optimize oxide perovskites for sustainable energy technologies.

HL 9.6 Mon 16:15 POT/0051
Pulsed laser deposition of rutile GeO3 thin films — eHANNAH
DicHELLE, SoFiE VocT, MaRIUs GRUNDMANN, and HOLGER VON
WENCKSTERN — Universitat Leipzig, Felix-Bloch-Institut fiir Festkor-
perphysik, Germany
Rutile germanium-oxide has recently come into focus as an ultrawide
bandgap material which is predicted to offer the possibility of ambipo-
lar doping. [12] The stabilization of rutile phase GeOs is challenging
due to the similar formation energies of the amorphous phase and a-
Quarz phase.[z] We present GeOsz thin films fabricated by pulsed laser
deposition at heater temperatures >450°C. To facilitate the crystal-
lization in the rutile phase (Sn, Ge)Oz buffer layers are grown on
sapphire and TiO2 substrates at heater temperatures >600°C. Both
ternary SngGe;_,O2 buffer layers and vertically composition graded
buffer layers are used to stabilize the rutile phase. The structural prop-
erties of rutile phase GeO2 thin films are investigated as a function of
the growth temperature and oxygen pressure.

[1] Chae et al., Appl. Phys. Lett. 114, 102104 (2019)

[2] Shimazoe et al., Jpn. J. Appl. Phys. 64, 050903 (2025)
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Time: Monday 15:00-16:30

HL 10.1 Mon 15:00 POT/0081

Ballistic electrostatic graphene superlattices using He
1, Gruna

ion-milled etching masks — eREBEccA HOFFMANN',
Picoinint!, JunieN Barrier!, Davip Barcons Ruiz!, Hanan
Herzic SHEINFUX', Takasui TanicucHi?, KENJI WATANABES,
ApriaNn BacutoLp!?, 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-Instituci6é 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
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)

HL 10.2 Mon 15:15 POT/0081
Tomographic flow regime in the 2D Corbino disk geometry
— oGRIGORII 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
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)

HL 10.3 Mon 15:30 POT/0081
Pulsed-gate spectroscopy of the electron-hole block- ade
in Dbilayer graphene double quantum dots eLLARS
MesTerR!2, HuBerr DuLisca}2, KaTriIN HeEckerD2, KONSTANTI-
Nos KoNToGEORGIOUZ, SAMUEL MOLLER!2, LEON STECHER!, KENJI
WatanaBe?, Takasar TanigucHr®, FABIAN HAssLER?, CHRISTIAN
Vork!2, and CuristopH STAMPFER!:? — 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
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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.

HL 10.4 Mon 15:45 POT/0081
Temperature Dependent Electrical Transport in Thin SnSe;
— oLARs THOLE!, AarTr LakHarAZ, PREETI A. BHOBEZ, and RoLF
J. Haug! — !nstitut fiir Festkorperphysik, Leibniz Universitéit Han-
nover, 30167 Hannover, Germany — 2Department of Physics, In-
dian Institute of Technology Indore, Khandwa Road, Indore, Simrol,
453552, India

The two-dimensional material SnSep 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).

[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).

HL 10.5 Mon 16:00 POT/0081
Polarization resolved Electron Spin Resonance in two-

dimensional electron systems — eDANIIAR KHUDAIBERDIEV!,

ALEXEY SHUVAEV!, MICHAIL GLAZOVZ, ANTON SHCHEPETILNIKOVS,
VIACHESLAV MURAVEVS, CHRISTIAN REercaL?, WERNER
WEeGcscHEIDER?, and ANDREI PimENov! — lInstitute of Solid State
Physics, Technische Universitat Wien, 1040 Vienna, Austria — 2St.
Petersburg, Russia — 3Chernogolovka, Russia — 4Laboratory 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.

4

HL 10.6 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-
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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.

HL 11: Focus Session: Quantum Emitters in 3D Semiconductors

Quantum emitters in 3D semiconductors play a crucial role in many applications. In this focus session, we
focus on the latest developments for their use in quantum technologies. In addition to the well-known
NV center in diamond, there are a number of other defect centers in various semiconductor systems
that hold great potential for quantum sensing, quantum cryptography, and/or quantum information
technology. Today’s research focuses on the discovery of new centers, their properties, synthesis, and
their microscopic origin. For the latter, ab initio methods are often used, and the material systems span
silicon, nitrides, carbides, and other semiconductors with large band gaps.

Organized by Carsten Ronning and Jan Meijer
Time: Monday 15:00-18:15

Invited Talk HL 11.1 Mon 15:00 POT/0251
Quantum Repeater Hardware made from Silicon Carbide —
eJOrRG WRACHTRUP — Center for Applied Quantum Technologies,
University of Stuttgart

Distributing entanglement via quantum repeaters is a formidable chal-
lenge. Memory-based approaches require quantum emitters that cou-
ple strongly to optical fields, and at the same time demand stationary
qubits with excellent coherence properties. Colour centres in solids
meet these requirements remarkably well and are therefore leading con-
tenders in the field. However, existing solutions are either technically
demanding or result in limited network efficiency.

Silicon carbide (SiC) offers several advantages over current ap-
proaches. Most notably, SiC is a wafer-scale material with excellent
nanophotonic properties and hosts defects with outstanding spin co-
herence. In this talk, I will highlight recent progress in incorporating
colour centres into nanophotonic structures and achieving efficient pho-
ton extraction. In addition, the electron spins of these colour centres
can be coupled to nuclear spin qubits with exceptional coherence prop-
erties. I will discuss this coupling and its use as quantum memories
for repeaters.

Invited Talk HL 11.2 Mon 15:30 POT/0251
Diamond based quantum sensing for drug testing — eRomaNna
ScHIRHAGL — University Medical Center Groningen, Groningen, the
Netherlands

Free radical generation plays a key role in the mechanisms of action
of many different drugs. Additionally, free radical generation offers
a powerful biomarker to quantify the drug efficacy. However, free
radicals are difficult to measure since they are short lived and reac-
tive. Diamond based quantum sensing offers a possible solution to
this problem. We have demonstrated recently that we can predict
which drugs might work in clinical samples. Here we can either mea-
sure stress responses [1] (as for instance caused by anti-cancer drugs
or anti-biotics) or reduction of oxidative stress [2]| (as caused by anti-
inflammatory drugs, certain inhibitors or anti-oxidants). We tested
synovial fluid from rheumatoid arthritis and osteoarthritis patients.
We can clearly differentiate the two groups which differ in their re-
sponsiveness to Piroxicam. Such ex-vivo measurements can be used
for diagnostic purposes, to predict the effectiveness of a drug or to
elucidate its mechanism of action. In my talk I will show different
examples of how quantum sensing can be used in drug development.
1 Tian, Y., Nusantara, A.C., Hamoh, T., Mzyk, A., Tian, X., Perona
Martinez, F., Li, R., Permentier, H.P. and Schirhagl, R., 2022. ACS
Applied Materials & Interfaces, 14(34), pp.39265-39273. 2 Sigaeva, A.,
Shirzad, H., Martinez, F.P., Nusantara, A.C., Mougios, N., Chipaux,
M. and Schirhag], R., 2022. Small, 18(44), p.2105750.

Invited Talk HL 11.3 Mon 16:00 POT/0251
The oxygen-related ST1 centre in diamond: a room tem-
perature coherently controllable electron spin — eSEBASTIEN
PEezzacna — Applied Quantum Systems, Universitat Leipzig, Leipzig,
Germany

The development of quantum information and technologies has rapidly
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evolved from the beginning of the century. Nowadays, there exists
a variety of defects and host crystals which are suitable for applica-
tions in quantum computing, sensing or communication, such as the
nitrogen-vacancy (NV) centre in diamond. However, the reliable and
scalable employment of such a system requires the ability to produce
it on demand together with a deep understanding of its optical and
spin properties, as well as charge states and close by environment.

In this presentation, we will discuss the so-called ST1 centre in dia-
mond, one of the few defect centres possessing a coherently controllable
electron spin at room temperature. We will first show how we could
identify the nature of the ST1 centre and how it can then be produced
on demand. We will then emphasize the large spin readout contrast
and charge state stability which characterise the ST1 centre, and how
this compares to the well-known NV centre. Finally, we will highlight
the peculiarities of the ST1 centre, supported by optical spectroscopy
and by investigations of the hyperfine interactions with surrounding
carbon-13 nuclear spins and with the oxygen-17 nuclear spin within
the centre itself.

15 min. break

Invited Talk HL 11.4 Mon 16:45 POT/0251
Silicon quantum emitters emitting in the optical telecom-
munication range for scalable quantum photonic circuits —
oY ONDER BERENCEN — Helmholtz-Zentrum Dresden-Rossendorf, In-
stitute of Ion Beam Physics and Materials Research, 01328 Dresden,
Germany

Silicon has recently emerged as a promising host for single-photon emit-
ters operating at telecom wavelengths, offering a pathway toward scal-
able quantum photonic technologies on a CMOS-compatible platform.
In this invited talk, I will provide an overview of the most relevant in-
trinsic and extrinsic-based quantum emitters in silicon, including the
W, G, T, and C centers as well as erbium. I will discuss their optical
and spin properties, deterministic creation via broad-beam ion implan-
tation and focused ion beam implantation, and recent progress toward
realizing spin-optical interfaces in the optical telecom bands. Partic-
ular emphasis will be placed on single-emitter spectroscopy, demon-
stration of optically detected magnetic resonance (ODMR) in silicon
at telecom wavelengths, and the integration opportunities enabled by
silicon*s mature photonic and electronic fabrication ecosystem. Fi-
nally, I will outline a roadmap toward fully monolithic silicon quan-
tum photonic integrated circuits that combine single emitters with on-
chip photonic routing and a groundbreaking approach for silicon-based
single-photon detectors at the telecom range.

Invited Talk HL 11.5 Mon 17:15 POT/0251
Advances in materials processing for quantum sensing —
eApaMm GaLt — HUN-REN Wigner Research Centre for Physics,
Budapest, Hungary — Budapest University of Technology and Eco-
nomics, Budapest, Hungary

For more than a decade, our first-principles studies have suggested
that neutral divacancy defects in silicon carbide (SiC) could provide
such an alternative. These defects can be excited in the infrared and
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emit in the second biological window, making them intrinsically at-
tractive for biological sensing. The next step is to engineer the SiC
surface and introduce shallow divacancy species suitable for nanoscale
sensing. Under ambient conditions, however, SiC readily oxidizes and
forms a high density of optical and paramagnetic defects at the inter-
face, necessitating new materials-processing strategies. We have shown
with first-principles calculations that the ODMR contrast of divacancy
centers can be enhanced through strain engineering, a prediction ver-
ified experimentally by our collaborators. Additionally, we proposed
replacing the native oxide with carbon-chain terminations to prevent
oxidation. Our simulations revealed that such surfaces serve as ideal
hosts for shallow divacancy quantum sensors capable of detecting ex-
ternal paramagnetic species [1]. This theoretical proposal has since
been experimentally demonstrated by our collaborators, paving the
way toward non-invasive, room-temperature quantum sensor devices.

[1] Non-invasive bioinert room-temperature quantum sensor from
silicon carbide qubits, Pei Li et al., Nature Materials, 24, 1913 (2025).

HL 11.6 Mon 17:45 POT/0251
Generation of Vacancy-Based Colour Centres in 4H-Silicon
Carbide for Quantum Nanophotonics with Optically Ac-
tive Spins — eLroNARD K.S. ZIMMERMANN'2, JoNaH HEILERD:Z,
SamMUEL C. EseriN®, MarTHias Rupp!, ErLLa B. SCHNEIDER3,
JEAN-NI1coLas AubpinoT!, STEVEN K. CLowEks®, BEN N. MURDIN3,
STEPHAN Kuckral, and Frorian Karserb2? — !Luxembourg In-
stitute of Science and Technology (LIST), Esch-sur-Alzette, Luxem-
bourg — 2University of Luxembourg, Esch-sur-Alzette, Luxembourg
— 3 Advanced Technology Institute, University of Surrey, United King-
dom

Silicon carbide (SiC) has emerged as a promising colour centre plat-
form for scalable quantum systems based on nanophotonics and -
electronics. Integration into nanophotonic circuits requires sub-micron
three-dimensional positioning control of colour centres, achievable via
ion implantation to create vacancies followed by thermal annealing.
Spin-optical quantum coherence properties vary significantly with im-

plantation parameters. We present initial results from an ongoing
implantation-annealing study for generating VSi and VSiVC colour
centres in 4H-SiC. Helium and Neon are implanted with varied doses
at different energies, and different annealing processes for colour cen-
tre formation are investigated. We summarise single-emitter yield and
show basic spin coherence measurements for the different processes.
Our study highlights parameters necessary for optimal generation con-
ditions of colour centres in 4H-SiC.

HL 11.7 Mon 18:00 POT/0251
Controlled generation of color centers in MBE-grown AIN
for quantum photonics applications — eMEysam Sagepit, Duc
V. Dinu!, AnDREY N. ANisiMov?, MINGYUN YUuan!, Georcy V.
AstakHOV2, and ALBERTO HERNANDEZ-MiNGUEZ! — 1Paul-Drude-
Institut fiir Festkorperelektronik, Leibniz-Institut im Forschungsver-
bund Berlin e.V., 10117 Berlin, Germany — 2Helmholtz-Zentrum
Dresden-Rossendorf, Institute of Ion Beam Physics and Materials Re-
search, 01328 Dresden, Germany

The large electronic band gap of aluminium nitride (AIN), its com-
patibility with CMOS technology, and the presence of defect centers
acting as quantum light sources in the visible spectral range, make
this material attractive for applications in integrated quantum pho-
tonics. In this contribution, we demonstrate the controlled generation
of optically active defect centers in AIN thin films grown on 4H-SiC by
molecular beam epitaxy (MBE). To this end, we compare the photo-
luminescence (PL) spectra of pristine AIN samples grown under both
N-rich and Al-rich conditions with their corresponding PL spectra after
H-ion irradiation and annealing. We show that achieving high-purity
single-photon emitters in samples grown under N-rich conditions is
hindered by a broad background PL, primarily arising from native
oxygen-related defect complexes already present in as-grown samples.
However, the PL background is reduced by more than one order of mag-
nitude by turning the MBE growth conditions from N-rich to Al-rich
regimes. These results outline a clear pathway toward the engineering
of integrated, high-purity quantum emitters in epitaxial AIN.

HL 12: Heterostructures, Interfaces and Surfaces: Photonics

Time: Monday 16:45-18:30

HL 12.1 Mon 16:45 POT/0051
Surface patterning for high index contrast AlOx/GaAs
distributed Bragg reflectors oFREDERIKE JAESCHKE!'2,
Yurn Kurovyi?, NiLs voN DEN DRriescu'»?, SERHII DARAHANS,
CuristorH Krause!, BENJAMIN BENNEMANN!, FRANK VEWINGER?,
and ALEXANDER Pawris!:? 1Peter Gruenberg Institute,
Forschungszentrum Juelich GmbH, Juelich, Germany — 2JARA-
Fundamentals of Future Information Technology, Juelich-Aachen
Research Alliance, Aachen, Germany — 3Institut fiir Angewandte
Physik, Universitaet Bonn, Bonn, Germany

Enhancing the refractive index contrast between the constituent mate-
rials in a distributed Bragg reflector (DBR) leads to stopband broad-
ening and an increase in the attainable reflectivity for a given num-
ber of layer pairs, thereby mitigating the impact of growth-induced
thickness variations on optical properties. One promising approach
involves the post-growth wet-oxidation of AlAs to amorphous AlOx,
which substantially increases the index contrast relative to conven-
tional AlAs/GaAs stacks. In this talk, we present optimization of
the AlAs/GaAs DBR growth parameters alongside different substrate
patterning approaches which facilitate controlled lateral oxidation for
micrometer-scale AlOx/GaAs pillar structures. We compare the opti-
cal properties of wet-oxidized AlOx/GaAs and as-grown AlAs/GaAs
DBRs to explore the potentials and limitations of such pre-structuring
concepts for realizing high index contrast DBRs with decreased growth
times and improved layer thickness accuracy.

HL 12.2 Mon 17:00 POT/0051
Improving Photoelectrochemical Nitrate Reduction on Cop-
per (I) Oxide Electrodes — eMaximiLiaN CHrisTis»2, JasMIN
ZitzMANNT2, SaswaTi SANTRAD2, and IaNn Suarpl2 — lWalter
Schottky Institute, Technical University of Munich, Germany —
2Physics Department, TUM School of Natural Sciences, Technical Uni-
versity of Munich, Germany

The photoelectrochemical (PEC) nitrate reduction reaction (NO3RR)
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offers a green approach for simultaneous production of ammonia (NH3z)
and removal of the wastewater pollutant nitrate (NO3*) in ambient
conditions. Copper (I) oxide (CuzO) was recently reported to be ac-
tive for both electrochemical (EC) and PEC NO3RR, but its practical
application is limited by stability issues. Thus, optimal reaction con-
ditions that balance NH3 selectivity and catalyst stability remain to
be established. In the current investigation, we find that alkaline elec-
trolytes enhance CuzO-catalyzed PEC NO3RR compared to neutral
conditions, and higher NH3z selectivity is achieved at lower applied po-
tentials. However, under illumination and at potentials < 0.3 V vs.
RHE, the catalyst rapidly reduces to metallic Cu, favoring EC rather
than PEC NO3RR. To address this challenge, we are exploring possi-
ble strategies to reduce in-situ decomposition of Cuz2O photocathodes,
aiming to enable their long-term use for solar NH3 synthesis.

HL 12.3 Mon 17:15 POT/0051
InGalN/GaN nanowire arrays for photoelectrochemical
biosensors — eHANNAH NELL, GENRIETTA STEINGELB, RUDOLFO
HoTzEL, RUBEN NEELISSEN, STEPHAN Ficcr, Tim GRIEB, and MAR-
TIN E1ickHOFF — Institute of Solid State Physics, University of Bre-
men, Otto-Hahn-Allee 1, 28359 Bremen, Germany

Group III-nitride materials are known for their stability under physio-
logical conditions, making them promising candidates for use as elec-
trochemical biosensors [1]. In this work, we analyse the simultaneous
detection by photoluminescence (PL) and photocurrent measurements
of InGaN/GaN nanowire (NW) arrays, enabling sensitive and selective
sensing of redox-active biomolecules. However, the performance of the
NW photoelectrode is constrained by non-radiative surface recombina-
tion of photogenerated carriers at the semiconductor-electrolyte inter-
face, leading to irreversible photooxidation of the NW surface, mainly
driven by non-passivated surface states. The deposition of ultra-thin
metal oxide films is a possibility to suppress such effects. The influ-
ence of TiO2 as a surface coating on the sensor properties was analysed
by photoelectrochemical characterisation, demonstrating how surface
modifications can affect the sensor performance in biochemical envi-
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ronments. [1] G. Steinhoff, et al., Appl. Phys. Lett. 83, 177 (2003)

HL 12.4 Mon 17:30 POT/0051
Metal-oxide passivation for high-efficiency photoelectrochem-
ical devices oNEGIN MOGHAREHABED!, MOHAMMAD AMIN
ZArRe Pour!'2, CurisTian HOuN3, RoEL vaN DE KroL3, THOMAS
HaNNAPPELZ?, and AcNIEszKA Paszuk! — !BMFTR Junior Re-
search Group PARASOL, Technische Universitdt Ilmenau, Germany
— 2Fundamentals of Energy Materials, Technische Universitit Ilme-
nau, Germany — 3Institute for Solar Fuels, Helmholtz-Zentrum Berlin
fiir Materialien und Energie GmbH, Germany

Thin metal-oxide protection layers are crucial in highly efficient I1I-V
photoelectrochemical (PEC) devices to suppress interfacial recombi-
nation and ensure long-term stability. Here, we study TiOg layers
deposited on AlInP/GalnP(100) photoabsorbers, examining how sur-
face preparation prior to atomic layer deposition and the Ti-precursor
chemistry affect the chemical composition and band alignment at the
TiO2/III-V heterointerface, as well as the TiO2 bulk and surface prop-
erties. Before TiO2 deposition, the native oxide on AlInP(100) was
removed by wet-chemical etching. TiOs films were grown using either
TTIP or TiCly with HoO at various substrate temperatures. X-ray
photoelectron spectroscopy was used to characterize the interface and
TiO2 bulk composition. We observe precursor-dependent differences
in contaminant species in the TiOg2 bulk, at the surface, and at the
TiO2/III-V heterointerface, while their concentration is strongly influ-
enced by deposition temperature and post-growth annealing. Finally,
we correlate precursor choice and initial surface condition with TiO2
layer stability in aqueous electrolytes under PEC-relevant conditions.

HL 12.5 Mon 17:45 POT/0051
Lab-Based NAP-XPS for Probing Photoelectrochemical In-
terfaces: The Case of CuBizO4 — eKaTarRINA S. FrLasHarb?,
MiriaM FEHRENBACH!'2, GAURAV ANAND?, DomINIc Raprh2, BAR-
BARA A. J. LEcHNER3, IaN D. Suarp!':?, and VERENA STREIBEL!:2
— Walter Schottky Institute, Technical University of Munich, Garch-
ing, Germany — Z2Physics Department, TUM School of Natural
Sciences, Technical University of Munich, Garching, Germany —
3Chemistry Department, TUM School of Natural Sciences, Technical
University of Munich, Garching, Germany

Understanding complex (photo)electrochemical conversion processes
at functional interfaces requires in situ and operando characterization.
A tool enabling such investigations is near-ambient pressure X-ray pho-
toelectron spectroscopy (NAP-XPS). In this contribution, we discuss
the implementation of an open liquid cell for (photo)electrochemical
measurements at our recently installed, lab-based NAP-XPS system
(SPECS). As a photoelectrochemical case study, we examine sputter-
deposited copper bismuthate (CuBi2O4) thin film photocathodes in
contact with water-based electrolytes. We thereby extend previous
NAP-XPS studies on light- and gas-dependent changes in surface
chemistry of CuBi2O4 [1] to the solid|liquid interface under illumina-
tion. These investigations demonstrate the capability of our lab-based
NAP-XPS to probe functional interfaces of energy materials under
working conditions, offering an accessible and flexible alternative to
synchrotron-based measurements. [1] F. E. Oropeza et al., ACS Appl.
Energy Mater. 2019, 2, 6866 - 6874.
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HL 12.6 Mon 18:00 POT/0051
Correlative Atomic Force Microscopy to Understanding Local
Charge Transport in Photoanodes — eSvEN DoLL and JOHANNA
EicHHORN — Technical University of Munich, Garching, Germany

Efficient photosystems for solar-to-chemical energy conversion are of-
ten based on nanostructured semiconductor architectures. In these
material systems, the nanoscale properties frequently dominate the
performance at the macroscale. Therefore, local understanding of their
charge transfer and transport properties is decisive for optimizing their
efficiency and stability.

To this end, we correlate Kelvin probe force microscopy (KPFM) and
(photo)conductive atomic force microscopy (AFM) to study the local
band bending, charge accumulation, as well as variations in the gener-
ated surface photovoltage and (photo)conductivity. However, analyz-
ing nanostructured materials with complex morphologies is not trivial,
because effects such as topographic crosstalk can significantly influence
the results obtained. To overcome these issues, we leverage 2”9 eigen-
mode and heterodyne KPFM measurements with improved resolution
and sensitivity compared to conventional tapping mode KPFM tech-
niques. For BiVOy, one of the most extensively studied metal oxide
photoanode materials, we compare different KPFM modes and corre-
late the results with local conductivity measurements to gain insights
into local semiconductor properties at grain boundaries or different
crystal facets. Overall, the gained nanoscale insights will put forward
the development of rational design strategies to enhance the macroscale
durability and efficiency of solar energy conversion systems.

HL 12.7 Mon 18:15 POT/0051
Persistent UV-Induced Work Function Control at Atomic
Layer Deposited TiO2 /TazOs Bilayer Interfaces — eJuLiUus
Koune!2, Tim Rietab2, Katarina S. Frasuar!:2, JoHANNES
DrrrLorrl2, Lukas Worz2, JoHANNA EICHHORN2, VERENA
STrEIBEL!2, and Ian D. Suarp!?2 — lWalter Schottky Institute,
Technical University of Munich, Am Coulombwall 4, 85748 Garching
— 2Physics Department, TUM School of Natural Sciences, Technical

University of Munich, Am Coulombwall 4, 85748 Garching

While atomic layer deposition (ALD) enables precise fabrication of
ultrathin metal-oxide films, the mechanisms governing charge-carrier
dynamics and band alignment at their interfaces often remain poorly
understood. Oxide bilayers grown by ALD offer a versatile platform
to characterize and tune defects that dictate interface energetics and
charge transfer. Here, we examine the optical tuning of interface en-
ergetics in ultrathin ALD TiO2/TaOs bilayer films. A persistent
-0.4 eV work-function (WF) shift is observed via contact potential
difference (CPD) measurements after 275 nm illumination, with po-
larity reversal upon bilayer sequence inversion. This response arises
from long-lived deep-trap filling, suggesting oxygen-vacancy migration.
Capacitance-voltage (C-V) profiling, in-plane transport, and Kelvin
probe force microscopy (KPFM) confirm vertical and lateral charge
redistribution, while X-ray photoelectron spectroscopy (XPS) probe
defect states. The results indicate that WF modulation originates from
charge trapping by deep-trap states at the interface, offering insight
into defect-driven effects in oxide heterointerfaces.
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HL 13: 2D Materials
Time: Monday 16:45-18:30

HL 13.1 Mon 16:45 POT/0081
Robust Interlayer Exciton Interplay in twisted Van der Waals
Heterobilayer and Heterotrilayer on a Broadband Bragg Re-
flector up to Room Temperature — eBHABANI SANKAR SAHOO,
SHACHI MACHCHHAR, AvIJIT BARUA, MARTIN PODHORSKY, CHIRAG
CHANDRAKANT PALEKAR, and STEPHAN REITZENSTEIN — Technische
Universitat Berlin, Berlin, Germany

The MoSe2/WSe2/WSe2 Heterotrilayer (HTL) shows higher interlayer
exciton (IX) emission intensity compared to the MoSe2/WSe2 heter-
obilayer (HBL) due to the additional WSe2 monolayer in the HTL,
which improves interlayer coupling and provides additional radiative
pathways. However, its coupling strength and thermal stability with
increasing temperature remain unexplored. Here, we fabricate HTL
and HBL using H-type stacking with twist angle of 55 and 50 for the
MoSe2/WSe2 and WSe2/WSe2 heterostructures (HS) on the chirped
distributed Bragg reflectors (cDBRs) centered at 800 nm. Photolu-
minescence (PL) emission at 4K shows that HTL exhibits more than
10-fold higher intensity compared to HBL. The temperature-dependent
valley polarization reveals the interplay of triplet and singlet IX in the
PL emission of the HBL and Indicates the influence of band modulation
on the PL emission of the HTL. The temperature-dependent lifetime
further provides insights into the different decay processes in both the
HS, highlights the variations in optical performance between HTL and
HBL HS with temperature. Additionally, through the combined ef-
fect of controlled stacking angles and the use of cDBR substrate, we
successfully achieve room temperature IX across both regions of HS.

HL 13.2 Mon 17:00 POT/0081
Ring-shaped Interlayer Exciton Ensembles in MoSes/WSes
Heterostructures by Laguerre-Gaussian Excitation —
eMirco Trouk!, JoHANNES FiGUEIREDO!, GABRIEL MITTERMAIR',
Jonas Kiemre!, HenpRrik LaMBERS?, ANa SENkIGZ, URsuLA
WURSTBAUER?, and ALEXANDER HOLLEITNER! — 1Walter Schot-
tky Institute and Physics Department, TU Munich, Am Coulombwall
4a, 85748 Garching, Germany — 2Institute of Physics, Miinster Uni-
versity, Wilhelm-Klemm-Str. 10, 48149 Miinster, Germany

Transition metal dichalcogenide monolayers exhibit strong light-matter
interactions, which promotes them as ideal candidates for novel 2D
optoelectronic applications. A vertical stacking into van der Waals
heterostacks leads to the formation of long-lived interlayer excitons
in adjacent layers. We report on ring-shaped ensembles of interlayer
excitons in MoSes/WSez heterostructures as excited by an optical
Laguerre-Gaussian mode. The excitation is achieved with the help
of a spatial light modulator. A hyperspectral analysis of the exci-
ton photoluminescence suggests that the excitation scheme generates
a non-uniform momentum distribution that favors the accumulation of
high-energy excitons in the rings’ center. We discuss the mechanisms
leading to such a distribution, including exciton-exciton interaction,
phase-space filling, and incomplete thermalization.

HL 13.3 Mon 17:15 POT/0081
Exciton-Exciton Interactions in Van der Waals Heterobi-
layers — eTomMmMy SchuLz!, ALEXANDER STEINHOFF?, and FRANK
JauNke! — 1University of Bremen, Bremen, Germany — 2Carl von
Ossietzky University Oldenburg, Oldenburg, Germany

Optically excited van der Waals heterobilayers hosting long-lived inter-
layer excitons provide a compelling platform for exploring correlated
electronic states. In this work, we compute the exciton energy shift
as a function of excitation density and temperature. This shift arises
from a subtle interplay of various many-body interaction processes,
each of which contributes either a blue- or a redshift, corresponding
to repulsive or attractive interactions, respectively. By incorporating
the fermionic substructure of excitons as well as dynamical screen-
ing effects, we show that the commonly assumed dominant repulsive
dipole-dipole interaction is almost perfectly compensated. This finding
challenges the simple picture of a purely bosonic exciton gas. More-
over, we identify a crossover from attractive to repulsive behavior at
elevated exciton densities. Comparing these results - obtained using
first-principle band structures and Coulomb matrix elements - with
those from a simpler two-band model highlights the importance of a
material-realistic description of the electronic states.

Il — Interlayer excitons
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HL 13.4 Mon 17:30 POT/0081
Optical Injection and Detection of Long-Lived Interlayer Ex-
citons in van der Waals Heterostructures — eANNA SEILER,
ALPEREN TUGEN, ARTHUR CHRISTIANEN, MARTIN KRONER, and
Atac ImamocLu — ETH Zurich, Switzerland

Interlayer excitons, electron-hole pairs spatially separated between two
layers of 2D materials, have gained attention for their potential to en-
able the exploration of bosonic quantum phases. A promising strategy
to stabilize these excitons is to use transition metal dichalcogenide
(TMD) bilayer structures, where the two TMD layers are separated
by a few layers of hexagonal boron nitride (hBN), effectively isolat-
ing itinerant electrons and holes. While these systems have primarily
been studied through transport measurements, challenges such as dif-
ficulties in making ohmic contacts to TMD monolayers and the lack
of photoluminescence have limited their broader exploration. Here, we
demonstrate optical generation of dipolar interlayer excitons in TMD
bilayers separated by up to seven hBN layers. We observe that the 2s
excitons in the individual layers remain intact in the presence of op-
posite charges in both layers, suggesting that the oppositely charged
carriers are strongly bound, forming stable interlayer excitons. We
measure exciton lifetimes up to ten microseconds, underscoring their
potential for studying exotic quantum phases such as Bose-Fermi mix-
tures and excitonic condensates [1]. These phenomena can be accessed
through optical spectroscopy, enabling future exploration.

[1] A. Tigen, A. M. Seiler, et al., Phys. Rev. Lett.
https://doi.org/10.1103 /stgs-2s58

DOI:

HL 13.5 Mon 17:45 POT/0081
Influence of hBN spacer layers on atomic reconstruction
in MoSez/WSes heterostructures probed by electron mi-
croscopy — eJOHANNES FIGUEIREDO!2, KAlyUAN CHEN3, AUBREY
Penn?, Mirco Trour!2, SEBasTiaN Lov!'2, FrRancEs M. Ross?,
Junian KiLEIN3, and ALEXANDER HoLLEITNERD2 — 1Walter Schot-
tky Institute, TU Munich — 2MCQST — 3Massachusetts Institute of
Technology — *MIT.nano

Atomically thin hexagonal boron nitride (hBN) tunnelling barriers in
transition metal dichalcogenide (TMD) heterobilayers have recently
facilitated the observation of macroscopic interlayer exciton phases in-
terpreted as possible condensation and superfluid phenomena. How-
ever, such hBN spacer layers are also expected to modify moiré-driven
atomic reconstruction. Here, we resolve local stacking configurations,
lattice relaxation patterns and twist-angle variations across encapsu-
lated MoSez/WSes heterobilayers using a combination of high-angle
annular dark-field scanning transmission electron microscopy (HAADF
STEM), convergent-beam electron diffraction and four-dimensional
STEM. Our analysis shows that the presence and thickness of the
hBN spacer layers alter the balance between elastic relaxation and
interlayer registry, producing a reconstruction landscape that differs
qualitatively from that of directly contacted MoSes/WSesy bilayers.
We also discuss how the resulting changes in structural homogeneity
tune the moiré potential experienced by interlayer excitons and out-
line the implications for realizing spatially uniform macroscopic exciton
phases in TMD-based quantum devices.

HL 13.6 Mon 18:00 POT/0081
Spin-bright interlayer exciton and trion ground state in
Janus transition metal dichalcogenide bilayers from first-
principles — eFranz Fiscuer!2, CArRL EmiL M@RrcH NIELSEN',
Marta PraDA!, and GABRIEL BESTER! — !University of Hamburg,
Institute of Physical Chemistry, 22761 Hamburg, Germany — 2Max
Planck Institute for the Structure and Dynamics of Matter, 22761
Hamburg, Germany

We investigate bilayer Janus transition metal dichalcogenides using ab
initio many-body screened configuration interaction calculations [1]
and find that MoSSe-WSSe and WSSe-WSSe, with Se-S interfaces,
exhibit spin-allowed interlayer exciton and trion ground states [2], in
contrast to the spin-forbidden ground states of conventional transition
metal dichalcogenides bilayers. This distinctive behavior is driven by
the intrinsic structural asymmetry and interface-induced polarization,
which significantly modify the electronic band structure. Moreover,
we demonstrate that external mechanical strain allows to tune the
optical properties of these excitons, enabling precise control over their
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brightness and potential applications in optoelectronic devices.

[1] Mgrch Nielsen, C.E., Fischer, F. & Bester, G. npj 2D Mater.
Appl. 9, 11 (2025)

[2] Mgrch Nielsen, C.E., Fischer, F., Prada, M. & Bester, G. 2D Mater.
12 045015 (2025)

HL 13.7 Mon 18:15 POT/0081
Interplay of excitonic species in vertical and lateral transi-
tion metal dichalcogenide heterostructures — eSa1 SHRADHA',
Mp. Tarik Hossain?, NicoLe Enxcer!, Luc OswarLp!, JuLian
FUHRER!, DARIA MARKINA!, ANDREY TURCHANINZ2, and BERN-
HARD URrBaszex! — !Institute for Condensed Matter Physics, TU
Darmstadt, Hochschulstrafte 6-8, D-64289 Darmstadt, Germany —
?Institute of Physical Chemistry, Friedrich Schiller University Jena,

Lessingstr. 10, D-07743 Jena, Germany
The properties of transition metal dichalcogenides (TMDs) can be

extended beyond those offered by individual monolayers by combin-
ing different monolayers to create heterostructures. Vertically stacked
heterostructures host quasi-particles such as interlayer and Moiré exci-
tons. In lateral heterostructures (LHs), where monolayers of different
materials are covalently bonded in the plane of their atoms, unidirec-
tional exciton transport and the formation of charge-transfer excitons
can be realized [1]. Chemical vapour deposition (CVD) has been a
key fabrication technique for LHs. This work investigates composite
CVD-grown MoSez-WSes heterostructures consisting of both lateral
and vertical interfaces, providing a single platform to study exciton
dynamics across different interface types. Optical spectroscopy reveals
efficient interlayer coupling in such structures, resulting in a uniquely
strong interlayer exciton emission. Several spectroscopy techniques,
including magneto-optics, are employed to characterize and shed light
on exciton dynamics in such systems.
[1] S. Shradha et. al., arXiv, 2510.21422 (2025)

HL 14: Focus Session: Tunable Correlations in van der Waals Quantum Materials |l (joint
session TT/DS/HL)

Time: Tuesday 9:30-10:45

Invited Talk HL 14.1 Tue 9:30 HSZ/0105
Simulating high-temperature superconductivity in a triangu-
lar moiré lattice — eKiNn 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.

HL 14.2 Tue 10:00 HSZ/0105
Engineering Hubbard models with gated two-dimensional
moiré systems — eY1Q1 YANG!, YUuBo Yang?, MiGUEL MoORALES?,
and SHIWEI ZHANG? — 1Lund University, Lund, Sweden — 2Hofstra
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

HL 14.3 Tue 10:15 HSZ/0105
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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.

HL 14.4 Tue 10:30 HSZ/0105

Chemically Tunable Correlation Strength in Breathing Mode
Kagome van der Waals Materials Nbs(F,Cl,Br,I)s — eJoosT
ARrETz', SERGII GRYTsIUK!, X1aosiNng Liv2, Giovanna FERaco?,
2,3 MuHAMMAD WASEEM2, ZHIYING DANZ,

CHRYSTALLA KNEKNAZS,
4 Puiip Hormann?, Mazuar AvL®, MIKHAIL

Marco BIANCHI®,
KarsneLsonb 6, Anrtoniia Grusisié-Caso?, Huco STrRaND, ERIK
vaN Loon®, and MaLre RoOsNer'*® — 'Radboud University, Ni-
jmegen, Netherlands — 2University of Groningen, Netherlands —
3University of Amsterdam, Netherlands — *Aarhus University, Den-
mark — ?Delft University of Technology, Netherlands — 6 Constructor
University, Bremen, Germany — ? 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 NbgXg-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 NbSea /Nb3Brg Josephson diode.
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HL 15: Organic Semiconductors: Optics and Photonics

Time: Tuesday 9:30-12:00

HL 15.1 Tue 9:30 POT/0006
Accessing ’Slow’ Dynamics in Photocatalysts with PIAS —
eMaRriA FERREE!, REBEccA GRONINGERZ?, TiaNHAO XUE!, THOMAS
Bein!, BETTINA LoTscH?, and FREDERIC LaQuarl — Dept. Physi-
cal Chemistry, LMU Miinchen, Germany — 2Max Planck Institute for
Solid State Research, Stuttgart, Germany

Quasi-steady-state Photoinduced Absorption Spectroscopy (PIAS) is
a highly sensitive tool for probing long-lived excited states and charge
carriers in semiconductors. We showcase PIAS capabilities by study-
ing diverse systems, ranging from conjugated polymers and COF-based
films to nanoparticle dispersions. PIAS is often overshadowed as re-
searchers default to sophisticated Transient Absorption (TA) Spec-
troscopy. However, low-frequency modulated excitation with lock-in
signal detection capture extremely weak changes in transmission in-
duced by polarons or triplet states with lifetimes ranging from nanosec-
onds to seconds - dynamics that remain largely inaccessible by TA,
but highly relevant for diffusion-limited processes, e.g. photocatalysis.
Frequency-dependent measurements provide insight into lifetimes and
concentrations of long-lived species. Whilst Time-resolved Photolumi-
nescence (TRPL) can further reinforce the conclusions obtained from
PIAS by extracting exciton recombination kinetics. Our studies of or-
ganic semiconductor-based photocatalysts are a reminder that PIAS
is a powerful, often more suitable method complementary to ultrafast
spectroscopy and other characterisation techniques. It provides unique
access to ’slow’ excited-state dynamics through relatively straightfor-
ward data acquisition and processing.

HL 15.2 Tue 9:45 POT/0006
Subwavelength OLED pixels based on plasmonic elec-
trodes — eLEo SieBias!, CHENG ZHANGZ2, BJorN EwaLpl, Luca
STEINBRECHER?, MAXIMILIAN RODEL!, TnHoMmas FLEISCHMANN',
Monika EwMMERLING?, Berr HecaT?, and JENs PrrLaum!
I Experimental Physics 6, University of Wiirzburg, 97074 Wiirzburg —

2Experimental Physics 5, University of Wiirzburg, 97074 Wiirzburg

Next-generation display technologies, such as augmented and virtual
reality, demand the continued miniaturisation of individual pixels. A
novel approach towards achieving the necessary ultra-high resolution
involves subwavelength organic light-emitting diode (OLED) pixels
based on plasmonic nanoelectrodes. The nanoelectrode acts as an op-
tical antenna, ensuring efficient light-outcoupling to the far-field and
control over the emission characteristics by adjusting the antenna ge-
ometry. However, upon scaling the pixel dimensions below the wave-
length of light, sharp nanoelectrode contours dominate the device oper-
ation. As a result (i) filament growth leads to rapid device failure and
(ii) spatially imbalanced charge-carrier transport and recombination
limits the external quantum efficiency (EQE). We address these chal-
lenges by selectively passivating the nanoelectrode edges with an insu-
lating layer and defining the active area via a nanoaperture. As proof-
of-concept, efficient and stable hole-injection is shown in hole-only de-
vices based on gold nanoelectrodes. For the first time, we demonstrate
light extraction from individually addressable 300 nm x 300 nm plas-
monic OLED pixels with a maximum luminance of 3000 cd m~2 and 1%
EQE. C., Zhang et al., Sci. Adv. 2025, DOI: 10.1126/sciadv.adz8579

HL 15.3 Tue 10:00 POT/0006
Near infrared OLEDs for neuroimplants ®SABINA
HiLLEBRANDT!, SuMIT MoOHAPATRA!, AHMED GABER ABDELMAGID?,
KonsTtanTiNos C. DaskaLakis?, ANDREAs MiscHok!, and MALTE
C. Garuerb3* — THumboldt Centre for Nano- and Biophotonics,
University of Cologne, Germany — 2Department of Mechanical and
Materials Engineering, University of Turku, Finland — 3School of
Physics and Astronomy, University of St Andrews, United Kingdom
— 4CECAD, University of Cologne, Germany

OLEDs offer spectral tunability, mechanical flexibility, and compatibil-
ity with scalable thin-film fabrication, making them strong candidates
for biointegrated photonic technologies. Near-infrared (NIR) OLED
emission can penetrate deep into tissue and may enable neuromodula-
tion without the need for genetic interventions.

We present the development of high-brightness, top-emitting NIR
OLEDs specifically engineered for implantable neurotechnology. Us-
ing optimized emitter-host combinations, microcavity tuning, and cus-
tomized charge-transport layers, these devices exhibit peak emission
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above 800 nm with no measurable output below 700 nm, thereby re-
ducing off-target excitation and tissue scattering. The devices achieve
power densities approaching 0.1 mW /mm "2, levels relevant for neuro-
modulation, while maintaining both thermal stability and robust oper-
ational performance. To further refine spectral purity and directional
control, we integrate strong-coupling architectures, yielding polariton
OLEDs with angular-stable NIR emission above 800 nm even on flex-
ible, implantable polymer substrates.

HL 15.4 Tue 10:15 POT/0006
Aggregation enhanced singlet emission in a purely organic
emitter with thermally activated delayed fluorescence —
eJiacHENG GonNg, XIN Zuou, KAtweN Guo, TouLik MAITRA, DENIS
ANDRIENKO, GERT-JAN WETZELAER, PauL W. M. BrowMm, and YuNn-
Gur L1 — Max Planck Institute for Polymer Research, Ackermannweg
10, 55128 Mainz, Germany

Purely organic thermally activated delayed fluorescence (TADF) emit-
ters have gained great attentions in the field of organic light-emitting
devices. However, the long-lived triplet exciton contributes to effi-
ciency roll-off and device degradation at high current densities. Great
efforts have been made to accelerate reverse intersystem crossing
(rISC), while there are less studies on the increase of singlet radiative
transition rate (krS). Herein, based on the benchmark TADF emitter
CzDBA, it is found that it exhibits a larger krS in neat film, which is
~ 4 times faster than that in toluene with similar dielectric environ-
ment. The modelling of excited-state dynamics for electrically excited
TADF emitters demonstrates that the increased krS reduces triplet
and singlet densities simultaneously, while retaining high charge-to-
photon conversion efficiency. Furthermore, time-resolved photolumi-
nescence and steady-state absorption spectroscopic analysis shows that
the broadened absorption feature increases the oscillator strength and
hence increases krS in terms of Strickler-Berg relation. Gaussian dis-
order model is further applied to PL excitation spectra, and a larger
disorder factor from the film samples implies that the large disorder of
energetic landscape may contribute to the enhanced krS.

HL 15.5 Tue 10:30 POT/0006
Spectral diffusion of charge-transfer states in organic
donor:acceptor blends due to carrier relaxation — eGracomo
CoteLL!, ANNA KOHLER!, and REINDER COEHOORN? — 1 University
of Bayreuth, Bayreuth, Germany — 2Eindhoven University of Tech-
nology, Eindhoven, The Netherlands

Blends of small-molecule organic semiconductors may display emission
from an intermolecular charge transfer (CT) excited state. An aspect
that is not well understood so far is the spectral diffusion of such CT
states. We present a comprehensive study of CT state spectral diffu-
sion in two- and three-component blends, using kinetic Monte Carlo
simulations. We disentangle the effects of the CT state lifetime, charge
carrier energetic disorder and blend composition on the emission spec-
tra. Furthermore, we highlight similarities and differences between the
emission of photogenerated CT states in films and electrically gener-
ated CT states in OLEDs.

HL 15.6 Tue 10:45 POT/0006
Direct Prediction of Organic Light-emitting Diode Efficiency
Roll-off from Photophysical Parameters of Thermally Acti-
vated Delayed Fluorescence Emitters — e KAiweEN Guo, YUNGUI
L1, and PauL BLom — Max Planck Institute for Polymer Research,
Mainz, Germany

Severe efficiency roll-off significantly limits the practical performance
of organic light-emitting diodes (OLEDs) at high luminance, espe-
cially for the devices based on thermally activated delayed fluorescence
(TADF) emitters. Although numerous TADF emitters have been de-
veloped and investigated over last decade, in molecular scale the in-
trinsic molecular-origin of roll-off still remains unclear. In this work,
we establish a direct correlation between device roll-off and intrinsic
photophysical properties of TADF emitter, and analytically derive the
roll-off as a function of exciton generation rate.

We propose an integrated methodology to extract complete set of
photophysical parameters of TADF emitter, including the rates of ex-
citon decays, spin conversion kinetics and bimolecular annihilation co-
efficients. Notably, we reveal that the roll-off behavior in TADF based
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OLED is not solely governed by bimolecular annihilation processes, but
also influenced by the lifetime of delayed fluorescence. This knowledge
enables us to predict the severity of roll-off directly from optical mea-
surements and provides insight for further molecule designing.

15 min. break

HL 15.7 Tue 11:15 POT/0006
OLED-based implants for neurostimulation ®SUMIT
MoHAPATRAL, FaALko FUHRMANNZ, JuLiaN F. BurscrER!'3, SABINA
HiLLEBRANDT!3, MARTIN FunrRMANN?Z, and MALTE C. GarHERD:3:4
— 1Humboldt Centre for Nano- and Biophotonics, Department of
Chemistry, University of Cologne, Germany — 2Neuroimmunology
and Imaging Group, DZNE, Bonn, Germany — 3School of Physics
and Astronomy, University of St Andrews, UK — *CECAD, Univer-
sity of Cologne, Germany

Light-based neurostimulation allows precise manipulation of neural cir-
cuits, yet delivering light to deep tissue remains a challenge. OLEDs
combine spectral tunability, mechanical flexibility, and thin-film inte-
gration, enabling fabrication of neural probes for localized stimulation.

We advance this approach by integrating OLEDs onto magneto-
electric substrates to create fully wireless neuromodulation platforms,
which are 200 pm-thick, contain 300*500 pm? OLEDs delivering mean
power densities of 0.04 mW /mm?. Tunable kilohertz-range resonances
allow clustered multi-pixel operation, while thin-film encapsulation en-
sures biocompatibility and protection in a physiological environment.
We also introduce a flexible OLED-based neuroprobe by integrating
OLEDs onto 15 pm-thick commercial electrophysiology arrays. Using
these pre-validated implantable platforms, they are transformed into
nOLED arrays with 28 individually addressable pOLEDs (50 pm di-
ameter, 300 um pitch), achieving power density up to 0.1 mW /mm? at
7 V. In vivo optogenetic experiments using pu-OLEDs in mice confirm
effective neuronal activation, verified by two-photon calcium imaging.

HL 15.8 Tue 11:30 POT/0006
Exploring Molecular Stability in Organic Solar Cells: A Com-
bined DFT and ML Approach — eMuHAMMAD WAQAs and HAR-

ALD OBERHOFER — Chair for Theoretical Physics VII and Bavarian
Center for Battery Technologies, University of Bayreuth

The stability of organic solar cells (OSCs) remains a significant chal-
lenge in the field. In this work, we present a data-driven approach
that integrates density functional theory (DFT) and machine learning
(ML) to identify molecular parameters that influence device stability.
For this purpose, we compute different optical and electronic parame-
ters by using DFT and time-dependent DFT and check their influence
on the lifetime (T80) of OSCs. The first step is to collect lifetime data
from the already published literature for different OSC materials. The
second step involves DFT and TD-DFT calculations for the selected
molecules, thereby generating a dataset. This dataset serves as a foun-
dation for training the ML models. Based on the DFT-generated data,
we train ML models that can help us recognise the most influential pa-
rameters that affect the stability of OSCs. Furthermore, based on the
insights gained from the ML models, we can explore the chemical space
to find other molecules that can be used to prepare more stable devices.

HL 15.9 Tue 11:45 POT/0006
Accurate characterization of next-generation photodiodes
— SipDHARTHA SAcGARD2, Gieprius Puipokas?, and eCAROLINE
Murawski!»2 — lInstitute of Solid-State Electronics, TUD Dresden
University of Technology, 01062 Dresden, Germany — 2Kurt Schwabe
Institute for Sensor Technologies, 04736 Waldheim, Germany

Photodiodes based on organic and emerging semiconductor materials
have demonstrated high potential for optical sensing in biomedicine,
imaging applications, and light-based data transmission. During the
last decade, concerns have arisen regarding the reliable reporting of
the device performance, especially under low illumination conditions.
This work addresses these concerns and provides a robust framework
for measuring and reporting standardized photodetection metrics. We
have developed a measurement setup including a highly sensitive elec-
trometer, calibrated optical filters, and light sources with narrowband
emission spectra. For operation of the setup, we provide open-source
Python scripts and outline protocols suitable for accurate characteri-
zation of steady-state photodetecting metrics.

HL 16: Focus Session: Quantum Emitters in 2D Semiconductors

Quantum emitters are fundamental building blocks in the development of scalable quantum commu-
nication networks. They provide capabilities for single-photon generation, quantum memory, and en-
tanglement distribution*essential components for quantum key distribution, quantum repeaters, and
future quantum internet infrastructure. Two-dimensional (2D) materials have recently emerged as a
highly promising platform for quantum photonics. Their atomically thin nature enables strong light-
matter interaction, high tunability, and seamless integration with photonic and electronic environments.
Moreover, the reduced dielectric screening and strong excitonic effects inherent to 2D materials provide
unique opportunities to engineer and control localized excitonic states that act as quantum emitters.
This combination of physical richness and technological compatibility places 2D materials at the frontier
between fundamental quantum optics and device-level quantum technologies. To advance the field, it
is essential to understand both the microscopic theoretical principles and the engineering challenges
associated with integrating such systems into communication networks.

Organized by Michael Lorke, Iris Niehues and Tobias Heindel

Time: Tuesday 9:30-12:45

Invited Talk HL 16.1 Tue 9:30 POT/0081
Tailoring the performance of WSez quantum emitters via cav-
ity quantum electrodynamics and coherent driving — elvan
Sorovev — Institute of Physics, Carl von Ossietzky University of
Oldenburg, Oldenburg, Germany

The ability to create scalable arrays of bright and easily-fabricated
single photon sources has sparked keen interest in Van der Waals ma-
terials, rendering them a promising platform for emerging quantum
technologies. Here I will provide an overview how their performance
can be substantially improved via integration into a tunable microcav-
ity as well as exploiting resonant excitation schemes. The implemen-
tation of the monolithic Fabry-Pérot open cavity, operating in a weak
coupling regime, enables the observation of phenomena such as Purcell
enhancement of radiative decay, strain-induced tuning of the emitter
energy and two-photon interference. An impact of phonons on dephas-
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ing and resulting indistinguishability will be discussed. Furthermore,
the selective excitation in a coherent manner is achieved via resonant
driving, leading to the observation of Rabi oscillations.

Invited Talk HL 16.2 Tue 10:00 POT/0081
Deterministic single-photon emitters in 2D materials —
eUrsuLA WURSTBAUER — University of Miinster, Germany

Single-photon emitters (SPEs) play a pivotal role as building blocks
for quantum technologies. In two-dimensional (2D) materials, SPEs
can deterministically be generated, externally manipulated and mono-
lithically integrated. The properties of SPEs in atomically thin mem-
branes are strongly dependent on the host materials and differ e.g.
between TMDCs and hBN but also on the emitters origin, like de-
fects, strain or moiré-potentials in twisted structures [1,2]. SPEs can
be generated on-demand and on-chip with high lateral precision in the
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prototypical TMDC monolayer MoS2 by defect engineering utilizing
focused helium ions [3]. These defect states in TMDCs interact with
the electronic bands, whereas some defects in hBN show color center
like behavior [1]. Following a general introduction, we focus on gen-
eration and characterization of rather monoenergetic SPEs in hBN by
Argon ion irradiation [4]. We gratefully acknowledge A. R. Bhuiyan,
R. Schmidt, A. Michaelis de Vasconcellos, R. Bratschitsch and Harry
Mbonig for fruitful collaboration. [1] S. Michaelis de Vasconcellos et al.
Physica status solidi b259, 2100566 (2022). [2] M. Brotons-Gisbert, et
al. MRS Bulletin 49, 914-931 (2024). [3] J. Klein et al. ACS Photonics,
8, 2, 669-677 (2021). [4] A. R. Bhuiyan et al.

Invited Talk HL 16.3 Tue 10:30 POT/0081
Resolving atomic and electronic structure of point defects in
MoS: by first-principles calculations and scanning tunneling
microscopy — eHANNU-PEkkA KomMsa — University of Oulu, Oulu,
Finland

A unique advantage of 2D materials is that the defects in them are
always at or very near to the surface, which can be highly beneficial
in quantum emitter and quantum sensing applications. Importantly,
this also enables direct characterization and manipulation of the de-
fects with surface-sensitive techniques, such as scanning tunneling mi-
croscopy (STM). Since STM probes mainly the electronic structure,
defect identification often requires comparison to results from first-
principles calculations.

I will present our recent investigations on the electronic structure of
a few common point defects in 2D MoS2, such as S vacancies, Mo and
Fe adatoms, and C substitutional on S site, combining first-principles
calculations and experimental STM results from University of Cologne
and Karlsruhe Institute of Technology. I will first discuss the compu-
tational aspects that were found to be important in achieving good
agreement with experiments. A careful analysis and comparison of the
computational and experimental results then allow us to infer defect
identity, charge state, defect-defect interactions, magnetic moment,
and dynamic effects such as defect transformations among Jahn-Teller
configurations, defect charging, and spin lifetimes. Finally, benefiting
from the atomic manipulations inside STM, rational atom-by-atom
fabrication of defect structures can be envisioned.

15 min. break

Invited Talk HL 16.4 Tue 11:15 POT/0081
Polarization dynamics of isolated defects in hexagonal boron
nitride — SERKAN PagaLl, CAGLAR SAMANER!, FURKAN AGLARCI!,
OMER S. TaprsiN!, and eSERkAN ATEs! 2 — 1Department of Physics,
Izmir Institute of Technology, Izmir, Turkey — 2Faculty of Engineering

and Natural Science, Sabanci University, Istanbul, Turkey

Single-photon sources (SPSs) are indispensable for quantum informa-
tion technologies like Quantum Key Distribution. The practical suc-
cess of these applications critically depends on the high purity and
long-term stability of the emitted light’s polarization state, which
serves as the information-carrying quantum bit (qubit). Understand-
ing and controlling polarization dynamics, therefore, presents a univer-
sal challenge for establishing reliable solid-state quantum interfaces.
We propose using hexagonal Boron Nitride (hBN) defect centers as
a promising new platform for SPSs exhibiting strong, stable single-
photon emission at room temperature, making it an ideal model sys-
tem. In this work, we specifically investigate the polarization proper-
ties of hBN defect centers. We analyze the dynamics and temperature
dependence of the polarization degree, focusing on the influence of
electron-phonon interactions. Our results offer crucial insights that
enable the development of targeted strategies to enhance the polar-
ization stability of single-photon emitters, thereby facilitating more
robust quantum optical systems.

Invited Talk HL 16.5 Tue 11:45 POT/0081
Defect-driven quantum emission in 2D materials
eMAGDALENA Grzeszczyk — IFIM, NUS, 117544, Singapore
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Carbon-doped hexagonal boron nitride (hBN:C) provides a compelling
2D analogue to classical wide-bandgap hosts such as ruby (Cr:A1203),
where isolated impurity centers give rise to sharp, stable optical transi-
tions. These point defects have emerged as robust and manipulatable
single-photon emitters (SPEs). By combining a broad suite of exper-
imental techniques with advanced theoretical modeling, we introduce
a consistent assignment of the observed excitations in hBN:C to the
most likely underlying defect complexes. The described defect states
residing in close proximity to the surface present an ideal sensors of
local fields at the nanoscale. An example of how the local dielectric
environment strongly modulates these centers, producing distinct spec-
tral shifts will be discussed. Additionally, these defect states can be
electrically excited in hBN-based light-emitting diode structures, pro-
viding a route toward integrated quantum emitters in van der Waals
devices. Finally, ZnPS3 will be introduced as an emerging new host
of SPEs. As a representative member of a broader family of layered
MPX3 compounds, such as MnPS3 and FePS3, this emergent host
opens new platform for future exploration of SPEs with intrinsic mag-
netic tunability.

HL 16.6 Tue 12:15 POT/0081
Nanoscale magnetic field sensing with spin defects in hexag-
onal boron nitride — eKorBINIAN FELBER, TiMO STROBL, PAauL
KoNrAD, ANDREAS SPERLICH, and VLADIMIR DyakoNov — Exper-
imental Physics 6, Julius-Maximilians-Universitat Wiirzburg (JMU),
97074 Wiirzburg, Germany

The development of quantum sensors based on solid-state spin de-
fects is a vibrant research area, yet most host materials are three-
dimensional, making it challenging to position the sensing spins in
close proximity to a target sample. This limitation was recently over-
come in 2020 with the discovery of the negatively charged boron va-
cancy (Vg) in the two-dimensional van der Waals material hexagonal
boron nitride (hBN). Exfoliating spin-active hBN flakes provide co-
herent spin manipulation in an atomically thin host. Using optically
detected magnetic resonance (ODMR), these hBN spin defects pro-
vide sensitive readout of local magnetic fields, temperature, and strain,
making functional hBN layers an ideal platform for exploring funda-
mental questions in 2D magnetism. In this study, we assemble a vdW
heterostructure by stacking active hBN on top of a 2D ferromagnet. By
employing spin-relaxometry techniques, we probe nanoscale magnetic
fluctuations near the Curie temperature of the exfoliated ferromagnet.
Our results highlight the potential of hBN-based quantum sensors for
characterizing local magnetic properties in vdW heterostructures, of-
fering substantial benefits for the design of next-generation 2D devices.

HL 16.7 Tue 12:30 POT/0081
Ion-beam induced quantum emitters in hexagonal boron ni-
tride — eJAN BOHMER, ANNKATHRIN KOHLER, HANNES Simon, Lu-
cas BouMmE, and CARSTEN RoNNING — Friedrich Schiller University,
Jena, Germany

Defect centers in solid-state materials are emerging as highly promising
candidates for realizing robust quantum light sources. Among these,
hexagonal boron nitride (hBN) has attracted significant interest due
to its potential for hosting room-temperature single photon emitters
(SPEs). We utilize ion-beam irradiation to introduce optically active
defect centers into hBN, offering a controlled and tunable method for
engineering defect centers. We have investigated intrinsic and extrin-
sic ion-beam induced defect centers in exfoliated hBN flakes: Micro-
photoluminescence spectroscopy (u-PL) was employed to character-
ize the spectral properties of the induced emitters, while second-order
correlation measurements (g(2)) were performed to demonstrate the
single-photon emission behavior and determine the quantum nature of
the sources. Additionally, in-situ electrical measurements were used to
monitor the reaction of the hBN flakes to irradiation in real-time. The
results demonstrate that ion-beam irradiation can be successfully uti-
lized for creation of quantum emitters in hBN. This work contributes
to the ongoing effort to develop reliable, solid-state single photon emit-
ters for quantum applications.
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HL 17: Quantum Dots and Wires: Rings, Wires and Transport

Time: Tuesday 9:30-12:15

HL 17.1 Tue 9:30 POT/0251
Growth of hexagonal Silicon Germanium quantum rings —
eMARVIN MaRco JansEN!, METTE F. ScuouTEN!, DENNY LAaMON!,
WouTer H.J. PeeTERs!, MARCEL A. VERHEUEN!2, and ERrik
P.A.M. Bakkgrs! — !Department of Applied Physics, Eindhoven
University of Technology, Groene Loper 19, 5612AP Eindhoven, The
Netherlands — 2Eurofins Materials Science BV, High Tech Campus
11, 5656 AE Eindhoven, The Netherlands

Developing a silicon-based laser represents a key step toward com-
mercially viable photonic circuits. A promising route is the recently
discovered hexagonal silicon germanium (hex-SiGe) grown as shells
around gallium arsenide (GaAs) nanowires (NWs), which has demon-
strated efficient direct band-gap emission. In addition, type-I band
alignment was demonstrated in hex-SiGe/Ge quantum wells (QWs),
pushing the system closer to lasing. Theory predicts that combin-
ing hexagonal/cubic Ge(Si) QWs could further enhance optical perfor-
mance. Here, we investigate the growth of hex-SiGe/Ge QWs on GaAs
NWs that alternate between wurtzite (WZ) and zinc blende (ZB) crys-
tal phases, forming ring-shaped hexagonal Ge QWs. These quantum
rings feature two types of confinement: crystal-phase-induced axial
confinement and radially controlled alloy composition. We explore sev-
eral different WZ/ZB superlattice designs and TEM analysis confirms
successful integration of hexagonal /cubic SiGe alloys and SiGe/Ge QW
shells on the designed superlattices. Our results establish crystal-phase
superlattice NWs as a promising platform realizing hex-Ge quantum
rings and marking progress towards a hex-SiGe laser.

HL 17.2 Tue 9:45 POT/0251
A road to parallelisation - spin qubits as single electron
pumps — eDuUsTIN WITTBRODT!, JOHANNES CHRISTIAN BAYER!,
LARS ScHREIBER?, JANNE LEeHTINEN3, and Frank Honvs!
1Physikalisch-Technische Bundesanstalt, Braunschweig, Germany —
2JARA Institute for Quantum Information, Forschungzentrum Juelich,

Germany — 3SemiQon Technologies Oy, Espoo, Finland

The main workhorse of low current Ampere realization is the Single
Electron Pump (SEP), which generates quantized currents based on
the quantized transport of single charge carriers. The result are cur-
rents in the fA-pA range, measureable with a precision of as low as 0.1
ppm. For further improvement of accuracy and current output, par-
allelization of pumps is the necessary next step. Semiconductor spin
qubit devices offer an interesting solution. In addition to sharing the
same central building unit, the quantum dots, spin qubits also offer
the possibility of incorporating CMOS logic and taking advantage of
a mature, high-yield industry for large scale SEP manufacturing, thus
allowing for the implementation of a high number of pumps with mini-
mal control inputs. Various Si and Si-compound spin qubit technology
platforms are being tested as SEP candidates, within the EU-funded
AQuanTEC project. The focus of the activities includes the character-
isation of these spin qubits in DC measurements and then in a series
of AC measurements to characterise the pumping behaviour of these
devices. We present the results of this effort here, offering a perspec-
tive on the potential application of Qubit technology for broader use
as quantum metrological instruments.

HL 17.3 Tue 10:00 POT/0251
Using full counting statistics to identify interactions in the
electron dynamics in a self assembled quantum dot — eJoHANN
ZOLLNER, HENDRIK MANNEL, DANIEL OPPERS, AXEL LORKE, MAR-
TIN GELLER, and JURGEN KONI1G — Faculty of Physics and CENIDE,
University of Duisburg-Essen

We study interactions and electron dynamics in a self-assembled quan-
tum dot using full counting statistics. Each tunneling event identified
with a resonance-fluorescence-based continuous measurement [1]. Full
counting statistics provides much more information than just the av-
erage current through the system. The details of the probability dis-
tribution obtained from full counting statistics depends on whether
interactions play a role in electron transport or whether it can be
modeled by noninteracting fermions [2,3]. This is reflected in sign
changes of the factorial cumulants calculated from the probability dis-
tribution. Factorial cumulants are a measure for fluctuations and are
particularly suited to characterize discrete distributions. We identify
these sign changes predicted by theory in the experimental data. In
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this way, simply by observing individual tunneling events between the
dot and a reservoir, we have gained information about the electron
dynamiks like spin relaxation between Zeeman-split energy level and
the presence of interactions.

[1] A. Kurzmann et al., PRL 122, 247403 (2019)

[2] D. Kambly et al., PRB 83, 075432 (2011)

[3] P. Stegmann et al., PRB 92, 155413 (2015)

HL 17.4 Tue 10:15 POT/0251
Effective Hamiltonians for Ge/Si core/shell nanowires from
higher-order perturbation theory — SeBaAsTIAN MiLes!, A.
MERT BozkUrt!, eDANIEL VaRJas?34 and MicHAEL WIiMMER!
1QuTech and Kavli Institute of Nanoscience, Delft University of Tech-
nology — 2IFW Dresden and Wiirzburg-Dresden Cluster of Excellence
ct.qmat — 3Max Planck Institute for the Physics of Complex Systems
— 4Budapest University of Technology and Economics

We theoretically explore the electronic structure of holes in cylindrical
Germanium/Silicon core/shell nanowires using a perturbation theory
approach. The approach yields a set of interpretable and transferable
effective low-energy model parameters for the lowest few sub-bands up
to fifth order in perturbation theory for various experimentally relevant
growth directions. In particular, we are able to resolve higher-order
cross terms, e.g., the dependency of the effective mass on the magnetic
field. Our study reveals orbital inversions of the lowest sub-bands for
low-symmetry growth directions, leading to significant changes of the
lower order effective coefficients. We demonstrate a reduction of the
direct Rashba spin-orbit interaction due to competing symmetry ef-
fects for low-symmetry growth directions. Finally, we find that the
effective mass of the confined holes can diverge, yielding quasi flat
bands interesting for correlated states. We show how one can tune the
effective mass of a single spin band allowing one to tune the effective
mass selectively to its divergent points.

HL 17.5 Tue 10:30 POT/0251
Improving optical quality in highly strained GaAs/In;Al;_,As
core/shell nanowires — X1A0x1A0 SUN, ¢ ALEXEJ PASHKIN, RENE
HUBNER, FINN MOEBUS, YUXUAN SUN, ANDREAS WORBS, SLAWOMIR
PRUCNAL, SHENGQIANG ZHOU, STEPHAN WINNERL, MANFRED HELM,
and EMmaNnovuIiL Dimakis — Helmholtz-Zentrum Dresden-Rossendorf,
Dresden, Germany

III-V  semiconductor nanowires are promising for applications
in photonics, electronics, and sensing. In lattice-mismatched
GaAs/Ing Al;_;As core/shell nanowires, tensile strain in the GaAs
core enables substantial bandgap tuning across the near-infrared spec-
trum. However, Ing;Alj_,As shells are typically grown at low tem-
peratures, which compromises their structural quality and induces
non-radiative recombination. We present two strategies to mitigate
it. The first employs a dual-shell architecture in which an interme-
diate Al,Gai_y,As shell spatially separates carriers in the GaAs core
from the InyAlj_zAs shell [1]. Optimizing the spacer thickness sig-
nificantly enhances photoluminescence efficiency and extends emission
lifetimes. The second strategy focuses on optimizing the shell growth
conditions. We show that higher growth temperatures improve the
core/shell interface quality, reducing non-radiative recombination and
carrier scattering, with optimal performance near 500°C [2]. This al-
lows a simple single-shell structure to approach the performance of the
more complex dual-shell design.

[1] X. Sun et al., Adv. Funct. Mater. 34, 2400883 (2024).

[2] X. Sun et al., Appl. Phys. Lett. 127, 182107 (2025).

HL 17.6 Tue 10:45 POT/0251
Quantum dot as a model system for a Hund’s coupled im-
purity — eOLFA Dani', Jouannes C. Baver!'?, Timo WAGNER!,
GERTRUD ZwiIckNAGL?, and Rorr J. Haug! — lInstitut fiir Fes-
tkorperphysik, Leibniz Universitdt Hannover, Hannover, Germany —
2Physikalisch-Technische Bundesanstalt, Braunschweig, Germany —
3Institut fiir Mathematische Physik, Technische Universitit Braun-
schweig, Braunschweig, Germany

In this work, we investigate electron transport through the third shell
[1] of a gate-defined GaAs quantum dot, where the exact electron num-
ber (N) is determined using a quantum point contact and tuned in a
controlled manner by changing the applied gate voltages of the device
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[2]. For N = 7-11, the addition energy shows a triangular evolution
with a maximum at half-filling. This trend is reproduced by model
calculations including Hund’s rule exchange. In the same filling range,
a zero-bias anomaly (ZBA) characteristic of the Kondo effect appears.
Its width and amplitude display a similar triangular dependence, re-
flecting the particle-hole symmetry of the three spin-degenerate or-
bitals. The pronounced ZBA is attributed to the contribution of both
the Kondo resonance and low-energy Hund satellite excitations asso-
ciated with degenerate orbitals observed in the spectral function [3].
The quantum dot is viewed as a multi-orbital Kondo impurity with
Hund’s interaction and serves as a model system for a Hund’s coupled
impurity. [1] L. P. Kouwenhoven, et. al., Rep. Prog. Phys. 64 (2001).
[2] T. Wagner, et. al., Nat. Phys.15 (2019). [3] O. Dani, et. al., arXiv:
2505.21675 (2025).

15 min. break

HL 17.7 Tue 11:15 POT/0251
Quantum stochastic resonance in a single-photon emitter —
oH. ManNELY, J. ZOLLNER!, E. KLEINHERBERSZ, M. ZOLLNER!, N.
Scawarz!, F. Rimex!, A. Lupwic3, A. Lorke!, J. Konial, and M.
GELLER! — Faculty of Physics and CENIDE, University of Duisburg-
Essen, 47057 Duisburg, Germany — 2Department of Physics and As-
tronomy, University of California, Los Angeles, California 90095, USA
— 3Lehrstuhl fiir Angewandte Festkorperphysik, Ruhr-Universitit
Bochum, 44780 Bochum, Germany

Classical stochastic resonance (SR) describes how noise can enhance
the response of a driven bistable system. Recently, it has been ex-
tended to the quantum regime, where fluctuations originate from single
tunneling events [1]. Building on optical real-time charge detection in
self-assembled quantum dots 2], we demonstrate quantum stochastic
resonance in a single InAs/GaAs quantum dot, weakly tunnel-coupled
to an electron reservoir. Periodic modulation of the gate voltage syn-
chronizes the electron tunneling with the external drive, while reso-
nance fluorescence provides a fully optical, high-resolution readout of
the charge state. From the full counting statistics of the tunneling
events, we observe a pronounced narrowing of the distribution at the
resonance condition, marking the transition from stochastic to increas-
ingly deterministic transport [3]. [1] T. Wagner et al., Nat. Phys. 15,
330 (2019). [2] A. Kurzmann et al., Phys. Rev. Lett. 122, 247403
(2019). [3] H. Mannel et al., Commun Phys 8, 404 (2025).

HL 17.8 Tue 11:30 POT/0251
Spin relaxation dynamics of the excited triplet state in
self-assembeld quantum dots — eCARL NELSON CREUTZBURG!,
ARNE Lupwic?, ANDREAS D. Wieck?, MARTIN GELLER', and AXEL
Lorke! — !Faculty of Physics and CENIDE, University of Duisburg-
Essen, Germany — 2Chair of Applied Solid State Physics, Ruhr-
University Bochum, Germany

The two-electron triplet state in self-assembled quantum dots (QDs)
can pair with the singlet ground state to form an electrically address-
able spin qubit candidate. Using such qubits for quantum information
processing requires long coherence times 75, ultimately limited by the
spin relaxation time 77. While 77 has predominantly been probed
using optical techniques, we here present an all-electrical approach to
access the spin relaxation dynamics.

The QDs are embedded in an inverted high-electron-mobility tran-
sistor, allowing controlled electron tunneling between the dots and a
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coupled two-dimensional electron gas (2DEG), which also serves as a
sensitive charge detector. Using time-resolved transconductance spec-
troscopy [1] with a three-level pulse sequence, we observe the relaxation
from the excited triplet to the singlet state as a function of the charg-
ing interval. A rate-equation analysis yields the spin relaxation time
T1. This approach provides an independent and complementary route
to previous studies [2] and may help refine key assumptions.

[1] B. Marquardt et al., Nature Commun. 2, 209 (2011)

[2] K. Eltrudis et al., Appl. Phys. Lett. 111, 092103 (2017)

HL 17.9 Tue 11:45 POT/0251
CMOS Compatible Short-Channel Junctionless Nanowire
Transistors — eSavaANTAN GHosu!2, ALEssanDro Puppul+?, SLa-
woMIR PrucNnaLl, YorpaN M. GEorciEv!, AuMAD EcHREsH!, and
ArTUur ErRBED2 — lInstitute of Ion Beam Physics and Materials Re-
search, Helmholtz-Zentrum Dresden-Rossendorf, 01328 Dresden, Ger-
many — 2Technische Universitdt Dresden, 01069 Dresden, Germany

The demand for miniaturized, high-speed, and energy-efficient elec-
tronics is pushing conventional planar transistors to their scaling limits,
where short-channel effects and fabrication complexity constrain per-
formance. Junctionless nanowire transistors (JNTs) offer a promising
alternative through simplified architecture, strong electrostatic con-
trol, and CMOS compatibility. Using uniformly doped channels and
eliminating pn-junctions, JN'Ts reduce process complexity and improve
scalability for next-generation nanoelectronics. In this work, short-
channel silicon JNTs were fabricated on SOI substrates using a CMOS-
compatible top-down method. The devices use 20 nm-wide n-type Si
nanowires with channel lengths from 1000 nm to 50 nm. Back-gate
operation shows clear ambipolar behaviour, while top-gate operation
yields the unipolar response characteristic of true JNTs. The 50 nm
device achieves a current on/off ratio > 5 orders of magnitude and
a subthreshold swing of around 200 mV/dec, demonstrating strong
potential for low-power nanoscale technologies.

HL 17.10 Tue 12:00 POT/0251
Majorana bound states in 1D superconducting nanowires:
detection, transport, and braiding — eSuHAS GANGADHARAIAH
— Indian Institute of Science Education and Research Bhopal India

Majorana bound states (MBSs) have emerged as promising candidates
for robust quantum computation due to their topological protec-
tion. However, similar tunneling conductance features for both the
MBSs and certain types of Andreev bound states have turned out to
be a major obstacle in the verification of the presence of MBSs in
semiconductor-superconductor heterostructures. In this talk, we will
first discuss our protocol to probe properties specific to the MBSs and
use it to distinguish the topological zero-bias peak (ZBP) from a trivial
one [1]. We will next consider the dynamical transport of MBSs in the
semiconductor-superconductor heterostructure in a realistic scenario
involving noisy conditions and their role in inducing diabatic errors.
We will discuss the scaling laws that relate these errors to the drive
time [2]. Finally, we will discuss our ongoing work on MBS braiding
in a trijunction geometry composed of three connected Kitaev chains.
1. Dibyajyoti Sahu, Vipin Khade, and Suhas Gangadharaiah. Effect of
topological length on bound state signatures in a topological nanowire.
Phys. Rev. B, 108:205426, Nov 2023.

2. Dibyajyoti Sahu and Suhas Gangadharaiah. Transport of Majorana
bound states in the presence of telegraph noise. Physical Review B,
111(23):235306, June 2025.
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HL 18: Nanomechanical systems (joint session HL/TT)

Time: Tuesday 10:00-12:45

HL 18.1 Tue 10:00 POT/0051
Mechanical characterization of freely-suspended crystalline
YIG nanodevices — eJonNy Qiul:2, MaTTHIAS GRAMMER®®, SE-
BASTIAN SAILLER®, SEBASTIAN T. B. GOENNENWEIN®, MICHAELA
LamMeLS, Hans HuesrL?®4°, and Eva Weic!?3 — 1TUM School
of Computation, Information and Technology, Garching, Germany —
2Zentrum fiir Quantum Engineering, Garching, Germany — 3Munich
Center for Quantum Science and Technology, Munich, Germany —
4TUM School of Natural Sciences, Garching, Germany — °Walther-
Meifner-Institut, BAdW, Garching, Germany — %University of Kon-
stanz, Department of Physics, Konstanz, Germany

Efficient quantum transduction, the reciprocal conversion of quantum
signals from one energy level to another, is an ongoing challenge in
quantum network applications. Engelhardt et al. [1] proposed a mi-
crowave to optical converter (MWOC) that co-localizes microwave,
magnetic and elastic excitations within a suspended optomechanical
crystal (OMC) made of crystalline yttrium iron garnet (YIG).

In this talk, we report our progress towards realizing the MWOC
and present freely-suspended YIG nanodevices. We fabricated YIG
cantilevers and beams using an electron beam lithography process and
a subsequent crystallization by annealing approach. Piezo-driven in-
terferometric spectroscopy reveals the mechanical response modes of
these devices, from which we extract Young’s modulus and internal
stress to design the OMC as a MWOC. We visualize and thus confirm
the corresponding mode shapes via laser doppler vibrometry.

[1] F. Engelhardt, et al., Phys. Rev. Appl. 18, 044059 (2022).

HL 18.2 Tue 10:15 POT/0051
Sensing local temperature changes of a silicon nitride
nanomembrane under large-amplitude vibration — e VALENTIN
BarrH, MENGQI Fu, and ELKE ScHEER — University of Konstanz,
Konstanz, Germany

In MEMS and NEMS, changes in environmental conditions (e.g., a
global change in temperature [1]) can alter the motion properties of
silicon nitride (SiN) membranes. Vibrational motion may cause the
membrane to experience local heating effects.

SiN square membranes (side length: 450 pm, thickness: 500 nm) are
used and driven with a piezoelectric actuator. The motion is mon-
itored using digital holographic microscopy. The measurements are
carried out with a strong drive, resulting in vibration amplitudes on
the order of hundreds of nanometers. Local temperatures are mea-
sured via the Seebeck effect using permalloy (NigiFeig) and gold as
thermocouple, which provides a sensitivity of 20 4V /K and is suitable
for micrometer-scale measurements [2]. To improve the signal-to-noise
ratio and suppress unwanted contributions, the measurement is per-
formed with a lock-in amplifier, where the temperature signal is de-
modulated at twice the drive frequency. The measured temperature
depends on both the position of the thermometer and the vibration am-
plitude, with values reaching up to 0.5 mK. Besides the temperature
signal of the membrane, signals caused by vibrations from neighboring
membranes (distanced 1.5 mm) are also detected.

[1] F. Yang et al., Sens. Actuators A Phys. 354, 114307 (2023).

[2] F. L. Bakker et al., J. Appl. Phys. 111, 084509, (2012)

HL 18.3 Tue 10:30 POT/0051
FEBID and FIBID nanowire field emitters integrated
with microcantilevers - fabrication and characterization —
eEwELINA Gackal?2, Grecor Hrawacek!, Krzyszror KwokaZ,
Tomasz Piasecki?, Barrosz Pruchnik?, RengE HUBNER!, and
Treopor GoTszaLk? — lInstitute of Ion Beam Physics and Mate-
rials Research, Helmholtz-Zentrum Dresden-Rossendorf, 01328, Dres-
den, Germany — 2Department of Nanometrology, Wroclaw University
of Science and Technology, 50-370, Wroclaw, Poland

Because micro- and nanomechanical systems are continuously evolv-
ing, there is a need to leverage various fabrication technologies. A
scanning electron microscope with a gallium focused ion beam, as well
as a helium ion microscope, were used to integrate platinum-carbon
(Pt-C) and tungsten-carbon (W-C) nanowire field emitters with mi-
crocantilevers, serving as deflection sensors. Pt-C and W-C nanocom-
ponents were fabricated using an additive, direct-writing method -
focused-electron-/ion-beam-induced deposition (FEBID/FIBID)[1,2].
After growth calibration, the field emission behavior was studied in
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situ inside a vacuum chamber. The deposited Pt-C and W-C ma-
terials were characterized using Kelvin probe force microscopy and
transmission electron microscopy. [1] T. Piasecki et al., Nanotechnol-
ogy 35 (2024), doi: 10.1088/1361-6528/ad13c0. [2] E. Gacka et al.,
Measurement 234 (2024), doi: 10.1016/j.measurement.2024.114815.

HL 18.4 Tue 10:45 POT/0051
Optimization of Faraday Cage Angled Etching and Its Ap-
plication Prospects in Silicon Carbide — eWuznenc Ggl:?,
C1araN FowLey!, JENS ZscHARscHUCH!, CLAUDIA NEIssER!, AR-
TUR ERrRBED?, PuiLipp BrepoL3, FeLix Davip3, and Eva WEeic3
— 1Helmholtz-Zentrum Dresden-Rossendorf, Institute of Ion Beam
Physics and Materials Research, 01328 Dresden, Germany — 2Dresden
University of Technology, Faculty of Electrical and Computer Engi-
neering, 01069 Dresden, Germany — 3Technical University of Munich,
Chair of Nano and Quantum Sensors, 85748 Munich, Germany

This work presents the optimization of a Faraday Cage Angled Etch-
ing (FCAE) approach for ICP-RIE. By reshaping the plasma potential
through the cage’s mesh geometry, FCAE steers ions along the cage-
wall normal, enabling controllable ion incidence angles. Reproducible
3D triangular cross-section structures were demonstrated on silicon,
confirming the effectiveness of ion-direction tuning. The results were
also applied to silicon carbide nanomechanical resonators. The en-
hanced directional ion flux enables direct fabrication of free-standing,
stress-free structures in bulk, undoped SiC. This capability offers new
pathways for advanced SiC-based MEMS.

15 min. break

HL 18.5 Tue 11:15 POT/0051
Probing Mechanical Nonlinearities with Quantum Dots —
eNoAH SPITZNER, JONA RICHTER, EMELINE DENISE SoPHIE Nys-
TEN, MAaTTHIAS WEISs, and HUBERT KRENNER — Universitdt Miin-
ster, Minster, Germany

The coupling of quantum dots to mechanical resonances is a well-
established approach to investigate the behaviour of mechanical res-
onators and crystals. Within that approach, the quantum dots (QDs)
act as point-like sensors sensitive to dynamical changes to their lattice
constant. Vibrations in the host structure modulate the emission en-
ergy of the quantum dot, enabling readout of mechanical modes via
ultrafast optical detectors. In our hybrid structures, mechanical ex-
citation is achieved by integrating the QD-membrane onto a lithium
niobate substrate equipped with finger-like electrodes called interdigi-
tated transducers (IDTs). Applying a radio-frequency (RF) signal to
the IDTs generates surface acoustic waves, which propagate on the
surface of the substrate, coupling to quantum dots in their path.

This hybrid platform was taken a step further by structuring the
QD-membrane into rings hosting mechanical resonances. Frequency
sweeps of the RF signal applied to the IDT revealed sharp resonances
in the emission-energy modulation exclusively for the quantum dots
located within the rings. Interestingly, the resonances appear over a
large region of SAW frequencies from 200 MHz to 900 MHz. More-
over, we detect clear signatures of a nonlinear mechanical response
e.g. asymmetric lineshapes in the time-modulated optical signal of the
QD when the external drive by the IDT is increased.

HL 18.6 Tue 11:30 POT/0051

Dry processing of 3C-silicon carbide nanostring resonators

oFELIX Davip!:2:3 Yannick Krass!, PuiLipp Brepor!:2:3,
and Eva WEic!:2:3 — 1Technische Universitit Miinchen, School of
Computation, Information and Technology, Garching, Germany —
2Technische Universitat Miinchen, Zentrum fiir QuantumEngineering
(ZQE), Garching, Germany — 3Munich Center for Quantum Science
and Technology (MCQST), Miinchen, Germany

We fabricate string resonators from strongly stressed 3C-silicon carbide
(SiC) grown on a silicon substrate. In conventional fabrication pro-
cesses, electron-beam lithography with PMMA is employed to define
a metallic hard mask for the subsequent dry etching step via a liftoff
process. This requires some wet-chemical process steps, such as HF
etching and metal removal, which can destroy samples. Here, we de-
scribe an alternative process that avoids all wet-chemical process steps,
enabling superior quality. It involves the use of a negative electron-
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beam resist as an etch mask, as well as the completely reactive-ion
etching-based release of the nanostrings. The dry-processed nanos-
trings can be fabricated with a high yield and exhibit high mechanical
quality factors at room temperature. Due to its high reliability, com-
bined with high process speed, it also allows for quick adaptation to
new projects, such as multilayer and hybrid mechanical systems.

HL 18.7 Tue 11:45 POT/0051
The best of two worlds: hexagonal boron nitride exfoli-
ated on stressed silicon carbide string resonators — ePHILIPP

BrepoLr!, Ferix Davip!, Junuur Wu2, AnNDREY N. ANISIMOVZ,

TakasHI TanicucHI®, KENJI WATANABE?, GEORGY V. ASTAKHOVZ,
ArTur ErBE?, and Eva M. WEic! — 'TU Munich, Chair of Nano
and Quantum Sensors, 85748 Munich, Germany — 2HZDR, Institute
of Ion Beam Physics and Materials Research, 01328 Dresden, Germany
— 3National Institute for Materials Science, 1-1 Namiki, Tsukuba 305-

0044, Japan

The boron vacancy (VB) of hexagonal boron nitride (h-BN) is a
promising single photon emitter for applications in quantum technolo-
gies. Nanomechanical control of the VB would greatly enhance its ver-
satility in such applications, therefore nanomechanical h-BN resonators
are of great interest. Here we demonstrate that h-BN can be exfoli-
ated on a chip with a pre-stressed silicon carbide thin-film and sub-
sequently patterned into nanomechanical string resonators with high
tensile stress. The resulting h-BN covered string resonators have high
mechanical quality factors due to dissipation dilution and show the
optically detected magnetic resonance signature of the VB of h-BN.
Our fabrication approach allows to decouple the choice of the defect
hosting 2D-material from the engineering of the mechanical mode and
paves the way to nanomechanical control of single photon emitters in
h-BN and other 2D materials.

HL 18.8 Tue 12:00 POT/0051
Cavity optomechanics with van der Waals materials —
eArovsius FArRreL!®, Lukas ScHLEICHER'®, IRENE SANCHEZ
ARRIBAs'3, LEONARD GEILEN?3, ALEXANDER MusTa?3, ALEXAN-
pER HoLLEITNER?3, and Eva WEic!3 — 1Chair of Nano and Quan-
tum Sensors, TU Munich, Germany — 2Walter Schottky Institute,
TU Munich, Germany — 3Munich Center for Quantum Science and
Technology (MCQST), Munich, Germany

Freely suspended two-dimensional materials are promising platforms
for hybrid quantum systems that combine mechanical, optical, and
electronic properties. Coupling the optical and mechanical modes of
the resonators would be the first step towards such hybrid quantum
system.

Here, we present studies of the mechanical resonators with van der
Waals materials, such as hBN, on a SiN membrane. We map the spa-
tial mechanical modes of the freestanding and supported 2D materi-
als. Furthermore, we observe an optical nonlinearity in our high-finesse
fiber optic cavity setup, which could couple to the mechanical modes.
This result helps us understand the optomechanical coupling of the sys-
tem and leads the way for a hybrid quantum device by incorporating

quantum emitters in the system.

HL 18.9 Tue 12:15 POT/0051

Imaging GHz surface acoustic waves in epitaxial graphene

cavities — eMINGYUN YuaN!, ALBERTO HERNANDEZ-MINGUEZ!,
Yi-Tine Liou?, Jens Herrorr!, Joao M. J. Lores!, and
PauvLo V. Santos! — !Paul-Drude-Institut, Leibniz Institut im
Forschungsverbund e.V., Berlin, Germany — 2Otto-von-Guericke-

Universitat Magdeburg, Magdeburg, Germany

The imaging of sound has fascinated scientists and the public alike,
dating back to Chladni’s demonstrations in the 19th century. Nowa-
days, it is possible to image mechanical vibrations at the nanoscale,
enabling direct probing of propagation, scattering and diffraction for
high-frequency acoustic waves with short wavelengths. Here, we
present the imaging of GHz surface acoustic waves (SAWs) in an epi-
taxial monolayer graphene nanostructure, based on thermal decom-
position of SiC, using atomic-force microscopy (AFM). We observe a
near-perfect strain transfer that gives rise to rich acoustic patterns in
the phononic cavity formed by the graphene nanostructure. Further-
more, the enhanced acoustic intensity in the graphene region indicates
a waveguiding effect, with graphene serving as an atomically thin, em-
bedded shorting layer. Within the cavity, signatures of quantum chaos
are observed. The high spatial resolution of AFM enables the investi-
gation of SAW strain transferred onto 2D materials with high precision.
The results also demonstrate an epitaxial nanophononic platform for
both functional acoustic devices and fundamental studies of quantum
phenomena.

HL 18.10 Tue 12:30 POT/0051
Nonlinear vibrational dynamics locally probed by time-
resolved electron diffraction — eKa1 NETTERSHEIM!, ALEXANDER
ScHrODER!, and SascHA ScHAFERD2 — 1 Department of Physics, Uni-
versity of Regensburg, Regensburg, Germany — 2Regensburg Center
for Ultrafast Nanoscopy (RUN), Regensburg, Germany

Nonlinear dynamics of micro- and nanoscale electro-mechanical sys-
tems can be observed using electrical or optical methods. However,
these approaches are often limited in their spatial resolution, which
leaves the underlying mechanics only partially accessible. Recent ad-
vances in ultrafast electron microscopy (UTEM) enable the highly lo-
calized probing of nanoscale oscillators, allowing to retrieve detailed
information about their atomic structure and material defects.

Utilizing stroboscopic UTEM imaging techniques, we present the
characterization of nonlinear mode dynamics in free-standing silicon
membranes employing an event-based electron detector with nanosec-
ond temporal resolution [1]. The high-Q resonator is excited using an
optical pulse train driving the sample into the nonlinear regime. Due
to the use of event-based converged electron beam diffraction (CBED),
phase-accurate measurements of the nanoscale structural motion are
provided. Whereas at weak driving, the oscillator displays a simple
Duffing-type bistability, higher harmonic overtones as well as period
doubling dynamics emerge at higher driving amplitudes.

[1] A. Schréder et al., Ultramicroscopy 256, 113881 (2024)

HL 19: Graphene: Growth, structure and substrate interaction (joint session O/HL)

Time: Tuesday 10:30-12:30

Invited Talk HL 19.1 Tue 10:30 HSZ/0201
During-synthesis functionalization of graphene layers —
oCRISTINA AFRICH — CNR-IOM, Trieste, Italy

Introducing heteroatoms into graphene is a powerful way to modu-
late its catalytic, electronic, and magnetic properties. During the last
decade, we developed a clean and scalable functionalization strategy
that exploits the sponge-like properties of nickel substrates as well as
the catalytic role played by transition metal (TM) single atoms at
graphene edges during Chemical Vapor Deposition synthesis [1]. Fol-
lowing this route, it is possible to grow N-doped, B-doped and TM-
doped graphene as well as co-doped layers [2,3,4]. The potential of the
functionalized networks for sensing and, as a perspective, for catalysis,
was evaluated by monitoring their response upon gas exposure [5,6].
[1] C. Africh, M. Peressi and G. Comelli, Surf. Sci. 753, 122652
(2025). [2] S. Fiori et al., Carbon 171, 704-710 (2021). [3] S. Patil
et al., Surf. Interfaces 51, 104700 (2024). [4] V. Chesnyak et al., Sci.
Adv. 10, eado8956 (2024). [5] D. Perilli, S. Fiori et al., J. Phys. Chem.
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Lett. 11 8887-8892 (2020). [6] D. Perilli, V. Chesnyak et al., Angew.
Chem. Int. Ed. 64, 202421757 (2025).

HL 19.2 Tue 11:00 HSZ/0201
Heterotriangulene Kagome Graphene Films: Growth and Ef-
fect of Kinetic Reaction Parameters — eWvyarT BEHN!, SiMON
BrieseNIck!, CHANG WAN Kang2, MANUEL GONZALEZ-LASTRE?,
PasLo Pou®, RuséN PErez3, DmyTRO PEREPICHKAZ, and PETER
GruTTER! — 'Dept. of Physics, McGill — 2?Dept. of Chemistry,

McGill — 3Universidad Auténoma de Madrid

Nanoporous graphenes featuring Kagome lattices formed by hetero-
triangulene units continue to attract interest for their correlated elec-
tronic properties. Their symmetry gives rise to flat bands and Dirac
cones [1,2]. Covalent organic frameworks (COFs) like these are often
synthesized by surface-assisted Ullmann coupling, and are susceptible
to defects such as voids, irregular-sided linkages, and limited grain
sizes of around 100 nm [3,4]. We perform a series of polymerizations
over a range of sample temperatures (180-250 C) for tribromo- and
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trilodotrioxaazatriangulene precursors on the Au(111) surface. Using
scanning tunneling microscopy (STM) and non-contact atomic force
microscopy (nc-AFM) we interrogate how deposition conditions and
choice of halogen affect the final polymer film quality, which we quan-
tify using minimum spanning tree and persistent homology approaches.
We also investigate the prevalence of halogenated edge terminations
and of undesired organometallic intermediates. Experimental results
are complemented by simulated STM and nc-AFM analyses. [1] C.
Steiner, et al. Nat. Commun. 8, 14765 (2017). [2] G. Galeotti, et al.
Nat. Mater. 19 (2020). [3] M. Lackinger, Chem. Commun. 53 7872
(2017). [4] T. Qin, et al. Commun. Chem. 7 154 (2024).

HL 19.3 Tue 11:15 HSZ/0201
Defect-Driven Formation of Distinct 2D-Ag Phases at
the Graphene/SiC Interface — eSawani Dartal, Bovanc
Zuenc?, ArpiT Jain2?, ViBHa Reppy!, Karsrin KUsTErR!, Jos-
HUA A. Rosinson?, ViNceENT H. Crespi? und ULRICH STARKE! —
IMax-Planck-Institut fiir Festkérperforschung, Stuttgart, Germany —

2Pennsylvania State University, State College, USA

Intercalation of two-dimensional (2D) materials at the graphene/SiC
interface is important for improving environmental stability of the in-
tercalant and tuning graphene’s electronic properties. However, the un-
derlying mechanisms remain complex and are still not fully understood.
In this study, we show that by modifying the intercalation process, spe-
cifically through defect engineering, it is possible to selectively stabilize
two distinct phases of intercalated silver (Ag). The previously establis-
hed phase (Agi1) aligns with nearly (1x1) registry of SiC [1, 2], while
the second phase (Agz) develops a denser (3v/3x3+v/3) R30° superstruc-
ture on a (5x5) SiC unit cell, producing a 6.25x6.25 Moiré pattern
with respect to graphene, as seen in the low energy diffraction (LEED)
pattern [2]. Angle-resolved photoemission spectroscopy (ARPES) re-
veals a striking kaleidoscopic modulation of the Agy and graphene
bands, absent in Ag;, along with notable differences in charge trans-
fer between the two phases. These results demonstrate that defect-
controlled, phase-selective intercalation offers a promising pathway to
design and explore exotic 2D electronic states at graphene/SiC inter-
faces. [1] PRB 101, 201407(R) (2020). [2] arXiv:2511.07151v1 (2025).

HL 19.4 Tue 11:30 HSZ/0201
Strain-Induced 2D Pb phases confined between graphene
and SiC — eSercu Sorocusl2, Markus GruscuwITz!, ZAMIN
Mamiev!, CHiTraN GuosaLl, and CHrisTOPH TEGENKAMP!
Hnstitut fiir Physik, TU Chemnitz, Reichenhainer Str. 70, 09126
Chemnitz — 2Institute of Physics, NAS of Ukraine, Nauki avenue 46,

03028 Kyiv

The intercalation of metals beneath graphene offers a powerful route
to stabilizing and protecting novel 2D phases. We performed a de-
tailed intercalation study of Pb beneath the ZLG on SiC(0001) using
low-energy electron diffraction (at the temperatures from 70 to 600°
C) as well as scanning electron and tunneling microscopy [1]. Our
analysis reveals the formation of different 2D Pb monolayer phases,
such as stripes and hexagons, which emerge due to the interplay be-
tween substrate pinning and strain within the Pb layer, depending on
local coverage. The interface reconstruction of Pb was shown can be
tuned by varying the details of the intercalation protocol. Based on
our experiments combined with recent simulations [2], an intercala-
tion model, accounting for the different periodicities observed in the
interface layer, was proposed. These findings provide new insights into
the strain-driven stabilization of intercalated metal layers and high-
light the potential of graphene as a versatile platform for engineering
low-dimensional materials.

[1] Adv. Mater. Interfaces 12, no. 21: e00617 (2025); [2] Appl. Surf.
Sci. 681, 161572 (2025).

HL 19.5 Tue 11:45 HSZ/0201

in graphene on Ru(0001) — Paura
2,3

Strain engineering
Garcia-MocHALEs! and eANTONIO J. MARTINEzZ-GALERAL:
Departamento de Fisica de Materiales, Universidad Auténoma de
Madrid, E-28049 Madrid, Spain — 2Condensed Matter Physics Center
(IFIMAC), Universidad Autéonoma de Madrid, E-28049 Madrid, Spain
— 3Instituto Nicolas Cabrera, Universidad Auténoma de Madrid, E-
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28049 Madrid, Spain

The ability to induce and characterize strain in the atomic lattice of
2D materials, localized within only a few nanometers around specific
positions, is a major challenge for the development of straintronics.
In this work, the interaction between Si nanoparticles and the sur-
face of graphene/Ru(0001) is employed to induce local strain in the
latter. The strain field has been mapped at the nanoscale by scan-
ning tunneling microscopy (STM), using the moiré pattern intrinsic
to graphene/Ru(0001) surfaces as a magnifying lens. The induced
strain is found to be confined within only a few nanometers around
each nanoparticle. To achieve more accurate control, strain engineer-
ing at the nanometer scale was successfully performed by manipulating
nanoparticles through the STM tip. This approach to controlled strain
could provide a key tool for exploring new physics arising by strain in
2D materials.

Reference:

P. Garcia-Mochales and A. J. Martinez-Galera, Nano Lett.
16097-16103 (2025).

25,

HL 19.6 Tue 12:00 HSZ/0201
Subsurface carbon controls graphene growth on Ir(111) —
eSMRUTI RANJAN MoHANTY, LOTHAR BRENDEL, MARKO KRIEGEL,
NieLs GANSER, Frank-JoacHIM MEYER zu HERINGDORF, and
MicHAEL HorN-voN HoEGEN — Faculty of Physics, University of
Duisburg-Essen, 47057 Duisburg, Germany

The CVD growth of 2D materials is governed by a balance between
adsorption, surface diffusion, and nucleation. For transition metal
substrates, dissolution into the bulk acts as an additional parameter.
By employing in-operando low-energy electron microscopy (LEEM) to
monitor graphene growth on Ir(111), the effect of the growth tempera-
ture and the precursor pressure on the nucleation behavior is studied.
The island nucleation density exhibits two distinct regimes, described
as separate cases within Venables nucleation theory [1]. For a critical
nucleus size i* = 5, low dosing pressures yield a low nucleation density
that is governed by incomplete condensation with a scaling exponent
of 2.5. At higher-dosing pressures, adsorptions at island edges dom-
inate over the adatoms loss into the substrate, resulting in a higher
nucleation density and a strongly reduced scaling exponent. Kinetic
Monte Carlo simulations that incorporate bulk dissolution reveal both
nucleation regimes and find a universal, temperature-independent scal-
ing law. The results indicate a universal nucleation behavior for 2D
materials with finite, non-negligible solubility in the supporting metal
substrate.
[1] J A Venables et al 1984 Rep. Prog. Phys. 47 399

HL 19.7 Tue 12:15 HSZ/0201
Thermodynamics of heteroatom-doped graphene: Brute forc-
ing the partition function — eLukas HO&rmANN!2| BENEDICT
SAUNDERs!, and REINHARD J. MAURER!2 — 1 University of Warwick,
United Kingdom — 2University of Vienna, Austria

The introduction of dopants into graphene can be used to tune ma-
terial properties for specific applications, such as electronics, sen-
sors, or catalysis. Achieving such tunability requires precise control
over the composition and concentration of dopants within the lat-
tice. This demands a fundamental understanding of the thermody-
namics that govern the phase space of heteroatom superstructures
in the two-dimensional graphene framework. We present a compre-
hensive approach to determining dopant structures that enables the
near-exhaustive enumeration of all relevant heteroatom superstruc-
tures. The approach combines Density Functional Theory and ma-
chine learning to build a transferable energy model for dopant forma-
tion. Our method’s efficient data handling and fast inference enable
the evaluation of more than 150 million possible structures, allowing us
to effectively brute force the partition function and derive all thermo-
dynamic properties from it. We show the capabilities of our approach
for free-standing graphene doped with nitrogen atoms, establishing a
thermodynamic model to investigate how temperature affects the con-
figuration space of doped graphene. Our analysis yields physical in-
sights into defect interactions. We observe a characteristic peak in the
heat capacity, indicating an order-to-disorder transition, and present
a mechanistic understanding of how this peak arises.
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HL 20.1 Tue 18:00 P1
Defect-Mediated Electronic Reconstruction in Li-TFSI-
Passivated Layered Inl Crystals — eABDULSALAM AJl
SuLemman®2,  Arr  KararurLul3, and Avpan  YELTIK? —

IDepartment of Engineering Fundamental Sciences, Sivas Univer-
sity of Science and Technology, Sivas 58000, Tiirkiye — 2Sivas
Cumhuriyet University Nanophotonics Application and Research Cen-
ter (CUNAM), Sivas 58140, Tiirkiye — 3Institute of Materials Science
Nanotechnology, National Nanotechnology Research Center (UNAM),
Bilkent University, Ankara 06800, Tiirkiye — “4Department of Ma-
terial Science and Nanotechnology Engineering, TOBB University of
Economics and Technology, Ankara 06560, Ttirkiye

Layered indium iodide (Inl) is a van-der-Waals semiconductor whose
bandgap (1.6-2.8 €V) enables strong light-matter coupling but suf-
fers from iodine-vacancy defects that limit stability. Surface passiva-
tion with lithium bis(trifluoromethanesulfonyl)imide (Li-TFSI) mod-
ifies near-surface electrostatics and bonding, improving optical and
transport properties. Photoluminescence shows stronger emission and
longer carrier lifetimes, consistent with reduced non-radiative recom-
bination. Soft-X-ray absorption spectroscopy at the HESEB beamline
probes F, N, O, C K-edges and I M4,5-edges, revealing how TFSI-ions
coordination alters In-I bonding and orbital hybridization. These re-
sults link chemical passivation and defect energetics, outlining a route
to stable halide-based optoelectronic devices.

HL 20.2 Tue 18:00 P1
Tensor network methods for electron-hole complex in
nanoplatelets — eBruno HausmaNN and MARTEN RICHTER — In-
stitut fiir Physik und Astronomie, Technische Universitat Berlin, Ger-
many

Nanoplatelets are colloidally grown, atomically thin, rectangular semi-
conductor nanostructures. Excitons in nanoplatelets are solutions of
a four-dimensional Schrédinger equation. This is especially true as
the structure is in between the weak and strong confinement regimes.
Solving this equation is computationally expensive compared to the
typical two-dimensional Wannier equation under weak confinement.
Going beyond excitons to trions and biexcitons, the memory size of the
discretized wavefunctions grows exponentially with the particle num-
ber. Tensor network methods have successfully been applied to solve
high-dimensional eigenvalue problems. Here we adapt them to the
eigenvalue equation for excitons and trions by decomposing the real-
space wavefunctions into quantics tensor trains (QTT). Operators that
transform the indices, e.g. shift operators in finite differences, become
binary circuits, e.g. an addition network. We were able to compute
ground and excited states together with their energies for platelet di-
mensions between strong and weak confinement with a resolution (up
to 2048 grid points per dimension) infeasible to implement without
tensor networks. For illustration, eigenenergies, oscillator strengths,
and various wavefunction projections were calculated.

HL 20.3 Tue 18:00 P1
Markovian vs. Full Quantum-Kinetic Approach to Phonon-
Assisted Incoherent Exciton Formation in Atomically Thin
Semiconductors — eLEONARD SCHNEIDER, ANDREAS KNORR, and
HeNrY MITTENZWEY — Nichtlineare Optik und Quantenelektronik,
Institut fiir Physik und Astronomie, Technische Universitat Berlin,
Hardenbergstr. 36, 10623 Berlin, Germany

Excitonic coherence decay and incoherent exciton formation in atomi-
cally thin semiconductors such as monolayer transition metal dichalco-
genides are strongly influenced by the coupling between charge carriers
and lattice vibrations. Based on Heisenberg’s equations of motion, we
derive the microscopic dynamics of excitonic transitions and incoher-
ent exciton occupations coupled via phonon-assisted processes. For a
consistent quantum-kinetical approach, we go beyond the usual one-
phonon processes and include up to two-phonon-assisted and phonon-
population-assisted transitions, which corresponds to a truncation of
the hierarchy problem within a fourth-order Born approximation. We
numerically evaluate the full quantum kinetics for the dephasing- and
incoherent-exciton-generation dynamics and compare it to the corre-
sponding Markovian limit. The corresponding influence of memory
effects and multi-phonon processes is discussed in detail.

Poster |

34

Location: P1

HL 20.4 Tue 18:00 P1
Far- and near-field photoluminescence of interlayer excitons
in MoS2/WS2 heterostructures — eJoHANNES HoLTERS and RIS
NieHUEs — Institute of Physics, University of Miinster, Wilhelm-
Klemm-Str. 10, 48149 Miinster

Monolayers of transition-metal dichalcogenides show intense photolu-
minescence (PL) at room temperature due to their high exciton bind-
ing energies. Recently, heterostructures composed of two vertically
stacked monolayers have gained significant attention because of the
emergence of novel quantum phenomena within these materials. Of
particular interest are interlayer excitons, where, in contrast to in-
tralayer excitons, electron and hole reside in different layers of the
heterostructure. Strain, nanobubbles, Moiré effects and other local in-
homogeneities can localize the appearance of these interlayer excitons
to several nanometer. Here we use a scattering-type scanning near-
field microscope (s-SNOM) to investigate the photoluminescence (PL)
of interlayer excitons in a MoS2/WS2 heterostructure with a spatial
resolution below the diffraction limit. The obtained tip-enhanced PL
(TEPL) images are compared to standard confocal microscopy images.
Both intra- and interlayer excitons are visible in far- and near-field im-
ages. In the TEPL images an enhanced PL signal is observed in the
form of arcs around nanobubbles. These features can be assigned to
interference effects caused by the interaction of the far-field light with
the tip. Additionally, it is found that the intensity of the interlayer
exciton PL strongly depends on the polarization of the exciting laser
as well as the distance between tip and sample in the TEPL setup.

HL 20.5 Tue 18:00 P1
Optical Properties of CrSBr/TMD heterostructures —
eNicoLE EnceL!, Luc OswaLp!, Sar SHrapHA!, Lukas KRELLE!,
DARIA MARKINA', ZDENEK SOFER?, and BERNHARD URBASZEK! —
Hnstitute for Condensed Matter Physics, TU Darmstadt, Darmstadt,
Germany — 2Department of Inorganic Chemistry, University of Chem-
istry and Technology Prague, Czech Republic

Monolayer transition metal dichalcogenides (TMDs) exhibit several
fascinating properties. These characteristics can be further expanded
by creating heterostructures with CrSBr. CrSBr is an antiferromag-
netic semiconductor which exhibits promising magnetic interactions
with monolayer TMDs. The magnetic order of CrSBr influences the
optical properties of MoSes and WSeg, facilitating charge transfer pro-
cesses [1,2]. This work investigates CrSBr/TMD heterostructures us-
ing low-temperature optical spectroscopy with applied magnetic fields
to probe excitonic properties. Understanding the optical and valley
properties of CrSBr/TMD heterostructures will be relevant for the
development of spintronic and valleytronic devices and show a great
potential for light harvesting and enhancement of emission from 2D-
materials.

[1] C. Serati de Brito et. al., Nano Lett. 2023, 23, 11073-11081

[2] J. de Toledo et. al., Nano Lett. 2025, 25, 13212-13220

HL 20.6 Tue 18:00 P1
Optical Properties of Interlayer Excitons in Transition
Metal Dichalcogenide Heterostructures — eLuc FREDERIK
OswaLp!, Sar SHrapHAL, NicoLE EnceL!, JuLian FUHRER!, MD.
Tarik Hossain?, Lukas KRreLLe!, Daria MARKINA!, ANDREY
TurcHANINZ, and BERNHARD URBAszEK! — lInstitute for Condensed
Matter Physics, TU Darmstadt, Darmstadt, Germany — 2Institute for
Physical Chemistry, Friedrich Schiller University, Jena, Germany

Interlayer excitons (IXs) in van der Waals heterostructures arise from
electrons and holes confined in different monolayers, forming long-lived
quasi particles with strong spin-valley coupling. In MoSea /WSes2 sys-
tems, type-II band alignment and conduction-band splitting give rise
to multiple IX states whose optical signatures are highly sensitive to
temperature, lattice vibrations, and magnetic fields. This work inves-
tigates the optical response of an hBN-encapsulated, MoSes/WSes
lateral-vertical heterostructure grown via chemical vapour deposi-
tion (CVD). A combination of temperature-dependent photolumines-
cence, excitation-spectroscopy approaches, and magneto-optical mea-
surements is used to probe the formation, evolution, and valley prop-
erties of interlayer excitons in this hybrid geometry. Together, they
reveal characteristic interlayer emission features, their excitation path-
ways, and signatures of spin-layer hybridization.



Dresden 2026 — HL

Tuesday

HL 20.7 Tue 18:00 P1
Study of irradiation-induced deep-level defects in transition
metal dichalcogenides MX2 (M = Mo,W; X = S, Se) —
e ANDRII BoDNAR, Lukasz GeLczuk, and PAWEL ScHAROCH — De-
partament of Semiconductor Materials Engineering, Wroclaw Univer-
sity of Science and Technology, Wybrzeze Wyspianskiego 27, Wroclaw
50-370, Poland

This work presents comprehensive density functional theory (DFT)
calculations investigating native point defects in pristine and alpha-
particle-irradiated MX2 materials, where M represents Mo or W and
X represents S or Se. The calculations focused on identifying deep-
level defects and their charge transition levels, with subsequent exper-
imental validation through deep level transient spectroscopy (DLTS)
measurements. The satisfactory agreement between state-of-the-art
DFT-calculated defect levels and DLTS experiments confirmed the re-
liability of the computational methodology and enabled identification
of the origins of experimentally observed defect levels.

The validated DFT approach employing the HSE06 hybrid func-
tional, which accurately predicts band gaps and eliminates self-
interaction errors present in other approaches, was applied to calculate
charge transition levels of defects in bulk MXs that are experimentally
challenging to measure directly using DLTS. Using DFT-generated
data, deep-level defects induced by alpha-particle irradiation in bulk
MXs were identified and defect evolution under different irradiation
doses was tracked.

HL 20.8 Tue 18:00 P1
Influence of hBN encapsulation on the degradation pro-
cess of Hittorf phosphorus oMAXIMILIAN SCHARPEY!,
DaNIEL WicGeER?, NicorLas Pasusco®, IKER HERRERO®, RAINER
HiLLENBRAND?, and Iris Nienugs! — !Institute of Physics, University
of Miinster, Germany — 2Department of Physics, University of Miin-
ster, Germany — 3CIC nanoGUNE BRTA, Donostia-San Sebastian,
Spain

The van-der-Waals material Hittorf phosphorus (HP, violet phospho-
rus) has attracted increasing interest due to its promising semicon-
ducting properties including high charge carrier mobility, a tuneable
bandgap, and high optical absorption in the visible [1]. However, its
degradation poses significant challenges for device applications. Here,
we investigate the influence of hexagonal boron nitride encapsula-
tion on the optical properties of thin flakes of mechanically exfoliated
HP. By comparing photoluminescence and nanoscale Fourier trans-
form infrared spectroscopy of encapsulated and non-encapsulated HP
samples over a period of days, we gained insight on the degradation
process. In addition, we used scattering-type scanning near field op-
tical microscopy to localize the origin sites of degradation under the
encapsulation layer with a resolution beyond the diffraction limit.
These findings contribute to a deeper understanding of the degrada-
tion process of HP, which will play a crucial role in stabilizing this
material for future applications.

[1] Ahmad et al., Adv. Funct. Mater. 34, 2410723 (2024)

HL 20.9 Tue 18:00 P1
Graphene/WSe2 heterostructures for optical investigation of
proximity spin-orbit coupling — eERNsT KNOCKL, MATTHIAS
KLEIN, ALEXANDER HOLLEITNER, and CHRISTOPH KasTL — Walter
Schottky Institute, School of Natural Sciences, Technical University of
Munich

We investigate proximity-induced spin-orbit coupling (SOC) in
graphene/WSez heterostructures using the circular photogalvanic ef-
fect (CPGE) as a symmetry-selective, experimentally simple optical
probe of spin-valley-locked band textures [1]. By measuring helicity-
dependent photocurrents as a function of gate voltage, excitation
energy, and device geometry, we aim to disentangle Rashba and valley-
Zeeman SOC contributions and to extract their magnitude and sign as
a function of the graphene-WSes twist angle. A key requirement is the
fabrication of large, clean, and field-effect-gateable graphene/TMDC
heterostructures. To this end, we demonstrate a modified dry-transfer
process based on specifically prepaired polydimethylsiloxane (PDMS)
stamps [2]. We further determine the relative twist angle using Raman
spectroscopy and second-harmonic generation (SHG) spectroscopy.

[1] Kiemle, Jonas, et al. ACS nano 16.8, 12338-12344 (2022)
[2] Jain, A. et al. Nanotechnology 29.26, 265203 (2018)
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HL 20.10 Tue 18:00 P1
Transport measurements in thin layers of HfTes; — eFREDDY
Sack!, CurisToPHER BELKE!, Sonsa LocMELis?, Lina BockHORN!,
and RoLr J. Haug! — llnstitut fiir Festkérperphysik, Leibniz Uni-
versitdt Hannover, 30167 Hannover, Germany — 2Institut fiir Anor-

ganische Chemie, Leibniz Universitat, 30167 Hannover, Germany

Hafnium pentatelluride (HfTes) gained interest due to its topological
insulator behavior and the pronounced anisotropy arising from highly
disparate electron and hole masses. In recent works, a thickness de-
pendent band gap was observed [1]. In contrast to the small band gap
found in bulk HfTes, single layers are predicted to be quantum spin
hall insulator with a large band gap [1-4]. In this study, we investigate
temperature dependent transport properties of thin layers of HfTes
from 5 K to 270 K. Gate dependent measurements for different mag-
netic fields are utilized to characterize thin flakes with a thickness less
than 50 nm and to investigate the resistance anomaly.

[1] C. Belke et al., 2D Mater. 8, 0350292021 (2021)

[2] K.C Dogan et al., Nanoscale, 16, 11262 (2024)

[3] Ling-Xioa Zhao et al., Chinese Phys. Lett. 34 037102 (2017)

[4] Bo Fu et al., Phys. Rev. Lett. 125, 258801 (2020)

HL 20.11 Tue 18:00 P1
Spectroscopic Imaging Ellipsometry at Cryogenic Tem-
peratures Reveals Peak Splitting in 2D Polar Silver —
eULRICH LiMBERG!, JakoB HENz!, S1avasH RAJABPOURZ, ALEXAN-
DER VERAZ, ArRPIT JAINZ, JosHUA A. RoBINsONZ, SU YING QUEK3,
and UrsuLa WURSTBAUER! — lInstitute of Physics, Munster, Ger-
many — 2MatSE PennState, Pennsylvania, USA — 3Centre of Ad-
vanced 2D Materials, Signapore, Signapore

Two-dimensional (2D) polar metals are a new class of atomically thin
materials created by confinement heteroepitaxial growth, where metal-
lic species such as silver are intercalated between epitaxial graphene
and a 6H-SiC substrate [1]. Silver intercalation leads to two compet-
ing semiconducting monolayer phases, the metastable Ag(1) and the
stable Ag(2), each showing distinct opto-electronic behaviour [2].

Spectroscopic imaging ellipsometry (SIE) enables spatially resolved
analysis of the complex dielectric function of both phases. Using
temperature-dependent SIE from 5 K to room temperature, we in-
vestigate the modification of the linear light-matter interaction of 2D
polar Ag with temperature. At low temperatures, we detect a split-
ting of the characteristic absorption peak of Ag(2). The experimentally
determined dielectric function agrees well with theoretical predictions
[2].

[1] N. Briggs et al., Nat. Mater. 19.6, 637-643 (2020).

[2] A. Jain et al. in preparation (2025).

HL 20.12 Tue 18:00 P1
Structural and Electrical Characterization of Graphene
Thin Films from Dispersions — eYASAMAN JARRAHI ZADEH!,
LARs GREBENER?, SHAGHAYEGH POURDAHRANY?, MUHAMMAD ALI4,
NicHoras WiLsoN®, MoHANED HamMmaDp?, GUNTHER PRINz!, MAR-
TIN GELLER!, MicHAEL A. Popr®, WiLLiam Wona?3, HarrmuT
Wiccers?, Doris SeceTs?, and AXeEL Lorxke! — lFaculty of
Physics, and CENIDE, University of Duisburg-Essen, Germany —
2Institute for Energy and Materials Processes, and CENIDE, Univer-
sity of Duisburg-Essen, Germany — 3Department of Electrical and
Computer Engineering, and WIN, University of Waterloo, Canada —
4Institute for Combustion and Gas Dynamics, and CENIDE, Univer-
sity of Duisburg-Essen, Germany — ®Department of Chemical Engi-

neering, and WIN, University of Waterloo, Canada

Graphene powders were produced by microwave-plasma synthesis and
sonicated into ethanol or water with carboxymethyl cellulose (CMC) or
di-n-dodecyl dimethylammonium bromide (DDDA) stabilizers. Using
ultrasonic spray coating or Langmuir deposition, thin films were de-
posited on sapphire and characterized by SEM, Raman spectroscopy,
and transport measurements. Water-based CMC dispersions produced
the most uniform films. Raman spectra showed good structural quality
(judged by the intensity ratio Inp/Ig ~ 1.5). CMC-stabilized spray-
coated films (0.1 wt%) achieved the highest conductivity (2.5 mS) and
mobility (11 ¢cm?/V.s). DDDA films were more porous with lower
mobility, while multilayer Langmuir films reached higher mobility (19
cm?/V.s) but reduced conductivity.

HL 20.13 Tue 18:00 P1

Raman polarization switching in CrSBr — PrivyaANkA MonDAL!,

Daria MarkiNal, eLenNArRD Horpr!, Lukas KgreLLe!, Sar
4

SHRADHAL, JuLiaN KLEINZ?, MIkHAIL GLazov3, IANN GERBER?,
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KeviN Hacmann!, REGINE V. Kuirzineg', Ksenita MosINA®,

ZDENEK SOFER®, and BERNHARD UrBaszek! — lInstitute for Con-
densed Matter Physics, TU Darmstadt — 2Department of Materials
Science and Engineering, Massachusetts Institute of Technology —
3St. Petersburg, Russia — 4Université de Toulouse, INSA-CNRS-
UPS, LPCNO — ®Department of Inorganic Chemistry, University of
Chemistry and Technology Prague

1

In recent years, few-dimensional nanomaterials have sparked signifi-
cant interest within the solid-state research community due to their
novel properties and possible applications in quantum technologies.
Layered CrSBr has attracted particular interest due to its quasi 1D na-
ture, strong electron-phonon interaction and air-stability. This work
probes the optical anisotropy using polarization resolved photolumi-
nescence and Raman spectroscopy on mono and few-layer CrSBr.
These techniques are sensitive to the crystal orientation and reveal
the intricate dependence of phonon polarization on excitation energy.
Additionally, a clear thickness dependence of the electronic and vi-
brational properties is found. These results shed light on the com-
plex electron-phonon and photon-phonon interactions in CrSBr open-
ing new avenues for future application in optoelectronic devices.

HL 20.14 Tue 18:00 P1
Tuning carrier type and electrical properties of 2D alloy tran-
sistion metal dichalcogenides — e AXEL PRINTSCHLER, MD TARIK
Hossain, Nuar Lam Duong, JunLiaN PICKER, RAHUL SHARMA,
CHRISTOF NEUMANN, MUHAMMAD SUFYAN RAMZAN, CATERINA CoOcC-
cai, and ANDREY TURCHANIN — Friedrich Schiller University Jena,
Germany

Two-dimensional (2D) transition metal dichalcogenide (TMD) alloys
offer a powerful platform for engineering material properties beyond
the limitations of their constituents. Controlling the electronic charac-
teristics of TMDs is crucial for the development of advanced electronic
and optoelectronic devices and functional circuitry. This study fo-
cuses on the electronic properties of monolayer (VoW Mo1_z_y)S2
alloys synthesized via a liquid-precursor-based chemical vapor deposi-
tion (CVD) approach. We investigate the charge transport in these
materials using field-effect transistor (FET) devices. Our electrical
measurements demonstrate a controlled transition from n-type to p-
type semiconducting behavior, culminating in a metallic state for high
vanadium concentrations. This change is supported by density func-
tional theory (DFT) calculations. The tunability, directly correlated
with the alloy composition, provides a reliable strategy for tailoring
the electronic character of 2D TMDs and underscores their significant
potential for application in next-generation electronic devices.

HL 20.15 Tue 18:00 P1
Many-body effects and intervalley coupling mechanisms
in monolayer transition metal dichalcogenides — eOLEG
Docapov!h2, HENRY MITTENZWEYS, THoMAS DEeckerT?, MicoL
BerToLOTTI?, DANIELE BripA?, Crunio CreruLLo?®, ANDREAS
Kn~orr3, and SteErFaNO DAL CoNTE2 — !Fritz Haber Institute, Berlin,
Germany — 2Politecnico di Milano, Milan, Italy — 3Technische Uni-
versitit Berlin, Berlin, Germany — *University of Luxembourg, Lux-
embourg — SCNR-IFN Milan, Italy

The strongly bound excitons and the spin-valley locking effect make
monolayer (1L) transition metal dichalcogenides (TMDs) an ideal plat-
form to study intra- and intervalley many-body effects. Despite exten-
sive studies conducted during the last years, a unified description of the
competing many-body interactions and intervalley coupling processes
in 1L-TMDs is lacking. Here, we apply broadband helicity-resolved
transient absorption spectroscopy combined with a microscopic the-
ory based on the excitonic Bloch equations to investigate coherent
optical response and valley polarization dynamics in 1L-WSes. We
unambiguously unravel competing valley-dependent contributions of
two- and four-particle correlations to the coherent optical response of
the studied material. By exploring the valley (de)polarization dynam-
ics, we dissect the roles of individual intervalley coupling mechanisms,
including Coulomb exchange and Dexter-like interaction, as well as
phonon-assisted scattering, providing a consistent picture of the pro-
cesses governing spin-valley dynamics in 1L-TMDs.

HL 20.16 Tue 18:00 P1

Unconventional Nanopatterning of 2D Materials for Future

Nanoelectronics — eTawar CHEN''2, PooNaM BORHADE®, Ya-
Pine Hsien?, and Mario HorMmanN! — !Department of Physics,
National Taiwan University, Taipei, 10617 Taiwan — 2Institute of

Solid State Physics, Friedrich Schiller University Jena, Helmholtzweg
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3, 07743 Jena, Germany — S3Institute of Physics, Academia Sinica,
Taipei, 10617 Taiwan — 4Institute of Atomic and Molecular Sciences,
Academia Sinica, Taipei, 10617 Taiwan

Two-dimensional (2D) materials offer a promising pathway to surpass
the physical scaling limits of silicon-based electronics in the post-Moore
era. However, fabricating high-resolution nanofeatures on these mate-
rials using conventional photolithography is constrained by Rayleigh’s
diffraction limit and escalating processing costs. In this work, we
demonstrate nanopatterning techniques that overcome these limita-
tions. First, we utilize a self-expansion double patterning (SEDP)
process to generate nanometer-scale features through a self-limiting,
temperature-controlled oxidation mechanism, enabling the fabrication
of graphene nanoribbons with precise control. Second, to achieve high-
density patterning without standard lithography, we investigate the
formation of porous anodic aluminum oxide (AAO) via anodization,
successfully creating porous arrays with a diameter of 37 nm. Finally,
we discuss the physical mechanisms governing these formation pro-
cesses and their potential for the scalable, high-throughput fabrication
of next-generation 2D material devices.

HL 20.17 Tue 18:00 P1
Universality of Raman spectroscopy for determining twist
angle in diverse systems — ®ANa SeENki¢!, NicorLar LEONID
BaTtHEN?, THORSTEN DrILMANN!, HENDRIK LAMBERs', LaARA
Brinov!, ALEKSANDAR Matkovié?, and UrsuLa WURSTBAUER! —
Hnstitute of Physics, University of Miinster, Miinster, Germany —
2Israel Institute of Technology, Haifa, Isracl — 2Chair of Physics, De-
partment Physics, Mechanical Engineering, and Electrical Engineer-
ing, Montanuniversitdt Leoben, Leoben, Austria

Twisted bilayers of transition metal dichalcogenides form moiré super-
lattices, resulting in electronic moiré minibands [1]. Correlated phases
hosted in these structures are prone to twist disorder given by lateral
fluctuations of the moiré cell size [2]. We investigated this lateral twist
inhomogeneity on twisted WSe2 bilayers using comprehensive correla-
tive lateral force microscopy and Raman spectroscopy [3].

In this work, we expand the topic by investigating different
twisted systems: artificially stacked fully encapsulated WSe2 bilayers,
MoSe2/WSe2 hetero-bilayers and CVD-grown MoS2 bilayers. Moiré
phonon frequencies obtained from Raman spectroscopy maps are uti-
lized to determine the twist angle over micrometer-sized areas in
these systems. Additionally, Raman mapping facilitates fast and non-
destructive identification of homogeneous, high-quality regions in en-
capsulated and gated structures.

[1] N. Saigal, et. al., Phys. Rev. Lett. 133, 046902 (2024) [2]| S.
Shabani et al. Nat. Phys. 17, 720-725 (2021) [3] N.L. Bathen et al. in
preparation

HL 20.18 Tue 18:00 P1
Nonlinear in a CrSBr BIC metasurface —
eFaBIAN GraTz!, THOMAS WEBER?, TiLL WEICKHARDT', Luca
SorTiNo?, ANDREAS TriTTL?, and GIANCARLO Soavi' — !Friedrich
Schiller University Jena — 2Ludwig Maximilians University of Mu-
nich

interference

The active electrical [1] and all-optical [2] modulation of the nonlin-
ear optical (NLO) response of layered materials has attracted great
interest for nanophotonic applications. Ferroic layered materials, such
as CrSBr, offer an alternative and powerful approach for NLO tun-
ing thanks to temperature-dependent phase transitions [3]. Here, we
present a new method where NLO modulation arises from interfer-
ence effects between bound states in the continuum (BIC) resonances
and the bulk NLO susceptibility of a CrSBr nanophotonic device. To
achieve this, we patterned exfoliated CrSBr flakes into metasurfaces
that exhibit BICs and investigated their NLO response. By varying
the dimensions of the metasurface, we obtain direct control over the
energy, linewidth and Q-factor of the BIC resonances [4]. When the
energy of the BIC resonance is close to that of the CrSBr exciton,
we further observe a strong modulation in third harmonic generation
(THG), characterized by both constructive and destructive interfer-
ence depending on the energy of the emitted TH signal. These results
allow us to retrieve the real and imaginary parts of the BIC-resonance,
and they further demonstrate a new powerful approach for NLO engi-
neering at the nanoscale. [1] Soavi et al. Nat. Nanotech. 13, (2018).
[2] Klimmer et al. Nat. Photon. 15, (2021). [8] Wang et al. Nat.
Com. 14, (2023). [4] Weber et al. Nat. Mater. 22, (2023).

HL 20.19 Tue 18:00 P1

Surface acoustic wave spectroscopy on low dimensional semi-
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conductor materials — ePaAuL HoLLATz, FELIX EHRING, PAROMITA
BuarTACHARJEE, EMELINE NYSTEN, and HUBERT KRENNER — Inti-
tute of Physics, University of Miinster, Germany

For future technologies, low-dimensional quantum materials such as
2D transition metal dichalcogenides (TMDCs), 1D Nanowires, or 0D
Quantum Dots (QDs) are of highest relevance.

Studying the properties of such semiconductor nanomaterials can
be achieved by various methods, including the combination of surface
acoustic wave (SAW) spectroscopy and photoluminescence (PL) mea-
surements, which provides unique access to carrier dynamics.

In this approach, SAWs operating in the MHz to GHz regime enable
on-chip integration due to their micro- to nanometer wavelengths.

Here, we show that interaction of a SAW with co-integrated mate-
rials via its strain and the electrical field enables contact-free sensing
and manipulation of their optical properties.

When combined with time-integrated and time-resolved PL mea-
surements, it reveals excitation pathways and charge-carrier behaviour,
offering deeper insight into the fundamental processes that govern
these materials and paving the way for advanced optoelectronic ap-
plications.

HL 20.20 Tue 18:00 P1
Interfacial Electronic Coupling in WS2-PyMACI] van der
Waals Heterostructures — eMoHAMMED ADEL Arvl?2, Do-
MINIK Mutn®, BeTTINA WaGNER?, MARTIN Kocu?, JoHANNA
Heine?, and MARINA GERHARD® — lInstitute of Physics and Cen-
ter for Nanotechnology, University of Miinster, 48149 Miinster, Ger-
many — 2Department of Physics and Marburg Centre for Quan-
tum Materials and Sustainable Technologies, Semiconductor Pho-
tonics Group, Philipps-Universitdt Marburg, 35032 Marburg, Ger-
many — 3Department of Physics and Marburg Centre for Quantum
Materials and Sustainable Technologies, Semiconductor Spectroscopy
Group, Philipps-Universitat Marburg, 35032 Marburg — 4Department
of Chemistry and Marburg Centre for Quantum Materials and Sus-
tainable Technologies, Philipps-Universitdt Marburg, 35032 Marburg,
Germany

Interfacial coupling in mixed van der Waals systems enables tuning of
the optical response of 2D semiconductors. We investigate heterostruc-
tures based on monolayer WS2 and few-layer organic crystalline pyren-
emethylammonium chloride (PyMACI). Time-resolved photolumines-
cence shows a pronounced shortening of the PyMAC] emission lifetime,
indicating efficient interfacial coupling. Polarization-resolved measure-
ments show a clear polarization anisotropy in WS2 within the het-
erostructure, pointing to symmetry breaking induced by the organic
crystal. These observations demonstrate electronic coupling across the
interface and highlight ionic organic crystals as functional substrates
for tailoring excitonic behavior in 2D materials.

HL 20.21 Tue 18:00 P1
Optical Properties of a Transition-metal Dichalcogenide -
ZnO Nanowire Field-effect Transistor — eYasuvi BuLsaral,
MaxiMiLIAN TomoscHerT!, Omip Guaesl!, Epwin EosaLpr!,
CARSTEN RonNING!, and GiaNncaRLo Soavit2 — lInstitute of Solid
State Physics, University of Jena — 2Abbe Center of Photonics, Uni-

versity of Jena

Transition-metal dichalcogenide (TMD) monolayers combined with
zinc-oxide (ZnO) nanowires (NW) represent a promising platform for
electrically tunable nanophotonic devices. ZnO NWs can be used as
nanoscale lasers, supporting waveguiding, field amplification and be-
ing the gain medium at the same time. A further major step towards
the success and broad applicability of NW lasers, is the possibility to
actively tune their laser properties via external stimuli, such as the
piezo-electric effect[1]. Recently, we have demonstrated that coupling
of ZnO NWs to monolayer TMDs leads to an increase of the lasing
intensity threshold|2|. Building on this approach, in this poster I will
propose a device where the laser emission of a ZnO NW can be elec-
trically tuned by coupling it to a TMD based field-effect transistor.
Besides the main idea and device architecture, I will present prelimi-
nary results of device fabrication and characterization.

[1] M. Zapf, Nano Lett., 2017, 17 (11), 6637-6643

[2] E. Eobaldt, Nanoscale, 2022,14, 6822-6829.

HL 20.22 Tue 18:00 P1
Optical Properties of Het-Irradiated CrSBr — eALISON
PrisTER!, DARIA MARKINA!, SHENGQIANG ZHOU2?, REGINE VON
Kurrzing!, Ksenita Mosina®, ZpeENEK SoFER?, and BERNHARD
TU

Urbaszek! — llnstitute for Condensed Matter Physics,
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Darmstadt, Hochschulstrae 6-8, D-64289 Darmstadt, Germany
— 2Helmholtz-Zentrum Dresden-Rossendorf, Institute of Ion Beam
Physics and Materials Research, Bautzner Landstrafie 400, 01328 Dres-
den, Germany — 3Department of Inorganic Chemistry, University of
Chemistry and Technology Prague, Technicka 5, 166 28 Prague 6,
Czech Republic

CrSBr, a van der Waals layered magnet, exhibits rich interactions
among quasiparticles, involving photons, excitons, and spins. Al-
though antiferromagnetic in its bulk pristine form with ferromagnetic
intralayer order, irradiation with HeT ions drives CrSBr into a fer-
romagnetic state, enabling novel optical behaviour without applying
an external magnetic field. We probe the optical response using
polarization-resolved Raman spectroscopy together with absorption
and photoluminescence excitation (PLE) measurements. Pronounced
changes in Raman intensity and polarization alongside marked varia-
tions in absorption near the Curie temperature, and resonant features
in PLE spectra were observed. Analysis of Raman tensor evolution and
anomalous temperature-dependent behaviour of excitons in absorption
highlights intricate coupling between lattice, electronic, and magnetic
states, positioning CrSBr as an attractive platform for exploring quasi-
particle physics in 2D magnets and related quantum technologies.

HL 20.23 Tue 18:00 P1
Creating Chalcogenide Aeromaterials through Atomic Layer
Deposition — eVLiapimiR CioBANU', ALEJANDRA Ruiz-CLaviio?,
Tupor BRraNisTE!, SEBAsTIAN LEHMANNZ, NikrLas WOoLFF?,
DoncHO SHINZ, Epuarp MonNaicol, RAINER ADELUNG®, LORENZ
KienLe?, KorneLius NieLsca?, and Ion Ticinvanu! — !Technical
University of Moldova, Chisinau, Moldova — 2Leibniz Institute of
Solid State and Materials Research, Dresden, Germany — 3Kiel Uni-

versity, Kiel, Germany

In this work, we report the development of SnS2 and SnSe2 aeromate-
rials synthesized via ALD on sacrificial ZnO microtetrapod templates.
The ALD process enables conformal coating of the 3D ZnO microte-
trapod network with precise thickness control. The resulting SnS2
and SnSe2 shells retain the original tetrapodal morphology after se-
lective ZnO removal in acid, forming a hollow microtubular structure
with the wall thickness of about 50 nm and very high porosity. Struc-
tural characterization by XRD revealed that the as-deposited films are
amorphous, while post-deposition annealing in a S or Se atmosphere
at 250 °C induces crystallization of SnS2 or SnSe2. SEM demon-
strated uniform coverage and preservation of the porous aeromaterial
network. TEM revealed the presence of SnSx or SnSex phases with
multidomain. These results highlight the capability of ALD to fabri-
cate crystalline, compositionally controlled, and geometrically complex
chalcogenide aeromaterials with strong potential for photoactive and
catalytic applications. Acknowledgements: We thank the BMFTR and
NARD for the funding of ProMoMo project DEHYCONA.

HL 20.24 Tue 18:00 P1
Creating Chalcogenide Aeromaterials through Atomic Layer
Deposition — eVrapmmir CioBaNu!, ALEJIANDRA Ruiz-CLaviio?,
Tupor BranisTe!, SeBasTiIAN LEHMANN2, NikLAs WOLFF3,
DongHo SHIN?, Epuarp MonNaico!, RAINER ADELUNG3, LORENZ
KienLe?, KorneLIUs NieLsca?, and Ton Ticinyanu! — 1Technical
University of Moldova, Chisinau, Moldova — 2Leibniz Institute of
Solid State and Materials Research, Dresden, Germany — 3Kiel Uni-
versity, Kiel, Germany

In this work, we report the development of SnS2 and SnSe2 aeromate-
rials synthesized via ALD on sacrificial ZnO microtetrapod templates.
The ALD process enables conformal coating of the 3D ZnO microte-
trapod network with precise thickness control. The resulting SnS2 and
SnSe2 shells retain the original tetrapodal morphology after selective
ZnO removal in acid, forming a hollow microtubular structure with the
wall thickness of about 50 nm and exceptionally high porosity. Struc-
tural characterization by XRD revealed that the as-deposited films are
amorphous, while post-deposition annealing in a S or Se atmosphere
at 250 °C induces crystallization of SnS2 or SnSe2. SEM demon-
strated uniform coverage and preservation of the porous aeromaterial
network. TEM revealed the presence of SnSx or SnSex phases with
multidomain. These results highlight the capability of ALD to fabri-
cate crystalline, compositionally controlled, and geometrically complex
chalcogenide aeromaterials with strong potential for photoactive and
catalytic applications. Acknowledgements: We thank the BMFTR and
NARD for the funding of ProMoMo project DEHYCONA.

HL 20.25 Tue 18:00 P1
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Investigating few-layer 3R-MoS2 on top of laser-written
waveguides — eELisaABETH GRUNE!, ALINA ScHUBERT!, KARO-
LINE BEckerR!, Rico ScHwarrz!, ANDREAS THIES?, ALEXANDER
SzamerT!, Takasur TanicucHr®], KeNj1 WATANABES, MATTHIAS
HeinricH!, and Tosias Korn! — lInsitute of Physics, University
of Rostock, Rostock, Germany — 2Ferdinand-Braun-Institut, Leibniz-
Institut fiir Héchstfrequenztechnik, Berlin, Germany — 3National In-
stitute for Material Science, Tsukuba, Japan

The properties of 3R-MoSs, ranging from photoluminescence to
second-harmonic generation, have attracted increasing scientific inter-
est in recent years. Our goal is to couple these optical properties
evanescently to an laser-written optical waveguide running along the
substrate’s surface. As a first step, we manufactured a system contain-
ing an hBN-encapsulated few-layer 3R-MoS» flake on top of a surface
waveguide and investigated its photoluminescence signal in several op-
tical geometries at room temperature as well as under cryogenic condi-
tions. We find that when exciting the sample from above, the waveg-
uide itself emits an unexpectedly high background fluorescence signal
compared to the 3R-MoS; flake. We also use the waveguide itself to ex-
cite the flake, yet find that the previous fluorescence also dominates the
spectrum. We discuss strategies for mitigating improving the present
structures.

HL 20.26 Tue 18:00 P1
Transport simulations of bilayer graphene/WSey electron-
hole double quantum dots with spin-orbit coupling —
oeNikiTa BErRG!:2, HUuBERT DuLIiscu!2, RoxaNna ANcHELY}'2, SIMONE
Sorcrul2, CurisTiaAN Vork!2, and CHRISTOPH STAMPFER!:?
1JARA-FIT and 2nd Institute of Physics, RWTH Aachen University

— 2Peter Griinberg Institute (PGI-9), Forschungszentrum Jiilich

The electron-hole (e-h) symmetry in bilayer graphene (BLG) gives
rise to robust spin-valley blockade in double quantum dots (DQDs)
operated in the e-h regime. This enables the system to serve as a
sensitive probe for blockade-breaking mechanisms. BLG/WSez het-
erostructures offer electrostatic tunability of proximity-induced spin-
orbit coupling (SOC) through the layer selectivity of the electron and
hole wave functions in BLG. In this system, one possible spin-blockade-
breaking mechanism arises from Rashba-type SOC, which can mediate
spin-flip tunneling between the dots.

We present a master-equation-based steady-state transport simula-
tion framework that accounts for coherence effects in e-h BLG double
quantum dots. Using this approach, we show that Rashba-mediated
spin-flip tunneling produces a distinctive dependence of the e-h block-
ade lifting on the angle of the applied in-plane magnetic field. This pre-
dicted angular dependence provides a clear and experimentally testable
signature of induced Rashba spin-orbit coupling in BLG/WSez het-
erostructures.

HL 20.27 Tue 18:00 P1
Active Fabri-Perot interferometer cavity stabilization for
high-resolution spectroscopy of low-light single-photon emit-
ters — oF. StecHEMESSER!, F. ScnaumBurg!, C. DirTrICcH?, H.
ManNEL!, A. Ropricuez?, J. Konig2, C. STEINER?, P. PEscH?, A.
Lorke!, G. Prinz!, M. GeLLER!, and A. KurzmaNN? — lFaculty
of Physics, University of Duisburg-Essen and CENIDE, Germany —
2Physikalisches Institut Fachgruppe Physik, Universitit zu Koln, Ger-
many — 3Fachgruppe Physik, RWTH Aachen, Germany

Single-photon emission from solid-state quantum emitters, such as
quantum dots and defects in 2D materials, with narrow linewidths is
one of the key ingredients for future applications in quantum informa-
tion processing. In photoluminescence spectroscopy, the linewidths of
such emitters can be determined using a grating spectrometer. How-
ever, in resonance fluorescence and at low laser excitation intensity,
such spectrometers reach their limits regarding resolution and optical
sensitivity. We introduce an actively stabilized, narrow-linewidth (free
spectral range of 30 GHz) Fabry-Perot interferometer (FPI) that is
stabilized using the light from a frequency-tunable diode laser. The
quantum emitter photons are sent through the FPI, which is scanned
across the emitter resonances. This approach enables measurements
on a single photon detector (APD) with extended integration times.
The single photon sensitivity of an APD can then be used to resolve
low-intensity optical resonances of the different quantum emitters with
a resolution down to 60 MHz. We show first results of single photon
emission from InAs quantum dots and defects in WSes monolayers.

HL 20.28 Tue 18:00 P1

Temperature-Dependent Studies of Interlayer Exciton in
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PbI2/WS2 Heterostructure — eToBias MANTHEI!, BHABANI
Sanool, Asay Kumar2, ABuisHEK Misra?, CHIRAG PALEKAR!, and
STEPHAN REITZENSTEIN! — lInstitut fiir Physik und Astronomie,
Technische Universitdt Berlin, Hardenbergstrasse 36, 10623 Berlin,
Germany — 2Department of Physics, Indian Institute of Technology
Madras, Chennai 600036, India; Center for 2D Materials Research and
Innovation, IIT Madras, Chennai 600036, India

We present temperature-dependent studies of interlayer exciton in
PbI2/WS2 heterostructure. The interlayer exciton formed in such het-
erostructures consist of electron and hole situated at gamma point in
Brillouin zone of respective materials. Hence these dipolar exction are
twist angle independent and momentum direct while emitting at room
temperature. Taking advantage of the stable nature of the interlayer
exciton we investigated radiative lifetime along with polarisation as
function of the temperature. We observe relatively long radiative life-
time at low temperature compared to room temperature. Furthermore,
we measured the polarisation of the interlayer exciton, which suggests
that the emission is elliptically polarised, with peak splitting occurring
at high temperatures. This provides insight into spin-valley dynamics.
Our studies establish solid foundation for further light-matter inter-
action experiments related to room temperature interlayer excitons
integrated in microcavity.

HL 20.29 Tue 18:00 P1
Effective Theory of Feshbach Resonances in Two-Dimensional
Semiconductors — eMaximMiLIAN WoLF and RICHARD SCHMIDT —
Institut fiir Theoretische Physik, Universitat Heidelberg, 69120 Hei-
delberg, Germany

Feshbach resonances in two-dimensional semiconductor bilayer sys-
tems have recently been demonstrated through experiments and first-
principles calculations. Motivated by these findings, we introduce an
effective model that captures the essential physics of these resonances.
We show how the model parameters can be fixed directly from exper-
imental data, enabling us to derive analytical scattering phase shifts
and propagators in the few-body limit. With these results, observables
at finite chemical potential can be computed using standard many-
body techniques. As an example, we evaluate the exciton absorption
spectrum in TMD materials and compare our predictions with exper-
imental observations.

HL 20.30 Tue 18:00 P1
Manipulation of hybrid interlayer excitons in homobilayer
MoS2 — ¢ ANKUR ARORA, MATHIAS FEDEROLF, ATANU PATRA, SUB-
HAMOY SAHOO, MoNIkKA EMMERLING, ANUJ KUMAR SINGH, SIMON
BEeTzoLD, and SVEN HOFLING — Lehrstuhl fiir Technische Physik,
Julius-Maximilians-Universitdt Wiirzburg, Wiirzburg, Germany

Van der Waals (vdW) heterostructures of transition metal dichalco-
genide materials provide a versatile platform for novel excitonic phe-
nomena. Homobilayer MoSs is particularly attractive, as its hybrid
interlayer excitons (hIX) possess a permanent dipole moment with
high oscillator strength, even at room temperature and exhibit tun-
ability via the quantum-confined Stark effect under an external DC
electric field. In this work, we investigated the optical properties of
hIX in homobilayer MoS2, which is electrically contacted with few-
layer graphene (FLG) and encapsulated in hexagonal boron nitride
(hBN). The hBN encapsulation improves the optical response by nar-
rowing the excitonic linewidths, revealing the effect of the dielectric
environment. By applying a vertical electric field, we show the Stark
splitting of the peaks of the hIX. The vdW heterostructure is trans-
ferred onto a distributed Bragg reflector (DBR) with pre-patterned
contacts forming a half-cavity design. This architecture serves as a
critical first step toward the fabrication of a full microcavity, enabling
the exploration of strong light-matter coupling. Our results pave the
way for electrically tuning these dipolar hIX polaritons inside a mi-
crocavity for fundamental studies on exciton condensates and exciton
polariton-induced superconductivity.

HL 20.31 Tue 18:00 P1
SH modulation in a TMD-graphene heterostructure — eRaja
Horrmann!, Lisa SucHoMEL!, OMID GHAEBI!, TiLL WEICKHARDT!,
and GIANCARLO Soavi':2 — 1Friedrich-Schiller-Universitit Jena, Ger-

many — 2Abbe Center of Photonics, Jena, Germany

One of the most fascinating properties of layered materials is arguably
the possibility to combine them in heterostructures with engineered
electronic and optical properties. In the field of nonlinear optics, a
clear example is the emergence of second harmonic generation (SHG)
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in layered heterostructures realized by combining centrosymmetric ma-
terials. In such samples, interface broken space inversion symmetry can
be engineered in different ways depending on the choice of materials
and twist angle. An interesting example, which has been investigated
recently in Ref.[1], are heterostructures composed of bilayer TMDs
and monolayer graphene. As charges move from the TMD into the
graphene, an imbalance between the bottom and top layers in the
TMD bilayer leads to breaking of the inversion symmetry.
Building on these previous seminal results, we further investigate a bi-
layer TMD-monolayer graphene gated device, focusing in particular on
both gate and all-optical tuneability of its engineered SHG. With this,
we aim to add another prototype sample to the growing list of non-
linear nanophotonic devices based on layered materials and displaying
ultrafast tunable optical properties [2,3].

[1] Zhang et al. Science Advances 9, 4571 (2023).

[2] Ghaebi et al. Advanced Science 11, 2401840 (2018).

[3] Klimmer et al. Nature Photonics 15, 837-842 (2021).

HL 20.32 Tue 18:00 P1
Electrical and optical studies of twisted graphene bilayers —
e ANSELM WATSCHKE, MoNicA KoLEK MARTINEZ DE AZAGRA, and
Tunomas WEITzZ — 1. Physikalisches Institut, University of Goettin-
gen

As a van der Waals heterostructure, twisted bilayer graphene shows
rich angle-dependent electronic behavior, including magic-angle su-
perconductivity [1] and near-30° interlayer decoupling [2], motivat-
ing efforts to tune its electrical properties through multiple degrees of
freedom. Furthermore, in situ quantum twisting microscope measure-
ments revealed the angle dependent tunneling current for small regions
of twisted bilayer graphene [3].

In this work, we fabricated devices incorporating a locally twisted
bilayer graphene region, enabling simultaneous investigation of the
off-angle regime and adjacent monolayer domains. Encapsulation in
hexagonal boron nitride was used to maintain the intrinsic behavior of
graphene, and vibrational and electronic properties were subsequently
examined through Raman spectroscopy and gate-tunable transport
measurements.

[1] Cao, Y., Fatemi, V., Fang, S. et al. Nature 556, 43*50 (2018).
https://doi.org/10.1038 /nature26160

[2] H. Schmidt, T. Ludtke, P. Barthold, E. McCann, V. I. Fal’ko,
R. J. Haug; Appl. Phys. Lett. 27 October 2008; 93 (17): 172108.
https://doi.org/10.1063/1.3012369

[3] Inbar, A., Birkbeck, J., Xiao, J. et al. Nature 614, 682*687
(2023). https://doi.org/10.1038/s41586-022-05685-y

HL 20.33 Tue 18:00 P1
Laser induced oxidation of thin layered MoS2 — eANIKETA
ANaMPALLY, GERHARD BEerRTH, Kraus Jons, and Henry HUB-
SCHMANN — Paderborn University, Germany

Transition metal dichalcogenides (TMDs) have gained great atten-
tion within the growing field of 2D materials. Due to their inherent
semiconductor properties, materials like molybdenum disulfide (MoS2)
have been implemented in many components of photonic and optoelec-
tronic devices [1,2]. Precise structural modification has been proven to
exhibit significant benefits to build tailored devices on the nanoscale
[3]. In this work nonlinear microscopy is utilized for in-situ probing and
laser oxidation of mechanically exfoliated 2H-MoS2. Precise locally re-
solved oxidation has been performed by second harmonic microscopy.
The arising layer number dependency of this treatment is investigated
further supported by polarization resolved analysis.

HL 20.34 Tue 18:00 P1
Optimization of quantum dot in nanowire for efficient emis-
sion in telecom spectral range — eTowmasz GzyLl, Giapa
Bucct?, VALENTINA ZANNIER?, PawEr. MRrowiNski!, ANNA Musiatr!,
ELisa GARciA-TABAREs®, ILEANA FLOREA?, BEATRIZ GALIANAS, Lu-
cia Sorsa?, WoiciecH RupNo-RupziNski', and GRzEGORz SEk!
— 1Wroctaw University of Science and Technology, 50-370 Wroctaw,
Poland — 2NEST Istituto Nanoscienze CNR and Scuola Normale Su-
periore, 56127 Pisa, Italy — 3Universidad Carlos IT1I de Madrid, 28903
Getafe, Spain — *CNRS-CHREA, 06560 Valbonne, France

One of the promising platforms for realization of a single photon source
emitting in telecom wavelengths is an InAs(P) quantum dot (QD)
embedded in a nanowire (NW), designed to enhance extraction effi-
ciency and directionality of QD emission. Chemical Beam Epitaxy
technique is employed to grow the QD within novel zinc-blende InP
NW or wurzite InAsP NW. Here, we present numerical simulations
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of the QD-NW system, using finite-difference time-domain method to
find optimal NW geometry for maximal extraction efficiency, within
numerical aperture of 0.4 used in experiment and taking into account
parameters space limited by the growth technology. To verify the
calculations and further guide the growth of optimized structures, we
performed micro-photoluminescence measurements as a function of ex-
citation power on samples with different composition and NW shell
diameter. The structural quality of the samples was confirmed using
Scanning Transmission Electron Microscopy with Energy Dispersive
X-ray Spectroscopy.

HL 20.35 Tue 18:00 P1
Electrostatic Inter-Layer Coupling Between Self-Assembled
Quantum Dot Layers — eJan Lange!, Lukas Bera!, LAURIN
Scunorr!, CHARLOTTE RoTHFUCHS-ENGELS?, NikoLal BART?, SEV-
ERIN KrUGER?, SVEN ScHOLz2, ARNE LUupwic?, ANDREAS WIECK?Z,
and Tuomas HrinzerL! — !Condensed Matter Physics Laboratory,
Heinrich Heine University, Diisseldorf, Germany — 2Lehrstuhl fiir
Angewandte Festkorperphysik, Ruhr-Universitdt, Bochum, Germany

In this study, transient capacitance spectroscopy is used to examine
the coupling between self-assembled quantum dots (SAQDs) - made
of InAs in a GaAs heterostructure - in spatially separated layers. A
rate equation model was developed, incorporating self-consistent band
bending calculations, to describe the impact of the inter-layer coupling
on the charge transfer processes. Here, also effects caused by the wet-
ting layer are described and included into the model. The findings
indicate that the coupling arises from the electrostatic field generated
by the charged quantum dots in the adjacent layer as well as charge
in a wetting layer, providing a quantitative explanation for the altered
electron capture and emission dynamics.

HL 20.36 Tue 18:00 P1
Illumination Response of Electron Capture and Emis-
sion Dynamics in Self-Assembled Quantum Dots — eTiLL
DraxiLiER!, Jan Lange!, Junia Avpeev!, Sven ScHoLz?, ARNE
Lupwic?, ANDREAs Wieck?, and THomas HeinzeL! — 'Condensed
Matter Physics Laboratory, Heinrich-Heine University Diisseldorf
— 2Lehrstuhl fiir Angewandte Festkorperphysik, Ruhr-Universitit
Bochum

InAs Self Assembled Quantum Dots (SAQDs) are nanoscale semicon-
ductor structures that confine charge carriers in all three spatial di-
mensions, leading to discrete, atom-like energy levels. Using Deep
Level Transient Spectroscopy (DLTS) the influence of infrared irradia-
tion with photon energies in respect to the bandgap energies of GaAs
and InAs on the electron transfer dynamics is studied. To maintain
a proper illumination of the SAQDs, semi-transparent NiCr Schottky
gates are manufactured instead of classical Au gate.

HL 20.37 Tue 18:00 P1
Optimized quantum dot emitters for telecom applications:
from growth to diode integration — eToBiAs BRUGGESSER, PON-
RAJ VI1JAYAN, PATRICK PIETRANTUONO, SERGEJ VOLLMER, PHILIPP
Noack, Justus A. UNFRIED, ULRICH PFISTER, MICHELLE WEISS,
SiMoNE L. PorraLupri, MicHAEL JETTER und PETER MICHLER —
Institut fiir Halbleiteroptik und Funktionelle Grenzflachen, University
of Stuttgart, Germany

Quantum communication and quantum computing applications re-
quire a reliable high-purity single photon source. Stranski-Krastanov
grown indium arsenide (InAs) quantum dots (QDs) are among the
most widely studied candidates, as they possess high purity, bright-
ness, and indistinguishability. When embedded in a GaAs semicon-
ductor matrix, these QDs emit in the near-infrared region (=~ 900 nm),
and this can be shifted to the technologically important telecom C-
band (1530-1565 nm) by introducing an InGaAs metamorphic buffer
(MMB) beneath the QDs to engineer the strain. Our group has pre-
viously developed a thin InGaAs MMB based on a non-linear grading
of the indium content with a so-called jump-convex-inverse (jci) de-
sign. This design is compatible with optical device fabrication, as it
can be incorporated into a high-quality 1A-cavity structure. In this
work, we present our approach towards integrating these telecom C-
band emitting InAs QDs into a p-i-n diode structure. Our goal is to
control the charge carrier environment of the QDs, improve their op-
tical properties, and achieve fine-tuning of the emission energy via the
quantum-confined Stark effect.

HL 20.38 Tue 18:00 P1

Design and optimization of photonic nanostructures for
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embedding GaAs quantum dots emitting at 780 nm —
eMRUNMAYEE DEODHAR!, PONRAJ V1JAYAN!, KATHARINA DAHLER!,
ULricH PrisTER!, MICHELLE WEIss!, MELINA PETER?, AILTON JOSE
GaRrcia Jr.2, THoMAs OBERLEITNER?, MICHAEL JETTER!, SIMONE
Luca PorraLupi!, ARMANDO RasTELLI?, and PETER MIcHLER! —
Mnstitut fiir Halbleiteroptik und Funktionelle Grenzflichen (IHFG),
Center for Integrated Quantum Science and Technology (IQST) and
SCoPE, University of Stuttgart, Allmandring 3, Germany — 2Institute
of Semiconductor and Solid State Physics, Johannes Kepler University
Linz, 4040 Linz, Austria

Droplet-etched GaAs quantum dots (QDs) are a promising source for
single and highly indistinguishable photons. Their optical properties
like a narrow wavelength distribution, short decay times, linewidths
close to the Fourier limit, and the resulting highly indistinguishable
photons make them highly appealing for several quantum technologies.
We demonstrate the integration of these QDs into photonic nanostruc-
tures such as single-mode waveguides, multimode interference splitters,
and Bragg grating waveguides. We also present simulations and de-
scribe the fabrication process used to realize these photonic nanostruc-
tures.

HL 20.39 Tue 18:00 P1
Auger-recombination in no-wetting layer InAs self-assembled
quantum dots — eM. Rasurvar!, H. ManneL!, F. RimeEx!, A.
Lupwic?, A. Lorke!, and M. GELLER! — Faculty of Physics and
CENIDE, University of Duisburg-Essen, 47057 Duisburg, Germany
— 2Lehrstuhl fiir Angewandte Festkoérperphysik, Ruhr-Universitit
Bochum, 44780 Bochum, Germany

The Auger-Meitner effect is a non-radiative recombination pathway
in which the energy of an electron-hole pair is transferred to a third
carrier. In colloidal quantum dots, this mechanism is known to sup-
press radiative emission, while in self-assembled InAs/GaAs quantum
dots, both non-radiative Auger processes [1] and radiative Auger-like
channels [2] have been reported. However, as Auger recombination is a
dephasing effect in quantum dot-based single-photon devices, we study
the influence of the confining potential on the non-radiative Auger re-
combination rate.

We investigate the Auger-Meitner dynamics in a no-wetting layer
quantum dot incorporated in a gate-tunable p-i-n diode. Under res-
onant excitation of the trion transition, we observe a pronounced
quenching of the resonance-fluorescence signal. The intensity reduction
is quantitatively explained by the competition between the electron
emission rate and the electron tunneling-in rate. The Auger recombi-
nation rate is in the order of 1 us~! and in accordance with previous
measurements with a rate of v, = 2.3 us~! [1]. [1]A. Kurzmann et al.,
Nano Lett. 16, 3367 (2016). [2]M. Lobl et al., Nat. Nanotechnol. 15,
558-562 (2020). [3]M. Lébl et al., Commun. Phys. 2, 93 (2019).

HL 20.40 Tue 18:00 P1
Single-electron charging events on double quantum dots in
InSb nanowires — eKani1 FuruTtal, Marcus LiEBMANN!, FENJA
THOMSEN!, Sasa GaziBecovic?, Diana Car?, Erik BAKKERs?, and
MARKUS MORGENSTERN! — 'II. Phys. Inst. B, RWTH Aachen Univ.,
Germany — 2Dept. of Appl. Phys., Eindhoven Univ., The Nether-
lands

As a step to develop a single-electron counting tip for a scanning tun-
neling microscope, we investigate the charge states of a double quan-
tum dot (DQD) formed in an InSb nanowire by monitoring the current
through a floating-gate-coupled sensor quantum dot (QD). The DQD
and sensor QD are defined electrostatically by bottom finger gates be-
low hexagonal boron nitride (h-BN) used as the gate dielectric. Time-
resolved measurements of the sensor QD current reveal single-electron
charging events in the DQD. The asymmetric capacitive coupling of
the floating gate allows us to identify which dot acquires an electron.
The time traces of the double quantum dot movement of individual
electrons are analyzed using full counting statistics, from which the
Fano factor and factorial cumulants [1] are extracted.
[1] P. Stegmann et al., Phys. Rev. B 92, 155413 (2015).

HL 20.41 Tue 18:00 P1
Towards a Quantitative Framework for Capacitance-Voltage
Spectroscopy in Quantum Dot Ensembles — ePHIL JULIEN
Bapural, Nico Fripgric Brospal, IsmaiL BoLUkBasi!, IBRAHIM
EnciN!, Parrick LINDNER!, SascHA RENE VALENTIN!, ANDREAS
Dirk Wikck!, BiorN SoTHMANNZ, and ARNE Lubpwic! — 'Fakultét
fir Physik und Astronomie, Experimentalphysik VI, Ruhr-Universitéat
Bochum, Bochum, Germany — 2Fakultét fiir Physik and CENIDE,
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Universitdt Duisburg-Essen, Lotharstrafe 1, D-47048 Duisburg, Ger-
many

This study investigates an inhomogeneous ensemble of quantum dots
coupled to a charge reservoir using capacitance-voltage spectroscopy.
Experimental measurements reveal shifts in capacitance peak posi-
tions influenced by AC frequency and temperature, with frequency-
dependent shifts remaining unexplained by existing models. To ad-
dress this, we develop a master-equation-based theoretical model in-
corporating energy-dependent tunneling effects, which successfully re-
produces the experimental data. Our findings emphasize the role of
energy-dependent tunneling in distinct regimes: at low temperatures,
energy-level dispersion dominates, while at high temperatures and fre-
quencies, shifts arise from optimized sequences of in- and out-tunneling
events.

HL 20.42 Tue 18:00 P1
Towards the integration of telecom C-band QDs into pho-
tonic integrated circuits — eMICHELLE WEIss, ULRICH PFISTER,
Ponras Visavan, SimoN OBERLE, JusTus UNFRIED, PHILIPP NOACK,
ToBiAs BRUGGESSER, SERGEJ VOLLMER, RAPHAEL Joos, MICHAEL
JETTER, SIMONE L. Porravrupi, and PETER MICHLER — Institut
fiir Halbleiteroptik und Funktionelle Grenzflichen (IHFG), University
of Stuttgart, Center for Integrated Quantum Science and Technology
(IQST) and SCoPE, University of Stuttgart, Allmandring 3, Germany

Photonic integrated circuits (PICs) pave the way to the realization of
several quantum technologies on a small footprint, which makes them
highly desirable for applications in quantum communication, comput-
ing, simulation and sensing. Silicon and silicon nitride are leading
materials for PICs due to the high quality optical components and low
optical propagation losses. Due to the indirect bandgap of silicon most
of the single-photon sources (SPSs) are based on probabilistic imple-
mentations. However, the probabilistic generation of the photons can
limit the scalability and requires the use of high laser powers, which is
a potential drawback regarding the integration of on-chip detectors. In
this regard, In(Ga)As quantum dots (QDs) are promising candidates
as on-demand SPSs with high single-photon purity. For their integra-
tion on low-loss PICs, several approaches already exist, like monolithic
integration techniques and hybrid approaches used for interfacing with
silicon-based platforms. We present the progress on various PIC in-
tegration techniques for InGaAs QDs grown on a metamorphic buffer
layer and so emitting in the telecom C-band.

HL 20.43 Tue 18:00 P1
Aharonov-Bohm interferometry with interacting quantum
dots — eOLIVER OING, ALEXANDER HaHN, JURGEN KONIG, and
FrReED HucHT — Theoretische Physik, Universitdt Duisburg-Essen

We describe an Aharonov-Bohm interferometer consisting of two leads
and two tunnel-coupled quantum dots with on-site Coulomb interac-
tion using first order perturbation theory in the tunnelling strength.
In earlier work, a diagrammatic approach was chosen. The complexity
of the diagrams for arbitrary parameters limited the calculations to
symmetric systems in energies and couplings. By developing a system-
atic routine in Mathematica to generate all possible diagrams, we can
explore a wider range of system configurations. Eleven system param-
eters can be arbitrarily tuned, namely the finite Coulomb interactions,
the quantum dot level energies as well as the tunneling strengths, mag-
netic flux, bias voltage and temperature, enabling us to describe both
symmetric and asymmetric systems. A finite bias voltage makes it pos-
sible to explore the non-linear response regime. The routine calculates
density matrix elements and uses these to obtain the occupations of
the quantum dots, the current and the conductance through the sys-
tem. With this, we compare to analytic results and numerically exact
results obtained with the TraSPI method [1].

[1] S. Mundinar, A. Hahn, J. Kénig, A. Hucht, Phys. Rev. B 106,
165427 (2022)

HL 20.44 Tue 18:00 P1
Characterization of Quantum Dots after Rapid Thermal An-
nealing in Photonic Layer Structures — eJaspeEr ULLRICH,
SEVERIN KRUGER, Erias KERrsTING, and ARNE Lupwic — Univer-
sitatsstrafte 150, Bochum 44801

Rapid thermal annealing (RTA) is an effective post-growth technique
for engineering the structural and optoelectronic properties of InGaAs
quantum dots (QDs). Short, high-temperature pulses induce con-
trolled interdiffusion that blueshifts the emission wavelength, reduces
inhomogeneous broadening, and modifies carrier confinement. In this
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work, we investigate how specific annealing conditions*temperature,
duration, and ambient environment*govern these changes and, in par-
ticular, how they influence the oscillator strength of confined excitonic
transitions. We expect to show that optimized RTA parameters sig-
nificantly enhance radiative coupling of QDs, leading to increased os-
cillator strength and faster emission dynamics. These results would
provide a systematic framework for tailoring the optical performance
of InGaAs QDs for quantum-light sources, high-speed emitters, and
infrared photonic devices.

HL 20.45 Tue 18:00 P1
Ohmic contact for charge tuning devices e KRUPALI
Dosarival, Towm Fanpricu!, Yitenc Zuanc!, Aruir
CHAKRABORTY!, SuLABH SHREsTHA!, Doaa ABDELBAREY!, EpDY P.
RuGERAMIGABO!, MICHAEL Zopr!:2, and Frr Ding!?2 — !Leibniz
Universitat Hannover Institut fiir Festkorperphysik, Appelstrafe 2,
30167 Hannover, Germany. — 2Leibniz Universitdt Hannover Labo-
ratorium fiir Nano- und Quantenengineering, Schneiderberg 39, 30167
Hannover, Germany.

Semiconductor quantum dots have shown unique properties as deter-
ministic single photon and entangled photon pair sources. Their out-
standing optical properties have the potential for use in quantum ap-
plications like quantum communication, quantum key distribution and
quantum computing. Nevertheless, due to the stochastic nature of the
self-assembly growth process, quantum dots typically emit photons
with a broad wavelength distribution across the entire chip, posing
challenges for applications requiring specific wavelengths. To address
this issue, various tuning techniques have been developed. Electrical
tuning, in particular, has emerged as an effective method for adjusting
the wavelength and mitigating charge noise in semiconductor quantum
dots. Here we study the impact of contact fabrication on the emission
properties of GaAs quantum dots. We aim to optimize the process
of forming ohmic contacts to n- and p-doped GaAs, placing special
emphasis on the selection of materials and the reduction of contact
resistance. The quality and performance of the electrical contacts are
evaluated through the photoluminescence characterization.

HL 20.46 Tue 18:00 P1
Mixed-dimensional Silicon Junctionless Nanowire Transis-
tors with Hexagonal Boron Nitride Gate Dielectrics —
e AnMmED EtwaKEEL!2, SAYANTAN GHOsH!'2, ALESSANDRO Puppul:2,
Mapnurl CHENNURD2, SLawoMmIR PrucNaLl, YORDAN GEORGIEV!,
AnmvMap EcHresu!, and Arrur ErBgel?2 I1Institute of Ion
Beam Physics and Materials Research, Helmholtz-Zentrum Dresden-
Rossendorf, 01328 Dresden, Germany — 2Technische Universitét Dres-

den, 01069 Dresden, Germany

The investigation of two-dimensional hexagonal boron nitride (hBN)
as a gate dielectric arises from the intrinsic limitations of conventional
oxide layers in aggressively scaled devices. Owing to its atomically thin
structure, excellent insulating characteristics, and inherently clean sur-
face free of dangling bonds, hBN enables improved electrostatic control
and effective channel passivation. In Junctionless Nanowire Transis-
tors (JNTs), which remain strong contenders for extending Moore’s
Law, the use of hBN offers the potential to suppress interface trap
states and enhance carrier transport. In this work, a top-down fab-
rication approach was employed to define the n-type doped silicon
nanowires (C = 1E19 cm-3). Two distinct JNT devices were prepared:
one with native oxide and another incorporating a thermally grown
oxide. Subsequently, exfoliated hBN flakes were dry-transferred onto
both samples as a gate dielectric. The hBN-integrated JNTs with ther-
mally grown oxide exhibited pronounced improvements in subthreshold
swing, on-state current, and the ION/IOFF ratio.

HL 20.47 Tue 18:00 P1
Importance of Aluminium Quality for High-Quality Quan-
tum Emitter — oSEVERIN KrUcER!'2, ErLias KersTing!, PHIL
Bapural, and ArNE Lupwic! 1Ruhr-Universitdt Bochum,

Bochum, Germany — 2Sparrow Quantum Aps, Copenhagen, Denmark

InAs quantum dots are regarded as excellent candidates for single
photon emitters due to their high photon rates, good single photon
properties, and compatibility with scalable and integratable photonic
platforms.

Despite remarkable progress for quantum dots emitting at 950 nm,
achieving the same results for quantum dots emitting in the impor-
tant optical fibre transparency window around 1.3 *m has remained a
major challenge.

Here we present a routine we used to monitor and improve the qual-
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ity of aluminium containing layers grown in our MBE. We find that
high quality Al in MBE significantly improves the interface quality and
smoothness of Al(Ga)As layers by reducting the surface roughness.

These improvements enabled the growth of pristine distributed
Bragg reflectors beneath a defect free, charge tunable quantum dot
device, emitting near transform-limited single photons in the O-band
at 1.3 um.

HL 20.48 Tue 18:00 P1
RoHS-Compliant Nanocrystal LEDs for Flexible Near-
Infrared Biomedical Emitters — eSmoN LEeTzer!, ANDREY
IopcHik?, RaBruL IsLam!, ViabpiMiR Lesnyak?, and CAROLINE
Murawski! — !Institute of Solid State Electronics, TU Dresden, Ger-

many — 2Physical Chemistry, TU Dresden, Germany

The near-infrared (NIR) biological window enables deep-tissue access
for non-invasive imaging and health monitoring. Wearable emitters
for this range require flexible and efficient materials, yet organic LEDs
lose performance above 850 nm. Colloidal nanocrystals (NCs) offer a
promising alternative for NIR emission, although most efficient systems
contain Hg, Cd, or Pb, restricting their use in biomedical settings. We
therefore investigate RoHS-compliant NCs for solution-processed NIR
emitters. As a baseline, we employed CdHgSe/CdZnS core/shell NCs,
which have already demonstrated strong performance in LEDs and
provide a reliable platform for optimizing device processing [1]. Film
quality is strongly influenced by concentration, solvent, dispense time,
spin profile, and baking conditions. High-boiling-point solvents pro-
duced uniform macroscopic films, while low-temperature baking and
high spin speeds improved nanoscale smoothness. Building on these
conditions, we fabricated our first RoHS-compliant devices based on
CulnS2/ZnS NCs. Processing parameters were refined for this mate-
rial, and different transport layers and device architectures were eval-
uated. These results demonstrate a viable path toward cadmium-free
NIR emitters for wearable biomedical sensors.
[1] Adv. Funct. Mater. 2024, 34, 2310067.

HL 20.49 Tue 18:00 P1
Stark Tuning of CsPbBr3 Quantum Dots — eCHRISTOPHER

BorcHERS!, JoHanN Dzeik!, MaxiMiLiaN HeLLER!, FREDERIK
BenTHIN!', EpDY RUGERAMIGABO!, CHENGLIAN ZHU?3, THOR
CHERNIUKHZ23, GABRIELE RAINO?3, MaksyM KovaLENKOZ3,

1,4 1,4

MicHAEL Zoprr—*, and FEr Dinc 1Leibniz Universitdt Han-
nover, Institut fiir Festkorperphysik, Appelstrafe 2, 30167 Hannover
— 2Institute of Inorganic Chemistry, Department of Chemistry and
Applied Biosciences, ETH Ziirich, CH-8093 Ziirich, Switzerland —
3Laboratory for Thin Films and Photovoltaics, Empa - Swiss Federal
Laboratories for Materials Science and Technology, CH-8600 Diiben-
dorf — #Laboratory of Nano and Quantum Engineering, Leibniz Uni-
versity Hannover, Schneiderberg 39, D-30167 Hannover, Germany

CsPbBr3 perovskite quantum dots are bright, solution-processable
nanocrystal emitters with size-tunable color and high oscillator
strength. Furthermore, they can be fabricated and processed in a
cheap and facile way. We investigate electric-field tuning of single dots
through the quantum-confined Stark effect to minimize exciton fine-
structure splitting and tune separate emitters into resonance with each
other. This opens up possibilities of creating entangled photon pairs of
super- and subradiance with perovskite quantum dot based photonic
devices.

HL 20.50 Tue 18:00 P1
Low temperature dry etching of InAlAs/InP nanostruc-
tures for telecom band single photon sources — eANKITA
CHoupHARY!, CHENx1I Mal, YireEne Zuang!, EbpDY PATRIK
RUGERAMIGABO!, MicHAEL Zopr!2, and Frr Ding'? — lInstitut
fiir Festkorperphysik, Leibniz Universitdt Hannover, Appelstrafie 2,
30167 Hannover, Germany — 2Laboratorium fiir Nano- und Quante-
nengineering, Leibniz Universitat Hannover, Schneiderberg 39, 30167
Hannover, Germany

Epitaxial InP-based quantum dots are excellent candidates for tele-
com band single photon sources for long-distance quantum commu-
nication. Enhancing photon extraction requires integration into pho-
tonic nanostructures through high resolution lithography and dry etch-
ing. Conventional chlorine-based ICP-RIE etching of InP is challeng-
ing due to competing thermal demands that lead to uncontrollable
volatilisation of chlorine byproducts at high temperatures, while low-
temperature cyclic methods result in defect-rich interfacial layers.Here
we demonstrate low temperature chlorine based etching that circum-
vents byproduct volatilisation and stoichiometric imbalance and elimi-
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nates defect layer formation without intermediate chemical treatments.
we demonstrate the fabrication of a submicron truncated cone with
smooth sidewalls, enhancing spontaneous emission directionality. The
fabricated nanostructure shows 3-4 times improved extraction efficien-
cies compared to as-grown samples, with an NA of 0.7 detection optics.
This process provides a robust pathway for fabricating high-quality
photonic nanostructures for quantum telecommunications.

HL 20.51 Tue 18:00 P1
Lateral Electric Field Tuning of Quantum Dots
eJonann Dzeik!, CurisToPHER BorcHERs!, CHENXT Mal, ANKITA
CHOUDHARY!, X1aN ZHENG!, YITENG ZHANG!, ToM FANDRICH!, AR-
1T CHAKRABORTY!, MicHAEL ZopFr!h 2, and Frr Dingh2 — !nstitut
fiir Festkorperphysik, Leibniz Universitat Hannover, Appelstrafle 2,
30167 Hannover, Germany — 2Laboratorium fiir Nano- und Quante-
nengineering, Leibniz Universitat Hannover, Schneiderberg 39, 30167,
Hannover, Germany

Quantum dots are among the most promising material systems for sin-
gle photon sources in quantum communication and computation. How-
ever, they exhibit a stochastic distribution of emission wavelengths and
fine-structure splitting, necessitating post-growth tuning that must be
compatible with their fabrication and photonic environment. In this
study, we use planar electrodes in parallel and quadrupolar configura-
tions at varying distances to investigate the influence of electric fields
on the emission wavelength and fine-structure splitting of GaAs/ Al-
GaAs quantum dots.

HL 20.52 Tue 18:00 P1
SUPER Scheme in Telecom-Wavelength Quantum Dots —
oZENGHUI JIANG — Leibniz Universitat Hannover, Institut fiir Fes-

tkorperphysik, Appelstrafte 2, 30167 Hannover

Co-authors: Vikas Remesh, Frederik Benthin, Thomas Bracht, Michael
Jetter, Simone Portalupi, Doris Reiter, Peter Michler, Michael Zopf,
Fei Ding

Abstract:

To obtain the best photon properties from quantum dots (QDs),
direct driving between the S-shell and the ground state i.e., resonant
excitation is typically required. However, laser filtering under resonant
excitation is extremely challenging because the QD emission and the
excitation laser lie at essentially the same wavelength. The recently
proposed and experimentally demonstrated SUPER scheme addresses
this challenge by using two relatively detuned laser pulses to directly
drive the two-level system. Since the excitation and emission wave-
lengths are well separated, the scattered excitation laser can be spec-
trally filtered much more easily. In our work, we implement a pulse
shaper based on a spatial light modulator to generate two well-defined
laser pulses from a single broadband pulse for the SUPER scheme. In
addition, we investigate SUPER excitation using two narrow-linewidth
continuous-wave lasers as a comparison, enabling a clearer understand-
ing of the excitation dynamics and the differences relative to pulsed
operation.

HL 20.53 Tue 18:00 P1
Andreev Spin Qubits in Hole-Gas Based Nanowires with
Mixed Superconducting Pairing — eMarkus PrauTz — Nor-
wegian University of Science and Technology, Norway

Ge-based lower-dimensional hole gases proximitized by superconduc-
tors represent a promising platform for future quantum technologies,
largely related to the complicated p-wave nature of the orbital wave-
functions of the valence band. While standard models often treat the
induced superconductivity as purely s-wave, recent microscopic the-
ories indicate that the proximity effect in these systems is far more
complex. They reveal that the strong spin-orbit interaction can in-
duce non-trivial mixed pairing correlations, featuring coexisting s- and
p-wave terms.

We calculate the Andreev reflection phases and determine the An-
dreev bound state (ABS) energy spectrum in the presence of Zeeman
and spin-orbit fields. In particular, we show how these odd-parity
correlations influence the spin splitting, leading to distinct changes in
the qubit energy levels. Furthermore, we discuss the coherent control
of the qubit subspace by considering a time-dependent perturbation
of the spin-orbit coupling. By deriving the exact transition matrix
elements, we construct an effective Hamiltonian for the ASQ and in-
vestigate how this mechanism can be utilized to coherently drive the
qubit.

HL 20.54 Tue 18:00 P1
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Nonequilibrium transport in designed random obstacle ar-
rays — eFREDERIK BARTELs!, JoHANNES STROBEL!, BEATE HORN-
CosreLp!, Minar Cercrez!, Kraus Pierz?, Hans WERNER
ScHUMACHER?, DomINIQUE MAILLy3, and Tuomas HeinzenL! —
L1Condensed Matter Physics Laboratory, Heinrich Heine Univer-
sity, Diisseldorf, Germany — 2?Physikalisch-Technische Bundesanstalt
(PTB), Bundesallee 100, 38116 Braunschweig, Germany — 3CNRS,

Université Paris-Saclay, C2N Marcoussis, 91460 Marcoussis, France

Nonequilibrium transport phenomena in two-dimensional electron sys-
tems include Hall field induced resistance oscillations (HIROs), zero re-
sistance states (ZRS), phase inversion of SdH oscillations, and modifi-
cations of the giant negative magnetoresistance (GNMR). In our recent
work [1], we studied HIROs in two-dimensional electron gases domi-
nated by scattering at artificially introduced, randomly distributed
circular obstacles. For sufficiently high obstacle densities, these scat-
terers dominate the HIROs. The HIRO period increases with obstacle
density, indicating a localization of the Hall field around the obsta-
cles and providing an alternative explanation of the scaling factor v in
terms of spatially varying Hall fields. Here, we extend these studies to
cross-shaped obstacle geometries designed to enhance backscattering -
the central mechanism in the theory of HIROs [2]. The findings may
help to establish a more unified understanding of nonlinear resistance
oscillations in two-dimensional systems with artificial scatterers. [1]
Bartels et al. Phys. Rev. B 111, 165301 (2025), [2] Yang et al. Phys.
Rev. Lett. 89, 076801 (2002)

HL 20.55 Tue 18:00 P1

Tenfold Conductance Enhancement in Graphene Nanoscrolls

via Interlayer Hopping — eJia-CHENG Li1', Yu-AN CHENGZ,
Ying-JE Ler?, Xuvan-Fu Huanc?, Yu-Jie ZuoonNG2, CARMINE
Ortix®, and Cuing-Hao CuHanNG? — !Program on Key Materi-

als, Academy of Innovative Semiconductor and Sustainable Manufac-
turing, National Cheng Kung University, Tainan 70101, Taiwan —
2Department of Physics, National Cheng Kung University, Tainan
70101, Taiwan — 3Institute for Theoretical Solid State Physics, IFW
Dresden, Helmholtzstrafte 20, 01069 Dresden, Germany

Rolling a graphene nanoribbon into a nanoscroll, a radial superlattice,
offers a simple yet powerful way to control electronic transport at the
nanoscale. In this work, we show that a one-turn nanoscroll exhibits
a dramatic enhancement of quantum conductance compared to a flat
ribbon, reaching nearly an order of magnitude in our tight-binding
transport calculations. This effect does not rely on curvature-induced
gauge fields or external perturbations. Instead, it arises purely from in-
terlayer hopping at the overlapping edges of the scroll, which hybridizes
the zigzag edge states and reconstructs the low-energy band structure.
The resulting collapse of the flat bands reduces the density of states
and shifts the Fermi level upward at fixed carrier density, activating
multiple propagating modes. As the number of turns increases, these
effects gradually weaken. Our findings identify nanoscrolls as a tunable
geometry-driven platform for engineering transport in low-dimensional
carbon systems.

HL 20.56 Tue 18:00 P1

Top-Down Fabrication and characterization of Al-Si-
Al Nanowire Schottky barrier field-effect transistors
— eBANAFSHEH AcHvAMI', ALEssaNDRO Puppul?, AHMED

1,2 1

EmwakeeL!2, SAvaANTAN GuosH!, AumMap EcHREsH!, and ARTUR
ErBE!? — 'Helmholtz-Zentrum Dresden-Rossendorf, Bautzner Land-
strasse 400, Dresden, 01328, Germany — 2Technische Universitit
Dresden, Dresden, 01069, Germany

In Schottky barrier field-effect transistors (SBFETSs), the channel
length plays a crucial role in device performance. Shorter channels lead
to lower channel resistance, stronger electrostatic gate control, reduced
threshold voltage, and improved ON/OFF current ratios. However,
to achieve sub-100 nm channel lengths using conventional top-down
patterning approaches is extremely challenging due to resolution lim-
its, line-edge roughness, and probable alignment errors. In contrast,
the Al-Si-Al solid-state exchange process via rapid thermal annealing
(RTA) enables the formation of well-defined and self-aligned short sili-
con channels. In this study, electron beam lithography (EBL) is used to
define nanowire structures into HSQ resist. Then, the patterned struc-
tures will be transfered into the silicon layer by Inductively Coupled
Plasma-Reactive Ion Etching (ICP-RIE). The Aluminium metal con-
tacts will be formed by sputtering deposition. Scanning Electron Mi-
croscopy (SEM) will be employed to analyse the Al-Si-Al heterostruc-
ture. In addition, the performance of fabricated SBFETs will be eval-
uated by electrical characterisation using back-gated configuration.
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HL 20.57 Tue 18:00 P1
Organic LEDs for optogenetic cochlear implants — eNIRBHIKA
NanpDAKUMAR and CAROLINE MURAWSKI — Dresden University of
Technology, Dresden, Germany

Recent studies have highlighted the potential of optogenetic cochlear
implants (oCIs) to surpass the spatial resolution limitations of con-
ventional electrical stimulation by utilizing confined light to activate
genetically modified auditory neurons [1]. Existing oCI prototypes pre-
dominantly use micro-LEDs, which can generate high optical power
but are constrained by thermal load, rigidity, and limited scalability
toward dense stimulation arrays [2]. In this work, we investigate or-
ganic light-emitting diodes (OLEDs) as alternative light sources for
next-generation oCIs. Bottom-emitting OLEDs were fabricated and
experimentally characterized with respect to spectral emission, effi-
ciency, and achievable optical power density. The micro-cavity was
designed by complementary optical simulations to generate a forward-
directed, spatially confined illumination capable of efficiently reaching
the intended spiral ganglion neurons. An implant design is proposed
based on the geometry of the cochlea, required pixel size, and spacing.
The combined experimental and simulation results establish OLEDs as
promising alternatives to micro-LEDs for integration into future oCI
architectures.
[1] A. Huet et al., Annu. Rev. Neurosci. 47, 103 (2024).
[2] L. Jablonski et al., J. Neural Eng. 22, 046034 (2025).

HL 20.58 Tue 18:00 P1
Creation and characterization of color centers in hexagonal
Boron Nitride — eDeNNIs HEINz BRuno Mors!2, Iris NIEHUES!,
and DaNIEL WicceR? — !Institute of Physics, University of Miinster,
48149 Miinster, Germany — 2Faculty of Science and Technology, Uni-
versity of Twente, 7522 NB Enschede, Netherlands — 3Department of

Physics, University of Miinster, 48149 Miinster, Germany

Color centers (CCs) in hexagonal boron nitride (hBN) are promis-
ing candidates for stable and bright quantum light sources, despite
their unknown origin due to their single-photon emission properties
even at room temperature. To explore their potential, we investigate
various material sources for their ability to host CCs. We employ me-
chanical exfoliation to reduce the thickness of bulk crystals to a few
layers, resulting in thin hBN flakes that are then transferred onto Si
or SiOg samples. To enhance the yield of CCs, we thermally anneal
the hBN. We then examine our samples using confocal photolumines-
cence to identify the CCs in the host crystal. Additionally, we uti-
lize a scattering-type scanning near-field optical microscope (sSNOM)
to study the photoluminescence (PL) emission characteristics of these
quantum emitters. By using a sharp metallic tip, we concentrate the il-
luminating light field into a nanofocus, enabling us to achieve nanoscale
resolution beyond the diffraction limit.[1]
[1] I. Niehues et al., Nanophotonics 2025, 14(3), 335-342.

HL 20.59 Tue 18:00 P1
Spectral wandering of single-photon emitters in the van der
Waals material hBN — e AkHILESH DUBEY, ROBERT SCcHMIDT, JO-
HANNES KERN, STEFFEN MICHAELIS DE VASCONCELLOS, and RupoLF
BrarscHITSCcH — Institute of Physics and Center for Nanotechnology,
University of Miinster, 48149 Miinster, Germany

Single-photon emitters in hexagonal boron nitride (hBN) exhibit fa-
vorable photophysical optical properties at both room and cryogenic
temperatures. However, their performance is limited by various line
broadening mechanisms. Here, we present a low-temperature study of
the photoluminescence of hBN emitters, investigating linewidth reduc-
tion and spectral diffusion at cryogenic temperatures. We believe that
the spectral wandering is due to migrating charges in the vicinity of the
nanoscale emitter, which could be mitigated by applying an external
electric field. Our results essential for developing nanoscale quantum
photonic devices based on robust hBN emitters.

HL 20.60 Tue 18:00 P1
2D Lattices of Rb Quantum Emitters on Isolating Substrates
— eDaviD BERGMANN, KATHARINA LORENA FRANZKE, WoLF GERO
ScaMIDT, and UWE GERSTMANN — Paderborn University, Paderborn,
Germany

Entanglement plays a decisive role in modern application of quantum
information, such as memory atoms and quantum emitters. The cen-
tral challenge in this context is to address, control and protect systems
of many qubits against decoherence.[1| Recently, efficient generation of
entangled multiphoton graphs from single 3’Rb atoms was reported,
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overcoming the limitations encountered by probabilistic schemes.|2]

In this theoretical work, we investigate the applicability of different
isolating materials to be used as substrate for a 2D lattice or clus-
ters of 87Rb atoms. In contrast to MgO, frequently used in previous
investigations [3], NaCl was found to be a substrate that minimizes
substrate-mediated interaction between neighboring Rb atoms. It is
thus expected to allow entanglement of several individual atoms as
single emitters in the same cavity. Therefore, the system Rb/NaCl
promises improved scalability and opens new possibilities for quantum
computation and communications.

[1] J. Preskill et al., Quantum 2, 79 (2018).

[2] P. Thomas et al., Nature 608, 677-681 (2022).

[3] R. Broekhoven et al., npj Quantum Information 10, 92 (2024)

HL 20.61 Tue 18:00 P1
Dry transfer of 2D van der Waals heterostructures for quan-
tum sensing — eTiMo STROBL, KORBINIAN FELBER, PaurL Kon-
RAD, ANDREAS SPERLICH, and VLADIMIR DyAakoNov — Experimental
Physics 6, University of Wiirzburg, 97074 Wiirzburg, Germany

A highly dynamic research area is dedicated to the development of
quantum sensors based on solid-state spin defects. This field was previ-
ously focused on three-dimensional (3D) material systems, which posed
challenges in positioning spin centers close to the sample surface. The
recent discovery of V5 spin defects in the 2D van der Waals (vdW)
material hexagonal boron nitride (hBN) provided a new approach to
overcome this inherent positioning limitation. These defects are suit-
able for sensing local magnetic fields, temperature, and lattice strain
when utilizing the method of optically detected magnetic resonance
(ODMR). Hence, these functional hBN layers constitute a powerful
tool for investigating fundamental 2D material properties.

To apply the potential in this area, the fabrication of a van der Waals
heterostructure is necessary, combining the spin-active hBN with an-
other 2D material. The precise fabrication by stacking these multilayer
2D materials via established dry-transfer polymer techniques is an es-
sential prerequisite for such quantum sensor structures. The prepara-
tion procedures presented here provide essential insights required to
implement in situ quantum sensing of 2D materials utilizing hBN.

HL 20.62 Tue 18:00 P1
Development of open-source DRC scripts for physical verifi-
cation of integrated circuits with FinFET technology. — eLEV
CHURKIN — Moscow, Russia

The development of open-source DRC scripts for FinFET technolo-
gies necessitates a fundamental shift from planar-based verification. It
must encapsulate the three-dimensional nature of the transistor, en-
forcing complex rules for fin formation, cut patterning, and their strict
alignment. Furthermore, rules must integrate with multi-patterning
lithography, addressing color decomposition and spacing constraints to
prevent printability errors. This requires checking more than simple
geometrics. Consequently, a modern DRC script is a complex software
model, which needs to manage the interdependencies of density, stress
engineering, and manufacturing variability at a more advanced level.

HL 20.63 Tue 18:00 P1
Exciton dressing by extreme nonlinear magnons in a lay-
ered semiconductor — eGEOFFREY M. DIEDERICH — University
of Maryland Baltimore County, 1000 Hilltop Circle, Baltimore MD,
USA

Collective excitations presenting nonlinear dynamics are fundamen-
tal phenomena with broad applications. A prime example is nonlin-
ear optics, where diverse frequency-mixing processes are central to
communication and attosecond science, and extreme (>sixth-order)
harmonic generation provides broad wavelength conversion. Lever-
aging recent progress in van der Waals magnetic semiconductors, we
demonstrate nonlinear optomagnonic coupling. In the layered antifer-
romagnetic semiconductor CrSBr, we observe exciton states dressed
by up to 20 harmonics of magnons, resulting from their extreme non-
linearities. We also create tunable optical sidebands via sum- and
difference-frequency generation between two optically bright magnon
modes under symmetry-breaking magnetic fields. Moreover, we can
tune the observed difference-frequency generation mode into resonance
with one of the fundamental magnons, which results in parametric
amplification of magnons. Our findings realize the modulation of the
optical-frequency exciton with the extreme nonlinearity of magnons
at microwave frequencies, which could find applications in magnonics
and hybrid quantum systems, and provide a method for optomagnonic
neuromorphic computing devices.
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HL 20.64 Tue 18:00 P1
Synthesis and characterization of new materials from the Sb-
Ag-Te system — oTRAYANA DOLCHINKOVA, VLADISLAVA [vANOVA,
and YOrRDANKA TRIFONOvA — University of Chemical Technology and
Metallurgy, Department of Physics, 8 KIl. Ohridski Blvd., 1797 Sofia,
Bulgaria

New bulk chalcogenide materials from the Sb-Ag-Te system were syn-
thesized by single-temperature synthesis in a closed volume. The den-
sity of the bulk samples was estimated using the pycnometer technique.
Some physicochemical properties such as compactness, the molar vol-
ume and the free volume percentage of the materials were calculated,
and their dependences on composition were determined. XRD analysis
was performed to determine the structure and phase composition of
the synthesized samples. A scanning electron microscope were used
to study the surface morphology and EDS determined the chemical
composition of the bulk samples.

Conclusions were drawn based on the results obtained regarding the
influence of Ag content on the properties of the bulk samples.

HL 20.65 Tue 18:00 P1
Investigation of the Thermoelectric Properties of Single-
Crystalline and Polycrystalline Bil-xSbx (x =0, 0.1, 0.15)
Alloys — eFanGyr Hu, YuaN Yu, and MarTHiaAs WuTtTic — 1.
Physikalisches Institut (IA), RWTH Aachen University, 52074 Aachen,
Germany

Thermoelectric (TE) materials can directly convert heat into electricity
and vice versa, providing a sustainable and clean energy solution. Bil-
xSbx, a low-temperature n-type TE alloy with great potential between
20-200 K, has drawn increasing attention in cooling applications. Sin-
gle crystals and polycrystals exhibit different performance and applica-
tion prospects. In most cases, particularly below 200 K, single-crystal
Bi-Sb shows much higher TE performance than polycrystals. However,
polycrystalline Bi-Sb offers lower fabrication cost, better mechanical
strength, and easier processing, making it attractive for large-scale use.
This study compares the TE properties of Bi-Sb alloys in these two
forms and clarifies their intrinsic relationship. Single-crystalline and

polycrystalline Bil-xSbx (x = 0, 0.1, 0.15) were prepared by Bridgman
and melt-air-cooling methods, respectively. TE properties, with and
without magnetic fields, were measured using Thermal Transport Op-
tion in a physical property measurement system (PPMS). Microstruc-
tures and bonding mechanisms were analyzed via atom probe tomog-
raphy. By establishing the bonding-structure-property connection, we
aim to reveal the origin of the performance difference between the two
forms. These results provide insights into improving ZT in polycrys-
talline Bi-Sb alloys, which are more suitable for practical deployment.

HL 20.66 Tue 18:00 P1
Oxygen Vacancy-Mediated Non-Volatile Memory in RF-
Sputtered Gaz03 films eAMAN BAUNTHIYAL, JON-OLAF
KRisPONEIT, MARCO SCHOWALTER, ALEXANDER KARG, ANDREAS
RosENAUER, MARTIN EickHOFF, and JENS FAaLTA — Institute of Solid
State Physics, University of Bremen, Bremen, Germany

To address the memory bottleneck in conventional electronics, resistive
switching (RS) has emerged as a promising route for next-generation
memory technologies. Among various materials used in RS devices, -
Gag O3 offers advantages such as high breakdown strength and defect-
mediated conductivity. However, its direct growth on metal electrodes
with controlled microstructure, crucial for scalable vertical devices, re-
mains largely unexplored. Here, we investigate RF-sputtered GasO3
deposited on smooth Ru(0001) films for non-volatile RS applications.

XRD and TEM confirm the temperature-dependent structural evo-
lution of GagOs and its correlation with the I-V response. Devices
grown at intermediate temperatures (~400°C) show the best switch-
ing window (up to 10%), with thinner films enabling low set voltages
(~1.5V) [1] but poorer stability. In contrast, thicker layers require
higher voltages (~4V) yet offer better reliability [2]. This behaviour
arises from temperature-driven grain growth and the v— 3 phase tran-
sition [3], which creates mixed phases and grain boundaries that govern
oxygen-vacancy-mediated filament dynamics.

[1] A. Baunthiyal et al., Appl. Phys. Lett. 123, 213504 (2023). [2]
A. Baunthiyal et al., 2023 IEEE NMDC, pp. 536-540. [3] A. Baun-
thiyal et al., APL Mater. 13, 041130 (2025).

HL 21: Focus Session: Quantum Sensing with Solid State Spin defects Il (joint session
TT/HL/MA)

Time: Wednesday 9:30-10:30

HL 21.1 Wed 9:30 HSZ/0101

Locally Imaging the Insulator to Metal Transition of
Caz;Ru0O4 with Single Spin Magnetometry eHAYDEN
Bincer!, Cissy Suen?, Young-Gwan Cror!, YEJN Lee!, HaoLiN
Jint, Max KRrAUTLOHER?, YUcCHEN Znao!, Luke TurnsuLLl,

ELINA ZHAKINA', JEFFREY NEETHIRAJAN!, LoTTE BoOER!, BERIT

Goobce!, PioTr Suréwka®, RopEricH MoEsSNER?, BERNHARD
KeMer?, CLAIRE DoNNELLY!, and Urt Voor! — 'MPI CPfS, Dres-
den, Germany — 2MPI FKF, Stuttgart, Germany — 3Wroctaw Uni-
versity of Science and Technology, Wroctaw, Poland — *MPI PKS,

Dresden, Germany

The current-driven insulator to metal transition (IMT) in CaaRuOg4
is a fascinating phenomenon where increasing current driven across a
sample causes a smaller voltage difference to develop. We have cre-
ated devices of size 10-20 um by 10-20 um and 100 nm thick using
Focused Ion Beam (FIB) milling. Through the utilization of Nitrogen
Vacancies (NV), optically addressable spin-1 defects acting as a qubit
at room temperature, we probe the local magnetic field at the defect
via the Zeeman interaction. We are thusly able to image the local char-
acter of the insulator to metal transition in CagRuOy4. At low currents
we image the formation of a singular conducting channel at the edge
of the device, which gradually grows throughout the entire device as
more current is applied until eventually current flows evenly across the
device. We explore reasons why local current channels nucleate at the
edge, such as strain, defects, and crystalline lattice orientation.

HL 21.2 Wed 9:45 HSZ/0101
Topological Ambiguity in Stray Field Magnetometry —
®SHIRSOPRATIM CHATTOPADHYAY'2 and ApAaraJiTA SiNngHADZ —
HFMP, TU Dresden, Germany — 2Wiirzburg-Dresden Cluster of Ex-
cellence (ct.qmat)

Inferring magnetic topology from stray field measurements is central
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Location: HSZ/0101

to characterizing skyrmions, vortices, and other topological textures.
Yet, the uniqueness of such reconstructions remains poorly character-
ized. We present a computational framework to systematically gen-
erate pairs of magnetization configurations with distinct topological
charges (|[AQ| = q, where q can be set by the user) that produce
nearly identical stray fields (Normalized Root Mean Square Error ~
0.8-4 percent). Our approach uses constrained optimization with a
physics informed loss to jointly evolve magnetization pairs towards field
degeneracy while preserving topological distinction. Across 200 ran-
domized trials with varied initializations, we demonstrate rapid and re-
liable generation of adversarial pairs spanning skyrmions, merons, frac-
tional defects and uniform domain textures. We theoretically analyse
the relation between topological charge and stray field and construct
an explicit example of near identical stray field from distinct topolo-
gies. Our adversarial dataset enables rigorous assessment of magneti-
zation reconstruction algorithms and guides the design of measurement
strategies capable of resolving topological ambiguity.

HL 21.3 Wed 10:00 HSZ/0101
Towards Cryogenic Scanning Nitrogen Vacancy Magnetom-
etry — eLorTE Borr!, Kiuian Srowik!, Havypen BINGER!,
Young-GwaN Cuor!, AumeT UNaL!, EDoUuARD LESNE!, MATHEUS
BarBosa?, BERND BUcHNER?, ALEXEY Poprov?, and Uri VoorLl! —

IMPI CPfS, Dresden, Germany — 2IFW Dresden, Germany

In scanning nitrogen vacancy (NV) magnetometry, an atomic force mi-
croscopy tip is replaced with a diamond pillar containing a single NV
center, which acts as a highly sensitive magnetic field sensor. Scanning
over a sample then allows to map the magnetic stray field. This method
has been widely used at room temperature to investigate, for example,
magnetic textures in thin films or local current flow patterns. How-
ever, a wide range of interesting material properties, such as emergent
magnetic phases and superconductivity only occur at lower tempera-



Dresden 2026 — HL

Wednesday

tures. As the NV center retains its ability to sense magnetic fields at
low temperatures, we are developing a variable temperature cryogenic
scanning NV system. This will not only allow for the imaging of ma-
terials at low temperatures, but also allow for the unique opportunity
of mapping magnetic phase transitions in quantum materials.

Building a cryogenic NV setup presents several challenges, as the NV
requires optical access for readout and microwave pulses for control,
all within tight spatial confines and while preventing sample heating.
In this talk, we will discuss our setup, which is in its final stages of
development, and show preliminary measurement results at few Kelvin
temperatures.

HL 21.4 Wed 10:15 HSZ/0101
CISS from Vibrationally Assisted Tunneling in Chiral
Mbolecules — oFEDOR BAarAaNOV, VIRGINIA GALI, and MaxiM Bre-

HL 22: Biocompatible
Time: Wednesday 9:30-11:00

HL 22.1 Wed 9:30 POT/0006
Stable n-Type OECTs with BBL: Unlocking Complemen-
tary Circuits — eCLEMENS ROssLER!'2, Laura TrurLED2, Hans
KLeeMANN'2, and KARL Leo'2 — !Dresden Integrated Center for
Applied Physics and Photonic Materials — 2TU Dresden

Organic mixed ionic-electronic conductors (OMIECs) have emerged as
a key materials platform for next-generation bioelectronics, energy-
efficient signal processing, and neuromorphic computing. Among the
most versatile OMIEC devices is the organic electrochemical transistor
(OECT), whose ability to couple ionic and electronic transport enables
low-voltage operation and is particularly advantageous for solid-state
electrolyte systems that enable densely integrated circuitry. While p-
type materials such as PEDOT:PSS have driven much of the field’s
progress, the lack of stable and high-performance n-type counterparts
remains a critical bottleneck - limiting the realization of complemen-
tary circuits, low-power logic, and more complex bioelectronic archi-
tectures. In this talk, I present recent progress on n-type OECTs based
on the ladder polymer poly(benzimidazobenzophenanthroline) (BBL).
I will discuss how we have developed and optimized n-type OECTs
that exhibit remarkable stability and a unique electrochemical condi-
tioning behaviour. Spectroscopic, AFM, and transfer curve analyses
show that BBL combines excellent optical and morphological stabil-
ity with a high mobility capacitance product, indicating efficient ion
penetration and intrinsically high electronic mobility.

HL 22.2 Wed 9:45 POT/0006
A Nonlinear Organic Infrasound Sensor oM AARTEN
MitTMANNY,  CARsTEN HAaBENICHT!, ANDREAS HOFACKER!,
RicHARD KANTELBERG!, STEFAN Jacos?, Hans KrLeemann!, and
KarL LeEo! — !Dresden Integrated Center for Applied Physics and
Photonic Materials (IAPP) and Institute for Applied Physics, Dres-
den University of Technology, 01062 Dresden, Germany — 2National
Metrology Institute (PTB), 38116 Braunschweig, Germany

Most works on speech recognition using reservoir computing focus on
the nonlinear transformation of the data, which is fed electronically
from a conventional sensor to the device. However, this approach ne-
cessitates two separate devices, consuming power and possibly requir-
ing additional signal processing steps. In this work, we demonstrate
that an efficient interface between acoustic stimulation and nonlinear,
electronic output can be established using a free-standing viscoelas-
tic film containing a poly(3,4-ethylenedioxythiophene) hexafluorophos-
phate (PEDOT:PFg) fiber organic electrochemical transistor (OECT).
Upon application of a constant drain-source and gate-source voltage,
the system shows a time-dependent, nonlinear modulation of the drain
current when excited acoustically. This nonlinearity opens possibilities
of combining the existing system with a reservoir computing approach
to perform complex tasks like infrasound source discrimination and
anomaly detection. The devices show great sensitivity within the or-
der of magnitude of 102 mV Pa~! in the infrasound frequency regime
thanks to the amplification via the gate electrode.

HL 22.3 Wed 10:00 POT/0006
Is Printed Electronics a Sustainable Technology? A Frame-
work to Efficiently Implement an Early-Stage Life-Cycle-
Analysis — eLAURA TEUERLE, TomMmy MEIER, KLARA HANISCH,

ITKREIZ — Dahlem Center for Complex Quantum Systems, Freie Uni-
versitat Berlin, Arnimallee 14, 14195 Berlin, Germany

Chiral-induced spin selectivity (CISS) remains a puzzling phenomenon,
despite extensive experimental evidence. A possible explanation
emerges when recognizing that charge transport through chiral in-
sulating molecules occurs in the tunneling regime, where even small
spin-orbit coupling becomes crucial inside the barrier. This enhance-
ment leads to a spin-dependent potential that gives different tunneling
probabilities for different spin orientations. Because this tunneling
alone produces extremely small currents, one has to take into account
the vibrational degrees of freedom of the system that in the static
limit increases the current while preserving the spin splitting nature.
Together, these ingredients offer a transparent physical mechanism un-
derlying the CISS effect.

Organic Semiconductors
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FInN JAEKEL, YEOHOON YO0ON, ANDREAS WENDEL, and HaANs KLEE-
MANN — Dresden Integrated Center for Applied Physics and Photonic
Materials, TU Dresden, Germany

The rise of microelectronic system has been the major driving focus
of the global economy for the last couple of decades. As we are now
transitioning to the era of the internet-of-things, with an increasing
number of small autonomous electronic circuits, e.g, for sensing, we
need to urgently consider the environmental impact of this develop-
ment due to the unsustainable use of natural resources. Thus, to ensure
the environmental sustainability of the development, future electronics
must prioritize both performance and environmental impact, explain-
ing the interest in flexible and printed electronics. However, the sus-
tainability claims often connected to the field of flexible and printed
electronics must be substantiated using analytic methods, providing
the motivation for quantitative Life-Cycle Assessment (LCA). Here we
demonstrate our approach to implement an LCA for an early-state
research topic such as Organic Electrochemical Transistors (OECTS).
Using hands-on examples, we will show how to set up an inventory
database (the core of the LCA) using a process-of-record (PoR). By
making LCA a standard tool in printed electronics, the community
can move beyond sustainability claims to measurable environmental
impact, driving truly responsible innovation in electronics.

HL 22.4 Wed 10:15 POT/0006
Obtaining In-Vivo Data for AI Applications Using Im-
plantable Biocompatible Materials — eFINN JAEKEL!, RICHARD
KANTELBERG!, HANs KLEEMANNY, DANIEL FREUNDZ, JuLIA HENNEZ,
DeNNis WaHL?, EBERHARD GRAMBOWS, SEBASTIAN HiNz2, CLEMENS
ScuAFMAYER?, JocHEN Hampre?, and KarRL Leo! — lInstitut fiir
Angewandte Photophysik, Technische Universitdt Dresden, Dres-
den, Germany — 2Klinik und Poliklinik fiir Allgemeine Chirurgie,
Thorax, Gefdafi- und Transplantationschirurgie, Universitdtsmedizin
Rostock, Rostock, Germany — S5Klinik fiir Herz-, Thorax- und
Gefafschirurgie (HTG), Universitdtsmedizin Gottingen, Gottingen,
Germany — *Universitétsklinikum Carl Gustav Carus Dresden, Dres-
den, Germany

Artificial intelligence can be of great use in biomedical applications,
especially when implemented in implantable hardware solutions. How-
ever, robust, biomedical Al applications crucially depend on real, high-
quality, physiological training and input datasets, which are scarce in
practice. In this presentation, we provide a prototypical use-case sce-
nario by demonstrating in-vivo impedance measurements in a porcine
small-intestinal anastomosis using printed, fully biocompatible organic
sensors. Ischemia was induced locally, and manual evaluation shows a
characteristic signature in the recorded impedance spectra, confirming
that the system captures physiologically relevant data. This positions
the technology in a realistic sensor to Al analysis pipeline, where au-
tomated detection of ischemia can be used to create an early warning
system of anastomotic failure.

HL 22.5 Wed 10:30 POT/0006
Towards Fully Biodegradable and Sustainable Organic Elec-
trochemical Transistors Printed on Leaf-Derived Substrates
— oBiLcGE KanramaN, RakesH R. Nair, Hans KLEEMANN, and
KarL LEo — Dresden Integrated Center for Applied Physics and
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Photonic Materials, Technische Universitdt Dresden, 01187 Dresden, sulation Strategies — ®RABIUL ISLAM!'2, SIDDHARTHA SAGGARD'Z,
Germany. JAKOB WOLANSKYS, DARIUS POHL?, MARKUS LOFFLER?, BERND

RELLINGHAUS®, JOHANNES BENDUHN®, and CAROLINE MURAWSKI}'2 —

The rapid proliferation of disposable electronics has exacerbated elec-
tronic waste and its associated environmental burden. Here, we
demonstrate fully screen-printed organic electrochemical transistors
(OECTs) fabricated on robust biodegradable leaf-derived substrates
using non-toxic carbon and PEDOT:PSS-based inks. Magnolia gran-
diflora leaves were skeletonized to function as sequestering matrices
for hydroxypropylcellulose (HPC) based resin, which was subsequently
crosslinked to create robust flexible, compostable substrates. Life-cycle
assessment (LCA) reveals that the combination of leaf-skeleton-based
substrates and carbon gate electrodes for electronic device fabrication
reduces C'Oz-equivalent emissions by up to four orders of magnitude
compared to conventional glass substrates and gold electrodes (19,400
times lower for substrates; 680 times lower for electrodes). The printed
OECTs exhibit steady-state performance comparable to devices made
on glass using commercial PEDOT:PSS formulations, with on/off ra-
tios > 10* and transconductance values exceeding 1 mS. This work
presents a viable path toward truly green bioelectronic devices that
can be manufactured for disposability and safely returned to the envi-
ronment after use.

HL 22.6 Wed 10:45 POT/0006
Flexible Organic Photodiodes Based on Advanced Encap-

Hnstitute of Solid-State Electronics, Technische Universitit Dresden,
Dresden, Germany — 2Kurt Schwabe Institute for Sensor Technolo-
gies, Waldheim, Germany — 3Dresden Integrated Center for Applied
Physics and Photonic Materials, Technische Universitdt Dresden, Dres-
den, Germany — *Dresden Center for Nanoanalysis (DCN), Technis-
che Universitdt Dresden, Dresden, Germany

Organic photodiodes (OPDs) are promising for biomedical applications
due to their flexibility, spectral tunability, and biocompatibility, yet
their moisture sensitivity demands robust encapsulation for long-term
operation. Conventional flexible substrates offer limited device protec-
tion in humid conditions; to overcome this, we employed a parylene-
C/ALD-deposited Al1203/ZrO2 hybrid substrate, providing flexibility
and strong barrier properties. We fabricated flexible OPDs with an ul-
trathin (7 nm) silver electrode on a hybrid substrate, which remained
stable after 10,000 bending cycles and demonstrated high mechani-
cal robustness. Using PM6:PC71BM as the active layer, the OPDs
achieved responsivity of 0.26 A/W at -0.1 V under 639 nm illumina-
tion, retained 86% of their initial performance after 12 days in deion-
ized water, and remained functional after one hour of machine washing,
showing that parylene/nanolaminate-based ultra-flexible OPDs enable
long-term operation in aqueous environments.

HL 23: Transport Properties

Time: Wednesday 9:30-12:15

HL 23.1 Wed 9:30 POT/0051
Nonlinear charge transport in single crystalline slabs
of Bi2Se3 — elcor VEREMCHUK!, Pavro MakusHKoO!, ANITA
GuaRINOZ, MuHAMMAD WAaAQEE UrR REHMANZ, ROSALBA TATIANA
FrrTipaLpi?, ToBias Kosus!, ALEXEJ PasHkIN!, FaBIAN Ganssl,
ProrLoy T. Das!, Rur Xul, RuoNaLD Burcos AreNcia3, DEe-
BOTTAM MAaNDAL?, ANTONIO VECcHIONEZ, CARMINE ORTIX®2, and
DeNYs MakarRov! — Helmholtz-Zentrum Dresden-Rossendorf e.V.,
01328 Dresden, Germany — 2CNR-Institute for SuPerconductors, In-
novative materials, and devices, Salerno, Italy — 3Dipartimento di
Fisica "E. R. Caianiello", Universita di Salerno, IT-84084 Fisciano

(SA), Italy

Nonlinear charge transport is central to next-generation high-frequency
electronics, enabling efficient rectification and frequency conversion up
to the THz range. Nonlinear responses are observed in various mate-
rial systems often focusing on thin films including Bi [1], Te [2], and
Bi2Se3 [3]. In this study, we will report experimental observations
of nonlinear charge transport in Bi2Se3 single crystals, which is ex-
plained based on peculiarities of the structural properties of layered
Bi2Se3 materials. Our findings can be applied to a broad range of van
der Waals centrosymmetric compounds.

[1] P. Makushko, I. Veremchuk et al., Nat. Electron. 7, 207 (2024).

[2] B. Cheng et al., Nat. Commun. 15, 5513 (2024).

[3] P. He et al., Nat. Commun. 12, 698 (2021).

HL 23.2 Wed 9:45 POT/0051
Comparing thermal conductivity predictions from open
source phonon transport solvers — eSaLLy IssA, MARTi RAva-
Moreno, and NakiB H. ProTik — Humboldt-Universitit zu Berlin,
Germany

Phonon transport continues to be an active field of research, both
for probing materials physics and developing applications for thermo-
electricity and thermal management. Due to their parameter-free na-
ture, ab initio approaches are one of the preferred means for solving
the phonon transport problem, offering excellent predictive capabili-
ties, especially for novel materials. Over the last decade, the workflow
combining density functional theory (DFT) and the Peierls Boltzmann
transport equation (BTE) has gained popularity. Indeed, practition-
ers in the field have several publicly available BTE code packages to
choose from, for example, ShengBTE, AlmaBTE, phonop3py, elph-
bolt, Phoebe, etc., that use this workflow. Nevertheless, the doubt
regarding the comparability of these different codes still remains. At
present, a detailed comparative study is missing in the literature. In
this work, we fill this gap and carry out a comparison of the phonon
thermal conductivity predicted by various codes. For a fair compari-
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son, we use the same DFT generated interatomic force constants from
the Alma database [1] for all considered codes. We carefully check the
convergence of the thermal conductivity with respect to the wave vec-
tor mesh density and compare the results over a range of temperature
points.

[1] ALMA database: https://almabte.bitbucket.io/database/

HL 23.3 Wed 10:00 POT/0051
Influence of Thermal Annealing on CMOS-Integrated
Graphene Field-Effect Transistors eDANIEL NICKEL!,
DaNIELE CaPistal, RasuoLE Lukose!, CHrisTiIAN WENGER!'2, and
Minpavcas Lukosius! — 1IHP - Leibniz Institute for High Per-
formance Microelectronics, Im Technologiepark 25, 15236 Frankfurt
(Oder), Germany — 2BTU Cottbus Senftenberg, Platz der Deutschen
Einheit 1, 03046 Cottbus, Germany

This work investigates the influence of consecutive annealing on
CMOS-integrated graphene field-effect transistors (GFETs) with an-
nealing temperatures (T,) from 150 °C up to 300 °C. The GFETs
were fabricated on 200 mm SiO3/Si wafers with Pd/Au and Ni edge
contacts, tungsten backgate and SizNy passivation. Annealing was
carried out in 150 sccm nitrogen flow for 1 h using a 10 °C/min ramp.
Electrical transfer measurements show that maximum p- and n-type
field-effect mobilities occur at T, = 200 °C for Pd/Au (up =~ 950
em? /Vs, p, ~ 1650 cm?/Vs) and at T, = 150 °C for Ni (up ~ 450
cm?/Vs, pn & 890 cm?/Vs). Raman analysis indicates an improved
graphene quality with increasing T,. Raman mapping reveals that for
Pd/Au, the FWHM of the 2D peak reaches a minimum at 7, = 200 °C,
followed by a slight increase in compressive strain at higher T,,. For Ni,
broader 2D and G peak distributions and a reduction in p-doping with
increased Ty is observed. Raman data measured near the Ni contacts
reveal reduced p-doping, whereas doping near the Pd/Au contacts re-
mains largely unaffected. Funding was provided by EU Horizon 2020
Graphene Flagship grants 101189797 and 101120938.

HL 23.4 Wed 10:15 POT/0051
Elucidating mobile charge carriers in granular matter
by transient surface photovoltage analysis — eCHRISTOPH
MERSCHIANNY, ALBERT TuEse?, CHrisToPH BraBEC?3, THOMAS
DrrTricH!, and PaBLo JiMENEz-Camvo??4 — lHelmholtz-Zentrum
Berlin fiir Materialien und Energie, Berlin — 2Friedrich-Alexander-
Universitdt Erlangen-Niirnberg, Erlangen — 3Helmholtz-Institute
Erlangen-Niirnberg, Erlangen — *Max-Planck-Institute of Colloids
and Interfaces, Potsdam

Among the most important properties of novel functional materials are
their charge transport characteristics, including n vs. p type conduc-
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tivity, carrier concentrations, and respective mobilities. However, new
solid-state materials are typically first synthesized in granular form,
and often this is also the intended morphology for applications (bat-
teries, photocatalysts, etc.). This makes most electrical characteriza-
tion techniques (e.g. impedance, Hall, time-of-flight photocurrent) ex-
tremely challenging, as they rely on current measurements throughout
the bulk of the sample. To overcome this drawback, we use contact-
less transient surface photovoltage (TR-SPV) to detect charge-density
shifts on the nanometer scale and in a time range from nanoseconds to
seconds. Comparing the results with diffusive charge-transport models
of moderate complexity, we are able to deduce the type and mobil-
ity of photoinduced charge carriers in a prominent example material,
graphitic polymeric carbon nitride (PCN). We encourage transferabil-
ity of this SPV analysis to other 2D layered systems like metal- or
covalent-organic frameworks (MOF / COF).

HL 23.5 Wed 10:30 POT/0051
Deep-learning Hamiltonian Acceleration of Electrical Trans-
port Predictions using the Non-Perturbative ab initio Kubo-
Greenwood Method for Strongly Anharmonic Materials —
oJuan Zuancl2 Kisune Kanc®, and MATTHIAS SCHEFFLER!
IThe NOMAD Laboratory at the FHI of the Max Planck Society,
Berlin — 2Department of Optical Science and Engineering, Fudan Uni-
versity, Shanghai — 3School of Materials Sciences and Engineering,
Chonnam National University, Gwangju

Thermal insulators, e.g., needed for efficient thermoelectric materials,
feature strong anharmonicity. As a consequence, a perturbative ap-
proach of electron-phonon interactions and even the phonon concept
for describing vibrations may become invalid. The non-perturbative ab
initio Kubo-Greenwood (aiKG) method provides an approach for eval-
uating electron and hole mobilities [1]. However, it requires substantial
computational costs due to its high requirements with respect to statis-
tical averages, large supercells, and extrapolation strategies to the zero-
frequency limit. This work introduces an Al-assisted aiKG framework
for the FHI-aims code, which incorporates the neural-network model,
DeepH |[2], trained to predict the Kohn-Sham Hamiltonian. Using the
thermal insulator KI, we demonstrate the capabilities and predictive
power of the approach, which substantially accelerates the calculation
of large supercell electronic band structures, temperature-dependent
spectral functions, and carrier mobilities with high accuracy.

[1] J. Quan et al. Phys. Rev. B 110, 235202 (2024).

[2] X. Gong, et al. Nat Commun 14, 2848 (2023).

HL 23.6 Wed 10:45 POT/0051
Quantum oscillations in the correlated metal CaVO3; —
Orrvio Cuiarti!, MauNt MOLLER!, MaRria Espinosal, Ta-
TIANA KuzNETsova2, RoMaN ENGEL-HERBERT?3, and eSaskia F.
Fiscuerb* — I1Novel Materials Group, Humboldt-Universitit zu
Berlin, 10099 Berlin, Germany — 2Department of Materials Science
and Engineering, The Pennsylvania State University, University Park,
PA 16802, USA — 3Paul-Drude-Institut fiir Festkorperelektronik,
10117 Berlin, Germany — *Center for the Science of Materials Berlin,
Humboldt-Universitét zu Berlin, 12489 Berlin, Germany

Transparent conductive materials are in great demand in the opto-
electronic industry for their high-performance and cost-effectiveness.
Strong electron-electron interactions in correlated metals can enhance
the carrier effective mass and allow to achieve both high-optical trans-
parency and high-electrical conductivity [1].

Here, we study the electric transport properties of thin CaVOs epi-
taxial films grown on LaAlOg substrates by hybrid molecular beam
epitaxy, with residual a high resistivity ratio (RRR) up to 98 [2]. Mag-
netortransport measurements were performed between 2 and 200 K in
magnetic fields up to 64 T. Films with high RRR show quantum oscil-
lations below 10 K. The analysis of the Shubnikov-de Haas oscillations
provides parameters within a multi-carrier model and the implications
for the complex Fermi surface of CaVOg3 are discussed.

[1] Zhang et al., Nature Materials 15, 204 (2016)

[2] Kuznetsova et al., APL Materials 11, 041120 (2023)

15 min. break

HL 23.7 Wed 11:15 POT/0051
Modeling the impact of dynamic disorder on optical conduc-
tivity of semiconductors using a Kubo approach — eFREDERIK
VonHOFF!, MicHEL Pannans?, Davib R. Reicaman®, FRANK
ORrTMANNZ, and Davip A. Eccer! — 1Physics Dep., TUM School
of Natural Sciences, Technical University of Munich, 85748 Garching,
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Germany — 2Dep. of Chemistry, TUM School of Natural Sciences,
Technical University of Munich, 85748 Garching, Germany — 3Dep.
of Chemistry, Columbia University, New York, NY 10027, USA

Semiconductor devices rely critically on efficient charge-carrier trans-
port, making it essential to understand the underlying transport mech-
anisms. The optical conductivity is a key transport observable, both
experimentally and theoretically, for identifying the scattering mecha-
nisms and transport regimes. However, modeling the transport prop-
erties of semiconductors with strong nuclear vibrations is challeng-
ing due to the resulting dynamic disorder in the electronic structure
[1, 2]. Addressing these challenges, we develop a dynamic-disorder-
driven microscopic method to compute optical conductivities in one-
and three-dimensional semiconductor model systems by integrating
time-dependent electronic Hamiltonians in Kubo transport theory. By
systematically varying the static and dynamic disorder strength, we
investigate the transition from localization to transient localization to
and diffusive behavior, providing insights into scattering mechanisms
active in emerging semiconductor materials such as halide perovskites.

[1] J. Fetherolf, et al, Physical Review X 10, 021062 (2020)

[2] F. Vonhoff, et al, Physical Review Materials 9, 094601 (2025)

HL 23.8 Wed 11:30 POT/0051
Self-Trapped Exciton Diffusion in a Lead-Free Two- Dimen-
sional Hybrid Perovskite — eJan-HriNRICH LITTMANN!, LUKAS
GoMBEL!, PuiLip KLEMENT!, MENG YAaNG2, MaARKuUs STEIN!, Jo-
HANNA HrNE23, and SANcAM CHATTERJEE! — lInstitute of Exper-
imental Physics I and Center for Materials Research (ZfM), Justus
Liebig University Giessen, Heinrich-Buff-Ring 16, 35392 Giessen, Ger-
many — 2Department of Chemistry and Material Sciences Center,
Philipps-Universitdt Marburg, Hans-Meerwein- Strafe, 35043 Mar-
burg, Germany — 3Institute of Chemistry, Carl von Ossietzky Univer-
sitdt Oldenburg, Ammerlander Heerstrafe 114-118, 26129 Oldenburg,
Germany

Self-trapped excitons (STEs) in low-dimensional metal-halide per-
ovskites arise from lattice distortions. The mobility of such excita-
tions is expected to be limited, however, remains vastly unexplored
experimentally.

Here, we directly image STE transport in a lead-free perovskite us-
ing spatially and temporally resolved photoluminescence microscopy.
The STEs exhibit measurable mobility and propagate over micrometer
distances despite their strongly-localized nature. At low temperatures,
their motion is limited and nearly temperature independent. Transport
becomes thermally activated above 150k and overcomes local energy
barriers. Together this infers trap-limited diffusion. These results es-
tablish that STEs are mobile under suitable conditions and provide a
quantitative framework for STE transport in lead-free perovskite ma-
terials.

HL 23.9 Wed 11:45 POT/0051
Electron-phonon interactions in VASP — eMaNUEL ENGEL!,
HENRIQUE MIRANDA', Arsusni Toco?, LAURENT CHAPUT3, MAR-
TIIN MarsMaN!, and Grorg Kressel* — 1VASP Software GmbH,
Vienna, Austria — 2National Institute for Materials Science, Tsukuba,
Japan — 3Lorraine University, Nancy, France — 4University of Vi-

enna, Vienna, Austria

Understanding electron-phonon interactions with first-principles accu-
racy is essential for predicting temperature-dependent electronic prop-
erties in semiconductors and complex materials. In this work, we
present new capabilities implemented in VASP that enable a fully
ab initio treatment of electron-phonon coupling using the projector-
augmented wave (PAW) method. These developments provide a con-
sistent framework for evaluating band-gap renormalization, phonon-
induced linewidths, and finite-temperature electronic transport prop-
erties within density functional theory.

Our approach combines perturbative electron-phonon matrix ele-
ments with dense Brillouin-zone sampling achieved through interpola-
tion techniques compatible with PAW-based orbitals and higher-level
density functionals. We demonstrate accurate predictions of zero-point
and thermal band-gap shifts across a range of materials. In addi-
tion, we incorporate the electron-phonon scattering rates directly into
Boltzmann transport calculations under relaxation-time approxima-
tions. This enables temperature-dependent mobilities and conductivi-
ties to be computed from first principles.

HL 23.10 Wed 12:00 POT/0051
Investigation of exciton diffusion in GaAs nanowires via
cathodoluminescence spectroscopy — eMikeL GoOmEz Ruiz,
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ViapIMIR KAGANER, JEsUs HERRANz, LuTz GEELHAAR, OLIVER
BranpT, and Jonas LAHNEMANN — Paul-Drude-Institut fiir Fes-
tkorperelektronik, Leibniz-Institut im Forschungsverbund Berlin e.V.,
Hausvogteiplatz 5-7, 10117 Berlin, Germany

Semiconductor nanowire (NW) structures emitting at tailored wave-
lengths have attracted notable interest for integration with silicon-on-
insulator waveguides. For many of these applications, the efficiency
with which carriers are injected into the active region of the sample is
relevant.

In this context, carrier transport in phase-pure GaAs nanowires is
investigated by spatially-resolved cathodoluminescence spectroscopy.

Emission intensity profiles along the nanowire axis are measured to
study carrier transfer from the GaAs segment to the axial interfaces at
both ends of the nanowire. These interfaces are formed at the top with
the axially grown (Al,Ga)As shell and at the bottom with the Si sub-
strate. The recorded intensity profiles are predominantly asymmetric,
indicating that carrier recombination at the two interfaces occurs in a
different fashion.

These profiles are analyzed using a mathematical model that ac-
counts for carrier generation, diffusion, and recombination. Fitting this
model to the experimental profiles reveals a diffusion length exceeding
one micron at 10 K, an unprecedented value for GaAs nanowires. This
reflects the high crystal quality of our nanowires.

HL 24: 2D Materials IV — Emerging materials and properties

Time: Wednesday 9:30-12:45

HL 24.1 Wed 9:30 POT/0081
Atomic layer deposition of few-layer 1T-TiS; and ternary
MoTiS; — eCHRISTIAN PETERSEN!'2, CHRISTIAN TESSAREKD.Z,
Marco ScHowaLTER2, ANDREAS RosENAUERD2, and MARTIN
EickHoFFL2 — lInstitute of Solid State Physics, University of Bre-
men, Otto-Hahn-Allee 1, 28359 Bremen, Germany — 2MAPEX Center
for Materials and Processes, University of Bremen, Bibliothekstrafe 1,

28359 Bremen, Germany

Theoretical calculations and experimental data concerning electronic
and structural properties of 1T-TiSg are sparse in comparison to other
transition metal dichalcogenides (TMD) such as MoSs. The available
data is contradicting and attributes 1T-TiSg a plethora of different
properties ranging from a semi-metal like behaviour to different charge
density wave phases (2 x 2 and VT x \/3) and even a band gap of up
to 2.5eV. In general, there is a lack of experimental data due to diffi-
culties in synthesis and stabilization of 1T-TiS2 which rapidly oxidizes
in ambient conditions.

In this study, plasma-enhanced sub-atomic layer deposition (ALD)
[1] in combination with in situ X-ray photoelectron spectroscopy (XPS)
is employed to directly study the effects of the growth conditions on
the chemical composition of 1T-TiS while circumventing the problem
of oxidation in ambient. To further characterize the 1T-TiSo film ex
situ, Raman spectroscopy and atomic force microscopy (AFM) is uti-
lized. Additionally, MoTiSs was synthesized by substitution of ALD
cycles of the Ti precursor (TDMAT) by the Mo precursor (BTBMMo).

[1] C. Tessarek et al., 2D Mater. 11, 025031 (2024)

HL 24.2 Wed 9:45 POT/0081
The effect of Lithium intercalation on line defects in the MoS2
monolayer — eAscHAR ALl JAN and PETER KRATZER — University
of Duisburg-Essen, Duisburg, Germany

MoS2 can be an effective anode material in lithium-ion batteries, as it
is scalable at room temperature and has weak van der Waals forces,
allowing lithium ions to intercalate between the sheets. Additionally,
when using MoS2 as an anode in a lithium-rich environment, the phase
transition from the most stable H phase to the T’ phase must also be
considered. Certain defects, such as sulfur vacancies and grain bound-
aries, are often present in experimentally synthesized MoS2 layers.
These grain boundaries introduce metallic states within the bulk band
gap. As a result, the conductivity of MoS2 is reduced. Up to now,
the H-to-T’ phase transition in MoS2 has been extensively studied,
but generally without considering the possible presence of defects such
as grain boundaries. Therefore, we have investigated the interaction
of lithium intercalation with the grain boundaries present in a MoS2
monolayer. For example, we examine how the presence of lithium near
a mirror twin boundary (MTB) affects the one-dimensional line of
charge trapped in the MTB. It is also important to consider the grain
boundary formed when a T’ phase created from the H phase due to
lithium intercalation directly meets the remaining H phase that does
not interact with lithium. Our density functional theory calculations
provided insights about the stability and electronic properties of these
line defects in the presence of lithiation.

HL 24.3 Wed 10:00 POT/0081
Wafer-scale growth of hexagonal boron nitride thin films us-
ing pulsed laser deposition — eDaNIEL KLENKERT!'2, BENEDIKT
WinTER!, PauL KoNRAD2, ANDREAS SPERLICH2, VLADIMIR
1 1

Dvakonov?, and JENs EBBecKE! — !Technology Campus Teisnach
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Sensor Technology, Deggendorf Institute of Technology, 94244 Teisnach
— 2Experimental Physics 6, Julius-Maximilians-University Wiirzburg,
97074 Wiirzburg

Hexagonal boron nitride (hBN) has attracted significant attention due
to its wide bandgap, high thermal conductivity and its ability to host
optically active defects, which are promising as single photon emitters
and for quantum sensing applications. Thus far the sample prepa-
ration of hBN usually relies on tape exfoliation or high temperature
chemical vapor deposition. Here we report on our progress using an
alternative approach to prepare thin films of hBN on different sub-
strates: pulsed laser deposition. This enabled the preparation of mi-
crocrystalline hBN layers on large scale wafer substrates at tempera-
tures below 850°C. The stoichiometry preserving properties of pulsed
laser deposition also allows for the preparation of carbon doped thin
films. These are especially interesting for research on carbon related,
optically active defects, which are noted for their high brightness and
single photon purity.

HL 24.4 Wed 10:15 POT/0081
Doping-Induced Modulation of Structural and Electronic
Properties in Transition Metal Dichalcogenides — eCEMm
Sancal3, Napire Navir!:3, Yusur KerReM BosTan?, FAHRET-
TIN SARCAN?, DrwakArR SincH?, and TaNUSHREE CHOUDHURY? —
1Paul-Drude-Institut fiir Festkorperelektronik, Leibniz Institut im
Forschungsverbund Berlin e.V., Hausvogteiplatz 5-7, 10117 Berlin,
Germany — 2Department of Physics, Faculty of Science, Istanbul Uni-
versity, Vezneciler, Istanbul, 34134, Turkey — 3Department of Physics
Engineering, Istanbul Technical University, Maslak, Istanbul, 34467,
Turkey — “*Department of Metallurgical Engineering and Materials
Science, Indian Institute of Technology Bombay, Mumbai, Maharash-
tra 400076, India

Transition metal dichalcogenides (TMDCs) hold promise for electronic
applications, yet their performance is limited by inadequate doping
strategies. This density functional theory investigation examines sub-
stitutional and interstitial doping in MoS2 and WS2 using chlorine and
oxygen dopants. Formation energy calculations reveal chlorine pref-
erentially occupies sulfur vacancy sites in MoSs. Electronic structure
analysis demonstrates that strategic doping enables bandgap engineer-
ing in TMDC systems.

HL 24.5 Wed 10:30 POT/0081
Opposite In-Plane Electrical Anisotropy in ZrSes and ZrS3
Flakes — eDavIN HOLLMANN!, LAarRs THOLE!, SonjaA LocMELISZ,
and Rovr J. Hauc!® — !Institut fiir Festkorperphysik, Leibniz Uni-
versitét Hannover, 30167 Hannover, Germany — 2Institut fiir Anor-
ganische Chemie, Leibniz Universitdt Hannover, 30167 Hannover, Ger-
many — 3Laboratorium fiir Nano- und Quantenengineering, Leibniz
Universitdt Hannover, 30167 Hannover, Germany

The anisotropy in form of quasi one-dimensional (1D) chains in tran-
sition metal trichalcogenides (TMTCs) makes them stand out com-
pared to other more conventional two-dimensional (2D) materials [1].
Through width-dependent [2] and direct measurements, we investi-
gated the electrical properties of ZrSes and ZrS3 flakes, in particular,
the influence of the anisotropic effective electron masses [3| in the 2D
plane. Flakes with a height of 26 nm were exfoliated from the respec-
tive bulk materials grown by a chemical vapour transport method.
Despite their identical quasi 1D layered crystal structure, ZrSes and
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ZrSs exhibit inverted in-plane electrical anisotropy. While ZrSes ex-
hibits the highest conductivity across the 1D chains with an anisotropy
ratio of 0.60, ZrS3 is shown to favour electron transport along the 1D
chains with a ratio of 1.69. Using DFT, we attribute this to the dif-
ferent chalcogen contributions at the conduction band minimum.

[1] J. O. Island et al., 2D Materials 4, 0220033 (2017)

[2] D. Hollmann et al., ACS Appl. Electron. Mater. 7, 9, 4049-4054

(2025)

[3] Y. Jin et al., Phys. Chem. Chem. Phys. 17, 18665-18669 (2015)

HL 24.6 Wed 10:45 POT/0081
Observation of Bernal Stacking in Few-Layer Graphene on C
face Silicon Carbide — eJoNas Roskg, OLIVER BRANDT, MICHAEL
HaNkE, Joao MAarceELo Lopres, PuiLipp Joun, and Hans Tor-
NATZKY — Paul-Drude-Institut, Berlin

Epitaxial growth of few-layer graphene (FLG) on SiC(0001) (C face)
is widely assumed to yield films with rotational disorder, in con-
trast to the well-ordered Bernal (AB) stacking typically associated
with SiC(0001) (Si face) growth. In this work, we show that surface
graphitization on the C face of SiC can, under appropriate conditions,
produce FLG with genuine AB stacking and remarkably low mosaic
spread. Using detailed Raman spectroscopy, supported by complemen-
tary structural characterization, we identify clear spectral signatures
of Bernal ordering, including a well-defined 2D-band lineshape. These
findings demonstrate that ordered stacking is achievable on the C face
under controlled sublimation conditions. We will present our full spec-
troscopic analysis and discuss its implications for the structural and
electronic properties of the grown FLG.

15 min. break

HL 24.7 Wed 11:15 POT/0081
Influence of Defects, Doping and Layer Twisting on Phonon
Dispersions in Bilayer Graphene and MoSs from Machine-
Learned Force Fields — eSaBuH1 BapaLov and HARALD OBER-
HOFER — Chair for Theoretical Physics VII and Bavarian Center for
Battery Technologies, University of Bayreuth

In two-dimensional (2D) layered materials, phonon dispersion plays a
central role in determining transport and electronic properties. In bi-
layer systems, phonon dispersion is highly sensitive to the stacking con-
figuration, twist angle, defects, and doping types. Using state-of-the-
art machine learning force fields trained on the first-principles data,
we perform large-scale phonon calculations for bilayer graphene and
MoSs to investigate how layer twist and defect density alter phonon
spectra and interlayer vibrational modes. We also analyze the influ-
ence of p- and n-type doping on phonon dispersions and their inter-
actions with the underlying electronic structure. Our results reveal
characteristic shifts in low-energy acoustic and optical branches that
are directly linked to microscopic structural motifs, including Moiré-
induced phonon properties. These findings provide microscopic in-
put for future calculations of electron-phonon coupling and possible
phonon-mediated superconducting states in twisted and doped 2D ma-
terials and establish machine learning force fields as a powerful frame-
work for exploring phonon-electron interaction in quantum materials.

HL 24.8 Wed 11:30 POT/0081
Efficient GW band structure calculations using Gaussian ba-
sis functions and application to atomically thin transition-
metal dichalcogenides — eREMI PasQuIER!, MARiA CAMARASA-
Go6MEzZ3, ANNA-SopHiA HEeHN?, DaANIEL HERNANGOMEZ-PEREZ®,
and JaN WiLneLm! — lInstitute of Theoretical Physics and Re-
gensburg Center for Ultrafast Nanoscopy (RUN), University of Re-
gensburg, 93053 Regensburg, Germany — 2Centro de Fisica de Ma-
teriales (CFM-MPC), CSIC-UPV/EHU, Paseo Manuel de Lardiza-
bal 5, 20018 Donostia-San Sebastian, Spain — 3Departamento de
Polimeros y Materiales Avanzados: Fisica, Quimica y Tecnologia, Fac-
ultad de Quimica, UPV/EHU, 20018 Donostia-San Sebastian, Spain —
4Institute of Physical Chemistry, Christian-Albrechts-University Kiel,
Max-Eyth-Strasse 1, 24118 Kiel, Germany — ?CIC nanoGUNE BRTA,
Tolosa Hiribidea 76, 20018 San Sebastian, Spain

The GW approximation is widely used to compute self-energies and
related electronic properties but remains computationally demanding,
motivating the development of more efficient approaches. We present
a space-time GW algorithm for periodic systems in a Gaussian basis
with spin-orbit coupling, enabling accurate and efficient quasiparticle
band-structure calculations for atomically thin materials. For mono-
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layer MoS2, MoSea, WS2, and WSez, the resulting GW band gaps
agree on average within 50 meV with plane-wave reference values. Full
GoWp band structures can be computed in less than two days on a
laptop (Intel i5, 192 GB RAM) or under 30 minutes using 1024 cores.

HL 24.9 Wed 11:45 POT/0081
Investigating the Ferroelectric Potential Landscape of
3R-MoS2 through Optical Measurements — eJAN-NIKLAS
Hemkamp!, JoHANNES ScHWANDT-KRAUSE!, Swarurp Drpl:2:3,
Takasur Tanicucur?, Kenyt WaranaBe?, Rico Scawarrz!, and
Tosias Korn! — !Institute of Physics, University of Rostock, Ro-
stock, Germany — 2Homi Bhabha National Institute, Mumbai, India
— 3Saha Institute of Nuclear Physics, Kolkata, India — %National
Institute for Material Science, Tsukuba, Japan

In recent years, sliding ferroelectricity has emerged as a topic of signif-
icant interest due to its possible application in non-volatile, reconfig-
urable storage devices. This phenomenon is unique to two-dimensional
van der Waals materials, where out-of-plane ferroelectric polarization
switching is induced by relative in-plane sliding of adjacent layers.
The intrinsic stacking order influences the resulting polarization, cre-
ating distinct polarization regions separated by domain walls. These
can be manipulated using an applied vertical electric field, enabling
a switchable system that retains the environmental robustness of van
der Waals materials. This study investigates 3R-MoSs using various
optical measurement techniques at room temperature and reveals ap-
parent signal changes corresponding to different ferroelectric stacking
orders and variations in layer count. Our findings demonstrate that
fast optical mapping at room temperature is a reliable method for prob-
ing ferroelectric potential steps in 3R-stacked MoSs samples, thereby
facilitating the identification of the ferroelectric configuration.

HL 24.10 Wed 12:00 POT/0081
Robust Orbital-Selective Flat Bands in Transition-Metal
Oxychlorides — Xiancyu Luo!, eLupovica ZuLLo?, SAHAJ
Parer!, Donciin On!, Qian Sonc!, Asisn K. Kunpu®, AniL
RaJapITaMAHUNI?, ELIo VEscovo®, NataLia Orszowska®, RAraL
KurLeTo?, DawiD WuTKE?, GioraIO SANGIOVANNIZ, and RICCARDO
Cowmin! — Department of Physics, Massachusetts Institute of Tech-
nology, Cambridge, MA 02139, USA — 2Universitat Wiirzburg, 97074
Wiirzburg, Germany, ct.qmat — 3National Synchrotron Light Source
11, Brookhaven National Laboratory, Upton, NY, USA — 4Solaris Na-
tional Synchrotron Radiation Centre, Jagiellonian University, Czer-
wone Maki 98, 30-392 Krakow, Poland

Flat electronic bands, which amplify electron correlations by quenching
kinetic energy, provide an ideal foundation for exotic quantum phases.
Here, we unveil an intrinsic orbital-selective flat-band mechanism in
the van der Waals materials NbOCly and TaOCly, directly observed
by angle-resolved photoemission spectroscopy (ARPES) and under-
stood through density functional theory (DFT) and Wannier analy-
sis. Crucially, we experimentally demonstrate that this momentum-
independent flat band exhibits remarkable robustness, surviving from
the bulk crystal down to the few-layer limit at room temperature. Our
theoretical analysis traces its origin to the hybridization between Nb-
dz? orbital chains and the Lieb-like dx2-y? sublattice, which is further
reinforced by Peierls dimerization. Our findings uncover a new orbital-
selective design principle for realizing flat bands in quantum materials.

HL 24.11 Wed 12:15 POT/0081
Tuning the Metal-to-Semiconductor Transition in Bilayer
PtTe2 via Electric Field Control — eSHARIEH JAMALZADEH
KuerABADI, FARzZAN GiTY, PAuL K.HURLEY, and LiDA ANSARI —
Tyndall National Institute, University College Cork, Cork, Ireland

Abstract: One effective method to induce a bandgap in graphene is
applying a perpendicular electric field to its bilayer structure [1]. This
process works by breaking the inversion symmetry of BL gra-phene
with an external electric field, leading to electrostatic screening be-
tween the two layers and splitting the m and 7* bands that intersect at
the Fermi level [2]. Platinum ditelluride (PtTe2) has garnered signifi-
cant interest due to its unique physical and chemical properties [3,4].
PtTe2 retains its semi-metallic properties for thicknesses down to BL
but transits to a semiconductor when re-duced to a monolayer due to
the quantum confinement effect [5]. We demonstrate that a bandgap
emerges in BL-PtTe2 when an electric field is applied perpendicular to
the layers, ultimately trans-forming the system into a semiconductor.
We have identified reliable critical electric fields within the range of
2-3 MV /cm to achieve a bandgap comparable to conventional semi-
conductors in BL-PtTe2. Further, we have investigated the effect of a
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vertical electric field on a BL-PtTe2 based field effect transistor using
density functional theory (DFT) and non-equilibrium Green*s function
(NEGF) methods. The results demonstrate device performance com-
patible with low-power require-ments for ION and IOFF, as projected
in the IRDS 2028 roadmap |[6].

HL 24.12 Wed 12:30 POT/0081
Circular Dichroism ARPES Reveals Orbital Chirality in
Single-Layer TMDs — eSuuBuaM PaTeL, Luke PiMmroTT, and
HaiB Rostami — Department of Physics, University of Bath, Claver-
ton Down BA2 7AY, United Kingdom

The electron wavefunctions in momentum space are fundamental to
understanding the microscopic physical properties of solids. Circular
dichroism (CD), a key feature observable in angle-resolved photoemis-
sion spectroscopy (ARPES) [1]. Recent experimental investigations
have indicated a direct relationship between CD-ARPES and the Berry

curvature of electronic bands [2], motivating theoretical efforts to inter-
pret CD within this framework. The Berry curvature-based approach
fails to capture certain critical sign-reversal features near the time-
reversal-invariant K(K’) points. Moreover, this method lacks depen-
dence on the photon energy of the incident light, as it is derived purely
from the momentum-space wavefunction characteristics. In the present
work, we adopt this plane wave approximation to compute CD-ARPES
spectra and find excellent agreement with experimental observations.
We solve tight-binding Hamiltonian for single-layer TMDs, and gener-
alize the dipole matrix elements. This formalism successfully captures
the sign-changing behavior of CD near the K(K’) points, a feature
absent in the Berry curvature approach, and provide a control on tun-
ability of the dichroic response with the photon energy. Notably, our
theoretical approach offers an alternative explanation that differs from
the Berry curvature-based framework.
[1] PRL 110, 216801 (2013) [2] PRL 121, 186401 (2018)

HL 25: Focus Session: Young Semiconductor Forum

The young semiconductor forum gives a platform for post-docs at all career stages to present themselves
and their scientific ideas. It consists of an oral session with invited talks about their work and/or
scientific vita. With this format, we hope to attract both postdocs and senior researchers and decision
makers to join this forum: for postdocs, to give them a platform to present themselves, and for professors,

to meet the next generation of scientists.

Organized by Rudolf Bratschitsch, Alexander Holleitner, and the AGyouLeaP (Lucas Kreuzer and Aisha

Aqeel)
Time: Wednesday 9:30-12:15

Invited Talk HL 25.1 Wed 9:30 POT/0251
Quantum dots for single-electron current sources
eJoHANNES C. BAYER, THOMAS GERSTER, DARIO MARADAN, NIELS
UBBELOHDE, Kraus Pierz, Hans W. ScHUMACHER, and FRANK
Honrs — Physikalisch-Technische Bundesanstalt, 38116 Braun-
schweig, Germany

Generating accurate currents can be achieved in an elegant and direct
way by applying a periodic signal to a tunable barrier quantum dot.
Such devices are called single-electron pumps (SEPs) due to their ca-
pability of emitting a well defined number of n electrons per cycle of an
external drive. With driving frequency f and elementary charge e this
leads to a controlled and clocked current of I = nef, thereby provid-
ing a suitable basis for a quantum current standard. While individual
SEPs can already achieve errors in the sub-ppm range for currents of
the order I ~ 100 pA [1], implementing larger systems consisting of
multiple well-performing SEPs remains a challenging task. We here
present DC transport as well as pumping characteristics of multiple
SEP devices toward scaling to higher currents.
[1] F. Stein, et. al., Metrologia 54, S1-S8 (2017)

Invited Talk HL 25.2 Wed 10:00 POT/0251
Optical readout of reconfigurable in-plane magnetic do-
mains in CrSBr — eALEKSANDRA Loprion!, PIERRE-MAURICE
PieL!, MANUEL TERBECK!, JAN-HENDRIK LaRUscH!, JakoB Henz!,
MARIE-CHRISTIN HEISSENBUTTEL2, THORSTEN DEILMANNZ, MICHAEL
RoHLFING2, ZDENEK SoFER3, and URrsuLa WURSTBAUER!
I Physikalisches Institut and Center for Soft Nanoscience (SoN), Uni-
versity of Miinster, Wilhelm Klemm Str. 10, Miinster, 48149, Ger-
many — 2Institut fiir Festkérpertheorie, University of Miinster, Wil-
helm Klemm Str. 10, Miinster, 48149, Germany — 3Department of
Inorganic Chemistry, University of Chemistry and Technology, Prague
Technicka 5, Prague, 616628, Czech Republic

Two-dimensional van der Waals (vdW) magnets have overcome the
Mermin-Wagner expectation by hosting long-range order while remain-
ing tunable through stacking, strain, gating, and external fields. Their
reconfigurability and hysteresis are attractive for information technolo-
gies, particularly when antiferromagnetic (AFM) multistability is ac-
cessed and read optically. We discover a reconfigurable multilayer mag-
netic domain structure in the A-type antiferromagnetic semiconductor.
The layered out-of-plane domain structure can be tuned by external
stimuli and read out via domain-modulated optical contrast. This
coupled magnetic-optical functionality demonstrates the possibility of
encoding, processing, and storage of information in magnetic textures
with a photonic-compatible readout. The domain landscape highlights
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CrSBr as a platform for ”intelligent matter” and a building block for
ultracompact opto-spintronic memories and neuromorphic hardware.

Invited Talk HL 25.3 Wed 10:30 POT/0251
Ferroelectric switching in Mn-doped epitaxial BaTiO3 films
and superlattices on silicon — e ALFREDO BLAZQUEZ MARTINEZ!,
VALENTIN VAING HeveLke!2, IBukuN Ovraniyanb 2, MINH-ANH
Luonc!3, Ings HAusLErR!, SVEN WiesNER!, CurisTopu T. Kocu?,
Donc-Jik Kim!, and CaTHERINE DUBOURDIEUN2 — 1Helmholtz-
Zentrum Berlin fur Materialien und Energie, 14109 Berlin, Germany —
2Freie Universitdt Berlin, 14195 Berlin, Germany — *CEMES-CNRS
and Université de Toulouse, F-31055 Toulouse, France — 4Humboldt-

Universitit zu Berlin, 12489 Berlin, Germany

The integration of epitaxial ferroelectric oxides on silicon remains a key
challenge for realizing energy-efficient and CMOS-compatible nano-
electronic devices. Among these materials, barium titanate (BaTiO3)
is a prototypical perovskite ferroelectric with a high remanent polariza-
tion and a low coercive field. Molecular beam epitaxy (MBE) enables
the growth of high-quality epitaxial BaTiO3 on Si, yet these films typi-
cally show high leakage currents, which preclude polarization measure-
ments and the realization of functional devices on Si. Here, we demon-
strate robust ferroelectric hysteresis in epitaxial BaTiOs films grown
on p-type Si using Mn doping. The introduction of a suitable amount
of Mn suppresses leakage currents by up to seven orders of magnitude.
We will then discuss the properties of (Mn-doped BaTiO3/SrTiO3)r
superlattices hosting vortex polar textures of a few nanometers in di-
ameter. This work highlights Mn-doping as an effective path to reduce
leakage currents in epitaxial BaTiO3 heterostructures to enable future
topotronic devices integrated monolithically on semiconductors.

15 min. break

Invited Talk HL 25.4 Wed 11:15 POT/0251
Tunability of quantized Hall plateaus — eSERKAN SIRT!,
ViapmmiRk - UMansky?, and STeEraN Lupwic! — !Paul-Drude-
Institut fiir Festkorperelektronik, Leibniz-Institut im Forschungsver-
bund Berlin e.V., Berlin, Germany — 2Weizmann Institut of Science,
Rehovot, Israel

The textbook single-particle description of the quantum Hall effect
based on the Landauer-Biittiker picture explains the extent of quan-
tized Hall plateaus as a function of magnetic field in terms of disorder-
broadened Landau levels. In contrast, the screening theory includes
electron-electron interactions and predicts the formation of extended
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Hall plateaus based on the confinement potential, without the need for
disorder [1].

To test these contrasting models, we investigate the tunability of
the plateaus in gate-defined Hall bars. We employ a global top gate to
deplete the two-dimensional electron system and an additional screen
gate on the sample surface, separated by an insulating layer, to define
the Hall bar. Varying the gate voltages allows us to tune the edges
of the Hall bar continuously from hard to soft confinement. We find
that, for softer confinement, the plateaus become wider by extending
to lower magnetic fields. These results support the screening theory
and are inconsistent with the Landauer-Biittiker picture.

This work establishes a new method for controlling and manipulat-
ing quantized Hall plateaus, which may become relevant for quantum
Hall metrology and quantum technology applications.

[1] R. R. Gerhardts, Phys. Status Solidi B 245, 378 (2008)

Invited Talk HL 25.5 Wed 11:45 POT/0251
How to achieve high gain in organic photodetectors?
eJoHANNES BENDUHN — Institute of Applied Physics, TU Dresden,
Germany — German Centre for Astrophysics, Gorlitz, Germany

Organic photodetectors (OPDs) match their inorganic counterparts

HL 26:
Time: Wednesday 9:30-11:30

HL 26.1 Wed 9:30 P1
Quantum Dots in Nonlinear Mechanical Resonators — eJona
RicHTER, NoaH SPITZNER, EMELINE NYSTEN, MaTTHIAS WEISS, and
HuBerr KRENNER — Universitdt Miinster, Miinster, Germany

Surface acoustic waves are employed in a broad range of technolo-
gies, including radio-frequency filters in wireless communication sys-
tems and life-science applications. In the presented work, SAWs are
utilized to drive mechanical modes in a quantum-dot membrane pat-
terned into rings on a lithium niobate substrate. Generation of the
SAWs is achieved by fabricating a comb-shaped interdigital transducer
on the substrate. When an RF signal is applied, the piezoelectric re-
sponse of the lithium niobate converts the electrical excitation into co-
herent acoustic waves propagating on the surface of the substrate. The
propagating SAW induces a periodic modulation of the QD lattice con-
stant, resulting in a corresponding modulation of the emission energy
at the driving frequency. This mechanism enables the use of individual
QDs as point-like nanoscale sensors, which can be probed through pho-
toluminescence spectroscopy using ultrafast optical detection. When
sweeping the RF frequency over a range of 200-900 MHz, pronounced
resonances in the emission-energy modulation are observed, but only
for QDs located within the ring structures. Both time-integrated as
well as time-resolved measurements exhibit clear signatures of nonlin-
ear mechanical behavior for example a hysteresis.

HL 26.2 Wed 9:30 P1
Gallium Nitride arrays for proton imaging — eNico FREDERIC
Brospal, MariLbE Siviero?, MaxiME Hucuges?, STEPHANE
HicuereT?, NicoLas ARBOR3, ANDREAS WIEck!, and JEAN-YVES
DuBoz2 — 'Ruhr University Bochum, Faculty of Physics and As-
tronomy, Experimental Physics VI, D-44780 Bochum, Germany —
2Université Cote d’Azur, CNRS, CRHEA, 06560, Valbonne, France —
3Université de Strasbourg, CNRS, IPHC UMR 7178, F-67000 Stras-
bourg, France

The MATRIX project is advancing proton therapy for cancer treat-
ment by developing novel, highly durable detectors designed to improve
real-time control of irradiation doses. Proton detection is performed by
measuring the charge generated within the active regions of PIN GaN
diodes. These GaN-based devices are fabricated as linear arrays con-
taining 128 diode elements, as well as two-dimensional imaging arrays
with up to 11 x 11 elements, covering an area of 1 cm? and achieving
spatial resolutions of up to 500 um. Owing to microelectronic fabrica-
tion techniques, even higher resolutions can be realized when required.
The spatial performance of these detectors was validated through pro-
ton radiography of test objects using a 24 MeV beam, benchmarked
against non-pixelated Gafchromic film. Measurements with phantoms
of varying thickness further demonstrated the detector’s capability for
energy-resolved proton imaging. With achieved frame times of 1 ms,
the MATRIX detector also provides a first proof of concept for real-

in performance, with additional features like semitransparency, flex-
ibility, and narrowband detection, opening new sensing applications.
However, high-gain OPDs are challenging due to disorder. This work
discusses two alternative principles to achieve gain.

The first approach uses unbalanced charge-carrier transport. Photo-
generated charges accumulated near one of the contacts generate a
local field that triggers charge injection of charges from the external
circuit into the active layer. Under dark conditions, this injection is
absent; therefore, these devices reach impressive EQE values of 1,000-
10,000 %. However, the underlying microscopic mechanisms remain
unclear. Here, we precisely tune the interface layers via vacuum depo-
sition, enabling us to reveal the injection mechanism.

Another solution is photoactive transistors. We introduce vertical
organic-permeable base transistors (OPBTs) that operate at low driv-
ing voltages and achieve high switching speeds. We report, for the first
time, a photogating effect in OPBTs. By leveraging the unique struc-
ture of OPBTs and conducting a detailed investigation into the under-
lying charge-storing mechanism, we have achieved record responsivity
values reaching 10° A/W, specific detectivities of 101 Jones (based on
noise measurements), and retention times exceeding 10%s. [1]

[1] Schréder, Benduhn et al. Nature Photonics 19, 1088-1098 (2025).
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time proton beam monitoring.

HL 26.3 Wed 9:30 P1
Impact of Ge-doping on the photoelectrochemical response
of cubic (Ga,In)N photoelectrodes — eSunpas Hamin'2, MAg-
s Wasem!'2, Mario F. Zscuerp!:2, Sias A. JenTscul:2, JoraG
ScuorMANND2) SaANGAM CHATTERIEED2, and MaTTHIAS T. ELmD:2
— !Center for Materials Research, Heinrich-Buff-Ring 16, 35392
Giessen — 2Institute of Experimental Physics I, Heinrich-Buff-Ring
16, 35392 Giessen

(Ga,In)N is a promising electrode material for electrochemical water
splitting as the amount of indium determines the band gap of the semi-
conductor alloy. In this study we focus on the influence of germanium
doping on the photoelectrochemical response of cubic (In,Ga)N pho-
toanodes, which were grown by molecular beam epitaxy (MBE). Differ-
ent methods like open circuit potential, cyclic voltammetry and electro-
chemical impedance spectroscopy were used to analyse charge carrier
transport and the properties of the electrode electrolyte interface, such
as flat band potential. The non-intentionally doped samples show a
high photocurrent, indicating less recombination and efficient charge
separation, while doping decreases the photoelectrochemical response.
Despite the lower photocurrent, the doped samples show higher elec-
trochemical stability displaying structural strength and chemical re-
sistance at the interface. The results show that a trade-off between
stability and activity needs to be achieved by controlling doping and
indium concentration to develop durable and efficient III-nitride pho-
toanodes for solar water splitting.

HL 26.4 Wed 9:30 P1
First Principle Calculations of Scandium-Aluminium-
Nitrides — Max GRossMANN, MALTE GRUNERT, and e WICHARD
BEENKEN — Technische Universitat Ilmenau, Institut fiir Physik, The-
oretische Physik I, Ilmenau, Germany

We have calculated the crystal structures and optical spectra of
SczAlj—zN compounds in trigonal/hexagonal and tetragonal/cubic
lattices. For increasing Scandium content, we could confirm the ex-
perimentally found first order phase transition from Wurtzit to Rock-
Salt structure. Furthermore we found a second order phase transition
to the theoretically predicted metastable hexagonal-MgO-structure.
Thereby, we studied various possible superstructures for rational Scan-
dium to Aluminium proportions in detail. Using LDA, GW, and BSE
methods, we calculated band structures and optical dielectric functions
for selected ScyAl;—;zN compounds with high precision.

HL 26.5 Wed 9:30 P1
Tracing Charge Carrier Transport in Freestanding Core-Shell
GaN Nanowires on n-Si(111) Substrates — eJuLiane Kocu!,
Patrick HAuser2, PETER KLeINscHMIDT!, Lisa LiBorius?, NILs
WEIMANN?, and TrHomas HannappeL! — lTechnische Universitit



Dresden 2026 — HL

Wednesday

Ilmenau, Fundamentals of Energy Materials, Ilmenau, Germany —
2University of Duisburg-Essen, Components for High Frequency Elec-
tronics (BHE) and CENIDE, Duisburg, Germany

Precisely engineered heterojunctions are essential for advancing
nanoscale systems with superior electrical performance. The structure
and electrical behavior of nanostructured devices must be examined
with high spatial resolution. This study investigates the charge carrier
transport in freestanding core-shell GaN nanowires (NW) grown via
polarity- and site-controlled metal-organic vapor phase epitaxy with
a site-dependent AIN interlayer on pre-structured n-type Si(111) sub-
strates. Multi-tip scanning tunnelling microscopy and electron beam-
induced current mapping were utilized to probe local transport phe-
nomena with high precision. Transport pathways of charge carriers
within the NWs and across key interfaces were resolved. Distinct I-V
characteristics appeared for different facets, while scanning transmis-
sion electron microscopy revealed no direct shell-core contact. Con-
sequently, current transport is governed by three serially connected
diodes: shell-shell, shell-core, and NW-substrate junctions. These re-
sults reveal mechanisms shaped by geometry and interfaces, advancing
understanding of charge carrier dynamics in ITI-N nanostructures.

HL 26.6 Wed 9:30 P1

Optical loss characterization in UV multimode AlGaN waveg-
uides with and without a backside absorbing layer —
®LEONARDO WILDENBURG', VERENA KOWALLIK!, TIM WERNICKE!, and
MICHAEL KNEISSLD'2 — 1Technische Universitit Berlin, Berlin, Ger-

many — 2Ferdinand-Braun-Institut (FBH), Berlin, Germany

Photonic integrated circuits (PICs) in the UV range enable complex
optical functions on a chip-scale platform, e.g. for the detection of
gases and biomolecules by absorption or Raman spectroscopy. The
implementation of UV PICs requires wide-bandgap materials to en-
sure optical transparency. Among the available material systems, one
promising candidate is AlGaN due to its application in UV-LEDs
and laser diodes. In this work, the optical losses near 265 nm of n-
Alp.76Gag.24N waveguides with a width of 200 um are investigated us-
ing a monolithically integrated UV-LED and UV-photodetector. The
influence of straylight from the substrate backside was investigated
with and without an absorbing 200 nm thin SiN layer. When operat-
ing the LEDs at a constant output power of 0.2 mW, the photocurrent
decreases exponentially with increasing waveguide length according to
Beer-Lambert-law. The reduction of scattered light was confirmed by
measurements of photodetectors of the same wafer, but not connected
to the emitting LED by a waveguide. Thus, optical losses of (40 +
5) cm~! with an absorbing layer and (33 + 5) cm™! without were
measured for the n-Alg 76 Gagp.24N waveguides. It was also determined
that the optical losses strongly depend on the amount of scattered light
from the UV-LED signal.

HL 26.7 Wed 9:30 P1
Optimization of etching processes for quantum well struc-
tures to enhance IR emission — eDANIEL JANZEN!, PETER
Zaisacl, Sascua R. VaLenTiN?, ArNe Lubpwic!, and ANDREAS
D. Wieck! — 1Ruhr-Universitit Bochum, Bochum, Germany —

2Gesellschaft fiir Gerdtebau mbH, Klénnestr. 99, 44143 Dortmund

The precise control of etching processes is crucial for the properties of
quantum well structures, especially in terms of IR emitter efficiency.
This study examines how different etching techniques affect surface
quality, defect formation, and electrical properties of the epitaxially
grown GaSb layers. A critical aspect is the formation of oxides and
metallic antimony, which can lead to leakage currents and short cir-
cuits. Through Atomic Force Microscopy (AFM) the influence of etch-
ing parameters are investigated. Reducing defect states and optimizing
material passivation could contribute to the long-term improvement of
emission efficiency. This research bridges materials science and semi-
conductor physics by discussing strategies to optimize surface states for
IR emitters. The findings are relevant not only for quantum optics but
also for sensor applications and industrial semiconductor fabrication.

HL 26.8 Wed 9:30 P1
Hydrogen Annealing of Silicon Micro- and Nanostructures
through Rapid Thermal Processing — oKyRrRA MALCHEREK,
Tuaomas Grap, and Markus Kaiser — Helmholtz Nano Facility,
Forschungszentrum Jiilich, Germany

As semiconductor devices continue to scale into the lower nanometer
range, achieving smooth surfaces becomes increasingly important for
device performance. In particular, silicon nanowires used in Gate-All-
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Around Metal-Oxide-Semiconductor Field-Effect Transistors (GAA-
MOSFETSs) require these characteristics to ensure uniform electrostatic
control over the channel. Therefore, Hydrogen Annealing of silicon is a
promising process to enable shape transformation and surface smooth-
ing.

In this study, we characterized the effects of Hydrogen Annealing.
Silicon microstructures showed a significant reduction in surface rough-
ness and rounded corners after the process. In addition, stable crystal
facets were formed and identified as (111) and (113) planes. The influ-
ence of the relevant process parameters - temperature, annealing time,
hydrogen flow and pressure - were investigated. The radius of cur-
vature increases with both temperature and annealing time, whereas
hydrogen flow and pressure show no significant influence.

The process was further applied to silicon-on-insulator nanostruc-
tures, creating free-floating silicon nanowires after oxide etching. Sub-
sequent hydrogen annealing effectively smoothed and rounded the
structures, demonstrating its potential for the fabrication of GAA-
MOSFETs.

HL 26.9 Wed 9:30 P1

Processing and Characterization of Mid Infrared Emitters

from III-V Epitaxy — ePETER Zajacl, Sascua R. VALENTIN!,
Tmmo A. KurscHAT!, RaINErR Krace!, ARNE Lubpwic?, and AN-
prEAS D. Wieck3 — lGesellschaft fiir Geritebau mbH, Klénnestr.

99, 44143 Dortmund, Germany — 2Arbeitsbereich Epitaxie, Exper-
imentalphysik VI, Ruhr-Universitdt Bochum, 44801 Bochum, Ger-
many — Sehem. Lehrstuhl fiir Angewandte Festképerphysik, Ruhr-
Universitdt Bochum, 44801 Bochum, Germany

A layer structure optimized for mid-infrared emission, containing W-
type quantum wells has been realized with III-V epitaxy on GaSb. The
processing workflow presented here, from the MBE-grown wafer sam-
ple to an emitting device, includes mesa etching, photolithography and
electrical contacting. The contribution outlines the challenges faced in
progressing towards the first prototype, including the optimization of
the wet-etching process with respect to the observed trench formation
and surface roughness. The electrical characterization includes contact
resistance and I-V measurements. Electroluminescence spectroscopy is
performed for optical characterization.

HL 26.10 Wed 9:30 P1
GaAs nanowire networks by electrochemical etching as a uni-
versal platform for oxide and nitride architectures — eEpuARrRD
Monaico!, SEBasTIAN LEHMANN?, ELENA MonNalco!, Xinzur Li2,
VEacesLav Ursaki!, Ion Tiginvanu!, and KorNELIUS NIELSCH?
ITechnical University of Moldova, Chisinau, Moldova — 2Leibniz In-
stitute of Solid State and Materials Research, Dresden, Germany

GaAs nanowire networks obtained by electrochemical etching provide
a versatile platform for semiconductor-oxide-nitride architectures with
controlled geometry and crystallinity. Depending on the orientation
of the GaAs substrate ((100), (111)B, (001)), the resulting nanowires
can be tilted, vertical, or oriented parallel to the surface. Formed by
selective electrochemical dissolution rather than epitaxial growth, they
retain the structural quality of the bulk crystal, offering a low-defect
scaffold suitable for subsequent transformations.

In this work, we explore their conversion into oxides and nitrides.
Thermal treatment in argon with 3% oxygen led to selective forma-
tion of Ga203 on the nanowires while preserving the GaAs substrate,
confirmed by SEM, EDX, XRD, and Raman analysis. Preliminary
nitridation tests also show the feasibility of forming GaN-based archi-
tectures. These findings highlight the potential of electrochemically
derived GaAs nanowire networks as a universal platform for oxide and
nitride structures relevant to optoelectronics, photonics, and sensing
technologies.

Acknowledgements: We thank the BMFTR and NARD for the fund-
ing of ProMoMo project DEHYCONA.

HL 26.11 Wed 9:30 P1
Influence of AlInP(100) Surface Reconstruction on TiO; /ITI-
V Interface Chemistry and Band Alignment — MoHAMMAD
AMIN ZARE Pour'?, CurisTiaAN HouN3, NEGIN MOGHAREHABED!,
RoEL vAN DE KroL3, THomas HANNAPPEL2, and eAGNIESZKA
Paszuk! — IBMFTR Junior Research Group PARASOL, Technische
Universitét Ilmenau, Germany — 2Fundamentals of Energy Materi-
als, Technische Universitit Ilmenau, Germany — 3Institute for Solar
Fuels, Helmholtz-Zentrum Berlin fiir Materialien und Energie GmbH,

Germany

TiO2/III-V heterointerfaces are crucial for photoelectrochemical de-
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vices, as their chemistry and band alignment govern photogenerated
charge-carrier transfer. The TiO2/InP(100) heterointerface was re-
cently studied using XPS/UPS and ab initio molecular dynamics sim-
ulations [Adv. Funct. Mater. 2025, 2506105]. ALD-grown TiO2
on phosphorus-terminated (P-rich) InP(100) shows strong interface-
induced band bending, InPO, formation related to the P-rich surface,
and Cl incorporation from TiCly, reflecting precursor-dependent chem-
istry. Here, we relate these findings to AlInP(100) surfaces prepared
with either P-rich or indium-rich termination, as well as with a thin ox-
ide layer. By comparing oxide states and valence-band positions with
those of InP, we analyze how surface reconstruction governs the for-
mation and energetic alignment of TiOg2 /III-V heterointerfaces. These
insights highlight how AlInP surface preparation controls the forma-
tion and electronic structure of TiO2 /III-V interfaces.

HL 26.12 Wed 9:30 P1
Measuring the Temperature Distribution of GaSb Wafers
during MBE Growth — eTimo A. Kurscuar!, Sascna R.
VALENTIN!, PETER ZaJsacl, RAINER KracE!, ARNE Lubpwic?, and
ANDREAS D. WiEck3 — !Gesellschaft fiir Gerdtebau mbH, Klonnestr.
99, 44143 Dortmund — 2Arbeitsbereich Epitaxie, Experimentalphysik
VI, Ruhr-Universitdt Bochum, 44801 Bochum — 3ehem. Lehrstuhl
fiir Angewandte Festkorperphysik, Ruhr-Universitdt Bochum, 44801
Bochum

During epitaxial growth the substrate temperature is one of the essen-
tial parameters. To obtain high-resolution temperature maps we use a
single-lens reflex (SLR) camera with the infrared filter removed. The
sensor is sensitive up to a wavelength of about 1 um and can therefore
be used as a pyrometer. With wafer rotation disabled, temperatures
down to Ts = 400 °C can be measured. With rotation and a reduced
exposure time of 0.25s images can still be obtained at the growth
temperature of Ts = 680 °C.

To optimize the temperature distribution, so called washers are used
during growth that cover parts of the wafer. With the original washers,
the center of our quarter 2" wafers is more than 20 K hotter than the
corners. Without a washer the profile inverts. Therefore we designed
a new washer which greatly improves the homogeneity.

On the other hand an inhomogeneous temperature profile can be
used to optimize growth parameters, which we show with photolumi-
nescence measurements of quantum wells and atomic force microscope
images.

HL 26.13 Wed 9:30 P1
Impact of Al containing nucleation layers on Si(100)/GaP
heterointerface — eKal DaniEL HaNke!, ANGIEszkA Paszukl2,
PeTeER KLEINscHMIDT!, and TrHomas HannappeEL! — !Technische
Universitat Ilmenau, Fundamentals of Energy Materials, [lmenau, Ger-
many — 2Technische Universitit Ilmenau, BMFTR Junior Research
Group PARASOL, Ilmenau, Germany

Monolithically grown III-V-on-silicon (100) tandem solar cells show
great promise for applications such as direct solar water splitting. A
critical interface in these devices is the Si/GaP heterointerface, at
which defects originate and subsequently propagate through the entire
III-V epitaxial stack. Minimizing defect formation at this initial inter-
face is therefore essential for achieving high-efficiency water-splitting
performance. The use of TMAI during the pulsed nucleation of the
GaP layer has previously been shown to lower defect densities, particu-
larly stacking faults, stacking-fault pyramids (SF/SFP), and threading
dislocations (TDs). In this study, we investigate the effect of TMAI on
the formation of SF/SFP and on the density of TDs. We further an-
alyze how TMAI modifies the interfacial energetic band alignment us-
ing X-ray photoelectron spectroscopy, and study its impact on surface
anisotropy and interface-related optical transitions by low-temperature
reflection anisotropy spectroscopy. Defect densities are quantified by
electron channeling contrast imaging, a scanning electron microscopy
technique that exploits electron channeling at an acceleration voltage
of 30 kV.

HL 26.14 Wed 9:30 P1
Enhanced Field Emission Current Density in Chemically
Engineered Multiwall Carbon Nanotube Neodymium Oxide
Heterostructures — e ANiMaA MaHAJAN!, MENAKA JHAZ, and SAN-
TANU GHOsH! — 1Department of Physics, Indian Institute of Tech-
nology, Hauz Khas, New Delhi -110016, India. — 2Institute of Nano
Science & Technology, Knowledge City, Sector-81, Mohali, Punjab-
160062, India.

The MWCNT, neodymium oxide (Nd*O*), and MWCNT-Nd*O* het-
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erostructure were successfully fabricated through a facile three-step
synthesis process: the synthesis of MWCNT rods by the chemical va-
por deposition technique, the synthesis of the Nd*O* nanoparticles
by using the micellar-assisted solid-state route, and the fabrication
of the MWCNT-Nd*O* heterostructure. Moreover, the MWCNT-
Nd*O* heterostructure exhibits enhanced field emission properties,
with a lower turn-on field of 2.4 V/*m compared to pure MWCNT
and Nd*O*, which have turn-on fields of 3.6 and 3.8 V/*m, respec-
tively. The MWCNT*Nd*O* heterostructure exhibits an enhancement
in current density of approximately 6365% compared to pure Nd*O*
and around 172% relative to pristine MWCNT. The emission current
stability at a preset value of 6 V/*m over an 8-hour duration is found
to be fairly good, characterized by current fluctuations within * 3%
of the average value. The enhanced field emission (FE) performance
of the MWCNT-Nd*O* heterostructure is attributed to its high en-
hancement factor (3) of ~3.3%10%*.

HL 26.15 Wed 9:30 P1
Low temperature photoluminescence excitation spectroscopy
on thin film zinc phthalocyanine — eJoSEPHINE BRAUN, SEBAS-
TIAN HAMMER, and JENS PFLAUM — Experimental Physics 6, Univer-
sity of Wiirzburg, 97074 Wiirzburg, Germany

The optical properties of molecular semiconductors are determined by
the electronic properties of the molecular constituents and their respec-
tive inter-molecular (IM) interaction [1]. To disclose the IM interac-
tion, polymorphic materials like Zinc-phthalocyanine (ZnPc) provide
perfect prototypical systems [2]. Its luminescence in the a-phase is
dominated by excimer emission [3], wheras the B-phase luminescence
is governed by a highly temperature sensitive Frenkel exciton emis-
sion. While temperature dependent luminescence studies provide in-
sight into the IM interaction potential, the excitation spectrum does
the same without being prone to effects of excitonic relaxation. In this
contribution we investigate the excitonic system of ZnPc thin films in
the a- and B-phase via temperature dependent photoluminescence ex-
citation (PLE) and photoluminescence (PL) spectroscopy between 4 K
and 300 K. We show, that while the PL spectra exhibits strong vari-
ability with temperature, the PLE spectra show only minor changes.
This suggests that rather than a large modulation of the IM interac-
tion with temperature, exitonic relaxation processes are at the heart
of ZnPc’s pronounced spectral luminescence changes.

[1] Hestand and Spano, Chem. Rev. 118 (2018), p. 7069-7163

[2] Hammer et al., Appl. Phys. Lett. 115 (2019), p. 263303

[3] Hammer et al., Mater. Horiz. 10 (2023), p. 221-234

HL 26.16 Wed 9:30 P1

in Single-Gaussian Deep-Blue
1,2

Host-Emitter Interactions
Europium(II) OLED Emitters — eMAHMOUD SOLEIMANI
PauLius IMBRAsAs?, JAN-MicHAEL MEwes?, FeLix KADEN?, SE-
BASTIAN SCHELLHAMMER!, ToNI BARSCHNEIDER?, CARSTEN ROTHEZ,
and SEBASTIAN REINEKE! — !Institute of Applied Physics (IAP),
Technische Universitiat Dresden, Germany — 2beeOLED GmbH, Dres-

den, Germany

Lanthanide-based emitters offer a promising approach to stable and
efficient deep-blue organic light-emitting diodes (OLEDs). While di-
valent europium [Eu(II)] and trivalent cerium [Ce(III)] can provide
ideal emission colors with near-unity exciton utilization, their inte-
gration into thin-film architectures remains insufficiently understood.
In particular, the compatibility of lanthanide complexes with organic
host materials and possible lanthanide-specific interactions are open
questions. To shed light on and gain a deeper understanding of these
aspects, we combine photoluminescence spectroscopy and density func-
tional theory to evaluate the behavior of a literature-reported Eu(II)
emitter and to introduce two new carborate-based Eu(II) complexes.
These novel materials exhibit deep-blue single-Gaussian 4f-5d emission.
Our experimental and theoretical analysis provides a framework for
understanding electron confinement and shielding in Eu-based emit-
ters, establishing design principles for a new class of stable, efficient
deep-blue OLED materials.

HL 26.17 Wed 9:30 P1
Flexible OLED-OPD System in a Rolled Geometry for
Angle-Resolved Optical Sensing — eSnuJuN PEI, JAN SCHARDT,
Markus KoOprkE, and MARTINA GERKEN — Chair for Integrated Sys-
tems and Photonics, Faculty of Engineering, Kiel University, Kiel, Ger-
many

We investigate an integrated sensing platform combining an or-
ganic light-emitting diode (OLED) and multiple organic photodetector
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(OPD) pixels fabricated on a single flexible PET substrate. After fab-
rication, the substrate is rolled manually such that the OLED and
OPDs face each other across the inner circumference of a cylindrical
channel. This geometry enables angle-dependent optical paths through
fluids flowing inside the tube, providing a basis for reconstructing ab-
sorption and scattering profiles relevant for chemical and biomedical
sensing.

To independently assess OLED-OPD performance, devices were
characterized on separate flat substrates. OPD responsivity was quan-
tified using a calibrated LED solar simulator and direct OLED illumi-
nation. Distance-dependent photocurrent measurements reveal the ex-
pected decay consistent with Lambertian emission and simple geomet-
ric coupling between the OLED and OPD pixels. Numerical modeling,
including finite emitter and detector areas as well as realistic alignment
offsets, closely reproduces the measured photocurrent trends.

These results demonstrate the feasibility of compact, flexible OLED-
OPD assemblies for multi-angle optical sensing and provide a founda-
tion for future device refinement.

HL 26.18 Wed 9:30 P1
Organic Narrowband Near-infrared Photodiodes for Breath
Monitoring — eSupHi MAHADEVAN!2, SIDDHARTHA SAGGARD?Z,
RaBIUL IsLam!2, and CaArRoLINE Murawski}2 — LInstitute of Solid-
State Electronics, Technische Universitdt Dresden, 01062 Dresden,
Germany — 2Kurt Schwabe Institute for Sensor Technologies, Kurt-
Schwabe-Strafte 4, 04736 Waldheim, Germany

For clinical diagnosis of various diseases, breath analysis has become a
powerful non-invasive tool, which demands the development of reliable
and efficient sensing technologies. However, conventional respiratory
monitors hinder users’ mobility, provide discomfort, and affect natural
breathing patterns. Recent progress in organic and wearable optoelec-
tronics presents an opportunity to develop thin, flexible, and impercep-
tible sensors. In this work, we report high-performance near-infrared
(NIR) organic photodiodes (OPD), using a PM6:Y6 blend combin-
ing a polymer donor with an NIR-absorbing small molecule processed
from the green solvent o-xylene. In this simplified device architecture,
the hole-blocking functionality is incorporated directly into the active
layer, reducing fabrication complexity and enabling cost-effective pro-
duction. A narrow-band optical response at 800 nm is achieved via an
organic photo-filtering layer that allows only long-wavelength photons
into the active layer. The optical breath sensor will integrate organic
light-emitting diodes (OLEDs) to emit light onto the chest, while an
OPD will capture changes in diffusely scattered light from the skin dur-
ing breathing. This work aims to advance organic electronic devices
into the NIR spectrum for non-invasive medical diagnosis applications.

HL 26.19 Wed 9:30 P1
Wavelength-selective, ultraviolet (Mg,Zn)O photodiodes —
eJoNnas ErLz, HOLGER VON WENCKSTERN, and MARIUS GRUNDMANN
— Leipzig University, Felix Bloch Institute for Solid State Physics,
Semiconductor Physics Group, Leipzig, Germany

Ninety-five percent of the UV radiation that reaches the Earth’s sur-
face is in the UVA band (315-400 nm). In order to assess the potential
harmful effects of UVA radiation on the human epidermis with com-
pact, wearable devices, semiconductor technology can be used. Mag-
nesium zinc oxide is a suitable material for detectors in such devices
because it exhibits a bandgap between 3.3 and 4.8 €V. One photo-
diode design uses a filter and an active layer with different material
compositions to achieve sensitivity in different optical bands [2].

In this study, we use combinatorial pulsed laser deposition to fab-
ricate metal-semiconductor-metal photodiodes that are sensitive to
different wavelength ranges. With the same mask system and similar
targets as in [3], we achieve multiple compositions of filter and active
layers on a single substrate.

[1] von Wenkstern et al. "The (Mg, Zn)O Alloy" in "Handbook
of zinc oxide and related materials" pp 257-320

[2] Zhang et al. Appl. Phys. Lett. 108, 243503 (2016)

[3] Thyen et al. J. Vac. Sci. Technol. A 41, 020801 (2023)

HL 26.20 Wed 9:30 P1
Determination of activation energies in vertical co-doped k-
Gas O3 Schottky barrier diodes — eELISE MORAWE, SOFIE VOGT,
HoLcGER vVON WENCKSTERN, and MARIUS GRUNDMANN — Universitit
Leipzig, Felix-Bloch-Institut fiir Festkorperphysik Halbleiterphysik,
Leipzig, Germany

The predicted spontaneous polarization of k-GazO3 renders this poly-
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morph of GazOgs highly interesting for, e.g., high electron mobility
transistor devices [1]. As shown by KneiR et al., vertical Schottky
barrier diodes can be realized on pulsed laser deposition (PLD) grown
k-GazO3 thin films [2]. For that, the addition of tin in the process is
mandatory to induce the surfactant-mediated growth of the x phase
[3]. We present k-GaOs3 thin films grown by PLD on indium tin ox-
ide (ITO) layer on different substrates: c-sapphire and yttria-stabilized
zirconia (YSZ). We discuss the influence of co-doping of the k-GazO3
thin films with ZrOg or SiO2 in addition to SnO2 on the performance
of Schottky barrier diodes. Furthermore, the activation energies of
Sn, Zr and Si in the k-Gaz0O3 are determined by thermal admittance
spectroscopy.

[1] Juyeong Kim et al, Appl. Phys. Express, 11, 061101 (2018)

[2] M. Kneif et al, J. Appl. Phys. 130, 084502 (2021)

[3] M. Kneif et al, APL Mater. 7, 022516 (2019)

HL 26.21 Wed 9:30 P1

How To Tame Your Iodine in Reactive Sputtering and Sim-

ilar UHV Thin Film Deposition Processes — eCHRISTIANE
DEeTHLOFF, SEBASTIAN KOPP, SOFIE VoaT, Lukas TREFFLICH, HOL-
GER VON WENCKSTERN, and MARIus GRUNDMANN — Felix-Bloch-

Institute for Solid State Physics, Universitat Leipzig, Germany

Sputtering in reactive atmospheres involves several challenging condi-
tions, like target poisoning, or a hysteresis of the reactive gas partial
pressure, leading to an unstable operation regime [1]. In order to in-
vestigate and control these process conditions, and therefore tune the
properties of the resulting thin film, a controlled flux of the reactive
species is crucial. Commonly, this is achieved by mass flow controllers,
when O and N are the reactive gases [2]. However, in the case of an
iodine enriched atmosphere this is hardly feasible, due to the corrosive
effect and low inlet pressures.

‘We present an optical measurement setup, enabling real-time measure-
ments of the iodine content in an iodine enriched Ar flow from an iodine
vaporizer into a deposition chamber. Our investigations comprise the
growth and characterization of functional p-type copper iodide (Cul)
thin films by reactive magnetron sputtering under a well defined iodine
flux.

(1] D. Giittler et al., Applied Physics Letters 85.25 (2004): 6134 —6136
DOI:10.1063/1.1835002.

[2] A. Welk, M. Grundmann et al., Physical Review Applied 17.2
(2022): 024007 DOI: 10.1103/PhysRevApplied.17.024007

HL 26.22 Wed 9:30 P1
Investigation of vertical a-Gax03/(Al;Gai—_,)203 diodes
grown by pulsed laser deposition — eVERONIKA LuNOvVA, SOFIE
Voat, PauL BOKEMEYER, HOLGER VON WENCKSTERN, and MARIUS
GRUNDMANN — Universitdat Leipzig, Felix Bloch Institute for Solid
State Physics, Semiconductor Physics Group, Leipzig, Germany

With a bandgap of 5.3eV and a dielectric breakdown field of
10 MV /cm, a-phase gallium oxide is a promising ultra-wide bandgap
semiconductor for high-power electronics [1]. Furthermore, alloying
with isostructural a-AlpO3 is possible without a miscibility gap and
allows for even higher band gaps and electrical breakdown fields [2].
In this work, we present a systematic investigation of vertical Schot-
tky diode structures based on a-(Al;Gaj_;)203 thin films grown
by pulsed laser deposition (PLD). The heterostructures consist of
an undoped a-GazO3 buffer layer, highly doped intermediate lay-
ers, and an (AlyGaj_.)203 layer. Achieving sufficient conductivity
in (AlzGaj_5)203 remains a major challenge; thus, we investigate
donor activation as a function of aluminum content [3]. The structural
quality and electrical properties of the resulting heterostructures were
investigated, with focus on the influence of Al incorporation on crystal
structure, carrier activation, and vertical transport behavior.

[1] Higashiwaki et al., Appl. Phys. Lett. 100, 013504 (2012).

[2] Hassa et al., J. Phys. D: Appl. Phys. 54 223001 (2021).

[3] Varley et al., Appl. Phys. Lett. 120, 262104 (2022).

HL 26.23 Wed 9:30 P1
Titania-based aerodynamic nanomaterials produced by
atomic layer deposition — eTupor BranisTE!, VvLADIMIR
CioBanu', SepasTiaN LenmanN?, PuiL GoLDBERGZ, KORNELIUS
NieLson?, NikLas WoLrr?, Lorenz KIENLE®?, RAINER ADELUNG?,
and Ion Ticinyanu! — 1Technical University of Moldova, Chisinau,
Moldova — 2Leibniz Institute for Solid State and Materials Research,

Dresden — 3Institute for Materials Science, Kiel University, Germany

In this work, we report on a technology for the production of TiO2,
Zn2TiO4, and Mg2TiO4 aero-nanomaterials. Titanium and magne-
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sium oxides were deposited using atomic layer deposition (ALD) onto
a sacrificial network of ZnO microtetrapods. After deposition, the
sacrificial ZnO layer was removed using two different technological
routes. The first route involves removing the zinc oxide in a citric
acid solution at room temperature, followed by critical-point drying
of the titania-based material. The second route consists of removing
the ZnO substrate in a hydrogen atmosphere at high temperature. At
temperatures as high as 850 °C in an atmosphere of H2 + Ar (2% +
98%), the ZnO core decomposes, and the resulting aero-nanomaterial
consists of hollow microtetrapods with porous microtubular arms com-
posed of Zn2TiO4 or (ZnMg)TiO2. Scanning and transmission elec-
tron microscopy, as well as X-ray analysis, were used to elucidate the
morphology, composition, and crystal structure of the produced aero-
materials. The investigations revealed the influence of annealing tem-
perature and the sequence of technological steps on the morphology
and properties of the resulting materials.

HL 26.24 Wed 9:30 P1
Band-Gap Trends in Halide Double Perovskites
Quasiparticle Self-Consistent GW — eLouts MEIer!, TIMUR
BIKTAGIROV!, VOLODYMYR VASYLKOVSKYIZ, ANASTASIIA KULTAEVAZ,
and WoLF GEro ScumIDT! — !Physics Department, Paderborn Uni-
versity, 33098 Paderborn, Germany — 2Experimental Physics 6, Uni-
versity of Wiirzburg, 97074 Wiirzburg, Germany

from

Halide double perovskites represent a chemically versatile class of opto-
electronic materials with tunable band gaps dependent on their cation
and halide composition. Their diversity requires a first-principles
framework that can predict these trends consistently. Semilocal density
functional theory (DFT) underestimates band gaps, while many-body
GW results depend sensitively on the DFT starting point. In this
contribution, we assess the quasiparticle self-consistent GW (QSGW)
method as a unified, starting-point-independent approach for predict-
ing the electronic structure of the Cso M M’ Xs family (M = Bi, TI;
M’ = Ag, Cu; X = C], Br), focusing on trends with composition and
spin-orbit coupling.

HL 26.25 Wed 9:30 P1
Atomistic Modeling of A- and X-Site Mixing in Halide
Perovskites using Cluster Expansion — eHiLDE BELLERSEN',
ANA M. VaLencia2, and CaTERINA CoccHI' — 1Friedrich-Schiller-
Universitit Jena, Germany — 2Carl von Ossietzky Universitit Olden-
burg, Germany

Designing stable and efficient halide perovskites involves navigating a
vast space of possible chemical substitutions. To address this challenge,
we combine density-functional theory calculations with a machine-
learning-based cluster expansion framework [1] to efficiently explore
multi-component perovskite alloys. Our training structures systemat-
ically sample A-site mixing (FA, MA, Cs), X-site mixing (I, Br, Cl),
as well as simultaneous A- and X-site co-mixing, with the lattice pa-
rameters adjusted according to Vegard’s law. These configurations
provide the basis for constructing cluster expansion models capable
of capturing key energetic trends across the full compositional space.
Such models can be used to identify stability landscapes and quantify
the influence of configurational effects. We present the methodology,
dataset construction, and first insights from the ongoing model de-
velopment, highlighting the importance appropriate settings to ensure
model accuracy, as well as the potential of this approach to guide the
design of complex halide perovskite alloys.
[1] M. Angqvist et al., Adved Theory and Sims 2, (2019).

HL 26.26 Wed 9:30 P1
Cavity-enhanced microscopy: absorption measurements of
single perovskite nanocubes and photo-switchable lipids —
eAvesHa Kuan!, INEs AMERsSDORFFERDZ, Davip HuUNGER®, and
TuoMas HomMER! 2 — 1Qlibri GmbH, Munich, Germany — 2Ludwig
Maximilian University of Munich, Munich, Germany — 2Karlsruhe In-
stitute of Technology, Karlsruhe, Germany

Optical studies of nano-scale systems through spectroscopy and imag-
ing can reveal intrinsic optical properties of materials including resolv-
ing the exitonic fine structure of systems. However, due to diminutive
absorption of nano-scale systems, it is challenging to perform absorp-
tion spectroscopy.

For a nano-scale system placed inside an optical resonator, the light
passes through the sample thousands of times, enhancing the absorp-
tion and thus, allowing measurements.

Here we demonstrate the use of a fiber-based, open-access micro-
cavity to perform direct measurements of the absorption of single per-

55

ovskite nanocubes. We further image and obtain hyperspectral maps
of perovskite nanocubes.

‘We also present the use of the cavity microscope to image label-free
Azo-PC phospholipid bilayers in both cis and trans state and show the
diffusion of the two states.

The successful measurements of different nano-scale systems promise
that fiber-based microcavities can become standard tools for absorp-
tion measurements of these systems.

HL 26.27 Wed 9:30 P1
Excitonic Reststrahlen Effect in (PEA);Pbl; — eMicHAEL
PFEUFER, PATRICK GRENZER, FRIEDRICH SCHOPPLER, and ToOBIAS
HerTEL — Institute of Physical and Theoretical Chemistry, Julius-
Maximilains-University Wiirzburg, Germany

Layered Ruddlesden-Popper perovskites with their natural quantum
well structure allow for strongly confined excitons with very high os-
cillator strengths. In this work, evidence of an excitonic Reststrahlen
effect, a phenomenon in which strong exciton resonances push the real
permittivity below zero, was identified and characterized in phenethy-
lammonium lead iodide (PEA)2Pbls. Transfer-matrix method simu-
lations of the thin film were employed to fit temperature-dependent
transmission measurements to an isotropic Lorentz oscillator model
and to extract the dielectric function of the material. Additionally,
we show that the behaviour of the Reststrahlen band in thickness-
dependent transmission spectra is consistent with that found in other
materials featuring a Reststrahlen-like response. Electric field calcula-
tions inside the material slab suggest natural exciton-polaritonic for-
mation in the material, as well as longitudinal modes near the zero
crossing of the real permittivity.

HL 26.28 Wed 9:30 P1
Optical Composition-Property Relationships in a Lead-
Free Isostructural 2D Hybrid Metal-Halide Series — eNiLs
KasTeN!, JAN-H. LirtMaNN!, MENG YANG?, NATALIE DEHNHARDT-
Fenst?, Lukas GomBEL!, RaLpn Kuscue?3, Markus STEIN', Jo-
HANNA HEINEZ3, and SANGAM CHATTERJEE! — !Institute of Exper-
imental Physics I and Center for Materials Research (ZfM), Justus
Liebig University Giessen, Heinrich-Buff-Ring 16, 35392 Giessen, Ger-
many. — 2Department of Chemistry and Material Sciences Center,
Philipps-Universitat Marburg, Hans-Meerwein-Strafie, 35043 Marburg,
Germany. — 3Insitute of Chemistry, Carl von Ossietzky Universitit
Oldenburg, Ammerldnder Heerstrafie 114-118, 26129 Oldenburg, Ger-
many.

Organic—-inorganic metal halides have achieved notable success in pho-
tovoltaics. Among these, metal-halide perovskites represent a versa-
tile class of compounds, exhibiting diverse optoelectronic behaviour,
ranging from narrow-band emission to broadband white-light photolu-
minescence (PL), typically arising from self-trapped excitons (STEs).
These characteristics render them relevant for optoelectronic appli-
cations. In this study, we investigate a lead-free isostructural series
of two-dimensional hybrid metal halides, [(R)-1-(4-F)PEA], [E2X10];
(R)-1-(4-F)PEA (R)-1-(4-fluoro) phenylethylammonium, where
E = Sb, Bi and X = Cl, Br, I. All compounds share a common struc-
tural framework, which allows us to isolate the effects of metal-cation
and halide-anion substitution on the optical response. We employ PL
and Raman spectroscopy to characterize these compounds.

HL 26.29 Wed 9:30 P1
Stokes, Anti-Stokes and selective excitation of Si-vacancies in
SiC — eEmiLIAN EISERMANN, VLADIMIR Dyakonov, and ANDREAS
SPERLICH — Experimental Physics 6, University of Wiirzburg, 97074
Wiirzburg, Germany

Our group has demonstrated a room temperature continuous-wave
maser that uses the silicon vacancy (V2) in silicon carbide (4H-
SiC) (arXiv:2312.08251). Stimulated emission arises from an optically
pumped population inversion in these spin defects. However, only a low
output power could be achieved and laser heating caused instabilities.
To enhance the maser characteristics, we investigate the fundamen-
tal pumping behavior of V2 (zero phonon line at 916.2nm). Hereby,
we distinguish between common Stokes excitation (CSE) (<916.2nm),
Anti-Stokes excitation (ASE) (>916.2nm) and selective excitation
(=916.2nm). Using electron paramagnetic resonance spectroscopy, we
resolve microwave absorption and emission signals due to the optical
polarization of Zeeman split states. By analyzing these features, we
calculate the population inversion and hence the pump efficiency. At
low temperatures selective excitation is particular efficient and CSE
outcompetes ASE, which requires thermally driven phonons. At room
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temperature, the increased phonon activity and the shortened 77 life-
time cause ASE (A=950nm) to have an efficiency of around 50 % com-
pared to CSE. ASE however allows for a very targeted excitation of
V2 and we identify an optical pumping sweet spot that is promising
for future maser implementations.

HL 26.30 Wed 9:30 P1
Double Gaussian Defect Cavity Design for Semiconductor
Based Entangled Photon Sources — eXiaN Zueng, Fer Ding,
and MIcHAEL Zopr — Institute of Solid State Physics, Leibniz Uni-
versity of Hannover, Appelstr. 2, 30167 Hannover, Germany

Polarization-entangled photon pairs are essential resources for quan-
tum communication and quantum networks, enabling protocols such as
quantum key distribution, teleportation, and entanglement swapping.
However, simultaneously controlling cavity spectrum, field profile, and
balanced coupling to multiple radiative transitions in a solid-state
emitter remains challenging. In this work, we design a double-Gaussian
defect cavity as a flexible platform to engineer semiconductor quantum-
dot entangled photon sources. Two Gaussian-shaped, microsphere-like
thickness modulations are embedded inside a DBR cavity and sculpt
the axial and lateral field distributions, providing independent knobs,
such as cavity height and defect width, to simultaneously tune the
cavity resonance close to emission lines, such as biexciton and exciton
emission and optimize the emission wavelength. Using FDTD sim-
ulations and time-domain exponential decay fitting, we extract the
quality factor, mode volume, and Purcell enhancement, and quantify
their dependence on the geometric parameters. The resulting design
framework provides practical guidelines for tailoring cavity*quantum-
dot coupling in double-Gaussian defect geometries and supports the
development of bright, on-demand entangled photon sources suitable
for future integrated quantum-network architectures.

HL 26.31 Wed 9:30 P1
Low-density InAs quantum dots for telecom O-band single-
photon emission — eErLias KersTiNG, NIKoLAT SPITZER, HANS
Georc BaBiN, SEVERIN KRUGER, PHIL JULIEN BADURA, and ARNE
Lubpwic — Ruhr-Universitdt Bochum, EP6 , Bochum, Germany

InAs quantum dots (QDs) grown by molecular beam epitaxy (MBE)
are promising candidates for single-photon sources (SPS), particularly
for quantum communication. Emission in the telecom O-band (1260
- 1360 nm) is especially desirable due to the low transmission loss in
optical fibers. However, conventional Stranski-Krastanov (SK) InAs
QDs face challenges in achieving low and well-controlled densities in
the range of 0.1- 10 QDs/um"2, as well as in precisely tuning the emis-
sion wavelength. We present an alternative approach to address this
issue based on local droplet etching (LDE), in which nanoholes in a
GaAs matrix are filled with InAs to form QDs. The quantum dot den-
sity is defined by the nanohole pattern, enabling precise and scalable
control. A strain-reducing layer (SRL) shifts the emission wavelength
into the telecom O-band. Homogeneous low-density (72 QDs/um"2)
growth is achieved through shutter-synchronized deposition, making
this approach well suited for scalable SPS fabrication. We detail the
fabrication method and present structural and optical characterization
results.

HL 26.32 Wed 9:30 P1
Effect of TiOs thin films on shallow NV centers in co-
doped diamond. — eArrTHUR WITTE, DoMINIC REINHARDT, PE-
TER SCHLUPP, HOLGER VON WENCKSTERN, JAN MEUJER, and MAR-
1us GRUNDMANN — Universitét Leipzig, Felix-Bloch Institute for Solid
State Physics, Germany

The nitrogen vacancy (NV) center is a color center in diamond, that
was proposed as a platform for solid state quantum computing. Es-
sential for this idea is the spin-dependent photoluminescence of the
negatively charged NV center, through which an optical spin polar-
ization can be achieved and its relatively long spin coherence time at
room temperature. Much research has been done in this direction:
to engineer the required negative charge of the NV centers, co-doping
of the diamond with donors was developed [1]. Shallow NV centers
are subject to surface effects that cause charge instabilities, as well as
magnetic and electronic noise. Various surface treatments have been
explored to mitigate these effects, including the deposition of a passi-
vation layer on the diamond surface. We combine surface engineering
and charge engineering by co-doping and study the effects of these
methods on the charge state and T2 time of shallow NV centers. This
is done by sputtering transparent titanium dioxide layers of varying
thickness onto a diamond with shallow NV centers in differently co-
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doped environments. Additionally, effects of annealing of the layer on
both the layer itself and the NV properties are discussed.
[1] T. Lihmann, et al. Phys. Status Solidi a 8(1), 1671-1703. (2021)

HL 26.33 Wed 9:30 P1
High-Resolution Lift-Off Process for Sub-100-nm Metal Fea-
tures using a PMMA Bilayer Stack — eMELINA SPORKETT!,
Lina TripPELSDORF12, THoMAs GRrAP!, FLOrRIAN LeEnTz!, and
Markus Kaiser! — 1Helmholtz Nano Facility, Forschungszentrum
Jiilich, Germany — 2Peter Griinberg Institute, Forschungszentrum

Jilich, Germany

A reliable and reproducible lift-off process is essential for the fabrica-
tion of high-resolution metal structures in micro- and nanotechnology.
This has become increasingly important due to recent advances in
quantum computing. In quantum devices, these nanoscale electrodes
and interconnects are needed to realize the electrical connections to
qubits.

In this study, we present a PMMA bilayer lift-off process that en-
ables the reliable fabrication of structures below 100 nm, including
fine lines and spaces. The resist stack consists of a copolymer bottom
layer that creates a defined undercut and a thin PMMA /CSAR top
layer. Through specifically optimized electron-beam lithography and
development using a methoxypropanol-based developer, a clearly de-
fined resist profile was achieved. Subsequent metal deposition using
Ti/Au electron beam evaporation enabled the fabrication of lines with
a width of only 30 nm.

These results demonstrate a robust and practical process for fabri-
cating ultra-fine metallic interconnects for nanoelectronic applications.

HL 26.34 Wed 9:30 P1
Diamond devices for high contrast electrical readout of NV
centers — eMELINA F. V. Pegs!, Lina M. ToDENHAGEN!, JoACHIM
P. LeBoLp?, Dominik B. BucHER2, and MARTIN S. BranDpT!
IWalter Schottky Institut, TU Munich, Am Coulombwall 4, 85748
Garching — 2?Department of Chemistry, TU Munich, Lichtenbergstr.
4, 85748 Garching

Nitrogen-vacancy (NV ™) centers in diamond enable optically and elec-
trically detected magnetic resonance (ODMR and EDMR/PDMR, re-
spectively) and are a promising semiconductor platform for spin-based
sensing. Metal contacts often influence the NV~ charge state, change
current flow near the surface and worsen the spin contrast in resonance
measurements. In this work we investigate shallow, implanted NV en-
sembles under Ti/Pt/Au contacts using combined photoluminescence,
photocurrent and ODMR/EDMR measurements as a function of ap-
plied bias voltage, nitrogen implantation depth and position relative to
the metallized surface. We have recently shown that Pt, just as other
metals, strongly influences the charge state of the NV centers under-
neath the contacts, leading to mostly neutral or positively charged
centers. Here, we show that via application of bias voltages, the neg-
ative charge state can be partially recovered, leading to an increase in
the spin contrast. This approach allows to stabilize the NV~ charge
state and improves the suitability of such diamond devices for quantum
sensing applications.

HL 26.35 Wed 9:30 P1
Fabrication of SNSPDs on TF-LNol for measurement device
independent QKD — eSivonN Paritzal2:3, BiaL MarLik!:2:3, and
CARsTEN ScHuck!23 — 1Department for Quantum Technology, Uni-
versity of Miinster — 2Center for NanoTechnology - CeNTech, Miinster
— 3Center for Soft Nanoscience - SoN, Miinster

Thin-Film Lithium Niobate on Insulator (TF-LNol) has been recog-
nized as a promising platform for realizing low-loss propagation and
high-speed modulation of optical signals in photonic integrated cir-
cuits. However, quantum technology applications, such as quantum
key distribution (QKD) also require integrating single photon detection
capabilities with nanophotonic functionalities. Here we show how cru-
cial optical circuit components of a QKD-receiver can be co-integrated
with Nb-based Superconducting Nanowire Single Photon Detectors
(SNSPDs) on the TF-LNol-platform. We specifically assess the in-
fluence of ubiquitous lithium diffusion on SNSPD performance and ex-
plore mitigation strategies in the design and nanofabrication process
flow, such as introducing diffusion barrier layers. Combining efficient
measurement capabilities with the stability and low loss routing of op-
tical signals in monolithic LNol-circuits provides a viable way towards
realizing quantum communication protocols, such as measurement de-
vice independent QKD.
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HL 26.36 Wed 9:30 P1
Role of a Quarter-Wave Plate in Resonant Laser Spec-
troscopy: Signature of Spin-Orbit Interactions of Light —
eWENZE LAN, ANTON LOGL, and BERNHARD URBASZEK — Insti-
tute for Condensed Matter Physics, Technische Universitat Darmstadt,
64289 Darmstadt, Germany

Resonant laser spectroscopy is a powerful technique for probing the
intrinsic optical transitions, coherence properties, and spin dynamics
of single quantum emitters. Although polarization-based dark-field
confocal microscopy enables nearly background-free detection of reso-
nant fluorescence [1], the role of an additional quarter-wave plate in
further improving extinction has remained unclear. Here, we eluci-
date the mechanism by which a commercial quarter-wave plate en-
hances polarization extinction in a simple confocal geometry. Under
cross-polarization conditions, the transmitted beam exhibits a robust
first-order Hermite-Gaussian mode, which explains the improved back-
ground suppression and we identify it as a direct signature of spin-orbit
interactions of light [2-3]. Our findings inspire applications in polar-
ization optics, nanophotonics, and quantum photonics. [1] Rev. Sci.
Instrum. 84, 073905 (2013); [2] J. Opt. 15, 014001 (2013); [3] Nat.
Photon. 9, 796-808 (2015).

HL 26.37 Wed 9:30 P1
Phonon-Polaritons in MOVPE-grown hexagonal Boron Ni-
tride — eOsKAR SCHROER!, MAXIMILIAN SCHARPEY!, LENA MILERZ,
JouannNes BINDER?, ANDRZEJ WysMorEK?, DANIEL WIGGERS, and
Iris NieuEs! — lInstitute of Physics, University of Miinster, Ger-
many — 2Faculty of Physics, University of Warsaw, Poland —
3Department of Physics, University of Miinster, Germany

Two-dimensional materials composed of atomically thin layers have
attracted great interest due to their unique optical and electronic
properties. Using a scattering-type scanning near-field optical micro-
scope (s-SNOM), surface phonon polaritons (SPhPs) are observable in
the insulating polar van-der-Waals material hexagonal boron nitride
(hBN) [1]. While most works focus on exfoliated single-crystalline
layers of hBN, we show that SPhPs can also be excited in hBN grown
by metalorganic vapor phase epitaxy (MOVPE). Here, grain bound-
aries and defects play a major role for the propagation properties of
the polaritons. By evaluating the real-space interference patterns, we
extract dispersion relations and compare propagation characteristics
for the two sample types. The results contribute to a deeper under-
standing of light-matter interactions in polar van der Waals materials
and may pave the way towards improved control and manipulation of
light-matter excitations on the nanometer scale.

[1] Caldwell et al., Nat. Commun. 5, 5221 (2014).

HL 26.38 Wed 9:30 P1
Predicting nonlinear optical properties from the linear re-
sponse: Generalized Miller Formulae — eMaxiMmiLIAN TiMm
MEYER and ARNO ScCHINDLMAYR — Universitiat Paderborn, Depart-
ment Physik, 33095 Paderborn, Germany

Predicting the nonlinear optical response of real materials from first
principles remains a major challenge, since quantitative calculations
require strong simplifications and large computational resources. As
a shortcut, Miller’s rule provides an empirical relation between the
linear and second-harmonic coefficients. It can be extended to higher-
order nonlinearities and is now accepted as a useful tool for guiding
experiments and computational materials discovery. However, its the-
oretical foundation had long been limited to a simple derivation for the
classical Lorentz model with a weak anharmonic perturbation, whose
properties differ from those of real quantum-mechanical electrons. We
have developed a mathematical framework which enabled us to prove
that Miller’s rule is nevertheless equally valid for weakly anharmonic
quantum-mechanical oscillators [1]. For three-dimensional anharmonic
oscillators, we further derived generalized Miller formulae that express
all orders of the nonlinear response to an arbitrary multi-frequency
field exactly in terms of the linear optical susceptibility [2]. These
generalized formulae are applicable to a much broader range of non-
linear optical processes and systems. The practical implementation is
illustrated by means of a numerical example. [1] Meyer and Schindl-
mayr, J. Phys. B 57, 095001 (2024). [2] Meyer and Schindlmayr,
Dynamics 5, 34 (2025).

HL 26.39 Wed 9:30 P1
Revisiting Cross-Polarized Resonant Excitation: Spin-Orbit
Interaction in Confocal Dark-Field Microscopy — eANTON
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LocL, WENZE LaN, and BERNHARD URBASzZEK — Institute for Con-
densed Matter Physics, Technische Universitdt Darmstadt, 64289
Darmstadt, Germany

Resonant excitation is a key experiment for accessing and probing the
optical properties of semiconductor quantum emitters. The typical epi-
fluorescence geometry of the cryostat environment presents an experi-
mental challenge: separating the much weaker emission of the sample
from the much stronger excitation, typically addressed using a cross-
polarization scheme [1]. It is well known that confocal microscopy
in combination with a dark-field technique can surpass the intrinsic
extinction limit of commercial polarizers [1, 2]. In this work, we in-
vestigate the spin-orbit interaction of light observed when a polarized
Gaussian beam is reflected from a mirror surface within such a micro-
scope arrangement. We revisit the model from [2] and demonstrate
that slight modifications allow us to phenomenologically model all of
our results within the linear and circular polarization basis. Our results
pave the way for improved characterization and optimization of opti-
cal setups used to measure the optical properties of various quantum
emitters. Simultaneously, our results highlight how poorly understood
the physical principles of one of the most common characterization
techniques in resonant spectroscopy are.
[1] A. V. Kuhlmann, et al. Rev. Sci. Instrum. 84, 073905 (2013)
[2] Benelajla, M. et al. Phys. Rev. X 11, 021007 (2021)

HL 26.40 Wed 9:30 P1
Optical properties of (Ti;Gaj—;)203 — 6LEONARD KAFERSTEIN,
CLEMENS PETERSEN, DANIEL SPLITH, HOLGER VON WENCKSTERN,
CHRIS STURM, and MARIUS GRUNDMANN — Felix Bloch Institute for
Solid State Physics, Leipzig University, Leipzig, Germany

The high bandgap energy in the order of 5.3eV and its high predicted
electrical breakdown field of about 10 MV cm™~! make a-GazO3 a quite
promising material for transparent electronic devices and high power
applications [1]. Alloying aGaO3 with Ti leads to a decrease of the
band gap. Here we report on the optical properties, especially the
dielectric function, of (TizGai—z)203 determined by spectroscopic el-
lipsometry as a function of the cation composition.

A (TizGai—4)203 thin film with a lateral composition gradient was
deposited by combinatorial pulsed laser deposition [2]. X-ray diffrac-
tion indicates a transformation from the tetragonal rutile phase for
large Ti concentration (x > 0.55) toward a rhombohedral phase for
z < 0.4. As (TizGa1_5)203 is optically uniaxial and the optic axis
is within the surface plane, generalized spectroscopic ellipsometry was
applied. In the transparent spectral range, we determined a decrease
from positive birefringence for high = towards negative birefringence
for £ =~ 0. As expected, we observe a redshift of the bandgap energy
with increasing Ti-content from 5.1eV for x ~ 0 down to 4.3eV for
z ~ 0.85.

~
~

[1] M. Higashiwaki et al., Appl. Phys. Lett. 100, 013504 (2012).
[2] H. v. Wenckstern et al., Ph. Status Solidi B 257, 1900626 (2020).

HL 26.41 Wed 9:30 P1
In situ investigation of PEC devices by time-resolved photolumines-
cence — oPETER KLEINSCHMIDT, ALI OMAR, SAHAR SHEKARABI,

Davip OsTHEIMER, and THoMAs HANNAPPEL — TU Ilmenau, Insti-
tute of Physics, Fundamentals of Energy Materials, 98693 Ilmenau

Direct, unassisted photoelectrochemical (PEC) water splitting is a
promising approach for the generation of solar hydrogen. At present,
PEC devices still suffer from rapid degradation during operation in the
electrolyte. In PEC devices, the control of the dynamics of minority
charge carriers is crucial for efficient operation. In situ time-resolved
photoluminescence (TRPL) measurement provides a direct access to
charge carrier lifetimes in the PEC environment. We demonstrate that
in situ TRPL reveals early-stage, localized degradation in PEC devices
under operating conditions long before any decline in conventional per-
formance metrics, such as a reduction in hydrogen evolution current
density, becomes detectable. With this method, we investigate the ef-
fect of different surface treatments of dual junction PEC devices, in
particular the functionalization with passivation layers and catalysts,
on the stability and overall performance.

HL 26.42 Wed 9:30 P1
Propagation of Bloch surface polaritons in ZnO — SEBASTIAN
HENN, eDMITRY SAYENKO, MARIUS GRUNDMANN, and CHRIS STURM
— Felix Bloch Institute for Solid State Physics, Leipzig University,
Leipzig, Germany
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Here we present the long-range propagation of Bloch surface polari-
tons (BSP) in ZnO, which are formed through the strong interaction
between light and excitons. Of special interest are BSP particles as
they are bosonic quasi-particles and inherit the long-range propagating
properties of the involved photons. In contrast to typically used micro-
cavities, BSPs are formed at the surface of a photonic crystal, and thus
the fabrication of these structures requires less technical effort and the
properties of the BSP are surface-sensitive. In our studies, we realized
BSPs in a photonic crystal made of distributed Bragg reflector made
of yttria-stabilized zirconia (YSZ) and AloOs. As an active medium,
we used a ZnO surface layer, allowing strong coupling up to 430K
[1]. For the coupling of the BSPs to the vacuum modes, a 1D grating
was etched onto the surface. By employing non-resonant excitation
and varying the distance of the excitation with respect to the grating,
the propagation length of BSPs was determined. We found that the
propagation length of the BSP is about five times larger than would
be expected for a pure photonic mode traveling through the ZnO layer
[2]. We attribute this enhancement of the propagation lenght to the
extended field distribution within the structure.

[1] S. Henn et al., New J. Phys. 23, 093031 (2021).

[2] S. Henn et al., Appl. Phys. Lett. 125, 211104 (2024).

HL 26.43 Wed 9:30 P1
Comparative ab initio characterization of LiNbO3s, Li3sNbQOy4
and LiNb3Og — eFREDERIK SCHMIDT and ARNO SCHINDLMAYR —
Universitdt Paderborn, Department Physik, 33095 Paderborn, Ger-
many

Ferroelectric lithium niobate (LiNbOg) is an important material for
nonlinear optical technologies. It is part of the LioO—NboO5 system,
whose two components can not only form LiNbO3 but also other phases
with different Li:Nb ratios, such as Li3gNbO4 or LiNb3zOg. Both are
studied as possible materials for lithium-ion batteries on their own, but
they may also occur as unwanted secondary phases during the growth
of lithium niobate crystals when pure LiNbOj3 is preferred. As a con-
sequence, it is important to detect and identify the different phases. In
this work, we employ ab initio methods including density-functional
theory, the GW approximation and the Bethe-Salpeter equation in or-
der to characterize the three compounds with identical computational
techniques and convergence parameters. In particular, we compare
the density of states, electronic band structure and optical absorption
spectrum of LigNbOy4 and LiNbsOg to LiNbOj3. Despite qualitative
similarities, our results reveal quantitative differences in the electronic
and optical properties that should be clearly measurable in experi-
ments. Compared to LiNbOgs, the electronic band gap of LizsNbOg4
is 1.0eV larger and that of LiNb3Og is 0.4eV smaller. The optical
absorption edges also vary correspondingly.

HL 26.44 Wed 9:30 P1
Improving the optical readout of NV-centers in diamond by
oxide surface coating — e KLEMENS WURL, MiICHAEL BAR, HOLGER
vON WENCHSTERN, and MARIUS GRUNDMANN — Universitéit Leipzig,
Felix-Bloch Institute, Germany

Successful quantum computing has many advantages compared to reg-
ular computing, especially in simulations. It is proposed that nitrogen-
vacancy (NV) centers in diamond could be used as qubits at room tem-
perature, which would make everyday applications of quantum com-
puting easier compared to solutions that rely on superconductivity.|1]
The quantum states of the NV-centers can be controlled by optical
excitation via laser and spin-state manipulation by microwave radia-
tion.[2] The main objective of this research is to improve the optical
readout of the NV-center by the use of solid immersion lenses (SIL).
For this purpose, transition metal oxides are used, which are optically
transparent and do not exhibit photoluminescence for the given wave-
length. PLD is used for the surface coating, but the optical properties
are limited by particle density. Therefore, peripheral target ablation
was used to decrease the particle density as it allows for higher control
of the plasma plume deflection. The influence of Og partial pressure
and fluence will be investigated in order to record the corresponding
growth window for decreased particle expulsion as well as increased
optical transparency and refractive index.

[1] S.Pezzagna et al., Appl. Phys. Rev. 8(1), 011308, (2021).

[2] F. Jelezko et al., Phys. Stat. Sol.(a) , 203(13), 3207-3225, (2006).

HL 26.45 Wed 9:30 P1
Two-color sensitive II-VI wide-bandgap diodes with PbTe
quantum dots for visible and infrared detection and emission
— oJakuB GrucHu!, SErc1s CHUsNUTDINOW!, MicHAL SzoT!:2, PI-
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oTR WouNaR!, and GrzeEGORz KaRczEWsSKI? — !Institute of Physics,
Polish Academy of Sciences, 02-668 Warsaw, Poland — 2International
Research Center MagTop, 02-668 Warszawa, Poland

We present the results of research on p-n diode working as two-color
photodetector, made from combined narrow- and wide-bandgap semi-
conductors. With the use of molecular beam epitaxy (MBE) we man-
aged to create diode structures (p-ZnTe/( Active Layers - AL )/n-
CdTe) with lead telluride (PbTe, 0.32 eV in 300K) quantum dots em-
bedded in cadmium telluride matrix (CdTe, 1.49 eV in 300K). To create
quantum dots we first grown 20 alternating layers of PbTe and CdTe on
top of p-type layer, which followed by thermal annealing which break
down PbTe layers in to dots. We performed current-voltage measure-
ments for the basic characteristics followed by an optical measurements
to obtain diode spectral response curves with respect to different tem-
peratures in the visible and infrared ranges (350 - 3500nm in 300K).
In photoluminescence measurement we observe emission from PbTe
quantum dots. We confirmed junction formation in the diode by elec-
tron beam induced current (EBIC) measurements. On cross sections
of this structures, we observed formation of double p-n junction at the
interface of p-type layer and AL, and AL and n-type layer. Measure-
ments show promising possibilities for creating infrared LED and at
the same time photodetector with wide spectrum of detectivity.

HL 26.46 Wed 9:30 P1
Microscopic reverse-bias electroluminescence spectra and
spectral images of 850 nm oxide-confined VCSELs during
burn-in — eARNDT JAEGER!, NikoLAY LEDENTSOV JR.2, SEBAS-
TIAN HABERKERN!, HELMUT MEINERT!, ALEXANDER MoLL!, Do-
MINIK OLkE!, ILya E. TitkovZ, OLEG YU. Makarov?, and Niko-
LAY LEDENTSOvZ — !Esslingen University of Applied Sciences, Flan-
dernstrasse 101, 73732 Esslingen, Germany — 2VI Systems GmbH,
Hardenbergstrasse 7, 10623 Berlin, Germany

850 nm vertical-cavity surface-emitting lasers (VCSELs) are stud-
ied during high-current burn-in operation utilizing both reverse-bias
electroluminescence (ReBEL) spectra and spectral images. High-
resolution spectral images are generated by means of a confocal scan-
ning optical microscope using interference filters whereas microscopic
spectra are obtained with a fiber-coupled sensitive USB spectrome-
ter. Recently unfiltered ReBEL images have proven to be sensitive to
operation-induced changes of VCSELs because defect states evolved
during high-current stress trigger avalanche breakdown and give rise
to ReBEL emission. In particular, local current crowding during high
current burn-in leads to spatial distributions of ReBEL emission being
characteristic to the aging status and contain spectral portions due to
quantum well as well as AlGaAs barrier emissions. In contrast, electro-
luminescence spectra measured under near flatband conditions exhibit
only quantum well emission at 848 nm.

HL 26.47 Wed 9:30 P1
Optical Properties of a Transition-metal Dichalcogenide -
ZnO Nanowire Field-effect Transistor — eYasuvi BuLsaral,
MaximiLIAN TomoscuriT!, OmiD GuakBI', EpwiN EosaLpt!,
CARSTEN RonnNING!, and GiancarLo Soavit:2 — llnstitute of Solid
State Physics, University of Jena — 2Abbe Center of Photonics, Uni-

versity of Jena

Transition-metal dichalcogenide (TMD) monolayers combined with
zinc-oxide (ZnO) nanowires (NW) represent a promising platform for
electrically tunable nanophotonic devices. ZnO NWs are naturally
nanoscale lasers, supporting waveguiding, field amplification and be-
ing the gain medium at the same time. A further major step towards
the success and broad applicability of NW lasers is the possibility to
actively tune their laser properties via external stimuli, such as the
piezo-electric effect[2]. Recently, we have demonstrated that coupling
of ZnO NWs to monolayer TMDs leads to an increase of the lasing
intensity threshold[3|. Building on this approach. in this poster I will
propose a device where the laser emission of a ZnO NW can be electri-
cally tuned by coupling it to a TMD based field-effect transistor. Be-
sides the main idea and device architecture, I will present preliminary
results of device fabrication and characterization. [1] M. Zapf, Nano
Lett., 2017, 17 (11), 6637-6643 (2] E. Eobaldt, Nanoscale, 2022,14,
6822-6829.

HL 26.48 Wed 9:30 P1
PT-Symmetry in Excitonic Spectra of TMDC Monolayers
under Influence of Magnetic Fields — eMICHIEL SNOEKEN, AN-
DREAS KNORR, and HENRY MITTENZWEY — Nichtlineare Optik und
Quantenelektronik, Institut fiir Physik und Astronomie (IFPA), Tech-
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nische Universitat Berlin, D-10623 Berlin, Germany

Excitons in TMDC monolayers under the influence of an in-plane mag-
netic field are theoretically studied. We demonstrate that in-plane
magnetic fields induce a hybridization between spin-bright and spin-
dark exciton transitions, resulting in a brightening of spin-dark exci-
tons in optical experiments. We provide a thorough analytical char-
acterization of the spectrum and demonstrate that, upon including
dissipation, such a system can be interpreted as a gain-loss system as
described in PT-symmetric quantum mechanics.

HL 26.49 Wed 9:30 P1
Calculation of thermodynamic potentials and heat capacities
of ScN , YN and Auz2InYb — eCLEMENS VoGEL and JENs KoRTUS
— TU Bergakademie Freiberg, Institut fiir Theoretische Physik

ScN and YN can be incorporated in AIN to improve piezoelectric pro-
perties and electromechanical coupling. The Heusler phase AuzInYb
is of interest due to its potential for thermoelectric properties. In this
work we computed the thermodynamic potentials, the entropy, the
specific heat capacities Cp and Cy,, and the thermal expansion coef-
ficient. The calculations were performed using DFT/DFPT in Quan-
tum ESPRESSO (PBE-XC) using the quasi-harmonic approximation
for phonons. Cj, and Cy were determined over the range of 3-600 K,
as well as entropy and thermal expansion coefficient; C}, exceeds the
Dulong-Petit limit. For AugInYb, the projected density of states was
also calculated, which reveals a strong 4f density of states near the
Fermi level and indicating valence fluctuation (in agreement with ex-
perimental findings); the calculated heat capacities agree very well
with the experimental measurements.

HL 26.50 Wed 9:30 P1
Super-Resolution Terahertz Spectroscopy via Near-Field
Electro-Optic Sampling — eKEvIN BERWAGNER, MORITZ HEINDL,
FaBiaN BrRUTTING, and GEORG HERINK — Universitidt Bayreuth

Electro-optic sampling of THz radiation transmitted through a spec-
imen provides a non-invasive way to analyze materials, however, the
spatial resolution is typically constrained by the diffraction limit of the
THz beam to a few hundred microns.

In this contribution, we will present our progress in developing a
novel method for sampling pulsed terahertz fields with potentially sub-
micron spatial resolution. Specifically, the approach is based on local
imaging of THz nearfields via an electro-optic material in close contact
with the specimen. In contrast to established near-field approaches, the
method does not require the scanning of local probes such as SNOM or
micro-antennas. We analyze phase-matching conditions and effective
resolutions, and we demonstrate the super-resolution capabilities.

HL 26.51 Wed 9:30 P1
Highspeed ultrafast spectroscopy via active synchronization
of dual-comb lasers — eSIMEON ScHMITT, JULIA LANG, and GEORG
HEerINK — University of Bayreuth, Germany

Dual-comb lasers enable ultrafast spectroscopic measurements at high
speeds by generating optical delays without the motion of mechanical
elements. According to the asynchronous optical sampling (ASOPS)
scheme, pulses from two mode-locked lasers with detuned repetition
rates are combined to automatically scan relative delays throughout
the pulse period. In contrast, here, we present a novel approach which
features flexible active synchronization of both lasers: Employing pre-
cisely timed electrical signals and fast electro-optical modulators, we
achieve full control over the overall scanning process. This concentrates
the scanning range to the region of interest by limiting it to several
picoseconds, resulting in record fast scanning rates. Furthermore, the
scanning resolution can be arbitrarily adjusted up to tens of THz by
varying the repetition rate difference. We adopt this process to realize
ultrafast acquisition speeds for rapid THz time domain spectroscopy
and present first measurements.

HL 26.52 Wed 9:30 P1
Ultrafast negative thermal expansion in NbOz — eFLORIAN
BarrruscH!, Marc Herzoc!, FLoRIN Boariv2, MATTHIAS
RossLE?, JuTTta ScHWARZKOPF?, and MaTias BARGHEER!:2
Hnstitut fiir Physik und Astronomie, Universitit Potsdam, Pots-
dam, Germany — 2Helmholtz-Zentrum Berlin, Berlin, Germany —

3Leibniz-Institut fiir Kristallziichtung, Berlin, Germany

Niobium dioxide (NbO2) exhibits negative thermal expansion (NTE),
meaning it contracts upon heating rather than expanding like most
materials. Below 200 K, bulk NbOg shows a monotonic contraction
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of the tetragonal c-axis, while the a/b-axes expand. This behaviour
not only enables zero-expansion composites but also provides an un-
conventional elastic driving mechanism for magneto-elastic materials
on picosecond timescales.

In epitaxial thin films, however, the lattice response is modified by
substrate constraints via the Poisson effect. Temperature-dependent
XRD measurements show that the film response depends strongly on
the thermal-expansion mismatch between film and substrate during
equilibrium heating.

Using ultrafast X-ray diffraction (UXRD), we directly observe ultra-
fast NTE in NbO> thin films. On picosecond timescales, the substrate
remains effectively "frozen", allowing us to isolate the intrinsic re-
sponse of the NbOgy layer. This enables us to determine the timescale
of contraction, which provides crucial insights about its driving mech-
anism.

HL 26.53 Wed 9:30 P1
Development of single-shot spectral referencing to increase
signal-to-noise ratio in broadband 2D electronic spectroscopy
— eLoTTE PoLLiNGg, ANTON TRENCZEK, PAVEL TROFIMOV, TRIDEEP
Kawpg, and HELENE SEILER — FU Berlin

Two-dimensional optical spectroscopy is a powerful technique for re-
solving couplings between electronic states. Its implementation relies
on the availability of a broadband light source in the visible range,
typically generated using non-collinear optical parametric amplifiers or
gas-filled hollow-core fibers. These sources exhibit shot-to-shot spec-
tral fluctuations which can be as high as 10-15% depending on the laser
source. Here, we introduce a setup for single-shot spectral referencing
with the end goal of significantly increasing the signal-to-noise ratio in
broadband 2D electronic spectroscopy measurements.

HL 26.54 Wed 9:30 P1
Ultrafast Lattice Dynamics in Gold Beyond the Kinematic
Approximation — eHeLENA HorLLsTEIND'2, SEBASTIAN HAMMER?,
and HEINRICH SCHWOERER! — ! Max-Planck-Institut fiir Struktur und
Dynamik der Materie, 22761 Hamburg, Germany — 2Experimental

Physics 6, University of Wiirzburg, 97074 Wiirzburg, Germany

In the interpretation of electron diffraction experiments, the kinematic
scattering approximation and simple phonon models are often used
to reduce computational cost when modeling structural dynamics [1].
However, even for well-studied benchmark systems such as polycrys-
talline gold thin films, it often remains unquestioned how reliably these
assumptions hold under strong nonequilibrium excitation [2].

In this work, we investigate a 20 nm gold thin film under optical
excitation using ultrafast electron diffraction (UED) and static tem-
perature dependent electron diffraction to extract transient atomic dis-
placements and determine phonon excitation by analyzing the Debye-
Waller effect. We compare our experimental findings of lattice heating
dynamics with simulated diffraction patterns that rely on kinematic
scattering and harmonic phonon models. We hereby assess to what
extent the commonly used theoretical frameworks cease to describe
the structural response accurately. Our findings demonstrate that ne-
glecting possible anharmonic potentials, phonon-phonon coupling and
multiple scattering-effects can lead to systematic misinterpretations of
ultrafast lattice dynamics and thermophysical material properties.

[1] Schéafer et al. Chem. Phys. Lett. 515 (2011)
[2] Durham et al. Struct. Dyn. 9 064302 (2022)

HL 26.55 Wed 9:30 P1
Ultrafast dynamics of exciton—exciton interaction in mono-
layer MoS. investigated by high-order pump—probe micro-
spectroscopy — eRUIDAN Zuu, PaTrick GRENZER, SIMON BUT-
TNER, MaTTHIAS HENSEN, ToBiAs HERTEL, and ToBiAas BRIXNER
— Institut fiir Physikalische und Theoretische Chemie, Universitit
Wiirzburg, Am Hubland, 97074 Wiirzburg, Germany

Exciton—exciton interaction (EEI), as a many-body effect, sets a fun-
damental limit to optimizing the photoluminescence efficiency of light-
emitting devices based on 2D materials under high exciton densities [1].
A detailed understanding of the underlying EEI mechanisms provides
crucial insight for the optimization of the device performance. How-
ever, EEI dynamics are challenging to probe directly as their signatures
are mixed with the dominant single-exciton background in conven-
tional ultrafast measurements. Here, we apply our recently developed
high-order pump—probe spectroscopy [2] in a cryo-microscope to study
exciton interaction in freestanding and supported MoS2 monolayers.
We aim to separate different EEI-related processes (fifth and higher
orders of the system’s nonlinear response) from the single-exciton dy-
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namics (third order) and further investigate how the dielectric envi-
ronment influences EEI dynamics. We present our current progress
toward isolating EEI dynamics.

[1] Y. Yu et al., Phys. Rev. B 2016, 93, 201111.

[2] P. Maly et al., Nature 2023, 616, 280.

HL 26.56 Wed 9:30 P1
Impulsive Stimulated Raman Scattering: Highspeed Detec-
tion Strategies — eLAura HULLMANDEL, JurLia A. LanNg, and
GEeorc HERINK — Universitdt Bayreuth

Pulse interaction of femtosecond pulses inside Ti:Sapphire lasers is

HL 27: 2D Materials: Electronic structure,
Time: Wednesday 10:30-12:30

HL 27.1 Wed 10:30 TRE/MATH
Polarons in epitaxial single-layer MnBro — eAFFAN SAFEER,
OkTay GULERYUZ, GuaNcyao Miao, WouTErR JoLIE, THOMAS
MicHELY, and JeisoN FiscHeEr — II. Physikalisches Institut, Univer-
sitdt zu Koln, Ziilpicher Strafle 77, 50937 Koln, Germany

We investigate polaron formation in insulating single-layer MnBrg
grown by molecular beam epitaxy on three different substrates:
graphene on Ir(110), graphene on Ir(111), and Au(111). The polaron
number densities and species depend strongly on the underlying sub-
strate, underscoring the crucial role of the substrate. Our findings
show that modeling of polarons in such single-layer insulators in con-
tact with conducting substrates must explicitly include the substrate.
For MnBry grown on graphene/Ir(110), we identify four distinct po-
laron species, three of which closely resemble those reported for CoCla
on graphite. These polarons can be created, converted, and laterally
manipulated by the STM tip when a tunneling current flows at suitable
bias voltages. For graphene on Ir(110) as a substrate, mobile polarons
in MnBry are guided by the periodic potential imposed by the super-
moiré pattern arising from the interaction of MnBry with graphene
and Ir(110).

HL 27.2 Wed 10:45 TRE/MATH
Chirality in the Kagome Metal CsV3Sbs eTom P.
LAMMERSKOTTERY, H.J. ELMERs?, G. ScHONHENSE?, O. Tkacu?,
Y. Lyrvynenko?, H. Acarwar?, S. Cuernov3, M. Hogrscu®, D.
Kurnyaknov3, M. Scuorz3, K. RossNaGeL?, A. GLoskovskii®, C.
ScHLUETER?, A. WINKELMANN®, A. HacgHicHIRADS, M. ScHMITT?,
T. Lee’, R. CrLaessen®, M. LE Tacon®, J Dewmsar2, and O.
Fepcuenko! — 1Goethe-Universitit Frankfurt (Germany) — 2JGU
Mainz (Germany) — 3DESY Hamburg (Germany) — 4Universitit zu
Kiel (Germany) — SAGH University of Krakow (Poland) — SKIT
Karlsruhe (Germany) — "DIAMOND (UK) — 8Universitit Wiirzburg
(Germany)

Kagome metals AV3Sbs (A = Cs, K, Rb) exhibit flat bands, Dirac
points, and van Hove singularities that drive unconventional charge-
density-wave (CDW) order and topological states. We study chi-
rality in CsV3Sbs using angle-resolved photoemission spectroscopy
(ARPES) and x-ray photoelectron diffraction (XPD) with circularly
polarized photons. XPD reveals a local crystal chirality in the CDW
phase. ARPES shows pronounced magnetic circular dichroism (MCD),
demonstrating a chiral electronic structure and indicating orbital mo-
ments possibly linked to loop-current order. To probe orbital-moment
coupling, we study Nb-doped CsV3Sbs, where band broadening and
enhanced Dirac-like gaps occur. In the CDW phase, the strongly in-
creased MCD indicates time-reversal-symmetry breaking and couples
to the three van Hove singularities at the M points.

HL 27.3 Wed 11:00 TRE/MATH
Ab initio and group theory ananlysis of monolayer BiTel —
eJoseP Mas-Garcia, JORGE CERVANTES-VILLANUEVA, ALEJANDRO
MoLiNA-SANCHEZ, and ALBERTO GARcia-CrisTOBAL — ICMUV -
University of Valencia - Spain

Monolayer BiTel is a prototypical polar semiconductor whose remark-
able Rashba spin splitting, rooted in strong spin-orbit coupling and
non-centrosymmetric structure, offers a fertile landscape for advanc-
ing two-dimensional spintronics. This work presents and ab initio and
group-theoretical analysis of BiTel. Employing fully relativistic den-

mediated by Raman-active modes with terahertz beats causing bound
states of solitons at fixed time delays [1]. In this contribution, we
employ extra-cavity impulsive stimulated Raman scattering (ISRS) to
quantitatively determine the phase-shifts involved to further our under-
standing of the intra-cavity formation of so-called “soliton molecules".
We compare spectral-shift and interferometric methods for phase-
sensitive detection and achieve efficient noise reduction of multiplica-
tive 1/f noise sources — where lock-in amplification is ineffective —
through rapid scan-averaging and balanced detection.

[1] A. Volkel et al., “Intracavity Raman Scattering Couples Soli-
ton Molecules with Terahertz Phonons.”, Nature Communications 13.1
(2022).

excitations, etc. Il (joint session O/HL/TT)
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sity functional theory and GW calculations, we obtain electronic struc-
tures that serve as benchmarks for the group-theory based Hamiltonian
model. Leveraging the systematic method of invariants, we construct
symmetry-constrained k-p Hamiltonians near the I' point. Our im-
plementation of the method of invariants enables precise fitting of the
Hamiltoninan eigenvalues to ab initio band dispersions for the obten-
tion of the parameters, and yields a highly compact analytic model
that reproduces Rashba splitting and symmetry-dependent features.
This framework facilitates straightforward evaluation of key physical
quantities, such as effective masses or spin textures, and perturba-
tive responses including electric and magnetic fields and strain effects
within a unified and transparent formalism. Moreover our methodol-
ogy establishes a versatile template for the symmetry-guided modeling
of nonmagnetic semiconductors with strong spin-orbit coupling.

HL 27.4 Wed 11:15 TRE/MATH
Production of Interstitials in 2D Transition-Metal Dichalco-
genides (TMDs) by Ion Irradiation: ab-initio Simula-
tions — eSivaN KRrRETscHMER!, JoEL Davipsson?, and KRISTIAN
S. Tuvgesen! — 1CAMD, Technical University of Denmark —
2Department of Physics, Linkdping University, Sweden
Defects critically shape the properties of two-dimensional (2D) mate-
rials and can be purposefully introduced to tune magnetic, electronic,
and optical behavior. Low-energy ion irradiation has recently emerged
as an effective route for generating specific defect types via direct im-
plantation [1,2].

First-principles simulations are essential for understanding
irradiation-induced defect formation [3], but DFT-based molecular
dynamics (MD) is computationally costly and limits broad explo-
ration of materials and irradiation conditions. Machine-learning (ML)
interatomic potentials provide a high-accuracy, low-cost alternative,
enabling efficient screening of large datasets such as the Impurities in
2D Materials Database [4].

Here, we benchmark a ML potential against ab-initio MD, empha-
sizing accurate treatment of the short interatomic distances occurring
during ion impacts. We apply the fine-tuned ML to study interstitial
defect formation in TMDs under low-energy ion irradiation, provid-
ing defect formation probabilities and identifying suitable ion-beam
parameters for targeted defect engineering in 2D materials.

[1] 10.1038/541699-022-00318-4 [2] 10.1021/acsnano.4c03475

[3] 10.1103/PhysRevMaterials.8.114003 [4] 10.11583/DTU.19692238

HL 27.5 Wed 11:30 TRE/MATH
Long-living metastable electronic states in substituted
17-TaS> — eGaiL REeecHT!, JESUMONY JAvABALAN!, RICARDS
Knipsis?2,  FLORIAN  DIEKMANN®,  FRIEDEMANN  QUEISSERZ,
Pine Znoul, WarLTer ScuNELLE?, Kar RossNaGeL?®, RALF
ScutTzHOLD?, MANUEL GRUBER', and Uwe BoOVENSIEPEN! —
LUniversity Duisburg-Essen, Germany — 2HZ Dresden-Rossendorf,
Germany — 3CAU of Kiel, Germany — *MPI for Chemical Physics

of Solids, Dresden, Germany — °DESY, Hamburg, Germany

17-TaS» is a prototypical correlated material whose low-temperature
phase exhibits a commensurate charge density wave forming Star-of-
David (SOD) clusters. Each SOD hosts a single electron close to Ep
and, due to strong on-site Coulomb repulsion, the system enters a
Mott insulating state. Adding or removing an electron creates dou-
blon or holon excitations, which typically relax within few femtosec-
onds [1]. Here, we manipulate the lifetime of the quasiparticle exci-
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tations by substituting some Ta with an electron richer element. Us-
ing LT-scanning tunnelling microscopy and spectroscopy (STM/STS)
and time-resolved photoemission spectroscopy, we observe metastable
doublons with lifetimes ranging from fs to hours. STM/STS further
shows that these excitations are locally confined. The experimental
observations are corroborated by a theoretical description based on a
Fermi-Hubbard model. The disorder induced by the random substitu-
tion leads to a spatial localization of holon and doublon wavefunctions
at the origin of the long lifetimes observed experimentally.
[1] M. Ligges et al., Phys. Rev. Lett., 120, 166401 (2018)

HL 27.6 Wed 11:45 TRE/MATH
Fingerprints of Excitonic Collective Modes in the Two-
Dimensional Electron Gas — eJakoB WOoLFF:2:3, Simvana
Borti?3, Lucia ReiNniNG3, and MarTteo GarTi®3:5 — lInstitut
fiir Festkorpertheorie- und Optik, Friedrich-Schiller-Universitat Jena,
Germany — 2Research Center Future Energy Materials and Systems,
University Alliance Ruhr and Interdisciplinary Centre for Advanced
Materials Simulation, Faculty of Physics and Astronomy, Ruhr Univer-
sity Bochum, Germany — 3European Theoretical Spectroscopy Facil-
ity (ETSF) — 4LSI, CNRS, CEA/DRF /IRAMIS, Ecole polytechnique,
Institut Polytechnique de Paris, France — 5Synchrotron SOLEIL, Gif-
sur-Yvette, France

We investigate the collective charge excitations of the two-dimensional
homogeneous electron gas in the low density regime within the frame-
work of time-dependent density functional theory. We show that be-
yond the well-known plasmons new collective excitonic modes emerge,
which leave characteristic fingerprints in experimentally accessible
quantities, such as asymmetric peak structures in the loss function
and enhanced Friedel oscillations. Further, at sufficiently low densi-
ties the collective modes become imaginary, indicating an instability
towards the formation of a charge-density-wave phase with excitonic
origin.

HL 27.7 Wed 12:00 TRE/MATH
Moir’e modulated quantum spin liquid candidate 1T-TaSe2 —
Z1yiINg WaNg, Aporro O. FuUMEGA, ANA VERA MoNTOTO, MOHAM-
MAD AMiINI, BUsra GaMzE ARsLAN, ALES CAHLIK, Yuxiao DINgG,
Jose L. Lapo, eRoBERT DrosT, and PETER LIiLJEROTH — Aalto
University, Department of Applied Physics

Quantum spin liquids continue to fascinate with their highly entangled
quantum states and promises of fractional many-body excitations. Yet

there are few tools to probe these materials, and none sensitive enough
for applications in 2D materials. This seriously hampers the study of
monolayer QSL candidates such as a-RuCl3 and 1T-TaSe2. Scanning
tunneling microscopy and spectroscopy may overcome this challenge,
as they can access the fundamental excitations of 2D samples through
inelastic tunneling spectroscopy. These low-energy excitations can be
compared against theoretical models and provide fingerprints of QSL
states. We employ this approach against the quantum spin liquid can-
didate 1T-TaSe2. We observe the emergence of a root 3 reconstruction
driven by the substrate, equivalent spectroscopy across all spin sites,
and the coexistence of zero and finite energy excitations. These obser-
vations are consistent with a QSL ground state. Our results demon-
strate that IETS provides a powerful route to obtain atomic-scale in-
sight into the magnetic excitations of two-dimensional materials. Spec-
tral fingerprints may help to identify exotic phases of matter that are
otherwise difficult to detect.

HL 27.8 Wed 12:15 TRE/MATH
Long-Range Interactions in Twisted Bilayer Materials with
Machine Learning for the Electronic Density — eZexun Lou?,
AvLan LEwis?, and MariaNna Rosstt — IMPI for the Structure and
Dynamics of Matter, Hamburg, Germany — 2Department of Chem-
istry, University of York, York, U.K.

Moiré superlattices in twisted bilayer (TB) 2D materials exhibit ex-
traordinary quantum phenomena, but first-principles understanding
remains limited by computational costs. While most machine learn-
ing (ML) methods for density functional theory (DFT) acceleration
are based on the locality assumption, we demonstrate that accurate
moiré electronic structure prediction requires long-range encoding due
to charge rearrangement, orbital hybridisation, and moiré potential
modulation. Using long-range representations [1] for electronic-density
prediction [2,3], we achieve low-energy band-structure predictions
with <15 meV errors across twisted bilayer graphene (TBG), hBN,
and transition-metal dichalcogenides (TMDCs), while ~100 times
faster than DFT. Descriptor requirements are material-dependent: ho-
moatomic systems (e.g., TBG) are well-described by local descriptors,
while hBN and TMDCs require long-range encoding. We summarise
the physical implications of these findings that marry machine learn-
ing and the fundamental physics that governs the electronic density of
twisted bilayer materials.

[1] A. Grisafi, M. Ceriotti, JCP 151, 204105 (2019)

[2] A. Lewis, A. Grisafi, M. Ceriotti, M. Rossi, JCTC 17, 7203 (2021)

[3] A. Grisafi, A. Lewis, M. Rossi, M. Ceriotti, JCTC 19, 4451 (2023)

HL 28: Topology and symmetry protected materials & Topological insulators (joint session
O/HL/TT)

Time: Wednesday 15:00-17:45

HL 28.1 Wed 15:00 HSZ/0401

An Insight from Atomic-Scale Shot-
1

Majorana or Not?
Noise — eABnisHEK MarTi', GEnpa Gu?, and FREEK MASSEE
LUniversité Paris-Saclay, CNRS, Laboratoire de Physique des Solides,
91405, Orsay, France — 2Condensed Matter Physics and Materials
Science Department, Brookhaven National Laboratory, Upton, NY,
USA

The search for non-abelian states of matter has become a central theme
of modern quantum material research. Notably, Majorana zero modes
are of special interest, as they can serve as the foundation for topologi-
cal qubits. A robust zero-bias conductance peak, observed in scanning
tunneling spectra, is often regarded as the primary signature of a Ma-
jorana zero mode. Yet similar features can also arise from trivial bound
states, raising a long-standing challenge of how to distinguish a genuine
Majorana from imposters. In my talk, I will address this problem with
a new approach, atomic-scale shot-noise spectroscopy, that goes be-
yond conductance measurements. Through a detailed investigation on
multiple defect- and vortex-bound zero-bias states in the widely stud-
ied (putative) topological superconductor Fe(Se,Te), I will show that
while differential conductance measurements might sometimes fail to
detect an imposter Majorana state locally, noise measurements con-
sistently provide a conclusive diagnostic, offering a powerful comple-
mentary probe. Looking ahead, this technique can be applied to other
reported platforms to verify whether their Majorana-like signature in
tunneling conductance can pass the shot-noise test.
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HL 28.2 Wed 15:15 HSZ/0401
Intrinsic topological superconductivity revealed by surface-
extended Andreev bound states in PtBis o XTAOCHUN
Huancg!, Linexiao Znao?, SeBASTIAN ScHMMEL?#, JuLia
BEsPROSWANNY34, Parrick HARTL!, CHRrisTiIAN HEess34, BERND
Bucuner*®, and Marrhias Bope! — !Experimentelle Physik 2,
Physikalisches Institut, Universitit Wiirzburg, Germany — 2Quantum
Science Center of Guangdong, Shenzhen, China — 3Fakultat fiir Math-
ematik und Naturwissenschaften, Bergische Universitdt Wuppertal,
Germany — 4Leibniz-Institute for Solid State and Materials Research,
Dresden, Germany — ®Technische Universitit Dresden, Germany

Intrinsic topological superconductivity remains a central question in
condensed-matter physics. The three-dimensional Weyl semimetal
PtBi> was recently shown by angle-resolved photoemission spec-
troscopy to host a superconducting gap that opens exclusively on its
Fermi-arc surface states with a nodal structure, establishing it as a
prime candidate for intrinsic topological superconductivity [1]. Using
scanning tunneling microscopy and spectroscopy, we directly visual-
ize surface-extended Andreev bound states (ABSs) across atomically
pristine terraces within a sizable superconducting gap (A > 10meV)
in PtBiz. Quantitative analysis of the tunneling spectra within an
anisotropic chiral pairing framework identifies these ABSs as signa-
tures of an emergent Majorana-cone dispersion. Our findings provide
a definitive real-space spectroscopic fingerprint of intrinsic topological
superconductivity in PtBis.
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[1] A. Kuibarov et al., Nature 626, 294 (2024)

HL 28.3 Wed 15:30 HSZ/0401
Probing chiral symmetry with a topological domain wall sen-
sor — eARTEM OpOBESKO!, GLENN WAGNER2, Titus NEUPERTZ,
Ronny TuoMaLE!, and MaTTHiAS Bope! — !Physikalisches Insti-
tut, Universitdt Wiirzburg, Wiirzburg, Germany — 2Department of

Physics, University of Zurich, Ziirich, Switzerland

Chiral symmetry is a fundamental property with profound implications
for the properties of elementary particles, that implies a spectral sym-
metry (i.e. E -> -E) in their dispersion relation. In condensed matter
physics, chiral symmetry is frequently associated with superconductors
or materials hosting Dirac fermions such as graphene or topological in-
sulators. There, chiral symmetry is an emergent low-energy property,
accompanied by an emergent spectral symmetry. While the chiral sym-
metry can be broken by crystal distortion or external perturbations,
the spectral symmetry frequently survives. As the presence of spectral
symmetry does not necessarily imply chiral symmetry, the question
arises how these two properties can be experimentally differentiated.
Here, we demonstrate how a system with preserved spectral symme-
try can reveal underlying broken chiral symmetry using topological
defects. Our study shows that these defects induce a spectral imbal-
ance in the Landau level spectrum, providing direct evidence of sym-
metry alteration at topological domain walls. Using high-resolution
STM/STS we demonstrate the intricate interplay between chiral and
translational symmetry which is broken at step edges in topological
crystalline insulator Pbj_,Sn;Se.

[1] G. Wagner et al., Newton 1, 100009 (2025)

HL 28.4 Wed 15:45 HSZ/0401
Quantifying quasiparticle chirality in a chiral topologi-
cal semimetal oJiasu Wanc!, Amir Kumar!, MARKEL
PARDO-ALMANZAL, JAIME SANCHEzZ-BARRIGA2, JORGE CARDENAS-
GamBoa3, Maia VERGNIORYS, VLADIMIR STROKOvV?, MORITZ
Horscu®, CuanprRa SHEKHAR®, Craupia  FrLsEr®, STuarT
ParkiN', and NieLs ScHROTER! — 'Max Planck Institute of Mi-
crostructure Physics, Halle (Saale), Germany — 2Helmholtz-Zentrum
Berlin, Berlin, Germany — 3Donostia International Physics Center,
San Sebastian, Spain — 4Paul Scherrer Institute, Villigen, Switzerland
— 5Deutsches Elektronen-Synchrotron, Hamburg, Germany — $Max

Planck Institute for Chemical Physics of Solids, Dresden, Germany

1

Recently, electron chirality has been proposed as an order parameter to
quantify chirality. In chiral topological semimetals with the B20 struc-
ture, electron chirality is linked to parallel spin-momentum locking
(SML) and spin deviations from SML, which affects numerous physi-
cal properties. However, experimental quantification of spin deviation
still remains a big challenge. To achieve this, we have used spin and
angle-resolved photoemission spectroscopy to directly probe the spin
texture of Weyl cones in RhSi, a chiral topological semimetal with
strong spin-orbit coupling (SOC). The spin-resolved spectra at differ-
ent azimuthal angles are intricately fitted to extract numerical values
of spin deviation for Weyl cones, allowing us to calculate the normal-
ized electron chirality density (NECD). It was found that deviations
can decrease the NECD from 1 down to 0.8. This observation may
help interpret physical phenomena in chiral topological semimetals.

HL 28.5 Wed 16:00 HSZ/0401
Topology and Real-Space Obstruction: The Phase Diagram
of the Triangular p-Orbital Lattice — eJonas ERHARDT!'2, SVEN
SCHEMMELMANN®, FABIAN ScHOTTKES, JOrRG ScHAFERD?, G1ORGIO
Sanciovanni®?, Markus Donatua®, and RaLpa Cragpssen!:2 —
! Physikalisches Institut, Universitdt Wiirzburg — 2Wiirzburg-Dresden
Cluster of Excellence ctd.qmat — 3Physikalisches Institut, Universitét
Miinster — *Institut fiir Theoretische Physik und Astrophysik, Uni-
versitat Wiirzburg

Triangular p-orbital monolayers (MLs) host a rich topological phase di-
agram governed by the competition between spin-orbit coupling (SOC)
and substrate-induced inversion-symmetry breaking (ISB). The SOC-
dominated quantum spin Hall insulator (QSHI) phase arises from a
band inversion in the p+ manifold and was first realized in indenene,
a triangular ML of In atoms on SiC [1]. Real-space interference shifts
the associated Wannier centers away from the atoms to interstitial sites
A /B, which for the QSHI phase produces an alternating ABAB energy
sequence in the charge localization, as demonstrated by scanning tun-
neling microscopy (STM) [1]. Using the same STM approach, we iden-
tify the complementary ISB-dominated regime in a T1 ML on Si(111),
where strong adsorption-induced ISB exceeds T1’s SOC. The charge
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likewise shifts off the atoms but evidences a non-alternating AABB
sequence, characterizing T1/Si(111) as a trivial obstructed atomic in-
sulator. These results complete the experimental validation of the
topological phase diagram for triangular p-orbital MLs.

[1] Nat. Commun. 12, 5396 (2021).

HL 28.6 Wed 16:15 HSZ/0401
Majorana-metal transition in a disordered superconductor:
percolation in a landscape of topological domain walls —
ViaDIMIR A ZakHArROV!, Ion Cosma Furca?3, eGaL LemuTt?,
JakuB Tworzypro®, and CarLo W. J. BEENAKKER! — !Instituut-
Lorentz, Universiteit Leiden, PO Box 9506, 2300 RA Leiden, The
Netherlands — 2Institute for Theoretical Solid State Physics, IFW
Dresden, Germany — S3Wiirzburg-Dresden Cluster of Excellence
ct.qmat, Dresden, Germany — “4Dahlem Center for Complex Quan-
tum Systems and Physics Department, Freie Universitat Berlin, Arn-
imallee 14, 14195 Berlin, Germany — ®Faculty of Physics, University
of Warsaw, ul. Pasteura 5, 02-093 Warszawa, Poland

Most superconductors are thermal insulators. A disordered chiral p-
wave superconductor, however, can make a transition to a thermal
metal phase. Because heat is then transported by Majorana fermions,
this phase is referred to as a Majorana metal. Here we present nu-
merical evidence that the mechanism for the phase transition with
increasing electrostatic disorder is the percolation of boundaries sepa-
rating domains of different Chern number. We construct the network
of domain walls using the spectral localizer as a ”topological landscape
function”, and obtain the thermal metal-insulator phase diagram from
the percolation transition.

HL 28.7 Wed 16:30 HSZ/0401
fabrication and characterization of the Moiré surface state
on a topological insulator — eyr zHaNG — Shanghai Jiao Tong
University, Shanghai, China

A Moire* superlattice on the topological insulator surface is predicted
to exhibit many novel properties but has not been experimentally re-
alized. Here, we developed a two-step growth method to successfully
fabricate a topological insulator Sb2Te3 thin film with a Moire* super-
lattice, which is generated by a twist of the topmost layer via molecu-
lar beam epitaxy. The established Moire* topological surface state is
characterized by scanning tunneling microscopy and spectroscopy. By
application of a magnetic field, new features in Landau levels arise on
the Moire* region compared to the pristine surface of Sb2Te3, which
makes the system a promising platform for pursuing next-generation
electronics. Notably, the growth method, which circumvents contam-
ination and the induced interface defects in the manual fabrication
method, can be widely applied to other van der Waals materials for
fabricating Moire* superlattices.

HL 28.8 Wed 16:45 HSZ/0401
in topological edge states despite time-
reversal symmetry — Jonas ERHARDT!2, eMaTTIA IANNETTI?,
FERNANDO DomiNcUEZ25, EweLiNa M. Hankiewicz2®, Biorn
TraUzZETTEL2®, G1aNNI PrROFETA®?, DOMENICO D1 SANTE®, GioR-
G1o SanciovanNi?®, SimoN Moser'2, and RaLpa CLAESSEN!? —
I Physikalisches Institut, Universitat Wiirzburg — 2Wi{irzburg-Dresden
Cluster of Excellence ct.qmat, Universitiat Wiirzburg — 3Dipartimento
di Scienze Fisiche e Chimiche, Universita degli Studi dell’Aquila —
4CNR-SPIN C/o Dipartimento di Scienze Fisiche e Chimiche, Univer-
sita degli Studi dell’Aquila — ®Institut fiir Theoretische Physik und
Astrophysik, Universitit Wiirzburg — %Department of Physics and
Astronomy, University of Bologna

Backscattering

Quantum Spin Hall Insulators (QSHI) are promising materials for
many applications based on Dirac fermions and topologically-protected
edge states. Indium adatoms on a silicon carbide surface, the so-called
Indenene, was the first material in which a topological classification
solely based on an inspection of the bulk wave functions has been
demonstrated. In this work, we present a combined experimental and
theoretical study of finite-sized Indenene systems, using STM/STS
measurements and a quantitative tight-binding model revealing the
rich physics of edge states. We find that a strongly non-linear edge dis-
persion leads to inter-Kramers pair backscattering, thereby extending
the conventional understanding of backscattering protection in topo-
logical edge states.

HL 28.9 Wed 17:00 HSZ/0401
Quantized Subband Tunneling from Topological Insulator

Nanowire Scanning Probe Tips — eApuisek KoLge!:2, FELIX
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MonNING3%, XiaosHENG Yanc!:®, Jia G. Lu®, OLiver Breunic?
b K K b

F. SteraNn Tautz!2, Yoicur Anpo?, and FeLix Lupkel?
IPeter Griinberg Institute (PGI-3), Forschungszentrum Jiilich, 52425
Jiilich, Germany — 2Institute for Experimental Physics IV A, RWTH
Aachen University, Otto-Blumenthal-Strafte, 52074 Aachen, Germany
— 3Institute of Physics I, Universitit zu Kéln, Ziilpicher Strake 77,
50937 Kéln, Germany — 4Institute of Physics II, Universitét zu Koln,
Ziilpicher Strafe 77, 50937 Ko6ln, Germany — °School of Optical and
Electronic Information, Huazhong University of Science and Technol-
ogy, Wuhan 430074, China — ®Department of Physics/Electrophysics,
University of Southern California, Los Angeles, CA 90089, USA

In topological insulator nanowires, the interplay between size quantiza-
tion and the surface states wrapping the nanowire circumference gives
rise to a magnetic-flux-tunable band structure. We demonstrate the
controlled fabrication of (Bi_(1-x) Sb_x ) 2 Te_ 3 (BST) topological
insulator nanowires into scanning tunneling microscopy tips. Tunnel-
ing spectroscopy reveals a series of distinct peak-like features that ex-
hibit a characteristic 1D DOS, indicating tunneling into the quantized
1D subbands of the BST nanowire tips. Furthermore, a magnetic-
field-induced gap-closing and reopening transition is observed, consis-
tent with the Dirac-like gap-closing transition expected for such wires.
Moreover, we find indications of spin-selective helical tunneling be-
tween the nanowire tip and the Rashba surface states of Au(111).

HL 28.10 Wed 17:15 HSZ/0401
Simultaneous Characterization of Dispersion and Orbital
Character of the Topological Surface State on the Topologi-
cal Insulator Bi;Te3 — eCHRISTOPH STEPHEN SETESCAK, ADRIAN
WEINDL, and FrRaNz JoseF GiIessIBL — Universitat Regensburg, D-
93053 Regensburg

Scanning probe microscopy (STM and AFM) allows one to locally
probe properties of topological insulators (TIs). On the compound
BizTes, atomic-scale electronic standing waves can be observed at crys-
talline step edges, which are associated with the hexagonal warping of
the Dirac cone. These real-space oscillations provide a direct means to

study the dispersion relation of the topological boundary mode. The
interpretation relies on comparing the experimental data to calcula-
tions including not only the properties of the TI but also of the tip.
In this framework, the tunneling current and differential conductance
is modelled using Chen’s derivative rule. Bending of the CO molecule
at the tip apex due to lateral tip-sample forces is also included in the
model. The relevant Bloch functions of the sample are obtained from
‘Wannier-interpolated tight-binding Hamiltonians using maximally lo-
calized Wannier functions derived from first-principles DFT + GW
computations. In combination with the high spatial resolution ob-
tained with CO-terminated tips, not only the dispersion, but also the
orbital character of the band structure can be probed.

HL 28.11 Wed 17:30 HSZ/0401
Defect-induced displacement of topological surface state in
magnetic topological insulator MnBisTey; — oFELIX LUPKE!DZ,
MAaREK KoLMER?%, HENGXIN TAN®, ApaM KaMinski®4, and BiNg-
Hal Yan®® — IPeter Griinberg Institute (PGI-3) and JARA-FIT,
Forschungszentrum Jiilich, 52425 Jiilich, Germany — 2Universitét zu
Koln, Ziilpicher Strafe 77, 50937 Koln, Germany — 3Ames National
Laboratory, Ames, Iowa 50011, USA — 4Iowa State University, Ames,
Towa 50011, USA — 5Weizmann Institute of Science, Rehovot 7610001,
Israel — ®The Pennsylvania State University, University Park, Penn-
sylvania 16802, USA

The gapped topological surface states of MnBisTes (MBT) are an at-
tractive platform for the realization of quantum anomalous Hall and
Axion insulator states. However, experimentally observed surface state
gaps fail to meet theoretical predictions, with the exact mechanism be-
hind the gap suppression still being debated. We report on the effect of
intrinsic anti-site defects on the MBT surface states, which we study
using scanning tunneling microscopy (STM), angle-resolved photoe-
mission (ARPES), and density functional theory (DFT). Our results
show that high defect concentrations lead to a displacement of the
surface states into the interior of the MBT crystal, consistent with
theoretical predicitons [PRL 130, 126702 (2023)].

HL 29: Quantum Transport and Quantum Hall effects (joint session HL/TT)

Time: Wednesday 15:00-16:15

HL 29.1 Wed 15:00 POT/0006
High Harmonic Hall Currents Driven by Curved Conducting
Nanoarchitecture — eCHing-Hao Cuanc!':?, Borsz Huangh?2,
WEe-Xianag Yin!2) and Xiao Zuang® — !Department of Physics,
National Cheng Kung University Tainan, Taiwan — 2Center for Quan-
tum Frontiers of Research and Technology (QFort), National Cheng
Kung University Tainan 70101, Taiwan — SInstitute for Theoretical
Solid State Physics Leibniz Institute for Solid State and Materials Re-
search Dresden Helmholtzstr. 20, D-01069 Dresden, Germany

We theoretically establish a realizable non-perturbative mechanism for
generating high harmon- ics (up to 6th order) in Hall currents within
curved two-dimensional nanoarchitectures. Unlike previously explored
perturbative mechanisms based on inversion symmetry breaking or
Berry curvature, the high-harmonic generation demonstrated here is
driven by magnetic-field dipoles induced purely by nanoscale curvature
under an applied uniform magnetic field. We develop a theory showing
that these harmonics originate from unique snake orbits induced by the
interplay between an alternating electric field and curvature-induced
magnetic-field dipole. Moreover, we establish quantitative control over
harmonic suppression and enhancement by tuning the amplitude and
orientation of the magnetic field, uncovering distinct symmetry-based
even/odd harmonic selection rules. These findings provide a tunable
platform for engineering nonlinear currents in curved electronics, with
potential applications in developing high-frequency Hall sensors and
THz devices.

HL 29.2 Wed 15:15 POT/0006
Gate-tunable isospin switching in graphene Mach-Zehnder
electronic interferometers — e ANTONIO LACERDA-SANTOS, LiL-
IAN SEYVE, YASSINE SETTI, BikAsH BArik, LEo PuGLIESE, PREDEN
RouLLEAu, and Cosimo Gorint — SPEC, CEA, CNRS, Université
Paris-Saclay, 91191 Gif-sur-Yvette, France

Graphene has become an exciting platform for electron (quantum)
optics experiments [1]. Compact electronic interferometers can be
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realised via p-n interfaces, which in quantizing magnetic fields host
counter-propagating chiral edge states. In a paradigmatic architecture
with a single junction, such quantum Hall states form a Mach-Zehnder
interferometer [2, 3]. The precise position of such edge states is set by
the electrostatics of a given device [4], which can be determined to great
accuracy with the self-consistent Schrodinger-Poisson solver Pescado
[5].

We perform electrostatic and quantum transport simulations accom-
panying conductance measurements in a graphene Mach-Zehnder in-
terferometer, and show that remote gates can be used to control the
position of the p-n junction on sub-nanometer scales. Such a fine con-
trol does not meaningfully affect the edge state positions and lengths,
but induces valley-isospin oscillations. The interferometer thus be-
haves as a tunable valley-isospin transistor.

[1] H. Chakraborti et al., J.Phys.:Condens.Matter 36 (2024) 393001
[2] D.S.Wei et al, Science Advances 3, €1700600 (2017) [3] M. Jo et al,
PRL 126, 146803 (2021) [4] I.M. Flor et al, PRB 105, 1.241409 (2022)
[5] A. Lacerda-Santos, arXiv:2507.03131v1

HL 29.3 Wed 15:30 POT/0006
Phase-coherent autonomous nonequilibrium demon — eJosg
BaLpuque!? and RAFAEL SANcHEZ!2:3 — 1Departamento de Fisica
Teorica de la Materia Condensada, Universidad Auténoma de Madrid,
Madrid, Spain. — 2Condensed Matter Physics Center (IFIMAC), Uni-
versidad Auténoma de Madrid, Madrid, Spain — 3Instituto Nicolas
Cabrera (INC), Universidad Auténoma de Madrid, Madrid, Spain.

Mesoscopic conductors enable the efficient management and useful con-
version of not only thermal resources but also nonequilibrium elec-
tron distributions. The latter scenario makes it possible to define
demonic modes of operation, in which the entropy of a subsystem
is autonomously reduced without extracting net particles or energy
from the subsystem that provides the nonequilibrium resource [1]. We
propose an implementation of such a nonequilibrium demon, or N-
demon, in a multiterminal system that exploits carrier coherence. This
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is achieved by directly coupling the demonic subsystem to an isother-
mal two-terminal conductor via a scanning tip, enabling the local in-
jection of electrons in a nonthermal distribution that participates in
the phase-coherent interference processes governing the system’s trans-
port response [2]. In this way, we uncover an extrinsic, nonlocal, and
phase-tunable transport response induced by the demon |[3].

[1] R. Sanchez, et al., Phys. Rev. Lett. 123, 216801 (2019).

[2] R. Sanchez, et al., Phys. Rev. B, 105, 239903 (2022).

[3] J. Balduque and R. Sanchez, in preparation.

HL 29.4 Wed 15:45 POT/0006
Exploring the Influence of Electron Density on the Giant
Negative Magnetoresistance — eLiNA BockHORN!, CHRISTIAN
REeicHL?, WERNER WEGSCHEIDER?, and RoLF J. Haua! — lInstitut
fir Festkorperphysik, Leibniz Universitdt Hannover, Germany —
2Laboratorium fiir Festkérperphysik, ETH Ziirich, Switzerland

Ultra-high mobility two-dimensional electron gases exhibit a robust
negative magnetoresistance at zero magnetic fields, characterized by
a temperature-independent peak around B = 0T and a temperature-
dependent giant negative magnetoresistance (GNMR) at higher fields
[1-4]. By varying the electron density in situ, we gain valuable insights
into the nature of GNMR. Our study shows a significant dependence
of GNMR on electron density, suggesting that scattering potential
variations [5] may not be fully addressed in current theoretical mod-
els. By examining these dependencies for different temperatures, we
enhance the understanding of unresolved aspects of GNMR theory,
potentially bridging the gap between experimental observations and
theoretical predictions.

[1] L. Bockhorn et al., Phys. Rev. B 83, 113301 (2011).

[2] L. Bockhorn et al., Phys. Rev. B 90, 165434 (2014).

[3] L. Bockhorn et al., Appl. Phys. Lett. 108, 092103 (2016).
[4] L. Bockhorn et al., Phys. Rev. B 109, 205416 (2024).

[5] Y. Huang et al., Phys. Rev. Materials 6, L061001 (2022).

HL 29.5 Wed 16:00 POT/0006
A topological field-effect memristor — eFABIAN HARTMANN',
MANUEL MEYER!, SELENA BARRAGAN!, SERGEY KRISHTOPENKO!Z,
JEAN-BAPTISTE RODRIGUEZ?, ERic Tournie?, Benorr Jouaurr?,
GERALD Bastarp!, FrEDERIC TEPPE?, LUkas WORSCHECH!, Vic-
ToR Lopez-RicHARD?, and SvEN HorLING! — 1Lehrstuhl fiir Tech-
nische Physik, Julius-Maximilians-Universitat Wiirzburg — 2L2C,
CNRS-Université de Montpellier, France — 3IES, Université de Mont-
pellier, France — “Departamento de Fisica, Universidade Federal de

Sao Carlos, Brazil

Quantum and neuromorphic computing rely on unconventional mate-
rials and device functionalities, yet achieving resilience to imperfec-
tions and reliable operation remains a major challenge. This has moti-
vated growing interest in topological materials that provide robust and
low-power operation while preserving coherence. However, integrating
topological transport with memory functionality into a reconfigurable
device has remained elusive. Here, we realize a topological field-effect
memristor in which topological protection preserves edge state coher-
ence, enabling the coexistence of coherent transport and non-volatile
memory functionality. Utilizing inverted InAs/GalnSb/InAs trilayer
quantum wells, we realize a quantum spin Hall insulator that exploits
its intrinsic floating-gate behavior. This feature allows one to recon-
figure the conventional field-effect transistor operation into memristive
functionality with broad electric-field tunability. One resistance state
is entirely governed by dissipationless, coherent transport.

HL 30: 2D Materials V — Magpnetic, spintronic, and topological properties (joint session
HL/TT)

Time: Wednesday 15:00-17:15

Invited Talk HL 30.1 Wed 15:00 POT/0081
Dual proximity engineering of spin-orbit and magnetic effects
in graphene heterostructures — eCuristorn KastL — Walter
Schottky Institute, School of Natural Sciences, Technical University of
Munich — Munich Center for Quantum and Technology (MCQST)

The coexistence of induced spin-orbit coupling (SOC) and magnetic
exchange fields is predicted to drive graphene into topological phases,
such as the quantum anomalous Hall state. Here, I will discuss the
prospect of using monolayer graphene proximitized by WSez (SOC)
and CraGezTeg (magnetic exchange) for such dual proximity control.
To determine the type and strength of the induced SOC, I will com-
pare Landau fan analysis, where level anticrossings can serve as direct
signatures of spin-orbit splittings, to optoelectronic measurements on
graphene/WSe> heterostructures, where the photogalvanic effect can
provide an indirect fingerprint of SOC. Low-temperature magneto-
transport measurements of the heterostructures with combined mag-
netic and SOC proximity reveal a large and gate-tunable anomalous
Hall effect persisting at zero magnetic field, signaling an intrinsic Berry
curvature arising from the interplay of SOC and magnetism. These
results highlight the coexistence of spin-orbit and magnetic proximity
effects in graphene-based van der Waals heterostructures and establish
a route toward topological graphene phases.

HL 30.2 Wed 15:30 POT/0081
Twist angle and pressure tuning of proximity-induced spin-
orbit coupling in graphene/WSe; heterostructures — To-
BIAS ROCKINGER!, BALINT SZENTPETERI?, SzABOLCS CsONKAZ, Ma-
RINA MARrRoOcKo!, JuLiaA AMANNY, ZivanGg GAN3, ANTONY GEORGE?,
ANDREY TurcHANIN®, KeENJT WaTanaBE?, Takasur TaNiGucHI?,
DieTeR Weiss!, PETER Makk?, and eJonaTHAN Erowms!
IDepartment of Physics, University of Regensburg, Regensburg, Ger-
many — 2Department of Physics, Budapest University of Technology
and Economics, Budapest, Hungary — 3Institute of Physical Chem-
istry, Friedrich Schiller University Jena, Jena, Germany — %National

Institute for Materials Science, Tsukuba, Japan

Proximity-induced spin-orbit interaction in heterostructures of
graphene and transition metal dichalcogenides has been studied in-
tensely in the past few years. However, present experiments still suf-
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fer from poor reproducibility, as one key parameter, the twist angle
between the crystal axes of both materials, has not been systemat-
ically controlled during fabrication. Band structure calculations, on
the other hand, have predicted a decisive influence of this parame-
ter. In our experiments, we control the twist angle during fabrication
by aligning fractured or CVD grown edges and resolving the ambigu-
ity of zigzag and armchair directions using a crystallographic etching
process. We employ weak antilocalization to extract the spin-orbit
coupling parameters quantitatively, and report excellent reproducibil-
ity and a good match to theoretical predictions. We also confirm the
influence of high pressure on the proximity effect.

HL 30.3 Wed 15:45 POT/0081
Nonlinear optical probing of local quantum geometry —
eNELE Tornow!, PauL HERRMANN', CLEMENS SCHNEIDER?, JAN
WiLneLM?, and GiancarLo Soavil® — lInstitute of Solid State
Physics, Friedrich Schiller University Jena, Jena, Germany —
2Institute of Theoretical Physics and Regensburg Center for Ultra-
fast Nanoscopy, Regensburg, Germany — 3Abbe Center of Photonics,
Friedrich Schiller University Jena, Jena, Germany

With its direct relation to many phenomena in solid matter, quantum
geometry has become a concept of increasing interest in solid state
physics. However, measurements of the local quantum geometry, e.g.,
Berry curvature, has been possible to date only via angle-resolved pho-
toemission spectroscopy [1]. On the other hand, in one of our recent
theoretical works [2] we have shown that there is a link between linear
circular dichroism and derivatives of Berry curvature in 3D crystals
with preserved time-reversal symmetry (TRS).

In this presentation I will further demonstrate both, experimentally
and with analytical solutions of semiconductor Bloch equations, that in
a 2D semiconductor with broken TRS, the emerging second-harmonic
circular dichroism can be used as a direct probe of the Berry curvature
at the opposite + K valleys, providing a new all-optical approach to
access the local quantum geometry in 2D materials.

[1] Schiiler, M. et al., Sci. Adv. 6, eaay2730 (2020)

[2] Soavi, G. and Wilhelm, J., arXiv:2501.03684 (2025)

15 min. break
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HL 30.4 Wed 16:15 POT/0081
Proposal for Resolving Quantized Landau Orbits via Elas-
tic XUV Scattering — eSaBrRINA MEYER!, ANDREAs KNORR!,
StePHEN HucHEs?, and LArRA GRETEN'? — !Institut fiir Physik und
Astronomie, Technische Universitét Berlin, Germany — 2Department

of Physics, Queen’s University, Kingston, Canada

In a strong perpendicular magnetic field, a two-dimensional electron
gas is quantized into discrete Landau levels. We propose a method
to extract the spatial structure of Landau orbits via scattering with
extreme ultraviolet radiation, whose wavelength naturally matches the
Larmor radius. In a microscopic theory, we derive the far-field spec-
trum emitted by the optically induced current density. Contributions
from Landau orbits within this spectrum are suppressed due to scatter-
ing effects imposed by the sample geometry. By normalizing against
the zero-magnetic-field reference, however, we define a Landau level
scattering spectrum that isolates Landau orbit information. This gives
access to the probability density distributions of individual Landau
level wave functions featuring radial maxima at the quantized Larmor
radii.

HL 30.5 Wed 16:30 POT/0081
Berry Phase Shift in Folded Bilayer Graphene — eHANNES
KakuscHKE, Lina BockHORN, and RoLF J. Haug — Institut fiir Fes-
tkorperphysik, Leibniz Universitdt Hannover, 30167 Hannover, Ger-
many

Mono- and bilayer systems of graphene have been extensively re-
searched due to their unique magnetic und electronic transport prop-
erties. In more recent works, folded graphene [1-5] has gained interest
as a platform for topological phenomena, such as zero-line modes [4].
However, these systems rely on self-assembled folded graphene, found
by chance during exfoliation or induced by tearing [1-5]. Our dry-
transfer approach allows us to fold graphene around hBN in a control-
lable manner, decoupling the overlapping graphene regions. In these
samples, we observe a Berry phase shift from 27 to 7 near the edge of
folded bilayer graphene, attributed to local strain fields and stacking
shifts.

[1] J. C. Rode et al., Ann. Phys. 529, 1700025 (2017).

[2] J. C. Rode et al., 2D Mater. 6, 015021 (2018).

[3] L. Bockhorn et al., Appl. Phys. Lett. 118, 173101 (2021).

[4] S.J. Hong et al., 2D Materials 8, 045009 (2021).

[5] S.J. Hong et al., Phys. Rev. B 105, 205404 (2022).

HL 30.6 Wed 16:45 POT/0081
Probing spin-orbit coupling in graphene/WSez heterostruc-
tures by the circular photogalvanic effect — ErnsT KNOCKL,
eMaTTHIAS KLEIN, ALEXANDER HOLLEITNER, and CHRISTOPH KASTL
— Walter Schottky Institute, School of Natural Sciences, Technical

University of Munich

We investigate proximity-induced spin—orbit coupling (SOC) in
graphene/WSey heterostructures using the circular photogalvanic
effect (CPGE) as a symmetry-selective and experimentally acces-
sible probe of spin—valley-locked band textures [1]. By measuring
helicity-dependent photocurrents as a function of gate voltage, excita-
tion energy, and device geometry, we aim to disentangle Rashba and
valley-Zeeman SOC contributions and to extract their magnitude and
sign as a function of the graphene-WSes twist angle. The observed
trends in CPGE sign reversals and scaling behavior provide quantita-
tive indications of interfacial symmetry breaking and moiré-enhanced
spin—valley coupling, supported by comparison to microscopic trans-
port models. These results are expected to establish CPGE as a
promising metrological probe of proximity SOC in 2D heterostruc-
tures and to complement ongoing efforts in twist-angle-dependent
spin—orbit engineering in graphene/TMD systems [2,3].

[1] Kiemle, J., et al. ACS nano 16.8, 12338-12344 (2022)
[2] Yang, H., et al. Nat. Mater. 23, 1502-1508 (2024)
[3] Zhang, Y., et al. Natur 641, 625-631 (2025)

HL 30.7 Wed 17:00 POT/0081
Study of the mnon-trivial spin texture in Tellurium
and the consequences in charge-spin interconversion —
e ANDRES MARTINEZ-GARciAl, DANIEL GOSALVEZ-MARTINEZ!, CAR-
Los SaBaTer!, and Juan JosE Pavacios? — !Departamento de
Fisica and Instituto Universitario de Materiales de Alicante (IUMA),
Universidad de Alicante, Alicante, Spain. — 2Departamento de Fisica
de la Materia Condensada and Condensed Matter Physics Center (IFI-
MAC), Universidad Auténoma de Madrid, Madrid, Spain.

Tellurium is a chiral semiconducting material with a narrow band gap
that can be synthesized with well-defined handedness in nanowires and
flakes, making it an excellent platform for studying chirality-related
charge-spin interconversion in nanodevices. The coupling between
charge and spin degrees of freedom is closely connected to the spin
texture in momentum space. In this work, we demonstrate that tel-
lurium exhibits a nontrivial radial spin texture at the top of the valence
band, where the spin polarization aligns parallel to the HK direction
of the Brillouin zone, while spins in the perpendicular ZHL plane dis-
play a nontrivial winding. We investigate the electronic transport and
resulting spin polarization within the Landauer transport formalism
using first-principles calculations. This approach allows us to map the
transport properties along each crystallographic direction and to iden-
tify correlations between the spin polarization of the induced current
and the underlying momentum-space spin texture. Our results provide
microscopic insight into chirality-driven spin responses in tellurium and
highlight its potential for spintronic applications.

HL 31: Materials and Devices for Quantum Technology |

Time: Wednesday 15:00-16:15

HL 31.1 Wed 15:00 POT/0251
Escaping AB caging via Floquet engineering: photo-induced
long-range interference in an all-band-flat model — Aamna
AHMED, eM6nNIcA BeNiTO, and BEATRIZ PEREZ-GONZALEZ — Insti-
tute of Physics, University of Augsburg, 86159 Augsburg, Germany

Flat-band lattices hosting compact localized states are highly sensitive
to external modulation, and the tailored design of a perturbation to
imprint specific features becomes relevant. Here we show that peri-
odic driving in the high-frequency regime transforms the all-flat-band
diamond chain into one featuring two tunable quasi-flat bands and
a residual flat band pinned at zero quasienergy. The interplay be-
tween lattice geometry and the symmetries of the driven system gives
rise to drive-induced tunneling processes that redefine the interference
conditions and open a controllable route to escaping Aharonov-Bohm
(AB) caging. Under driving, the diamond chain effectively acquires
the geometry of a dimerized lattice, exhibiting charge oscillations be-
tween opposite boundaries. This feature can be exploited to generate
two-particle entanglement that is directly accessible experimentally.
The resulting drive-engineered quasi-flat bands thus provide a versa-
tile platform for manipulating quantum correlations, revealing a direct
link between spectral fine structure and dynamical entanglement.
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HL 31.2 Wed 15:15 POT/0251
Floquet theory for the quantum-to-classical crossover of
light-matter models — eBraTrRiz PErREz GONzZALEZ!, SIGMUND
KoHLER?, and Mo6nica Benito! — llnstitute of Physics (Univer-
sity of Augsburg), Augsburg, Germany — 2Instituto de Ciencia de

Materiales de Madrid (ICMM-CSIC), Madrid, Spain

Rabi-type Hamiltonians, comprising either a time-periodic driving
or a quantized electromagnetic field, have become ubiquitous across
physics. Despite the well-established physics of both the semi-classical
and quantum descriptions, when and how classical Floquet physics
emerges from a fully quantum treatment remains the subject of active
debate [1] and study [2].

We present a unified framework for the quantum-to-classical map-
ping, emphasizing the gauge-invariant formulation of the quantum
Rabi Hamiltonian. This allows a systematic comparison of quasiener-
gies, spectra, entanglement, and dynamics across high- and low-
frequency regimes, and clarifies how Floquet frames correspond to
gauge choices once photonic Fock states are interpreted as Fourier har-
monics. We further assess the suitability of quantum high-frequency
expansions and benchmark them against alternative methods for deriv-
ing effective Hamiltonians, including Schrieffer-Wolff transformations
and projector-based approaches.
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[1] Phys. Rev. Lett. 129, 183603 (2022); Phys. Rev. Research 2,
033033 (2020); [2] B. Perez-Gonzalez et al., Quantum 9, 1633 (2025);
Comm. Phys. 7, 419 (2024)

HL 31.3 Wed 15:30 POT/0251
Understanding optically detected magnetic resonance
(ODMR) of InSi-Sii-defects — eKrvin Laurr2, BERND
HAuNLEIN!, Mario Binr!, Kar KounLENz!, PHiLiPP KELLNER!,
Dirk Scnurze?, STEFAN KRiscHOK?, ALEXANDER RoLaPp3, CHRIS-
TIAN MOLLER!, and Thomas ORrTLEPP! — 1CiS Forschungsinsti-
tut fir Mikrosensorik GmbH, Konrad-Zuse-Str. 14, 99099 Erfurt,
Germany — 2Technische Universitit Ilmenau, Institut fiir Physik,
Weimarer Str. 32, 98693 Ilmenau, Germany — 3IMMS Institut fiir
Mikroelektronik- und Mechatronik-Systeme gGmbH, Konrad-Zuse-

Str. 14, 99099 Erfurt, Germany

Defects from the acceptor-interstitial silicon (ASi-Sii)-defect category
were found to be promising candidates for qubits in silicon-based quan-
tum technology [1]. To further explore their qubit properties optically
detected magnetic resonance (ODMR) measurements are carried out
on quenched indium-doped silicon samples featuring InSi-Sii-defects.
Depending on the antenna design (omega or rod) four different ODMR
signals are found in the spectra. An approach to understand these
spectra in frame of a triplet system formed by two holes at the InSi-
Sii-defect will be discussed. On that basis possible electronic level
schemes are proposed.

[1] K. Lauer et al., 'Examining the properties of the ASi-Sii-
defects for their potential as qubits’, presented at the GADEST
but unpublished, Bad Schandau: ResearchGate, May 2024. doi:
10.13140/RG.2.2.18793.51048.

HL 31.4 Wed 15:45 POT/0251
Time-bin encoded quantum key distribution over 120 km
with a telecom quantum dot source — eJINGZHONG YANG!,
JipENG Wanag!, Joscua HaNEL!, ZENGHUI JiaNG!, RAPHAEL Joos?2,
MicHAEL JETTER?, EDDY. PATRICK RUGERAMIGABO!, SIMONE.
Luca PorraLupi?, PETER MicHLER?, X1ao-Yu Cao3, Hua-LEl
Yin®4) Suan Le®, JinazoonGg Yanc!, MicuaeL Zopr!, and FEr
Dine! — !Leibniz University of Hannover, Hannover, Germany —
2University of Stuttgart, Stuttgart, Germany — 3Nanjing University,
Nanjing, China — *Renmin University of China, Beijing, China —

5 Anhui University, Hefei, China

Quantum key distribution (QKD) with deterministic single photon
sources has been demonstrated over intercity fiber and free-space chan-
nels, but mainly on polarization encoding schemes. In contrast, time-
bin encoding offers inherent robustness and has been widely adopted
in mature QKD systems using weak coherent laser pulses.

In this work, we presents the first demonstration of the time-bin
encoded quantum key distribution (QKD) using the telecom single
photons from a quantum dot. A maximum tolerable transmission dis-
tance of 127 km is identified as the system error ratio approaches the
security threshold. The result demonstrates the feasibility of realizing
robust and scalable quantum communication network based on solid-
state single-photon technology.

HL 31.5 Wed 16:00 POT/0251
high-efficiency photonic interfaces for VV centres in sili-
con carbide — eNiEn-Hsuan Leeb2, Jonas Scumip2, BERKE
DeMIRALP?, FELIX Davip!, KEVIN MENGUELTI?, STEPHAN KUCERA!,
Eva WE1c3%% and Frorian Kaiser!:?2 — !Luxembourg Institute of
Science and Technology, Belval, Luxembourg — 2University of Lux-
embourg, Belval, Luxembourg — 3Technical University of Munich,
Garching, Germany — *Munich Center for Quantum Science and
Technology, Munich, Germany — 5TUM Center for Quantum Engi-
neering, Garching, Germany

In this work, we present a systematic investigation of etching processes
aimed at optimising photonic structures for VV centres in bulk SiC. A
wide range of fabrication parameters is explored, including metallic and
non-metallic etch masks, plasma chemistries, and etching strategies to
reduce surface and sidewall roughness while improving reproducibility.
Structural and optical characterisation of the resulting waveguides en-
ables identification of key loss mechanisms and the critical parameters
governing high-efficiency photon transmission. Building on these pro-
cess developments, we demonstrate a new generation of free-standing
SiC waveguides with high wafer-scale uniformity and excellent repro-
ducibility, enabling very high coupling efficiencies. Furthermore, we
introduce a nanocone photonic structure in SiC, which simulations
indicate can achieve more than a ten-fold enhancement in photon col-
lection efficiency compared with unstructured bulk SiC. These results
provide a scalable and reproducible photonic platform for wafer-scale
integration of SiC colour centres for quantum communication.

HL 32: 2D Materials 2 (joint session DS/HL)

Time: Wednesday 15:00-17:30

HL 32.1 Wed 15:00 REC/C213
Engineering at the Thinnest Scale: Insights into the Stability
of 2D GaNlN on Liquid Metal Catalysts — ¢ ToOMOKO YOKAICHIYA,
KARSTEN REUTER, and HENDRIK H. HEENEN — Fritz-Haber-Institut
der MPG, Berlin

Hexagonal GaN (h-GaN), theorized to be metastable when confined to
only a few nanometers, stands out as a promising wide-bandgap semi-
conductor for next-generation nanoelectronics. Although early studies
report that h-GaN can be synthesized using e.g. liquid metal catalysts,
its definitive experimental identification is challenging. This difficulty
arises from a structural ambiguity due to possible defects, multilayer-
stacking variations, and competing polymorphs of h-GaN’s character-
istic honeycomb structure, as predicted by pioneering, yet simplified
electronic-structure studies. In this work, we use density functional
theory alongside large-scale atomistic simulations based on machine-
learned interatomic potentials to re-assess the stability of h-GaN at
finite temperatures and in the presence of a liquid metal substrate.
We systematically investigate the structural and electronic properties
of h-GaN, examining how they evolve with layer thickness and possi-
ble structural variations. Furthermore, we analyze its thermodynamic
competition with bulk wurtzite GaN and alternative thin-film poly-
morphs, including a previously suggested haeckelite phase. Our results
reveal that h-GaN exists within a delicate stability window. Based on
these insights, we propose key signatures to guide experimental de-
tection and outline whether h-GaN may become synthesizable as a
feasible 2D semiconductor.

HL 32.2 Wed 15:15 REC/C213

Superconducting and dielectric properties of monolayer a-
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TaSio Ny — eTimon Mosko! and MarTiN GMmrTral:2 — lInstitute
of Physics, Pavol Jozef Safarik University in Kosice, Park Angelinum 9,
04001 Kosice, Slovakia — 2Institute of Experimental Physics, Slovak
Academy of Sciences, Watsonova 47, 04001 Kosice, Slovakia

The monolayer a-TaSiaN4 belongs to the recently discovered MAgZy4
family of two-dimensional intercalated materials, exhibiting wide range
of physical properties, including semiconducting, metallic, topologi-
cal, and superconducting behavior. Members of this group, such as
MoSiaNy, WSiaNy4 have already been successfully synthesized, high-
lighting the structural and electronic tunability of the inspected group
of materials. We investigated the superconducting and dielectric prop-
erties of monolayer a-TaSiaN4 using a combination of ab initio and
effective model approaches. The phonon-mediated superconductivity
is examined through first-principles calculations, an effective tight-
binding Hamiltonian in Wannier basis and further analyzed within
the Migda-Eliashberg theory of superconductivity. Our results reveal
that a-TaSiaNy is an anisotropic two-band superconductor. Addition-
ally, we study the dielectric response via electric susceptibility using
linear response theory within the RPA, combining Green’s function
formalism with tight-binding modeling.

This work was supported by the Slovak Academy of Sciences project
IMPULZ IM-2021-42, and by the Ministry of Education, Research, De-
velopment and Youth of the Slovak Republic, provided under Grant
No. VEGA 1/0104/25.

HL 32.3 Wed 15:30 REC/C213
Probing the Quantum Spin Hall State in Atomic Monolay-
ers via NanoARPES — eCepric ScumiTT!2, Lukas GeHRIGHZ,

KiLian  Straussb 2, Jonas ERHARDT!2, MATTHEW WATSON?,
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JO6rRG ScHAFER!2, SIMON MOSER and RALPH CLAESSEN
IPhysikalisches Institut, Universitit Wiirzburg — 2Wiirzburg-Dresden
Cluster of Excellence ct.qmat — 3Diamond Light Source, UK — *AG
Oberflachen, Ruhr-Universitdt Bochum

Our recently discovered quantum spin Hall insulator indenene [1], a
triangular monolayer of indium on SiC(0001), exhibits a 120 meV gap
and monodomain growth on the pm scale. To verify its topological
nature, we use circular dichroism in ARPES as a bulk-sensitive probe
of orbital angular momentum (OAM) linked to its Berry curvature
[2]. Due to SiC’s stepped morphology, stacking-dependent OAM can-
cellation complicates microARPES. We overcome this challenge using
nanoARPES with sub-600 nm resolution, resolving OAM asymmetry
at individual terraces of SiC. Our study establishes dichroism as a ro-
bust spectroscopic tool for topological classification within a single SiC
terrace.

[1] M. Bauernfeind et al. Nat. Commun. 12, 5396 (2021)

[2] J. Erhardt et al. Phys. Rev. Lett. 132, 196401 (2024)

HL 32.4 Wed 15:45 REC/C213
Physical Properties of TizC2Clys MXenes oMORITZ
VanseLow!, Maksim RiaBov2, THIERRY Ouisse?, HANNA PAzNIAK?Z,
and ULr WiepwaLp! — University of Duisburg-Essen and Center
for Nanointegration Duisburg-Essen — 2Université Grenoble Alpes,

CNRS, Grenoble INP, LMGP, France

Hydrophobic TizgCoCla MXenes are synthesized by Lewis acid molten-
salt etching of TizCoCly followed by delamination process|[1] and sub-
sequently deposited from acetonitrile suspension (~ 0.1 mg/mL) on
Si(100)/SiO2 substrates. Using in-situ mass spectrometry and Auger
electron spectroscopy in ultrahigh vacuum, we show that TizCoCla
exhibits enhanced thermal robustness up to 900°C as compared to
conventional mixed-terminated Ti3CoT, MXenes with T, = —F, = O,
and —OH. Complementary ex situ XRD and XPS confirm the ab-
sence of intercalated water and uniform —Cl terminations, result-
ing in sharp and intense (00l) peaks with ¢ 2.223 + 0.015nm
and reflecting its high degree of structural order. Low-temperature
specific heat measurements reveal distinct phonon signatures ex-
pected for the two-dimensional TizC2Cls. We determined the De-
bye temperature to 548 K in a temperature interval 20-50 K consis-
tent with DFT model calculations|2] and a Sommerfeld constant of
v = 19.2mJmol~! K—2. This work is supported by ANR-23-CE09-
0031-01 and DFG ID 530103526.

[1] T. Zhang et al., Chem. Mater. 36, 1998 (2024). [2] M. Riabov,
M. Vanselow, et al., npj 2D Materials & Applications 2025, accepted

HL 32.5 Wed 16:00 REC/C213
Phase field crystal model of out-of-plane deformations in thin
crystalline sheets induced by thermal expansion — eEmmaA
RapIce!, Marco SawvaracrLiol?, and AxeL Voiar! — lInstitut fiir
Wissenschaftliches Rechnen, Technische Universitdat Dresden, Dresden,

Germany — 2Dresden Center for Computational Materials Science
(DCMS), TU Dresden, Dresden, Germany

Thin, flexible crystalline sheets exhibit unique elastic properties due to
their ability to undergo out-of-plane deformations.Understanding this
behavior requires a description that couples in-plane elasticity, out-of-
plane bending and the presence of defects. We develop a mesoscale de-
scription for these systems by extending the Phase-Field Crystal (PFC)
model. PFC model describes crystal structures at diffusive timescales
through a periodic, microscopic density field and it allows one to in-
corporate both elasticity and topological defects into a continuum de-
scription. Our extension permits a spatially varying equilibrium lattice
spacing, enabling the representation of localized lattice eigenstrain to
mimick thermal effects or lattice mismatch in heterostructures. We
validate the extended model against analytical predictions from the
Fo6ppl von Karméan equations for uniaxial compression and from Es-
helby’s inclusion problem. Using this validated framework, we then
study how locally induced compressive stresses drive out-of-plane de-
formation (buckling) in the sheets. Our approach, implemented via
a Fourier pseudo-spectral method, exploits the PFC model’s natural
ability to capture the complex, coupled interactions among elasticity,
out-of-plane bending and defect dynamics.

15 min. break

HL 32.6 Wed 16:30 REC/C213
Magnetotransport in Z-Folded ABC-Stacked Trilayer
Graphene Structures — eMAXIMILIAN MISCHKE, LINA BOCKHORN,
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Sorrya Lazareva, and RoLr Haug — Institut fiir Festkorperphysik,
Leibniz Universitdt Hannover

Folded graphene (multi)layers promise to contain rich and interesting
physics [1-3], so we produced a sample to investigate the influence of
such a fold on magnetotransport properties of graphene. The measure-
ments were carried out in a 4He cryostate at 1.4 K while the samples’
carrier concentration was controlled via a global backgate. The sample
itself consists of a z-folded ABC-trilayer graphene partially encapsu-
lated in hBN with electrical contacts that allow for measurements in
the unfolded region as well as through the fold. We observed filling
factors that are unexpected for ABC-trilayer graphene. The untypical
transport behaviour can be explained by angle dependend interlayer
coupling and screening effects in the z-fold.

[1] S. J. Hong et al, Phys Rev B 105, 205404 (2022)

[2] H. Schmidt et al, Nature Communications 5(1), 5742 (2014)

[3] Y. Liu et al, Phys Rev B 92, 235438 (2015)

HL 32.7 Wed 16:45 REC/C213
Quantum dots in proximitized BLG/TMD heterostructures
— oCHING-Hung CHiu and ANGELIKA KNOTHE — Institut fiir Theo-
retische Physik, Universitdat Regensburg, 93053 Regensburg, Germany

Bilayer graphene (BLG) has attracted attention recently due to the
possibility of inducing layer-selective Spin-orbit coupling (SOC) by
proximitizing with transition metal dichalcogenides (TMDs) [1,2]. Si-
multaneously, the gate-tunable band gap in BLG enables electrostatic
confinement of charge carriers into gate-defined quantum point con-
tacts and quantum dots [3,4]. Here, we theoretically investigate the
interplay of proximity effects and confinement by studying confined
quantum states in proximitized BLG/TMD quantum dots. We calcu-
late the states’ properties, such as their splittings and spin polarisa-
tion, as a function of SOC coupling parameters and the dot’s size and
shape. Our studies go alongside experimental realisations of confine-
ment in BLG/TMD heterostructures [5,6] and pave the way for using
and controlling the dot’s spin and valley states as qubits.

[1] K. Zollner and J. Fabian, Phys. Rev. B 104, 075126 (2021)

[2] A. M. Seiler et al., 2025 2D Mater. 12 035009

[3] H. Overweg et al,, Phys. Rev. Lett. 121, 257702 (2018)

[4] S. Moller et al., Phys. Rev. Lett. 127, 256802 (2021)

[5] J. D. Gerber et al., Nano Lett. 2025, 25, 33, 12480-12486

[6] H. Dulisch et al., Nano Lett. 2025, 25, 26, 10549-10555

HL 32.8 Wed 17:00 REC/C213

Influence of Polymethyl Methacrylate molecular weight on

Graphene transfer and its intrinsic properties — eMONIKA
CuoupnaRy!, RasvoLE Lukose!, Moriom AKTER!, CHRISTIAN
WEeNGERY'2, and Minpavcas Lukosius! — !Leibniz-Institut fiir

Innovative Mikroelektronik (IHP), Frankfurt Oder, Germany —
2Semiconductor Materials, BT'U Cottbus-Senftenberg, Cottbus, Ger-
many

Polymethyl methacrylate (PMMA )-assisted wet transfer is widely used
for integrating large-scale graphene grown on Ge(100)/Si substrates
via chemical vapor deposition onto insulating SiO2/Si substrates|1,2].
However, the influence of PMMA molecular weight (MW) on proper-
ties of transferred graphene is insufficiently quantified. To address this,
we investigate graphene transferred using low (50K), medium (600K),
and high (950K) MW PMMA to isolate how polymer chain length
governs film integrity and contamination. Characterization by atomic
force microscopy (AFM), and spatially resolved X-ray photoelectron
spectroscopy (XPS) reveals reduced contamination and smoother to-
pography for graphene with 600K transfers. Additionally, micro-
Raman spectroscopy demonstrates strain-free graphene with reduced
doping and a 2D peak full width at half maximum (FWHM) of 35.53
cm-1 consistent with as-grown values. 1. Akhtar F., et al. ACS Appl.
Mater. Interfaces 15 (2023). 2. Lukose R., et al. Scientific Reports 11
(2021). Acknowledgement: This research was funded by the European
Union*s Horizon Europe research and innovation programme under
grant agreement No 101120938 (GATEPOST).

HL 32.9 Wed 17:15 REC/C213

High-performance graphene field-effect transistors on cyclic
olefin copolymer substrates for advanced sensor appli-
cations eHAaMID REzA Rasounr!, BEGIMAI ADILBEKOVAL,
GuazaLEH Esuacur!, AxgeL PriNTscHLER!, Davip Kaiser!,
MaRco REINHARD2, ALEXANDER RoLaPP?, ToMm REINHOLD?, UWE
HUBNER®, MicHAEL MEISTER?, and ANDREY TURCHANIN!

Mnstitute of Physical Chemistry, Friedrich Schiller University Jena,

07743 Jena, Germany — 2IMMS Institut fiir Mikroelektronik- und
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Mechatronik-Systeme gemeinniitzige GmbH (IMMS GmbH), 99099 Er-
furt, Germany — 3Leibniz Institute of Photonic Technology, Albert-
Einstein-Strafe 9, 07745 Jena, Germany

While graphene field-effect transistors (GFETSs) are highly attractive
for liquid-phase sensing, their performance on SiO2/Si substrates is
compromised by oxide-induced charge trapping, leading to pronounced
hysteresis and reduced stability. We present arrays of GFETs microfab-
ricated on cyclic olefin copolymer (COC) substrates, which passivate

SiO2 providing a low-trap and chemically inert platform in combina-
tion with flatness. GFET devices on COC demonstrate remarkably
improved Dirac point stability, negligible hysteresis even in low-ionic
strength buffers, and reproducibility across the arrays. For their func-
tionalization, we employ an ultrathin carbon nanomembrane (CNM)
that enables robust immobilization of various capture molecules while
preserving graphene’s transport properties. The CNM/GFET/COC
architecture provides stable liquid-phase operation highlighting its
strong potential for scalable and advanced sensor applications.

HL 33: Nitrides | — Growth and fabrication

Time: Wednesday 16:30-17:45

HL 33.1 Wed 16:30 POT/0006
Homoepitaxial growth of AIN by plasma-assisted molecular
beam epitaxy — eXiN Du, HossEIN YAazDANI, and YoNGJIN CHO —
Paul-Drude-Institut fiir Festkorperelektronik (PDI), Leibniz-Institut
im Forschungsverbund Berlin e.V., Hausvogteiplatz 5-7, 10117 Berlin,
Germany

Waurtzite AIN can be considered an electrical insulator because of its
ultrawide bandgap of 6.2 eV. However, it can become electrically active
as either n-type or p-type through direct chemical doping or polariza-
tion doping when alloyed with the other group-III cations. This broad
tunability in electrical conductivity, combined with its high thermal
conductivity of about 340 W/m-K, makes AIN highly attractive for
power electronics and deep-UV optoelectronic devices. Interest in AIN
has considerably increased with the recent development of high-quality
AIN bulk substrates with dislocation densities below 10* cm~2. To
fully leverage the high structural quality of these substrates in subse-
quent epitaxial layers, the native oxide must be removed before growth.
Although Al-assisted deoxidation of AIN substrates has recently been
shown to be effective for MBE growth, achieving consistently com-
plete oxide removal and subsequently high-quality AIN homoepitaxy
remains challenging. In this talk, we show how various cleaning meth-
ods and MBE growth conditions influence AIN homoepitaxy. This
work serves as a seeding study at PDI for future investigations aimed
at achieving reliable doping control in AIN with minimized compen-
sating defects.

HL 33.2 Wed 16:45 POT/0006
Phase transition regions of epitaxially sputtered TiAIN lay-
ers on TiN and AIN buffer layers — eEMINE KAYNAR, FLORIAN
HoricH, JURGEN BLASING, FABIAN GRoOsSMANN, UsHA VELPURI,
ARMIN DADGAR, ANDRE STRITTMATTER, and ARNE Busse — In-
stitut fiir Physik, Otto-von-Guericke Universitat Magdeburg, Magde-
burg, Germany

For manufacturing vertical GaN-based power devices on Si substrates,
it is advantageous to replace insulating AIN/AlGaN layers at the Si
interface. AIN/AlGaN layers are currently required to ensure high-
quality GaN on Si. TiAIN alloys offer a tunable bandgap from metallic
conduction up to 6 eV and thermal robustness, making them promising
alternatives to insulating Al(Ga)N buffers when epitaxial growth on Si
is feasible. In this work, TiAIN layers were epitaxially grown on n-type
Si (111) using TiN and AIN buffers prepared by a two-step sputter-
ing process at growth temperatures below 900 °C. Highly crystalline
cubic TiN (w-FWHM ~ 0.3°, RMS < 1 nm) served as a conductive
template. By tuning the power ratio between Ti and Al targets, Al
content was systematically controlled, enabling direct mapping of the
cubic-wurtzite transition. On TiN buffers, cubic TiAIN remained sta-
ble up to x 7 0.4. On wurtzite AIN buffers, the opposite transition
from wurtzite to cubic occurred as Ti incorporation increased. For all
AlN-buffered samples, w-FWHM stayed below 1° and RMS roughness
remained < 5 nm. These results demonstrate precise phase control
and high crystalline quality, positioning TiAIN as a strong candidate
for conductive buffer layers in vertical GaN-on-Si device architectures.

HL 33.3 Wed 17:00 POT/0006
Epitaxial Growth of ZrN on Si(111) — eMuUTHUKANI KATHIRE-
saN, UsHA VELPURI, ARNE Bussg, FLoriaN HOrIcH, JURGEN BLAs-
ING, ARMIN DADGAR, and ANDRE STRITTMATTER — Institut fiir
Physik, Otto-von-Guericke Universitat Magdeburg, Magdeburg, Ger-
many

Transition metal nitrides can add new functionalities to GaN devices.
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These range from conducting buffer layers for the growth of vertical
GaN devices on Si, as template for the growth of N-polar GaN up to
enhanced piezo- and ferroelectric properties when alloyed with AIN.
Transition-metal nitrides (TMNs) such as ZrN, HfN, TiN and ScN
crystallize in the rock-salt structure and exhibit metallic conductiv-
ity except for ScN which is semiconducting. For nitride growth, ZrN
is particularly attractive due to its favorable lattice relationship, ex-
hibiting an in-plane mismatch of only 1.35% between ZrN (111) and
GaN (0001). Additionally, ZrN layers can be deposited by sputtering,
whereas layer growth by MOVPE suffers from the low-vapor pressure
of available precursors.In this work, we present recent progress in the
sputter epitaxy of ZrN on Si (111). For 100-nm-thick films grown at
900 °C in N2/NH3, we achieved an w-FWHM of 0.5°. Introducing
NH3 promoted a transition from a columnar grain structure to a com-
pact, two-dimensional morphology, with a surface roughness of 1.7 nm.
The thermal stability of these layers was assessed through annealing
at 1100 °C under NH3, which led to reduced film density by void
formations, revealed by X-ray reflectivity (XRR) measurements and
scanning electron microscopy (SEM).

HL 33.4 Wed 17:15 POT/0006
In-situ fabrication of Ing.3Gap.7 N pseudo-substrates on GalN
(0001) templates via a three-step protocol in plasma-assisted
molecular beam epitaxy — eHUAIDE ZHANG, AIDAN CAMPBELL,
JinaexuaN KaNg, JoNnas LAHNEMANN, OLIVER BRraNDT, and LuTz
GEELHAAR — Paul-Drude-Institut fiir Festkorperelektronik, Leibniz-
Institut im Forschungsverbund Berlin e.V., Hausvogteiplatz 5-7, 10117,
Berlin, Germany

The considerable lattice mismatch between GaN and InN introduces
significant strain into (In,Ga)N epitaxial layers grown on GaN tem-
plates. This strain impedes the incorporation of In and induces a
strong piezoelectric field in (In,Ga)N/GaN quantum wells, which di-
minishes the internal quantum efficiency. Furthermore, the accumu-
lated strain can prompt plastic relaxation of the lattice, generating
additional threading dislocations. The high In content required for
(In,Ga)N-based light-emitting diodes (LEDs) operating in the am-
ber/red spectral range necessitates, hence, a substrate with an ad-
justed lattice constant. In this work, we present a three-step growth
method for fabricating a highly relaxed Ing.3Gao.7 N pseudo-substrate
directly on GaN(0001) templates which is conducted entirely within a
plasma-assisted molecular beam epitaxy system. In contrast to other
approaches, our method does not require any ex-situ patterning, pro-
viding thus advantages in terms of scalability and cost. The resulting
structure demonstrates superior characteristics in key properties, in-
cluding In content, degree of strain relaxation, and surface smoothness
compared to existing alternatives.

HL 33.5 Wed 17:30 POT/0006
Influence of A-Site Cations on Structure, Defect Density
and Photoactivity of Tantalum-Based Perovskite Oxyni-

tride Photoelectrodes — eGAaBRIEL GROTZNERD2, ALEKSANDR
Kocuercovh?, OLivER BRUNED2, Laura 1. WAGNERD'2, SASWATI
SAaNTRAD2, VERENA STREIBEL!'2, and Ian D. Suarpb2 — 1Walter

Schottky Institute, Technische Universitdt Miinchen, Germany —
2Physics Department, TUM School of Natural Sciences, Technische
Universitat Miinchen, Germany

Perovskite oxynitrides are emerging materials for photoelectrochem-
ical (PEC) water splitting, yet the influence of the A-site cation on
their material properties remains poorly understood. Here, we investi-
gate a series of ATaON> thin films (A = La, Ce, Pr, Nd, Gd, ordered
by decreasing ionic radius) to elucidate the role of the A-site cation
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on structural, optoelectronic, and PEC properties. X-ray diffraction
analysis reveals a systematic lattice contraction with decreasing ionic
radius of the A-site cation. This structural change is accompanied by
an increase in optical band gap from 1.8 eV to 2.2 eV and a reduction in
sub-bandgap absorption, indicating lower defect densities for smaller
A-site cations. Electrical measurements show reduced conductivity for

GdTaONs3 compared to LaTaONg, consistent with defect suppression.
By changing the A-site cation from La to Gd, the photocurrent den-
sity in PEC measurements doubles, despite an increase in optical band
gap, which indicates the beneficial impact of reduced defect-mediated
recombination. These insights offer design principles for defect and
band-structure engineering in perovskite oxynitride photoanodes.

HL 34: Quantum Dots and Wires: Telecom Wavelength

Time: Wednesday 16:30-17:45

HL 34.1 Wed 16:30 POT/0051

All-photonic quantum teleportation at telecom wavelength
with frequency converted photons from remote quantum dots
— oTimm STrOBEL!, MicHAL VvyVLECKA!, ILENIA NEUREUTHER!,
Tosias BAUER?, MARLON ScHAFERZ?, STEFAN KazMmalEr!, NAND
LaL SuarmA®, RapHAEL Joos!, Jonas H. WEBER!, CORNELIUS
Nawrata!, WeLIE Nie3, Guara Buavani®, CasparR HopFMANNS,
CurisTorH Brcuer?, PrTeER MicHLER!, and SiMonNE Luca
PorraLupr! — lInstitut fiir Halbleiteroptik und Funktionelle Gren-
zflachen, Center for Integrated Quantum Science and Technology
(IQST) and SCoPE, University of Stuttgart, Stuttgart, Germany —
2Fachrichtung Physik, Universitit des Saarlandes, Saarbriicken, Ger-
many — 3Institute for Integrative Nanosciences, Leibniz IFW Dresden,

Dresden, Germany

A future terrestrial quantum internet relies on distant quantum net-
work nodes connected via optical fiber channels. In this context, semi-
conductor quantum dots (QDs) are promising sources of quantum light.
Here, we report on an all-photonic quantum teleportation experiment
with photons from remote QDs emitting at ca. 780nm. The polar-
ization state of a single photon emitted by one QD is prepared and
interfaced with one photon of an entangled pair from a second QD in a
Bell state measurement. This process teleports the polarization state
onto the second photon of the entangled pair. Polarization-preserving
quantum frequency converters eliminate the frequency mismatch be-
tween photons, allowing for interference at telecom wavelengths. Tele-
portation succeeds with post-selected fidelities up to 0.721(33).

HL 34.2 Wed 16:45 POT/0051
Telecom C-band Quantum Dots Coupled to Gaussian-shaped
Microlens Cavities — eMiIcHELLE PranL!, RapHAEL Joos!,
LenAa ENcGEL!, Jonannes MicHL?, KATHARINA DAHLER!, PONRAJ
Vwavan!, Tosias HuBer-Lovora?, MicHAEL JETTER!, SiMONE L.
PorraLupi’, SVEN HorLINGZ, and PeTER MicHLER! — !Institut
fiir Halbleiteroptik und Funktionelle Grenzflaichen (IHFG), Center for
Integrated Quantum Science and Technology (IQST) and SCoPE,
University of Stuttgart, Allmandring 3, 70569 Stuttgart — 2Julius-
Maximilians-Universitat Wiirzburg, Physikalisches Institut, Lehrstuhl
fiir Technische Physik, Am Hubland, 97074 Wiirzburg

Single-photon sources emitting in the telecom C-band are a key re-
source for applications in quantum communication and quantum cryp-
tography, as they enable long-distance quantum networks. Semicon-
ductor quantum dots (QDs) are particularly well suited for this since
they have a high quality optical emission and can achieve high effi-
ciency when coupled to microcavities. Here, we investigate telecom
C-band InAs QDs, which are embedded in a resonator made of dis-
tributed Bragg reflectors (DBRs), with the upper dielectric DBR being
shaped into Gaussian lenses using an etching process. This structure
promises Purcell enhancement, which reduces the decay time of the
QDs and enables efficient collection of the emitted photons. We inves-
tigate the optical modes of the resonators by an in-depth characteriza-
tion of microlenses with different design parameters. Furthermore, the
quantum-optical properties of the QDs coupled to cavities are analyzed
by means of autocorrelation and decay time measurements.

HL 34.3 Wed 17:00 POT/0051
InGaAs/GaAs preparation at 1.55 micrometer telecom wave-
lengths — eJUuwANA JOSE, ANDRE STRITTMATTER, ARMIN DADGAR,
JURGEN BLAsING, and UsHAa VELPURI — Otto von guericke university,
Magdeburg, Germany

Quantum key distribution is a secure way of generating and sharing
encryption keys using photons. Single photons as qubits for key gen-
eration is an efficient method of secure data transmission. It guar-
antees absolute eavesdropping detection since it is impossible to copy
a quantum state. Qubit transmission at telecom wavelengths of 1.55
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micrometer using InGaAs quantum dots on GaAs substrates is a chal-
lenge. We explore the conventional Stranski-Krastanow growth mode
to shift the wavelengths far beyond the spectral 1.3-1.4 *m region.
Photoluminescence experiments on high-density QD ensembles show
remarkable intensities in a wavelength range of 1.5-1.6 micrometer at
room-temperature. This luminescence shifts by xx nm into the blue
upon cooling down to 15 K. By tailoring the thickness of the initial
InGaAs deposition to the 2D /3D transition region low QD densities of
108 c¢m-2 and below are achieved. Single photon emission experiments
will be conducted after preparation of individual QD emitters.

HL 34.4 Wed 17:15 POT/0051

Integration of telecom C-band quantum dot-based single-
photon emitters onto silicon photonic platform using
micro-transfer printing — eSimMoN OBERLE!, PONRAJ VIJAvAN?,
ALEssANDRO Buzzi?, Huco LarocQuE?, MICHAEL JETTER!, SIMONE
Luca Porrarupi!, and PETER MicHLER! — !Institut fiir Halbleit-
eroptik und Funktionelle Grenzflachen (IHFG), University of Stuttgart
— 2Research Laboratory of Electronics (RLE), Massachusetts Insti-

tute of Technology

Silicon photonics for telecommunications applications has garnered
much attention recently. The optical transparency and the large refrac-
tive index contrast of silicon at telecommunication wavelengths allow
the implementation of high-density photonic integrated circuits. One
disadvantage of silicon photonics is the lack of mature deterministic
light sources. One potential solution is the integration of III-V mate-
rial, which offers outstanding optical emission properties, on a silicon
platform. The direct growth of III-V materials on silicon the most
scalable and therefore desired approach. However, it is challenging
because of the material polarity difference and the lattice mismatch
between GaAs and silicon. An alternative approach is the hybrid inte-
gration of ITI-V structures using micro-transfer printing, which enables
integration of prefabricated devices onto silicon. Our group has pre-
viously developed telecom C-band emitting InAs quantum dots grown
on InGaAs. Here, we report our approach to designing and fabricat-
ing structures for the hybrid integration of these QDs onto a silicon
platform using micro-transfer printing.

HL 34.5 Wed 17:30 POT/0051
Automated optical imaging for telecom Quantum Dot de-
terministic fabrication — eEDpEN ARBEL!, Lukas WacNER!, PE-
TER GiErss! 2, PoNrAJ Viiavan!, MicHaL VyviLeEckal, MICHAEL
JETTER!, SIMONE L. PorTaLUPI}, and PETER MicHLER! — !Institut
fiir Halbleiteroptik und Funktionelle Grenzflichen, Center for In-
tegrated Quantum Science and Technology (IQ5T) and SCoPE,
University of Stuttgart, Allmandring 3, 70569 Stuttgart, Germany
— 2Physikalisch Technische Bundesanstalt, Bundesallee 100, 38116
Braunschweig

Semiconductor quantum dots (QDs) are promising sources of single-
and entangled-photon pairs. Due to its low absorption in silica fibers,
operation in the telecom C-band (1530-1565nm) is desired. Integrat-
ing these QDs into Circular Bragg Grating cavities (CBGs) enhances
extraction efficiency and enables Purcell enhancement. Our method
employs wide-field imaging for deterministic preselection of QDs for
subsequent CBG fabrication. The QD positions are referenced using
e-beam-written markers. Smart preselection of suitable candidates,
embedded in an automated setup, promises higher yield and efficiency,
with the potential for Al integration. We demonstrate that determin-
istically processed CBGs exhibit significant improvements in bright-
ness and enhance the decay time of the two-level state. With higher
throughput and continually improving quality of telecom QD samples,
this approach will enable to provide single-photon sources tailored to
specific needs of various applications, such as quantum memories or
long-distance quantum communication.
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HL 35: Optical Properties Il

Time: Wednesday 16:30-19:00

HL 35.1 Wed 16:30 POT/0251
Polarization-Angle-Resolved Raman Spectroscopy for Reli-
able Raman Tensor Analysis — eHaNs TorNaTzKY!, JoNAs
Rose!, Luca Crot?, MoriTz MEISSNER!, ZBIGNIEW GaLAzKA®, and
Magrkus R. WaGgNErR!2 — Paul Drude Institut — 2Technische Uni-

versitéit Berlin — 3Institut fiir Kristallziichtung

Phonons are fundamental to materials, shaping the physical proper-
ties that underlie device functionality. Accurate knowledge of their
quantitative description, specifically the Raman tensor, is essential for
a detailed understanding of materials and for reliable modeling and
optimization of structures and devices.

This talk presents state-of-the-art approaches for determining rela-
tive Raman tensor elements using polarization-angle-resolved Raman
(PARRS) spectroscopy, alongside discussion of major challenges and
sources of error encountered in the process. We also introduce a newly
developed fitting procedure that enables robust disentanglement of
strongly overlapping signals arising from different modes, permitting
precise extraction of their characteristics — energy, FWHM, symmetry,
and tensor elements — with enhanced reproducibility.

These techniques are demonstrated across several materials recently
studied by our group, including rutile GeO3, Ga2O3s, and LalnO3.

HL 35.2 Wed 16:45 POT/0251
Characterization of Exciton-exciton entanglement in differ-
ent phases: A many-body investigation in low dimensions
— eFanaznou Zuao!, CarLos MEJUTO-ZAERAZ, VOITECH VLCEK?,
and ANGEL Rusio! — Max Planck Institute for the Structure and
Dynamics of Matter, Hamburg, Germany — 2Laboratoire de Physique
Théorique, LPT, CNRS, Toulouse, France — 3UCSB, Santa Barbara,
USA

There have been emerging experimental investigations on exciton-
exciton correlations, especially in moiré superlattices. However, theo-
retical understanding of exciton-exciton interactions - which requires
an accurate treatment of four-point Green’s functions and the validity
of a bosonic description of excitons- remains relatively underdeveloped.
We construct an exactly solvable one-dimensional model to investigate
exciton-exciton correlations and entanglement using many-body exact
techniques. We identify phase boundaries separating excitonic phases
with different degrees of binding, and extrapolate the data to the ther-
modynamic limit to infer properties in large systems. We also ap-
ply a wavefunction projection technique to characterize the strength
of entanglement between excitons, as well as the strength of entan-
glement between the electron and hole inside an exciton. Our results
show that, over a broad parameter range, excitonic correlations remain
weak, validating the applicability of many-body perturbation theory
in most cases. We also explored the quantum confinement effect of
multi-exciton state in 1D systems and uncovered the conditions under
which the confinement effects emerge.

HL 35.3 Wed 17:00 POT/0251
Excited-state trions in a quantum well — SouraBH JAIN!,
MikHAIL GLAzZovZ, and eAsHIsSH ARORA! — lIndian Institute of Sci-
ence Education and Research, Pune 411008 India — 2St. Petersburg,
Russia

Recently, excited-states of trions were discovered in a layered semi-
conductor raising strong interest in many-body physics of Coulomb-
bound quasiparticles in solids [1]. Here, we report on the observation
of an excited 2s state of a trion in a GaAs quantum well (QW) using
magneto-optical Kerr effect (MOKE) spectroscopy under out-of-plane
magnetic fields up to 6 T [2]. This resonance appears slightly below
the 2s exciton in energy. Strikingly, the 2s trion is found to be bound
only for magnetic fields larger than 1 T. The signature of the 2s trion
is absent in the magneto-reflectance spectra, while it is detectable in
the MOKE spectra signifying the importance of the powerful tech-
nique. Similar to the 1s states, the 2s trion shows an opposite degree
of magnetic-field-induced polarization compared to its exciton coun-
terpart, in agreement with our theoretical calculations. This transfer
of oscillator strength between the complexes establishes an optical fin-
gerprint of the 2s excited trion. Our work addresses a four-decade old
problem of excited-state trions in a quantum well, and opens scope for
further investigations of many-body physics in solids. [1] Phys. Rev.
Lett. 123, 167401 (2019) [2] Phys. Rev. Lett. 134, 246902 (2025)
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HL 35.4 Wed 17:15 POT/0251
Directional lasing and optical coupling in indium phosphide
nanowires — eLuUkas Raam JAcer!, WEr WEN Wong?2, HARK
Hok Tan?, and CArsTEN RonNING! — 1Friedrich-Schiller-Universitét
Jena, Fiirstengraben 1, 07743 Jena, Germany — 2The Australian Na-

tional University, Canberra ACT 2600, Australia

Indium phosphide (InP) nanowires (NWs) are promising nanoscale
light sources due to their strong optical confinement and compatibility
with selective-area epitaxy. We investigate optical coupling in ver-
tically standing lasing InP N'Ws using finite-difference time-domain
simulations and angle-resolved photoluminescence. Single NWs lase in
the TEO1 mode for diameters above about 250 nm and exhibit far-field
patterns shaped by interference of emission from the top and bottom
facets. Coupled NW structures enable controlled emission engineer-
ing. In NW pairs, coupling splits the TEO1 mode into two hybrid
modes with orthogonal directional lobes, in good agreement with ex-
periment. Mode selection is highly sensitive to subtle geometric differ-
ences, while asymmetric pumping has negligible effect. Extending this
concept to arrays of NW pairs shows that array-level interference can
further narrow the emission lobes. Triplet NW structures exhibit three
distinct hybrid modes with characteristic far-field patterns. These re-
sults demonstrate designable directional nanoscale emitters based on
coupled NW lasers.

HL 35.5 Wed 17:30 POT/0251
Optical emission of monolayer-hybridized nanowire lasers —
eMoriTz WILLEMS, EDWIN EOBALDT, ALEXANDER ZAUNICK, AURE-
LiIA EBERHARD, LUukAs JAGER, X1A0 CHEN, and CARSTEN RONNING
— Friedrich Schiller Universitéat, Jena, Deutschland

Semiconductor Nanowires have attracted substantial scientific interest
as foundation for nanoscale coherent light sources and all-optical cir-
cuits, based on to their remarkable waveguide properties and their in-
trinsic ability to lase. 2D-Materials offer a functional environment that
enables influencing the lasing characteristics, including emission wave-
length and lasing threshold, of ZnO nanowires. These hybrid struc-
tures thus allow for electrical and optical charge and energy transfer.
Deterministic nanowire integration is achieved through stage-assisted
transfer using PDMS and tip-assisted nanomanipulation. Compara-
tive micro-photoluminescence measurements are used to investigate
how the 2D-materials influence and modify the lasing behaviour of
individual nanowires.

HL 35.6 Wed 17:45 POT/0251
Bandgap and exciton engineering in two-dimensional tran-
sition Mo;_, W ;Ses alloys for next-generation photonics. —
eMunaMMAaD Hussain!, Omip GuAEBI!, MOHAMMAD MONFARED?Z,
MaRco GRUENEWALDY, UMER AHsAN3, FEDOR LiPILIN®, JAN Luxa3,
ZDENEK SOrER®, ULF PrscueL??, and GiancarrLo Soavil#
Hnstitute of Solid-State Physics, Friedrich Schiller University Jena,
Germany — 2Institute of Condensed Matter Theory and Optics,
Friedrich Schiller University Jena, Germany. — 3Department of In-
organic Chemistry, University of Chemistry and Technology Prague,
Czech Republic — 4Abbe Center of Photonics, Friedrich Schiller Uni-
versity Jena, Germany

Alloys of 2D transition metal dichalcogenides (TMDs), provide a
unique platform for bandgap engineering at the atomic scale. In this
work, we investigate the nonlinear optical response of Moj_;W;Sea
alloys focusing in particular on second harmonic generation (SHG)
and two-photon photoluminescence (TP-PL) [1]. We find that alloyed
TMDs exhibit enhanced nonlinearities compared to their pristine coun-
terparts. By combining SHG and TP-PL and the respective optical
selection rules, we are able to extract the energy difference between 1s
and 2p exciton states in samples of different alloy composition. By do-
ing this, we find that the exciton binding energy in such alloys varies
with the W composition (x). This can be used as a knob to tune
not only the optical bandgap, but also the exciton binding energy by
changing the alloy composition.
[1] M. Hussain, et al. Adv. Opt. Mater. 13, 01000 (2025).

15 min. break

HL 35.7 Wed 18:15 POT/0251
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Photoluminescence of single color centers in hBN below the
diffraction limit — eIris NieHUEs!, DANIEL WIGGER?, KORBINIAN
KALTENECKER®, ANNIKA KLEIN-HiTPAss!, JoHANNEsS BINDER?, AN-
pRzEJ] WysmoreEk?, and RAINER HILLENBRAND® — lInstitute of
Physics, University of Miinster, Germany — 2Department of Physics,
University of Miinster, Germany — 3Department of Physics, Ludwig-
Maximilians-Universitat Miinchen, Germany — 4Faculty of Physics,
University of Warsaw, Poland — 5CIC nanoGUNE BRTA, Spain

Color Centers in hexagonal boron nitride (hBN) are promising quan-
tum light sources due to their stable single-photon emission at room
temperature. Using a scattering-type near-field optical microscope,
we investigate photoluminescence (PL) properties of hBN grown via
metalorganic vapor phase epitaxy. Our experiments employ the micro-
scope in tapping mode to detect PL signals influenced by the metallic
AFM tip. We demonstrate near-field optical excitation and emission
via the tip’s nanofocus, creating a sub-diffraction limited tip-enhanced
(TE)PL hotspot [1]. Additionally, an "arc” forms around the emitter,
explained by constructive interference between direct beams between
the optics and the emitter and indirect beams scattered from the tip.
This tip-assisted (TA)PL method can be used to map in-plane dipole
orientations of hBN color centers at the nanoscale.
[1] I. Niehues et al., Nanophotonics 14(3), 335-342 (2025)

HL 35.8 Wed 18:30 POT/0251
Role of lattice temperature for the optical properties of boron
nitride — ePETER KrATZER! and ANDRE ScHLEIFE? — lFaculty
of Physics, University Duisburg-Essen, 47057 Duisburg, Germany —
2Department of Materials Science and Engineering, University of Illi-
nois at Urbana-Champaign, Urbana, USA

We carried out a computational study of boron nitride both in its
cubic (c-BN) and hexagonal (h-BN) polytypes as a prototypical sys-
tem for the renormalization of optical properties in semiconductors by
lattice vibrations. While band-gap renormalization due to electron-
phonon coupling is a well-explored concept in semiconductor physics,
this topic has gained renewed attention in the context of pump-probe
spectroscopies where high fluences may lead to local lattice excitation.
With this motivation, we performed first-principles calculations of c-
BN and h-BN supercells using the DFT+GW method, treating lattice

excitation via explicit atomic displacements. Finally, the frequency-
dependent dielectric function and the optical absorbance are obtained
including many-particle effects on the level of the Bethe-Salpeter equa-
tion. The results show that the atomic displacements in the 2x2x2
supercells used in this study have little effect in ¢c-BN but lead to a
considerable narrowing of the optical gap in h-BN. In h-BN, the band
splitting due to ’frozen’ phonons gets even amplified on the GW level
of theory. The binding energy of approximately 0.5eV of the exci-
ton derived from the band edges, however, is found to be only weakly
affected by the atomic displacements.
Financial support from CRC 1242 is gratefully acknowledged.

HL 35.9 Wed 18:45 POT/0251
Half-saddle excitons in monolayer SnS2: a first-principles
study — eVinicius ALvEs Bastos!, Fuvio PALEARI?, ELEONORA
Lupp13, Marco GIBErTINIY'2, and ALice Ruini!'2 — 1Dipartimento
di Scienze Fisiche, Informatiche e Matematiche, UNIMORE, Modena
(Italy) — 2CNR-Nano, Modena (Italy) — 3Laboratoire de Chimie
Théorique, Sorbonne Université and CNRS, Paris (France)

Monolayer SnS2 has been demonstrated as a visible-light absorber with
promising characteristics for applications in fuel cells and thin film pho-
tovoltaics [1]. Motivated by that, we have performed a first-principles
study of bound excitons in this system within the GW-BSE formalism
[2]. We have gone beyond previous works by analysing the exciton
symmetries, electron-hole contributions, and transition dipoles. We
find a richer structure of bound excitons than previously reported,
e.g., deeply bound dark excitons with binding energies of about 0.9
eV and a very strong bright exciton at 2.9 eV, in good correspondence
with the experimental absorption peak. Also, the bound excitons are
localized around the direct band gap at the M point, which exhibits a
saddle point at the top valence band and a minimum at the bottom
conduction band. Consequently, we show that linearly polarized light
can be used to completely select two of the three inequivalent M sad-
dles, as previously demonstrated in graphene [3]. PNRR MUR project
ECS 00000033 ECOSISTER

[1] Y. Sun et al., Angew. Chem. Int. Ed. 51, 8727 (2012). [2] D.
Sangalli et al., J. Phys. Condens. Matter. 31, 325902 (2019). [3] S.
Sharma et al., arXiv preprint, arXiv:2503.21376 (2025).

HL 36: 2D Materials VI — Optoelectronic properties

Time: Wednesday 17:30-18:30

HL 36.1 Wed 17:30 POT/0081
Surface acoustic wave-controlled photocurrent in few-layer
WSe2 — eBeEnJaAMIN MAYER, FELIX EHRING, MATTHIAS WEISS, HuU-
BERT KRENNER, URSULA WURSTBAUER, and EMELINE NYSTEN — In-
stitute of Physics, University of Miinster, Germany

Surface acoustic waves (SAWs) offer a versatile platform for
nanoscience applications [1]. Their ability to integrate GHz-frequency
control and sensing schemes at micron-scale wavelengths on a chip
opens cross-disciplinary applications and enables the SAW electric
field to drive acousto-electric currents in low-dimensional materials, in-
cluding semiconducting transition metal dichalcogenides (TMDCs) [2].
Here, we study the AEC and the underlying charge-carrier dynamics in
mechanically exfoliated 2D tungsten diselenide (WSe2) placed on two
gold electrodes integrated into hybrid lithium-niobate-based SAW de-
vices (150-250 MHz). Our multifunctional acousto-optoelectric setup
combines current-voltage characterization, SAW-direction dependent
AEC measurements and spectrally resolved scanning photocurrent
(PC) spectroscopy. This allows detailed investigation of how electri-
cal contacts affect the performance of our archetypical acoustophoto-
electric device. Thus, we establish a qualitative model of the tunneling
barrier and band bending induced by Schottky barriers at the Au-
TMDC interface [3]. Further, tuning the optical excitation wavelength
provides spectral access to energy-dependent photocurrent contribu-
tions and reveals how they are modulated by the SAW.

[1] Krenner, J. Phys. D: Appl. Phys. (2025, subm.) [2] Nat. Comm.
6 (1): 8593 (2015) [3] ACS Appl. Electr. Mat. 7 (21): 9717 (2025)

HL 36.2 Wed 17:45 POT/0081
Shift current tuned via twisting angle in moiré system —
eMIcHELE BacacLini! 2, CEsaRE TREscaZ, and GIANNI PRoOFETAL:2
— IDipartimento di Scienze Fisiche e Chimiche, Universita degli
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Studi dell’Aquila, L’Aquila, Italy — 2CNR-SPIN c/o Dipartimento
di Scienze Fisiche e Chimiche, Universita degli Studi dell’Aquila,
L’Aquila, Italy

In recent years the interest in the two-dimensional bulk photovoltaic
effect (BPVE) has been increasing in non-centrosymmetric materials.
Research on 2D solar cells and optoelectronic device is focusing on
these materials due to their highly efficient response. The shift cur-
rent (SC) is one of the most important effect to the BPVE. The SC
is second-order non-linear response that arises from the different real-
space centres position of charge, a ’shift’, between the valence and
conduction bands. In the literature, several studies already exist on
the SC in monolayer and untwisted bilayer transition-metal dichalco-
genide (TMD) systems, where promising peaks have been reported
from DFT calculations. In this study we focus on the evolution of the
SC with the twisting angle in moiré twisted two-dimensional materials,
specifically in multilayer MoS2 systems. In our case, given the large
size of the systems for small twist angles, we employ a tight-binding
(TB) approach with Slater-Koster (SK) parameterization to compute
the SC. We show that a multiband approach improves the accuracy and
allows one to reproduce the dispersions obtained from first-principles
calculations.

HL 36.3 Wed 18:00 POT/0081
Theoretical investigation of the flexo-photovoltaic effect —
eJuaN Jost EsTEVE-PAREDES!, MARIA N. GAsTIASORO?, and JULEN
IBANEZ-AspirRoz! — !Materials Physics Center, University of the
Basque Country, Donostia-San Sebastian, Spain — 2Donostia Inter-
national Physics Center, Donostia-San Sebastian, Spain
The bulk photovoltaic effect (BPVE) refers to the generation of a direct
current in a bulk crystal under illumination. This phenomenon arises
in non-centrosymmetric materials and is described by a finite electronic
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second-order conductivity. In recent years, experimental works have
reported the realization of the BPVE in centrosymmetric media, where
this effect is conventionally forbidden, by generating large strain gra-
dients through application of local pressure with nanoscale tips [1,2].
This new effect, named the flexo-photovoltaic effect, has attracted in-
terest regarding its microscopic origin. In this talk, we theoretically
investigate this effect and demonstrate that a flexo-photovoltaic effect
can indeed be predicted by considering local lattice deformations in
several-layer centrosymmetric crystals, giving rise to the appearance
of a finite BPVE conductivity. We employ a Slater-Koster approach
to model the electronic band structure and wavefunctions within a su-
percell geometry and compute the associated linear and second-order
optical responses. We discuss the tunability and scaling of this effect
in relation to the magnitude and spatial extent of the mechanical de-
formation, and discuss how our theoretical predictions compare with
existing experimental observations. [1] Yang et al., Science 360, 904
(2018) [2] Wang et al., Phys. Rev. Lett. 132, 086902 (2024)

HL 36.4 Wed 18:15 POT/0081
All-in-one Optoelectronic Synaptic Device with Van der
Waals materials-based floating gate — e THI PHUONG ANH BAcH
and SANGEUN CHo — Division of System Semiconductor, Dongguk

University, Seoul, South Korea

Optoelectronic synaptic devices that integrate nonvolatile memory
with light matter interactions offer high processing efficiency and low
energy consumption for neuromorphic computing. Two-dimensional
materials and their van der Waals heterostructures provide strong
electronic and optical properties, while floating-gate structures em-
ulate synaptic plasticity and enable a path toward brain-inspired,
beyond-von-Neumann computation. Herein, we demonstrate a mul-
tifunctional optoelectronic synapse device based on rhenium disul-
fide (ReS2)/hexagonal boron nitride (hBN)/indium selenide (InSe)
vdW FG structure. The device exhibits a high On/Off current ra-
tio (>1076), large memory window, multi-level storage behavior and
excellent data retention (710000 s) under various electrical and opti-
cal stimuli. By leveraging the thickness tunalble bandgap of InSe FG
and the dynamic tunneling process of photogenerated carriers across
the vdWhs interface, the device capable to work under a wide range
from visible to near-infrared laser with excellent synaptic plasticity.
The device replicates classical conditioning (Pavlov’s dog experiment)
and advanced signal-discrimination learning, and also supports recon-
figurable inverter logic via electrical and optical inputs, along with
neuromorphic image recognition, demonstrate its multifunctionality.

HL 37: Nitrides Il — Designed properties and LED

Time: Thursday 9:30-11:00

HL 37.1 Thu 9:30 POT/0006
Designing Visible-Spectrum Nitride Alloys from First Prin-

ciples — eJaNn M. Waack!2, MicHaEL CzrrRNERDZ, and CHRIs-
T1aN HEILIGERD? — lInstitut fiir theoretische Physik, Justus-Liebig-
Universitit Giefen, Germany — 2Center for Materials Research

(LaMa), Justus-Liebig-Universitat Giefsen, Germany

Precise band-gap engineering across the full visible spectrum is essen-
tial for emerging applications such as integrated RGB LEDs. This
tunability can be achieved through alloying narrow-band-gap materi-
als like InN or ScN with wide-band-gap semiconductors such as GaN
or AIN. Among these systems, random alloys including (In,Ga)N and
(ALSc)N require advanced theoretical treatments—such as the coherent
potential approximation (CPA) and special quasi-random structures
(SQS)—to capture their configurational disorder accurately.

In this work, we combine first-principles density functional theory
with efficient electronic-structure methods such as LDA-1/2 and the
mBJ functional to provide a comprehensive dataset for both random
and ordered alloy phases. We report key structural properties includ-
ing lattice parameters and bond lengths as well as elastic constants,
phonon modes, thermodynamic stability, and electronic characteristics
such as band gaps and Bloch spectral functions. These results offer
a robust theoretical foundation for experimental detection of ordering
phenomena and for the rational design of nitride alloys with tailored
optical and electronic properties.

HL 37.2 Thu 9:45 POT/0006
Detailed nano-characterization of structural and optical
properties of a red-emitting InGaN LED — eN. DrEYER!, F.
BerTRAM!, G. ScamipT!, J. CurisTEN!, Z. CHEN?, and X. Wanc?
— 1Otto-von-Guericke-University Magdeburg, Germany — 2Peking
University, Beijing, China
A fully processed and operating red InGaN LED was grown by
MOVPE on a GaN/sapphire template. The active region, which con-
sists of three identical stacks, is surrounded by n- and p-GaN with an
EBL. Each stack contains three quantum wells with different indium
concentrations: two with a low indium concentration for strain relax-
ation, and one subsequently grown red-emitting quantum well (RQW).
The structure was characterized using scanning transmission electron
microscopy (STEM) and the orientation of the Burgers vector (edge-
or screw type dislocation) was determined. Cross-sectional cathodo-
luminescence performed directly in STEM shows broad band-to-band
recombination in the n-GaN at T = 17 K which is caused by band
gap renormalization and conduction band filling. Line shape analysis
of this emission band yields a charge carrier density of 6 x 1018 cm—3.
The vertical evolution of the RQW emission exhibits a shift of 123 meV
within the active region. Furthermore, the lateral homogeneity of the
RQW emission will be examined. A blue-shift of the RQW emission
of up to 365 meV was found around defects. The vertical and lateral
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trapping processes of excess carriers will be discussed in detail. The
capture length of the bottom RQW was found to be 78 nm using highly
spatially resolved vertical linescans across the active region.

HL 37.3 Thu 10:00 POT/0006
Determination of optical losses in AlGalN-based multi-
mode waveguides — oVERENA KowaLLik!, MARTIN GUTTMANNZ,
LeEoNARDO WILDENBURG', TimM WERNICKE!, and MICHAEL
KnEeissL?2 — 1Technische Universitat Berlin, Institute for Physics
& Astronomy, Berlin, Germany — 2Ferdinand-Braun-Institut (FBH),

Berlin, Germany

Many applications for ultraviolet photonic integrated circuits (UV
PICs), such as biochemical sensing, atomic clocks, and UV Raman
spectroscopy, require materials with a large bandgap energy to facili-
tate low optical losses. One possible candidate are Al1GaN alloys which
are already successfully employed for the fabrication of UV light emit-
ting diodes (UV-LEDs) and UV lasers. However, the optical properties
of AlGaN materials, especially the absorption losses have not yet been
studied in detail in the UVC spectral range. In this work, the absorp-
tion losses in 200 pum wide n-Alg 76 Gag.24N waveguides were inves-
tigated using monolithically integrated UV-LEDs emitting at 262 nm
and detectors. By Monte Carlo ray-tracing simulations, we identified
different contributions of the optical losses, namely, the propagation
losses and scattering losses. Here, we implemented the waveguide sur-
face roughness determined from atomic force microscopy images. Also,
we investigated the portion of rays reaching the detector without bee-
ing guided in the waveguide, e.g. scattered at the substrate’s backside
or the AIN/sapphire interface.

HL 37.4 Thu 10:15 POT/0006
Influence of the AlGalN multi-quantum well design on the
efficiency of 233 nm far-UVC LEDs grown by MOVPE —
eREBEKAH SEONGGYEONG Kmv!, MARcEL ScuiLLing!, MassiMo
GricoLETTOM2, JAKOB HOPFNER!, TiM WERNICKE!, and MICHAEL
KnEeissL}2 — 1Technische Universitit Berlin, Institute of Physics and
Astronomy, Berlin, Germany — 2Ferdinand-Braun-Institut (FBH),
Berlin, Germany

Light emitting diodes (LEDs) emitting in the far ultraviolet-C (far-
UVC) spectral range are promising for applications like skin safe disin-
fection and gas sensing. The composition and thickness of the AlGaN-
multi quantum wells and barriers are crucial for the efficiency of the
LEDs. In this work we investigate the impact of the last quantum well
barrier’s (LB) thickness (0 nm to 10 nm) and aluminum mole fraction
(76% - 86%) onto the electrooptical performance of the LEDs. The
LEDs with an aluminum mole fraction of 80 % and a thickness of 5
nm exhibit the highest external quantum efficiency (EQE) of 0.32 %
at 16 mA (on-wafer).
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HL 37.5 Thu 10:30 POT/0006
In-rich InGaN quantum well growth for green InGaN LED —
oCHRISTOPH BERGER, ARMIN DADGAR, and ANDRE STRITTMATTER
— Otto-von-Guericke-University, Magdeburg, Germany

Achieving high-efficiency green InGaN LEDs remains challenging due
to material issues like phase instability, metallic inclusions and inter-
face roughening. We present an optimized MOVPE growth approach
that significantly improves the optical and morphological quality of
green LEDs. After each QW, a growth interruption combined with
a controlled temperature ramp is introduced before starting the GaN
barrier growth. This sequence allows to get rid of excess indium that
accumulates on the surface during QW growth, leading to smoother
interfaces, a removal of indium-rich defects visible in Nomarski mi-
croscopy and consequently, a substantial suppression of a grayish ap-
pearance of the wafer. We further combine this process with hybrid
MQW designs, where blue QWs are grown below a green top QW,
leading to an improvement of the efficiency of the LED. The impact of
different growth sequences and layer designs on the optical and struc-
tural characteristics of green LEDs will be discussed.

HL 37.6 Thu 10:45 POT/0006
Nano-characterization of polarization-doped deep UV LED
structures using highly spatially resolved cathodolumines-

cence spectroscopy — eE. BAker!, F. BErrraM!, G. ScHMIDT!,

N. Drever!, J. Curisten!, T. KoLBr?, S. Haceporn?, H.K.
Cro?, J. Rass?, S. EwreLpT?, and M. WEYERsZ — !Otto-
von-Guericke-University Magdeburg, Germany — 2Ferdinand-Braun-
Institut (FBH), Germany

AlGaN-based deep UV LEDs emitting below 250 nm are of great inter-
est for many applications. Especially in the far-UVC, efficient p-doping
poses major challenges, which can be effectively overcome by the con-
cept of polarization doping. This study compares far-UVC LEDs with
different AlGaN composition gradients used for polarization doping.
The LEDs were grown by MOVPE on optimized AIN/sapphire tem-
plates. While the n-side of the diode uses conventional Si-doping, the
p-side utilizes an AlGaN-layer with constant [Gal-gradient. Diodes
with different [Gal-gradients but identical thicknesses are analyzed,
with the Ga mole fraction increasing linearly from 0.02 to 0.45 and
from 0.02 to 0.81, respectively. Using low temperature cathodolumi-
nescence spectroscopy directly performed in a scanning transmission
electron microscope, a nano-scale correlation of the optical properties
with the real structure is obtained. Cross-sectional CL line scans show
the different emission of the gradient layer. While the sample with the
shallow gradient shows continuous emission spectral red-shift from 240
nm to 260 nm, the sample with the steep gradient shows an abrupt
jump from 273 nm to 312 nm, indicating lattice relaxation.

HL 38: Materials and Devices for Quantum Technology II

Time: Thursday 9:30-12:45

HL 38.1 Thu 9:30 POT/0051
Shadow masks for all-in-situ fabrication of InAs nanowire
Josephson junctions — eCHRISTIAN SCHAFER, LENNART GROSCH,
Yurn Kutovyl, NiLs voN DEN DRIEscH, THOMAS SCHAPERS, and
ALEXANDER PawLris — PGI 9 / PGI 10 / JARA-FIT, Forschungszen-
trum Jiilich, 52428 Jiilich, Germany

Josephson junctions based on semiconductor/superconductor hybrid
structures offer unique features for quantum circuits, such as gate-
controllable supercurrent and quantized Andreev bound states. Clean
interfaces between nanowire and superconductor are essential to lever-
age both effects, driving the development of in-situ contact fabrica-
tion. Shadow wall epitaxy offers both, a scalable and all-in-situ so-
lution for nanowire growth and contact formation. Micrometer-high
pre-fabricated walls shadow the molecular beams of In and As depend-
ing on their relative orientation. Since As on its own has a low sticking
coefficient and In forms isolated droplets, partially shadowed regions
are insulating and do not form InAs crystals. Despite the significant
lattice mismatch between InAs and the GaAs substrate, we observe
growth of lateral 1D-nanowires between walls spaced less than one mi-
crometer. The same mask can additionally be used to perform selective
deposition of any superconductor. We explore different mask designs
to optimize electrical device isolation, nanowire growth, and junction
geometry. Since no transfer or post-processing after growth is nec-
essary, associated defects and degradation are avoided. Shadow wall
epitaxy enables scalable in-situ fabrication of InAs nanowire junctions.

HL 38.2 Thu 9:45 POT/0051
Semiconductor—superconductor membranes for nanoelec-
tronic devices — eoTHiEs JanseN!, CHrisTIAN ReEicHL?, and
TuoMAs SAND JEsPERSEN'3 — 1Technical University of Denmark,
Anker Engelunds Vej 101 2800 Kongens Lynby — 2ETH Ziirich Labo-
ratorium fiir Festkérperphysik — 3Center for Quantum Devices Niels

Bohr Institute, University of Copenhagen

Semiconductor-superconductor hybrid materials have become the
workhorse platform for quantum devices, owing to their clean and
highly transparent semiconductor-superconductor interfaces. Indium
arsenide—aluminum (InAs-Al) nanowires and quantum wells are cur-
rently the dominant material systems, each offering distinct advan-
tages: nanowires allow transfer to arbitrary substrates, while quan-
tum wells provide two-dimensional design flexibility. Here, we intro-
duce a new platform that combines the strengths of both systems: a
semiconductor-superconductor membrane. We present the fabrication
of these membranes and their initial electrical characterization through
low-temperature transport measurements. The membranes are gate-
tunable, and their material properties closely resemble those of both
InAs nanowires and InAs quantum wells.
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HL 38.3 Thu 10:00 POT/0051
Secondary electron detector for deterministic single ion im-
plantation — ePrivarL DabpuicH, Nico KLINGNER, and GREGOR
Hrawacek — Institute of Ion Beam Physics and Materials Research,
Helmbholtz-Zentrum Dresden-Rossendorf(HZDR), Dresden, Germany

Fault tolerant quantum computers based on donor-ion solid-state
qubits require highly localized placement of single donors. To achieve
this, we are developing a new setup for deterministic single-ion im-
plantation in a FIB. To detect each implanted ion, we aim to use the
secondary electrons (SEs) emitted during ion impact. A windowless sil-
icon drift detector (SDD), biased up to +10 kV, accelerates and collects
these SEs. The resulting electron-hole pairs allow us to quantify the
number of emitted electrons via pile-up analysis. A critical challenge
for this detection approach is the intrinsic SE emission probability. As
governed by Poisson statistics, the average SE yield strongly affects
detection confidence. Current work examines material-dependent ab-
solute SE yields and practical methods to enhance SE emission while
maintaining efficient extraction. Given the low SE yield per impact,
optimizing the extraction geometry is crucial. A C++ simulation code
using the ion-optics library IBSIMU [1] has been developed for this
customised problem, to maximize SE collection and study backscat-
tering, including possible methods to recollect backscattered electrons.
References: [1] T Kalvas et. al. Rev. of Sci. Inst., 81(2), 2010.

HL 38.4 Thu 10:15 POT/0051
Spin-orbit-enabled realization of arbitrary two-qubit gates
on moving spins — eDaviD FERNANDEZ-FERNANDEZ!, YuTa
MartsumoTo?, LIEVEN M.K. VANDERSYPENZ, GLORIA PLATERO!,
and STEFANO Bosco? — lInstituto de Ciencia de Materiales de
Madrid, CSIC, Spain — 2QuTech and Kavli Institute of Nanoscience,

Delft University of Technology, The Netherlands

Shuttling spin qubits across semiconductor quantum dot arrays is
emerging as a key primitive for scalable quantum information process-
ing, enabling on-chip inter-node quantum communication and modular
architectures. By analyzing the shuttling of two spin qubits towards
each other using a conveyor-mode protocol, we show that controlling
only two experimentally accessible parameters, the shuttling velocity
and the waiting time at minimum interdot separation, is sufficient to
synthesize a broad class of entangling gates. Moderate SOI provides
direct access to both CPHASE(6) and SWAP® families, as well as
native fermionic-simulation gates, all with fidelities above 99.99% ne-
glecting decoherence. We further quantify gate accessibility through
a Weyl-chamber analysis and demonstrate that strong SOI or engi-
neered helical magnetic fields can unlock nearly complete (~ 99.98%)
coverage of all locally inequivalent 2(QQ operations, including quantum
gates such as the Berkeley gate. This work provides a realistic and
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scalable route toward single-step 2Q gates on mobile spin qubits, with
immediate implications for distributed quantum computing, quantum
simulation, and shuttling-assisted error-correcting architectures.

HL 38.5 Thu 10:30 POT/0051
Topological Superconductivity in the Presence of Contact Po-
tentials — eLEONARD KAaUFHOLD — Institute for Theoretical Physics,
Cologne, Germany

The research on Majorana bound states (MBS) has brought forth a
multitude of proposed platforms and devices that are, in principle,
capable of realizing such states as topological edge modes. These de-
vices usually rely on the superconducting proximity effect induced in
semiconductors with strong spin-orbit coupling or, more recently, in
topological insulators. The material interface however induces another
effect that can be as much as one order of magnitude larger than the
electronic band gap at the surface. Due to the mismatch of work func-
tions between the materials, a dipole layer forms at the interface, ef-
fectively creating a contact potential that modifies the electronic band
structure far beyond the minimal models typically used to describe
the formation of MBS. In this presentation, we will focus on different
nanowire-based architectures consisting of a topological insulator in
contact with an s-wave superconductor, and discuss on a theoretical
level the effect of contact potentials on the formation and stability
of MBS. We further outline under which parameter conditions these
interface-induced effects become experimentally relevant.

HL 38.6 Thu 10:45 POT/0051
Hexagonal Germanium Nanowires as a Spin Qubit Platform
— eANIRBAN Das!, Baksa KorLok!2, DANIEL VARJas!:3, and An-
pras Parvil?2 — !Department of Theoretical Physics, BME, Bu-
dapest, Hungary — HUN-REN-BME-BCE QTRG, BME, Budapest,
Hungary — 3IFW Dresden and Wiirzburg-Dresden Cluster of Excel-
lence ct.qmat, Dresden, Germany

Hexagonal germanium (2H-Ge) offers strong spin-orbit interaction
and optical activity, making it an appealing platform for semicon-
ductor spin qubits. Recent progress in growing hexagonal Si;Gej_
nanowires enables controlled geometries suitable for quantum devices.
In contrast to cubic Si or Ge, 2H-Ge supports direct band-gap transi-
tions, opening a pathway towards a novel spin-photon interface.

We study the electronic and spin properties of 2H-Ge nanowires us-
ing a multiband k-p Hamiltonian describing low-energy states near the
I" point. By discretizing the model with open boundaries, we construct
nanowires oriented perpendicular to the c-axis and compute their band
structure. We analyze confinement-induced gap variations and the in-
fluence of transverse electric fields, from which we extract Rashba co-
efficients. Magnetic fields are included via a Peierls substitution to
investigate anisotropic spin responses. The resulting effective g-tensor
shows strong directional dependence, revealing regimes favorable for
qubit operation in hexagonal Ge nanowires.

This research is supported by the European Union within the Hori-
zon Europe research and innovation programme via the ONCHIPS
project under grant agreement No 101080022.

15 min. break

HL 38.7 Thu 11:15 POT/0051
Low-Loss LNOI PIC Components for Quantum Interference
Applications — eMonaMMap MaLikb?2:3, SimoN PaLitzals2:3, and
CaRsTEN ScHuck!2:3 — 1Department for Quantum Technology, Uni-
versity of Miinster — 2Center for NanoTechnology - CeNTech, Miinster
— 3Center for Soft Nanoscience - SoN, Miinster

Lithium niobate on insulator (LNOI) exhibits significant potential as a
platform for integrated photonics owing to its strong electro-optic re-
sponse, broad transparency window, and intrinsic nonlinear properties.
For on-chip quantum key distribution (QKD) and related quantum
photonic applications, the precise fabrication of photonic integrated
circuit (PIC) components with minimal loss and high fidelity remains
a key challenge. Here, we demonstrate directional couplers (DCs) and
multimode interferometers (MMIs) that achieve a 50/50 splitting ra-
tio with insertion losses below 1.5 dB at a wavelength of 1550 nm.
These results are obtained using in-house fabrication techniques, in-
cluding electron-beam lithography and inductively coupled plasma re-
active ion etching, enabling accurate and reproducible realization of
crucial PIC components. Building on these results, we will discuss
progress towards integrating superconducting nanowire single-photon
detectors (SNSPDs) on the LNOI platform for realizing on-chip Hong-
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Ou-Mandel interference as required for integrated quantum technology
applications, including measurement device independent QKD.

HL 38.8 Thu 11:30 POT/0051
Scalable and individual control of Si qubits via mag-
netic skyrmions — eLEANDER REascos!, RaLuca Bovrrie!, Kar
Litzivs!, FeLix BOTTNErRD2, and Monica Beniro! — llnstitute
of Physics, University of Augsburg, 86159 Augsburg, Germany —
2Helmholtz-Zentrum Berlin fiir Materialien und Energie, 14109 Berlin,
Germany

Scalable, precise control of spin qubits is essential for large-scale quan-
tum processors with millions of qubits. Electron-spin qubits in semi-
conductor quantum dots are promising due to their small size, high
fidelities, long coherence times, and CMOS compatibility. However,
current electric-dipole spin resonance (EDSR) schemes rely on static
micromagnets, which suffer from fabrication-induced inhomogeneities
and limited tunability. We propose using gate-tunable nanoscale mag-
netic skyrmions as on-chip magnetic field sources to replace micro-
magnets. By controlling skyrmion geometry, the local magnetic field
at a quantum dot can be tuned post-fabrication to adjust both the
qubit frequency and the EDSR driving gradient. Using micromagnetic
simulations and analytical modeling, we show how skyrmion geometry
maps directly onto the qubit’s Zeeman splitting and Rabi frequency.
These results highlight skyrmion-based control as a promising route
towards scalable, frequency-selective spin-qubit architectures with en-
hanced tunability.

HL 38.9 Thu 11:45 POT/0051
Strain modulation in Germanium: an overview for quan-
tum applications — eMgEra None!, IeNnaTil Zartsev!, Da-
VIDE SPIRITO?, PATRICIO FARRELL®, CHRISTIAN MERDON?, YIANNIS
HapimmicHALES, DANIEL Fritscu?, MArRvVIN HARTWIG ZOELLNER!,
and Costanza Lucia MaNGaneLLi! — THP-Frankfurt (Oder)-
Germany — 2BC-Materials-Leioa, Spain — 3WIAS-Berlin — 4Zuse-

Berlin

Germanium (Ge) is a promising platform for hole-based quantum de-
vices due to its high hole mobility, strong spin-orbit coupling, and
compatibility with CMOS technology. We investigate strain engineer-
ing in an ideal structure with two silicon nitride (SiN) stressors on
a Ge substrate, using FEM to study how stress level, stressor height,
and design influence mechanical deformation. The resulting strain ten-
sors, including often neglected shear components, are inserted into a
fully coupled 6x6 Bir-Pikus Hamiltonian to compute heavy hole (HH)
and light hole (LH) band shifts under uniaxial and biaxial stress. Our
results show tunable HH-LH splitting from 36 to 165 meV for SiN
stressors between 1 and 4 GPa, demonstrating that SiN stressors offer
a practical, scalable route to engineer Ge band structure for quantum
wells and hole spin qubits.

HL 38.10 Thu 12:00 POT/0051
Optical probing of strain fields in isotopically pure Si-28 using
donor-bound excitons — eNico EcgerLing!, PuiLLip KULPER!,
N.V. ABrosivov?, Jens HUBNER!, and MicHAEL OEsSTREICcH! —

1Leibniz Universitit Hannover, Germany — 2IKZ Berlin, Germany

The successful demonstration of all optical qubits in isotopically
pure Si-28 utilises the donor-bound exciton transition of phospho-
rus dopants [1]. As a current obstacle for large-scale implementation,
the challenge remains to harness inhomogeneities resulting from sim-
ple imperfections in the crystal lattice, over dopant-dependent lattice
deformations, to even the hydrostatic pressure due to the sample’s own
weight or adjacent interfaces. We present results from spatially re-
solved measurements of the donor-bound exciton, revealing a distinct
strain distribution in a bulk Si-28 sample at cryogenic temperatures.
These are explained in the context of the Pikus-Bir formalism for
silicon [2], leading to strain estimates that are well matched to the
known extrinsic factors.

[1] E.Sauter, PhD Thesis (2022)
[2] Loippo et al., Phys. Rev. Mater. 016202 (2023)

HL 38.11 Thu 12:15 POT/0051

Development of heavy noble gas field ion sources using an
iridium coated single crystalline tungsten emitter — e AMINA
Zip'2, GrEGOR Hrawacek!, Nico KLINGNER!, ARNaUD HoUELZ,
and ANNE DeLoBBE? — lInstitute for Ion Beam Physics and Ma-
terial Research, Helmholtz-Zentrum Dresden-Rossendorf — 20RSAY

PHYSICS, 95, 3éme Avenue - ZA Saint-Charles, 13710 Fuveau, France
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Gas Field Ion Sources (GFIS) provide high brightness, high current
density and excellent spatial resolution[1]. Conventional GFIS use light
noble gases: helium enables 0.5 nm imaging resolution, while neon al-
lows high-resolution milling beyond Liquid Metal Ion Source (LMIS)
capabilities. However, low maximum current limits material removal
rates, and the light ions cause deep implantation and bubble forma-
tion, reducing efficiency for large-volume or high-aspect-ratio milling.
To overcome these limits, we investigate GFIS operation in a Focused
Ion Beam (FIB) using heavier noble gases.

Additionally an iridium-coated tungsten tip is investigated. Iridium
forms the strongest bond with tungsten[2], enabling higher electric
fields and thus higher stable beam currents. Our emitter operates
from a single emission point rather than the typical trimer used in
Helium Ion Microscopy. This work presents the first FIB performance
evaluation of this emitter with argon and xenon, including comparison
to helium and neon-based GFIS.

[1] Hoflich, K. et al., Applied Physics Reviews 2023; G. Hlawacek &
A. Golzhduser (Eds.), Helium Ion Microscopy, Springer, 2016.

[2] Oshima, C. et al., Surface Science and Nanotechnology 2018.

HL 38.12 Thu 12:30 POT/0051

HL 39: 2D semiconductors VIl —
Time: Thursday 9:30-12:30

HL 39.1 Thu 9:30 POT/0081
Ab initio investigation of electronic, magnetic, optical prop-
erties and proximity effect in MoS>/CrSBr van der Waals het-
erostructures — e ATHANASIOS KoLiociorRGOs and KAREL CARvA —
Charles University, Prague, Czech Republic

CrSBr-MoSs heterostructures combine the properties of the antiferro-
magnetic semiconductor CrSBr and the TMD semiconductor MoSa,
yielding a promising platform for spintronic and valleytronic applica-
tions. In connection with experimental work, using density functional
theory with GGA+U and hybrid HSE06 functionals, we explore the
structural, electronic, magnetic and optical properties of MoS2 /CrSBr
systems, where CrSBr is 1-4 layers thick and MoS2 a monolayer. We
observe induced magnetization in the MoSs layer via proximity effect,
strongly dependent on the interlayer distance. Other proximity effects
include charge transfer, bandgap renormalization and spin splitting
in the band structure, while the density of states reveals a weakly
hybridized system, retaining the characteristics of the separate parts.
Work function and band alignment show that the material behaves as a
Type-II heterostructure. The calculation of the absorption coefficient
reveals distinct peaks corresponding to the CrSBr and MoSs layers, in
agreement with the experimental photoluminescence spectrum.

HL 39.2 Thu 9:45 POT/0081
Proximity-Induced Raman Signatures in a NbSes-
CrSBr Superconductor-Magnet Heterostructure — eELENA
VINNEMEIER!, JAN-HENDRIK LARUscu!, Kar RossnaceL?, and Ur-
suLA WURSTBAUER! — lInstitute of Physics, University of Miinster,
Miinster, Germany — 2Institute of Experimental and Applied Physics,
Kiel University, Kiel, Germany

Interfacing superconducting NbSes with the antiferromagnetic semi-
conductor CrSBr provides a van der Waals platform to study prox-
imity effects in quantum devices. The superconductivity-magnetism
interplay enables Josephson junctions and superconducting quantum
interference devices with field-tunable critical current and spin filter-
ing. We study proximity effects of the spin ordered CrSBr on the spe-
cific collective modes in NbSes in the superconducting phase at 4K and
the charge-density wave phase at 15K. A magnetic field tunes CrSBr
from antiferromagnetic to ferromagnetic order. The Raman response
of the heterointerface, relative to bare NbSes, reveals proximity effects
from the ferromagnetic CrSBr layer at the interface. Modifications of
the NbSes collective excitation spectrum demonstrate strong interac-
tion between the proximitized magnetic order in CrSBr and correlated
phases in NbSez. This project was supported by the EIC pathfinder
grant 101130224 "JOSEPHINE".

HL 39.3 Thu 10:00 POT/0081
Exciton dominated anisotropic dielectric tensor in CrSBr

— eJaN-HENDRIK LARUscH!, PIERRE-MAURICE PIEL!, ALEKSAN-

Finding the kinked propagation of the I3 defect in hexagonal
silicon using a machine-learned potential — eJoL1IN DELLEVOET
— Eindhoven University of Technology, Eindhoven, The Netherlands

Hexagonal silicon-germanium (hex-SiGe) alloys have recently emerged
as promising direct-bandgap semiconductors suitable for on-chip op-
tical communication, offering a path to reduce heat production in
microchips. Currently, the hex-SiGe crystal is grown in core-shell
nanowire structures, but their crystal quality is hindered by the for-
mation of I3 defects. During growth, these defects nucleate and can
propagate into otherwise pristine crystal. This propagation has been
observed experimentally but not reproduced in atomistic simulations,
leaving the underlying mechanism unclear. This presentation reveals,
at atomic resolution, a kinking mechanism that enables the 13 defect
boundary to propagate within hex-Si. This mechanism and its corre-
sponding energy landscape are obtained by using the nudged elastic
band (NEB) method in combination with the machine-learned PACE
potential. Although the calculations are currently limited to Si sys-
tems, future studies could focus on extending the calculations to SiGe
systems. The temperature and boundary length dependence of the
transition rate can ultimately be used to optimize growth conditions
of the hex-SiGe core-shell nanowires.

CrSBr and related heterostructures

(0]

Location: POT /0081

prRA Lopion!, THomas KLIEWER!, ZDENEK Sorer?, and URSULA

WURSTBAUER! — !Institute of Physics, University of Miinster, Ger-
many — 2Department of Inorganic Chemistry, University of Chemistry
and Technology Prague, Prague, Czech Republic

CrSBr is an air-stable magnetic vdW semiconductor with a direct
bandgap; its anisotropic spin, lattice, and charge, drive anisotropic
light-matter interaction e(w). We directly determine the full dielec-
tric tensor of exfoliated CrSBr by spectroscopic imaging ellipsome-
try (SIE). In the paramagnetic phase, SIE verifies ezz X €yy X €22.
Room-temperature comparison of Mueller-matrix and generalized el-
lipsometry guides cryogenic SIE, enabling us to track changes across
the Curie and Néel temperatures as the system evolves from paramag-
netic over intralayer ferromagnetism to A-type antiferromagnetism. In
the AFM phase, polarization-resolved magneto-reflectance with fields
along ¢ (hard), b (easy), and a (intermediate) axis yields critical fields
of roughly 2.2, 1.05, and 0.3 T for transition to FM order sensed by
distinct optical fingerprints. Together, these measurements quantify
the anisotropic light-matter interaction and its dependence on mag-
netic order, linking exciton-dominated emission/absorption to the full
dielectric tensor [1]. [1] J. Klein et al. ACS Nano 17, 5316-5328 (2023).

HL 39.4 Thu 10:15 POT/0081

Optical Probing of Interfacial Magnetic Properties of the
CrSBr-MnPS3 hetero-interface — eTHoMAS KLIEWER!, ALEK-
saNDRA Lopion!, PIERRE-MAURICE PieL!, JAN-HENDRIK Laruscu?,
ZpENEK SoFER?, and UrRsuLa WURSTBAUER! — !University of Miin-
ster, Germany — 2University of Chemistry and Technology Prague,

Czech Republic

CrSBr and MnPS3 are both 2D antiferromagnetic semiconductors with
different magnetic and optical properties. MnPS3 has out-of-plane spin
alignment while CrSBr’s spins are aligned in-plane [1,2]. Interfacing
these two materials is expected to result in complex interfacial spin-
alignment, presumably with the stabilization of a non-collinear mag-
netic phase at the interface. CrSBr exhibits strong excitonic features
coupled to the magnetic order [3]. This is used as a probe for the mag-
netic situation of the MnPS3-CrSBr interface. The structures are char-
acterized by polarization-resolved Raman spectroscopy measurements
and the interfacial magnetic properties are probed by low-temperature
magneto-photoluminescence and reflectance spectroscopies. We ob-
served a peculiar influence of MnPS3 on the optical response of CrSBr.
A proximity-induced modification of the magnetic properties of CrSBr
interfaced with MnPS3 seems to induce long-range order, since the
impact is observable on the CrSBr flake more than 10 ym away from
the interfaced region. Our observations might be connected to the
stabilization of an intermediate ordered magnetic state in CrSBr. [1]
Wilson, et al. Nat. Mat. 20.12 (2021), [2] Kobets, et al. Low Temp.
Phys. 35.12 (2009), [3] Heifenbiittel, et al. Phys. Rev. B 111.7 (2025)

HL 39.5 Thu 10:30 POT/0081
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Coupling Between Vibrational, Electronic,
States in CrSBr — eDariA MARKINA!, Privanka MonpaLl,
Lukas KReLLE!, Sar SHRADHA', MikHAIL M. Grazov?, REGINE
voN Krirzing!, Ksentia MosiNa3, ZDENEK SoreER®, and BERNHARD
UrBaszek! — !Institute for Condensed Matter Physics, TU Darm-
stadt, Hochschulstrafie 6-8, D-64289 Darmstadt, Germany — 2St. Pe-
tersburg, Russia — 3Department of Inorganic Chemistry, University
of Chemistry and Technology Prague, Technicka 5, 166 28 Prague 6,
Czech Republic

The van der Waals antiferromagnet CrSBr displays interplay between
vibrational, electronic, and magnetic states, producing distinctive
quasiparticle interactions. Using temperature-dependent polarization-
resolved Raman spectroscopy with optical absorption and photolumi-
nescence excitation (PLE), we examine these effects across the mag-
netic phase transition. Under 1.96 eV excitation, the Aé, Ag, and Ag
Raman modes exhibit pronounced polarization and intensity changes
near the Néel temperature, accompanied by modifications in excitonic
oscillator strength and resonant PLE features. The distinct temper-
ature evolution of Raman tensor elements indicates that individual
phonons couple to specific excitonic and electronic states. The suppres-
sion of excitonic transitions above the Néel temperature links these ef-
fects to spin alignment, suggesting an indirect spin—phonon interaction
mediated by exciton—phonon coupling. These findings establish CrSBr
as a promising platform for studying quasiparticles in two-dimensional
magnets and for potential quantum technologies.

and Magnetic
1

HL 39.6 Thu 10:45 POT/0081
Evidence for a novel spin-density excitation in 2D magnetic
semiconductor CrSBr — ePIERRE-MAURICE PIEL!, JAN-HENDRIK
Laruscu!, ALEksANDRA LoprioN!, ZDENEK Sorer?, and URSULA
WURSTBAUER! Mnstitute of Physics, Muenster University, Ger-
many — 2Department of Inorganic Chemistry, University of Chemistry

and Technology Prague, Prague, Czech Republic

The van der Waals magnet CrSBr is an air-stable semiconductor
with ferromagnetic layers, antiferromagnetic interlayer coupling, and
a highly anisotropic bandstructure, resulting in quasi-one-dimensional
excitonic states [1]. We probe the impact of magnetic order on excitons
and collective modes using low temperature (4K) magneto photolumi-
nescence and resonant Raman spectroscopy with special emphasize on
the magnetic anisotropy and magnetic phase transitions. The exci-
tonic signatures in photoluminesence show clear differences between
antiferromagnetic and ferromagnetic regimes and reveal pronounced
magnetic anisotropy. In resonant Raman, the first order Ag phonons
remain essentially field independent, whereas additional modes appear
only under excitonic resonance. We resolve a sharp mode near 248
cm-1 emerging in resonance with the A-exciton (71.36eV) and a broad
mode at 362 cm-1 occurring in A and higher-lying excitonic regimes.
The mode’s excitation energy and field dependence indicate selective
access to different collective possibly spin-density excitations in CrSBr.
[1] J. Klein et al., ACS Nano 17, 5316-5328 (2023).

15 min. break

HL 39.7 Thu 11:15 POT/0081
Tracking Magnetic Phase Evolution in CrSBr via Excitonic
Emission and Absorption — eLukas KRELLE!, Rvyan Tanl,
Daria MARKINAL, Privanka MonpaLl, Kseniia Mosina2, KEVIN
HaaMmanN!, REcGINE voN KriTzine!, ZDENEK SOFER?, and BERN-
HARD URBAszEk! — !Institute for Condensed Matter Physics, TU
Darmstadt, Hochschulstrafte 6-8, D-64289 Darmstadt, Germany —
2Department of Inorganic Chemistry, University of Chemistry and
Technology Prague, Technicka 5, 166 28 Prague 6, Czech Republic

CrSBr is an air-stable magnetic van der Waals semiconductor, in which
the interaction of excitons with the magnetic order enables the optical
identification of different magnetic phases. Here, we study multi-layer
samples of CrSBr inside a three-axis vector magnet and correlate mag-
netic order and optical transitions. We identify layer by layer switching
of the magnetization through drastic changes of the optical absorption
energy and strength as a function of the applied magnetic field. We
find that ferromagnetic and antiferromagnetic order between layers can
coexist in the same domain [1]. The photoluminescence evolution de-
pends on the magnetic order and can differ for each emission. The
intensity of energetically lower lying transitions reduces monotonously
with increasing field strength whereas energetically higher lying tran-
sitions around the bright exciton increase in intensity close to the satu-
ration field. Using this contrasting behavior we can therefore correlate
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transitions with each other. [1]: L. Krelle et al, ACS Nano 2025, 19,
33156

HL 39.8 Thu 11:30 POT/0081

Magnetically controllable exciton-polariton condensation in
CrSBr microwires — oCHRISTIAN WEIDGANs!, HENG ZHANG!,
NILOUFAR NILFOROUSHAN''4 JuLIAN HIRSCHMANNZ, MARLENE
Liesicu!, Tobias INzENHOFER!, IMKE GRONWALD!, Joser RiepL!,
KseENIIA MosINA3, ZDENEK SOFER®, FABIAN MoosHAMMER!, FLo-
RIAN DIRNBERGER?, and RuPERT HUBER! — !University of Regens-
burg, Germany — 2Technical University of Munich, Germany —
3University of Chemistry and Technology Prague, Czech Republic —

4Université Paris Cité, France

Coupling the macroscopic wave functions of quasiparticle condensates
to other degrees of freedom, such as the electron spin, could offer
valuable control knobs for future quantum applications. In particu-
lar, man-made condensates of light-matter hybrids known as exciton-
polaritons have lacked a direct spin-related control mechanism. Here
we demonstrate magnetically tunable exciton-polariton condensation
in the antiferromagnetic semiconductor CrSBr, a van der Waals mate-
rial with strongly linked optical and magnetic properties. Under pho-
toexcitation, CrSBr microwires embedded in an optical cavity show the
hallmarks of polariton condensation. The conditions for efficient opti-
cal pumping suggest a crucial role of recently discovered surface exci-
tons. Applying an external magnetic field energetically shifts the pho-
toemitting polariton states, enabling direct spin-based control. Our
results highlight CrSBr microwires as a powerful platform for exploring
magnetically tunable polariton condensates, their directional propaga-
tion and their potential for spin-based quantum devices.

HL 39.9 Thu 11:45 POT/0081

Preparation and characterization of CrSBr on opal sub-

strtates — oJANNIK SCHURMANN!, ALEKSANDRA Lopion!, Ur-

suLA WURSTBAUER!, ALEXEY V. ScHErRBAKOVZ, and GiuLia
) . )

MAGNABOSCO? 1University of Miinster, Miinster, Germany

— 2Technische Universitit Dortmund, Dortmund, Germany —
3Friedrich-Alexander-Universitdt Erlangen-Niirnberg, Erlangen, Ger-
many

The magnetic semiconductor Chromium-Sulfur-Bromide (CrSBr) is a
highly anistropic van der Waals material. To study the anisotropy of
the phononic properties independent from the supporting substrate,
the flakes can be detached from it either by suspending it over cavi-
ties or by transferring it to a substrate containing closely packed silica
spheres (opals). This second approach was already applied to other,
nonmagnetic vdW materials such as WSe2 allowing an in-depth pump-
probe study of phonons in the material [1]. Accordingly, we transfer
mechanically exfoliated CrSBr onto opal substrates using polycarbon-
ate stamps (dry transfer) and thoroughly characterize the properties
and qualities of the flakes on opals. Atomic force microscopy confirms
that CrSBr is on top of the spheres and partially freestanding. PL and
Raman measurements are performed to validate the behavior of the
flake in comparison with fully supported one. The decoupled CrSBr
flakes on opal substrates are suitable for pump-probe studies of phonon
states in CrSBr.
[1] A. Carr et al, ACS Photonics, 11, 1147-1155 (2024) .

HL 39.10 Thu 12:00 POT/0081
Accurate electronic, optical, and magnetic properties of
CrSBr via a tuned hybrid functional — eDANIEL HERNANGOMEZ-
PErez!, Maria CaMARASA-GOMEZ?, JAVIER JUNQUERAS, and AsH-
wIN RamasuBRaMaNIaM? — 1CIC nanoGUNE BRTA, Donostia,
Spain — 2Centro de Fisica de Materiales (CFM/MPC), Donostia,
Spain — 3Universidad de Cantabria, Santander, Spain — 4University
of Massachusetts Amherst, USA

CrSBr, a layered antiferromagnet, has attracted attention for its am-
bient stability, relatively high Néel temperature, and strong exciton-
magnon coupling. While experiments have progressed rapidly, compu-
tational studies lag due to the high cost of many-body perturbation
theory (MBPT). Here, we present a generalized Kohn-Sham density
functional approach that accurately reproduces electronic bandstruc-
tures, optical spectra, exciton binding energies, and magnon spectra
of bulk and few-layer CrSBr at much lower cost than MBPT. Using a
minimal two-parameter set tuned to a few benchmarks, we achieve ex-
cellent agreement across a broad range of optoelectronic and magnetic
properties.

M. Camarasa-Gomez, D. Hernangémez-Pérez, J. Junquera, A. Ra-
masubramanian (in preparation)
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HL 39.11 Thu 12:15 POT/0081
Tunable exchange interaction and hysteresis observed via
excitons in a van der Waals antiferromagnet bilayer —
ePrIivANKA MonpaL!, Sonu VEermaZ, WeNze Lan!, Lukas
KreLLE!, Ryan Tan!, REcINE voN KriTzing!, Ksentia MosiNa3,
7ZDENEK SOFER®, AKASHDEEP KAMRAZ, and BERNHARD URBASZEK!
nstitute for Condensed Matter Physics, TU Darmstadt,
HochschulstraRe 6-8, D-64289 Darmstadt, Germany — 2Department of
Physics and Research Center OPTIMAS, Rheinland-Pf\”alzische Tech-
nische Universit\”at Kaiserslautern-Landau,Germany — 3Department
of Inorganic Chemistry, University of Chemistry and Technology
Prague, Czech Republic

Two-dimensional magnets have emerged as key platforms for exploring

HL 40: Oxide Semiconductors:

Time: Thursday 9:30-12:30

HL 40.1 Thu 9:30 POT/0251
Unraveling metal-induced redox mechanisms on SrTiO3 via
combined in-situ laser reflectometry and x-ray photoelectron
spectroscopy — eGEORG HorFMANN, Sui-Hur Liu, SERKAN SIRT,
OLIVER BIERwWAGEN, and RomMAN ENGEL-HERBERT — Paul-Drude-
Institut fir Festkorperelektronik, Leibniz-Institut im Forschungsver-
bund Berlin e.V., Hausvogteiplatz 5-7, 10117 Berlin, Germany

SrTiO3 has long served as a key platform for emergent phenomena in
perovskite oxides such as polar discontinuity driven two-dimensional
electron gases (2DEGs) when interfaced with LaAlO3 [1]. Recently, in-
creasing attention has been brought to 2-DEGs that emerge at SrTiO3
surfaces from redox-reactions induced by amorphous metal deposition
on top [2]. Studying these processes, however, requires complex in-
situ techniques like photoelectron spectroscopy (XPS) with long mea-
surement cycles. Here, we introduce laser reflectometry (LR) as a
complementary technique that enables monitoring of redox-reactions
at oxide/metal interfaces. We show that LR in an oxide molecular
beam epitaxy setup can distinguish between Al deposition on non-
reactive substrates and Al oxidation, e.g. through oxygen scavenging
from SrTiO3. Atomic force microscopy, Capacitance-Voltage profiling,
and XPS measurements corroborate our findings. Our results demon-
strate how LR can guide future investigations of redox-reactions at
oxide/metal interfaces. [1] A. Ohtomo, and H. Y. Hwang., Nature
427, 423 (2004). [2] T. Rodel, et al., Adv. Mater. 28, 1976 (2016).

HL 40.2 Thu 9:45 POT/0251
Resonant Raman studies in rutile-Germaniumdioxide —
oKENNETH BRANDT!3, MoRriTZz MEISSNERD3, ZBIGNIEW GALAZKAZ,
Tosias ScauLTz?, MARKUS WAGNERD2| and Hans TorNATZKY D3 —
IPaul-Drude-Institut, Berlin — 2Leibniz-Institut fiir Kristallziichtung,

Berlin — 3Technische Universitit Berlin

Ultra-wide bandgap (UWBG) semiconductors are a new research area
of interest, with promised applications in power electronics. Germa-
niumdioxide in the rutile phase (r-GeOz) has been characterised to
be such an UWBG Material with a Bandgap at about 4.5 eV. To be
able to create homojunction devices, the material needs to be ambipo-
lar dopable, which poses a challenge for 8-Ga2O3, as p-type doping
has yet to be achieved, while r-GeO3 is predicted to be ambipolar
dopable. Raman measurements show a non typical intensity relation-
ship, in which explicitly the £y mode does not follow the expected
I x w? relation of the Raman-Scattering processes but decreases in
intensity with higher excitation energies. We are performing resonant
Raman studies, with excitation energies ranging from 1.2 eV provided
by a tunable Ti:Sa Laser, as well as multiple additional single line
Lasers with energies up to 5.1 €V, to investigate the atypical Raman
response and electron-phonon coupling.

To quantise the measurements CaFs is used as a calibration stan-
dard and GaAs is included in the measurement series to compare with
literature.

HL 40.3 Thu 10:00 POT/0251
Theoretical Description of a Photo-induced Hidden State
in Bismuth Vanadate — ePHILIP SCHWINGHAMMER!, VERENA
STREIBEL!2, FREDERICO DELGADO!, FRANzZISKA S. HEGNER!, VIK-
ToriA KunzeLManN!-2) KoNrAD MERKEL!, FRANK ORTMANN!, TAN

Suarpb?2, and Davip A. Eccer! — 'TUM School of Natural Sci-

7

layer-dependent magnetic phenomena. CrSBr is a recently identified
van der Waals magnet with strong excitonic features and layered anti-
ferromagnetic (AFM) order. While pristine bilayers show no magnetic
hysteresis, we find that a ~3° twist induces clear hysteresis and can
even stabilize a zero-field ferromagnetic state[1]. Field-dependent pho-
toluminescence tracks this behavior through hysteretic exciton energy
shifts that match the magnetic configuration. A two-sublattice model
explains the response via twist-reduced interlayer exchange, allowing
both parallel and antiparallel spin states. The bilayer behaves as an
effective monodomain, switching cleanly into the AFM state without
forming spin textures. These results highlight twist engineering as a
route to programmable magnetic memory in 2D magnets.
[1] P. Mondal et al. arXiv preprint arXiv:2510.08018 (2025).

Transport and Spectroscopy
Location: POT /0251

ences, Technical University of Munich, Germany — 2Walter Schottky
Institute, Technical University of Munich, 85748 Garching, Germany

Bismuth Vanadate has attracted attention in recent years as a promis-
ing photoactive material and complex model system. In order to under-
stand new experimental results which show a light-sensitive structure
at room temperature, we perform a detailed analysis of the chem-
ical bonding and impact of the exchange-correlation functional. In
addition to the use of hybrid functionals, spin-orbit coupling (SOC)
stabilizes the experimentally observed monoclinic structure over its
high-symmetry tetragonal counterpart. The physical mechanism be-
hind the stabilization is explained through the increase of both covalent
and ionic bonding as symmetry breaking causes shortening of select Bi-
O bonds. These mechanisms are strongly affected by photo-induced
excitation of charge carriers, as the states responsible for the mono-
clinic distortion are depleted. The alteration of the structure through
light may then affect the photo-catalytic efficiencies of the material, as
we also find significant differences in the optoelectronic properties of
the monoclinic and tetragonal structures.

HL 40.4 Thu 10:15 POT/0251
E-field modulated phase change properties in highly epitaxial
VO2 thin film monitored via Raman spectra and IR transmis-
sion — eSoNIKA SINGH!, RAJENDRA SINGH?, and ANKUR Goswami®
— MIT Delhi, New Delhi, India — 2IIT Delhi, New Delhi, India —
3IIT Delhi, New Delhi, India

VO2 is a highly explored smart oxide semiconductor showing metal
insulator transition (MIT) at near room temperature ~67 oC. It is
observed that optoelectronic properties of highly epitaxial VO2 thin
films offer several advantages as compared to polycrystalline film in
terms of E-MIT and thermal switching. Here we investigate E-MIT
on epitaxial VO2 deposited using PLD technique. Prior to electrical
measurement, electrical contacts with 8 *m separation distance were
made using Ti/Au metallization. The dual voltage sweep carried over
the device demonstrated a high thermal switching ratio (around 30)
between high resistive and low resistive state. Furthermore, the dual
current sweep was performed on the devices reflected snapback transi-
tion signifying uncontrolled and rapid phase transition of VO2. Addi-
tionally, E-field dependent Raman spectroscopy revealed modulation
of phase transition of VO2 monitored via Raman peaks and triggered
via square signal of E-field. These findings suggest that epitaxial thin
film of VO2 can be explored for further studies involving modulation
of phase change properties via E-field that find direct applications in
neuromorphic devices, THz transmissions, thermal switches.

HL 40.5 Thu 10:30 POT/0251
Spatially Resolved Phase Transition and Characterization

in Gallium Oxide — UmurcaN BekTas!, PAauL CHEKHONINZ,

Nico KLINGNER!, AzAT ABDULLAYEV®, ALEXANDER AZzAROV?,
ReNE HuBNER!, ZHANDOS UTEGuLOV?, ANDREJ KuznETsov?, and
eCGREGOR Hrawacek! — 1lon Beam Physics and Materials Research,
Helmholtz-Zentrum Dresden-Rossendorf, 01328, Dresden, Germany —
2Resource Ecology, Helmholtz-Zentrum Dresden-Rossendorf, 01328,
Dresden, Germany — 3Department of Physics, Nazarbayev Univer-
sity, 010000, Astana, Kazakhstan — “Centre for Materials Science
and Nanotechnology, University of Oslo, N-0316, Oslo, Norway

In this study, we investigate ion-irradiated 3-GazOgs samples (varying
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ions and fluences) alongside a- and k-GazOs3 thin films. Using focused
ion beam (FIB) irradiation, we locally modified the samples under
controlled conditions by tuning beam current, size, spacing, scan type,
and ion species. Structural changes in the irradiated regions were char-
acterized via electron backscatter diffraction (EBSD) and transmission
electron microscopy (TEM). Our results demonstrate that ion induced
transition to the v polymorph can be achieved also through FIB irra-
diation, enabling the fabrication of in-plane polymorph patterns on
the nanometer scale. Furthermore, time-domain thermoreflectance
(TDTR) measurements further revealed the thermal conductivity of
irradiated regions, highlighting opportunities to optimize heat trans-
port in Ga2O3 power electronic devices. This research is supported by
the tax funds on the basis of the budget passed by the Saxonian state
parliament in Germany.

HL 40.6 Thu 10:45 POT/0251
Bandgap, exciton dynamics, and anisotropic thermal trans-
port in rutile-GeOy — eMarkus R. Wacner!2, Luca S. M.
Cuor?, NiLs BERNHARD?, Pouria EMTENANI?, FELIX NIPPERT?,
MoriTz MEissNER!, HANs TORNATZKY!, and ZBIGNIEW GALAZKAS
— Paul-Drude-Institut fiir Festkdrperelektronik — 2Technische Uni-
versitat Berlin, Institut fiir Physik und Astronomie — 3Leibniz-

Institut fiir Kristallziichtung

Rutile germanium dioxide (r-GeO2) is a promising ultra-wide bandgap
material, predicted to support ambipolar doping and display high
thermal and electronic conductivity, making it a strong candidate
for power electronics. However, essential aspects of its properties,
such as exciton and phonon dynamics as well as the role of defects
and impurities, remain only partially explored. Here, we present
our recent spectroscopic studies on r-GeOz. High-resolution spec-
troscopy of free exciton ground and excited states enables us to deter-
mine exciton binding energies and the temperature dependence of the
bandgap. Polarization-resolved photoluminescence reveals pronounced
differences between near-UV and visible emission bands, which we ana-
lyze regarding thermal quenching, recombination dynamics, and charge
transfer through temperature- and power-dependent PL, TRPL, and
PLE. Using time-domain thermoreflectance down to cryogenic tem-
peratures, we establish the temperatur dependence of thermal conduc-
tivity and anisotropy, supported by Boltzmann transport calculations.
Finally, polarization-resolved Raman spectroscopy identifies all first-
order Raman-active phonons and their relative tensor elements.

15 min. break

HL 40.7 Thu 11:15 POT/0251
MESFETs based on a-(AlxGaj-x)203 thin films — eSEBASTIAN
Kopp, Sorie Voar, HoLGER vON WENCKSTERN, and MARIUS
GRUNDMANN — Leipzig University, Leipzig, Germany

We present the electrical properties and key parameters of metal-
semiconductor field effect transistors (MESFET) on a-(AlxGaj_x)203.
The functional thin films were grown by pulsed laser deposition. The
transistors were investigated in dependence on the Al content up to
x=0.1. The devices exhibit an electrical breakdown field larger than
that of comparable transistors on binary a-GagOs3, demonstrating the
advantages of the (AlxGaj-x)203 alloy system.

With its ultra-wide bandgap of 5.3eV to 5.6¢eV [1,2] and a high pre-
dicted breakdown field of 10MV /cm [3], a-Ga203 is a promising
material for high-power devices, as well as deep-UV photodetectors.
a-Gag O3, being isostructural to aluminium oxide, allows for heteroepi-
taxial growth on cost-efficient sapphire substrates, and also opens up
the option of a-(AlxGaj-x)203 alloys [4], with even higher dielectrical
breakdown field than binary GazOs3.

[1] A. Segura et al., Phys. Rev. Materials 1, 024604 (2017)

[2] E. Ahmadi et al., J. Appl. Phys. 126, 160901 (2019)

[3] M. Biswas and H. Nishinaka, APL Mater. 10, 060701 (2022)
[4] J. Steele et al., APL Mater. 12, 041113 (2024)

HL 40.8 Thu 11:30 POT/0251
Group-III doping study of p-type oxide tin monoxide —
eNicoLa GuTMANN, GEORG HoFrFFMANN, AIDAN CAMPBELL, and
OLIVER BIERWAGEN — Paul-Drude-Institut fiir Festkorperelektronik,
Leibniz-Institut im Forschungsverbund Berlin e.V., Germany.

The use of transparent conducting oxides has so far been limited to n-
type materials, hindering the development of transparent oxide-based
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pn-junctions and CMOS devices. In contrast, SnO shows natural p-
type conduction with reported hole mobilities up to 21 cm?/Vs [1] and
well-performing p-type transistors demonstrated.

Adjustment of hole concentration by doping with Ga, Na, K and
Y has been demonstrated [2]. Al is theoretically predicted to be an
n-type dopant [3], which would enable SnO-based pn-homojunctions.

In this work, we comparatively explore doping of suboxide molecular
beam epitaxy grown SnO by the group-III elements Al, Ga and In.

[1] M. Minohara et al., J. Phys. Chem. C, vol. 124, no. 2, pp.
1755-1760 (2020).

[2] S. Chae et al., APL Materials, vol. 13, no. 10, p. 101114 (2025).

[3] M. GrauZinyte et al., Phys. Rev. Materials, vol. 2, no. 10, p.
104604 (2018).

HL 40.9 Thu 11:45 POT/0251
Realization of highly rectifying pn-heterojunctions and
junction field-effect transistors on pulsed laser deposited a-
Gaz03 thin films — ePauL BOKEMEYER, CLEMENS PETERSEN,
HoLcER VON WENCKSTERN, MARIUS GRUNDMANN, and SOFIE VOGT
— University Leipzig, Felix-Bloch-Institut fiir Festkorperphysik, Ger-
many

The wide band gap of about 5.3eV[!l and a high expected break-
down field of up to 10 MV/cm[2], renders the corundum a-phase of
GagO3 interesting for high power electronics. We present lateral pTn-
heterojunction diodes on a-GagO3:Sn grown by pulsed laser deposition
(PLD) using a two step approach[®!. ZnCoO (ZCO) and NiO deposited
by PLD at room temperature were used as pt-type materials. Fur-
ther, the influence of a remote oxygen plasma treatment prior to the
deposition of the p-type layers on the device performance was inves-
tigated. High current rectification ratios of 8.2 (ZCO) and 7.8 (NiO)
orders of magnitude at + 3V were achieved. Additionally, both p-type
materials were used as gate materials in the fabrication of a-GaxO3:Zr
junction-field-effect-transistors (JFETs), yielding on/off current ratios
of more than 9 orders of magnitude and sub-threshold-swings down to
119mV /dec. Furthermore, breakdown was detected at drain voltages
of up to 476 V which is estimated to a field of 1.7 MV /cm [4].

(1] A. Hassa et.al., J.Phys. D: Appl. Phys. 54, 223001 (2021)

(2] M. Biswas et al., APL Mater. 10, 060701 (2022)

(8] S. Vogt et al., Phys. Status Solidi A, 220 2200721 (2023)

(4] P. Bokemeyer et al.,Phys. Status Solidi RRL, 2400388 (2025)

HL 40.10 Thu 12:00 POT/0251

Defect-Induced Resistive Switching in Titanate-based Per-
ovskites — ePARRYDEEP KAUR SacHDEvVA!, WaniB Accoune!:?,
and MarTHiAs ScHEFFLER! — 'The NOMAD Laboratory at FHI
of MPG, Berlin — 2Institut fiir Physik and CSMB, Humboldt-

Universitat zu Berlin, Berlin

Perovskites possess strong potential for exhibiting ferroelectric resistive
switching (RS), a functionality recently realized yet not understood
in titanate perovskites [1]. Controlled deviation from stoichiometry
has revealed high RS, indicating a defect-mediated origin. Using hy-
brid functional DFT calculations, we show that the Ti antisite defect
(Ti-interstitial with Ca-vacancy) can induce ferroelectricity in CaTiO3
which is an incipient ferroelectric, stabilized in a non-polar state by
strong octahedral tilts. The Ti-interstitial atom breaks this balance
by its off-center displacement and induces a local polarization. This
polarization is switchable between different off-center positions of the
defect, with energy barriers in the range of 0.25 eV. Additionally, the
Ti antisite defect gives rise to mid-gap states, with a charge density
mainly localized around the Ti-interstitial atom. Switching the defect
between equivalent off-center positions switches the polarization direc-
tion and alters the spatial distribution of the charge state. This can
influence the material’s overall response under external stimuli. These
results are discussed with respect to the experimentally observed resis-
tive switching in titanate-based perovskites [1], as reported by Leibniz-
Institut fiir Kristallzlichtung (IKZ) Berlin.

[1] A. Baki, et al., Sci. Rep., 11, 7497 (2021).

HL 40.11 Thu 12:15 POT/0251
ZnM>04 (M = Co, Rh, Ir) spinels as potential p-type trans-
parent conducting oxides — eDANIEL FriTscH — Institute of
Physics and Astronomy, University of Potsdam, Karl-Liebknecht-Str.
24/25, 14476 Potsdam, Germany

ZnM>04 (M = Co, Rh, Ir) spinels are under investigation as potential
p-type transparent conducting oxides (TCOs) [1]. Here we extend our
previous investigation of ZnRhsO4 into the whole series of ZnM>Oy
(M = Co, Rh, Ir) spinels.
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To this end, we perform first-principles calculations based on den-
sity functional theory employing a recently developed self-consistent
hybrid exchange and correlation functional [2], and compare the re-
sults to more standard HSEO6 hybrid functional calculations. In order
to judge the results on the electronic and optical properties, additional
calculations based on many-body perturbation theory, i.e. GoWy cal-
culations, have been performed and allow for a more detailed analysis
of the applicability of ZnM204 (M = Co, Rh, Ir) spinels as potential

p-type TCOs.

The obtained structural, electronic, and optical properties will be
discussed alongside earlier experimental and theoretical investigations,
and will open a pathway to potential applications of ZnM2Oy4 (M =
Co, Rh, Ir) spinels.

[1] D. Fritsch, Electron. Mater. 2, 504 (2021).
[2] D. Fritsch, B. Morgan, and A. Walsh, Nanoscale Res. Lett. 12, 19
(2017).

HL 41: Quantum Dots and Point Contacts (joint session TT/HL)

Time: Thursday 11:00-12:45

HL 41.1 Thu 11:00 HSZ/0101
Mapping dissipation in a quantum dot junction — eJOHANNES
Horer!, SuBnoMoy HALDAR?, VILLE Maisi?, HervE Courrois?,
and CLEMENS B. WINKELMANN'3 — 1Univ. Grenoble Alpes, CNRS,
Grenoble INP, Institut Néel, 25 rue des Martyrs, Grenoble, France
— 2NanoLund and Solid State Physics, Lund University, 22100 Lund,
Sweden — 3Univ. Grenoble Alpes, CEA, Grenoble INP, IRIG-Pheligs,
Grenoble, France

Characterization of quantum devices relies primarily on electrical prop-
erties. It is usually assumed that all parts of the device remain at the
same temperature, but the inevitable presence of local dissipation can
lead to significant deviations and degrade device performance [1].
Here, we present simultaneous measurement of the current through
a quantum dot junction as well as the dissipation generated by the
current. To this end, we thermally isolate the drain contact of an
epitaxially defined quantum dot in an InAs nanowire. The electron
temperature is measured via the zero-bias conductance of a Josephson
junction [2]. Due to the energy-selective transport through a single
quantum level, we can tune the dissipation solely with a gate voltage,
while keeping both the current and voltage across the dot constant.
The presented device enables future investigations of local dissipa-~
tion in nanoscale devices, e.g. for mitigation of detrimental heating
effects, as well as implementations of proposed experiments in the field
of quantum thermodynamics.
[1] S.G.J. Philips et al., Nature 609 (2022) 919
[2] B. Karimi, & J.P. Pekola, Phys. Rev. Applied 10 (2018) 054048

HL 41.2 Thu 11:15 HSZ/0101
Lindblad-based linear response of hybrid semiconductor-
superconductor devices — eToBias KuHN, RAFFAEL L. KLEEs,
and Monica BeNniTo — Augsburg University, Augsburg, Germany

The field of hybrid semiconductor-superconductor quantum dots is
pushing towards the development of functional devices that harness
the advantages of both worlds. Their complexity calls for a complete
theoretical framework to understand responses to different probe fields
and dissipation induced by the environment. We present a Lindblad-
based linear response formalism, built upon the framework introduced
in Ref. [1]. It captures not only the inherently multi-level nature of
these devices but also their probe-readout flexibility and non-unitary
effects of the finite-frequency response. We exemplify the framework
using quantum dot based Kitaev chain setups which are promising
candidates for topologically protected qubits [2,3].

[1] L. Peri, M. Benito, C. J. B. Ford, and M. F. Gonzalez-Zalba, npj
Quantum Inf 10, 1 (2024)

[2] M. Leijnse and K. Flensberg, Phys. Rev. B 86, 134528 (2012)

[3] D.M.Pino, R.S.Souto, R.Aguado, Phys. Rev. B109, 075101 (2024)

HL 41.3 Thu 11:30 HSZ/0101
Dynamics of strong correlations of a hybrid quantum dot sys-
tem with superconducting and ferromagnetic electrodes —
o ANTONI JANKIEWICZ, KACPER WRZESNIEWSKI, and IRENEUsZ WEY-
MANN — Institute of Spintronics and Quantum Information, Adam
Mickiewicz University, Poznan, Poland

We theoretically explore the non-equilibrium dynamics of a quantum
dot coupled to superconducting and ferromagnetic electrodes. This
hybrid setup offers a rich platform to investigate the interplay be-
tween strong correlations, superconductivity, and ferromagnetism at
the nanoscale. To perform the analysis we employ the numerical renor-
malization group and its time-dependent extension. These methods en-
able us to capture the subtle nature of dynamical quantum phase tran-
sitions induced by abrupt changes in Hamiltonian parameters, known
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as quantum quenches. Such transitions are crucial for understanding
the stability and evolution of many-body states in response to external
perturbations.

The aim of this work is to examine the competition between the
superconducting pairing and the dot’s spin. For that, we determine
the time dependence of key observables, including the dot’s spin and
the on-dot pairing correlations. We demonstrate that these quanti-
ties reveal the competing character of correlations as they oscillate in
counter-phase. Furthermore, we also analyze the dynamical quantum
phase transitions in the system by determining the Loschmidt echo
and the return function, which provide direct measures of the system’s
sensitivity to quenches.

HL 41.4 Thu 11:45 HSZ/0101
Tunneling resonances through periodically driven quantum
dots — eJAN MarHIS GIESEN, DANIEL WEBER, and SEBASTIAN Ea-
GERT — RPTU University Kaiserslautern-Landau, D-67663 Kaiser-
slautern, Germany

We consider a general setup of transport through a time-periodically
driven quantum dot using Floquet theory. An analytic non-equilibrium
solution of the problem is developed which allows the analytic predic-
tion and analysis of the tunneling amplitudes as a function of frequency,
driving amplitude, and energy levels on the dot. One main result is
the discovery of a previously unknown resonant switching effect, where
a very small control signal on a weakly connected quantum dot can in-
duce perfect transmission. This opens the door for the design of novel
efficient nano-electronic devices. The results are also relevant for cor-
responding setups using magnonic systems, photonic waveguides, or
ultra-cold gases in optical lattices.

HL 41.5 Thu 12:00 HSZ/0101
Spectroscopic-imaging Coulomb blockade microscopy
Junao Bancg!, ByeonciN Lee!, Hankvu Lee!, eJiaNFENG GEZ,
and DooHEe CHO! — lDepartment of Physics, Yonsei University,
Seoul 03722, Republic of Korea — ?Max Planck Institute for Chemi-
cal Physics of Solids, 01187 Dresden, Germany

We use scanning tunneling microscopy (STM) to directly visualize
Coulomb blockade (CB) phenomena in the double-barrier tunnel junc-
tion formed between the STM tip and crystalline indium nanoislands
on semiconducting black phosphorus. Spatially resolved tunneling
spectra reveal bias-dependent dispersions of CB peaks across individ-
ual nanoislands. Strikingly, the trajectories of CB peaks exhibit two-
fold asymmetries: (i) their curvatures reverse sign across a nonzero bias
offset, and (ii) the trajectories lack mirror symmetry about this bias
offset. Simulations based on orthodox theory faithfully reproduce both
asymmetries, which we trace to work-function mismatches at (i) the
island-tip and (ii) the island-substrate interfaces, respectively. These
results establish spectroscopic-imaging Coulomb-blockade microscopy
as a quantitative probe of junction parameters, offering a pathway for
diagnosing and optimizing single-electron charge sensors relevant to
quantum-computing architectures.

HL 41.6 Thu 12:15 HSZ/0101
Electromigrated palladium nano-contacts: formation of
atomic contacts and non linear current-voltage character-
istics — eSamanwiTa Biswas!, Tromas HurrzscH!, MARCEL
STrROHMEIER?, ELKE ScHEER?, and REGINA HoFFMANN-VOGEL!
— lInstitute of Physics and Astronomy, University of Potsdam —

2Department of Physics, University of Konstanz

We investigate the electronic transport properties of atomic-size Pd
contacts fabricated by electromigration (EM) of lithographically de-
fined nano-constrictions, at room temperature in different environ-
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ments. In particular we study changes in the conductance upon EM
with a focus on possible shell effects [1]. By systematic analysis of
a large number of data sets in the conductance range up to ~ 10Gy
(with the conductance quantum Go = 2e?/h), we identify preferen-
tial conductance values and compare these with the ones expected for
shell closure in multivalent metals. For contacts with G < 5Go, the
current-voltage characteristics often become nonlinear on a scale of few
100mV; we discuss this observation with respect to structural changes
during the thinning process of EM. By monitoring the smallest con-
ductances, we often identify a decrement of resistance inside a cycle,
opposite to the overall trend, indicating the transition to the ballistic
regime. Our results suggest that metallic few atomic contacts of Pd,
despite being more reactive than noble metals, can be stabilized even
at room temperature.

[1] Mares & van Ruitenbeek, Phys. Rev. B 72, 205402 (2005)

HL 41.7 Thu 12:30 HSZ/0101

Readout of multi-level quantum geometry from electronic

transport — eRAFFAEL L. KLEES and MonicAa BENiTO — Institute
of Physics, University of Augsburg, D-86159 Augsburg, Germany

The quantum geometric tensor (QGT) of a quantum system in a given
parameter space captures both the geometry of the state manifold
and the topology of the system [1]. While the local QGT elements
have been successfully measured in various platforms, the challenge
of detecting them in electronic transport systems — such as tunnel
or molecular junctions — has yet to be resolved. To fill this gap, we
propose a measurement protocol based on weak and resonant parame-
ter modulations [2], and theoretically demonstrate how the local QGT
in such systems can be directly probed from changes of the tunnel
conductance [3]. This approach enables the measurement of both ge-
ometrical and topological features of quantum states in a broad class
of transport-based quantum systems.

[1] M. Kolodrubetz et al., Phys. Rep. 697, 1 (2017)

[2] T. Ozawa and N. Goldman, Phys. Rev. B 97, 201117(R) (2018)
[3] R. L. Klees and M. Benito, arXiv:2508.08239 (2025)

HL 42: Nitrides Ill — Emerging thin films and electrochemistry

Time: Thursday 11:15-12:45

Invited Talk HL 42.1 Thu 11:15 POT/0006
Transition Metal Nitride Semiconductors for Photoelectro-
chemical Energy Conversion — eVERENA STREIBEL!:2, LAURA
I. WacNer!2, ELise SirorTi'»?, Davib A. EcGer?, and Ian D.
SuAarRPH2 — 1'Walter Schottky Institute, Technical University of Mu-
nich, Garching, Germany — 2Physics Department, TUM School of
Natural Sciences, Technical University of Munich, Garching, Germany

Transition metal nitride thin films are emerging as promising materials
for (photo)electrochemical applications. However, their synthesis and
defect control remain challenging. Here, we use reactive co-sputtering
to synthesize and engineer nitride thin films with precise control over
composition and doping in the Ti-Ta-N,! Zr-Ta-N,2:3 and Hf-Ta-N ma-
terials space. Starting from orthorhombic TagNs5, we show that substi-
tutional Ti doping improves photoconversion efficiency by modulating
defects and recombination dynamics. While high Ti doping forms a
secondary TiN phase, Zr and Hf yield tunable solid solutions in the
Zr-Ta-N-(O) and Hf-Ta-N-(O) systems, exhibiting bandgap modula-
tion and large refractive indices. Notably, a new bixbyite-type ternary
compound, ZrTaNs, forms at a 1:1 Zr:Ta ratio, showing strong visible
light absorption and photoanodic activity. DFT calculations reveal a
tunable direct bandgap driven by cation ordering.? Our findings es-
tablish composition engineering as a key strategy for tailoring band
structure and charge transport in emerging nitride semiconductors.

[1] Wagner, L.I. et al., Adv. Funct. Mater. 2024, 34, 2306539.

[2] Wagner, L.I. et al., Adv. Mater. Interfaces 2025, 12, 2400745.

[3] Sirotti, E. et al., Adv. Energy Mater. 2024, 202402540.

HL 42.2 Thu 11:45 POT/0006
Analysis of the interface properties of cubic nitride thin
films grown on 3C-SiC/Si templates using electrochemical
impedance spectroscopy — eHannes HErRGeErT!:2, Mario F.
ZscHerp2, SiLas A. JENTscu!':?, JOrRG SCHORMANNDZ, SANGAM
CuaTTERIEED2, PETER J. KLarRD2) and MarTtHias T. Enm!?2 —
LCenter for Materials Research, Heinrich-Buff-Ring 16, 35392 Giessen
— 2Institute of Experimental Physics I, Heinrich-Buff-Ring 16, 35392
Giessen

Due to its lack of internal polarization fields cubic gallium nitride (c-
GaN) is a promising semiconductor material for a variety of applica-
tions, such as high-power electronics or optoelectronic devices. High
quality c-GaN can successfully be grown by molecular beam epiatxy on
3C-SiC/Si templates making use of a c-AlIN buffer layer, which accom-
modates lattice mismatch between c-GaN and the 3C-SiC template.
A reliable characterization of the interface properties as well as the
electrical transport properties of c-GaN is crucial for optimizing the
thin film growth as well as for designing advanced functional devices.
In this work we employ electrochemical impedance spectroscopy (EIS)
for characterizing the transport throught c-GaN/AIN/3C-SiC/Si sam-
ple structures with different c-GaN thicknesses and for analyzing the
properties of the interface, such as the trap density.

HL 42.3 Thu 12:00 POT/0006
Investigating Charge Transport Limitations in LaTiO2N Thin

80

Location: POT /0006

Films for Photoelectrochemical Water Splitting — eOLIVER
Brunel2, GaBrieL GRrOTzNER!'2, KarariINA S. FrasHarlD2,
1,2 1,2

SaswaTl SANTRALZ, TaN D. SHARPDZ, and VERENA STREIBEL
IWalter Schottky Institute, Technical University of Munich, Garching,
Germany — 2Physics Department, TUM School of Natural Sciences,
Technical University of Munich, Garching, Germany

Photoelectrochemical water splitting offers a sustainable route to hy-
drogen production. On the photoanode side, LaTiO2N is a promising
candidate due to its visible-light absorption, favorable band alignment
and n-type semiconducting properties. However, its performance is
limited by inefficient charge transport, the origin of which remains
unclear. In this work, we synthesize LaTiO2N thin films by spin coat-
ing and reactive sputter deposition, both followed by ammonia an-
nealing, yielding films with controlled structure and composition as
confirmed by XRD and ERDA/RBS. Synchrotron-based XAS, XPS,
UV-Vis spectroscopy, and PEC measurements reveal that a larger de-
gree of nitridation in LaTiO2N correlates with higher short-range order
and crystallinity, a decreasing bandgap, and an increase in photocur-
rent density. To elucidate charge transport mechanisms and carrier
dynamics, we use Hall effect and temperature-dependent photocur-
rent measurements. Our findings establish a direct link between syn-
thesis parameters, defect chemistry, and charge-carrier dynamics in
LaTiO2N, providing a foundation for overcoming transport limitations
in oxynitride-based photoanodes for solar hydrogen production.

HL 42.4 Thu 12:15 POT/0006
Epitaxial YbN thin films grown by nitrogen plasma-assisted
molecular beam epitaxy — Yirone CHEN!2, eANNA MELEN-
pEz Sansy:3, SHIN-1cHI KiMURAZ4® Liuv Hao Tienc!, and SIMONE
AvrTENDORF! — Max Planck Institute for Chemical Physics of Solids,
Dresden, Germany — 2Department of Physics, Graduate School of
Science, The University of Osaka, Toyonaka, Japan — 3Institut de
Ciéncia de Materials de Barcelona, Bellaterra, Spain — *Graduate
School of Frontier Biosciences, The University of Osaka, Suita, Japan
— SInstitute for Molecular Science, Okazaki, Japan

Rare-earth mononitrides display interesting magnetic and semicon-
ducting properties due to the strongly correlated and localized 4f
electrons. However, extreme air sensitivity and poor stoichiometry
hindered research on bulk samples when they were first discovered.
Modern advancements in UHV-based thin film growth techniques have
opened the possibility to synthesize and study high quality samples.

Unlike most of the rare-earths, which can break the molecular nitro-
gen bond, Yb does not react with nitrogen gas and therefore requires
an activated nitrogen source for the synthesis of YbN.

Here we present our growth study on YbN thin films grown by nitro-
gen plasma-assisted molecular beam epitaxy, using different substrates
(MgO and LaAlO3) and growth conditions. The films were character-
ized in situ with photoelectron spectroscopy, confirming their semicon-
ducting character and the Yb valence as 3+. Photon-energy depen-
dence of the valence band spectra revealed a significant hybridization
of the Yb 4f and N 2p states.
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HL 42.5 Thu 12:30 POT/0006
Novel TbTa(O,N)s perovskite oxynitride for photoelectro-
chemical energy conversion — eALEKSANDR KocHERGOV!:2,
GaBRIEL GROTzNER!'2, OLIvER Brune'?, FraNs MUNNIK3,
SAswATI SANTRAL2, VERENA STREIBEL!:2, and IaN D. Suarp!2 —
IWalter Schottky Institute, Technical University of Munich, Germany
— 2Physics Department, TUM School of Natural Sciences, Techni-
cal University of Munich, Germany — 3Helmholtz-Zentrum Dresden-
Rossendorf, Dresden, Germany

Perovskite oxynitride semiconductors have emerged as promising can-
didates for photoelectrochemical (PEC) water splitting, given their
smaller band gaps (~ 2 eV) compared to more extensively studied
metal oxides. Previous studies show that in rare-earth lanthanide tan-

talum perovskite oxynitrides, PEC photocurrent density increases with
the increment of the A-site cation atomic number [1]. However, no
studies have investigated A-site cations heavier than gadolinium (Gd).
This work presents a method for synthesizing the novel perovskite
oxynitride ThTa(O,N)s as thin film via spin coating followed by a
sequential two-step annealing procedure in air and ammonia. X-ray
diffraction shows that proper NH3 annealing conditions are crucial for
obtaining the ThTa(O,N)s perovskite structure. The resulting films
are investigated for their structural, compositional, and optoelectronic
properties. The results suggest a 2.3 eV band gap and n-type conduc-
tivity. Given these favorable properties, the viability of TbTa(O,N)s
as photoanode is evaluated.

[1] Zou, Qi, et al., J. Am. Chem. Soc. 2024, 146, 28182-28189

HL 43: Excursion and Network-Event at Infineon Dresden AG (joint session FM/HL)

We are organizing an Excursion and Network-Event to Infineon Dresden AG.

Only for registered and selected participants.

Please register until latest February 12th here: https://www.icams.de/news-events/events/registration-

infineon/?api=561b8d7cfcb678e9f0938830d78¢cf979

Time: Thursday 13:30-17:00

Only for registered and selected participants.

HL 44: 2D Materials: Electronic structure,
Time: Thursday 15:00-17:45

HL 44.1 Thu 15:00 HSZ/0204
Linearized augmented plane waves for low-dimensional ma-
terials — e ANDRIS GuLaNs, ERNESTS JaNnsons, and Janis UzuLis
— University of Latvia, Riga, Latvia
We address the challenge of efficient yet highly precise density-
functional theory calculations of low-dimensional materials and present
a set of tools and algorithms specific to linearized augmented plane
waves (LAPW) that is implemented in the electronic-structure code
exciting. First, we discuss our iterative eigensolver compatible with
local and hybrid functionals. It is an extension of Davidson*s algo-
rithm and does not require explicit Hamiltonian construction while
overcoming difficulties associated with high condition numbers. The
second important ingredient is the adaptively compressed exchange
that represents the non-local (screened) Fock exchange via a low-rank
approximation. This approach enables computational complexity as
low as O(N?3log N) floating-point operations (FLOPs) with N being
the number of atoms. It is a novel feature in hybrid functional calcula-
tions using LAPW as the standard approaches require O(N*) FLOPs.
Finally, we introduce a cylindrical cutoff for the Coulomb interaction
for handling the ¢ = 0 singularity.

HL 44.2 Thu 15:15 HSZ/0204
Graphene-Enabled Mott—Metal Transition in Silicon Dan-
gling Bonds eNicLas TiLeNER!, SiHEoN RyEE?, ZAaMIN
Mawmrvev!, PaiLip Scuiprica!, CuristorH TEGENKAMP!, Tmm O.
WEHLING?, and THoMas SeEYLLER! — lInstitute of Physics, Chem-
nitz University of Technology, Germany — 2I. Institute of Theoretical

Physics, University of Hamburg, Germany

Controlling emergent electronic phases in materials with strong
Coulomb interactions remains a central challenge in condensed matter
physics. Adatom lattices on semiconducting surfaces provide proto-
typical platforms for exploring such correlated phenomena. Recent
advances have facilitated the synthesis of 2D Mott insulators in prox-
imity to graphene (N. Tilgner et al 2025 2D Mater. 12 045022). Here,
we demonstrate that alkali adsorption on a graphene/Si/SiC(0001)
heterostructure — where the Si layer hosts correlated dangling bonds
— enables controlled charge transfer to the Mott insulator. Beyond
a critical carrier concentration, we observe a sudden collapse of the
Mott gap, indicating a transition to a correlated metallic phase. Our
results point to a finite proximity coupling between the Mott layer
and graphene, as recently suggested by a theoretical study (N. Witt
et al 2025 arXiv:2503.03700), which gives rise to nonlocal dynamical
screening beyond simple electrostatics and provides a natural pathway
for the observed phase transition.

Location: Infineon

excitations, etc. Il (joint session O/HL/TT)

81

Location: HSZ/0204

HL 44.3 Thu 15:30 HSZ/0204
From self-consistent DFT+DMFT to the two-particle
level: Magnetic phase diagram of X:SiC(111) — eLukas
BoncarDT}2,  NikLAs ENDERLEIN®, GIORGIO SANGIOVANNI?,
PuiLipp HansMann®® and Henri MeNkE! — Max Planck Com-
puting and Data Facility — 2Technical University of Munich — 3FAU
Erlangen — *Universitit Wiirzburg — 5University of Iceland, Reyk-
javik
Recently we have proposed a novel and versatile platform to real-
ize a two-band Hubbard model with massless Dirac fermions and
flat bands hosting strong correlations by depositing three differ-
ent species of transition-metal adatoms on semiconductor surfaces
(arXiv:2410.17165). Using state-of-the-art DEFT+DMFT calculations
we investigated the spectral properties of X:3C-SiC(111) (X = Ti, V,
Cr). Due to the presence of well-defined Dirac cones and flat bands,
indicating the potential for realizing topological and correlated phases,
we identify transition-metal adatoms on SiC as a possible platform for
exploring the interplay of correlations, topology, and magnetism in
two-dimensional materials.
In this work, we explore the magnetic phase diagram of these sys-
tems within DMFT by calculating the generalized two-particle vertex
and using it to solve the Bethe-Salpeter equation for the generalized
susceptibility. This gives us a fully orbital-, spin-, and most impor-
tantly momentum-dependent susceptibility which carries the informa-
tion about the ordering wave vector and is experimentally accessible
through various techniques.

HL 44.4 Thu 15:45 HSZ/0204
Cr 3d Orbital Hybridization and Electronic Structure
in the Layered Magnetic Semiconductor CrPS; — eLAsSsE
STERNEMANN!, DaviD MaxiMILIAN JaNas!, RicHARD LevVEN!, Es-
HAN BANERJEE?, JoNAH ELias NiTscHKE!, MArRcOo MaRINO!, LEON
Becker®, AHMET CaN ApeMmocLul, FRITHJOF ANDERs!, STE-
FAN TapPERTZHOFEN®, and Mirko CiNcHETTI! — 1TU Dortmund
University, Department of Physics, 44227 Dortmund, Germany —
2Department of Materials, Imperial College London, London, SW7
2A7Z, United Kingdom — 3TU Dortmund University, Department of
Electrical Engineering and Information Technology, 44227 Dortmund,
Germany

Despite its promising spintronic and magneto-optical characteristics,
the electronic band structure of the van der Waals magnetic semicon-
ductor CrPSy is still unknown. Here, we report angle-resolved photoe-
mission spectroscopy measurements of its band structure in the para-
and antiferromagnetic phase, complemented by DFT+U calculations.
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Theoretical results reveal dominating Cr 3d and S 3p contributions
to the valence band and a ligand-to-metal charge-transfer band gap.
Crystal field split Cr 3d orbitals display distinct hybridization regimes
with S 3p orbitals: tog orbitals are only weakly affected by hybridiza-
tion, while ez states experience a 4 eV anti-bonding/bonding splitting
with S-mixing relaxing dipole selection rules, otherwise darkening opti-
cal d-d transitions. These findings establish the ground state electronic
and orbital structure of CrPSy and provide essential benchmarks for
understanding its optical and magnetic responses.

HL 44.5 Thu 16:00 HSZ/0204
Spectroscopic Investigation of the Ni Valence States in NiTes
— eoTassapuoN TirasuTT!, SueENG-Huar CHeEN!, ALExaNDER C.
KoMaReEk!, CHUN-Fu CHang!, Yu-Cuien Ku2, Po-Yu Cuo3,
CuuN Sum Brian Panc?, Mizuki Furo®, Naoki Ito®, ULRicH
BURKHARDT!, SIMONE G. ALTENDORF!, ArsusHr HaRIKI®?, and Liu
Hao Tieng! — Max Planck Institute for Chemical Physics of Solids,
Dresden, Germany — 2National Yang Ming Chiao Tung University,
Hsinchu, Taiwan — 3National Synchrotron Radiation Research Center,
Hsinchu, Taiwan — 4The University of British Columbia, Vancouver,
Canada — ®Osaka Metropolitan University, Osaka, Japan

Nickel-based transition metal compounds exhibit a wide range of
properties arising from the strongly correlated d electrons. In this
study, we investigate NiTes, a layered transition-metal dichalcogenide
with reported type-II Dirac semimetallic properties. While its topo-
logical nature has been the focus of interest, the fundamental question
of the properties of the Ni ions in NiTeg has rarely been discussed. We
address this issue using soft X-ray core-level and valence-band photo-
electron spectroscopy, as well as Ni- L 3 absorption spectroscopy, com-
bined with a theoretical approach using LDA4+DMFT. Our findings
provide insights into the Ni 3d occupation and degree of correlation of
the Ni in a metallic ligand bath of the NiTeg system.

HL 44.6 Thu 16:15 HSZ/0204
TMDC surfaces as scattering targets in spin-polarization de-
tectors: A case study of MoSz — eCHRISTOPH ANGRICK', AN-
NiKA HENRIKSEN!, NicoLk Epossal, ANDRE REMANN!, MoRiTz
Ewerr?3, Lars Buss?3, Jens Farra®, Jan Inco FLEGEZ3,
and Markus DonaTu! — lUniversity of Miinster, Germany —
2Brandenburg University of Technology Cottbus-Senftenberg, Ger-

many — 3University of Bremen, Germany

Spin-polarization detectors are employed in photoemission experi-
ments to reveal the spin texture of electronic states. One well-proven
approach is based on the VLEED process, where the spin-dependent
electron reflection from targets influenced by exchange and/or spin-
orbit interaction is used. The suitability of a target must be investi-
gated beforehand [1,2]. In this talk, a first impression of TMDC-based
detectors is given [3]. The spin-dependent electron reflectivity of spin-
orbit-influenced MoS3 is measured over a wide range of incident ener-
gies and angles for the following samples: a single layer of MoS2 on
Au(111) and cleaved MoS3 single-crystal surfaces. On the basis of the
resulting maps for the electron reflectivity, Sherman function, and fig-
ure of merit, promising features of MoSy for use in spin-polarization
detection are discussed.

[1] Thiede et al., Phys. Rev. Applied 1, 054003 (2014).

[2] Angrick et al., J. Phys.: Condens. Matter 33, 115001 (2020).

[3] Angrick et al., Phys. Rev. B, accepted for publication (2025).

HL 44.7 Thu 16:30 HSZ/0204
Efficient GW calculations for metals from an accurate ab
initio polarizability: the case of doped MoS2 monolayer —
eGiacomo SEsti', Pino D’AMico!, ALBERTO GUANDALINIZ, CLAU-
pia Carposo!, ANDREA FERRETTI!, and DANIELE VARsaNo! —
LCNR-NANO, Modena, Italy — 2Universitd di Roma La Sapienza,
Roma, Italy

Many-body perturbation theory in the GW approximation has proved
very successful for the calculation of quasiparticle (QP) band struc-
tures of semiconductors. QP corrections are less significant in met-
als and are typically disregarded for the computational cost involved.
Also, GW calculations of metals suffer of specific methodological chal-
lenges to properly treat the screening. This is typically solved un-
der the addiction of a Drude term, that however is inadequate at low
dimensionalities’. Furtherly, even for metals, QP corrections become
more relevant at lower dimensionalites.

Here, we present GW calculations of QPs for doped MoS2
monolayer showing excellent agreement with experimental ARPES
measurements?. Such an unprecedented agreement has been possible
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thanks to the W-av method, which combines a Monte Carlo integration
with interpolation approaches. This technique originally developed for
2D semiconductors? is here extended to the metallic case.

1) Champagne et al. NanoLett. 23.10 (2023)

2) Liu et al. PRL. 122 (2019)

3) Guandalini et al., npj Computational Materials, 9 (2023)

HL 44.8 Thu 16:45 HSZ/0204

Ultrafast Momentum Dependent Relaxation Dynamics in

TbTe; — eFLorIAN DENIZER!, Noan MEYER?3, ANISHA SINGHS,
Ian R. Fisuer?, Uwe Bovensiepen!, Znr-Xun Suen?3, and
Parrick S. KIircHMANN? — !Fakultdt fiir Physik, Universitit

Duisburg-Essen — 2Department of Physics, Applied Physics and
Stanford Synchrotron Radiation Laboratory, Stanford University —
3Geballe Laboratory for Advanced Materials, Departments of Physics
and Applied Physics, Stanford University

Rare-earth tritellurides (RTe3) form charge density waves (CDW) due
to electronic instabilities at the Fermi-surface, because of an anisotropy
of the crystal lattice between the two major in-plane crystal axes a and
c. Unoccupied electronic states can be populated by ultrafast laser
excitation. Electronic relaxation and coherent vibrational modes in-
cluding the amplitude mode have been investigated by time and angle
resolved photoelectron spectroscopy (tr-ARPES). Among the manifold
of laser-driven processes, the one that is responsible for the electronic
instability has not yet been identified. With this objective in mind we
perform a tr-ARPES experiment on ThTe3 and investigate the mo-
mentum transfer along the a- and the c-axis as a function of excitation
strength. At sufficiently low pump fluence below F' = 0.3 mJ/cm? we
identify (quasi-)elastic scattering in the vicinity of the Fermi surface.
In the talk we will discuss isotropic defect-induced elastic scattering
and directed quasi-elastic scattering determined by the nesting vector.
Funding through the DFG within SFB 1242 and through the DOE is
gratefully acknowledged.

HL 44.9 Thu 17:00 HSZ/0204
Unconventional Topological Superconductivity in
CrCl13/NbSe2 heterostructures — eSouvik Das!, BeNJAMIN
Zuou?3, ANsHUMAN PapHI!, Jing-Rong Jit, NicLas HEINSDORFZ:3,
PrajwaL Ricvepr!, Tianzue Cuen!, WemBIN Li4, PIerLuicl
GARGIANTY, MANUEL VALVIDARES?, MARCEL FranzZ3, BANABIR
PaLl, and StuarT S.P. PARkIN! — !Max Planck Institute of Mi-
crostructure Physics, Halle, Germany — 2Quantum Matter Institute,
University of British Columbia, Vancouver, Canada — 3Department
of Physics and Astronomy, University of British Columbia, Vancouver,
Canada — “ALBA Synchrotron Light Source, Barcelona, Spain

Topological p-wave superconductors can host non-Abelian particles
useful for fault-tolerant quantum computing. Here we report experi-
mental evidence of unconventional topological superconductivity in a
heterostructure of monolayer, in-plane ferromagnetic CrClI3 islands on
superconducting NbSe2. STM measurements show that, despite CrCl3
being ferromagnetic, the interfacial superconducting gap is more robust
against out-of-plane magnetic fields than the s-wave gap of NbSe2, in-
dicating unconventional pairing. We also find enhanced zero-energy
states along CrCl3 island edges, consistent with the presence of edge
modes. Theory suggests these features arise from an intrinsic helical
p-wave state stabilized by interfacial Rashba spin-orbit coupling. This
demonstrates a new route to create topological superconductivity via
interface engineering.

HL 44.10 Thu 17:15 HSZ/0204
Structural and Electronic Properties of CrSBr Nanoribbons:
Insights from First-Principles Calculations — eDaniiL Kruk-
LINSKII, MAHDI GHORBANI-ASL, and ARKADY KRASHENINNIKOV —
Institute of Ion Beam Physics and Materials Research, Helmholtz-
Zentrum Dresden-Rossendorf, 01328 Dresden, Germany

Experiments show that exfoliated CrSBr flakes naturally form nanorib-
bons along a specific crystallographic direction, and similar structures
can be fabricated using an electron beam in the TEM as a cutting tool.
Here, we employ density functional theory calculations to systemati-
cally investigate the stability as well as electronic and magnetic prop-
erties of CrSBr nanoribbons. Our results indicate that nanoribbons
oriented along one of the two major crystallographic directions are the
most stable under typical growth and exfoliation conditions and re-
main semiconducting, exhibiting pronounced electron-hole separation
between the VBM and CBM. In contrast, nanoribbons in the per-
pendicular direction display a substantially reduced band gap due to
strongly localized edge states. Both orientations retain strongly spin-
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polarized band-edge states near the Fermi level and show only a weak
dependence of the band gap on ribbon width. Using ab initio molecular
dynamics simulations, we further demonstrate that electron-beam irra-
diation with energies of at least 200 keV can facilitate the fabrication of
nanoribbons directly from pristine monolayer CrSBr, favouring the for-
mation of diagonal nanoribbons. These diagonal ribbons are metallic,
in contrast to the monolayer, and host a high density of majority-spin
edge states, giving rise to pseudo-half-metallic transport.

HL 44.11 Thu 17:30 HSZ/0204
Band-selective coherent phonon-driven band renormalization
in 1T-MoTe; — eCARL JENSEN!, CHRISTOPHER EMEIS2, STEPHAN
JauerNik!, PETRA HEIN!, FaBlOo CARUSO?, and MicHAEL BAUgr!:3
— Institute of Experimental and Applied Physics, Kiel University,
24098 Kiel, Germany — 2Institute of Theoretical Physics and Astro-
physics, Kiel University, 24098 Kiel, Germany — 2Kiel Nano, Surface
and Interface Science KiNSIS, Kiel University, 24118 Kiel, Germany

Understanding the coupling between coherent phonons and the elec-

tronic system is crucial for controlling nonequilibrium properties in
solids. Here, we investigate mode- and band-selective electron-phonon
coupling in centrosymmetric 1T-MoTe2 using time- and angle-resolved
photoemission spectroscopy combined with frequency-domain analysis
(FDARPES). Femtosecond near-infrared pulses excite coherent Ag-
symmetric phonon modes at 2.34 THz, 3.34 THz, and 3.86 THz, which
manifest as oscillatory modulations in photoemission intensity and
binding energy across the valence bands. Pixel-wise Fourier analysis,
based on a recently developed methodology [1], reveals pronounced
band selectivity with distinct coupling strengths for different elec-
tronic states and phonon modes, enabling the evaluation of band-
renormalization amplitudes in the few-meV range. Ab initio calcu-
lations using DFT/DFPT qualitatively reproduce the experimentally
observed coupling patterns and relative trends, demonstrating the ca-
pability of combined experimental and theoretical approaches to re-
solve ultrafast electron-phonon interactions in quantum materials.

[1] N. Gauthier, H. Soifer, J.A. Sobota, H. Pfau, E. J. Sie, A. M.
Lindenberg, Z.-X. Shen, P. S. Kirchmann, Rev. Sci. Instrum. 96
(2025)

HL 45: Perovskite and Photovoltaics: Spectroscopy

Time: Thursday 15:00-17:15

HL 45.1 Thu 15:00 POT/0006
The influence of air and light exposure on alkali-metal
doped Cu(In,Ga)Se; absorber materials measured with in-
situ TRPL and XPS — eP. STOTZNER, S. SOBISCH, A. STAUFFEN-
BERG, H. KEmPA, R. ScHEER, and S. FORSTER — Martin-Luther-
Universitat Halle-Wittenberg, Germany

Copper indium gallium diselenide (Cu(In,Ga)Se2/CIGSe) is a promis-
ing thin-film solar cell absorber. Alkali-metal doping, especially in
combination with heavy alkali metals, enhances solar cell efficiencies.
However, air and light exposure (ALE) of the absorber reduces the so-
lar cell efficiency. This is a result of the diffusion of sodium and oxygen
toward the absorber surface, which is accompanied by a degradation
of the charge-carrier lifetime of doped CIGSe absorbers [1,2].

Here, we study the ALE effect for CIGSe doped with K and comina-
tions of Na and K as well as Na and Rb. Our studies combine X-ray
photoelectron spectroscopy (XPS) and in-situ time-resolved photolu-
minescence (TRPL) conducted in one ultrahigh vacuum system, ad-
dressing changes in the chemical composition and charge-carrier life-
time. The setup is completed by a high-pressure gas cell enabling for
controlled exposure to specific environments.

We find that the charge-carrier lifetime of non-doped absorbers is un-
affected by ALE and all alkali-metal doped absorbers degrade due to
ALE. XPS shows that the most heaviest alkali metal present and oxy-
gen are accumulated at the surface. While this effect is reversable over
time, the degradation of the charge-carrier lifetime is permanent.

[1] DOI: 10.1063/1.4992116 [2] DOI: 10.1002/pip.3041

HL 45.2 Thu 15:15 POT/0006
Thermal Broadening Statistics of Photoluminescence in Tun-
able Lead Halide Perovskite Nanocrystals — eLuca B. REIvm,
Leo LUBER, and ALEXANDER S. UrRBAN — Nanospectroscopy Group,
Nano-Institute Munich, Department of Physics, Ludwig-Maximilians-
Universitdt Miinchen, Koniginstrafte 10, 80539 Munich

Halide perovskite nanocrystals (NCs) exhibit excellent optoelectronic
properties, including high quantum yields and composition-dependent,
narrow photoluminescence (PL) that critically depend on control over
NC size and uniformity. Understanding the mechanisms governing PL
linewidths is therefore essential for evaluating material quality and de-
vice performance.

We synthesized size-tunable CsPbBr3 nanocubes under ambient con-
ditions using machine-learning-optimized reaction protocols.[l] The
NCs were drop-cast onto substrates and investigated via temperature-
dependent PL spectroscopy in a closed-cycle cryostat from 9-300 K. To
quantitatively analyze the spectral evolution, we applied a novel fitting
approach that enables the extraction of size dispersion, temperature-
dependent exciton populations, and signatures of the local energetic
environment. The latter is strongly influenced by nanocrystal quality
and ligand coverage and provides a sensitive probe of inhomogeneous
broadening mechanisms.

These results offer detailed insight into the fundamental limits of
emission linewidths in perovskite NCs and support the targeted opti-
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mization of materials for optoelectronic applications such as LEDs.
[1] N. A. Henke, et al., Adv. Mater. 2025, e09472.

HL 45.3 Thu 15:30 POT /0006
Investigation on the efficiency limiting processes of 3C-SiC
photoelectrodes using intensity modulated techniques.
eMarius Wasem! 2, Mario F. Zscuerp2, Simas A. JenTscnb?2,
JOora ScHORMANNY2, SaNncaM CHATTERJEEDZ, and MarrhHIAS T.
Erm!:2 — ICenter for Materials Research, Heinrich-Buff-Ring 16,
35392 Giessen — 2Institute of Experimental Physics I, Heinrich-Buff-
Ring 16, 35392 Giessen

Cubic silicon carbide (3C-SiC) is a compelling photoelectrode for pho-
toelectrochemical water splitting due to its near-ideal band gap energy
and excellent chemical stability. Here, we present the characterization
of the photoelectrochemical response of epitaxially grown n- and p-
type 3C-SiC using different electrochemical methods. A pH neutral
phosphate buffer solution was used as electrolyte. The suitable op-
erating conditions, such as potential range and light intensity, were
determined using chopped light voltammetry. Insights of the charge
carrier dynamics were gained by combining electrochemical impedance
spectroscopy (EIS), intensity-modulated photocurrent spectroscopy
(IMPS) and intensity-modulated photovoltage spectroscopy (IMVS).
While EIS is a common and widely used method, the latter two meth-
ods are rarely discussed in the photoelectrochemical community. Here
we show how a combination of all three methods enables the differen-
tiation and quantification of key processes (recombination processes,
surface effects, charge carrier lifetime) to validate the efficiency of 3C-
SiC photoelectrodes.

HL 45.4 Thu 15:45 POT/0006
Nano-sensing of AC-Fields with Perovskite Quantum Dots
and Electro-Switching of Luminescence — eEMANUEL EckL!,
FaBiaN BroTTiNg!, MoriTz B. HEINDL!, MARYNA BODNARCHUK?Z,
MARIIA SVYRYDENKO?, MaksyM KovaLEnko?, and GEorc HERINK!
— 1University of Bayreuth, Bayreuth, Germany — 2ETH Ziirich,
Ziirich, Switzerland

Perovskite quantum dots (PQDs) currently attract significant research
interest, particularly owing to their broad tunability of optoelectronic
properties with applications in energy conversion, solid-state lighting
and sensing technologies.

In this study, we investigate the potential of PQDs as nano-sensors
for transient electric fields up to multi-Terahertz (THz) frequencies
[1]. Combining electro-absorption, lifetime and photoluminescence
measurements of inorganic and hybrid lead-halide PQDs, we demon-
strate a massive electro-switching effect observed via luminescence.
The emission modulation is directly correlated with reduced photolu-
minescence lifetimes and can be attributed to a switching of radiative
quantum efficiency. Furthermore, we present evidence for a memory ef-
fect that exhibits significantly delayed responses in comparison to the
well-understood quasi-instantaneous Quantum-Confined Stark Effect
that is also observable in these PQDs. In particular, the Stark effect is
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utilized for the purpose of validating and comparing our measurements
to those of conventional inorganic CdSe QDs, previously employed in
ultrafast imaging of THz near-fields.

[1] M.B. Heindl, et al., Light Sci Appl 11, 5 (2022).

15 min. break

HL 45.5 Thu 16:15 POT/0006

Resolving Ultrafast Conductivity Dynamics in 2D-
Perovskites via correlative THz-NIR Spectroscopy — eLion

Krocer!, FaBian BrorrTing!, MicHAEL Baumann?, MoriTz B.
Hemnon!, MaxmvinLian Spies®, Anna KOHLER?, ALEXANDER JC
Konne?, and GeEorc HErRINK! — !Experimental Physics VIII, Uni-
versity of Bayreuth, Germany — Z2Institute of Organic and Macro-
molecular Chemistry, Ulm University, Germany — SExperimental

Physics II, University of Bayreuth, Germany

Quasi-2D Metal-Halide Perovskites offer flexible tuning of optoelec-
tronic properties via composition and quantum confinement.

In this contribution we present measurements of the ultrafast car-
rier dynamics and mobilities of 3D- and quasi-2D-methylammonium
lead iodide (MAPI) using optical-pump terahertz-probe spectroscopy
(OPTP). The comparison with corresponding optical transient absorp-
tion measurements allows for the extraction of an ultrafast feature on
a picosecond timescale that is correlated with the delayed hot-carrier
cooling, known from 3D hybrid perovskites. Here this "hot phonon
bottleneck” manifests as a 2D-specific, intensity-dependent signature
in the THz-conductivity and is attributed to transient exciton forma-
tion [1].

[1] Lion Kriiger, Fabian Briitting, Michael Baumann, Moritz B.
Heindl, Maximilian Spies, Anna Ko&hler, Alexander JC Kiihne, Georg
Herink. ”Confinement-induced Ultrafast Conductivity in 2D Per-
ovskites resolved by correlative Terahertz-NIR Spectroscopy”. 2025.
In review.

HL 45.6 Thu 16:30 POT/0006
Intra- and Interlayer Excitonic Finestructure of (PEA)2Pbly
— ePaTrick GRENzER!, FaBiaN Lie2, Kraus H. EckstrIN!, LINN
LepPERT?, and Tosias HeErTEL! — !Institute of Physical and Theo-
retical Chemistry, Julius-Maximilians-University Wiirzburg, Germany
— 2MESA+ Institute for Nanotechnology, University of Twente, En-
schede, The Netherlands

Layered halide perovskites exhibit strongly bound excitons shaped
by reduced dimensionality, dielectric confinement, and significant
spinorbit coupling. Despite extensive work, the origin of the mul-
tiple resonances in absorption and PL of (PEA)2Pbly remains sub-
ject to debate.  We investigate the excitonic fine structure in
high-quality, mechanically exfoliated single crystals by combining
temperature- and polarization-resolved photoluminescence with first-
principles GW+BSE calculations. The polarization dependence unam-
biguously assigns the observed features to distinct excitonic states and
resolves the contributions from exchange interactions, crystal symme-
try, and interlayer coupling. We further identify and spectroscopically
separate intra- and interlayer excitons and their respective transition
dipole moments. The results provide a consistent microscopic picture
of the exciton manifold in (PEA)2Pbls and clarify the origins of the
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multi-line structure characteristic of this material class.

HL 45.7 Thu 16:45 POT/0006
Dynamic Screening Effects on Auger Recombination in
Metal-Halide Perovskites from First Principles — e UTKARSH
SINGH — Theoretical Physics Division, IFM, Link&ping University,
Sweden

Auger recombination is the dominant nonradiative loss in perovskite
LEDs and nanolasers at carrier densities > 10'7 cm™3.[1,2] Con-
ventional first-principles treatments|3] use static dielectric screening
W(q,0) and neglect its frequency dependence in polar iodide per-
ovskites.

I present a framework that incorporates the frequency-dependent
screened interaction Woo(q,w), computed from low-scaling GW, into
direct and phonon-assisted Auger amplitudes.[4] For v-CsPbl3 and ~-
CsSnls, dynamic screening enhances the dielectric response at optical
energies and reduces the room-temperature Auger coefficient by 50—
60% compared with the static approximation.[5] The critical crossover
density is shifted by a factor of 2, with implications for efficiency
roll-off and lasing thresholds in optoelectronic devices.

These results establish dynamic screening as a quantita-
tive determinant of Auger losses in polar semiconductors
and provide a transferable framework for device modeling.

[1] J. Qin et al., Trends Chem. 3 (2021). [2] Y. Sun et al., Appl. Phys.
Rev. 11 (2024). (3| E. Kioupakis et al., Phys. Rev. B 92 (2015). [4]
F. Yuan et al., Nat. Photonics 18 (2024). [5] U. Singh & S. I. Simak,
in preparation (2025).

HL 45.8 Thu 17:00 POT/0006

Influence of static disorder on the low temperature pho-
toexcitation dynamics in triple cation lead halide perovskites
— @ALEXANDER SCHAUERTE!, ANTON KRUGER!, ISABEL ALLEGRO?,
DoMminik Mutn!, Ian Howarp?, Uri LemMMER?, and MARINA
GERHARD! — !'Department of Physics and Marburg Centre for Quan-
tum Materials and Sustainable Technologies, Hans-Meerwein-Str. 4,
Philipps-Universitdt Marburg, 35032 Marburg, Germany — 2Light
Technology Institute, Karlsruhe Institute of Technology, Kaiserstrafe

12, 76131 Karlsruhe, Germany

We study the recombination dynamics of phase stable triple cation lead
halide perovskites Csg.1(MAg.17FA¢.83)0.9Pb1-2(I0.84Bro.16)3-22
with intentionally induced deficiencies of Pb over a broad temperature
range using time-resolved photoluminescence (PL) spectroscopy. In
the temperature range below 70 K, we find pronounced sub-nanosecond
PL dynamics which are accompanied by an increase of the carrier dif-
fusivity by more than one order of magnitude. The findings are at-
tributed to the polaronic Mott transition, beyond which polaron radii
overlap, leading to efficient transport and bimolecular recombination.
Moreover, the observed energy dependent PL dynamics at low tem-
peratures indicate the presence of a phonon bottleneck, which inhibits
efficient cooling of the excited population. We find that a higher de-
gree of static disorder slows down bimolecular recombination, while
the phonon bottleneck effect is more pronounced, potentially because
slower recombination does not effectively reduce the hot carrier popu-
lation.
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HL 46: Ultra-fast Phenomena Il

Time: Thursday 15:00-17:15

HL 46.1 Thu 15:00 POT/0051
Ultrafast study of out-of-plane charge carrier diffusion in
perovskite thin films via pump-probe sSNOM — eDANIEL
SANDNER!, BRANDEN Esses?, ZHao Yanag3, Kar Znu®, JosepH
Berry?3, HrisTo IcLEv!, and Markus Rascukre? — !Laser- and
X-ray physics E11, TU Munich — 2CU Boulder — 3NREL

Despite substantial evidence for polaron formation in lead halide per-
ovskites (LHPs), which exhibit excellent photovoltaic performance, the
role of polarons in transport remains unclear. We’ve measured diffu-
sion with high spatial resolution by monitoring the carrier density at
the top of a thin film via the tip-localized response in pump-probe
mIR-sSNOM, while exciting the sample from below. Due to the small
penetration depth of the pump beam, most electrons and holes are
initially located at the bottom of the perovskite layer. Consistent with
previous studies, we find local variations in the diffusion coefficient.
To link transport and local structure, we employ a vibrational mode
as an indicator of lattice stiffness and polaron formation [JACS 2024,
146(29), 19852-19862].

HL 46.2 Thu 15:15 POT/0051

Coherent exciton-phonon coupling and many body interac-
tions in halide perovskites probed by 2D electronic spec-
troscopy. — eMoHsIN Savar!, KATRIN WINTE!, DAVIDE CARATTIZ,
Davip CaniEN?, CHRisTOPH LiENAU!, and ANToNIETTA DE Sio! —
LCarl von Ossietzky Universitit, Oldenburg, Germany. — 2Weizmann

Institute of Science, Rehovot, Israel

Exciton-phonon interactions are central to the unique optoelectronic
properties of halide perovskites. Here we use temperature-dependent
two-dimensional electronic spectroscopy (2DES) with 10 fs time res-
olution to study the exciton dynamics in bulk CH3N H3PbBr3 crys-
tals. The 2DES maps distinguish between exciton and free-carrier-
induced contributions to the near-band-edge optical nonlinearity, re-
vealing distinct signatures of exciton-exciton and exciton-carrier many-
body interactions. The ultrafast dynamics further reveal coherent low-
frequency phonon oscillations at 40em~! and 67e¢m~1!, corresponding
to Pb-Br-Pb bending and stretching modes that most strongly cou-
ple to the exciton. Additionally, we observe faster, 105 fs exciton
amplitude oscillations across all three crystal phases, arising from co-
herent population oscillations between 1s and 2p excitonic states, off-
resonantly driven by the low-frequency coherent phonon fields in the
crystal. We rationalize these results within a phenomenological model
accounting for both exciton-phonon coupling and 1s-2p exciton cou-
pling via the phonon fields. Preliminary polarization-resolved 2DES
data show that these phonon-induced exciton oscillations are retained
upon spin-selective excitation.

Invited Talk HL 46.3 Thu 15:30 POT/0051
Antisymmetric vibrations in the excited state dynamics of
quadrupolar dyes — SomavyEH Souri!, KaTRIN WINTE!, DANIEL
LOUNEMANN', DANIEL TiMMER!, ELENA MENA-OSTERITZ?, SERGEI
TRrRETIAK®, CHrisToPH LiENAU!, and eANTONIETTA DE Sio! —
IUniversitdt Oldenburg — 2Universitét Ulm — 3Los Alamos National

Laboratory

Non-equilibrium dynamics following photoexcitation in molecular ma-
terials arise from a complex interplay of electronic and vibrational
motion, with antisymmetric vibrations playing a key role in ultra-
fast nonadiabatic dynamics, such as at conical intersections. Their
direct spectroscopic identification is, however, challenging, since these
modes are often Raman inactive and only weakly affect optical tran-
sitions. Here, we show experimental signatures of vibronic coupling
to antisymmetric modes in the ultrafast symmetry-breaking dynam-
ics of a quasi-quadrupolar dye[1,2] using two-dimensional electronic
spectroscopy (2DES). The sub-50-fs 2DES maps reveal an asymmetric
peak pattern with characteristic low-energy cross-peaks. We show that
these peaks arise from stimulated emission from a double-minimum ex-
cited state potential energy surface induced by vibronic coupling to a
71430 cm-1 antisymmetric mode[2]. Phenomenological essential state
model simulations support the results. Our findings show that 2DES
with sub-cycle vibrational resolution is a powerful method for iden-
tifying antisymmetric modes in the excited state dynamics prior to
intramolecular vibrational relaxation and solvation. [1] Winte et al,
Nature Chemistry 17, 1742 (2025); [2] Souri et al, submitted (2025)
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HL 46.4 Thu 16:15 POT/0051
Investigating exciton dynamics and exciton—exciton interac-
tions via optical two-dimensional photoelectron spectroscopy
— eLutsa BrennEis!, MarTaias Hensen!, Jurian LorTic?, and
Tosias BrixNer! — lInstitut fiir Physikalische und Theoretische
Chemie, Universitat Wiirzburg, Am Hubland, 97074 Wiirzburg, Ger-
many — 2Department of Physics, University of Ottawa, 150 Louis-
Pasteur Pvt, Church St, Ontario KI1N 6N5, Canada

Action-detected two-dimensional (2D) electronic spectroscopy has be-
come a powerful technique to resolve exciton dynamics by measuring
an incoherent signal proportional to the excited-state population gen-
erated by a multi-pulse sequence. However, processes that alter the
excited-state population after the system’s interaction with the pulse
sequence, such as exciton—exciton annihilation, can obscure coupling
signatures and single-exciton dynamics [1]. In optical 2D photoelec-
tron spectroscopy (2DPES), typically a four-pulse sequence excites the
system, followed by a time-delayed ionization pulse [2]. Here, we show
how to disentangle exciton dynamics and interactions by varying the
ionization pulse time delay. Exemplary simulations of a weakly coupled
dimer demonstrate that short ionization delays reveal coupling signa-
tures and single-exciton energy transfer, whereas longer delays reveal
exciton—exciton annihilation. This concept is particularly promising
for nanoscale surface studies, where 2DPES combined with photoemis-
sion electron microscopy enables spatially resolved exciton mapping.

[1] M. Bruschi et al., Phys. Chem. Lett. 14, 30, 6872 (2023).

[2] D. Uhl et al., Optica 8, 10, 1316 (2021).

HL 46.5 Thu 16:30 POT/0051
Ab initio Theory of Coherent Phonon Damping in Semimet-
als — eYivmING Pan and FaBio Caruso — Institut fiir Theoretis-
che Physik und Astrophysik, Christian-Albrechts-Universitit zu Kiel,
24118 Kiel, Germany

Coherent phonon plays an important role in the structural proper-
ties of the crystal lattice and ultrafast light-induced phase transition.
Following its excitation, atoms oscillate coherently along the excited
modes with decaying amplitudes. This dynamical process is com-
monly modeled with damping oscillators with phenomelogical damp-
ing rates. In this work, we derive this model by employing quantum
kinetic equations [1], and attribute the damping rate and frequency
renormalization of coherent phonon to the imaginary and real parts
of the phonon self-energy. To valdiate our approach, we perform first-
principles calculation of the damping rate of A14 phonon arising from
electron-phonon coupling and phonon-phonon coupling in semimetals
Bi and Sb. The numerical results agree with available temperature-
and fluence-dependent experimental data, thereby providing a predic-
tive framework for determining the timescales of structural dynamics
in driven solids.

[1] Y. Pan et al., arXiv:2502.01529

HL 46.6 Thu 16:45 POT/0051
Probing Ultrafast Electronic and Lattice Dynamics simulta-
neously at the Atomic Scale with Time-Resolved Diffrac-
tion Anomalous Fine Structure (TR-DAFS) — eMoriTz
MeissNner!26 T. C. Rossi?, M. RossLe?, C. PeTersen®, H.
voN WENCKSTERN®, R. Manpar?, M. LevanTiNo®, and R. M.
VAN DER VEENZ:® — 1Paul-Drude-Institut fiir Festkorperelektronik —
2Helmholtz Zentrum Berlin — 3Universitit Leipzig — *Institut des
materiaux de Nantes Jean Rouxel — PEuropean Synchrotron Radia-
tion Facility — STechnische Universitéit Berlin

This work presents the first successful demonstration of Time-Resolved
Diffraction Anomalous Fine Structure (TR-DAFS) measurements car-
ried out in a pump-probe (stroboscopic) scheme. We show that TR-
DAFS can directly probe ultrafast structural and electronic dynamics
in crystalline materials. Investigating Zinc oxide (ZnO) enables direct
comparison between TR-DAFS at the Zn K-edge with time-resolved
X-ray absorption spectroscopy (TR-XAS) data. TR-DAFS represents
a leap forward in the study of photoexcited materials at the atomic
scale by providing access to different aspects of lattice dynamics in res-
onant and non-resonant parts of the spectrum. Preliminary ab initio
calculations show that the electronic changes visible in the resonant
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part of the spectrum are associated with an increase of carrier temper-
ature in the photoexcited state. This dual sensitivity to electronic and
lattice degrees of freedom makes TR-DAFS a game-changer in inves-
tigating ultrafast processes in complex materials and heterostructures
as represented by the results of this work.

HL 46.7 Thu 17:00 POT/0051
Theoretical Modeling of Ultrafast Phase Transitions from the
Femtosecond to the Picosecond Scale — STeEraANO MocATTI,
GrovanNl Marini, PierLuict Cubpazzo, and eMATTEO CALANDRA
— Department of Physics, University of Trento, Via Sommarive 14,
38123 Povo, Italy
In this talk, I will introduce a theoretical approach to ultrafast phase
transitions that captures both electron/hole and phonon dynamics fol-
lowing laser pumping, on time scales ranging from a few femtoseconds
to several picoseconds after irradiation.

HL 47: 2D Materials VIII —
Time: Thursday 15:00-16:00

HL 47.1 Thu 15:00 POT/0081

Tunable phonon sidebands of defect emitters in monolayer

WSe> heterostructures — oFELIX ScHAUMBURG!, CORNELIUS
DieEDRICH2, ALBERTO RODRIGUEZZ, JENIFFER KONIG2, CORINNE
STEINERS, ParTricia Prscu3, AXEL Lorke!, MicHAEL LoRKE!,

2

GUNTHER PRriNz', MARTIN GELLER!, and ANNIKA KURZMANN
IFaculty of Physics, University of Duisburg-Essen and CENIDE, Ger-
many — 2II. Physikalisches Institut Fachgruppe Physik, Universitit
zu Kéln, Germany — 3Fachgruppe Physik, RWTH Aachen, Germany

Van der Waals heterostructures hosting single-photon emitters have
emerged as a versatile platform for exploring material properties, like
phonon interactions. We investigate single-photon emission from a het-
erostructure composed of a graphite back gate, hBN dielectric layers,
and a monolayer of WSez. A 10 nm metallic top gate enables electri-
cal tuning of the WSe> layer. The entire stack is strained using litho-
graphically defined SiO2 nanopillars. Optically active defect centers
are introduced into the WSe2 monolayer by electron-beam irradiation.
These defect centers in the strained regions exhibit clear single-photon
emission, confirmed by second-order correlation function values below
0.5. Voltage-dependent measurements reveal a pronounced Stark shift
of the emission lines as well as electrically tunable phonon sidebands.
The intensity evolution of these sidebands can be described within
the framework of a Franck-Condon model. Our results demonstrate
deterministic position control, electrical control, and phonon-sideband
engineering of quantum emitters in WSez. This paves the way towards
bright, electrically tunable emission in two-dimensional materials.

HL 47.2 Thu 15:15 POT/0081
Room Temperature Visualization of Exciton Confinement
in Single Photon Emitters samples — eLucas LiBERAL!,
RAFAEL Napas?, FREDERICO B. Sousal, Maria CLaARA GODINHO?,
GABRIEL JacoBseEN!, Taxasur Tanicucur?, Kenj1 WATANABE?,
Marcio Teoporo!, Apo Jorio3, and LeoNarRDO CampOs3 —
IDepartamento de Fisica, Universidade Federal de Sao Carlos, Sio
Carlos, Brasil — 2Institut fur Physik, Humboldt-Universitat zu Berlin,
Newtonstrafe 15, Berlin, Germany — 3Universidade Federal de Minas
Gerais, Belo Horizonte, MG, Brasil — 4Research Center for Materials

Nanoarchitectonics, NIMS, Tsukuba, Japan

Two-dimensional semiconductors such as monolayer WSe2 have at-
tracted significant interest due to their remarkable quantum properties
and their potential as scalable single-photon emitters. However, con-
ventional micro-photoluminescence (u-PL) techniques are fundamen-
tally limited by optical diffraction, preventing direct access to crit-
ical nanoscale features such as strain gradients and highly localized
quantum confinement. In this study, we employ tip-enhanced photo-
luminescence with a spatial resolution of 10 nm to image, at room
temperature, the emission landscape of monolayer WSe2 suspended
over nanopillars. Our measurements reveal two distinct localization
regimes consistent with leading theoretical models for single-photon
activation: one arising from intervalley defect exciton hybridization
and another driven purely by strain-induced confinement. These re-
sults provide practical guidelines for the deterministic nanoengineering
of quantum light sources.

At short times, the method relies on solving the Bloch equations
coupled to Ehrenfest dynamics. It includes the electric field of the
pump explicitly, as well as carrier-carrier, carrier-phonon, and phonon-
phonon scattering, treated entirely from first principles.

At longer times before recombination, when carrier-carrier interac-
tions generate a photoexcited quasi-equilibrium electron-hole plasma,
the approach is based on a constrained density-functional perturba-
tion theory (cDFPT) scheme that accounts for the presence of holes
in the valence band and electrons in the conduction band (two-Fermi-
level approach). In this framework, the calculation of forces, phonon
dispersion, and carrier-phonon coupling becomes possible, as well as
molecular dynamics with machine-learning potentials in the presence
of an electron-hole plasma.

I will showcase applications of the method to several materials.

This work is funded by the European Union (ERC, DELIGHT,
101052708).

Quantum emitters and defects
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HL 47.3 Thu 15:30 POT/0081
Beyond static defects: temporal evolution of defect-driven re-
liability in WSe2 — eMapnurt CHENNURY2, ULricH KENTscu!,
JENs ZscHARsCHUCH 2, and ARTUR ERBED'2 — Helmholtz-Zentrum
Dresden Rossendorf, Institute of Ion Beam Physics and Materials Re-
search, 01328 Dresden, Germany — 2TUD Dresden University of Tech-
nology, 01062 Dresden, Germany

Two-dimensional (2D) semiconductors are emerging as promising can-
didates for CMOS-compatible nanoscale electronics, where defects in-
creasingly dictate electron transport. In WSe2 transistors, chalcogen
vacancies commonly degrade hole mobility, yet defect-rich surfaces or
interfacial contact layers have enabled ultra-low-barrier p-type con-
tacts. However, the electrical role of these defects is almost exclusively
interpreted through static pre- and post-irradiation comparisons, leav-
ing the time-dependent evolution of engineered defect and irradiation-
induced trap dynamics essentially unexplored.

Here, we present a weeks-to-months time-resolved optical-electrical
study of WSe2 FETs irradiated with a single-dose broad-beam irradia-
tion, followed by temporal tracking of threshold voltage, subthreshold
swing, and hysteresis under constant bias and ambient conditions. Ra-
man and PL spectroscopy performed in parallel reveal lattice disorder,
oxidation, and adsorbate uptake. We observe a reproducible transi-
tion with shifts in electrical parameters, demonstrating that defect is
intrinsically dynamic, not static. This coupled temporal mapping pro-
vides missing insight into defect-aware reliability for realistic ambient
and radiation-relevant 2D electronics.

HL 47.4 Thu 15:45 POT/0081
Physical Drivers of Metal Adsorption at 2D Inter-
faces for Memristive Applications — eManos Dev!, Hamip
Meupipour!2, PeTER KRrATZER?, and MATTHIAS SCHEFFLER! —
IThe NOMAD Laboratory at the FHI of the Max Planck Society,

Berlin — 2Faculty of Physics, University of Duisburg-Essen, Duisburg

Two-dimensional (2D) materials with engineered defects are emerg-
ing as promising candidates for next-generation memristors. In these
“atomristors,” resistive switching (RS) arises from atomic-scale pro-
cesses at the electrode-2D interface. Experiments show that adsorption
and desorption of electrode metal atoms at vacancies play a key role in
RS [1]. Here, we combine hybrid density functional theory with many-
body dispersion corrections and the Sure Independence Screening and
Sparsifying Operator (SISSO) method [2]| to study metal adsorption
on transition-metal dichalcogenides at gold interfaces. SISSO provides
a predictive model for adsorption energies and uncovers the funda-
mental physical factors driving RS. Our sensitivity analysis shows how
orbital hybridization and bonding interactions dominate the behavior,
offering simple heuristics for understanding the atomic processes. We
also build a materials-property map that highlights promising candi-
dates and connects our predictions with experimentally demonstrated
devices. Together, these results link fundamental material descriptors
to RS behavior and offer clear guidance for designing future 2D atom-
ristors.

[1] Ruijing Ge et al., Adv. Mater., 33, 2007792 (2021).

[2] R. Ouyang et al., Phys. Rev. Materials, 16, 2, 083802 (2018).
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HL 48: Heterostructures, Interfaces and Surfaces: Fabrication and Structure

Time: Thursday 15:00-17:15

HL 48.1 Thu 15:00 POT/0251
Cross-sectional scanning tunneling microscopy (XSTM)
study of nearly lattice-matched III-V semiconductor het-
erostructures — eHiTeEsH KuMmar!, RUDIGER ScHOTT?, Z1IJIN LEI?,
WERNER WEGSCHEIDER?, and STEFAN FoLscu! — Paul Drude In-

stitute for Solid State Electronics, Berlin, Germany — 2Laboratory for
Solid State Physics, ETH Ziirich, Ziirich, Switzerland

XSTM is a powerful technique for investigating the structural and
electronic properties of III-V semiconductor heterostructures. These
heterostructures are grown along the [001] direction by molecular beam
epitaxy and accessible in cross-sectional view by cleaving the sample
in ultrahigh vacuum to expose the (110) cleavage surface. We used
this approach to study a GaSb-InAs-AlGaSb-InAs-InAsSb layered het-
erostructure grown on a Te-doped GaSb substrate. Voltage-dependent
chemical contrast in STM imaging allows differentiation between an-
ions and cations in the III-V semiconductors. Using this capability, we
analyzed the degree of homogeneity in the ternary materials (Al-Ga
mixing in the AlGaSb layer and As-Sb mixing in the InAsSb layer).
With the help of scanning tunneling spectroscopy, we precisely deter-
mined the band gaps of the individual layers and locally probed the
band lineup across the entire heterostructure. This allowed us to in-
vestigate the behavior of charge carriers governed by the band lineup.
Specifically, we studied the spatial confinement and quantization of
conduction band states in the InAs layer and their decay into the gap
region of the adjacent layers.

HL 48.2 Thu 15:15 POT/0251
Theoretical Exploration of the Electronic Structure at
Group-III Nitride Interfaces — eMaximiLIAN LAUgERr!2, CHRIs-
TIAN Maash2, Jan M. Waack!2, MicHAEL CzerNERD2, and CHRIs-
T1AN HEILIGERD2 — lInstitut fiir theoretische Physik, Justus-Liebig-
Universitit GieRen, Germany — 2Zentrum fiir Materialforschung
(ZfM), Justus-Liebig-Universitat Giefien, Germany

Group-III nitrides are an essential group of materials at the forefront of
modern optoelectronics. Recently, the metastable zincblende (In,Ga)N
system emerged as a promising material for optoelectronic devices.
Heterojunctions play a central role in device design, making a precise
understanding of their electronic structure essential. Determining the
band alignment at the interface is crucial for understanding its elec-
tronic properties.

Here, we show that the zb-GaN/zb-InN heterojunction exhibits a
Type-I alignment with no states forming within the band gap at the
interface. We performed KKR calculations with LDA-1/2 band gap
corrections on coherently strained supercells. We report values for the
band offset parameters and explore the microscopic electronic struc-
ture at the interface. Our calculations demonstrate the importance of
band corrections for calculating electronic structure parameters, such
as band offsets, and provide a basis for further investigations into the
(Ga,In)N alloy system using the CPA.

HL 48.3 Thu 15:30 POT/0251
GaPN growth on As-Modified Si(100) for defect-reduced het-
eroepitaxy — eHiTHa Haripas!, Kar DaNIEL HANKE!, AGNIESZKA
Paszuk!2, and Tromas HaNnapPPEL! — 1Technische Universitét
Ilmenau, Fundamentals of Energy Materials, Ilmenau,Germany —
2BMFTR Junior Research Group PARASOL, Technische Universitét

Ilmenau, Germany

The Monolithic integration of III-V semiconductors with Si(100) of-
fers a promising route toward high-efficiency,low-cost optoelectronic
devices. Among these materials, GaPN is a promising candidate for
II1-V/Si integration because it can be grown lattice-matched to silicon,
thereby minimizing strain and reducing the formation of misfit disloca-
tions. However, structural defects generated during the earliest stages
of growth can propagate into subsequent epitaxial layers, ultimately
limiting device performance. In this study, we investigate the nucle-
ation and early-stage growth behavior of GaPN on As-modified Si(100)
surfaces by combining ex situ surface morphology analysis,electron
channeling contrast imaging, and in situ optical spectroscopy.This inte-
grated approach allows us to systematically evaluate how variations in
the initial growth conditions influence defect formation. The insights
gained provide broader guidance for improving interface quality and
advancing III-V/Si heteroepitaxy through more precise control over
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the initial growth phases.

HL 48.4 Thu 15:45 POT/0251
Acoustoelectric effect in organic-inorganic semiconductor
systems — ePAROMITA BHATTACHARJEE!, PATRICK GANSWINDT?,
ALEXANDER S. UrBaN?, and HuBerT KRENNER! — !Institute of
Physics, University of Miinster, Germany — 2Faculty of Physics,

Ludwig-Maximilians-Universitadt Miinchen, Germany

Surface acoustic waves (SAWs) are elastic waves propagating on the
surface of a piezoelectric solid and while interacting with a semiconduc-
tor, its strain and piezoelectric fields modulate the band-gap. Strain-
induced field imposes an acoustoelectric (AE) drag on the charges in
the direction of SAW propaga-tion, and in a photoconductive semi-
conductor, excitons get ionized by piezoelectric field into separate
elec-trons and holes, captured and transported by SAW [1]. Utilizing
these effects, we present first study of SAW-induced charge transport
in hybrid organic-inorganic semiconductor system of organic polymer,
poly(3-hexylthiophene) (P3HT) and halide perovskite (CsPbBr3 and
CsPb(IxBrl-x)3) nanowires (HPNWs). In samples with only HPNWs
the total AE current nearly vanishes due to comparable electron-hole
mobilities in these materials [2]. However, in hybrid layers, weak AE
effect is observed with CsPb(IxBrl-x)3 NWs and a hole dominated
AE transport with CsPbBr3 NWs. The band realignment at the het-
erojunction explains that while for CsPb(IxBrl-x)3 -P3HT ambipolar
electron-hole transport occurs via the NWs, for CsPbBr3-P3HT, elec-
trons are limited by low electron mobility in P3HT. References: [1] J.
Phys. D: Appl. Phys. 57, 423001 (2024). [2] Nano Lett., 19, 8701-8707
(2019).

15 min. break

HL 48.5 Thu 16:15 POT/0251
Ultra-high vacuum exfoliation method for the preparation of
large-area single layer TMDC films — eZnurving Dan', RoNAK
SarMmasTI EMaMI!, ANToNIA ANnTONIIA GRUBISIC-CABO!, PETRA
Ruporr!, DEEPNARAYAN Biswas?, and Tien-LiNn Leg? — !Zernike
Institute for Advanced Materials, University of Groningen, 9747 AG
Groningen, The Netherlands — 2Diamond Light Source Ltd., Harwell
Science and Innovation Campus, Didcot, Oxfordshire, OX11 ODE, UK

Two-dimensional transition metal dichalcogenides (2D TMDCs) are
promising candidates for next-generation electronic, optical, and spin-
tronic devices. While mechanical exfoliation yields high-quality 2D
flakes, their lateral size is typically limited to tens of micrometers.
Here, we report the preparation of 2D WS2 and WSe2 using a recently
developed kinetic in situ single-layer synthesis (KISS) method, per-
formed in ultra-high vacuum and tailored for surface science studies.
We examine how substrate choice and chalcogen species affect film size
and quality using X-ray photoelectron spectroscopy, low-energy elec-
tron diffraction, atomic force microscopy, and X-ray standing waves
(XSW). Our results show that the quality of the bulk TMDC crys-
tal is crucial for successful KISS exfoliation. Moreover, preliminary
XSW data suggest that KISS does not degrade the underlying sub-
strate, highlighting its potential as a non-destructive approach for 2D
material synthesis.

HL 48.6 Thu 16:30 POT/0251
Electrical conduction and sensing properties of contacted
CNTs after MOF synthesis — eMarvIN J. Dzinnik!, ADRIAN
HANNEBAUER?, FERIEL FRrinal, ANDREAs ScHaaTEZ, and RoLF
J. Havel3 — lnstitut fiir Festkorperphysik, Leibniz Universitit
Hannover, 30167 Hanover, Germany — Z2Institut fiir Anorganische
Chemie, Leibniz Universitdt Hannover, 30167 Hanover, Germany —
3Laboratorium fiir Nano- und Quantenengineering, Leibniz Univer-
sitdt Hannover, 30167 Hanover, Germany

Metal-organic frameworks (MOFs) are a versatile sensor material: they
are tunable, highly porous, and can be precisely grown on carbon nan-
otubes (CNTs).[1]

Here, we investigate how UiO-66 MOF growth affects single nan-
otubes. We performed DC measurements on contacted multi-walled
carbon nanotubes (MWCNTS) before and after UiO-66 synthesis. We
observe pronounced changes in both magnitude and character of the
electrical response, indicating a strong interaction between MWCNT
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and MOF. AC measurements show a linear response to ethanol vapor
up to 40000 ppm, suggesting that single MWCNT-MOF hybrids are
promising, tunable gas-sensing elements.

[1] Dzinnik, M. J. et al. Commun Mater 5, 38 (2024).

HL 48.7 Thu 16:45 POT/0251
Nucleation behavior for remote epitaxy of GaAs and AlAs
on carbon-covered GaAs substrates — eBINAMRA SHRESTHA,
ToBias HENkKSMEIER, and Dirk REUTER — Paderborn University,
Paderborn, Germany

Recently, remote epitaxy was proposed as a method that enables the
growth of free-standing single-crystal layers and substrate reuse by us-
ing atomically thin 2D materials as release layers. In this work, we in-
vestigate the epitaxial growth behavior of GaAs and AlAs on ultrathin
amorphous carbon layers deposited by PECVD on GaAs substrates.
The amorphous carbon exhibits a graphene-like structure consisting
predominantly of in-plane sp? bonding, thereby serving as a quasi-2D
template capable of transmitting the substrate’s electrostatic potential
for remote epitaxial growth.

We performed controlled nucleation studies using molecular beam
epitaxy (MBE). First, a GaAs buffer layer is grown on the bare GaAs
to planarize the substrate surface, then the sample is covered with
amorphous carbon. Subsequently, ultrathin GaAs layers ranging from
0.25 nm to 2 nm are deposited on the graphene/GaAs template at 300
°C, and the resulting nuclei are examined via atomic force microscopy

(AFM). Nucleation is first observed at approximately 0.37 nm deposi-
tion thickness, with nuclei predominantly aligned along atomic steps.
This strong step-edge preference indicates that remote epitaxy is the
dominant mechanism, compared to pinhole-initiated nucleation. These
results highlight the suitability of PECVD-deposited amorphous car-
bon as an effective 2D interlayer for remote epitaxy.

HL 48.8 Thu 17:00 POT/0251
Quantum confinement in semiconductor random alloys: a
case study on Si/SiGe/Si — eDanierL Dick!?34 Frorian
Fucus?23 SiByLLe GemmINGgZ?, and Jora ScHusTERD:2:3
LCenter for Micro- and Nanotechnology, TU Chemnitz, Germany —
2Center for Materials, Architecture and Integration of Nanomem-
branes, TU Chemnitz, Germany — 3Fraunhofer Institute for Elec-
tronic Nanosystems (ENAS), Chemnitz, Germany — “Institute of
Physics, TU Chemnitz, Germany

When the size of random alloys is reduced, local fluctuations of alloy
composition become more influential. Using extended Hiickel theory,
we study the semiconductor alloy SiGe sandwiched between Si due to
its relevance in semiconductor devices. We evaluate the effects of the
alloy composition, layer thickness, and local fluctuations of the Ge con-
centration on band alignment and the band gap. Results are compared
to the finite quantum well model. This model captures the essenial
physics and can act as a computationally faster surrogate model.

HL 49: Quantum Emitters in 2D Semiconductors

Time: Thursday 16:15-17:30

Invited Talk HL 49.1 Thu 16:15 POT/0081
Phonon-mediated nonlinearity and defects in hexagonal
boron nitride — eNaHID TALEBI — Institute of Experimental and
Applied Physics, Kiel University, Germany

Hexagonal boron nitride (hBN) hosts a rich phonon landscape whose
strong oscillator strengths in the first and second Reststrahlen bands
give rise to negative permittivity and support the propagation of hy-
perbolic phonon polaritons. In this work, we show that these phonon
modes can mediate highly efficient down-conversion of optical exci-
tation, enabling strong coupling to point defects and facilitating the
coherent excitation of their electronic states. We further demonstrate
that such defect states in hBN can couple efficiently to excitons in hy-
brid hBN*perovskite structures, establishing a robust exciton*defect
interaction channel. Remarkably, we find that excitonic energy can be
transported over distances up to 150 micrometers through incoherent
hopping across a defect network within hBN. By combining spatially
and spectrally resolved photoluminescence and cathodoluminescence
spectroscopy, we identify the mechanisms governing coherent and in-
coherent defect excitation and reveal the interplay and strong coupling
among excitons, defects, and phonons in hBN. These insights establish
hBN as a versatile platform for phonon-assisted light*matter interac-
tions and long-range energy transport in hybrid quantum nanophotonic
systems.

HL 49.2 Thu 16:45 POT/0081
Spin Dynamics of Quantum Sensors Based on Hexago-
nal Boron Nitride — ePauL KoNraD!, ANDREAs SpERLICH!,
Icor AHARONOVICHZ, and VLADIMIR DyakoNov! — 1Experimental
Physics 6, Julius-Maximilians-Universitdt Wiirzburg, 97074 Wiirzburg
— 28chool of Mathematics and Physical Sciences, University of Tech-
nology Sydney, Ultimo, NSW 2007, Australia

Colour centres in solid-state materials show great potential in quantum
information technology and sensing applications. The spin triplet sys-
tem of the lately discovered negatively charged boron vacancy (Vg ™)
in hexagonal boron nitride (hBN) can be exploited in terms of its
application as temperature, magnetic field, and pressure sensor.!!] In-
creasing the sensitivity of these nano-scale sensors is a crucial step
towards application and requires not only controlled generation[?! but
deep knowledge about the dynamics of the system. This includes pre-
dicted but experimentally hardly accessible intermediate states.

In this study, we achieve a direct measurement of a 24.0(3) ns re-
laxation time from the dark intermediate state to the ground state at
room temperature, which approximately doubles at low temperatures.
These findings are corroborated by detailed simulations of populations.
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Accounting for this relaxation considerably enhances spin manipula-
tion efficiency, allowing substantial optimization of the quantum sen-
sor’s sensitivity based on boron vacancies.[?!

[1] Gottscholl et al., Nat. Commun., 12, 4480 (2021).

(2] Patra et al., Adv. Funct. Mater. e17851 (2025).

(3] Konrad et al., arXiv preprint arXiv:2503.22815 (2025).

HL 49.3 Thu 17:00 POT/0081
Exciton-enhanced light emission in pristine and doped MoS>
from ab initio calculations — eApriaNa Boccuint!, DieN-
NANE KHaouLa?, HENRY HUBscHMANN!, NIKITA SIVERINS, ANDREAS
FarenBrucH?, Maja Grorn!', Kravs Jons!, GeruarRD BErrTH!,
DwmITRI YAKOVLEVS, WoLF GERO ScHMIDT!, and UWE GERSTMANN!
— 1Universitat Paderborn, Germany — 2Yahia Fares University of

Medea, Algeria — 3Technische Universitit Dortmund, Germany

Two-dimensional transition metal dichalcogenides (2D-TMDs) are
emerging as a suitable alternative in a variety of electronic and op-
toelectronic devices [1,2]. The properties of this family, in fact, can
be systematically customized upon structural modification, e.g., via
exfoliation or dopants. Notably, most of these properties are strongly
determined by excitons, the formation of which is strongly facilitated
by defects [3]. In this study, we use DFT routines to systematically
investigate the influence of excitons on the optical properties of MoS2
films. Thereby, we do not only analyze the dependency of the optical
response on the layer thickness, but also their evolution upon the ap-
plication of external electric fields or by twisting the layers relative to
each other. In addition, we model MoS2-based Janus structures by se-
lectively substituting some of the S atoms with heavier chalcogens and
analyze the suitability of these configurations as possible light-emitting
solid-state quantum dots.

[1] R. Thayil, et al., Small 21, 2412467 (2025)

[2] S. Joseph, et al., Mater. Chem. Phys. 297, 127332 (2023)

[3] J. Qu et al., ACS Nano 18, 34322 (2024)

HL 49.4 Thu 17:15 POT/0081
Thermodynamic properties of quantum defects in boron ni-
tride using machine-learned force fields — eARIEL MOISES
CaABRERA AcGUILAR and CARLA VERDI — The University of Queens-
land, Brisbane, Australia

Hexagonal boron nitride (hBN) has emerged as an excellent host mate-
rial for bright single-photon emitters. Experimental and computational
studies associate these single-photon emitters (SPEs) in hBN predomi-
nantly with carbon-related defects. However, the lack of first-principles
calculations at finite temperatures and with sufficiently large supercells
hinders the establishment of a consensus on the most likely defect can-
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didates for quantum-technology applications. Machine-learned force
fields (MLFFs) provide highly accurate finite-temperature simulations
because they can be trained to reproduce first-principles energies and
forces across diverse configurations. We trained a MLFF capable of de-
scribing various carbon cluster defects (Cp, Cn, CgCn, CVn, CgCi,
and CxCj) at temperatures up to approximately 2000 K. To evaluate
the accuracy of the force field in reproducing atomic positions, inter-
atomic energies, and forces across these structures, we compute for-

mation energies, phonon dispersions, and photoluminescence spectra,
and compare these quantities with available experimental data. The
force field successfully reproduces the line shape of several defects in
multilayered systems of different supercell sizes. The MLFF is used to
investigate multiple defects in large supercells over long molecular dy-
namics simulation times, allowing us to capture metastable structures
that emerge at finite temperature.

HL 50: Members' Assembly
Organized by Rudolf Bratschitsch, Alexander Holleitner and Axel Lorke

Time: Thursday 17:45-19:15

Location: POT /0051

All members of the Semiconductor Physics Division are invited to participate.

HL 51: 2D Materials: Stacking and heterostructures (joint session O/HL/TT)

Time: Friday 9:30-12:30

HL 51.1 Fri 9:30 HSZ/0401
A new fabrication method for metal intercalated epitax-

ial graphene devices — eMarc BoTHE!, STEFAN WUNDRACK!2,

MarceLo Jamme!l, KLaus Pierz!, FrRank HonLs!, RAINER SToscH?,
Hans WERNER ScHUMACHER!, ANDREY BakiN2, and TERESA
TscHIRNER! — 1Physikalisch-Technische Bundesanstalt, Bundesallee
100, 38116 Braunschweig, Germany — 2Institut fiir Halbleitertechnik,
TU Braunschweig, Hans-Sommer-Str. 66, 38106 Braunschweig, Ger-

many

Epitaxial graphene grown on silicon carbide is a promising platform to
achieve metal intercalation. It enables the creation of two-dimensional
metal layers that are encapsulated and protected by graphene. How-
ever, the use of metal intercalated graphene samples for lithographic
device fabrication presents two critical challenges. First, solvents used
in the lithography process lead to the deintercalation of the metal
atoms. Second, the presence of lattice defects in the graphene - neces-
sary for the intercalation process - compromises the structural and elec-
tronic integrity of the device. We present a novel fabrication method
that solves these problems. In our approach, the graphene devices are
first pre-structured using lithography and subsequently intercalated.
This is made possible by a spatial separation on the sample between
the device structures and the intercalation origin and by intercala-
tion channels that can guide the intercalation front reliably to the de-
vices. We demonstrate this method on gallium intercalated epitaxial
graphene Hall bars that exhibit superconducting behaviour.

HL 51.2 Fri 9:45 HSZ/0401
Anisotropic Strain Observation in Naturally Occurring Buck-
ling on Twisted Bilayer Graphene: A Nano-Raman Study —
oGusTavo SoAREs!, RaraEL R. BARRETO!, RAFAEL Napas!, KENJI
WataNaBE?, Takasur TanicucHi?, LEoNnarpo C. Campos!, Luiz G.
Cancapol, and ANcELo MarLacHias! — Physics Department, Fed-
eral University of Minas Gerais, Belo Horizonte, Minas Gerais, 31270~
901, Brazil — 2National Institute for Materials Science, Tsukuba,
Ibaraki, 3050047, Japan

This work investigates naturally occurring buckling and its relation
with anisotropic strain relaxation in twisted bilayer graphene (tBG).
In the tBG system a twist angle is imposed to influence graphene
structural and electronic properties. Such condition directly implies
in the occurrence of biaxial in-plane strain, with usual observation of
buckled/wrinkled localized regions where the tBG morphology is no
longer planar. Using tip-enhanced Raman spectroscopy, we conducted
high-resolution mapping to analyze variations in Raman bands associ-
ated with twist angle variation and strain effects. Our findings reveal
that localized strain gradients, modulated by twist angle variations,
induce deterministic buckling in graphene layers, evidencing distinct
uniaxial and biaxial strain regions. Finite element modeling further
supports these observations, showing that buckling can store elastic
energy sufficient to overcome usual tBG-substrate adhesion forces.

HL 51.3 Fri 10:00 HSZ/0401
Kirkendall Voids in Monolayer Mo, Ta,S> Alloys on Au(111)
— Kar Menricu!, Tuats Caacas!, Francis H. Davies?3, ALessia
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BarDpAzz1', CATHERINE GROVER!, ARKADY V. KRASHENINNIKOV3,

and eCARSTEN Busse! — l!Department Physik, Universitit Siegen,
Walter-Flex-Strafe 3, 57072 Siegen, Germany — 2Ion Beam Physics
and Materials Research, Helmholtz-Zentrum Dresden-Rossendorf,
Bautzner Landstrafe 400, 01328 Dresden, Germany — 3Department
of Physics and Astronomy, University of Exeter, Stocker Road, Exeter,
EX4 4QL United Kingdom

During the growth of monolayer MoSz-TaSo heterostructures, we ob-
serve the Kirkendall effect: Diffusing vacancies agglomerate in MoS2,
forming what are commonly termed Kirkendall voids - here manifest-
ing as holes in the 2D layer. This phenomenon has not been previously
reported in systems with reduced dimensionality.

We prepare the lateral heterostructures by reactive molecular beam
epitaxy on chemically inert and weakly interacting Au(111). First,
compact MoS2 cores are grown. In a second step, TaSg is added in
a sulfur-rich environment at elevated temperatures which promotes
diffusion at the interface. The resulting heterostructures exhibit char-
acteristic 2D Kirkendall holes surrounded by a Moz TayS2 alloy region.
These findings reveal defect-mediated processes in low-dimensional sys-
tems and open new avenues for designing 2D lateral heterostructures
with intricate morphologies.

HL 51.4 Fri 10:15 HSZ/0401
Designing 2D Non-van der Waals Heterostructures
e ANnasTastia N1HEIHZ, Tom Barnowsky 2, and Rico FRIEDRICH
— ITU Dresden — 2Helmholtz-Zentrum Dresden-Rossendorf

Heterostructure interfaces created by stacking two-dimensional (2D)
materials offer a pathway to realizing advanced electronic and mag-
netic functionalities at the nanoscale. In this work, we present a
high-throughput screening of non-van der Waals (non-vdW) 2D het-
erostructures; including sandwich-like stacking. Non-van der Waals
2D materials can be obtained by both top-down exfoliation as well as
bottom-up growth approaches of non-layered bulk crystals [1]. Our
approach uses the AFLOW-Hetbuilder - a newly developed tool for
stacking 2D systems based on the coincidence lattice algorithm [2-4].
We investigate interfacial binding effects across a wide range of het-
erobilayers [5] and sandwich-like systems, analyzing their structural,
electronic, and magnetic characteristics such as hybrid interface bands
and robust magnetic coupling. Furthermore, we compare the binding
energetics of non-vdW and conventional vdW heterostructures. The
tunable interfacial properties of non-vdW 2D heterostructures provide
a versatile platform for advanced functionalities with potential appli-
cations in electronics, spintronics, and the energy sector [5].
[1] R. Friedrich et al., Nano Lett. 22, 989, (2022).
[2] D.S. Koda et al., J. Phys. Chem. C 120, 10895, (2016).
[3] https://zenodo.org/record /4721346 .
[4] S. Divilov et al., High Entropy Alloys Mater. 3, 178 (2025).
[5] A. Nihei, et al., arXiv DOI: 10.48550/arXiv.2503.12209 (2025).

1,2

HL 51.5 Fri 10:30 HSZ/0401
Second-Order Nonlinear Imaging for Probing 2D van der
Waals Structures — eTao Yanc!, Ben Joun!, Kyounc P.

Lee2, Nastm Mirzajani!, MArRTIN WoLr!, X1a0QIN Li2, MARTIN
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THAEMER!, ALEXANDAR PaarRMANN!, NicLas S. MuUEeLLER®, and

ALEXANDER P. FELLows! — !Fritz Haber Institute, Berlin, Germany
— 2University of Texas at Austin, Austin, USA — 3Freie Universitaet
Berlin, Berlin, Germany

Twisted and stacked multi-layer architectures offer new opportunities
for tailoring the electronic and optical properties of two-dimensional
(2D) van der Waals materials. Reliable determination of crystal
structure, stacking sequence, and twist angle is therefore crucial.
Second-order nonlinear optical microscopy, including second-harmonic
and sum-frequency generation (SHG and SFG, respectively), pro-
vides high sensitivity to crystal symmetry and orientation in non-
centrosymmetric lattices. Recently, we employed heterodyne-detected
vibrational SFG microscopy to probe the local structure of hexago-
nal Boron Nitride (hBN) monolayers with sub-micron resolution. By
employing our developed azimuthal-scanning approach, we fully re-
solved the crystallographic structure and edge termination in mono-
layer flakes. Here, we extend these measurements to multi-layer hBN
structures, using the same azimuthal-scanning approach in a newly
developed SHG microscope to gain insight into their different stack-
ing configurations. Our results highlight second-order nonlinear mi-
croscopy as a powerful tool for quantitative structural analysis in 2D
materials and for future studies of moiré and twisted heterostructures.

HL 51.6 Fri 10:45 HSZ/0401
Moiré-Driven Electronic Modulations in Weakly Coupled h-
BN/Graphite — oFiBio J. R. Costal'?7 DanNIEL ArriBAsZ, THI-
Aco G. L. Brito?, TN S. CHENG®, JONATHAN BRADFORD?®, AMELIA
THaOMPSON3, ALEX SAYWELL3, CHRISTOPHER J. MELLOR®, PETER H.
Beron®, SERGEY V. Novikov3, JULIETTE Pro?, BERNARD GIL?,
GuiLLAUME CassaBois®®, Luiz F. ZaconeL!, Kraus KUHNKEZ,
Kraus KErn26, and ANNa Rostawska? — University of Campinas,
Brazil — ?Max-Planck-Institut fiir Festkdrperforschung, Germany —
3University of Nottingham, UK — “Laboratoire Charles Coulomb,
France — SInstitut Universitaire de France, France SEPFL, Lau-
sanne, Switzerland — 7Current address: Université de Strasbourg,
CNRS, IPCMS, Strasbourg, France

Van der Waals materials and their heterostructures offer exciting op-
portunities for next-generation nanophotonic and electronic technolo-
gies. Their electronic and optical properties can be modulated by
moiré superlattices that emerge when mismatched layers are stacked
together. Hexagonal boron nitride (h-BN) is a key platform in this
context, yet the influence of moiré patterns on weakly interacting h-
BN interfaces remains underexplored. Here!, we use scanning tunnel-
ing microscopy to resolve large moiré superlattices in h-BN/graphite
and uncover pronounced nanoscale modulations of the electronic land-
scape, despite their weak interlayer interactions. These findings po-
sition moiré engineering in h-BN as a powerful tool to tailor local
functionalities in van der Waals heterostructures. Ref.: 1. Fabio J. R.
Costa et al. ACS Nano 2025 19 (40), 35528-35538

HL 51.7 Fri 11:00 HSZ/0401
1~-ARPES study on the fine electronic structure of misfit
layer compound (PbSe)1.16(TiSe2)2 — eHARUKI MURAMATSU?,
NATSUKI MITSUISHI?*3, TEPPEI UENO?, KENICHI 0zAWA®, KAYA
KoBAYASHI®® | and kyoko 1sHizakal:2 — 1Dept. of Appl. Phys. &
QPEC, Univ. of Tokyo — 2CEMS, RIKEN — 3Grad. Sch. Sci.,
Nagoya Univ. — 4Dept. of Physics, Okayama Univ. — KEK-PF —

SRIES, Hokkaido Univ.

Misfit layered compounds have been attracting significant attention
due to their lattice mismatches and resultant two-dimensional elec-
tronic structures reminiscent of van der Waals heterostructures. One
such compound, (PbSe)1.16(TiSe2)2, consists of alternating stacking
of PbSe monolayers (NaCl-type, four-fold symmetry) and TiSe2 bi-
layers (CdI2-type, three-fold symmetry). To elucidate its electronic
structure, we performed pu-ARPES measurements by carefully distin-
guishing the cleavage surface terminations. In the presentation, we will
discuss the novel electronic states reflecting the natural incommensu-
rate heterostructure as well as charge density wave in the buried TiSe2
bilayer.

HL 51.8 Fri 11:15 HSZ/0401
Twisted NbSe: heterostructures — ®ALEXANDER BADERDLZ,
CLARA PrisTeR34, ToBias WicHMANND® | Laura PArzoLp3:4, Tim
O. WeHLING??, and FeLix Lupkel2 — 1Peter Griinberg Institut
(PGI-3), Forschungszentrum Jiilich — 2II. Physikalisches Institut, Uni-
versitit zu Kéln — 31, Institute of Theoretical Physics, U Hamburg —
4The Hamburg Centre for Ultrafast Imaging — ®Institut fiir Experi-
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We fabricated monolayers (MLs) of the van der Waals material NbSes
that are rotated with respect to the underlying bulk NbSe> using our
developed ultra-high vacuum (UHV) stacking technique. These het-
erostructures were characterized through the use of scanning tunneling
microscopy and spectroscopy at a base temperature of 1.4 K. The MLs
realize a variety of twist angles relative to the underlying bulk lattice,
with the lowest observed twist angle being 10°. The MLs display the
coexistence of charge density waves (CDW) and moiré effects: In the
absence of strain, the MLs develop a 3 x 3 CDW, however the applica-
tion of strain through interfacial disorder results in a 2 x 2 CDW state,
supported by theoretical calculations. Compared to isolated MLs the
superconducting order parameter is enhanced due to the proximity
effect from the underlying bulk.

HL 51.9 Fri 11:30 HSZ/0401
band structure and charge density wave in a natural
van der Waals heterostructure 4Hb-TaSe2 ®FUMIHIKO
KIMURA!, TOMOKI MAEDAZ, NATSUKI MITSUISHI®?, KAZUKI OKADAZ,
TAKUYA NOMOTO?, 3, TET-

KENICHI 0zAWAS, MASAHIRO NARITSUKAS,
SUO HANAGURI?, SHUNSUKE KITOU’, YUIGA NAKAMURAS TAKA-HISA
ARIMA® 7 TAKAO sasacawa?, and kyoko 1sHIZAKADS — 1Quantum-
Phase Electronics Center & Department of Applied Physics, The Uni-
versity of Tokyo — 2Laboratory for Materials and Structures, Science
Tokyo — 3RIKEN CEMS — “Craduate School of Science, Nagoya
University — 5Department of Physics, Tokyo Metropolitan University
— SInstitute of Materials Structure Science, High energy Accelerator
Research Organization (KEK) — “Department of Advanced Materials
Science, The University of Tokyo — 8Japan Synchrotron Radiation
Research Institute (JASRI), SPring-8

4Hb-TaSe2 is a natural van der Waals heterostructure charge density
wave (CDW) material consisting of alternative stacking of monolayer
1T-TaSe2 (Mott insulator with Star-of-David CDW) and monolayer
2H-TaSe2 (superconductor with 3 by 3 CDW). Although transport
measurements have suggested the existence of multiple CDWs, the de-
tails of the CDW and electronic structures remain unclear. In this
study, we directly observed the electronic structure of 4Hb-TaSe2 by
micro-focused angle-resolved photoemission spectroscopy with careful
selection of the surface terminations. We discuss the temperature de-
pendent electronic structure with comparison to the CDW structures
obtained by scanning tunneling microscopy and X-ray diffraction.

HL 51.10 Fri 11:45 HSZ/0401
Coexisting charge density waves in twisted NbSe2 bilayers —
eCHRISTOPHER TAT SHUN CHEUNG!, ZacHarRy A. H. Goopwin?,
Yixuan Han3, Jione Lu3, ArasH A. Mostori!, and JOHANNES
LiscuNER! — !Departments of Physics and Materials and the Thomas
Young Center for Theory and Simulation of Materials, Imperial College
London, London SW7 2AZ, U.K. — 2Institute for Functional Intelli-
gent Materials, National University of Singapore, Singapore 117544,
Singapore — 3Department of Materials, University of Oxford, Parks
Road, Oxford OX1 3PH, United Kingdom

Twisted bilayers of semiconducting transition metal dichalcogenide
(TMD) monolayers have been studied extensively. In contrast, twisted
bilayers composed of metallic monolayers, such as NbSe2, remain less
understood.

Monolayer NbSe2 can host different types of charge density waves
(CDWs), in which the Nb atoms move away from their high-symmetry
positions. In twisted bilayer NbSe2, identifying CDWs in relaxed struc-
tures is challenging because atomic relaxations occur both because of
CDW formation and also because of the moiré pattern.

We have carried out large-scale first-principles calculations using
density functional theory to study the moiré relaxations and CDWs
in twisted bilayer NbSe2. We have developed methods for revealing
the CDWs, and for locally classifying the type of CDW. We find that
different types of CDWs coexist in the moiré unit cell due to the inter-
actions with strain induced by moiré relaxations [1].

[1] Cheung et al, Nano Lett. 2024, 24, 12088-12094.

HL 51.11 Fri 12:00 HSZ/0401
MicroARPES studies of contact doping of monolayer tran-

sition metal dichalcogenides by RuCl3 — eTHoMAS NIELSEN',

EDVARD SOLBREKKEN', ALFRED J. H. Jones!, Zumao Zuiancl,
CHAKRADAR SAaHOO!, KENJI WATANABEZ, TaKASHI TANIGUCHIZ, JILL
A. Miwal, SgreN ULsTrup!, CHRISTIAN OVERBY!, and CHRISTIAN
V-B. Fokpar! — !Aarhus University, Denmark — 2National Insti-

tute for Materials Science, Japan
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Placing van der Waals materials into contact with a-RuClz has re-
cently emerged as a method of modulating their electronic structures.
The proximity to a-RuCls has been observed to produce strong hole
doping in the van der Waals material, and this has been established
as a method to create better electrical contacts in transistor devices
based on monolayer transition metal dichalcogenides (TMDs). Here,
we use the microARPES endstation at the ASTRID2 synchrotron light
source at Aarhus University in Denmark to study the valence bands
and core levels of semiconducting monolayer TMDs in proximity to a-
RuCl3. We observe a large valence-band shift of 0.7 — 0.8¢V indicating
strong hole doping. a-RuCls is highly sensitive to the temperatures
and chemicals typically used in the dry-transfer fabrication procedures
of van der Waals heterostructures. How the degradation of a-RuCls
affects the proximity-induced doping of the TMD is discussed based
on the ARPES measurements.

HL 51.12 Fri 12:15 HSZ/0401

STEM Investigation of Entropy Forbidden Ordering in
CVD Grown WSez-MoSe; Alloys — eMax BERGMANND,
Marver KisLitsyn!, JuLian Picker?, JURGEN BEeLz!, RoBIN

GUNKEL!, BADROSADAT OsacHI DocaHE!, SHAMAIL AHMED!, AN-

DREY TURCHANINZ, and KERSTIN VorLz! — lmar.quest | Marburg

Center for Quantum Materials and Sustainable Technologies, Philipps-
Universitit Marburg, 35032 Marburg, Germany — 2Faculty of Chem-
istry and Earth Sciences, Friedrich-Schiller-Universitidt, 07743 Jena,
Germany

2D transition metal dichalcogenides have gained significant interest
due to their optoelectronic properties, which can be tailored by struc-
tural variation. However, controllable production, namely growth, of
such tailored structures still remains a key challenge towards large-
scale production. In this study, we show lateral heterostructures of 2D
MoSez and WSez, grown on a SiO2 TEM grid by chemical vapor depo-
sition, that at the interface show a highly ordered structure of W and
Mo atoms at the TMD positions, as observed by scanning transmission
electron microscopy. This is in contrast to ab initio calculations, which
ascribe unordered alloys as the preferred configuration, since entropy
is the main driving force compared to formation enthalpy. We link this
unexpected phenomenon to the initial nucleation of the material on a
clean MoSesz crystal edge, present before the alloy growth, together
with special precursor chemistry. Furthermore, we show ab initio re-
sults in conjunction with the special quasirandom structure method
on the bandstructure and optical properties of this structure.

HL 52: THz and MIR Physics in Semiconductors

Time: Friday 9:30-10:45

HL 52.1 Fri 9:30 POT/0006
Probing Terahertz Emission and Structural Dynamics in
Quasi-two-dimensional NbOI; — eDANIEL GEYER!, RIEKE vON
SEGGERN!, SouriaNE EL-KabiL', ZoucHen Fu3, and Sascha
ScuArER!"2 — 1Department of Physics, University of Regensburg,
Germany — 2Regensburg Center for Ultrafast Nanoscopy (RUN), Ger-
many — 3Nankai University, Tianjin, China
Optically induced processes in matter, captured via time-resolved
imaging methodologies, uncover a variety of transient phenomena
evolving on ultrafast time scales. Layered ferroelectric niobium ox-
ide dihalides NbOXga (X=I, Cl, Br) have garnered significant interest
in this context, as they combine pronounced optical nonlinearities [1,2]
with a ferroelectric order parameter that can be controlled via opti-
cal stimuli [3]. In this work, we investigate the NbOIy compound as
a material platform in which both regimes of ultrafast light-matter
interaction can be accessed within different experimental approaches.

At first, we explore thin NbOI, flakes as promising stackable tera-
hertz (THz) emitters. We demonstrate broadband THz generation via
nonlinear optical rectification, characterized using a time-domain THz
emission spectroscopy setup.

Secondly, we discuss the photoinduced evolution of the material’s
ferroelectric polarization, employing time-resolved electron diffraction
in an ultrafast transmission electron microscope (UTEM).

[1] Guo et. al., Nature 613, 53-59 (2023)

[2] Chen et. al., Adv. Mater. 36, 2400858 (2024)

[3] Wang et. al., Nat. Comm. 16, 8132 (2025)

HL 52.2 Fri 9:45 POT/0006
AlGaN/GaN-based grating-gate plasmonic crystals for non-
linear THz applications — PavLo Sar', VApyMm V. KOROTYEYEV?Z,
SeruIl KukaTaruk?, DmyTRO B. But!, Maksym Dusl!, ALEXEJ
PasHKIN®, STEPHAN WINNERL3, WoiciecH Knapl, and eMARTIN
MitTENDORFF? — llnstitute of High Pressure Physics PAS ul.
Sokolowska 29/37, Warsaw 01-142, Poland — 2V. Ye. Lashkaryov
Institute of Semiconductor Physics (ISP) NASU prospect Nauky
41, Kyiv 03028, Ukraine — 3Helmholtz-Zentrum Dresden-Rossendorf
01328 Dresden, Germany — 4Universitit Duisburg-Essen Fakultat fiir
Physik 47057 Duisburg, Germany

We present time-resolved THz measurements on grating-gate plas-
monic crystals, based on the two-dimensional interface electron gas
in epitaxial GaN/AlGaN heterostructures. The free-electron laser
FELBE at Helmholtz-Zentrum Dresden-Rossendorf served as tunable
source for intense, narrowband THz pulses at about 1.8 THz, the plas-
mon frequency was tuned via the grating-gate. The strongest pump-
probe signals are observed at resonance, where a rather low pump
fluence of about 200 n.J/cm? leads to a pump-induced change in trans-
mission of more than 40% [1]. The signal decays within about 50
ps. The experimental results are complemented by a finite-difference
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time-domain electrodynamic simulation, allowing to identify the main
driving mechanisms for the observed strong nonlinearity, e.g. near-field
effects and hot charge carriers.

[1] P. Sai et al., Adv. Optical Mater.
https://doi.org/10.1002/adom.202500716

2025, 13, 2500716;

HL 52.3 Fri 10:00 POT/0006
Plasmonic nonlinearity in AlGalN/GaN-based rectangular
patches — eNanpITa Bajparl, Pavio Sar?4, Maksym Dus24,
ALExE] Pasokin®, StepHAN WINNERL?, WoiciecH Knap?#, and
MARTIN MITTENDORFF! — 1Department of Physics, University
of Duisbur-Essen,Duisburg,Germany — 2Institute of HighPressure-
Physics, Warsaw,Poland — 3Helmholtz-Zentrum Dresden-Rossendorf,
Dresden, Germany — 4Center for Terahertz Sciences and Applications
CENTERA -CEZAMAT Warsaw University of Technology, Warsaw,
Poland

Recent observation of enhanced nonlinear THz absorption by resonant
excitation of 2D plasmons in the AlGaN/GaN based plasmonic crys-
tal has revealed a strong pump-induced transparency of probe upto
45%[1].Here, we investigate the nonlinear coupling between the perpen-
dicular plasmonic modes in AlGaN/GaN-based rectangular patches.
To this end, we performed a two colour pump probe experiment
at the free-electron laser facility at the Helmholtz-Zentrum Dresden-
Rossendorf. The spectrally narrow pump pulse was used to drive the
plasmonic resonance at 1.95 THz whereas a broadband THz pulse from
a synchronized table-top time domain spectroscopy setup was exploited
to probe the plasmonic mode at 1.38 THz. We observed a relative
pump - induced change in transmission of probe upto 12%, which is
attributed to the excitation of hot carriers that decays within 25ps.
[1] P.Sai et al, Adv. Optical Matter.2025,13,2500716;
https://doi.org/10.1002/adom.202500716

HL 52.4 Fri 10:15 POT/0006
Elucidating carrier dynamics in bismuth thin film with time-
resolved terahertz spectroscopy — eGURIVIREDDY YETTAPU,
FaBian THIEMANN, MicHAEL HORN-vON HoOEGEN, and MARTIN MiT-
TENDORFF — University of Duisburg-Essen, Duisburg, Germany

Bismuth (Bi) is a Peierls distorted semimetal in its bulk state that
transforms into a semiconductor for thicknesses below ~30 nm [1].
Time-resolved terahertz spectroscopy is an ideal tool to investigate
the charge carrier dynamics by following the pump-induced change in
electric field with pump-probe delay. Herein, we employed optical-
pump terahertz-probe spectroscopy to elucidate the carrier dynamics
in single crystalline Bi film with a thickness 736 nm, including spec-
trally resolved measurements to determine the frequency dependent
complex conductivity. At a pump fluence of 30 uJ/cm2, we observe a
pump-induced change of the electric field of about 20 %, followed by an
exponential decay with a relaxation time of ~7 ps. Our results reveal
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that carrier relaxation times are hardly affected by the pump fluence,
the complex conductivity can be well described by the Drude model.
Our future studies include thickness- and temperature-dependent mea-
surements to gain insights about the carrier-lattice interactions in the
semiconductor and semimetal phase. [1] C. A. Hoffman et al., Phys.
Rev. B. 48, 11431-11434 (1993).

HL 52.5 Fri 10:30 POT/0006
Identifying the semiconductor doping range addressable by
terahertz time-domain spectroscopy — eJosnua Hennigh?2,
Jens Krier!, Steran Duran', Mirco Kutas'?, Grorc voN
FreEYMANND2 and DanieL MorTer! — !Department for Materi-
als Characterization and Testing, Fraunhofer Institute for Industrial
Mathematics ITWM, 67663 Kaiserslautern, Germany — 2Department
of Physics and Research Center OPTIMAS, RPTU Kaiserslautern-
Landau, 67663 Kaiserslautern, Germany

Semiconductors are essential materials for the technological advance-

ments of the 21st century. With the growing demand for semiconduc-
tor devices going along with this, the need for fast and non-destructive
characterization techniques is growing quickly, too. Terahertz time-
domain spectroscopy (THz-TDS) has proven to be capable of mea-
suring the desired properties of various semiconductors over the last
decades. Yet, it is still not widely established for this purpose. One
reason is that for each combination of material, doping concentration
and thickness the possibility to characterize the sample has to be eval-
uated individually. Therefore, we are developing a simulation-based
tool that can help identify the accessible doping ranges. Based on
simulations of the interaction between a terahertz pulse and an ar-
bitrary layer stack of doped semiconductor materials, a well-founded
estimate of the characterizability with reflection THz-TDS is retrieved.
These simulations allow for a better understanding of the suitability
of a THz-TDS characterization for specific semiconductor samples and
hence to establish THz-TDS further in the semiconductor industry.

HL 53: Organic Semiconductors: Carrier Dynamics

Time: Friday 9:30-11:15

Invited Talk HL 53.1 Fri 9:30 POT/0051
Organic semiconductors: Opening new perspectives in sus-
tainable electronics — eKArRL LEo — IAPP, TU Dresden

Organic semiconductors enable a variety of novel applications for flexi-
ble, lightweight, and environmentally friendly electronics. One unique
advantage of these carbon-based materials is their compatibility with
body tissue, thus opening perspetives for completely new medical ap-
plications on and even in the human body. Furthermore, the mate-
rials set available in this technology allows biodegradability and thus
sustainable electronics without the serious environmental issue of con-
ventional electronics. In the first part of my talk, I will show examples
how organic electronic devices can be used in postsurgical monitor-
ing, avoiding life-threatening complications. In the second part of the
talk, I will address lignocellulose leaf skeleton structures (Leaftronics)
as basis for a variety of novel applications, such as semitransparent
electrodes.

HL 53.2 Fri 10:00 POT/0051
Unveiling the role of disorder on carrier concentration tran-
sients in electrochemical transistors — eToBias Kress and
MarriiN KEMERINK — IMSEAM, Heidelberg University, Germany

Already the drain current transients in organic electrochemical tran-
sistors hint for not yet fully understood underlaying device physics,
as they show a generally slower turn on compared to turn off, with
the difference between these on- and off- switching times varying over
orders of magnitude between materials and driving voltages. Track-
ing the charge carrier concentration during switching then completes
this asymmetric picture: A sharp doping front entering the device
during turn on, followed by gradual bulk de-doping during turn off.
We measure these concentration transients optically, using the red-
shifted absorption in the doped state of the redox active polymers we
investigated. Comparison of this data with drift-diffusion simulations
revealed a strong dependence of this asymmetry on the broadness of
the density of states, which in our simulations both modulates the
carrier density dependence of hole mobilities and influences the maxi-
mum charge carrier concentration for a set gate voltage. Our simula-
tion framework also allowed us to study the surprisingly small effect
of ionic mobilities in the semiconductor on switching times, above a
device specific mobility threshold. The results can be used to guide
the rational design of improved devices.

HL 53.3 Fri 10:15 POT/0051

Simulation of Coulomb Glass Behavior in Organic Semi-

conductor Devices at high carrier densities — eMAGDALENA
DORFLER!, HEINZ BAssLer?, ANNa KoOuLErRD2, and HARALD
OBERHOFER® — 1Soft Matter Optoelectronics and Bayerisches Poly-

merinstitut (BPI), Experimental physics II, University of Bayreuth,
Universitétsstr. 30, 95448 Bayreuth, Germany — 2Bayreuth Institute
of Macromolecular Research (BIMF), University of Bayreuth, Univer-
sitatsstr. 30, 95448 Bayreuth, Germany — 3Chair for Theoretical
Physics VII and Bavarian Center for Battery Technologies, University
of Bayreuth, Universitdtsstr. 30, 95448 Bayreuth, Germany
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Recent advances in organic transistors (OFETs, EGOFETs, OECTs)
enable device operation at high charge carrier densities where Coulomb
interactions between carriers become significant.

Using Kinetic Monte Carlo simulations, we investigate carrier-carrier
Coulomb interactions in OFET-like structures. Comparing simulations
with and without these interactions reveals reduced carrier mobility
and increased activation energy when interactions are included, with
effects increasing for higher carrier densities.

Our results indicate a transition to correlated transport with a
Coulomb gap in a dynamic density of states. The system exhibits
Coulomb glass behavior, where the activation energy reflects struc-
tural reorganization of the carrier ensemble.

Notably, the Coulomb gap appears at ambient temperature and does
not require variable-range hopping, unlike to the situation in electron
liquids and inorganic semiconductors.

HL 53.4 Fri 10:30 POT/0051
Dual Ferroelectric and Semiconducting behaviour in
supramolecular organics — eTara VoLLus!, Sopuia KLUBERTZ!,
SHYAMKUMAR VADAKKET HARIDAs?, OLEKSANDR SHysHOZ2, Max
voN DEeLius?, and MartN KemMerINK! — 1IMSEAM, Heidelberg
University, Germany — 2Institute of Organic Chemistry, Ulm Univer-

sity, Germany

The combination of interacting conductive and ferroelectric proper-
ties, resulting in a multifunctional material, has the potential to sim-
plify the structure of memory devices. It has been demonstrated that
the organic ferroelectric material C6H6F50-C3-amide (M3) exhibits
both these properties, showing ferroelectricity and an unexpected DC
conductivity.[1][2] It has been shown that the latter is related to the
presence of interfacial dipoles that allow efficient charge injection from
(oxidation and/or reduction by) metal contacts and is enhanced by a
supramolecular arrangement formed at higher temperatures and under
an applied electric field. Here, we demonstrate the effects of alignment
and, especially, the presence of both n- and p-type doping-like pro-
cesses, suggesting that M3 is a wide-bandgap organic semiconductor
that reversibly can be reduced and oxidized. Kelvin probe force mi-
croscopy measurements revealed filament-like potential structures that
may act as pathways for bipolar charge transport, and suggest the for-
mation of dynamic pn-junctions.|[3]

[1] Mager et al., arXiv:2507.11309 [cond-mat.mtrl-sci] [2] Mager
et al., arXiv:2506.02673 [cond-mat.mtrl-sci] [3] Matyba et al.,
DOI:10.1038 /nmat2478

HL 53.5 Fri 10:45 POT/0051
Backbone Alignment and Morphology Formation in PBTTT
Thin Films: Insights from In-Situ GIWAXS — eRoiN M.
TEICHGREBER!, CHRIsSTOPHER R. McNEILL?, and Eva M. Herzic!
— 1Dynamics and Structure Formation - Herzig Group, University
of Bayreuth, Universitatsstrafe 30, 95447 Bayreuth, Germany —
2Material Science and Engineering, Monash University, 20 Research
Way, Clayton

The performance of organic electronic devices strongly depends on the
morphology of the organic semiconductor thin film [1]. Enhancing
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the understanding on fundamental structure-function relationships is
therefore crucial to improve the performance of such devices in the
future. Highly aligned films can furthermore be used to study fun-
damental charge separation processes. Controlling the alignment of
polymer backbones is a challenge in the first place, demanding further
research on the processes of structure formation resulting in aligned
films. Using PBTTT as a model system, the influence of different coat-
ing parameters on the kinetics of film formation during the deposition
thin films via blade-coating is investigated by employing time-resolved
in-situ GIWAXS measurements. Furthermore, the formation of high
degrees of alignment during the post-deposition annealing process was
studied with temperature-resolved GIWAXS. [1] Herrmann, N.J., von
Coelln, N., Teichgreber, R.M., Hofener, S., Huck, C., Ghalami, F. et
al. (2023) J. Mater. Chem. C, 11, 10185-10197.

HL 53.6 Fri 11:00 POT/0051
Multiscale Modelling of the Density of States in PE-
DOT:Tosylate Films — eMEgLissa Kim MEINEL and Icor Zo-
ZOULENKO — Laboratory of Organic Electronics, Link6ping University,
Norrképing, Sweden

A key descriptor of the electronic structure is the density of states

(DOS), which directly affects properties such as charge mobility, in-
trinsic capacitance, and optical absorption. Structural disorder and
the local electrostatic environment strongly influence the DOS but
are rarely captured in full detail in computational studies that of-
ten rely on small model systems or simplified methods. We present
a multiscale modelling approach for computing the DOS of realis-
tic PEDOT:Tosylate films. Molecular dynamics simulations generate
film structures that capture the complex packing and disorder of PE-
DOT chains and counterions. These configurations are analysed within
a quantum mechanical/molecular mechanical (QM/MM) framework,
where molecular mechanics accounts for large-scale heterogeneity while
quantum calculations resolve local electronic states under explicit elec-
trostatic embedding of the environment. Steric effects are treated at
the MM level, while the QM region can be limited to a single chain.
Accurate results require optimally tuned range-separated hybrid func-
tionals, geometry optimisation of the QM chain, and iterative adapta-
tion of charge distributions to capture realistic environmental effects.
This framework enables quantitatively realistic, morphology-sensitive
predictions of the electronic structure and has been applied to systems
at different oxidation levels.

HL 54: 2D Materials IX — Photonic properties and devices

Time: Friday 9:30-12:45

HL 54.1 Fri 9:30 POT/0081
Signature of interference between second and fourth order
nonlinearities in atomically thin crystals — ePAauL HERRMANN?,
Jonas MaRGRAF!, SEBASTIAN KLIMMER!, SEBASTIAN PIEHLERZ,
MAXIMILIAN GRAML?, MUHAMMAD SUFYAN RAMzAN3, CATERINA
CoccHr®, JAN WiLHELM?, and GIaNcARLO Soavil? — lInstitute of
Solid State Physics, Friedrich Schiller University Jena, Jena, Germany
— 2Institute of Theoretical Physics and Regensburg Center for Ultra-
fast Nanoscopy (RUN), University of Regensburg, Regensburg, Ger-
many — 3Institute of Condensed Matter Theory and Optics, Friedrich
Schiller University Jena, Jena, Germany — *Abbe Center of Photon-
ics, Friedrich Schiller University Jena, Jena, Germany

Transition metal dichalcogenides (TMDs) are a well studied class of
two-dimensional materials, whose opto-electronic properties are dom-
inated by excitons and exhibit strong light-matter interaction. The
relaxed phase matching in TMD monolayers facilitates the emission
of many orders of nonlinearities with approximately equal efficiency.
Thus, one can in principle observe interference effects between nonlin-
earities of different orders N (N=2,34,...). Here, we observe a previ-
ously unseen modulation of the generated second harmonic upon rota-
tion of the input fundamental polarization. By combining wavelength
and power dependent measurements with macroscopic, symmetry-
based calculations and microscopic density functional theory simula-
tions, we can assign this modulation to an interference between second
and fourth order terms of the nonlinear polarization.

HL 54.2 Fri 9:45 POT/0081
Measurement of optically induced broken time-reversal sym-

metry in atomically thin crystals — eFLORENTINE FRIEDRICH!,

PauL HERRMANN!, SHRIDHAR SHANBHAGZ?, SEBASTIAN KLIMMER!,
JaN WiLHELM?, and GiaNcAaRLo Soavil — lInstitute of Solid State
Physics, University of Jena, Germany — Z2Institute of Theoretical
Physics and Regensburg Center for Ultrafast Nanoscopy (RUN), Uni-

versity of Regensburg, Germany

Time-reversal symmetry (TRS) and space-inversion symmetry (SIS)
are fundamental properties underlying phenomena like magnetism and
non-trivial spin textures in crystals. Transition Metal Dichalcogenides
(TMDs) offer a tunable platform to study the interplay of these sym-
metries, which can be engineered by tuning the number of layers
and via all-optical bandgap modulation. We propose a powerful, all-
optical approach using third harmonic (TH) Faraday rotation to probe
broken TRS, regardless of the SIS [1]. By exciting mono- and bi-
layer TMDs with elliptically polarized light, we achieve spin-selective
bandgap modulation, consequently breaking TRS. This symmetry re-
duction modifies the nonlinear susceptibility tensor, causing a measur-
able rotation of the emitted TH polarization. Our experimental results
are supported by analytical theory for both mono- and bilayer TMDs
and provide a unique tool to investigate spin, valley, and layer coupling
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in atomically thin semiconductors, thereby contributing to the under-
standing of the relation between crystal symmetries and the nonlinear
optical response of a material.

[1] Friedrich et al., Nat. Photon., 10.1038/s41566-025-01801-2 (2025).

HL 54.3 Fri 10:00 POT/0081
Analytical Theory Of Third Harmonic Generation In Two-
Dimensional Materials — eSHRIDHAR SANJAY SHANBHAG!, FLo-
RENTINE FRIEDRICH?, PAUL HERRMANNZ, SEBASTIAN KLIMMER?, GI-
ANCARLO Soavi?, and JAN WILHELM! — lInstitute of Theoretical
Physics and Regensburg Center for Ultrafast Nanoscopy (RUN), Uni-
versity of Regensburg, 93053 Regensburg, Germany — 2Institute of
Solid State Physics, Friedrich Schiller University Jena, 07743 Jena,
Germany

Valleytronics explores the valley degree of freedom in materials like
transition metal dichalcogenides (TMDs), using electrons in £K val-
leys as binary states for information encoding. In valleytronics applica-
tions, efficient valley readout is crucial. We show that third harmonic
generation (THG) provides an ultrafast solution to valley readout for
both centrosymmetric and non-centrosymmetric materials [1].

We solved the semiconductor Bloch equations perturbatively to de-
rive an analytical expression for the polarization state of the emitted
third harmonic signal. Our analysis shows how material parameters
influence the polarization and attributes polarization rotation to spin
and valley dependent optical Stark and Bloch-Siegert shifts in TMDs.
Our theoretical predictions closely align with experiments, providing
the microscopic mechanism and thus helping advance valleytronic read-
out mechanisms.

[1] Friedrich, F., Herrmann, P., Shanbhag, S.S. et al. Nat. Photon.
(2025). https://doi.org/10.1038/s41566-025-01801-2

HL 54.4 Fri 10:15 POT/0081
Nonlinear optical characterization of oxidized thin layered
MoS2 — eHENRY HUBSCHMANN', GERHARD BErTH!, KLAUS JONS!,
KATHARINA BURGHOLZER?, and ALBERTA BonanNi? — 1Paderborn
University, Paderborn, Germany — 2Johannes Kepler University Linz,
Linz, Austria

In the field of two-dimensional structures the class of transition metal
dichalcogenides (TMDs) has sparked great interest in the last decades.
Semiconductor materials like molybdenum disulfide (MoS2) have found
many applications in photonic and optoelectronic devices [1,2]. An im-
portant characteristic is the tunability of the band structure and there-
fore consequently the possibility for modification of electronic and opti-
cal properties [3]. Within this work we conduct comprehensive second
order nonlinear optical analysis on thermally oxidized mechanically
exfoliated MoS2. In this context a layer number dependent investi-
gation of the nonlinear response up to seven-layer configurations of
AB-stacked 2H-MoS2 is performed. Here we found fingerprints of in-
duced structural modifications identified which manifest themselves in



Dresden 2026 — HL

Friday

the strength of the nonlinear response and a resulting symmetry break
of centrosymmetric media.

HL 54.5 Fri 10:30 POT/0081

quantum electrodynamics of excitons in bilayer graphene —
®ABRAHAM NAVA MIRELES — the institut of photonic sciences, castellde-
fels, spain.
Cavity quantum electrodynamics has been a cornerstone in under-
standing light-matter interactions. In the so-called strong-coupling
regime, these interactions cannot be described as a simple combina-
tion of their light and matter components. Instead, light and mat-
ter form new hybrid states. This project aims to push beyond into
the ultrastrong coupling (USC) regime, where the interaction strength
becomes comparable to the system’s transition frequencies. In this
regime, quantum vacuum fluctuations and elementary excitations be-
come significant. This enables not only the control of quantum effects
but also the modification of a material’s ground state, even in the ab-
sence of external light. To that end, we explore the coupling between
confined hyperbolic phonon polaritons (HPhPs) in hexagonal boron
nitride (hBN) and excitons in bilayer graphene (BLG). The hyper-
bolic nature enables deep subwavelength confinement, enhancing the
photonic density of states. In BLG, extended dipole transitions ex-
hibit a nonlocal optical response, in which propagating HPhPs allow
momentum-dependent transitions and access to a continuum of elec-
tronic final states. This leads to enhanced emission rates and to each
exciton effectively coupling to multiple polaritonic modes, ultimately
reaching a regime where the coupling strength compares to the tran-
sition frequency. This platform opens new possibilities for quantum
technologies and non-perturbative light-matter engineering.

HL 54.6 Fri 10:45 POT/0081
All-TMDC nanobeam cavities with embedded MoSe2 mono-
layers for enhanced light-matter interaction — e Aris KouLas-
Simos!, PieTrRo METUH?, ATHANASIOS PARALIKIS?, KARTIK GAUR!,
MaxmmiLiaN Kronz!, Imap Limame!, CHIRAG PALEKAR!, BATTULGA
MunkHuBaT?, and STEPHAN REITZENSTEIN! — lInstitut fiir Physik
und Astronomie, Technische Universitdt Berlin, Berlin, Germany —
2Department of Electrical and Photonics Engineering, Technical Uni-
versity of Denmark, Kongens Lyngby, Denmark

All-TMDC photonic structures enable enhanced light-matter interac-
tion by combining high index contrast with atomically thin excitonic
materials in a homogeneous platform [1]. Recent theoretical work [2]
shows that all-TMDC nanostructures can support very large Purcell
factors, highlighting their potential for nanoscale lasing. We realize
WS2 nanobeam cavities with a MoSea monolayer embedded inside the
dielectric cavity for improved field-exciton coupling compared to the
conventional evanescent coupling schemes. Simulations predict a cav-
ity mode at 766 nm with Q ~ 4-103, a mode volume of approximately
2.6 (A\/n)3, and a confinement factor I" ~ 0.8%. Cross-polarized re-
flectivity at room temperature reveals resonances between 725 and
760 nm with Q-factor values of 100-300, and low-temperature photo-
luminescence confirms coupling of the MoSe2 monolayer to the cavity
mode. These results establish a monolithic TMDC platform for future
all-TMDC nanolasers and quantum emitters.

[1] B. Munkhbat et al., Laser Photon. Rev. 17, 2200057 (2023) [2] F.
Binkowski, A. Koulas-Simos et al., arXiv:2508.05333 (2025), accepted

15 min. break or similar.

HL 54.7 Fri 11:15 POT/0081
Temperature-Dependent Moiré Polariton Formation in Bi-
layer MoSe2 Integrated in DBR based Microcavities —
oCHIRAG PALEKAR!, ARris KouLas-Simos?!, IMAD LiMAME!, STEPHAN
REITZENSTEIN', and BARBARA Rosal2 — !Institut fiir Physik und
Astronomie, Technische Universitat Berlin, Hardenbergstrasse 36,
10623 Berlin, Germany — 2University of Campinas, R. Sérgio Buarque
de Holanda, 777, 13085-636, Brazil

Twisted bilayer (tBL) MoSe2, which hosts moiré polaritons, when in-
tegrated into microcavities, provides a versatile platform for exploring
light-matter interactions in moiré-engineered quantum materials. In
the absence of the cavity, we observed the PL spectrum of the tBL
exhibits multiple resonances corresponding to distinct moiré excitons.
When embedded within a DBR cavity, such moiré excitons enter the
strong coupling regime with the confined cavity photon mode, leading
to the formation of moiré exciton-polaritons. Temperature-induced
resonance tuning enables systematic control over the exciton-photon
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detuning, allowing modulation of the coupling strength. Remarkably,
these moiré polaritons remain observable even at temperatures exceed-
ing 150 K, underscoring the robustness of the hybridized light-matter
states. Modeling the system using a coupled oscillator approach re-
veals a Rabi splitting as large as 11 meV. Our results demonstrate
that temperature serves as an efficient external control parameter for
engineering and tuning moiré exciton polaritons in twisted, atomically
thin semiconductors, opening pathways toward reconfigurable polari-
tonic devices based on van der Waals heterostructures.

HL 54.8 Fri 11:30 POT/0081
Cavity polaritons in a hybrid van-der-Waals superconductor-
semiconductor structure — eSEyma Esra Aravay, HaNgyoNG
SHAN, MARTIN EsMANN, and CHRISTIAN SCHNEIDER — Carl von Ossi-
etzky Universitdt Oldenburg, Germany

Monolayers of transition metal dichalcogenides (TMDs) offer new pos-
sibilities to study superconductivity. In this project, we investigate
hybrid heterostructures of NbSea/MoSez van der Waals layers, in the
framework of cavity experiments. NbSes and MoSes are TMDs; su-
perconductivity occurs in NbSez [1], and the monolayer MoSes is a
direct band gap semiconductor that hosts excitons with high oscillator
strength. By embedding the NbSea /MoSe2 heterostructure in an open
cavity [2], we achieve strong coupling between the MoSes excitons and
the cavity photons, forming exciton-polaritons, as evidenced by the
pronounced Rabi gap seen in subsequent longitudinal and transver-
sal cavity modes in where we tuned the open cavity length. This
implementation of a hybrid superconductor-semiconductor monolayer
polariton cavity forms the foundation of experiments to gain insight
into how exciton-polariton coupling can influence the superconductive
phase of NbSez and allow us to further investigate optically tunable
superconducting hybrid systems.

References [1]Xi, X., Wang, Z., Zhao, W. et al. Ising pairing in su-
perconducting NbSes atomic layers. Nature Phys 12, 139-143 (2016).,
Journal 100, 101101 (2009) [2]J.C., Drawer et al., Nano Letters 2023
23 (18), 8683-8689

HL 54.9 Fri 11:45 POT/0081
Room temperature hybrid exciton-polaritons in a Perovskite-
TMD heterostructrue — eMarTi STRUVE!, HaMID PASHAEI
ApL!, OLiwia JAaNIKwskAZ, SVEN STEPHAN®, JAMIE FITZGERALD?,
PauLINA Procnocka??®, CHRISTIAN ScHNEIDER!, and MARTIN
Esmann?® 1Carl von Ossietzky Universitat, Oldenburg, Germany
— 2Wroctaw University of Science and Technology, Wroctaw, Poland
— B3University of Applied Sciences Emden, Emden, Germany —
4Philipps-University Marburg, Marburg, Germany — 5Laboratoire

National des Champs Magnetiques Intenses, Toulouse, France

Chemically synthesized quasi-2D halide perovskites (HaP) exhibit
strong excitonic resonances with large oscillator strength, high bind-
ing energy and tunable emission, making them an interesting platform
for polariton physics at room temperature. Transition metal dichalco-
genide (TMD), while showing lower oscillator strength, offer access
to K-valley selective rules, opening the access to polarized excitonic
states. In this work, we demonstrate the formation of hybrid exciton-
polaritons in a quasi-2D HaP-TMD heterostructure embedded in a
planar open cavity at room temperature. Using the tunability of our
open cavity we first confirm strong coupling of our materials separately.
When combined the system exhibits three polaritonic branches, show-
ing a hybridization of the polariton modes that is reproduced using
a three-oscillator Hamiltonian, revealing a state where both excitonic
fractions become comparable. Our results lay the foundation to im-
print the accessibility of the K-valley selection rules to HaP-polaritons
devices leading to additional degrees of freedom.

HL 54.10 Fri 12:00 POT/0081
Tunable Room-Temperature Polaritons Achieving the Very
Strong Coupling Regime in Quasi-2D Layered Perovskites —
eHaMID Pasuarer Apr!, C. Bennenter!, M. STruve!, P. PrksaZ2,
M. Dvksik?, M. Baranowskr?, K. W. Sonc3, M. GITTINGER!,
C. Lienaul, J. K. Konie?, J. M. FrrzeeraLp?, N. P. Jasti®,
F. EiLenBerGER®, P. Procnocka?, E. Maric?, O. KyRIENKO?,
M. Esmann!, and C. Scunemer! — Carl von Ossietzky Univer-
sitdt Oldenburg, Germany. — 2Wroclaw University of Science and
Technology, Wroclaw, Poland. — 3Xiamen University Malaysia, Sep-
ang, Malaysia. — 4Philipps-Universitit, Marburg, Germany.
5JNCASR, Bangalore, India. — SMax Planck School of Photonics,
Jena, Germany. — " University of Sheffield, UK.

Layered halide perovskites are organic and inorganic 2D or quasi-2D
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layers, which self-assemble in solution realizations of quantum well
stacks with giant exciton oscillator strengths, tunable emission spec-
tra and very large exciton binding energies. In this contribution, we
discuss widely tunable room-temperature cavity exciton polaritons at
the cross-over from the strong coupling to the very strong coupling
regime, in mechanically exfoliated quasi-2D Ruddlesden-Popper iodide
perovskite integrated into an open microcavity. We gradually increased
the cavity length and observed a pronounced anti-crossing behavior as-
sociated with successive longitudinal cavity modes. The Rabi splitting
exhibited a systematic reduction with increasing cavity length; how-
ever, the scaling behavior deviated from the conventional square root
dependence typically observed in the strong coupling regime.

HL 54.11 Fri 12:15 POT/0081
Optical Gain in Lasers Based on Two-Dimensional TMD
Semiconductors — ToMmMmy Scuurz!, eDaNIEL ErRBEN!, ALEXAN-
DER STEINHOFF2, WENG CHow?3, and FrRANK JAHNKE! — lInstitute
for Theoretical Physics and Bremen Center for Computational Mate-
rials Science, University of Bremen, P.O. Box 330 440, 28334 Bremen,
Germany — 2Institute for Physics, Faculty V, Carl von Ossietzky Uni-
versity Oldenburg, 26129 Oldenburg, Germany — 3Sandia National
Laboratories, Albuquerque, New Mexico 87185, USA

We present a direct comparison of the optical gain in InGaAs quan-
tum wells (QWs) and transition-metal dichalcogenide (TMD) mono-
layers on SiO2 and encapsulated in hBN. A central objective of this
work is to theoretically quantify the gain and to identify its micro-
scopic origin. As a result, we find a substantially larger magnitude of
the gain in TMDs - especially in WSs - and comparable transparency
carrier densities in both systems. The enhanced interband Coulomb
interaction in TMDs provides this superior gain performance, although
the valley-rich conduction band makes sustaining population inversion
more challenging than in InGaAs/GaAs QWs. Encapsulating WSz in

hBN - a common approach to improve optical quality - proves advan-
tageous, as it reduces carrier drain into side valleys, which lowers the
transparency carrier density compared with WS3/SiO2. Lastly, we
investigate the Henry factor («), which governs key laser properties
such as linewidth behaviour. InGaAs QWs exhibit large o values near
transparency, hBN-encapsulated WSo shows weakly negative values -
an indication towards more favourable lasing performance.

HL 54.12 Fri 12:30 POT/0081
Room-temperature polariton condensate in a quasi-2D hy-
brid perovskite — M. Struve!, C. Bennener!, H. PASHAEI
ApL!, K.W. Sonc?, H. Suan!, N. MarukuNno!, J.-C. Drawgr!,
S. StepHaN!, F. EiLEnBerRcER®, N.P. Jasti4, D. Canen?, O.
KyRIIENKO®?, C. ScHNEIDER!, and eM. Esmann! — 1Carl von Ossiet-
zky Universitit Oldenburg — 2Xiamen University, Sepang, Malaysia
— 3Frauenhofer IOF, Jena — 4Weizmann Institute of Science, Re-
hovot, Israel — ®University of Sheffield, UK

Quasi-2D halide perovskites are chemically synthesized quantum well
stacks with large exciton oscillator strength and binding energy. Al-
though promising for polaritonics, bosonic condensation and polari-
ton lasing have so far remained elusive in quasi-2D perovskites at
ambient conditions. Here, we demonstrate room-temperature cavity
exciton-polariton condensation in mechanically exfoliated crystals of
(BA)2(MA)2Pbslip in an in-situ tunable optical microcavity [1]. We
observe a polariton condensation threshold of 0.41 pJem™2 per pulse
and detect a strong non-linear response. Interferometric measurements
confirm the spontaneous emergence of spatial coherence across the po-
lariton condensate. Our results lay the foundation for a new class
of room-temperature polariton lasers based on quasi-2D halide per-
ovskites with great potential for hetero-integration with other van-
der-Waals materials, photonic crystals and waveguides.

[1] M. Struve et al. arXiv:2408.13677 (Nat. Comms. accepted 2025)

HL 55: Quantum Dots and Wires: (Single) Photonics

Time: Friday 9:30-12:30

HL 55.1 Fri 9:30 POT/0251
Fabrication of a III/V SiO2/SiN hybrid cavity incorporat-
ing a single Stark tunable (In,Ga)As quantum dot for high
rate single photon generation — eImaAD LiMmaME, KARTIK GAUR,
SARTHAK TRIPATHI, SETTHANAT WDITPATIMA, ARIS KoULAs-SiMOs,
CHirRAG CHANDRAKANT PALEKAR, and STEPHAN REITZENSTEIN —
Institute for Physics and astronomy, Technical University of Berlin,
Berlin, Germany

The advancement of quantum photonic technologies, particularly se-
cure communication based on semiconductor quantum dots (QDs), re-
lies on the on-demand generation of high-quality quantum light. Emis-
sion of single photons with high brightness, purity, and indistinguisha-
bility is essential for scalable quantum networks. However, the photon
emission rate of QDs is fundamentally limited by their nanosecond-
scale radiative lifetime. To overcome this, QDs are integrated into
photonic nanostructures that enhance light-matter interaction via the
Purcell effect, accelerating emission dynamics. Yet, such approaches
often require complex bonding and alignment, hindering scalability.
We demonstrate a scalable hybrid cavity platform integrating a
Stark-tunable QD within a p-i-n diode into a resonator composed of
an epitaxially grown III-V bottom mirror and a PECVD-deposited di-
electric top DBR. Deterministic QD positioning using marker-based
EBL ensures precise spatial and spectral alignment, improving photon
extraction and reducing the radiative lifetime. This approach enables
scalable, high-brightness, coherent quantum light sources, providing a
solid foundation for next-generation integrated quantum photonics.

HL 55.2 Fri 9:45 POT/0251
Deterministic single-photon source with on-chip GHz acous-
tic clock — eALEXANDER KuzNETsov!, MEYsaM SAEEDI!, ZIXUAN
Wana?, KEVIN SiLvERMAN?, and KLAus BIERMANN! — 'Paul-Drude-
Institut fir Festkorperelektronik, Leibniz-Institut im Forschungsver-
bund Berlin e. V., Hausvogteiplatz 5-7, 10117 Berlin, Germany —
2National Institute of Standards and Technology, Boulder, Colorado
80305, USA

Solid state single-photon sources are a key component in quantum com-
munication. Their efficiency depends strongly on the single-photon
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(SP) emission rates. Typically, the latter can be enhanced via Pur-
cell effect by embedding quantum dots (QDs) in optical microcavi-
ties (MC), which requires the energy matching between MC optical
mode and QD energies. Here, we demonstrate triggering of QD SP
emission using dynamic Purcell effect induced by acoustic strain at
a frequency of several GHz. To this end, InAs QDs are integrated
in a hybrid photon-phonon AlGaAs microcavity, where the density of
optical states is tailored by the lateral confinement of photons in um-
sized traps defined lithographical patterning of the microcavity spacer.
We demonstrate modulation of QD energy up to 14 GHz using quasi-
monochromatic strain of a piezoelectrically excited bulk acoustic wave.
The modulation periodically shifts the QD transition in resonance with
a spectrally narrow confined optical mode, leading to an enhancement
of emission, i.e., the dynamic Purcell effect. In combination with high-
Q MCs this approach is promising for SP rates above 10 GHz under
continuous wave optical excitation. [arXiv:2510.22826]

HL 55.3 Fri 10:00 POT/0251
Beyond-Dipole Radiative Lifetimes of Excitons and Biexci-
tons in GaAs/AlGaAs Quantum Dots — ePETR KLENOVSKY —
Masaryk University, Brno, Czech Republic — Czech Metrology Insti-
tute, Brno, Czech Republic

Semiconductor quantum dots are promising sources of on-demand sin-
gle and entangled photons, but a quantitative microscopic description
of their radiative lifetimes remains challenging. We theoretically in-
vestigate Coulomb-correlated multi-particle states (X©, X, XX) in
weakly confining GaAs/AlGaAs quantum dots using an 8-band k-p
model combined with continuum elasticity and configuration inter-
action (CI). Polarization-resolved oscillator strengths and radiative
rates are computed both in the dipole approximation and in a quasi-
electrostatic beyond-dipole formulation based on a Poisson reformu-
lation of the dyadic Green tensor. For the dots studied, the beyond-
dipole treatment yields exciton and biexciton lifetimes in quantitative
agreement with experiment. We further analyze electric-field tuning
of the multi-particle spectrum and the resulting indistinguishability,
characterized by P = 7X /(7% + 7XX) and discuss the sensitivity to
Cl-basis size and to electron-electron and hole-hole exchange.
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HL 55.4 Fri 10:15 POT/0251
High-quality single photons from cavity-enhanced biexciton-
to-exciton transition — eNiLs Hriniscu!, FRANCESCO SALUSTI',
TimoN L. BAaLTisBERGER?, MARK R. Hocc?, MaLwiNa A.
MaRrczak2, RUDIGER ScHOTT?, SAscHA R. VALENTIN®, ANDREAS
D. Wieck®, ArRNE Lupwic3, Kraus D. Jons!, RicHARD J.
WARBURTON?, and STEFAN SCHUMACHER! — ! Department of Physics,
CeOPP, and PhoQS, Paderborn University, Germany — 2Department
of Physics, University of Basel, Switzerland — 3Lehrstuhl fiir Ange-

wandte Festkorperphysik, Ruhr-Universitdt Bochum, Germany

Generating high-quality photons using the biexciton-exciton cascade
benefits from the separability of the photons from the two-photon ex-
citation laser pulse. However, the intrinsic lifetime ratio between biex-
citon (XX) and exciton (X) states leads to a fundamental limit for
the achievable indistinguishability of the single photons [1]. Therefore,
the XX must decay much faster than the X. We achieve this with an
optical resonator that resonantly enhances the XX-X transition. By
optimizing the cavity parameters and avoiding phonon-mediated cav-
ity feeding, we show that high-quality cavity photons originating from
XX can be generated. Furthermore, we show that spectral filtering re-
stores single-photon quality in regimes of XX binding energies, where
X emission into the cavity is not initially excluded. Our theoretical
investigations are joined by key results from the experimental demon-
stration, which make this approach a major advance in the realization
of practical quantum light sources. [1] E. Scholl et al., PRL 125, 233605
(2020). D. Bauch et al., Adv. Quantum Technol. 7, 2300142 (2024).

HL 55.5 Fri 10:30 POT/0251
Photon-mediated electron capture into a single quan-
tum emitter — eDaNIEL OppERs', HENDRIK MANNEL!, Luca
Henricus!, Fabio RiMmexk!, ArNE Lupwic?, AxeL Lorke!, and
MagrTIN GELLER! — Faculty of Physics and CENIDE, University of
Duisburg-Essen, Duisburg, Germany — 2Chair of Applied Solid State

Physics, Ruhr-University Bochum, Germany

Single-photon emitters are one of the key components of quantum in-
formation technology. Especially single self-assembled quantum dots
in a p-i-n diode structure for charge control are still a promising candi-
date. We use an InAs/GaAs quantum dot in a bias regime, where the
dot is uncharged and drive the exciton transition optically resonant
with a cw diode laser. A second off-resonant cw laser with a lower
energy than any optical transition is used to induce an internal pho-
toeffect [1], exiting electrons from the electron reservoir in the diode,
that are captured into the quantum dot. Consequently, we observe a
quenching of the exciton transition, which can no longer be driven res-
onantly. This electron capture by photo-excitation of electrons from
the reservoir (see also [2]) is measured here in real-time, observing ev-
ery quantum jump from an uncharged to a charged quantum dot in a
random telegraph signal. Evaluating the telegraph signal using waiting
time distributions we observe a linear increase in the electron capture
rate scaling up with increasing excitation power of the off-resonant
laser. Our findings reveal that photo-induced quenching is a possible
source of exciton dephasing. [1] P. Lochner et. al., Phys. Rev. B 103,
075426 (2021) [2] A. Kurzmann Appl. Phys. Lett. 108, 263108 (2016)

HL 55.6 Fri 10:45 POT/0251

Influence of the internal photoelectric effect on the in-
distinguishability of single quantum dot photons — eLuca
Henricus!, FaBio RiMek!, HENDRIK MANNEL!, DANIEL OPPERs!,
ArNE Lupwicg?, MartiN GErLLER!, and AXEL Lorxke!

LUniversitat Duisburg-Essen, Lotharstr. 1, 47048 Duisburg — 2Chair

of Applied Solid State Physics, Ruhr-University Bochum, Germany

A single self-assembled quantum dot (QD) is one of the promising
candidates as a bright (high photon rate) and stable (Fourier-limited)
linewidth single photon source [1]. For applications in photonic devices
or in quantum communication networks the dephasing process is an
important property, where besides spin- and charge noise, the Auger-
Meitner [2] and the photoeffect [3] could play an important role.
Here, we investigate the impact of the internal photoelectric effect on
the indistinguishability of single QD photons. We used pulsed Hong-
Ou-Mandel measurements at different excitation intensities of the ex-
citon transition to determine the photon indistinguishability in various
driving regimes, ranging from coherent scattering (the Heitler regime)
to the incoherent regime above the saturation intensity. Above sat-
uration, we observe the influence of the photoeffect, which reduces
the indistinguishability. Our findings represent an important step to-
ward understanding the decoherence of single photons in this impor-
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tant quantum system.
[1] N. Tomm et al., Nat. N. 16, 399*403 (2021). [2] H. Mannel et
al., AIP, 15, 134 (2023). [3] P. Lochner et al, PR, 7, 103, (2021).

15 min. break

HL 55.7 Fri 11:15 POT/0251
An ultra-compact deterministic source of maximally entan-
gled photon pairs — MoriTz LanGer!, PaveL Ruchka?, An-
MAD RaHIMI', SARA JaKOVLIEVIC?, YARED G. ZENal, Sar As-
HISHIKTH DHURJATI!, ALEXEY DANILOV!, MANDIRA PaL!, RiccAaRDO
Bassori®, Frank H. P. Firzex®, OLiveR G. ScuMiDT?, HARALD
GiessEn?, and eCaspar HoprMannD:2 — llnstitute for Emerging
Electronic Technologies, IFW Dresden, Helmholtzstrafte 20, 01069
Dresden, Germany — 24th Physics Institute and Research Cen-
ter SCoPE, University of Stuttgart, 70569 Stuttgart, Germany —
3Deutsche Telekom Chair of Communication Networks, Technische
Universitéit Dresden, Dresden, Germany — 4Research Center for Ma-
terials, Architectures and Integration of Nanomembranes (MAIN),
Chemnitz University of Technology, Chemnitz, Germany

We demonstrate an ultra-compact source of on-demand, maximally
entangled photon pairs using single GaAs quantum dots in monolithic
microlenses, efficiently fiber-coupled in a cryogenic environment. A
3D-printed micro-objective facilitates near-diffraction-limited perfor-
mance at 3.8 K. The system achieves high single-photon emission rates
(392(20) kHz) and purities (0.992(5)) via two-photon resonant exci-
tation. Leveraging the exciton-biexciton cascade, it produces near-
maximally entangled photon pairs (peak entanglement negativities of
2n=0.96(2)). This quantum light source combines state-of-the-art per-
formance and stability with a dramatically reduced footprint, well-
suited for seamless industrial integration.

HL 55.8 Fri 11:30 POT/0251

Spectral shadows of a single GaAs quantum dot — eJENs
HusNeEr!, Kar Houn!, LEna Krar!, Fer Dina!, ArRNE Lubpwic2,
ANDREAS D. Wieck?, and MicHAEL OESTREICH! — lInstitut fiir

Festkorperphysik, Leibniz Universitat Hannover, Appelstrafie 2, 30167
Hannover, Germany — 2Lehrstuhl fiir Angewandte Festkorperphysik,
Ruhr-Universitdt Bochum, 44780 Bochum, Germany

Semiconductor quantum dots are today’s leading candidates for gen-
erating single and entangled photons. However, even the most ad-
vanced devices face performance limitations due to charge state fluc-
tuations within the quantum dot and its surrounding environment.
We have carried out detailed time-resolved resonance fluorescence mea-
surements on an individual charge-tunable GaAs quantum dot, provid-
ing new insight into the spectral signatures generated by the complex
landscape of unintentional impurities. For the neutral exciton and the
negatively charged trion transitions, we uncover multiple Stark-shifted
resonances, linked to rare spectral jumps smaller than the homoge-
neous linewidth. In other experiments, these jumps are typically ob-
scured by measurement noise. In contrast, the positively charged and
doubly negatively charged trions exhibit distinctly different behaviors.
We quantify the underlying impurity charge dynamics over timescales
ranging from sub-milliseconds to several seconds, and demonstrate that
the hole population of the positively charged trion is limited in our
state-of-the-art pin-structure by fast hole loss combined with slow hole
recapture.

[Hiihn et al., arXiv:507.20290 (2025)]

HL 55.9 Fri 11:45 POT/0251
Adhesive bonding of In(Ga)As - QD membrane on Silicon
for evanescent light coupling — eJ. UnFrIED!, R. Vijayan?, U.
PrisTer!, D. WENDLAND?, S. OBERLE', M. WEIss!, M. JETTER!,
S. Porrarupi!, and P. MicHLER! — 1THFG, University of Stuttgart,
Allmandring 3, 70569 Stuttgart, Germany — 2AG Pernice, Universitit
Miinster, Heisenbergstrafie 11, 48149 Miinster, Germany

Hybrid integration of III-V materials with silicon photonics in-
volves combining efficient ITI-V light emitters with low-loss, CMOS-
compatible Si platforms. This allows high-performance PICs to be
realised. Adhesive bonding is a scalable and flexible method for achiev-
ing this integration. It provides and enables lithography-defined align-
ment. However, this approach also presents significant challenges. Ef-
ficient coupling between the III-V active membrane and Si waveguides
(WG) requires an extremely thin, optically transparent bonding layer
to enable strong evanescent coupling. Such thin layers restrict the
thermal budget available for post-bonding processes, and may result
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in delamination during subsequent fabrication steps. Reliable integra-
tion therefore necessitates an optimised bonding process and carefully
controlled fabrication conditions. This work focuses on integrating an
InGaAs membrane with C-band InAs QDs onto a Si photonic platform
using an optimised adhesive bonding scheme. A simulation-guided de-
sign approach is employed to identify suitable waveguide and taper
geometries, and a reproducible bonding process is used to fabricate
uniform, thin bonding layers and tapered InGaAs waveguides that ef-
ficiently couple QD emission into Si waveguides.

HL 55.10 Fri 12:00 POT/0251
Revisiting Quantum Well Thickness Fluctuation Quantum
Dots as a Source of Single Photons — eTom Fanpricu!, FRED-
ERIK BENTHIN!, YITENG ZHANG!, BENJAMIN BOHN!, MAXIMILIAN
HeLLer!, Jonan Hinbic!, Tom Rakow!, ARrujiT CHAKRABORTY!,
Doaa ABDELBAREY!, Eppy P. RUuGERAMIGABOL, MICHAEL Zoprh2,
and Frr Dingb2 — lInstitut fiir Festkorperphysik, Leibniz Univer-
sitat Hannover, Appelstrafte 2, 30167 Hannover — 2Laboratorium fiir
Nano- und Quantenengineering, Leibniz Universitdt Hannover, Schnei-
derberg 39, 30167 Hannover

Semiconductor-based quantum dots (QDs) are promising candidates
for quantum network applications due to their ability to generate sin-
gle, entangled, and indistinguishable photons on demand. Modern
epitaxial III-V quantum emitters based on local droplet etching with
nanohole infilling or Stranski-Krastanov growth exhibit excellent prop-
erties from the near-infrared to the telecom bands. An alternative from
the early days of QD research involved QDs formed by thickness fluc-
tuations in quantum well (QW) heterostructures. These QW thickness
fluctuation (QWTF) QDs can naturally display strong light-matter in-
teraction due to giant oscillator strengths, yet have not been the focus
of recent research as quantum emitters for single-photon applications.
In this work, we investigate the optical properties of naturally formed

QWTF QDs in GaAs QWs emitting near 780 nm. Our results demon-
strate that their distinctive properties justify revisiting QWTF QDs
with today’s standard for single-photon sources competiting against
state-of-the-art epitaxial approaches.

HL 55.11 Fri 12:15 POT/0251
Single-Photon Emission with High Spectral Purity from
Site-Controlled InGaN Quantum Dots — eNima Hasizapeab?2,
NiLs BERNHARDT?, RICHARD ZIMMERMANNZ, FELIX N1PPERTZ, LUCA
Sunc-MIN Cror?, BENJAMIN DAMILANO? | JEAN-MICHEL CHAUVEAU?,
and MaRrkus WaGNER!:? 1Paul-Drude-Institut fiir Festkor-
perelektronik, Leibniz-Institut im Forschungsverbund Berlin e.V. —
2Technische Universitdt Berlin, Institute of Solid State Physics —
3Université Cote d’Azur, CNRS, CRHEA — 4Université Paris Saclay,
Université Versailles Saint Quentin, CNRS, GEMaC

The development of high-quality Single-Photon Emitters (SPEs) based
on Indium Gallium Nitride (InGaN) Quantum Dots (QDs) is essen-
tial for advancing quantum technologies. We present a comprehensive
investigation of SPEs based on novel top-down fabricated, site- and
size-controlled InGaN QDs. In this work, the optical and quantum
optical properties of these isolated QDs are comprehensively investi-
gated using high-resolution, time-correlated micro-photoluminescence
(u-PL) spectroscopy, including temperature-, power- and polarization-
dependent measurements, as well as hyperspectral PL. mapping of their
excitonic emission. The purity of the single-photon emission is evalu-
ated by measuring the second-order intensity autocorrelation function
9@ (1) in a Hanbury-Brown and Twiss (HBT) setup. We show that
the emitter exhibits an exceptionally sharp emission bandwidth below
0.02 nm and pronounced antibunching with g<2)(0) < 0.36. These re-
sults confirm the potential of our site-controlled growth methodology
to deliver high-purity SPEs with narrow spectral lines.

HL 56: Quantum Emitters in 3D Semiconductors

Time: Friday 11:15-12:30

HL 56.1 Fri 11:15 POT/0006
Electrically driven single-photon sources for scalable quan-
tum photonics operating at the telecommunication wave-
lengths — eALEssANDRO Puppul:2, JuNcHUN YANGZ, SHENGQIANG
Zuoul, Artur ErBED2, AumaD EcHrEsH!, KaMmBiz JamsHIpI?, and
YonpER BERENCEN! — 1Helmholtz-Zentrum Dresden-Rossendorf,
Bautzner Landstrasse 400, Dresden, 01328, Germany — 2Technische
Universitdt Dresden, Dresden, 01069, Germany

Silicon-based quantum technologies provide a scalable platform for
photonics due to their CMOS compatibility and ease of integration.
Single-photon sources operating at telecom wavelengths are key com-
ponents for low-loss quantum communication networks and the emerg-
ing quantum internet. Integrating these emitters with reconfigurable
photonic elements such as multiplexers, modulators, filters, etc. and
on-chip single-photon detectors is essential for realizing scalable quan-
tum hardware. Optical excitation methods, however, rely on com-
plex and alignment-sensitive laser systems, limiting their integration
potential. Electrically driven color centers offer a compact and fully
integrable alternative. This paper is focused on achieving electrically
driven single-photon emission from individual color centers embedded
in a silicon PIN diode. Emission in the telecom O- and L-bands is par-
ticularly advantageous, as it aligns with low-loss and low-dispersion
regions in standard optical fibers. To improve emission efficiency and
on-demand single photon generation, a single-color center will be cou-
pled to a CMOS-compatible optical cavity, enabling Purcell-enhanced
emission and efficient integration into silicon photonic circuits.

HL 56.2 Fri 11:30 POT/0006
Liquid Metal Alloy Ion Sources for Quantum Emitters —
eNico KrLiNGNER!, Lukas Pracer!, GREcorR HLawACEK!, STEFAN
FinDEISEN', WoLrcaNGg PiLz?, and PauL Mazarov? — lInstitute of
Ion Beam Physics and Materials Research, Helmholtz-Zentrum Dres-
den - Rossendorf (HZDR), Bautzner Landstr. 400, 01328 Dresden,
Germany — 2Raith GmbH, Konrad-Adenauer-Allee 8, 44263 Dort-
mund, Germany

Liquid metal alloy ion sources (LMAIS) have evolved into powerful
emitters for generating focused ion beams (FIBs) of a wide range of
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elemental species. In recent years, they have become a key enabling
tools for quantum technologies, supporting applications such as de-
terministic single-ion implantation, the controlled creation of defect
centers acting as single-photon sources, or for local isotopic purifica-
tion of silicon for quantum-grade materials.

In this contribution, we present an overview of the LMAIS fabrica-
tion process, inluding eutectic alloy phase diagrams in selecting suit-
able compositions, the microfabrication and sharpening of emitter nee-
dles, and the challenges of alloy wetting and reservoir filling. As the
alloy chemistry and emitter surface are highly susceptible to contami-
nation, all steps are recently carried out under ultra-high-vacuum con-
ditions to prevent oxidation and ensure reproducible operating char-
acteristics.

Finaly we will show a summary and an outlook on single photon
emitter production that benefit from the unique versatility of LM AIS-
based ion beams.

HL 56.3 Fri 11:45 POT /0006
Defect-based quantum emitters in aluminum nitride —
e ANNKATHRIN KOHLER, JAN BOHMER, and CARSTEN RONNING —
Friedrich Schiller Universitat, Jena, Deutschland

Aluminum nitride (AIN) has recently gained attention as a promising
platform for integrated quantum photonic applications, where single-
photon emitters (SPEs) play a key role in quantum communication and
on-chip information processing. Its wide bandgap, CMOS compatibil-
ity, and established role in optoelectronic technologies make AIN an
attractive host for stable, room-temperature SPEs. However, the mi-
croscopic origin and controllability of its defect-based emission remain
insufficiently understood, challenging the implementation in scalable
quantum photonic devices. Here, we investigated the defect-related
luminescence in commercially available PVD-grown AIN thin films us-
ing micro-photoluminescence spectroscopy and second-order correla-
tion measurements. By characterizing both intrinsic defects and ex-
trinsic impurities introduced through controlled ion irradiation, we aim
to identify routes toward reproducible and deterministic creation of op-
tically active defect centers. Ion irradiation provides a tunable method
for introducing specific defect types and spatially localized emitters,
potentially enabling on-demand SPE fabrication. This study supports
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the development of AIN as a viable wide-bandgap host for quantum
light sources and outlines directions for integrating AIN-based SPEs
into future photonic architectures.

HL 56.4 Fri 12:00 POT/0006
Atomic force lithography positioned circular Bragg cavities
for high performance quantum dot based quantum light
sources. — ®ABHISHIKTH DHURJATI!, MoRriTz LANGER!, YARED
ZenAl, Anmap Ranmvi!, Liesa Rarru!, MarTiN BAuer!, RiccArRDO
BassoL1?, FrRank Firzek3, and Caspar HoprMann? — lInstitute for
Emerging Electronic Technologies, IFW Dresden, Helmholtzstrafie 20,
01069 Dresden, Germany — 2Quantum Communication Networks re-
search group, Deutsche Telekom Chair of Communication Networks,
Dresden University of Technology, Germany — 3Deutsche Telekom
Chair of Communication Networks, Dresden University of Technology,
Germany

Semiconductor quantum dots (QDs) are excellent quantum emitters,
but their random spatial distribution hinders deterministic cavity in-
tegration. We present a room-temperature atomic force microscopy
(AFM) assisted nano-oxidation technique enabling deterministic QD
positioning with a radial displacement of 51(28) nm. Free-standing cir-
cular Bragg gratings fabricated around positioned GaAs QDs exhibit
a 245-fold photoluminescence enhancement and fine-structure split-
ting comparable to bulk QDs. Polarization-resolved measurements
and simulations show robust cavity-coupled emission for in-plane dis-
placements up to 50 nm and devices with Stokes imbalance below
5 percent, confirming precise alignment and a scalable route toward
high-performance quantum light sources.

HL 57: Nitrides IV —

Time: Friday 11:30-12:45

HL 57.1 Fri 11:30 POT/0051
Optical Properties of Sn-doped n-type GalN — eHANNAH
BenpIN!, ELias Kruta!, Kazukr OunisHI?, KaANSUKE HAMASAKIZ,
Suuco Nrrra2?, Naokr FuiiMmoro?, HiIRoTakA WATANABE?, YOSHIO
Honpa2, Hirosui AmanNo?, RUDIGER GOLDHAHN', and MARTIN
FENEBERG! — 1Otto-von-Guericke-Universitat Magdeburg, Germany
— 2Nagoya University, Japan
GaN is at the heart of many contemporary electronic and optoelec-
tronic applications. To increase the efficiency of high-power devices,
the preparation of degenerately doped n-type GaN of high quality is re-
quired. Generally, Si and Ge are introduced as dopants, each giving rise
to their own challenges. For example, high Si-doping is counteracted
by carrier compensation and an increase in tensile stress. Recently,
Sn has also gained interest as a dopant in GaN. Initial theoretical
and experimental studies show promising results, introducing Sn as a
candidate for strain control in n-type GaN via co-doping with Si or
Ge, as the radius mismatch between Ga and Sn causes compressive
strain, unlike Si or Ge. Here, we investigate Sn-doped samples with
different carrier concentrations grown by halide vapor phase epitaxy
by employing a variety of optical techniques. To determine the influ-
ence of the carrier concentration in GaN:Sn on the optical properties,
we apply spectroscopic ellipsometry, Raman spectroscopy, and photo-
luminescence. Two sets of samples have been investigated: (I) GaN:Sn
on a GaN/sapphire template and (II) GaN:Sn on a freestanding GaN
substrate.

HL 57.2 Fri 11:45 POT/0051
Optical properties of ScAIN: investigation by spectroscopic
ellipsometry — oCurisTiINA HarMms!, Jona GrowmseL!, Duc V.
Dine2, ZruoHUI CHEN®, OLIVER BRANDT2, MARTIN FENEBERG!,
and RUpIGER GoLDHAHN! — Otto-von-Guericke-Universitit, Insti-
tut fiir Physik, Magdeburg, Germany — 2Paul-Drude-Institut fiir Fes-
tkorperelektronik, Leibniz-Institut im Forschungsverbund Berlin e.V.,
Berlin, Germany — 3Huawei Technologies Canada Co., Ltd., Kanata,
Canada

SceyAl1_zN alloys are of increasing interest due to their unique fer-
roelectric and optoelectronic properties. In this work, we investigate
the dielectric function of this material using spectroscopic ellipsom-
etry. A series of ScyAlj_;N samples with 0 < z < 0.35, grown on
AIN/Si by plasma-assisted molecular beam epitaxy, were measured in
the infrared (IR) and ultraviolet (UV) spectral range. In the IR range,
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HL 56.5 Fri 12:15 POT/0006
Bright quantum dot light sources using monolithic mi-
crolenses on gold back-reflectors — eMoriTz LaNGER!2:3 Sar
A DuurJari!, YARED ZENA', Aumap Rammvi!, ManNDIRA PaLl,
Liesa Rarru!, Sanpra NesTLER!, Riccarpo Bassori?3, FRANK
H P Frrzex3, OuiveR G Scumipt?, and Caspar Hoprmann!2:3
— Unstitute for Emerging Electronic Technologies - IFW Dresden,
Dresden, Germany — 2Quantum Communication Networks Research
Group, Dresden University of Technology, Germany — 3Deutsche
Telekom Chair of Communication Networks, Dresden University of
Technology, Germany — *Research Center for Materials, Architectures
and Integration of Nanomembranes (MAIN), Chemnitz University of
Technology, Germany

We present a scalable approach for fabricating bright GaAs quantum-
dot photon sources by integrating QDs into broadband monolithic Al-
GaAs microlens arrays on gold-coated GaAs substrates. Thermally
reflowed photoresist templates are transferred into AlGaAs thin films
using an optimized 3D reactive-ion etching process, enabling large-area
arrays with highly uniform lens geometries. Photoluminescence statis-
tics reveal brightness enhancements of up to *200, occurring in roughly
1 out of 200 lenses, in good agreement with our developed fabrication-
yield model. Finite-difference time-domain simulations predict extrac-
tion efficiencies of up to 62% for free-space collection and 37% for fiber-
coupling. These results highlight the strong potential of this platform
for compact, scalable entangled-photon sources in future quantum net-
works.

Optical properties
Location: POT/0051

the E1(TO) phonon mode is characterized in terms of its resonance
frequency w and broadening «, which are analyzed as a function of
Sc content. Additionally, the dielectric limit eoo is derived. With in-
creasing Sc content, w decreases, while both v and e increase. In
the UV range, we determine the optical bandgap Eg as well as the
corresponding €0, and describe the observed trends across the com-
position range. Here, Fg decreases systematically with increasing Sc
content and e, increases accordingly. The results are compared with
recent results from literature, showing consistent trends in the optical
properties throughout the investigated composition range.

HL 57.3 Fri 12:00 POT/0051
Near-lattice-matched AlScN/GaN heterostructures studied
by spectroscopic ellipsometry and photoluminescence —
e ArwiN WoTHRICH!, RAJENDRA KUMARZ?, OANA MaLis?, RUDIGER
GorLpHAEN!, and MARTIN FENEBERG! — !Institut fiir Physik, Otto-
von-Guericke-Universitit Magdeburg, Germany — 2?Department of
Physics and Astronomy, Purdue University, USA

Understanding the fundamental properties of the novel ferroelectric
material AlScN, such as ferroelectricity, tunable lattice constants, a
wide and tunable band gap, and high piezoelectric coefficients, is cru-
cial for its correct implementation in modern applications. Exam-
ples include processing units based on non-volatile memory and the
design of infrared devices that utilize transitions between strongly
confined electronic states, i.e., intersubband transitions. Here, near-
lattice-matched AlScN layers (with 4-25% Sc) were grown by molec-
ular beam epitaxy (MBE) on MBE-grown GaN layers. The sam-
ples were investigated by spectroscopic ellipsometry from the near-
infrared to the far-ultraviolet range, probing infrared-active phonons
and interband transitions. Additionally, the samples were studied
by temperature-dependent photoluminescence, revealing luminescence
from a two-dimensional electron gas.

HL 57.4 Fri 12:15 POT/0051
Near-Infrared Photocurrent Spectroscopy of InN Two-
Terminal Devices — eALEXANDRA V. NEMMAIER)'2, MAXIMILIAN
A. GruBer!'?, ApuiLasu UrLue!?, GrRecor KoBLMULLERD?, and
ALEXANDER W. HoLLEITNERD2 — Walter Schottky Institute, TU
Munich, Germany — 2Exzellenzcluster e-conversion, Munich, Ger-
many

The semiconductor InN, with its narrow bandgap, high electron mo-
bility, and specific carrier cooling mechanisms, is a promising platform



Dresden 2026 — HL

Friday

for optoelectronics and hot carrier solar cells. We investigate epitaxial
InN layers grown on GaN by near-infrared photocurrent spectroscopy.
We measure the spatially resolved photocurrent to characterize the
photoresponse in gated two-terminal devices. This approach offers a
new perspective on hot carrier generation, charge carrier transport,
and relaxation mechanisms close to the bandgap of the material.

HL 57.5 Fri 12:30 POT/0051

Structural and vibrational properties of strain-free
Al;_;Sc,N nanowires — ADRIANO NOTARANGELO', ILEANA
FLorea?, PuiLIPPE VENNEGUEs?, AmaN Cawmpern!, Hans
TornaTzKY!, JoNas LAHNEMANN!, Tnomas AuzeLLe!, Lutz

GEELHAAR', OLIVER BRANDT!, and ePuiLIPP JoHN! — ! Paul-Drude-
Institut fiir Festkorperelektronik, Leibniz-Institut im Forschungsver-
bund Berlin e.V. 10117 Berlin, Germany — 2Université Cote d’Azur,
CRHEA, CNRS, 06905 Sophia-Antipolis Cedex, France

The incorporation of Sc into the wurtzite crystal lattice of AIN
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enhances its piezoelectricity and induces ferroelectricity, making
Al1_£SczN an attractive material for novel types of group-III nitride
based devices. Yet, the lattice distortions giving rise to these func-
tionalities are superimposed to distortions arising from residual strain
introduced during the heteroepitaxy on lattice-mismatched substrates.

In this work, self-assembled wurtzite Alj_;Sc;N nanowires are
grown by molecular beam epitaxy, varying the Sc content z from 0
to 0.38. The nanowire geometry allows elastic relaxation to occur, re-
sulting in strain-free, bulk-like Al;_;ScyN. A non-linear evolution of
lattice parameters and a continuous red-shift of the E;"gh and A (TO)
phonon modes as a function of Sc content are found, confirming its
incorporation into the wurtzite lattice and revealing modifications of
anion-cation bond strength and coordination environment.

Our results highlight the advantages of bulk-like Alj_,ScyN for
probing its fundamental properties, laying the ground work for fur-
ther device applications.



