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THU 1.1-1.7 Thu 14:15-16:00 ZHGO001 Fault-Tolerant Quantum Computing: Contributed
Session (Quantum Error Correction)

THU 2.1-2.8 Thu 14:15-16:15 ZHGO002 Quantum Information: Concepts and Methods I

THU 3.1-3.4 Thu 14:15-16:15 ZHG003 Arbeitskreis Chancengleichheit (AKC)

THU 4.1-4.4 Thu 14:15-15:15 ZHGO004 Precise Quantum Molecules: Contributed Session to
Symposium

THU 5.1-5.8 Thu 14:15-16:15 ZHGO006 QIP Implementations: Interfaces

THU 6.1-6.6 Thu 14:15-15:45 ZHGO007 Quantum Computing and Communication: Con-
tributed Session II (Concepts)

THU 7.1-7.7 Thu 14:15-16:00 ZHGO008 Entanglement and Complexity: Contributed Session
to Symposium II

THU 8.1-8.7 Thu 14:15-16:00 ZHGO009 Frustrated Quantum Systems: Contributed Session
to Symposium

THU 9.1-9.6 Thu 14:15-15:45 ZHGI101 Correlated Quantum Matter: Contributed Session
to Symposium II

THU 10.1-10.8  Thu 14:15-16:15 ZHG103 Foundational / Mathematical Aspects — Methods
and Approximations

THU 11.1-11.6 ~ Thu 14:15-15:45 ZHG104 Quantum Technology and Industry

THU 12.1-12.8  Thu 14:15-16:15 ZHGI105 Quantum Thermalization: Contributed Session to
Symposium

THU 13.1-13.93 Thu 16:30-18:30 ZHG Foyer 1. OG  Poster Session: Applications
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THU 1: Fault-Tolerant Quantum Computing: Contributed Session (Quantum Error Correction)

Time: Thursday 14:15-16:00

THU 1.1 Thu 14:15 ZHGO001
Myths around quantum computation before full fault toler-
ance: What no-go theorems rule out and what they don’t —

©ZOLTAN ZIMBORAS — University of Helsinki, Finland — Algorithmiq
Ltd, Helsinki, Finland

In this talk, following the reasoning of our Perspective article
(arXiv:2501.05694), we critically evaluate prevailing viewpoints on the
capabilities of near-term quantum computing and the transition to-
ward fully fault-tolerant quantum computing. We examine theoretical
no-go results on the practicality of quantum error mitigation tech-
niques and scalability of variational quantum algorithms. By empha-
sizing the nuances of error scaling, circuit depth, and algorithmic feasi-
bility, we assess the realistic prospects of near-term quantum devices.
Our discussion explores strategies for addressing current challenges,
such as barren plateaus in variational circuits and the integration of
quantum error mitigation and quantum error correction techniques.
We conclude with a cautiously optimistic outlook on the possibility
for a meaningful quantum advantage in the era of late noisy interme-
diate scale and early fault-tolerant quantum devices.

THU 1.2 Thu 14:30 ZHGO001
Universal fault-tolerant logic with holographic codes —
e ALEXANDER JAHN!, MaTTHEW STEINBERGZ3, JUNYU Fan?, JENS
Eiserr!, SEBasTiaN FELD?, and CuunJuN Cao* — !Department of
Physics, Freie Universitit Berlin, Germany — 2QuTech, Delft Uni-
versity of Technology, The Netherlands — 2Global Technology Ap-
plied Research, JPMorganChase, New York, USA — 4Department of
Physics, Virginia Tech, Blacksburg, USA

A core challenge for practical quantum computing lies in the construc-
tion of quantum codes with logical gates that are both universal and
fault-tolerant. In our work, we introduce a new approach for achieving
both features by constructing a class of quantum error-correcting codes
- heterogeneous holographic codes - that are derived from models of
holographic bulk-boundary dualities, which were previously thought
to be unsuitable for applied quantum computing. Overturning earlier
work, we show that a universal set of non-Clifford gates can be applied
fault-tolerantly on the physical boundary of these codes, while also
demonstrating that they allow for high erasure thresholds, another de-
sired feature of quantum codes. Compared to previous concatenated
code constructions that our work generalizes, we achieve large over-
head savings in physical qubits, e.g. a 21.8% reduction for a two-layer
Steane/quantum Reed-Muller combination. Unlike standard concate-
nated codes, we establish that the new codes can encode more than a
single logical qubit per code block by applying “black hole” deforma-
tions with tunable rate and distance, while possessing fully address-
able, universal fault-tolerant gate sets. [arXiv:2504.10386]

THU 1.3 Thu 14:45 ZHGO001

Lattice surgery in near term experimental planar ar-

chitectures — eLukas Bobpexker'2, AroNn MArron!2, Luis
CoLMENAREZY2, Irvya Besepin®%5, MicuaeL Kerscuaum3:4:5

) ) )
JonarHAN  Knorp3, Ian  Hesner®%5, Naraan Lacrorx®:,

Luca HoreLe®, CurisTorn HeLLiNGs®® Frangols SwWIADEKS:?,

ALEXANDER FLasBY®%® MonseN BarraMI Panag®45 DanTE Co-
LAO ZaNuz3:45 ANDREAS WALLRAFF345 and Markus MULLER!:2
— lnstitute for Theoretical Nanoelectronics (PGI-2), Forschungszen-
trum Jiilich — 2Institute for Quantum Information, RWTH Aachen
University — 3Department of Physics, ETH Ziirich — 4ETH Ziirich
- PSI Quantum Computing Hub, Paul Scherrer Institute, Villigen —
5Quantum Center, ETH Ziirich

On the pathway to construct a scalable and fault-tolerantly error-
corrected quantum computer, the question of implementing a fault-
tolerant gate set must be addressed. For experimental platforms with
planar design and limited qubit connectivity, the surface code — com-
plemented with lattice surgery — has emerged as a leading candidate
for delivering first proof-of-principle implementations of foundational
building blocks. We demonstrate one early building block by creat-
ing entanglement between two repetition codes in a superconducting
qubit architecture [1]. This is achieved by splitting a distance-three
surface code using lattice surgery. Building on this result, we further
investigate, through detailed simulations, the realistic performance of
teleporting a logical surface-code state [2]. In doing so, we explore

Location: ZHGO001

optimized lattice surgery protocols that preserve fault tolerance and
are compatible with near-term superconducting qubit architectures.
[1] I. Besedin, M. Kerschbaum, J. Knoll, I. Hesner, L. Bodeker et al.,
"Realizing lattice surgery on two distance-three repetition codes with
superconducting qubits", arXiv:2501.04612 (2025).

[2] L.Bodeker et al., "Lattice surgery for near term experimental en-
tanglement creation in planar architectures", In preparation (2025).

THU 1.4 Thu 15:00 ZHGO001
Measurement-free quantum error correction optimized for
biased noise — oKATHARINA BRECHTELSBAUER!, FRIEDERIKE
Butt?3, Davip F. LocaEr? 3, SANTIAGO HIGUERA QUINTERO!, SE-
BASTIAN WEBER!, MARKUS MULLER?3, and HANS PETER BUCHLER!
— Mnstitute for Theoretical Physics III and Center for Integrated
Quantum Science and Technology, University of Stuttgart, Pfaffen-
waldring 57, 70569 Stuttgart, Germany — 2Institute for Quantum In-
formation, RWTH Aachen University, Aachen, Germany — 3Institute
for Theoretical Nanoelectronics (PGI-2), Forschungszentrum Jiilich,
Jilich, Germany

In this work, we derive optimized measurement-free protocols for quan-
tum error correction and the implemen- tation of a universal gate set
optimized for an error model that is noise biased . The noise bias is
adapted for neutral atom platforms, where two- and multi-qubit gates
are realized with Rydberg interactions and are thus expected to be
the dominating source of noise. Careful design of the gates allows to
further reduce the noise model to Pauli-Z errors. In addition, the pre-
sented circuits are robust to arbitrary single-qubit gate errors, and we
demonstrate that the break-even point can be significantly improved
compared to fully fault-tolerant measurement-free schemes. The ob-
tained logical qubits with their suppressed error rates on logical gate
operations can then be used as building blocks in a first step of error
correction in order to push the effective error rates below the threshold
of a fully fault-tolerant and scalable quantum error correction scheme.

THU 1.5 Thu 15:15 ZHGO001

Benchmarking decoding accuracy — eKiara HANSENNE!,

Pierre CusseNoT!:2, ANTHONY BENoIs!, GREGOIRE Miscuicu!,
and NicorLas SANGOUARD! — !Université Paris Saclay, CNRS, CEA,
Institut de Physique Théorique, 91191 Gif-sur-Yvette, France —

2Direction Générale de I’Armement, 75015 Paris, France

The development of practical quantum computers is currently a major
research topic, with quantum error correction playing a crucial role in
achieving fault-tolerant quantum computing. Researchers are working
towards qubits with physical noise rate below the error correction code
threshold, a critical metric for evaluating an error correction code. This
threshold is highly influenced by the noise model and by the decoding
techniques used.

In this work, we propose to compare the performances of differ-
ent decoding strategies (such as belief-propagation or minimum-weight
perfect matching) against optimal decoding. Whereas such analysis is
usually done by error sampling, our approach follows the quantum
state through the circuit, allowing us to reach arbitrarily small error
rates. Although this limits the exploration to small code distances,
our results will provide essential benchmarks for current decoders and
potentially estimate code thresholds with higher accuracy.

THU 1.6 Thu 15:30 ZHGO001
Bosonic quantum error correction with neutral atoms in opti-
cal dipole traps — eDavip F. Locurr!2, LEon H. Bounmann!:2,
JoHANNES ZEIHER?%4, and Markus MOULLER}2 — lInstitut fiir
Quanteninformation, RWTH Aachen University, Germany — 2?Peter
Griinberg Institut (PGI-2), Forschungszentrum Jiilich, Germany
— 3Ludwig-Maximilians-Universitit Miinchen, Germany — *Max-
Planck-Institut fiir Quantenoptik, Garching, Germany

An atom trapped in an optical tweezer or optical lattice exhibits vi-
brational modes. In the present work [1] we analyse an experimentally
motivated approach to encode quantum information in the vibrational
motion of trapped neutral atoms. Specifically, we investigate the reali-
sation of Gottesman-Kitaev-Preskill (GKP) code states [2]. We discuss
the feasibility of our idea in realistic setups and we devise protocols for
encoding and error correction of GKP states that are compatible with
state-of-the-art experimental setups. The key element of our protocols
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is the controlled coupling of atomic motion to the atom’s internal elec-
tronic states, which has recently been achieved in arrays of trapped
atoms. We lay out that an optical lattice augmented with dynamical
optical tweezers is a favourable setup whose experimental feasibility
we confirm in numerical simulations. Our work therefore constitutes
a significant step towards the first experimental realisation of GKP
states in the motion of trapped neutral atoms.

[1] Bohnmann, Locher, Zeiher, Miiller, Phys. Rev. A 111 022432 (2025)
[2] Gottesman, Kitaev, Preskill, Phys. Rev. A 64 012310 (2001)

THU 1.7 Thu 15:45 ZHGO001
Graph Representations and Circuit-Based Codes from GHZ
States — eZAaHRA Raissi', HRACHYA ZAKARYAN!, KONSTANTINOS-
RaraIiL Revis!, Yinzr Xiaol, StanisLaw Sovrtan!, Mario FLORY?Z,
and Jonannes BLOMER! — !Department of Computer Science and
Institute for Photonic Quantum Systems (PhoQS), Paderborn Univer-
sity, Paderborn, Germany — 2Jagiellonian University, Cracow, Poland

GHZ states are key resources for quantum communication and error

correction. While symmetric GHZ states (defined as equal superpo-
sitions of basis states) are known to be locally unitary (LU) equiva-
lent to both star-shaped and fully connected graph states, their non-
symmetric counterparts lack a comparable framework. Non-symmetric
GHZ states, defined as unequal superpositions of basis states, nat-
urally arise in experiments due to decoherence and imperfections in
state preparation.

We establish that these non-symmetric GHZ states are LU-
equivalent to two graphical formalisms: (i) fully connected weighted
hypergraph states, and (ii) controlled-unitary star-shaped graphs. Al-
though weighted hypergraph states typically lack a stabilizer descrip-
tion, we construct a complete stabilizer set using only a single ancilla
qubit, independent of system size.

Building on this, we consider a qutrit quantum error-correcting code
with parameters [[n = 3,k = 1,d = 2]]3, whose codewords take the
form of GHZ states. We inject these codewords into quantum circuits
arranged in brickwall architectures and construct new quantum codes.
Using this method, we obtain both optimal and good codes.

THU 2: Quantum Information: Concepts and Methods |

Time: Thursday 14:15-16:15

THU 2.1 Thu 14:15 ZHGO002
Concentration of ergotropy in many-body systems — eKAREN
Hovuannisyan!, Rick P. A. Sivon?1, and JANET ANDERs!:?
University of Potsdam, Institute of Physics and Astronomy, Karl-
Liebknecht-Str. 24-25, 14476 Potsdam, Germany — 2Department of
Physics and Astronomy, University of Exeter, Stocker Road, Exeter
EX4 4QL, UK

Ergotropy—the maximal amount of unitarily extractable work—
measures the “charge level” of quantum batteries. We prove that in
large many-body batteries ergotropy exhibits a concentration of mea-
sure phenomenon. Namely, the ergotropy of such systems is almost
constant for almost all states sampled from the Hilbert—Schmidt mea-
sure. We establish this by first proving that ergotropy, as a function of
the state, is Lipschitz-continuous with respect to the Bures distance,
and then applying Levy’s measure concentration lemma. In parallel,
we showcase the analogous properties of von Neumann entropy, com-
piling and adapting known results about its continuity and concentra-
tion properties. Furthermore, we consider the situation with the least
amount of prior information about the state. This corresponds to the
quantum version of the Jeffreys prior distribution—the Bures measure.
In this case, there exist no analytical bounds guaranteeing exponential
concentration of measure. Nonetheless, we provide numerical evidence
that ergotropy, as well as von Neumann entropy, concentrate also in
this case.

THU 2.2 Thu 14:30 ZHG002
Learning in Continuously-Monitored and Repeatedly-
Interacting Quantum Systems — eFELIX BINDER — Trinity Col-
lege Dublin, Dublin, Ireland

To characterise a quantum system, we must observe it. The observa-
tion record the allows us to estimate the parameters governing its be-
haviour. While conventional approaches to parameter estimation and
tomography rely on repeated measurements under reset conditions, we
ask what can be learned in a single shot when memory persists between
sequential measurements. We consider two separate scenarios: a con-
tinuously monitored open quantum system and a system coupled to a
finite-sized environment probed at discrete time steps.

In the first case, we focus on quantum trajectories in the jump un-
ravelling and develop analytic and computational tools to compute the
Fisher Information in both renewal and non-renewal processes. Our
methods account for data compression and post-selection, and are il-
lustrated with physically relevant examples.

In the second case, we introduce a learning framework where only
the system is probed and the environment acts as a hidden quantum
memory. We characterise the gauge freedoms arising in this scenario,
define a suitable gauge-invariant distance between quantum processes,
and show how the Fisher Information matrix reveals the dimensionality
of the accessible model space.

THU 2.3 Thu 14:45 ZHGO002

An infinite hierarchy of quantum-enhanced learning tasks —

Location: ZHG002

eJaN NOLLER!, VIET TrRAN?, and RicHARD KUENG2 — !Technische
Universitit Darmstadt — 2Johannes-Kepler-Universitit Linz

Learning properties of quantum states from empirical data is arguably
the most fundamental quantum learning challenge. Seminal work over
the past years has shown that the sample complexity associated with
such tasks strongly depends on the underlying measurement primi-
tive. As an example, determining all Pauli-observables on an n-qubit
becomes sample-efficient if we allow entangling measurements on pairs
of state copies, where an exponential number of samples is required if
only single-copy measurements are performed. Similar separations also
apply to purity testing. However, so far it has been unclear whether
such exponential separation results also hold for 3 or more state copies:
are there learning tasks that must be exponentially hard for (k -1)-copy
measurements, but become very efficient if we allow k-copy measure-
ments? Here, we answer this question affirmatively for every k that is a
prime number. The underlying learning challenges arise from carefully
extending n-qubit Pauli tomography to Weyl-Heisenberg tomography
on n qudits. Up to our knowledge, our findings describe the first infi-
nite family of rigorous separation results for multi-copy state learning.

THU 2.4 Thu 15:00 ZHGO002
Relative entropy of magic — eCaRroLIN DECKERS, JusTus NEU-
MANN, HERMANN KAMPERMANN, and DAacMAR Bruss — Heinrich-
Heine Universitéat Diisseldorf, Germany

We investigate the relative entropy of magic for a single qubit and for
two qubits. Although the relative entropy of resource has favorable
properties, it is difficult to compute in general. We apply the par-
tial results derived for the relative entropy of entanglement |[Friedland,
Gour, J. Math. Phys. 52, 052201 (2011)] to the resource theory of
magic. In the single-qubit case, we analyze the geometric behavior
and derive an approximate analytic expression for identifying the clos-
est stabilizer state to a pure magic state. We further investigate the
two-qubit case by explicitly treating a minimal set of facets.

THU 2.5 Thu 15:15 ZHGO002
Efficient distributed inner product estimation via Pauli sam-
pling and its applications: a matter of magic and entangle-

ment — MARCEL HinscHE!, Marios Ioannoul, SoriENE JERBI,
Lorenzo LeoNe!, JANEK DENzLER!, SANTIAGO VARONAZ, TOMMASO
Guartal, JEns Eiserr!, and eJose Carrasco! — 1Dahlem Cen-

ter for Complex Quantum Systems, Freie Universitdt Berlin, 14195
Berlin, Germany — 2Instituto de Fisica Teérica, UAM-CSIC, Univer-
sidad Auténoma de Madrid, Cantoblanco, 28049 Madrid, Spain

Cross-device verification (a.k.a. distributed inner product estimation)
allows two remote parties to estimate inner products tr(po), with each
having black-box access to copies of p and o, respectively. When the
states p and o exhibit low entanglement or can be prepared with few
non-Clifford gates, this task can be reduced to independently learn-
ing efficient classical descriptions of each state using established tech-
niques, and sharing this description in order to compute the overlap.
In this talk, we will argue that efficient cross-device verification is also
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possible via Pauli sampling without the need to explicitly learn clas-
sical descriptions of the states (arXiv: 2405.06544). This allows us to
do efficient cross-device verification in more complex scenarios where
tensor network and stabilizer-based methods are insufficient (arXiv:
2501.11688). We discuss possible applications of the results in secure
quantum communication, cryptography and verification.

THU 2.6 Thu 15:30 ZHGO002
Optimal randomized measurements for a family of non-
linear quantum properties — ZHENYU Dul, eY1ran Tang?, AN-
prEAs ELEN?, INco RoTtu?, JENs Eiserr?, and Zuennuan Liu!
— Tsinghua University, Beijing, China — 2Freie Universitit Berlin,
Berlin, Germany — 3Paul Scherrer Institute, Villigen, Switzerland —
4Technology Innovation Institute, Abu Dhabi, United Arab Emirates

Quantum learning encounters fundamental challenges when estimat-
ing non-linear properties, owing to the inherent linearity of quantum
mechanics. Although recent advances in single-copy randomized mea-
surement protocols have achieved optimal sample complexity for spe-
cific tasks, generalizing these protocols to estimate broader classes of
non-linear properties without sacrificing optimality remains an open
problem. In this work, we introduce the observable-driven randomized
measurement (ORM) protocol enabling the estimation of Tr(Op?) for
an arbitrary observable O—an essential quantity in quantum comput-
ing and many-body physics. We establish an upper bound for ORM’s
sample complexity and prove its optimality for all Pauli observables,
closing a gap in the literature. Furthermore, we develop simplified
variants of ORM for local Pauli observables and introduce a braid-
ing randomized measurement protocol for fidelity estimation, both of
which significantly reduce circuit complexities in practical applications.
Numerical experiments validate that ORM requires substantially fewer
state samples to achieve the same precision compared to classical shad-
ows.

THU 2.7 Thu 15:45 ZHGO002
Sparse semidefinite programming in quantum information
theory — eLucas ViEirab2 and CostanTINO BupRONI? — !Dept.
of Computer Science, TU Darmstadt, Darmstadt, 64289 Germany —
2IQOQI-Vienna, Austrian Academy of Sciences, Boltzmanngasse 3,
1090 Vienna, Austria — 3Dept. of Physics "E. Fermi", Univ. of Pisa,
Largo B. Pontecorvo 3, 56127 Pisa, Italy

Large-scale semidefinite programs (SDPs) are ubiquitous in quantum
information, typically arising from relaxations of harder underlying
problems. These relaxations usually incur significant computational
costs, requiring efficient representations before numerical tractability.
Since relaxations may not yield feasible solutions to the original prob-
lem (e.g., the solution only satisfies a relaxed constraint), one typically
prioritizes obtaining an optimal value for the objective function over its
corresponding optimizer in the relaxation. Inspired by this, we intro-
duce a heuristic method for constructing sparse representations of gen-
eral SDPs, specifically targeting the sparse structure arising from their
sparse objective: a typical scenario in quantum information. Unlike
existing approaches, our heuristic method discards irrelevant variables
and constraints by finding the effective sparsity implicit in an instance
of a problem, not directly apparent from its full definition, but which
emerges naturally from its structure. Our method works by iteratively
assembling a self-sufficient subset of variables and constraints which,
directly or indirectly, affect the objective function. This talk will out-
line our method and demonstrate its significant advantages in typical
SDP relaxations encountered in quantum information.

THU 2.8 Thu 16:00 ZHGO002
Quantum signal processing as time evolution — eSHAWN SKEL-
TON — Leibniz Universitat Hannover

The quantum circuit model has become a standard tool in quantum
algorithm development. However, it can be preferable to formulate
quantum algorithms as the time evolution generated by a Hamilto-
nian, for example as is done in quantum adiabatic computing. While
adiabatic quantum computation can be polynomially mapped to the
circuit model, algorithms developed in the circuit model and adiabatic
quantum computation remain conceptually and practically separate.

In this talk, I consider a template for quantum algorithm develop-
ment in the circuit model, known as quantum signal processing (QP).
I derive the generator and time-evolved operator corresponding to a
given QSP circuit. I then show how, for a restricted class of Hamilto-
nians, any QSP circuit can be implemented with a quantum adiabatic
evolution. Algorithms have been developed for every major quantum
computation problem with QSP, and it is known that QSP can solve
BQP-complete problems. Thus, my work provides a pathway for many
quantum algorithms to be reformulated in terms of well-understood
physical time evolution.

THU 3: Arbeitskreis Chancengleichheit (AKC)

Time: Thursday 14:15-16:15

Invited Talk THU 3.1 Thu 14:15 ZHGO003
Reshaping the History of Quantum Physics: Paths to Gender
Equality — e ANDREA REICHENBERGER — TU Munich, Germany

We are all familiar with gender dynamics, biases, and stereotypes on
the online platforms we visit, use, and co-create every day. They are
ubiquitous in large language models (LLMs) and other generative Al
technologies trained on large amounts of data. Their spillover effects
are now well studied in scientific research. There is comparatively lit-
tle research on how the history of physics is represented and practiced
in today’s online spaces. This talk will take you on a journey through
the history of quantum physics, exploring new avenues for a gender-
sensitive future of the history of physics. And it offers a critical insight
into how expertise in the history of physics, science communication
and public opinion influence and reinforce each other in the practice
of digital history. Drawing on a series of case studies on women in the
history of quantum physics, we examine the Matilda effect on online
platforms and offer perspectives on how to successfully counteract this
effect, which gives a name to the systematic misrecognition of women’s
contributions to science and technology.

Invited Talk THU 3.2 Thu 14:45 ZHGO003
Women in the History of Quantum Physics — e MARGRIET VAN
pErR HEwDEN — Eindhoven University of Technology (TU/e), The
Netherlands

The narratives of the development of quantum mechanics are as “male-
dominated” as this subfield of science itself, science historian Massi-
miliano Badino noted some nine years ago. The book Women in the
History of Quantum Physics: Beyond Knabenphysik aims to challenge
these conventional “all-male” narratives. In sixteen chapters, the au-

Location: ZHGO003

thors — all members of the international and interdisciplinary work-
ing group Women in the History of Quantum Physics — analyse the
work and lives of women who contributed to quantum developments
in the twentieth century. Not the handful of famous women like Marie
Sklodowska Curie, Maria Goeppert Mayer and Lise Meitner, but the
women who remained in the shadows, had to interrupt their careers or
whose work was overlooked. By analysing and comparing their lives
and work, themes can be distilled that are relevant to understanding
why women’s participation in physics research remains low even today.
I will explore some of these themes and illustrate them with the lives
and experiences of some of the protagonists of the book chapters.

Invited Talk THU 3.3 Thu 15:15 ZHGO003
Visibility, invisibility and hypervisibility of women in quan-
tum technologies — MARTINA ERLEMANN, e ANDREA BOSSMANN,
and TaMAR Grosz — Fachbereich Physik, Freie Universitdt Berlin,
Deutschland

Quantum technologies are widely recognized as key technologies of the
future. With their broad range of applications, they have the poten-
tial to address major societal challenges and contribute to the sustain-
able, future-oriented development of society. However, equal partici-
pation of highly qualified women in quantum technologies has not yet
been achieved. Women remain significantly underrepresented in STEM
fields that lead to careers in research and development within quantum
technologies, such as physics, computer science, and certain branches
of engineering. Additionally, high-achieving women in quantum tech-
nologies often receive less visibility than their male counterparts. This
lack of visibility is evident both within the scientific community, in
the form of fewer awards, recognitions, or leadership appointments,
and externally, in public discourse, industry, politics, and the media.
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At the same time, women in these fields are hypervisible because of
being part of a minority, which however doesn’t lead to recognition,
but rather to a higher level of being exposed and scrutinized. Here
we will discuss the effects of these competing types of visibility and
preliminary findings of our BMBF-funded research project WomenlIn-
QuantumTech: In/visibility of Women in Quantum Technologies - De-
velopment of effective strategies for better participation.

Invited Talk THU 3.4 Thu 15:45 ZHGO003
Leadership, Cooperation and Conflicts in Physics: Research
Leaders’ Perspectives — eMAIKE REIMER — Bayerisches Staatsin-
stitut fiir Hochschulforschung und Hochschulplanung (IHF), Arnulfs-
trafe 56, 80335 Miinchen

“Can Germany rein in its academic bullying problem?” This question
was recently raised prominently in a nature article. Anecdotal evi-

THU 4: Precise Quantum Molecules:

Time: Thursday 14:15-15:15

THU 4.1 Thu 14:15 ZHGO004
Floquet-Engineering of Bound States in the Continuum —
e ALEXANDER GUTHMANN, Louisa MARIE KIENESBERGER, FELIX
LanNg, and ARTUR WIDERA — Physics Department and Research Cen-
ter OPTIMAS, University of Kaiserslautern-Landau

Scattering resonances play a pivotal role in quantum phenomena, from
nuclear reactions to ultracold atomic collisions. Our recent work has
demonstrated that periodic modulation of the magnetic field can be
used to induce Floquet-Feshbach resonances in a two-component gas
of fermionic lithium-6 [1], enabling precise control over resonance po-
sitions and suppression of inelastic losses.

This talk will focus on a new application of this technique: the real-
ization of Bound States in the Continuum (BICs) through interference
at an avoided crossing between two Floquet-engineered resonances.
BICs are exotic quantum states that remain localized despite existing
within the energy continuum of scattering states. As first predicted by
Friedrich and Wintgen [2], such states can emerge through destructive
interference at an avoided crossing of two resonances. While BICs have
been realized in photonic and acoustic platforms, their observation in
a true molecular dimer system has remained a longstanding challenge.
[1] A. Guthmann, F. Lang, L. M. Kienesberger, S. Barbosa, A. Widera,
arXiv 2503.05454 (2025).

[2] H. Friedrich and D. Wintgen, Phys. Rev. A 32, 3231 (1985).

THU 4.2 Thu 14:30 ZHGO004
Near-complete chiral selection in rotational quantum states
— eELAHE ABDIHA, JUHYEON LEE, SHILPA YADAV, SEJUN AN, BoRis
G SarTakov, GERARD MEIJER, and SANDRA EIBENBERGER-ARIAS —
Fritz-Haber-Institut der Max-Planck-Gesellschaft; Berlin, 14195, Ger-
many

In our work, we accomplish near-complete chiral selection in rotational
quantum states [1]. Beyond mere chiral analysis, enantiomer-specific
state transfer (ESST) enables the control and manipulation of chiral
molecules at the quantum level. We overcome previous limitations
of ESST by applying UV laser and microwave radiation to a triad of
rotational states connected to the absolute ground state. Our exper-
imental results show that 96% state-specific enantiomeric purity can
be obtained from a racemic mixture, in an approach that is universally
applicable to all chiral molecules of C1 symmetry. Our work has the
potential to significantly advance the experimental methods to mea-
sure parity-violation effects in chiral molecules [4].

We will also present our ongoing efforts to address the intrinsic limi-
tation of ESST due to orientational degeneracy of rotational states by
incorporating theoretically tailored microwave pulse schemes [5].

[1] Lee et al. Nat. Commun. 15, 7441 (2024)

[2] Eibenberger et al. Phys. Rev. Lett. 118, 123002 (2017)

[3] Pérez et al. Angew. Chem. Int. Ed. 56, 12512 (2017)

[4] Erez et al. Phys. Rev. X, 13, 041025, (2023)

[5] M. Leibscher et al. Commun. Phys. 5, 110 (2022).

THU 4.3 Thu 14:45 ZHGO004

dence as well as systematic surveys among researchers indeed paint
a bleak picture of research leadership and institutional structures for
conflict prevention and management in research settings in Germany
and its German-speaking neighbouring states. However, the perspec-
tives and voices of senior researchers are conspicuously absent from this
discourse. Therefore, in collaboration with the DPG, we conducted 11
interviews and a survey among all members with leadership experience,
about one crucial aspect and challenge of leadership: dealing with con-
flicts in their research teams. Here, we will present results from the
full report on the frequency, kind, antecedents and consequences of
conflicts and the ways they were resolved with or without institutional
support. In addition, we investigate gender specific patterns in conflict
experience. We hope to contribute to a more nuanced discussion and
ultimately an improvement in research institutions conflict manage-
ment structures.

Contributed Session to Symposium
Location: ZHG004

Observation of rovibrational state interference in molecule-
surface collisions — eCHRISTOPHER REILLY!, DaNEL J.
AvuerBacH?, and RaINer D. Beck! — 'EPFL, Lausanne, Switzer-
land — 2MPINAT, Géttingen, Germany

While for all but the lightest molecular species the collisional gen-
eration and absorption of surface phonons typically obscures the ul-
timately quantum mechanical nature of molecule-surface collisions,
a special continuous reflection symmetry in the interaction between
methane and a gold surface permits observation of striking interference
effects in the distribution of quantum states populated in the scatter-
ing event. Moreover, this interference effect is unique to molecules
with some minimum amount of internal structure and is thus absent
for the simpler molecular species typically studied.

Using laser-based quantum state preparation and detection, we are
able to observe a novel form of high-contrast destructive interference
between rovibrational states in molecule-surface scattering[1]. By ex-
citing molecules to or from a rovibrational state of zero angular momen-
tum, we prepare a state of pure reflection parity, and when probing the
scattered molecules we find an almost total absence of population in
states of the opposite parity. Reflection parity conservation is observed
in both the ground and excited vibrational states, with constrast ra-
tios approaching 100:1. High-contrast interference is also observed for
rare vibrational relaxation events, shedding light on their microscopic
mechanism.

[1] Reilly et al., Science 387, 962 (2025)

THU 4.4 Thu 15:00 ZHG004
Quantum-mechanical calculations for million-atom biological
systems — eLuc WIENERS and MARTIN E. Garcia — Institut fiir
Physik, Universitdat Kassel, Heinrich-Plett-Strafe 40, 34132 Kassel,
Germany

Quantum-mechanical first-principles calculations are commonly only
used for systems containing a few hundred atoms which leaves biolog-
ical systems with thousands or millions of atoms inaccessible. In this
study we show a new algorithm for the Hartree-Fock method com-
bined with a divide-and-conquer approach which enables calculations
of million-atom biological systems, including a whole bacteriophage in
a solution which in total contains 45 million atoms.

The high computational speed also allows the calculation of spec-
tra for systems with hundreds to a few thousand atoms. This is used
to compute absorption spectra for proteins, DNA and medications.
Additionally, Hartree-Fock atomic energies are found to coincide with
AlphaFold’s pLDDT confidence score for protein structure predictions,
showing a connection between first-principle calculations and protein
structure assessment.

‘We anticipate that the presented methods open a pathway to fully
quantum-mechanical investigations including more accurate molecular
dynamics simulations and theoretical predictions of spectral properties
for systems in biology and medicine.
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THU 5.1 Thu 14:15 ZHGO006
Quantum repeater applications with single trapped ions and
single photons — ePascaL BaumGaRrT, MAX BERGERHOFF, JONAS
MEIERS, STEPHAN KUCERA, CHRISTIAN HAEN, and JURGEN ESCHNER
— Universitét des Saarlandes, Experimentalphysik, 66123 Saarbriicken

For the realization of large-distance quantum networks, quantum re-
peaters (QR) are needed to overcome the exponential loss of di-
rect transmission by dividing a transmission link into asynchronously
driven cells [1] and segments [2]. We report on the implementation
of these QR building blocks with free-space-coupled photons from two
40Ca™ ions in the same Paul trap as quantum memories. Atom-photon
entanglement is generated by controlled emission of single, separately
fiber-coupled photons from the individually addressed ions. In the QR
cell, entanglement is swapped from the ions to two asynchronously
generated photons by a Mglmer-Sgrensen gate and subsequent state
detection [3], while in the QR segment, atom-atom entanglement is
generated by a photonic Bell-state measurement.

In preparation for real-world QR applications, quantum communica-
tion protocols using a parametric down-conversion source of entangled
photon pairs and a trapped-ion quantum memory, together with quan-
tum frequency conversion, have been demonstrated over the 14.4km
Saarbriicken urban fiber link [4].

[1] D. Luong et al., Appl. Phys. B 122, 96 (2016)

[2] P. van Loock et al., Adv. Quantum Technol., 3: 1900141 (2020)
[3] M. Bergerhoff et al., Phys. Rev. A 110, 032603 (2024)

[4] S. Kucera et al., npj Quant. Inf. 10, 88 (2024)

THU 5.2 Thu 14:30 ZHGO006
An Efficient Spin-Photon Interface for Tin-Vacancy Cen-
ters in Diamond — eKeriM KosTER!, ANDRAs Lauko!, PHILIPP
GRrassHOFF2, DoMiNnic REINHARDT3, Thomas HOMMER?, CyYRIL
Poprov2, Jan MeuLER?, and Davip Hunger! — 1Karlsruher Insti-

tut fiir Technologie — 2Uni Kassel — 3Uni Leipzig — #Qlibri GmbH

The realization of long-distance quantum networks requires efficient in-
terfaces of photons and stationary memories. The Tin-Vacancy (SnV)
center in diamond emerged as a promising solid-state based spin pho-
ton interface, featuring spin-selective optical transitions, long mem-
ory times and efficient spin control. However, scaling to multi-node
networks remains challenging, as they rely on the efficient coupling
between these defect centers and optical cavities. Here, we present
the integration of single addressable SnV centers in a micrometer-thin
membrane into an open, fully tuneable and cryogenic microcavity to
attain emission enhancement in a single optical mode. The cavity plat-
form operates within a dilution cryostat at temperatures around 1K,
featuring a passive mechanical stability below 10 pm. We observe a
significant Purcell-induced lifetime shortening, indicating strong light-
matter interaction. The system operates in the high-cooperativity
regime, which allows us to probe the coherent coupling evidenced by
emitter-induced extinction in the transmission profile of the cavity.
Our platform further supports the integration of a superconducting
magnet and a microwave antenna, enabling spin readout and coherent
control. This represents a significant step towards realizing an efficient
spin-photon interface for group IV color centers in diamond.

THU 5.3 Thu 14:45 ZHGO006
Single erbium dopants in silicon resonators — eBENEDIKT
BraumaNDL, ANDREAS GRITSCH, JAKOB PFORR, ALEXANDER
UraNowsKl, ARANTZA PINEDA GONZALEZ, and ANDREAS REISERER
— Technical University of Munich, TUM School of Natural Sciences
and Munich Center for Quantum Science and Technology (MCQST),
85748 Garching, Germany

Establishing long-distance quantum networks requires not only low-
loss photon transmission, but also efficient, scalable interfaces between
stationary and flying qubits. One promising approach leverages rare-
earth ions, whose optical transitions lie directly in the telecom band,
ensuring compatibility with existing fiber infrastructure [1]. In particu-
lar, erbium dopants in silicon offer a robust route to integrating quan-
tum emitters with photonic circuitry, combining telecom-wavelength
emission with the scalability of silicon nanotechnology [2].

We investigate the optical coherence of single erbium dopants em-
bedded in high-Q silicon nanophotonic resonators, where Purcell en-
hancement enables efficient coupling between the emitter and pho-

Location: ZHGO006

tonic modes [3]. We further evaluate photon indistinguishability
via Hong-Ou-Mandel-type interferometry, observing high visibility
at short time delays. This demonstrates the emitter’s suitability for
photon-mediated entanglement protocols between distant qubits.

[1] Reiserer, A. Rev. Mod. Phys. 94, 041003 (2022)

[2] Gritsch, A. et. al. Phys. Rev. X 12 (4): 041009 (2022)

[3] Gritsch, A. et. al. Nat Commun 16, 64 (2025)

THU 5.4 Thu 15:00 ZHG006
Large-scale Localization of Diamond Color Centers for Deter-
ministic Fabrication of Nanophotonic Spin-Photon Interfaces
— eMaARTEN H. vaN pER Horven!, Jurian M. Boprp!:2, Marco
E. Stucki®2, Tommaso PreeNoLaTo! 2, and TiM ScHRODER! 2 —
IDepartment of Physics, Humboldt-Universitit zu Berlin, Newton-
str. 15, 12489 Berlin, Germany — 2Ferdinand-Braun-Institut (FBH),
Gustav-Kirchhoff-Strafse 4, 12489 Berlin, Germany

Quantum photonic circuits are fundamental building blocks for quan-
tum information applications. Over the past decades, it has been
demonstrated that color centers in diamond have excellent properties
to serve as qubits in such systems [1]. To create an efficient spin-
photon interface, the color centers have to be coupled to nanostruc-
tures. Achieving scalable fabrication of such devices with high yield
and optimal performance requires deterministic fabrication techniques
[2]. In this work, we use a widefield fluorescence microscope to localize
tens of color centers per image frame and thousands across a diamond
chip with uncertainties of just a few tens of nanometers. We then char-
acterize all emitters and deterministically fabricate nanostructures at
their positions. Our results show a device placement with high accu-
racy and precision. This makes it a powerful tool for the scalable and
efficient integration of photonic spin qubits into quantum circuits.

[1] M. Ruf et al., Journal of Applied Physics 130, 070901 (2021)

[2] S. Rodt et al., J. Phys: Condensed Matter 32, 153003 (2020)

THU 5.5 Thu 15:15 ZHGO006

The Sawfish spin-photon interface: fabrication and charac-
terization — eMarco E. Stucki®2, ALok GOKHALEZ, JULIAN M.
Borp12, MaarTEN H. v. D. HoEVEN?, ToMMaso PreEaNoLaTo!:2,
and TiM ScHrRODER!D'2 — !Ferdinand-Braun-Institut (FBH), Berlin,

Germany — 2Humboldt-Universitit, Berlin, Germany

Color centers in diamond are promising qubit candidates. They of-
fer individually addressable spin states with long coherence times. By
coupling color centers to optical cavities, their emission into the zero-
phonon line can be enhanced via the Purcell effect. Solid-state cavities
with a small mode volume are typically realized as photonic crystal
cavities (PhCCs). The most common design for PhCCs consists of a
periodic pattern of holes in a dielectric material. These features are
difficult to fabricate in diamond due to its hardness and chemical sta-
bility. We recently proposed a new 1D PhCC geometry, the ”Sawfish”
cavity, that uses a cosine-based corrugation pattern to avoid creating
these high aspect-ratio holes. Here, we fabricate Sawfish cavities in
diamond. We investigate the structural and spectroscopic properties
of the devices by a scanning electron microscope and a confocal op-
tical setup, respectively. From our investigation we find that, despite
roughness and erosion, quality factors exceeding 3800 were achieved.
To increase the quality of the fabricated devices and make the fabri-
cation more reliable, improvements in the etching processes are cur-
rently investigated. Using image analysis software developed in-house,
we examine the erosion in our structures and compensate for it in our
lithography mask.

THU 5.6 Thu 15:30 ZHG006
Near Lifetime-limited NV Centers Integrated into Diamond
Photonic Crystal Cavities — eALok GoxkHALE!, JuLiaN M.
Borpl2, Laura OrpPuAL-KoBIN!, KiLiAN UNTERGUGGENBERGER!,
Marco E. Stucki!?2, Tommaso PrecNorLaTo'2, and Tim
ScurODERD2 — Department of Physics, Humboldt Universitit zu
Berlin, Berlin, Germany — 2Ferdinand Braun Institute (FBH), Berlin,

Germany

Candidate quantum network node platforms need to satisfy a variety
of properties. These include: interfacing between stationary and fly-
ing qubits, long storage times, indistinguishable photons and a large
photon flux. Nitrogen-vacancy centers in diamond (NV) weakly cou-
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pled to cavities fulfil most of these criteria. Nanofabrication leads to
a large number of unstable charge traps on the material surface, close
to the emitter. The unstable fields cause a Stark-shift in the NV ener-
gies, leading to inhomogeneous broadening of the NV zero-phonon-line
(ZPL) and loss of indistinguishability. It was recently demonstrated
that narrow (150 MHz) NVs can exist in nanopillars [1]. Here, we
adapt and extend the developed methods and show NV centers with
linewidths as low as 21 MHz, in a Sawfish photonic crystal cavity [2,3].
We also demonstrate the tuning of the cavity resonance, through N2
gas deposition, over 20 nm. We show initial indications of Purcell en-
hancement of the NV ZPL as the cavity is tuned through it.

[1] L. Orphal-Kobin et al., Phys. Rev. X 13, 011042 (2023).

[2] J. M. Bopp et al., Adv. Optical Mater. 12, 2301286 (2024).

[3] T. Pregnolato et al., APL Photonics 9(3), 036105 (2024).

THU 5.7 Thu 15:45 ZHGO006
Color centers for the secure processing of quantum tokens —
eGREGOR PiEPLOW!, YaNNICK STROCKA!, MOHAMED BELHASSEN!,
and Tmm ScHRODER'2 — Humboldt-Universitét zu Berlin, Berlin,

Germany — 2Ferdinand-Braun-Institut, Berlin, Germany

We present a quantum token scheme [1] for secure authentication or
payment. Building on Wiesner’s quantum money concept, tokens are
encoded as multi-qubit states generated by a single-photon source,
then transmitted and securely stored in a quantum-memory register.
To manipulate and verify the token, we employ a sawfish nanophotonic-
crystal cavity as a spin-photon interface, enabling the required spin-
photon entangling gates. High-fidelity fractional quantum gates are
realized via trains of optical 7/8 pulses, achieving fidelities above 99%
under realistic conditions. Although all-optical methods yield superior
rates, limited storage times may constrain some applications. Incor-

porating microwave control, and leveraging long-lived nuclear spins
extends token viability but lowers operational rates, highlighting a key
trade-off for practical deployment.

[1] Strocka et al., arXiv:2503.04985 (2025)

THU 5.8 Thu 16:00 ZHG006
Towards laser cooling of erbium crystals — DANIELE AMaTo2,
FLoriaN Burcer!:2, Justus EpELMANND2, eNiLEsH GoErL!:?, AN-
pREAS GriTscH!2, TiL NemorLcLEv!2, ANDREwW ProprpeEr!Z,
STEPHAN RINNERD2, STEFANO ROMBONID2, KiLIAN SANDHOLZERDZ,
and ANDREAS REISERER'? — 1Technical University of Munich, TUM
School of Natural Sciences, 85748 Garching, Germany — 2Zentrum fiir
QuantumEngineering, ZQE, 85748 Garching, Germany

Thermal management in nanophotonic devices is vital in various re-
search and technology fields, including quantum photonics. This ne-
cessitates a consistent measurement and control of temperature within
nanophotonic devices. Established methods employ sensors attached
to the components, which provide poor spatial resolution and hence
hamper the assessment of local heating effects. To address such limita-
tions, we investigate an alternate temperature sensing approach that
measures the luminescence of erbium emitters directly incorporated
into nanophotonic silicon waveguides. To span the temperature range
from 295 K to 2 K, we look at two approaches: thermal activation of
non-radiative decay channels above 200 K and thermal depopulation
of spin- and crystal-field levels at lower temperatures [1]. To further
analyse the applicability of this method, we look at the properties of
erbium crystals and laser cooling of solids with erbium dopants. We
investigate the efficacy of such a technique for cooling a solid system
to enable quantum and optomechanical applications.
[1] Sandholzer, K., et al. Nanophotonics 14, 20250067 (2025).

THU 6: Quantum Computing and Communication: Contributed Session Il (Concepts)

Time: Thursday 14:15-15:45

THU 6.1 Thu 14:15 ZHGO007
Quantum resource in quantum optimization — eGorarL CHAN-
pRA SANTRADZ23) DanieL J. Ecgrr?, and PuiLipp Hauvke!? —
1Pitaevskii BEC Center, INO-CNR and Department of Physics, Uni-
versity of Trento, Via Sommarive 14, I-38123 Trento, Italy — 2INFN-
TIFPA, Trento Institute for Fundamental Physics and Applications,
Via Sommarive 14, 1-38123 Trento, Italy — 3Kirchhoff- Institut fur
Physik, Universitdt Heidelberg, Im Neuenheimer Feld 227, 69120 Hei-
delberg, Germany — *IBM Quantum, IBM Research Europe - Zurich,
Sédumerstrasse 4, CH-8803 Riischlikon, Switzerland

Variational quantum algorithms are promising for solving combinato-
rial optimization problems on near-term, pre-fault-tolerant quantum
hardware. However, to what extent these algorithms harness quantum
correlations and whether current quantum devices can provide them re-
mains unclear. This work investigates this open question by examining
the roles of entanglement and nonstabilizerness within the Quantum
Approximate Optimization Algorithm (QAOA). To begin, we leverage
a strong connection between QAOA and quantum metrology, using
quantum squeezing to analyze entanglement through numerical simu-
lations and experiments on IBM quantum hardware. While increasing
bipartite entanglement with system size is known to be insufficient for
fully unlocking quantum computational advantages, we address this
limitation by focusing on genuine multipartite entanglement. Finally,
we examine the role of nonstabilizerness in QAOA and investigate how
it relates to output fidelity. Our results provide deeper insights into
how quantum resources influence quantum optimization.

THU 6.2 Thu 14:30 ZHGO007
Regular parameterizations of the special unitary group and
convergence of variational algorithms — eMarco WIEDMANN?,
DaNIEL Burcarru!, and CHRISTIAN ARENZ? — 1 Friedrich-Alexander
Universitat Erlangen-Niirnberg, Staudtstrafse 7 91058 Erlangen, Ger-
many — 2Arizona State University, 650 E Tyler Mall, Tempe, AZ

85281, USA

Variational algorithms have gained a lot of attention in the recent years
as a potential application of quantum computers. In broad terms, a
parameterized unitary is implemented on a quantum computer, which
is then used to measure some objective function that should be mini-
mized by a classical optimization routine.

Location: ZHGO007

Gradient based optimizers can however get stuck at singular points
of the parameterization, which resembles a gimbal lock like effect. We
show that some popular parameterizations do indeed admit these sin-
gular points and propose alternatives which are globally regular. Fi-
nally, we use these parameterizations to prove that if the Variational
Quantum Eigensolver does not run off to infinity, it almost always
converges to a true ground state of the problem Hamiltonian.

THU 6.3 Thu 14:45 ZHGO007
Accuracy of Quantum Simulation under Random Errors and
Noise — eJavanT Rao, JENs Eiserr, and Tommaso Gualta —
Dahlem Center for Complex Quantum Systems, Freie Universitat
Berlin, 14195 Berlin, Germany

Quantum simulation emerges as a highly promising application of
quantum computing. At present, a critical question revolves around
the robustness of digital and analog approaches to simulating quantum
systems in the presence of errors and noise.

We consider the task of simulating local observables in a d dimen-
sional lattice. Each local Hamiltonian carries an error bounded by a
small parameter § in spectral norm to the correct Hamiltonian. We
compute the deviation from the ideal evolution in a worst case, where
we find that the error scales with O(6t%t!) in both the analog and
digital method. We consider as a more realistic model randomly dis-
tributed Hamiltonian error terms, where we can show that the Trotter
circuits error concentrates at O(d) with high probability. We also show
similar concentration effects which emerge considering random input
states.

It is widely believed that analog quantum simulators are more re-
silient to noise because they allow for more error interference to hap-
pen. Our considerations show that strong error cancellation is present
in Trotter based simulation as well. This leads us to motivate rethink-
ing some beliefs about which strategies for quantum simulation are
indeed more resilient to errors and noise.

THU 6.4 Thu 15:00 ZHGO007
Local Complementation Orbit Scaling and Universal Re-
sources for MBQC — eFrEDERIK HaunN — Electrical Engineer-
ing and Computer Science Department, Technische Universitat Berlin,
10587 Berlin, Germany

In Measurement-Based Quantum Computing (MBQC), quantum com-
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putation is performed through adaptive measurements on entangled
resource states, with graph states serving as the canonical example.
The computational power and efficiency of MBQC is fundamentally
connected to the properties of these underlying graph states. Here, we
focus on how classes of quantum graph states transform under local
Clifford operations and how these transformations scale in the number
of qubits. It is well known that local Clifford transformations can be
represented by local complementations of the underlying graphs. All
graphs that can be reached via local complementation from a given
starting graph form that graph’s local complementation orbit. We can
now investigate how the size of these local complementation orbits
scales with the number of qubits n of the underlying graph states. For
simple classes, such as GHZ states, this scaling is known to be linear
in n and an upper bound is given by 3™. However, for general graph
states, counting the orbit sizes is a problem that is known to be #P-
complete. Can we still calculate the orbit scaling for classes of graph
states that are known to be universal quantum computing resources?

THU 6.5 Thu 15:15 ZHGO007
Expressivity Limits of Quantum Reservoir Computing —
oNiLs-Erik ScHUTTEDZ, NicLas GoOTTING2, HAUKE MUNTINGAL,
Meike List!3, DaNIEL BruNNER?, and CHRrisTOPHER GIes? —
1German Aerospace Center, Institute for Satellite Geodesy and In-
ertial Sensing, Bremen, Germany — 2Institut fiir Physik, Fakultit V,
Carl von Ossietzky Universitit Oldenburg — 3University of Bremen
— 4Institut FEMTO-ST, Université Franche-Comté CNRS UMR, Be-

sangon, France

Quantum machine learning (QML) merges quantum computing and
artificial intelligence, two transformative technologies for data process-
ing. While gate-based quantum computing employs precise unitary op-
erations on qubits via parameterized quantum circuits (PQCs), quan-
tum reservoir computing (QRC) leverages physical systems as quantum
neural networks, relying on Hamiltonian dynamics rather than con-
trolled gate operations, with learning performed at the output layer.
Despite their differing foundations, these approaches share connections
and can be formally mapped onto each other.

THU 7: Entanglement and Complexity:

Time: Thursday 14:15-16:00

THU 7.1 Thu 14:15 ZHGO008
Complexity-driven ground state estimation in the Agassi
model — eSONKE MoMME HENGSTENBERG! and CAROLINE RoBin'+2
— 1Fakultt fiir Physik, Universitit Bielefeld, D-33615, Bielefeld, Ger-
many — 2GSI Helmholtzzenturm fiir Schwerionenforschung, Planck-
strafte 1, 64291 Darmstadt, Germany

I will discuss entanglement and non-stabilizerness (also referred to as
magic) in ground states of the Agassi model. This model describes
a non-trivial quantum many-body system exhibiting both superfluid
pairing and collective deformation phases. We present multi-partite
entanglement measures and stabilizer Rényi entropies to characterize
the quantum complexity of the system. Based on this knowledge, we
provide techniques to accelerate the estimation of ground states of this
model in different regimes. I conclude with a short outlook on how to
generalize this method to more complex quantum many-body systems.

THU 7.2 Thu 14:30 ZHGO008
in chaotic quantum systems —
GoraL CHANDRA SaNTRAD'Z3  eALEx WinDEYH2,  SouMmIik
BANDYOPADHYAY'2, ANDREA LEGRaMANDI}'2, and PHILIPP
Haukel? — 1Pitaevskii BEC Center, INO-CNR and Department
of Physics, University of Trento, Via Sommarive 14, 1-38123 Trento,
Ttaly — 2INFN-TIFPA, Trento Institute for Fundamental Physics and
Applications, Via Sommarive 14, 1-38123 Trento, Italy — 3Kirchhoff-
Institut fiir Physik, Universitidt Heidelberg, Im Neuenheimer Feld 227,
69120 Heidelberg, Germany

Complex quantum systems—composed of many interacting particles—
are intrinsically hard to model. In the presence of disorder, such
systems transition into non-ergodic and localized regimes, reducing
relevant basis states. Whether these transitions also reflect abrupt
complexity changes remains open. We study such transition in the
power-law random banded matrix, Rosenzweig-Porter, and hybrid
SYK-+Ising models, comparing three complexity markers: fractal di-

Complexity transitions

We formulate the QRC approach in the language of gate-based cir-
cuits and apply recently developed methods for PQCs to QRC. Con-
trary to expectations, we find that the effective computational dimen-
sionality of quantum reservoirs does not scale with the reservoir dimen-
sion but is mainly determined by the input encoding [1]. For commonly
used single-qubit rotations, we show that exponential scaling, one of
the main promises of QRC over classical RC, cannot be reached.

[1] Schiitte et al., arXiv: 2501.15528

THU 6.6 Thu 15:30 ZHGO007
Connection between memory performance and optical ab-
sorption in quantum reservoir computing — eNicLas GOTTING,
STEFFEN WILKSEN, ALEXANDER STEINHOFF, and CHRISTOPHER GIES
— Institute for Physics, Faculty V, Carl von Ossietzky University Old-
enburg, 26129 Oldenburg, Germany

Quantum reservoir computing (QRC) leverages dynamical quantum
systems to perform machine learning tasks. Due to the complex quan-
tum dynamics, it exhibits the capability to store information over a
period of time determined by the system properties. This short-term
memory capacity (STMC) has become an abundant benchmark for
QRC architectures, but relies on the processing of large amounts of
data, thus posing a challenge for real-world application.

In our work, we lay new grounds for the memory analysis in QRC
by connecting the fields of information theory (i.e. the STMC) and
optics. We demonstrate how the STMC of a QRC setup based on
open quantum systems can be assessed solely via optical absorption
measurements. By establishing a link between absorption and STMC
via the dissipation strength of the open quantum reservoir, we unravel
the particular “sweet-spot” behavior the STMC has shown in several
studies with respect to the dissipation [1-3]. This physical view on
information-theoretical properties in QML opens up a new avenue for
problem-specific hardware design.

[1] N. Gotting et al., Physical Review A 108, 052427 (2023)

[2] F. Monzani et al., arXiv:2409.07886 (2024)

[3] Y. Kurokawa et al., arXiv:2408.09577 (2024)

Contributed Session to Symposium I
Location: ZHGO008

mension, entanglement entropy, and stabilizer Rényi entropy. All
markers show sharp transitions between high- and low-complexity
phases, though at distinct critical points. Thus, while markers align in
ergodic and localized regimes, they diverge in an intermediate fractal
phase. The stabilizer Rényi entropy is sensitive to many-body symme-
tries such as fermion parity and time reversal. Our findings show dif-
ferent markers capture complementary facets of complexity, requiring
their combination for a comprehensive diagnosis of phase transitions
and revealing implications for classical simulability of chaotic systems.

THU 7.3 Thu 14:45 ZHGO008
Communication Complexity Bounds using Information
Causality — ePraBHAV JaIN!, Nikorar MIkLIN2, and MARI-
aMI GacHEcCHILADZE! — ITechnische Universitit Darmstadt —

2Technische Universitdt Hamburg

In a distributed computing scenario, two parties (say Alice and Bob)
aim to compute a given function with as minimum communication as
possible. The communication cost or the complexity depends not only
on the function itself but the shared resources to which both parties
have access to such as public randomness or entangled Bell pairs. In
this work, we aim to study communication complexity in theories sat-
isfying the information causality principle. The principle essentially
states that the information potentially available to Bob about Alice’s
data cannot be higher than the amount of information Alice sends to
Bob. We formulate an extension of the information causality principle
which is valid for any distributed computation scenario and apply it to
several well known functions. We show a reduction for some of these
problems to known functions and hence derive one-way communica-
tion complexity bounds in a theory independent manner. Finally, we
prove that the information causality principle is at least as strong as
the principle of non-trivial communication complexity.

THU 7.4 Thu 15:00 ZHGO008

Splitting and interconnecting atomic singlets in dynamical su-
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perlattices — eYANN KIEFER, ZIJIE ZHU, LARs FiscHER, KONRAD
ViEBAHN, and TiLMAN EssLINGER — ETH Ziirich, Ziirich, Switzerland

The transport of atoms, electrons or entanglement in general in large
many-body systems is becoming an increasingly important task for
quantum applications. Often, long-distance qubit connectivity relies
on the transport of particles, which leads to unwanted excitations and
heating and ultimately the loss of information. To circumvent this,
we present a ground-state preserving transportation scheme based on
periodic modulation of an optical lattice potential.

In detail, we leverage topological pumping in a periodically modu-
lated one-dimensional optical superlattice to realise the transport of
coherent fermionic two-particle states over large distances. Further-
more, we use the access of the optical lattice potential to implement
gate operations by engineering the local superexchange coupling J.
More specifically, when two particles meet in a double well of the
optical lattice, we can control J using two different methods, such
that two-particle (SWAP) n gates are implemented while preserving
the motional many-body ground state of the system. We reveal the
successful implementation of such gates by observing multi frequency
singlet-triplet oscillations (STOs) as a direct signature of entanglement
between fermions distributed over tens of lattice sites.

THU 7.5 Thu 15:15 ZHGO008
Measurable Krylov spaces and eigenenergy count in quantum
state dynamics — eSAUD CINDRAK, Lina JaurliGug, and KATHY
LUDGE — Technische Universitat Ilmenau, Ilmenau, Germany

Krylov complexity is defined on the Krylov space, which consists of the
powers of the Hamiltonian acting on the initial state. We prove that an
equivalent space can be constructed by taking time-evolved states as
a basis, which is also quantum-mechanically measurable. The Krylov
complexities computed with respect to both spaces exhibit almost iden-
tical behavior, thus enabling the use of Krylov complexity for systems
where the Hamiltonian is unknown or in experimental settings. This is
particularly relevant for quantum machine learning, where the system
is described by unitaries and the Hamiltonian is not explicitly known.
We then use this newly defined Krylov space to introduce the effective
dimension, which captures the extent to which the state has evolved
in the Krylov basis. This measure is upper-bounded by the number of
pairwise distinct eigenvalues of the Hamiltonian, thereby providing a
method to experimentally determine the number of eigenenergies.

THU 8: Frustrated Quantum Systems:

Time: Thursday 14:15-16:00

THU 8.1 Thu 14:15 ZHGO009
Stretched Drude response in doped Mott insulators: Peculiar
charge dynamics in molecular quantum spin liquids — Savita
Prrval, eMARTIN DrEsseEL!, and StmoNE FraTINi? — 1. Physikali-
sches Institut, Universitdt Stuttgart, Germany — 2Néel Institute -
CNRS and Université Grenoble Alpes, Grenoble, France

Among the extensively studied class of low-dimensional molecular
quantum-spin-liquid compounds «-(BEDT-TTF)4Hg2 g9Brs is of par-
ticular interest because the incommensurate anion layer results in a
extraordinary charge transfer: the strongly correlated system remains
metallic down to the superconducting transition. Our comprehensive
investigations of its optical properties reveal a peculiar charge dynam-
ics and show that the strange-metal behavior in the resistivity is tightly
related to a stretched Drude response in the optical conductivity, i.e.
a generalized form of the Drude absorption representing a stretched
exponential relaxation. Our study may help to solve the longstanding
puzzle of unusual metallic properties frequently observed in high-T¢
cuprate and other transition metal oxides.

We thank our collaborators: J. Liebman, N. Drichko, K. Kanoda,
H. Taniguchi, T. Kobayashi, J. Ovéar, I. Loncari¢

THU 8.2 Thu 14:30 ZHGO009
Majorana Fermi Surface and Transient Localization from Co-
herent Disorder — oSH1 Fenc!, PEncHAO ZHU?, KaANG WaNG?3,
Tao Xianag3, Nanpint Trivepr?, MicHAEL Knap!, and JOHANNES
KnoLLe! — 1Technical University of Munich, Garching, Germany —
2The Ohio State University, Columbus, USA — 3Institute of Physics,
Chinese Academy of Sciences, Beijing, China

We propose a mechanism to explain the emergence of the intermedi-

[1] S. Cindrak, L. Jaurigue, K.Liidge, J. High Energ. Phys 2024, 83

THU 7.6 Thu 15:30 ZHGO008
Hamiltonian many-body model for strong vibrational cou-
pling — eMaTtHIS NoELL, JAKOB KULLMANN, and CARSTEN HENKEL
— Universitat Potsdam, Institut fiir Physik und Astronomie, Germany

Molecular vibrations may be strongly coupled to infrared micro cavi-
ties, and controversial results have been reported regarding changes in
chemical reactions in and out of resonance. We study a simple many-
body Hamiltonian that permits to retrieve strong-coupling conditions
without recourse to damping. The cavity modes are represented as
a dense continuum in an obvious extension of the Tavis-Cummings
model. Depending on the scaling of the coupling constants (molecular
oscillator strength) with the number of cavity modes and molecules,
we find different regimes: the spectrum changes from a collective po-
lariton mode to a photonic band with an anti-crossing. In between
these limits, multiple scattering seems to generate spatially complex
field patterns. We also consider an interaction including anti-rotating
terms and estimate the energy shift of the collective ground state. This
bridges polariton and Casimir physics.

THU 7.7 Thu 15:45 ZHGO008
Impact of boundary conditions on a topological quantum
kicked rotor — eVicTtoria Motsca!, NikorLal BorLik!, and San-
DRO WIMBERGER?3 — !nstitut fiir Theoretische Physik, Universitét
Heidelberg — 2Department of Mathematical, Physical and Computer
Sciences, Parma University — 3INFN, Sezione Milano-Bicocca, Parma
group
We investigate the on-resonance Spin-1/2 Double Kicked Rotor under
the influence of open (hard wall) and periodic boundary conditions.
This system shows topological phases which could be observed in Bose-
Einstein condensate experiments [1]. The Mean Chiral Displacement
(MCD) as the proposed observable displays a strong dependence on
the chosen boundary conditions. The spectrum under open boundary
conditions displays edge states that can be shown to localize at the
edge of the momentum basis. While the bulk observable MCD is sen-
sitive to the boundary conditions as soon as the evolution touches the
boundaries, the edge states could still act as indicators for topological
transitions.

[1] N. Bolik et. al., Phys. Rev. A 106, 043318 (2022)

Contributed Session to Symposium

Location: ZHGO009

ate gapless spin liquid phase in the Kitaev material under an external
magnetic field. In moderate fields, flux-trapped localized Majorana
resonances are nucleated in the ground state. As the density of these
fluxes increases with field strength, the Majorana modes begin to over-
lap, leading to the formation of an emergent Z2 quantum Majorana
metallic state with a Fermi surface at zero energy. Our analysis shows
that the Majorana spectral function obtained by our mean-field ap-
proach captures the dynamical spin and dimer correlations computed
via infinite projected entangled pair states and density matrix renor-
malization group methods. The identification of the intermediate gap-
less phase as a quantum Majorana metal at zero temperature suggests
a new class of gapless quantum spin liquids that is complementary
to the conventional Dirac spin liquids and U(1) spinon Fermi surface
states found in prevailing theories. Based on the picture of a Majorana
metal induced by zero-temperature coherent disorders in the emergent
gauge field, we further discuss the possibility of transient localization
and unconventional transport properties, and comment on potential
realization in Rydberg atom array experiments.

THU 8.3 Thu 14:45 ZHGO009

Optical investigations of incommensurate x-BEDT-TTF
based molecular quantum materials — eSavita Prival,
JUurAaJ Ovear?, Maxim WEeENzEL!, Jesse LieBMAN3, TAKUYA

KoBavasur?, Hiromr TanNicucHI?, Dita PuspiTa SARI®, YASUYUKI
Isui®, Kazusar Kanopal:6:7, Ivor LoNCGARIG?, NATALIA DRICHKOS,
and MARTIN DresseL! — 1.  Physikalisches Institut, Univer-
sitit Stuttgart, Germany — 2Ruder Bogkovié Institute, Zagreb —
3Department of Physics and Astronomy, Johns Hopkins University
— 4Department of Physics, Saitama University — °Global Course of
Engineering and Science, SIT, Tokyo — SDepartment of Advanced
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Materials Science, University of Tokyo — "MPI-FKF, Stuttgart

k-BEDT-TTF based charge transfer salts are correlated electron sys-
tem. Their distinct triangular lattice arrangement is highly sus-
ceptible to geometric and magnetic frustration, leading to exotic
phases like quantum-spin liquids, antiferromagnetism, charge order-
ing, Mott-insulator and superconductivity at low temperatures. In
our study, we focus on k-(BEDT-TTF)s4Hgs g9Brg and x-(BEDT-
TTF)4Hga.78Cls by broadband infrared spectroscopy and Raman scat-
tering spectroscopy to examine the effects of the non-stoichiometric an-
ion layer as a crucial parameter on geometric frustration and their un-
usual response. Optical spectroscopy methods allow us to study these
compounds by probing the electronic and structural responses (by
molecular and lattice vibrations) with temperature. The well-resolved
electronic response enables us to employ theories of correlated physics,
strengthening our understanding of these unusual x-phase salts.

THU 8.4 Thu 15:00 ZHGO009
Control of the carrier distribution in a quasi-2D Mott-
Hubbard solid via ultrafast photodoping and pressure-tuning
revealed by terahertz-infrared spectroscopy — KONSTANTIN
WARAWAL, YassINE AGARMANI', SHENG Qul, HARALD ScHUBERT!,
MARTIN DRrEsSEL?, MicHAEL Lang!, HarrmuT G. Roskos!, and
eMark D. THomsonN! — !Physikalisches Institut, J. W. Goethe-
Universitit, 60438 Frankfurt am Main, Germany — 21. Physikalisches
Institut, Universitat Stuttgart, 70550 Stuttgart, Germany

Electronic correlations in solids can yield a rich phase diagram in-
cluding a Mott metal-insulator transition (MIT), superconductivity
and magnetic order, not only due to the interplay between bandwidth
(W) and Coulomb repulsion (U), but also the concerted response
of the band structure to charge-carrier excitation. This can lead to
drastic effects in Mott-Hubbard insulators with small energy gaps (A
of some 10 meV), such as the organic charge-transfer salt presented
here, k-(BEDT-TTF)2Cu[N(CN)2|Cl. We present two experimental
approaches using terahertz-infrared (THz-IR) pulses to probe the car-
rier distribution/conductivity: 1. Ultrafast photodoping, where the
quasi-equilibrium is a hot electronic state with a non-thermal phonon
distribution and significant deformation of the Hubbard bands (even
for low excited carrier densities ~1%). 2. Pressure-tuning across the
MIT (below 30 MPa), where the THz dynamic conductivity senses
metallic domains within the MI coexistence regime, complementary to
DC transport where the MIT is dominated by a macroscopic percola-
tion threshold.

THU 8.5 Thu 15:15 ZHGO009
Pressure control of magnetic frustration — eBJOrRN WEHINGER
— European Synchrotron Radiation Facility, 71, avenue des Martyrs,
CS 40220, 38043 Grenoble Cedex 9, France.

Low-dimensional materials with strong magnetic frustration and en-
hanced quantum fluctuations embody the characteristics of the long-
sought spin liquid where magnetic order is suppressed and fractional
excitations and entanglement are expected. Significant progress in ma-
terials science has been made in realizing copper-based quantum mag-
nets where localized spin-1/2 moments are arranged in low dimensions
allowing for geometrical frustration.

In this contribution I will show how external pressure can be used
to control magnetic frustration. Using single crystal x-ray diffraction

at high-pressure and low temperature together with density functional
theory calculations we investigate how pressure-induced modifications
in the structure influences the strength of the magnetic exchange [1]. In
presence of anisotropy in the system the various super-exchange paths
are affected differently by hydrostatic pressure which allows direct con-
trol of magnetic frustration [2|. Stabilizing new quantum phases at
high pressure opens the possibility to drive systems close to quantum
critical points which in-turn enables to investigate the development of
spin and lattice correlations as the system approaches criticality.

Finally, I will give a broader overview of research possibilities on
quantum materials at the European Synchrotron.

[1] B. Wehinger et al., Phys. Rev. Lett. 121, 117201 (2018).

[2] D. Chatterjee et al., arXiv:2502.09733 (2025).

THU 8.6 Thu 15:30 ZHG009
Diamond-decorated quantum antiferromagnets in two di-
mensions o ANDREAS HONECKER!, KATARINA KAaARLOVAL,
MaLo RouxeL!, Jozer STREGKAZ, TARAS VERKHOLYAK®, STEFAN
WesseL?, and NiLs Cagr® — !Laboratoire de Physique Théorique
et Modélisation, CNRS, CY Cergy Paris Université, France —
2Department of Theoretical Physics and Astrophysics, P.J. Safarik
University, Kosgice, Slovakia — 3Institute for Condensed Matter
Physics, National Academy of Sciences of Ukraine, L’viv — 4Institute
for Theoretical Solid State Physics, RWTH Aachen University, Ger-
many — 9Laboratoire Kastler Brossel, Collége de France, France

The spin-

5 Heisenberg antiferromagnet on the diamond-decorated
square and honeycomb lattices is a highly frustrated quantum spin
system that in the presence of a magnetic field displays a rich phase
diagram, including the Lieb-Mattis ferrimagnetic, dimer-tetramer,
monomer-dimer, and spin-canted phases, in addition to the fully sat-
urated state. We investigate the thermodynamic properties of this
model using exact diagonalization, an effective monomer-dimer de-
scription, and sign-problem-free quantum Monte Carlo simulations. In
the parameter region favoring the dimer-tetramer phase, the ground-
state problem can be represented by a classical hard-dimer model and
retains a macroscopic degeneracy even under a magnetic field. We
detect an enhanced magnetocaloric effect on the square lattice. The
ground-state degeneracy in the zero-field dimer-tetramer phase can be
lifted by a small distortion. In a particular case on the honeycomb
lattice, this gives rise to a Kastelyn-type phase transition.

THU 8.7 Thu 15:45 ZHGO009

Quantifying entanglement in frustrated transverse-field Ising
model — eLEONARDO DOS SANTOS LimaA — Islima@cefetmg.br

In this paper, we analyzed the effect of quantum phase transition
(QPT) on quantum correlation and entanglement in the frustrated
antiferromagnetic transverse-field Ising model on ruby lattice. We get
the reduced density matrix entropy as a function of exchange inter-
actions J; (¢ = 1,2,3) and external transverse-field h which induces
phases transitions in the system, with the aim to verify its influence
on quantum correlation and entanglement. We get that the effect of
opening of the gap in the spectrum generates a small variation in the
behavior of the von Neumann entropy (VN) due to the fact that ana-
lyzing the influence of QPT on entanglement in quantum spin systems
is a complex field and an intriguing task in recent years. We focus on
how these frustrating competing interactions and the different phases
affect the quantum correlation and entanglement.

THU 9: Correlated Quantum Matter: Contributed Session to Symposium I

Time: Thursday 14:15-15:45

THU 9.1 Thu 14:15 ZHG101
Intertwined superconductivity and orbital selectivity in a
three-orbital Hubbard model for the iron pnictides — Vito
Marino!2, ALBERTO Scazzora3, Feperico Becca?, Massimo
Capone!, and eLuca F. ToccHio? — lInternational School for Ad-
vanced Studies (SISSA) and CNR-IOM, Trieste, Italy — ?Institute for
Condensed Matter Physics and Complex Systems, DISAT, Politecnico
di Torino, Italy — 3Department of Electronics and Telecommunica-
tions, Politecnico di Torino, Italy — 4Dipartimento di Fisica, Univer-
sity of Trieste, Italy

We study a three-orbital Hubbard-Kanamori model relevant for iron-
based superconductors using variational wave functions explicitly in-
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cluding spatial correlations and electron pairing. We span the non-
magnetic sector from filling n = 4, which is representative of undoped
iron-based superconductors, to n = 3, where a Mott insulating state
with each orbital at half filling is found. In the strong-coupling regime,
when the electron density is increased, we find a spontaneous differen-
tiation between the occupation of dy. and dy. orbitals, leading to an
orbital-selective state with a nematic character that becomes stronger
at increasing density. One of these orbitals stays half filled for all den-
sities while the other one hosts (together with the d., orbital) the
excess of electron density. Most importantly, in this regime long-range
pairing correlations appear in the orbital with the largest occupation.
Our results highlight a strong link between orbital-selective correla-
tions, nematicity, and superconductivity, which requires the presence
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of a significant Hund’s coupling.

THU 9.2 Thu 14:30 ZHG101
Collective advantages in finite-time thermodynamics —
eALBERTO Roranpi!'2, Paoro ABIUso®, and MARTI PERARNAU-
LLoBeT?4 L Atominstitut, TU Wien, Vienna, Austria
2Département de Physique Appliquée, Université de Genéve, Genéve,
Switzerland — 3Institute for Quantum Optics and Quantum Infor-
mation - IQOQI, Vienna, Austria — *Fisica Teodrica: Informaci6 i
Fenomens Quantics, Universitat Autonoma de Barcelona, Bellaterra
(Barcelona), Spain

A central task in finite-time thermodynamics is to minimize the excess
or dissipated work Wy;ss when manipulating the state of a system in
contact with a thermal bath. We consider this task for an N-body sys-
tem whose constituents are identical and uncorrelated at the beginning
and end of the process. In the regime of slow but finite-time processes,
we show that Wyiss can be dramatically reduced by considering col-
lective protocols in which interactions are suitably created along the
protocol. This can even lead to a sub-linear growth of Wyiss with N:
Waiss < N* with z < 1; to be contrasted to the expected Wyjss x N
satisfied in any non-interacting protocol. We derive the fundamental
limits to such collective advantages and show that = 0 is in principle
possible, however it requires long-range interactions. We further ex-
plore collective processes with spin models featuring two-body interac-
tions and achieve noticeable gains (sub-linear scaling of the dissipation)
under realistic levels of control in simple interaction architectures. As
an application of these results, we focus on the erasure of information
in finite time and prove a faster convergence to Landauer’s bound.

THU 9.3 Thu 14:45 ZHGI101
Phase diagram of the extended anyon Hubbard model in one
dimension — eIMKE ScHNEIDER!, MARTIN BoNkHOFF?, SHIJIE HU3,
KevIN JAGerING!, AxeL PELsTER!, and SEBAsTIAN EcGERT!
University of Kaiserslautern-Landau, Landesforschungszentrum OP-
TIMAS — 2Universitdt Hamburg — 3Beijing Computational Science

Research Center

We study one-dimensional lattice anyons with extended Hubbard in-
teractions. At unit filling a repulsive next-nearest neighbor interaction
generally leads to gapped phases, but it is far from trivial which cor-
relations are the dominant ones as a function of topological exchange
angle and on-site interaction U. We find that a careful derivation of
all terms in the Luttinger liquid theory predicts an intermediate phase
between a Mott insulator for large repulsive U and a charge density
wave at negative U. As a function of exchange angle the intermediate
phase changes from Haldane insulator for pseudo bosons to a dimerized
phase for pseudo fermions at an interesting multicritical point. Our
results are confirmed by extensive numerical simulations.

THU 9.4 Thu 15:00 ZHG101
The Impact of Tree Tensor Networks for Open Quantum Sys-
tem Simulations — RICHARD MAXIMILIAN MILBRADT!, ePOURIYA
HaJt Guapimi?, and CHrisTIAN MENDLY3 — 1Technische Univer-
sitdt Miinchen, School of Computation, Information and Technology,
Munich, Germany — 2University of Bologna, Department of Physics
and Astronomy, Bologna, Italy — 3Technische Universitit Miinchen,
Institute of Advanced Studies, Munich, Germany

In recent years tensor network methods have seen increasing use in the
classical simulation of quantum systems that interact with an environ-
ment. We explore the use of more general tree tensor networks com-
pared to the more common matrix product/tensor train structure for
these kinds of simulations. We explore the impact of the tree structure
for a direct solution of the Lindblad master equation by time evolving
a density matrix represented as a tree structure in the Liouville space.
Additionally, we consider tree tensor network representations of pure
states in the quantum jump method. We compare this impact for spin
chain models, such as the Ising and Heisenberg models, as well as for
the Bose-Hubbard model for dozens of sites.

THU 9.5 Thu 15:15 ZHGI101
Parafermions Ex Machina — eSTEFFEN BOLLMANN!, ANDREAS
HaLLER?, JUKKA 1. VAYRYNEN3, THoMAs ScumipT? und Erio J.
Kong? — 1Max Planck Institut for Solid State Research, Stuttgart,
Germany — 2University of Luxembourg, Limpertsberg Luxembourg,
Luxembourg — 3Purdue University, West Lafayette, Indiana, USA —
4University of Wisconsin-Madison, Madison, Wisconsin, USA

Fractional quantum anomalous Hall states in materials such as transi-
tion metal dichalcogenides and penta-layer graphene suggest that hete-
rostructures of fractional Hall edge states and superconductors will be
experimentally much more realistic. It has been theorized that such he-
terostructures could host parafermions of interest for topological quan-
tum computing.

Building on these developments, we explore a Z3 parafermion chain
that can be realized using FQH states, subject to fluctuations in the
superconducting order parameter. By employing a combination of ana-
lytical techniques and numerical methods, including density matrix
renormalization group (DMRG), we construct the phase diagram and
examine critical behaviour as a function of system parameters. We find
various Mott insulating phases and two gapless phases - one with exci-
tations of charge 2e/3 and one with excitations of minimal charge 2e.
We compare our results for the transition between these states with
the conjecture that the U(1) x Z3 model flows to an emergent SU(2)3
theory and discuss the appearance of parafermionic domain wall states
beyond mean field superconductivity.

THU 9.6 Thu 15:30 ZHGI101
Few-electron states in molecular networks bonded to met-
als — eMax BesT and CARSTEN HENKEL — Universitdt Potsdam,
Institut fiir Physik und Astronomie, Germany

A simple tight-binding model for electrons in an organic molecule (“net-
work”) is studied to provide some understanding on electron transport
beyond the single-particle picture. Many-fermion states are properly
anti-symmetrised without using Slater determinants explicitly. The
geometric symmetry group of the network (e.g., hexagonal ring) is
implemented carefully on the N-electron subspaces. We discuss the
influence of the Coulomb interaction on the electron-hole symmetry,
the assignment of degeneracies to irreducible representations of the
symmetry group, and the splitting of these under a magnetic field.
Hydrodynamic models for a metallic surface including exchange and
von-Weizsécker kinetic energy are developed as a tribute to 100 years of
quantum physics and applied to current problems in plasmonic catal-
ysis.

THU 10: Foundational / Mathematical Aspects — Methods and Approximations

Time: Thursday 14:15-16:15

THU 10.1 Thu 14:15 ZHG103
Shadow tomography for relativistic scattering experiments —
CuAu NGUYEN, eMAaTTHIAS KLEINMANN, OTFRIED GUHNE, CARMEN
Diez Parpos, and GILBERTO TETLALMATZI-X0OLOCOTZI — University
of Siegen, Germany

Scattering experiments produce relativistic particles that carry besides
momentum information also spin, where the spin information of a de-
caying particle is accessible via the momenta of the decay particles.
However, associating a consistent spin state to the particle proves to be
difficult: In particular in the relativistic setting the spin state strongly
depends on the reference frame, and with it, for example, change its
purity and entanglement properties. This is further aggravated by the
fact that each decaying particle has different momentum. We show
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that techniques from shadow tomography are best suited to handle
this situation and that this can be used to infer a meaningful notion of
entanglement, test the validity of the underlying physical model, and
to extract information that can be otherwise difficult to access, like
the ratio between different production channels.

THU 10.2 Thu 14:30 ZHG103
Absolute and relational many-body Green’s function theories
— oVILLE HARKONEN — Tampere University, Tampere, Finland

Quantum mechanics, now a century old, has relied heavily on the
Coulomb problem and the Born-Oppenheimer (BO) approximation [1]
for describing atoms, molecules, and solids. While the BO approx-
imation is widely used, its limitations are evident in materials like
superconducting hydrides.
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Wave function methods are impractical for solids due to poor scal-
ing, leading to alternatives like BO-based density functional theory and
many-body Green’s function theory. A beyond-BO Green’s function
approach was proposed in the 1960s [2], but it contains foundational
issues [3].

We have developed an exact many-body Green’s function theory to
address these problems [4], revealing that quantum theory may need
to be relational rather than absolute [5].

In this talk, we summarize recent developments in beyond-BO
Green’s function theory [4,5,6] and explore the implications of rela-
tional versus absolute frameworks in quantum mechanics [7].

[1] M. Born and R. Oppenheimer, Ann. Phys. (Leipzig) 389, 457
(1927).

[2] G. Baym, Ann. Phys. 14, 1 (1961).

[3] B. Sutcliffe, Adv. Chem. Phys. 114, 1 (2000).

[4] V. J. Harkonen, R. van Leeuwen, and E. K. U. Gross, Phys. Rev.
B 101, 235153 (2020).

[5] V. J. Harkonen, arXiv:2503.01417 .

[6] V. J. Harkonen, Phys. Rev. B 106, 205137 (2022).

[7] J. B. Barbour, Br. J. Philos. Sci. 33, 251 (1982); L. Smolin,
arXiv:1805.12.

THU 10.3 Thu 14:45 ZHG103
Geometry of quantum correlations — e KONRAD SZYMANSKI —
Research Center for Quantum Information, Slovenska Akadémia Vied,
Bratislava, Slovakia

Quantum mechanics gives rise to nonclassical correlations between ob-
servables, with rich mathematical theory behind and experimental im-
portance: these correlations between observables affect metrological
performance, entanglement detection, and phase transitions at zero
temperature.

In this talk, numerical and analytical methods for the study of quan-
tum correlations will be presented, focusing on the sets of admissible
joint expectation values of observables and their covariance matrices.
This framework will be illustrated through its application to entangle-
ment characterization in photonic quantum states.

THU 10.4 Thu 15:00 ZHG103
Quantum into the mesoscopic: progress in matter-wave in-
terference of massive sodium nanoclusters. — eBruno E.
RAMIREZ-GALINDO 2, SEBASTIAN PEDALINO!2, RiCHARD FERSTLD2,
Kraus HORNBERGER®, STEFAN GERLICH!, and MARKUS ARNDT!
— !University of Vienna, Faculty of Physics, Vienna, Austria —
2University of Vienna, Vienna Doctoral School in Physics, Vienna,
Austria — 3University of Duisburg-Essen, Faculty of Physics, Duis-
burg, Germany

The wave-particle duality has been a cornerstone in quantum theory
since Louis de Broglie’s foundational insight in the early 20th century.
Yet, some fundamental questions remain unresolved: Is there a limit in
mass, size, or complexity beyond which quantum behavior gives way to
classical physics? And, is it possible to realize quantum superpositions
of mesoscopic matter states that are classically considered mutually
exclusive - analogous to Schrédinger’s cat being both dead and alive?
In this work, we discuss experimental advances addressing these ques-
tions through matter-wave interference of sodium nanoclusters with
physical sizes approaching the mesoscopic scale. We report on the
use of a near-field Talbot-Lau interferometer equipped with three UV
photo-depletion gratings, where recent measurements suggest its po-
tential for testing the linearity of quantum mechanics and for enabling
quantum-assisted precision measurements in nanocluster science.

THU 10.5 Thu 15:15 ZHG103
Tunneling Modeled via First-Passage Times — eoPHILIPP
TescH, Kal-HENDRIK HENK, and WoLFGaNG PaurL — MLU Halle-
Wittenberg

Since quantum mechanics lacks a self-adjoint time operator, time is not
an observable in the standard formalism. As a result, time measure-
ments such as tunneling durations are not directly accessible within
the conventional framework. In 1966, Edward Nelson introduced a
stochastic mechanics approach to describe quantum systems [1]. In this
framework, quantum systems are treated as open systems undergoing
conservative, time-reversible diffusion processes. This is modeled by
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Brownian motion guided by velocity fields. This framework is applied
for quantum tunneling in symmetric double-well potentials. Instead of
tunneling, particles overcome the finite potential barrier due to energy
fluctuations. Ground states are obtained numerically via the station-
ary Schrédinger equation, from which probability densities and osmotic
velocities are calculated. Solving the stochastic differential equations
to simulate sample paths of particles allows us to compute first-passage
times across the potential barrier under two different threshold crite-
ria. An inverse relation between mean first-passage times 7 and the
energy splitting AFE in double-well potentials emerges. Furthermore,
this framework allows for a detailed study of the probability distribu-
tion of tunneling times (modelled as first passage times), which can be
addressed by attosecond spectroscopy [2].

[1] E. Nelson, Phys. Rev. 150 (1966) [2] A. S. Landsmann et al.,
Optica 1 (2014)

THU 10.6 Thu 15:30 ZHG103
Approximations in light-matter interaction — eLEONHARD
RicHTER, DANIEL BURGARTH, and DAvVIDE LoNIGRO — Department
Physik FAU Erlangen-Niirnberg, Staudtstr. 7, 91058 Erlangen

I will present recent advances in quantifying the quality of approxima-
tions such as the rotating-wave approximation. Specifically, I present
bounds on the norm difference between the unitary evolutions gener-
ated by the full Hamiltonian and the approximation applied to the
same initial state. As full-quantum models of light-matter interaction
are unbounded in energy, the derived error bounds depend on the par-
ticular initial state of the system and convergence is only given in the
strong and not in the uniform sense. The central method enabling such
derivation in these settings is based on repeated integration-by-parts
of the difference of two unitary evolutions.

THU 10.7 Thu 15:45 ZHG103
The perils of finite dimensional approximations — eFELIX FIs-
cHER — FAU Erlangen, Staudtstr. 7 91058 Erlangen

When numerically simulating the unitary time evolution of an infinite-
dimensional quantum system, one is usually led to treat the Hamil-
tonian H as an ”infinite-dimensional matrix” by expressing it in some
orthonormal basis of the Hilbert space, and then truncate it to some
finite dimensions. However, the solutions of the Schrodinger equations
generated by the truncated Hamiltonians need not converge, in gen-
eral, to the solution of the Schrédinger equation corresponding to the
actual Hamiltonian. In some cases, the approximate solutions do not
converge to any valid state at all, whilst in others they converge to
the dynamics generated by a ”"wrong” Hamiltonian different from the
initial one. In this talk, I present multiple necessary and sufficient
conditions for the convergence of finite dimensional approximations to
the correct dynamics. Multiple examples from quantum chemistry and
quantum optics illustrate the convergence issues which can appear in
practice. Using our abstract results, I discuss why these issues arise
and showcase how to ensure convergence to the correct dynamics we
aim to simulate.

THU 10.8 Thu 16:00 ZHG103
Improved Gerchberg-Saxton Approach to the One-
Dimensional Pauli Phase Retrieval Problem — FELIPE DE
ANDRADE FERREIRA DA Sitva, KAREN FERNANDA Pacnoni, and
e ALEXYS BRUNO-ALFONSO — Department of Mathematics, School
of Sciences, UNESP - Sao Paulo State University, Bauru, 17033-360,
Brazil

The iterative Gerchberg-Saxton algorithm retrieves the phases of a
Fourier pair from the corresponding intensities. It can deal with the
one-dimensional phase-retrieval Pauli problem: the calculation of the
state representations (z) and ¢(k) from the probability densities
p(x)=|(z)|? and u(k) = |¢(k)|?. We improve the algorithm in several
ways. First, we find compatibility tests between two given densities
p(z) and u(k). Second, we enhance the algorithm stability by adding
two stages after each Fourier transformation: (i) we replace the exact
absolute value of the transform by its weighted harmonic mean with
the approximate one, (ii) we multiply the transform by a factor that
reproduces the expected values and variances of x and k as given by
p(z) and p(k).
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THU 11: Quantum Technology and Industry

Time: Thursday 14:15-15:45

THU 11.1 Thu 14:15 ZHG104
Quantum Valley Lower Saxony - An ecosystem for quantum
technologies — eLENA BITTERMANN — Physikalisch-Technische
Bundesanstalt, Braunschweig, Germany

Quantum Valley Lower Saxony (QVLS) is a growing ecosystem for
quantum technologies based in Braunschweig and Hanover. QVLS
connects research institutions, startups, and industry partners to drive
innovation and accelerate the development of enabling technologies.

In our Clusterdfuture QVLS-iLabs we promote technology transfer
through close cooperation between science and industry. With strong
regional infrastructure, collaborative projects, and strategic partner-
ships, QVLS supports the path from fundamental research to real-
world applications in the emerging quantum economy.

THU 11.2 Thu 14:30 ZHG104
Patentierung von Quantentechnologie — eMarTHIAS GROB —
Pavant Patentanwilte PartGmbB, Hamburg, Germany

Im Bereich der Quantentechnologie, insbesondere des Quantencompu-
tings und der Quantensimulation, werden in zunehmender Zahl Pa-
tente angemeldet. Der Beitrag gibt Einblicke in das Patentwesen mit
starkem Bezug zur Quantechnologie und illustriert dabei auch die Mo-
tivation fiir Patentanmelder:innen und -inhaber:innen. Zudem geht der
Beitrag auf die Patentierbarkeit von Quantentechnologie ein.

THU 11.3 Thu 14:45 ZHG104
Ultra Broadband Lens for Quantum Computing Applications

— eTHoMmas Fricke-BEGEMANN!, GREGOR Marz!, CHRIsTOPH
Cuarron!, THomas THoENiss!, AsTRiD BiNcEL?, and FRIEDRICH
RickeLr? — lExcelitas Technologies, Gottingen, Germany —

2Fraunhofer IOF, Jena, Germany

Quantum computing platforms using trapped ions or neutral atoms
require optical control of an array of single qubits for a wide range
of functionality including e.g. MOTs, optical tweezers, laser cooling,
single and two qubit gates and detection. Ideally, the optical access
involving multiple laser beam arrays over a large spectral bandwidth
can be provided via a single optical system.

Here, we report on the development of an objective lens that allows
the control of Rydberg atom qubits over a wavelength range from ap-
proximately 310 to 820 nm, thus enabling the use of a multitude of
atomic transitions. It provides an ultra-long working distance and is
designed to operate through the window of a UHV glass cell. The high
NA allows addressing single qubits within a large field. To ensure high
transparency over the large spectral bandwidth and to meet polar-
ization preserving requirements, special AR-coatings including nanos-
tructured layers with very low effective refractive index are used inside
the lens.

THU 11.4 Thu 15:00 ZHG104

Streamlining Quantum Measurements: Simplifying Com-
plexity — e AvisHEK CHOWDHURY — Zurich Instruments GmbH

Location: ZHG104

Quantum sensing and metrology applications frequently depend on
transferring quantum information between different physical systems
across a wide range of frequencies. This process is often linked with the
need for continuous or pulsed measurements and sophisticated feed-
back mechanisms. In this talk I connect the insights from my own
research on optomechanics and quantum sensing with how the cur-
rent product offerings from Zurich Instruments are facilitating a more
streamlined approach for efficient implementations.

THU 11.5 Thu 15:15 ZHG104
Advanced Quantum Technologies - expert peer review and
quality quantum science publishing in QUTE — eSTEFAN
HiLDEBRANDT, CHRISTIANA VARNAVA, and HuaNn WaNG — Advanced
Quantum Technologies, Wiley-VCH GmbH, Berlin, Germany

Since 2018, Wiley-VCH with Editorial Offices in Berlin and Bei-
jing has been publishing Advanced Quantum Technologies (QUTE,
http://www.advquantumtech.com), which is now one of the leading
peer-reviewed quantum journals, ranked Q1/Q2 in quantum science,
technology and optics. The editors provide a first-class editorial ser-
vice, offering expert peer review and rapid publication (with a typical
turnaround time of <10 days for the first editorial decision, about 90
days to acceptance, and 19 days from acceptance to online publication).
Core areas will be presented that cover a broad spectrum of regular
papers, including Reviews, Perspectives and Research Articles, with
highlights and special issues focusing on quantum networks, quantum
communication and key distribution, quantum photonics, quantum
materials and many other topics, ranging from theory to experimental
applications. We will describe submission requirements, the editorial
process and the role of artificial intelligence in today’s science publish-
ing, as well as opportunities for open access publication with CC-BY
licenses under the Wiley-DEAL agreement and other transformational
agreements worldwide.

THU 11.6 Thu 15:30 ZHG104
From Bits to Qubits: d-fine’s Role in Pioneering Quantum
Technology Innovations — eSABINE MATYsik, DaANIEL OHL DE
MELLO, and DANIEL HERR — d-fine GmbH

d-fine is a European consulting firm specialised in analytical, quan-
titative and technological challenges. Since 2018, we have been con-
tinuously expanding our team in the field of quantum technologies
and quantum computing, and are conducting an increasing number of
projects in collaboration with research institutes and industry part-
ners.

During the presentation, we will provide an overview of our approach
to projects and initiatives to date. These include projects on the de-
velopment of algorithms for use cases in climate modelling, material
science and mobility, as well as software development for managing
access to quantum hardware, analysing security aspects of quantum
machine learning, and the development of efficient hardware decoders
for quantum error correction.

THU 12: Quantum Thermalization: Contributed Session to Symposium

Time: Thursday 14:15-16:15

THU 12.1 Thu 14:15 ZHG105
A minimal model of relaxation in isolated quantum systems —
eUwE HorLM, MORGAN BERKANE, ANJA KUHNHOLD, and ANDREAS
BucHLEITNER — Physikalisches Institut, Universitat Freiburg, Ger-
many

In classical thermodynamics, heat flow is commonly introduced by a
thought experiment that employs two gas-filled boxes separated by a
fixed wall and initially prepared with different internal energies. Subse-
quently, the subsystems exchange energy irreversibly, and the internal
energies of both boxes equilibrate.

We introduce an analogue microscopic model consisting of two quan-
tum particles contained in two 2D-boxes separated by a fixed wall,
and isolated against the outside world. Thermal contact is realized via
long-range interactions between the particles in the adjacent boxes. We
numerically simulate the resulting, non-integrable two-body dynamics,
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Location: ZHG105

with specific focus on the questions of whether and how relaxation can
be witnessed already in this very minimalist setting, and whether heat,
entropy and temperature can be defined consistently.

THU 12.2 Thu 14:30 ZHG105
Eigenstate Thermalization Hypothesis correlations via non-
linear Hydrodynamics — eJiaozi WanG!, RUucHIRA MisHRAZ,
Tian-Hua Yane3, Luca V. DELACRETAZZ, and Stvia PAPPALARDI?
— 1U Osnabriick, Germany — 2U Chicago, USA — 3U Princeton,

USA — 4U Kéln,, Germany

The thermalizing dynamics of many-body systems is often described
through the lens of the Eigenstate Thermalization Hypothesis (ETH).
ETH postulates that the statistical properties of observables, when ex-
pressed in the energy eigenbasis, are described by smooth functions,
that also describe correlations among the matrix elements. However,
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the form of these functions is usually left undetermined. In this work,
we investigate the structure of such smooth functions by focusing on
their Fourier transform, recently identified as free cumulants. Using
non-linear hydrodynamics, we provide a prediction for the late-time
behavior of time-ordered free cumulants in the thermodynamic limit.
The prediction is further corroborated by large-scale numerical simu-
lations of a non-integrable spin-1 Ising model, which exhibits diffusive
transport behavior. Good agreement is observed in both infinite and
finite-temperature regimes and for a collection of local observables.
Our results indicate that the smooth multi-point correlation functions
within the ETH framework admit a universal hydrodynamic descrip-
tion at low frequencies.

THU 12.3 Thu 14:45 ZHG105
Generating constraints and Hilbert space fragmentation by
periodic driving — eSomsuBHRA GuosH!, INDRANIL Paur?, Kgr-
ISHNENDU SENGUPTAS, and LEv Vibmar'# — Dept of Theoretical
Physics, J. Stefan Institute, Ljubljana, Slovenia — 2Laboratoire Mate-
riaux et Phenomenes Quantiques, Paris, France — 3School of Physical
Sciences, Indian Association for the Cultivation of Science, Kolkata,
India — 4Dept of Physics, University of Ljubljana, Ljubljana, Slove-
nia
Hilbert space fragmentation (HSF) has long been proposed as a route
to evade thermalization in isolated quantum systems by restricting its
dynamics through the imposition of constraints. However, in equi-
librium, such constraints are inserted a priori in the Hamiltonian of
the system. In one of our earlier works, we had considered one such
system and showed that such constraints can be realized through pe-
riodic driving. In this work, we generalize this idea and propose a
general framework to generate such emergent constraints for a given
system. We show that special drive frequencies exist where destruc-
tive interference suppresses processes which violate the constraints and
thereby reinforces these constraints as emergent phenomena. Led by
this insight, we suggest what kind of drive protocol might be suitable
to generate a particular constraint for a given system. This result, in
fact, goes beyond the purview of HSF and applies to the more general
context of emergent symmetries in driven systems. As an application,
we use this protocol to spatially localize quantum information in a
spin-1/2 chain through HSF.

THU 12.4 Thu 15:00 ZHG105
Investigation of semiclassical simulations for Heisenberg-
Langevin equations at low temperatures — eScoTT DANIEL
Linz and JocHEN GEMMER — Department of Mathematics/Computer
Science/Physics, University of Osnabriick, D-49076 Osnabriick, Ger-
many

A system of spins coupled to a bath is a traditional set-up in open
quantum systems. Through Heisenberg’s equation the spin dynamics
can be modeled by a dynamical system. Interpreting terms as noise
and non-Markovian damping one can arrive at a Heisenberg-Langevin
equation. These are notoriously difficult to solve due to the dimension-
ality of the Hilbert space. Classical generalized Langevin equations,
involving non-Markovian damping and colored noise are well under-
stood and can be treated numerically with comparative ease. Thus, a
semiclassical ansatz can be made by substituting quantum expectation
values with classical functions. This allows the application of standard
methods developed for classical stochastic dynamical systems to tackle
spin dynamics. However, this approach is uncontrolled and should be
benchmarked against known quantum dynamics. In this investigation
a Hamiltonian for spin dynamics is manipulated in order to receive a
set-up similar to the Weisskopf-Wigner theory of spontaneous emission
in order to compare the results.

THU 12.5 Thu 15:15 ZHGI105
Comprehensive analysis of electronic relaxation in one di-
mension Kondo lattice model — e ArRTURO PEREZ ROMERO, MicA
ScawarM, and FABIAN HEIDRICH-MEISNER — Institut for Theoreti-
cal Physics, Georg-August-Universitat Gottingen, D-37077 Gottingen,
Germany

Recent advancements in laser technology have made it possible to cre-
ate non-equilibrium conditions on timescales that outpace energy ex-
change across a wide range of degrees of freedom. The above represents
a challenge not only for condensed matter experimental physicists but
also for theoretical physicists who are motivated to describe a great
variety of far-from-equilibrium systems. In this paper, we study the
real-time dynamics of two paradigmatic models: the Kondo lattice
model (KLM) and the Kondo-Heisenberg model (KHM) in one dimen-

14

sion. We analyze the role of exchange couplings for the relaxation of
a single charge carrier via the time-dependent Lanczos method. We
conduct a comprehensive study of the time evolution by evaluating
the z-spin component of the conduction electron, the local spin-spin
correlation between localized and conduction electrons, the spin-spin
correlation between localized spins, and the electronic momentum dis-
tribution. The study includes a comparison with statistical mechanics
predictions for steady state and a study of the effect of diagonal disor-
der. This work was funded by the Deutsche Forschungsgemeinschaft
(DPG, German Research Foundation) via CRC 1073

THU 12.6 Thu 15:30 ZHG105
Graph theory and tunable slow dynamics in quantum
East Hamiltonians — eHEiko GEoRG MENZLER!, MARI CARMEN
BafuLs?3, and FaBiaN HeipricH-MEISNER! — lInstitut fiir Theo-
retische Physik, Georg-August-Universitdt Gottingen, D-37077 Got-
tingen, Germany — 2Max-Planck-Institut fiir Quantenoptik, D-85748
Garching, Germany — 3Munich Center for Quantum Science and
Technology (MCQST), Schellingstrasse 4, D-80799 Miinchen

‘We show how graph theory concepts can provide an insight into the
origin of slow dynamics in systems with kinetic constraints. In par-
ticular, we observe that slow dynamics is related to the presence of
strong hierarchies between nodes on the Fock-space graph in the par-
ticle occupation basis, which encodes configurations connected by a
given Hamiltonian. To quantify hierarchical structures, we develop
a measure of centrality of the nodes, which is applicable to generic
Hamiltonian matrices and inspired by established centrality measures
from graph theory. We illustrate these ideas in the quantum East (QE)
model. We introduce several ways of detuning nodes in the correspond-
ing graph that alter the hierarchical structure, defining a family of QE
models. We numerically demonstrate how these detunings affect the
degree of non-ergodicity on finite systems, as evidenced by both the
time dependence of density autocorrelations and eigenstate properties
in the detuned QE models.

(Funded by: DFG 436382789, 493420525, 499180199 via FOR 5522
and GOEGrid cluster; Germany’s Excellence Strategy EXC - 2111 -
390814868)

THU 12.7 Thu 15:45 ZHG105
Hierarchy of the relaxation timescales in a disordered spin-
1/2 XX ladder — eKabpir CEVEN, LUKAS PEINEMANN, and FABIAN
HEeiDrRICH-MEISNER — Institut fiir Theoretische Physik, Georg-
August-Universitat Gottingen, Gottingen, Germany

Understanding the timescales associated with relaxation to equilibrium
in closed quantum many-body systems is one of the central focuses in
the study of their non-equilibrium dynamics. At late times, these re-
laxation processes are believed to exhibit universal behavior, emerging
from the inherent randomness of chaotic Hamiltonians. In this work,
we investigate a disordered spin-1/2 XX ladder—an experimentally
realizable model known for its diffusive dynamics—to explore the con-
nection between transport properties and spectral measures derived
solely from the system’s energy levels via these relaxation timescales.

We begin by analyzing the spectral form factor, which reveals the
timescale at which the system begins to exhibit random matrix theory
(RMT) statistics, known as the RMT time. We then determine the
Thouless time—the time for particle to diffuse across the entire finite
system—through transport analysis of the disordered model. Our nu-
merical results confirm that, during relaxation, the RMT time occurs
significantly later than the Thouless time, signalling distinct temporal
regimes in the system’s approach to equilibrium.

We acknowledge funding from the Deutsche Forschungsgemeinschaft
(German Research Foundation) within the Research Unit FOR5522
(Project No. 499180199).

THU 12.8 Thu 16:00 ZHG105
Observing dynamical localization on a trapped-ion qudit
quantum processor — e GoNzAaLO CAaMAcHO — Deutsches Zentrum
fiir Luft- und Raumfahrt (DLR), Koln, Germany

Recent impressive advances in quantum processors have opened up the
possibility to witness emergent dynamical behavior in quantum many-
body systems. An outstanding example is the observation of time-
crystalline behavior in periodically driven systems breaking the dis-
crete symmetry of the drive. Going beyond qubit-based architectures,
in this work we use a trapped-ion qudit quantum processor to study
a disorder-free, spin-1 interacting Floquet model that displays time-
crystalline behavior protected by symmetry of an effective prethermal
Floquet Hamiltonian. We also address the role played by multipartite
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entanglement in the system dynamics through the Quantum Fisher
Information, which can be employed as a proxy to characterize the
crossover from dynamically localized to ergodic regimes. These results

pave the way for the exploration of emergent non-equilibrium phenom-
ena in higher-dimensional quantum systems.

THU 13: Poster Session: Applications

Time: Thursday 16:30-18:30

THU 13.1 Thu 16:30 ZHG Foyer 1. OG
Understanding Loss Channels in Fluxonium Qubits through
High-Impedance LC Resonators — eMarTHias ZETzLD23, Jo-
HANNES ScHIRKD 23, FLORIAN WALLNER!2:3, Ivan TsiTsiLin®:2:3,
NikLas Bruckmoser!:2:3, CHRisTIAN ScHNEIDERDZ3, and STE-
FAN FiLippl2:3 — I1Walther-Meifiner-Institut, Garching, Germany —
2Technische Universitit Miinchen, Munich, Germany — 3Munich Cen-

ter for Quantum Science and Technology, Munich, Germany

Superconducting qubits are currently limited by decoherence, mak-
ing the identification of loss mechanisms critical for improving sys-
tem performance. We investigate dissipation in Josephson junction
arrays, a key component of protected qubits such as fluxonium and
zero-pi qubits. To probe these loss channels, we study high-impedance
lumped-element LC resonators composed of two charge islands con-
nected by a Josephson junction array. This architecture closely resem-
bles that of fluxonium qubits but enables more direct characterization
through transmission measurements. We focus on power dependence
spectroscopy and time traces of the resonator transmission. With this
we achieve a fast and efficient characterization of the junction param-
eters and quality, providing a robust method to improve Josephson
junction performance for fluxoniums and protected circuits.

THU 13.2 Thu 16:30 ZHG Foyer 1. OG
Error Rate of Quantum Circuits Involving Coded Com-
putational Operations — eYunos EL KADERIY2, ANDREAS
HONECKER!, and Irvna ANDRIYANOVA? — 'LPTM, CNRS
UMR 8089 CY Cergy Paris University, France — 2ETIS, CNRS UMR
8051 CY Cergy Paris University, France

Our work is motivated by the coded computation framework, where
useful data is first encoded before being processed, and most elemen-
tary operations are faulty, including the encoding part. The output
error rate of such coded quantum circuits can be simulated by means
of existing quantum simulators, but typically at a cost that increases
exponentially with the number of qubits. With the aim to reduce the
simulation complexity, we suggest a less complex method to approx-
imate the output error rate of quantum circuits, and we apply these
methods in the framework of coded computation. This is benchmarked
against numerical simulations.

THU 13.3 Thu 16:30 ZHG Foyer 1. OG
Stochastic Emulation of Quantum Algorithms — eANAGHA
SHRIHARSHA and DANIEL BrRauN — Institute for Theoretical Physics,
Eberhard Karls University of Tiibingen, Auf der Morgenstelle 14 D -
72076 Tibingen

We introduce a fully classical stochastic emulation of pure-state quan-
tum circuits by treating higher-order partial derivatives of an N-
particle position distribution as analogue quantum states and discretiz-
ing them into 2(n + 1) classical stochastic bits. Each single- and two-
qubit unitary gate is realised as a convex stochastic map on these grabit
bins, reproducing the exact realified evolution up to a global prefac-
tor and enabling an automated translation of any pure-state quantum
algorithm into a classical stochastic algorithm. We demonstrate the
approach on the Deutsch Jozsa and Bernstein Vazirani algorithms, as
well as on the Quantum Fourier Transform and the Quantum Approx-
imate Optimization Algorithm, validating that gate-by-gate stochas-
tic propagation faithfully tracks the intended quantum evolution. By
analysing how the number of samples must grow with qubit count
for fixed accuracy, we uncover how genuine many-particle interference
emerges within classical probabilities and at what sampling cost.

THU 13.4 Thu 16:30 ZHG Foyer 1. OG
Error correction on IBM’s quantum computers — eSIMONA
Gricorova — Center for quantum tehcnologies, Sofia, Bulgaria

I present implementations of the repetition and bit flip codes on IBM’s
superconducting qubit platforms. This work demonstrates effective
error detection and correction, significantly mitigating bit-flip errors.
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Location: ZHG Foyer 1. OG

The study outlines the experimental setup, key challenges, and results,
emphasizing the potential for scalable, fault-tolerant quantum compu-
tation on current hardware.

THU 13.5 Thu 16:30 ZHG Foyer 1. OG
A Near-Constant-Depth Quantum Algorithm for Quantum
Chemistry — oYu Wanc!, Marrina NiBer!, Maxine Luo?#4, and
CurisTiAN MENDLY2 — 1Technical University of Munich, CIT, De-
partment of Computer Science, Boltzmannstrasse 3, 85748 Garch-
ing, Germany — 2Technical University of Munich, Institute for Ad-
vanced Study, Lichtenbergstrasse 2a, 85748 Garching, Germany —
3Max Planck Institute of Quantum Optics, Hans-Kopfermann-Strasse
1, 85748 Garching, Germany — *Munich Center for Quantum Science
and Technology, Schellingstrasse 4, 80799 Munich, Germany

In this work, we present an efficient quantum algorithm for simulating
time evolution in quantum chemistry. Its circuit depth scales loga-
rithmically with the system size, which can be viewed as effectively
constant for large molecules. The approach is inspired by the fast
multipole method, in which we aggregate the one-to-one interactions
between grids in two regions into region-to-region interactions. Follow-
ing this strategy and assuming a two-dimensional structured quantum
computer, we estimate the number of electrons in each area and then
compute the corresponding time evolution when working with the dis-
cretized form of the electronic Hamiltonian. Moreover, the estimation
of electron numbers can be implemented in constant depth if the fan-
out gate is available, which is realized in recent experiments on various
hardware platforms. Consequently, the circuit depth for a single-step
time evolution simulation is determined by the number of levels that
scale logarithmically in the fast multipole method.

THU 13.6 Thu 16:30 ZHG Foyer 1. OG

Towards fast ion separation for trapped ion quantum comput-
ing — eLiNo Savas!, Roprico Munoz!, Lars KRIEGER!, FLORIAN
UNGERECHTs!, Masum BiLrLan!, Janina Birgr!, Puin NuscHKE!,
and CHRISTIAN OsPELKAUs!2 — lInstitut fiir Quantenoptik, Leib-
niz Universitdt Hannover, Welfengarten 1, 30167 Hannover, Germany
— 2Physikalisch-Technische Bundesanstalt, Bundesallee 100, 38116

Braunschweig, Germany

A promising approach for a trapped-ion-based quantum computer is
the quantum charge-coupled device architecture, as it enables scalabil-
ity through the use of microfabrication methods and using junctions
allows natural all-to-all connectivity of the qubit array.

Based on a surface electrode Paul trap, we disscuss current simula-
tion results for separating Coulomb crystals while maintaining a con-
stant trap frequency. This decreases the sensitivity to heating due to
uncontrolled acceleration during the merging and splitting processes,
which is a critical step for high fidelity quantum computing for trapped-
ion based systems.

THU 13.7 Thu 16:30 ZHG Foyer 1. OG

Building trapped-ion quantum processors using MAGIC
technology — eMaTHEW CHAN — eleQtron GmbH

In recent years, trapped ions have emerged as a prime candidate for the
establishment of noisy intermediate-scale quantum (NISQ) computers.
eleQtron is a quantum startup which was established as a spin-off from
the group of Prof. Christof Wunderlich, where quantum computing
with trapped 171Yb+ ions interacting via MAGIC (MAgnetic Gra-
dient Induced Coupling) has been pioneered. MAGIC][1] refers to the
deployment of a static magnetic field gradient along the ion chain. This
gradient results in a differentiation between the qubit transition energy
at each ion position, facilitating the use of microwave frequencies to
achieve coherent control of individual ions whilst minimizing undesir-
able crosstalk. This also induces a coupling between ions which can be
exploited for the implementation of multi-qubit gates. Additionally,
mature microwave technology in the commercial space is leveraged to
overcome the scalability challenge. For the next generation of MAGIC-
based quantum computers, we are now focused on scaling up our ion
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trap platform. To this end, we first need to miniaturize the trap into a
modular planar design, which is then housed within an ultra-high vac-
uum and cryogenic conditions, which serve to reduce the ion motional
heating rates. Here, we present a summary of the technical building
blocks of our platform and a future path to scalability for digital quan-
tum computing with trapped ions in the NISQ era.

[1] F. Mintert & C. Wunderlich, Phys. Rev. Lett. 87, 257904 (2001)

THU 13.8 Thu 16:30 ZHG Foyer 1. OG

Rymax one: A neutral atom quantum processor to
solve optimization problems — eHENDRIK Koser!, BENJAMIN
ABELN', Tobias EBerr!, Sivia FerranTe!, KapriL Goswamil,
Jonas WirzenraTH2, HAUKE Biss!, Jonas GurscHE2?, GIOVANNI
DE VEccHI'!, NaDER Mostaan!, SurHEP PomiaksiLp!, ToBias
Pirkau?, JosE VArcas!, Rick MUKHERJEES, NicLas Luick!,
THOMAS NIEDERPRUM2, DIETER JAakscH!, HENNING MoriTz!, HER-
wic OrT2, PETER ScHMELCHER!, KLAUS SENGSTOCK!, and ARTUR
WipERA? — 1University of Hamburg, 22761 Hamburg, Germany —
2RPTU Kaiserslautern-Landau, 67663 Kaiserslautern, Germany —

3University of Tennessee, TN 37996 Knoxville, USA

Computationally hard problems are deeply embedded into modern so-
ciety. Finding solutions to these problems via classical means still
requires substantial computational effort. Quantum processors, on the
contrary, promise a significant advantage in solving them. To explore
the potential of quantum computing for real-world applications, we set
up Rymax One, a quantum processor designed to solve hard optimisa-
tion problems. We trap ultracold neutral Ytterbium atoms in arbitrary
arrays of optical tweezers, ideally suited to solve optimisation problems
and perform quantum operations in a hardware-efficient manner. The
level structure of Yb provides the possibility of attaining qubits with
long coherence times as well as Rydberg-mediated interactions and
high-fidelity gate operations. These features allow us to realise a scal-
able platform for quantum processing to test the performance of novel
quantum algorithms tailored to tackle real-world problems.

THU 13.9 Thu 16:30 ZHG Foyer 1. OG
Thin film diamond nano-photonics — esuUNIL KUMAR MAHATO!:2,
DONIKA IMERI'2, KONSTANTIN BECK!'2, NICK BRINKMANND? LEONIE
EGGERSD2, CAIUS NIEMANN!, RIKHAV SHAH!, and RALF RIEDINGER!
— 1Zentrum fiir Optische Quantentechnologien, Universitit Hamburg,
22761 Hamburg — 2The Hamburg Centre for Ultrafast Imaging, 22761

Hamburg, Germany

Silicon-vacancy (SiV) color centers in diamonds have emerged as one
of the most promising platforms for quantum communication, quan-
tum information processing, and quantum networks because of their
special optical and spin characteristics. Inversion symmetry, which
distinguishes the SiV* center from other color centers, results in ex-
tremely stable optical transitions with little spectral diffusion. Their
ability to produce indistinguishable single photons, a crucial prereq-
uisite for scalable quantum networks, makes them perfect candidates.
Additionally, it is possible to represent the SiV* core as a two-level
quantum system, which allows for coherent single-photon control and
manipulation. SiV* centers can be coupled to optical cavities and
waveguides.

Thanks to recent developments in nanofabrication and photonic in-
tegration, which are greatly improving spin-photon coupling efficiency.

THU 13.10 Thu 16:30 ZHG Foyer 1. OG
PTB Testbed for Quantum Key Distribution Metrology —
e ALl HrE1BI', MouseN EsMakiLzapEH?, Tara Liesiscu®, and STE-
AN Ktick?* — 1Ali.hreibi@ptb.de — 2mohsen .esmaeilzadeh@ptb.de
— 3Tara .Liebisch@ptb.de — “Stefan.Kueck@ptb.de

Various QKD systems, based on different protocols, have been de-
veloped for both free-space and optical fiber communication. How-
ever, despite significant progress over the past decades, achieving long-
distance communication using single photons remains challenging. To
mitigate rapid signal decay during transmission, technical compromises
are often employed, which come at the expense of single-photon purity
and overall communication fidelity, ultimately weakening the security
provided by the laws of quantum mechanics. As a result, technical so-
lutions are continuously being developed and implemented to prevent
emerging attacks. We are developing various metrology techniques for
calibrating and characterizing key components of QKD systems both
in the laboratory and in field-deployed optical fibers. For example,
to support QKD in daylight conditions, we are developing calibration
methods for single-photon detectors operating with higher detection
efficiencies at the Fraunhofer sodium D1 line, allowing for precise per-
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formance characterization under realistic environmental conditions. As
well, we are developing techniques to characterize entangled photon
sources using quantum state tomography and to multiplex different
QKD signals in optical fiber.

THU 13.11 Thu 16:30 ZHG Foyer 1. OG

Characterization and mitigation of optical side-channels

in QKD — eEveELYN EDEL!, MoRITZ BIRKHOLD'2, SEBASTIAN
AHLIK ARALD EINFURTERDZ3 | an ukas Knipsli?

M 47 H W 1,2 37 d L K 1,2,3

!Ludwig Maximilian University, Munich, Germany — ?Munich Cen-

ter for Quantum Science and Technology, Munich, Germany —
3Max Planck Institute of Quantum Optics, Garching, Germany —
4University of Gdansk, Gdansk, Poland

Unlike classical key distribution methods reliant on computationally
hard problems, quantum key distribution (QKD) achieves information-
theoretic security by the principles of quantum physics. The decoy-
state BB84 protocol offers a practical scheme for realizing free-space
QKD sender modules, allowing the use of highly attenuated laser pulses
as a photon source. However, imperfections in devices could enable
side-channel attacks by an eavesdropper.

This work presents a characterization of spectral side-channels in
our sender module. To prepare the different polarization states, four
vertical-cavity surface-emitting lasers (VCSELs) in a monolithic ar-
ray are used, which results in imperfect spectral overlap opening up
a side-channel. The spectral behavior of over 100 VCSELs was char-
acterized under varying bias and modulation currents. Together with
the time-resolved pulse analysis enabled by a streak camera, this al-
lows identification of arrays with optimal spectral overlap and facili-
tates future module optimization. First steps were taken to quantify
the information leakage via mutual information, which will be used to
appropriately adjust privacy amplification in the protocol.

THU 13.12 Thu 16:30 ZHG Foyer 1. OG
QSOC - The DLR Quantum Space Operations Center — AN-
DREAS SPORL, NIKoLAS POMPLUN, SANTANA LuJAN, eCATHARINA
Broocks, Francisca Maria MaArRQuEs RErs WARDEN Gois, SVEN
PRUFER, CLEMENS SCHEFELS, and JAN PITANN — German Aerospace
Center, Miinchener Str. 20, 82234 Wefling, Germany

The Quantum Space Operations Center (QSOC) is a platform for in-
tegration of cutting-edge quantum technologies in traditional space
mission operations. Our interdisciplinary research group collaborates
extensively with leading academic institutions and industry partners to
address complex challenges in spacecraft scheduling, satellite control,
data analysis, and secure communication.

We present novel quantum algorithms for combinatorial optimiza-
tion problems, specifically tailored for spacecraft mission planning
challenges. The exploration of rarely utilized quantum algorithms al-
lows to uncover a vast potential to improve a broad spectrum of day-
to-day spacecraft operation tasks. Additionally, we delve into quan-
tum optimal control theory for robust satellite attitude management.
Quantum Machine Learning methods are employed for anomaly detec-
tion in satellite telemetry data, showcasing their potential in improv-
ing the reliability and efficiency of space missions. Our initiatives in
quantum error correction address the reliability challenges of state-of-
the-art quantum computing devices.

Further, we discuss the integration of Quantum Key Distribution
systems into satellite ground segments, ensuring secure data transfer
and enhancing the overall cybersecurity posture of space operations.

THU 13.13 Thu 16:30 ZHG Foyer 1. OG
Towards entanglement distribution in a metropolitan dark-
fibre network in Berlin — eWiLLiaM STaUNTON! and HARALD
HeRRMANN? — 1Humboldt University, Berlin,Germany — ?Paderborn
University, Germany

Efficient distribution of entanglement along quantum channels is essen-
tial in the potential realization of a quantum internet. Alongside an
infrastructure of SM dark fibers, with quantum repeater functionalities
we could move towards distributed quantum computation and quan-
tum communication on a global scale. We present the work towards
entanglement distribution in a metropolitan, field-installed dark-fibre
network in Berlin. With focus on results of the active polarization
stabilization employed. We also introduce the novel, resonant, type
IT periodically poled Lithium Niobate (PPLN) spontaneous paramet-
ric downconversion (SPDC) waveguide source engineered to produce
entangled photon pairs with high brightness and narrow linewidth.
Crucially, such sources emit photons with pure spectral states. Use of
the clustering effect reduces the effect spectral filtering has on overall
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brightness mode. With an emission bandwidth optimized for interact-
ing with quantum memories, we show how the source is optimized for
quantum repeater demonstrations.

THU 13.14 Thu 16:30 ZHG Foyer 1. OG
High Frequency Ion-Photon Interfaces for Distributed Quan-
tum Computing — eLasse JEns IRrcanc!, Luca Grar!, TUN-
cay Uras!, Rikuav Suan®2, and RaLr RIEDINGER!2 — 1Zentrum
fiir Optische Quantentechnologien, Universitdt Hamburg, 22761 Ham-
burg, Germany — 2The Hamburg Centre for Ultrafast Imaging, 22761
Hamburg, Germany

Decades of excessive research have proven the key towards a quan-
tum advantage of quantum computing compared to classical comput-
ers is the scalability of the quantum processor. In analogy to clas-
sical super computing clusters we propose a network of small inter-
connected trapped-ion-based quantum processors to achieve flexibly
scalable quantum computing.

In detail, a fibre-based Fabry-Pérot cavity integrated in an ion-trap
provides an efficient ion-photon interface. This enables entanglement
of ion-qubits in spatially separated traps at a high frequency, and
therefore distributed computing in a network of ion-based quantum
Processors.

Being per se platform-independent, the concept is firstly demon-
strated connecting a room-temperature blade trap and a cryogenic
blade trap. A novel blade-integrated design of the fibre-cavity ensures
plenty of free-space access for cooling and operation lasers. To cope
with accumulating charges in the dielectric glass-fibres, disturbing the
trapping field, an in-house designed conductive coating applied to the
fibres circumvents these effects.

THU 13.15 Thu 16:30 ZHG Foyer 1. OG
Towards time-bin entangled photon cluster states — eSiavasu
QODRATIPOUR, THOMAS HAFFNER, and OLIVER BENsON — Nano-
Optik, Humboldt-Universitdt zu Berlin, Berlin, Germany

Single photons are ideal carriers of quantum information due to the lack
of interaction with each other. However, manipulating and controlling
them for quantum computing becomes a difficult task. One-way quan-
tum computation [1] overcomes this challenge by avoiding non-linear
two-qubit interaction and instead uses highly entangled states called
*cluster states*. Together with single qubit measurements and feed-
forward a scalable universal quantum computer can be implemented
[2].

The aim of our research is to realize a cluster state by fusion of few
photon qubits which are time-bin encoded (early and late time-bins)
in optical fibres. In this presentation, we will report on the generation
of time-bin entangled photon pairs at 1560 nm and the subsequent
characterization of the energy-time and time-bin entanglement by two
photon interference [3]. We will also outline how we implement in-
terferometric phase stability and arbitrary phase point control which
are necessary to achieve a reproducible and deterministic interference.
Scalability of our approach will be discussed as well.

[1] R. Raussendorf et al. Phys. Rev. Lett. 86, 5188 (2001).
[2] CY. Lu et al. Nature Phys. 3, 915 (2007).
[3] S. Tanzilli et al. Eur.Phys. J. D 18, 155 (2002).

THU 13.16 Thu 16:30 ZHG Foyer 1. OG

Entanglement distribution in hybrid discrete- and
continuous-variable microwave networks —  eSIMON
GaNDORFERY2, JoaN Acgustil2, Maria-TEREsaA HanpscHur!:2,

KEepAR E. Honasoceb?, AcuiMm Marx!, PETER RaBL!23, RUDOLF
Gross?23 and KiriLL G. Feporov!:2:3 — 1Walther-Meifiner-
Institut, Bayerische Akademie der Wissenschaften, 85748 Garch-
ing, Germany — 2School of Natural Sciences, Technische Universitit
Miinchen, 85748 Garching, Germany — 3Munich Center for Quantum
Science and Technology, 80799 Munich, Germany

Distributing entanglement between spatially separated nodes of a
large-scale quantum network is a fundamentally important milestone
for quantum information processing tasks. In particular, quantum en-
tanglement is needed for quantum teleportation or logical quantum
gates with remote qubits. In our experiment, we employ a supercon-
ducting transmon qubit in a 3D cavity driven by a microwave two-mode
squeezed (TMS) bath. We investigate a build-up of entanglement be-
tween the remote superconducting nodes due to their interaction with
the common, quantum-correlated, reservoir. The corresponding entan-
glement conversion between continuous- and discrete-variables allows
for promising and robust quantum microwave network architectures.
Finally, we discuss possible extensions and applications for distributed
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quantum computing.

THU 13.17 Thu 16:30 ZHG Foyer 1. OG
Semi-device-independently characterizing quantum temporal
correlations — eSHIN-LiaNG CHeN! and Jens Eiserr? — !National
Chung Hsing University, Taichung, Taiwan — 2?Dahlem Center for
Complex Quantum Systems, Freie Universitat Berlin, Berlin, Germany

We propose a general framework for analyzing quantum temporal cor-
relations in scenarios where an initial quantum state undergoes a first
measurement, evolves through a quantum channel, and is subsequently
measured again. This approach is fully device-independent, meaning
it does not rely on any assumptions about the internal workings of the
systems or measurements involved. Nonetheless, it is flexible enough
to accommodate additional constraints under semi-device-independent
assumptions. Our framework provides a natural method for quantum
certification in temporal settings involving uncharacterized or partially
characterized devices. It also supports the analysis of quantum tempo-
ral correlations under specific assumptions, such as time no-signalling,
system dimension bounds, rank restrictions - under which we demon-
strate genuine quantum advantages over local hidden variable models
- or other linear constraints. We illustrate the utility of the frame-
work through various applications, including establishing bounds on
the maximal violation of temporal Bell inequalities, measuring tem-
poral steerability, and evaluating the highest success probabilities in
quantum randomness access codes.

THU 13.18 Thu 16:30 ZHG Foyer 1. OG
Gradient Based Optimization of a Hybrid Quantum Sys-
tem for Fock State Preparation — eBrNJaMIN STopp!, MAR-
TIN GARTTNER!, and SiNA Saravi? — !Institute of Condensed Mat-
ter Theory and Solid State Optics, Friedrich-Schiller University Jena,
Germany — 2Department of Electrical Engineering and Information
Technology, Paderborn University, Germany

The development of efficient and tailorable sources of quantum light,
such as Fock states, is of major interest for the realization of opti-
cal quantum technologies. We investigate a hybrid quantum system
composed of a quantum dot and a nonlinear crystal embedded in an
optical cavity, driven by controlled pump pulses. This setup enables
quantum state generation in one of the cavity modes, which can be
tailored to be at an arbitrary frequency. Within this framework, we
present a gradient-based numerical optimization of the system dynam-
ics to identify pulse parameters that maximize the fidelity of the output
state with a target Fock state. We demonstrate that very high fidelities
can be achieved, particularly for low-photon-number states (F > 0.99
for N =1, 2, 3). To account for realistic conditions, we further aim to
develop a scheme that enables optimization of the system dynamics in
the presence of loss, described by the Lindblad master equation. Our
results highlight the potential of such hybrid platforms for reliable and
tunable quantum state generation.

THU 13.19 Thu 16:30 ZHG Foyer 1. OG
Faithful certification of steerability-breaking channels — ePo-
Tinag Hsu and SHIN-Liang CHEN — Department of Physics, National
Chung Hsing University, Taichung 40227 , Taiwan

We consider a scenario where Alice prepares a pair of particles and
sends one to Bob through a quantum channel, and she convinces him
that the pair is entangled. Namely, it is a steering scenario. Bob will
never be convinced as long as the channel is steerability-breaking, i.e.,
the channel destroys steerability for any input state. To verify that the
state undergoing channel is not useful for demonstrating steering, one
has to consider all possible measurements performed by Alice and check
if the conditional states Bob receives admit local-hidden-state (LHS)
models. Intuitively, it is a hard problem since one has to consider an
infinite combination of measurements. Here, we show a method that
can be used to tackle this problem. We also explicitly consider several
common quantum channels and derive conditions that the channels
destroy steerability but still preserve entanglement.

THU 13.20 Thu 16:30 ZHG Foyer 1. OG
Activation of Genuine Multipartite Entanglement and Gen-
uine Multipartite Nonlocality eMARKUS MIETHLINGER,
Bora ULu, ALEJANDRO PozAs-KERSTIJENS, SADRA BOREIRI, PAVEL
SEkATsKI, and NicoLAas BRUNNER — Department of Applied Physics,
University of Geneva, 1211 Geneva 4, Switzerland

Entanglement and nonlocality have long been central to the study of
quantum foundations. It is known that bipartite nonlocality can be
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activated—i.e., preparing multiple copies of a local state can result in a
nonlocal one—in stark contrast to bipartite entanglement, which cannot
be activated. However, recent results show that genuine multipartite
entanglement (GME) can be activated from fully inseparable bisepa-
rable states, and that genuine multipartite nonlocality (GMNL) can
be activated using bilocal states. Furthermore, GME is recognized as
a necessary condition for GMNL in the single-copy regime. Yet, the
simultaneous activation of GME and GMNL-i.e., activating GMNL
using biseparable states—has not been studied. Here, we show that
GMNL can be activated using multiple copies of a fully local, N — 1
separable state in a star network. We consider a family of states and
identify a threshold number of copies for which the global state re-
mains biseparable, as well as a sufficient condition for it to be GME
above this threshold. Using a multipartite nonlocal game featuring
unbounded Bell inequality violations, we derive a sufficient condition
for the states to be GMNL-activatable. This result shows that single-
copy GME is not a necessary condition for GMNL activation, and may
indicate that GME and GMNL coincide in the asymptotic limit.

THU 13.21 Thu 16:30 ZHG Foyer 1. OG
Scalable quantum firmware via Atomiq and HEROS —
eSUTHEP PomiaksiLp!, CHRISTIAN H6LzL2, THOMAS NIEDERPRUMS,
FLoRIAN MEINERTZ, and HENNING MoriTz! — 1University of Ham-
burg, 22761 Hamburg, Germany — 25th Institute of Physics, Uni-
versitdt Stuttgart, Germany — S5Department of Physics and re-
search center OPTIMAS, Rheinland-Pfilzische Technische Universitéat
Kaiserslautern-Landau, Germany

The increasing complexity and fast cycle times of quantum technol-
ogy experiments demand control systems that are not only high-
performance but also accessible and adaptable. To orchestrate these
intricate experimental platforms, we introduce a quantum firmware
layer consisting of Atomiq and HEROS.

Atomiq is a modular framework designed to bridge the gap between
ARTIQ hardware primitives and the high-level abstractions familiar
to experimental physicists. It combines control devices into intuitive
lab objects and uses a block-based experiment structure to encapsulate
common procedures into reusable and extensible components. This ap-
proach enables clear, concise, and maintainable experiment code while
preserving access to performance-critical features. Targeting the full
experimental infrastructure, the HEROS object sharing service makes
any software or hardware entity network transparent. It facilitates
seamless interactions between real-time control and non-real-time in-
struments, environmental sensors and data handling workflows.

Combining the open-source tools ATOMIQ and HEROS empowers
researchers to build, adapt, and scale their experiments with ease.

THU 13.22 Thu 16:30 ZHG Foyer 1. OG
Towards Scalable Swap-Based Self-Testing under Multiple
Bell Constraints in High-Dimensional Quantum Networks —
eLiNGXUAN TaNG — TU Darmstadt Darmstadt, Germany

This thesis proposes a modular swap-based self-testing method for
quantum state fidelity authentication in high-dimensional quantum
networks in device-independent scenarios where multiple Bell inequal-
ities act simultaneously. The authors conceive a structure that decom-
poses the global fidelity problem into multiple local SDP subproblems,
thereby reducing the computational complexity from exponential to
linear. The method achieves independent optimisation of each subsys-
tem by constructing local swap mappings and independent moment
matrices, and introduces edge consistency constraints to ensure phys-
ical reasonableness in the presence of device sharing. Through nu-
merical simulation comparisons, the paper verifies the performance of
the framework under different numbers of subsystems and NPA tiers,
showing a significant increase in computational efficiency (up to 35
times) while maintaining fidelity accuracy, which is particularly appli-
cable to large-scale quantum networks. The work provides an effective
tool for practical scalable device-independent authentication and lays
the foundation for future adaptive hybrid optimisation methods.

THU 13.23 Thu 16:30 ZHG Foyer 1. OG
Optimal Parameters for Quantum Approximate Optimiza-
tion via Weak Measurements — eLENA WaGNER"2 and To-
BIAS STOLLENWERK!' — !Forschungszentrum Jiilich — 2Universitt
des Saarlandes

Quantum imaginary time evolution (QITE) has emerged as a poten-
tially promising method for ground state preparation in quantum com-
puting, leveraging its inherent ability to amplify ground state am-
plitudes and exponentially suppress those of excited states. In this
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work, we focus on an QITE inspired approach based on weak mea-
surements. Conditional unitary operations ("scrambling”) are used to
correct for the non-unitary evolution and undesired measurement out-
comes. These scrambling operations are implemented via rotations
introducing optimizable angles and activate only when measurement
outcomes exceed a certain threshold. Further tunable parameters in-
clude a scaling factor for energy spectrum normalization and the choice
of an initial state with non-zero overlap with the ground state. By
generalizing this algorithm from exact to approximate optimization,
we enable applications to combinatorial optimization problems such
as MaxCut. We investigate performance of the algorithm with re-
spect to these parameters and present parameter studies on MaxCut
instances, revealing how scrambling angles, threshold, scaling factors,
and the randomness of the weak measurement impact convergence and
solution quality.

THU 13.24 Thu 16:30 ZHG Foyer 1. OG
Integrated Photonic Quantum Walks for Universal Compu-
tation — eLAsse WENDLAND!, FLoriaN HUBER?34, and JasMIN D.
A. MEeiNeEckeD2 — lInstitute of Physics and Astronomy , Technische
Universitét Berlin, 10623 Berlin, Germany — 2Max-Planck-Institut
fiir Quantenoptik, Garching, Germany — 3Department fiir Physik,
Ludwig-Maximilians-Universitit, Miinchen, Germany — *Munich
Center for Quantum Science and Technology (MCQST), Miinchen,
Germany

As the quantum mechanical analog of a classical random walk, quan-
tum walks offer a powerful framework for advancing various modern
quantum technologies. Beyond their foundational significance, quan-
tum walks can also serve as a model for universal quantum computa-
tion. However, scaling such models requires the interaction of multiple
quantum walkers, a task that poses significant experimental challenges.
In our research, we explore the feasibility of quantum walk computa-
tion using photonic waveguide arrays, a platform that offers inherent
stability, compactness, and versatility.

THU 13.25 Thu 16:30 ZHG Foyer 1. OG
First Hitting Times through Indirect Measurements — eT1m
Heine!, Eur Barkar?, Kravs ZiecLErR®, and SaABINE TorNow?
— lInstitute of Quantum Technologies, German Aerospace Center
(DLR), Ulm, Germany) — Z2Institute of Nanotechnology and Ad-
vanced Materials, Bar-Ilan University, Ramat-Gan, Israel — 3Institut
fiir Physik, Universitit Augsburg, Augsburg, Germany — *Research
Institute CODE, Universitat der Bundeswehr Miinchen, Munich, Ger-
many

We study the first detected return time problem of continuous-time
quantum walks on graphs. While previous works have employed pro-
jective measurements to determine the first return time, we implement
a protocol based on weak, indirect measurements on a dilated system,
enabling minimally invasive monitoring throughout the evolution. To
achieve this, we extend the theoretical framework and complement it
with both numerical simulations and experimental investigations on an
IBM quantum computer. Despite the implementation of a generalized
measurement, our modified formalism of indirect recurrence provides
a description purely within the Hilbert space of the quantum system.
Our results reveal that the first hitting time scales inversely with the
coupling parameter between the ancilla and the quantum system.

THU 13.26 Thu 16:30 ZHG Foyer 1. OG
Active Stabilization of Laser Diode Injection Using a
Polarization-Spectroscopy Technique — eLuka MiLaNovich?2,
GreEG FErRRERODZ, RoBIN OswaLpl?, Tuomas KiNDER?, JULIAN
Scumipt!, and CorneLIus HEmpELY2 — 'ETH Ziirich - PSI Quan-
tum Computing Hub, 5232 Villigen PSI, Switzerland — 2Institute of
Quantum Electronics, ETH Ziirich, Otto-Stern-Weg 1, 8093 Zurich,
Switzerland — 3TEM Messtechnik GmbH, 30559 Hanover, Germany

Injection-locking is a powerful technique to amplify laser light while re-
taining its spectral properties. However, it can be sensitive to fluctua-
tions in seed power, frequency, and diode temperature. Here we present
an active stabilization method [1] inspired by the Hansch-Couillaud
technique that continuously monitors the injection-locking condition
using only a few standard optical components. The scheme runs in
the background, requires no modulation, and significantly improves
robustness against environmental changes. We demonstrate reliable
locking even under large perturbations to the seed frequency, power,
and diode temperature.

[1] Milanovic et al., Rev. Sci. Instrum. 1 May 2025; 96 (5): 053003.
https://doi.org/10.1063/5.0249681
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THU 13.27 Thu 16:30 ZHG Foyer 1. OG
A compact nonlinear interferometer for spectroscopy with
undetected photons in the mid-infrared — eTurrREsA Kross!,
HeLen M. Curzanowski?, and SvVEN RameLow® — 'Humboldt-
Universitdt zu Berlin 2Humboldt-Universitdt zu Berlin
3Humboldt-Universitit zu Berlin

Infrared spectroscopy is a powerful workhorse of science and indus-
try. Over the past decade, quantum optics has offered a new approach
to infrared sensing with quantum nonlinear interferometry allowing
us to decouple the sensing and detection wavelengths. However, the
practical implementation of this technique is often limited by strong
absorption from components of the ambient air, such as HoO(g) or
CO2(g). Here, we demonstrate a compact implementation of a nonlin-
ear interferometer for mid-IR spectroscopy, successfully mitigating the
impact of gaseous H2O(g) and allowing the successful characterization
of a chrysotile asbestos sample in the wavelength range from 2.68 um
to 2.77 pm.

THU 13.28 Thu 16:30 ZHG Foyer 1. OG

Mid-infrared quantum spectroscopy in a dispersion-
engineered integrated SU(1,1) interferometer — eABIRA
GNANAVEL, FranNnz ROEDER, RENE PorLmanN, OrLgAa BRECHT,

LAUurA PADBERG, CHRISTOF EIGNER, BENJAMIN BRECHT, and CHRIs-
TINE SILBERHORN — Paderborn University, Integrated Quantum Op-
tics, Institute for Photonic Quantum Systems (PhoQS), Warburger
Strafse 100, 33098 Paderborn, Germany

Mid-infrared (MIR) spectroscopy is an important tool for sample char-
acterization and environmental monitoring. For example, greenhouse
gases exhibit distinct transition lines, which provide fingerprint-like ab-
sorption features. However, classical MIR spectroscopy is limited by
costly, inadequate detectors. Nonlinear quantum interferometry with
undetected photons offers a solution, where the long-wavelength pho-
ton of a photon-pair interacts with a sample under test in a nonlinear
interferometer, while information is then read out by detecting only
the short-wavelength photon at the output of the interferometer.
Here, we present an ultra-broadband SU(1,1) interferometer based on
a dispersion-engineered integrated photon-pair source that generates
bi-photons in the near-infrared (NIR) and MIR. We demonstrate quan-
tum spectroscopy with undetected photons by measuring the trans-
mission of UV fused silica in the MIR while only detecting the NIR
photons with off-the-shelf single photon detection. This result paves
the way towards miniaturized and cost effective MIR sensors for future
industrial applications.

THU 13.29 Thu 16:30 ZHG Foyer 1. OG
Setup and calibration of a single-photon spectrometer —
eJANNIS SODE, DaviD LINDLER, MARLON SCHAFER, TOBIAS BAUER,
AKRITI RaJ, and CHRIsSTOPH BECHER — Universitdt des Saarlandes,
Fachrichtung Physik, Campus E2 6, 66123 Saarbriicken

Fiber-based quantum networks consist of spin-photon interfaced quan-
tum memory nodes utilizing flying qubits with wavelengths in the low-
loss telecom bands. These photons are either directly generated via
optical transitions or transducted using quantum frequency conver-
sion. This enables communication and transfer of quantum states via
preexisting optical fiber infrastructure. Due to the small signal level
of the transmitted quantum states of light, it is mandatory to explore
and control the noise sources in the transmission channels.

To this end, an exact spectral analysis of signals on the single-photon
level is necessary to determine the spectral noise distribution. How-
ever, commercially available spectrometers typically have a small de-
tection efficiency at infrared wavelengths.

In this contribution, we present the setup of a spectrometer able to
measure single-photon signals in the telecom wavelength range (1500-
1600 nm) using superconducting nanowire single photon detectors with
high detection efficiency. We discuss the overall efficiency as well as
the accuracy of the spectrometer. To demonstrate its performance we
resolve the spectral distribution of non-linear optical processes at the
single-photon level, in particular spontaneous parametric down con-
version and pump-induced noise in quantum frequency conversion.

THU 13.30 Thu 16:30 ZHG Foyer 1. OG
Comparing on-off detector and single photon detector in pho-
ton subtraction based continuous variable quantum telepor-
tation — CuaNDAN KuMar!:2, eKARUNESH Misura®, and SiBAsisH
Guosul2 — 1Optics and Quantum Information Group, The Institute
of Mathematical Sciences, Chennai, India — ?Homi Bhabha National
Institute, Mumbai, India — 3Extreme Light Infrastructure - Nuclear
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Physics, Bucharest, Romania

We consider two distinct photon detectors namely, single photon de-
tector and on-off detector, to implement photon subtraction on a two-
mode squeezed vacuum state. The two distinct photon subtracted
two-mode squeezed vacuum states generated are utilized individually
as resource states in continuous variable quantum teleportation. Ow-
ing to the fact that the two generated states have different success
probabilities (of photon subtraction) and fidelities (of quantum tele-
portation), we consider the product of the success probability and fi-
delity enhancement as a figure of merit for the comparison of the two
detectors. The results show that the single photon detector should be
preferred over the on-off detector for the maximization of the consid-
ered figure of merit.
Ref.: arXiv:2409.16072 [quant-ph)]

THU 13.31 Thu 16:30 ZHG Foyer 1. OG

Deterministic generation of highly indistinguishable single
photons in the telecom C-band — eNico Hauser!, MATTHIAS
BaversBacH!, JocHEN Kauprp2, Yorick REUM2, Giora PENIAKOVZ,
JoHANNES MicHLZ, MARTIN KamP2, Tobias HUBER-LovoLa2, AN-
prREAS T. PrENNING2, SVEN HOFLINGZ, and STEFANIE Barz!
— 1Universitét Stuttgart, Institut fiir funktionelle Materie und
Quantentechnologien — 2Julius-Maximilians-Universitat Wiirzburg,

Physikalisches Institut, Lehrstuhl fiir Technische Physik

The deterministic generation of highly indistinguishable single photons
in the telecom C-band is a critical requirement for many quantum com-
munication and distributed quantum computation protocols. While
quantum dot-based single-photon sources have demonstrated excellent
performance in the 780 nm to 960 nm range, extending this perfor-
mance to the telecom C-band remains an active area of research. Here,
we present a single-photon source operating in the telecom C-band
based on an InAs quantum dot in a circular bragg grating resonator,
achieving raw two-photon interference visibilities exceeding 90%. We
explore different optical excitation schemes to optimize the perfor-
mance of the source in terms of multi-photon emission probability and
two-photon interference visibility.

THU 13.32 Thu 16:30 ZHG Foyer 1. OG
Reducing losses in time multiplexed multi-loop heralded sin-
gle photon sources — eZora Kutrz, XAVIER BARCONS PLANAs,
Lasse WENDLAND, JASMIN MEINECKE, and JANIK WOLTERS — Tech-
nical University Berlin

In order to achieve quasi-deterministic heralded single photon sources,
the probabilistic nature of spontaneous parametric down conversion
can be mitigated with time multiplexing. Depending on the time of
pulsed pump induced photon-pair generation, measured by the herald,
the signal photon can be stored in a switchable fibre delay line until
the end of the clock cycle, with single [1] or multiple loops [2]. The
advantage of using several fibre storage loops of different lengths, lies
in the reduction of necessary round trips. Overall losses scale with the
number of round trips and losses at the out- and in-coupling. Increas-
ing the fibre coupling efficiency as well as implementing the multi-loop
model will result in a more efficient source. To increase the coupling
efficiency, the tip/tilt degree of freedom of the collimator lens was in-
vestigated.

[1] T. B. Pittman, B. C. Jacobs, und J. D. Franson, Phys. Rev. A,
Bd. 66, Nr. 4, S. 042303, Okt. 2002

[2] E. Lee, S. M. Lee, und H. S. Park, Opt. Express, Bd. 27, Nr. 17,
S. 24545, Aug. 2019

THU 13.33 Thu 16:30 ZHG Foyer 1. OG
InP-based photonic structures at telecom wavelengths for
quantum communication — eMoHAMED BENYOUCEF!, RANBIR
Kaur!, JonaNN PeTER REITHMAIER!, RyoTa KaTsumi?, YASUTOMO
OTa3, and Yuming He* — lInstitute of Nanostructure Technologies
and Analytics (INA), CINSaT, University of Kassel, Heinrich-Plett-
Street 40, 34132 Kassel, Germany — 2Department of Electrical and
Electronic Information Engineering, Toyohashi University of Technol-
ogy, Toyohashi, Aichi 441-8580, Japan — 3Department of Applied
Physics, Keio University, Yokohama 223-8522, Japan — *Hefei Na-
tional Laboratory, University of Science and Technology of China,
Hefei 230088, China

Single-photon sources operating at fiber-optic communication wave-
lengths are essential for transmitting quantum information over long
distances. Self-assembled semiconductor quantum dots (QDs) in mi-
crocavities that emit in the telecom C-band, where silica fiber losses
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are minimal, are particularly promising. In this study, we present
our recent progress in InP-based photonic structures operating at tele-
com wavelengths. The fabrication of low-density symmetric QDs is
achieved by carefully controlling the QD growth using a special growth
technique. Low-temperature single-dot spectroscopy reveals sharp ex-
citonic emission lines with negligible fine structure splitting. These
QDs exhibit bright and pure single-photon emission over a wide range
of the third telecom window. Furthermore, the hybrid integration of
InP-based single-photon sources on a CMOS processed silicon photonic
chip is discussed.

THU 13.34 Thu 16:30 ZHG Foyer 1. OG
Toward Strong Coupling of Rare-Earth Ions in High-Q Pho-
tonic Crystal Cavities on a Hybrid LNOI-TiOs Platform —
eToBiAs FEUERBACH, GEORGII GRECHKO, CHRISTOPHER NG, ROMAN
KorLesov, and JOre WRACHTRUP — University of Stuttgart, 3rd In-
stitute of Physics, Pfaffenwaldring 57, 70569 Stuttgart

We report progress toward integrating rare-earth ions (REIs) into high-
Q photonic crystal cavities (PCCs) for achieving strong light-matter
coupling. Our approach leverages a hybrid material system combining
lithium niobate on insulator (LNOI), offering electro-optical tunabil-
ity, with TiOg2, a spin-free host for REIs. High-Q PCCs in LNOI
have been achieved, and development is underway to incorporate REI-
doped TiO3 films into the platform. This hybrid architecture offers a
promising path toward scalable, tunable quantum interfaces. Recent
milestones in fabrication and characterization will be presented.

THU 13.35 Thu 16:30 ZHG Foyer 1. OG
Quantum interference in a Ti:LiNbO3 waveguide device as
a tool for spectral and temporal shaping — eJoNas Bapal-
Hewmati, Kar HonGg Luo, PaTrick FOLGE, SEBASTIAN LENGELING,
HaArALD HERRMANN, and CHRISTINE SILBERHORN — Paderborn Uni-
versity, Integrated Quantum Optics, Institute for Photonic Quantum
Systems (PhoQS), Warburger Str. 100, 33098 Paderborn, Germany

Quantum technologies represent a promising advancement in fields
such as metrology, computing, and secure data transmission. Among
the various platforms available, waveguide-integrated photonic systems
have emerged as a particularly promising approach for implement-
ing these quantum operations. In these systems, two-photon quan-
tum states form the simplest building blocks that can exhibit quan-
tum effects like entanglement. These states can be efficiently gener-
ated through a quantum process known as parametric down-conversion
(PDC) implemented in waveguide devices. However, the use of only a
single PDC process offers limited flexibility in tailoring quantum prop-
erties. A new approach to extend the frame of tailorable quantum
properties lies in the interference of multiple generation processes like
the PDC in a so-called SU(1,1) interferometer. In this work, we present
a two-PDC integrated Ti:LiNbO3 waveguide interferometer featuring
a cascade of nine electro-optic polarization converters and two phase
shifters. Simulations were performed to analyze the spectral and tem-
poral correlations of the quantum states generated by such a device.
These simulations were validated using both classical and quantum
measurement methods.

THU 13.36 Thu 16:30 ZHG Foyer 1. OG
Deterministic Generation of Linear Photonic Cluster States
with Semiconductor Quantum Dots: A Detailed Comparison
of Different Schemes — eNikoLas Kocuer!, Davip Bavcu!, NiLs
Heinisca!, and STEFAN ScHUMACHERD?2 — 1Department of Physics,
Center for Optoelectronics and Photonics Paderborn (CeOPP) and
Institute for Photonic Quantum Systems (PhoQS), Paderborn Uni-
versity, D-33098 Paderborn, Germany — 2Wyant College of Optical
Sciences, University of Arizona, Tucson, AZ 85721, USA

Graph and cluster states are types of multipartite entangled states
with applications in quantum communication and measurement-based
quantum computation. We theoretically investigate and compare dif-
ferent schemes for the deterministic generation of linear photonic clus-
ter states using spins in charged semiconductor quantum dots with
strong Purcell enhancement. The schemes differ in the method used
for spin control and whether the emitted photonic qubits are polariza-
tion or time-bin encoded. We efficiently track the fidelity and the use-
able length of the cluster states by calculating the expectation values
of their stabilizer generators based on photonic multi-time correlation
functions G<”)(751,t27 ...), assessing their actual state fidelity beyond
the calculation of gate fidelities [1]. We find that the performance
of the schemes and which scheme is optimal strongly depend on the
cavity environment and the coherence time of the spin qubit.
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[1] D. Bauch, N. Kocher, N. Heinisch, S. Schumacher, APL Quantum
1, 036110 (2024).

THU 13.37 Thu 16:30 ZHG Foyer 1. OG
Stabilization of Quantum Dot to Atomic Transitions — eHaALA
Samp!, EsteBaN GoOmEez-Lopez!, KaroL WINKLER?, JONATHAN
JurkaT?, MoRriTz MEINECKE2, Toias HuBErR-LovoLa2, SVEN
HorLING?, and OLivErR Benson! — lInstitut fiir Physik, Humboldt-
Universitét zu Berlin, 12489, Berlin, Germany — 2Technische Physik,

University of Wiirzburg, 97074, Wiirzburg, Germany

Quantum dot-based single-photon sources (SPS) are promising candi-
dates for scalable quantum networks due to their ability to generate
bright, on-demand single photons with high purity [1]. Embedding
quantum dots in micropillar cavities significantly enhances light ex-
traction and improves collection efficiency, which is critical for practical
quantum communication systems [2]. To enable long-distance quan-
tum communication, interfacing these solid-state emitters with atomic
systems such as cesium vapor cells is highly desirable, as atomic transi-
tions provide stable and well-defined references for quantum memories
and quantum repeater protocols [3|. In this work, we focus on tun-
ing the emission of quantum dots to achieve resonance with the Cs
D1 transition line. Our goal is to stabilize the quantum dot emis-
sion, enabling coherent interaction between single photons and atomic
ensembles.

THU 13.38 Thu 16:30 ZHG Foyer 1. OG
Fabrication of shape optimized, adiabtic fiber tapers for
highly efficient cavity to fiber coupling — ePascaL FREHLE and
Max HEmMANN — Humboldt-Universitét zu Berlin, Institut fir Physik

Fiber coupling in quantum networking is essential for establishing
world wide communication links. Therefore an efficient, stable and
scalable solution for coupling of light from nanostructures within in-
tegrated photonic circuit to optical fibers is needed. One of the most
efficient ways to realize this chip to fiber interface is the adiabatic mode
transfer from nanostructures to optical-fiber nanotapers. We present
an automated setup to fabricate shape and surface roughness opti-
mized optical-fiber nanotapers via an etching process in hydrofluoric-
acid (HF), which produces tapers with high transmission efficiency and
short taper lengths. We also show improved diamond sawfish cavity
resonance measurement capabilites via evanescent coupling of the pro-
duced nanotapers to cavities in comparison to confocal measurements
and our progress towards a permanent and stable fiber cavity interface
for cryogenic temperatures.

THU 13.39 Thu 16:30 ZHG Foyer 1. OG
Towards an integrated sensor for optimized OCT with un-
detected photons — eFraNz ROEDER, RENE PoLLMANN, VIKTOR
QUIRING, CHRISTOF EIGNER, BENJAMIN BRECHT, and CHRISTINE SIL-
BERHORN — Paderborn University, Integrated Quantum Optics, Insti-
tute for Photonic Quantum Systems (PhoQS), Warburger Strafe 100,
33098 Paderborn, Germany

Quantum nonlinear interferometers, which can be constructed from
cascaded parametric down-conversion (PDC) sources, are used for the
realization of so-called measurements with undetected photons. These
employ photons generated at non-degenerate wavelengths and allow
to probe an object under test at a long wavelength, e.g., in the mid-
IR, while detecting in a technically more accessible wavelength regime
such as the near-IR. While many such systems rely on bulk nonlinear
optics, integration is necessary for the development of practical quan-
tum sensors.

Here, we realize a quantum nonlinear interferometer with a broadband,
non-degenerate type-II PDC source based on a dispersion engineered
periodically poled lithium niobate waveguide. We identify both the
best interferometer configuration as well as the best operation mode
for optimum performance in optical coherence tomography (OCT) with
undetected photons. Our measurements show that practical OCT sen-
sors are best realized in the so-called induced coherence configuration
while employing temporal interferometry and photon counting, allow-
ing for measurements at pump powers as low as 50 uW, orders of mag-
nitude less than in other realizations.

THU 13.40 Thu 16:30 ZHG Foyer 1. OG
Towards fiber-integrated quantum frequency conversion for
quantum networks — eFELIX ROHE, MARLON SCHAFER, TOBIAS
Bauer, Davip LINDLER, and CHRISTOPH BECHER — Universitit des
Saarlandes, Fachrichtung Physik, Campus E2 6, 66123 Saarbriicken
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Quantum frequency conversion to the low-loss telecom bands is a
key enabling technology for long-range fiber-based quantum networks.
While many state-of-the-art conversion setups use free-space coupling
to nonlinear waveguides, for applications outside of a controlled lab
environment, devices would greatly benefit from the substitution of
free-space optics in favor of fiber-based components.

Here, we present the coupling of a solid-core photonic crystal fiber
(PCF) to a periodically-poled lithium niobate (PPLN) waveguide.
PCF are promising candidates for a fiber-integrated design because
of their ability to simultaneously guide waves with a large difference
in wavelength in the fundamental mode.

To evaluate the performance of this approach we down-convert photons
at 619 nm to 885 nm by mixing with a strong pump field at 2062 nm in
a difference frequency generation process. This provides the first stage
of a two-stage, low-noise conversion scheme for photons emitted from
the tin-vacancy center in diamond [1]. We show the efficiencies for
simultaneous coupling of both input fields to the PPLN waveguide, as
well as first results on the conversion efficiency and conversion-induced
noise rates.

[1] Lindler, D. et al., Optica Quantum 2.0, paper QW4A.1

THU 13.41 Thu 16:30 ZHG Foyer 1. OG
Mode-selective low-noise up-conversion of light with an
all-telecom quantum pulse gate — eANKITA KHANDA, LAURA
SERINO, CRISTOF EIGNER, MICHAEL STEFSzZKY, BENJAMIN BRECHT,
and CHRISTINE SILBERHORN — Integrated Quantum Optics, Institute
for Photonic Quantum Systems (PhoQS), Paderborn University, War-
burger Strafe 100, Paderborn 33098, Germany

The quantum pulse gate (QPG) is a highly selective coherent tempo-
ral mode filter operating at a single-photon level via sum frequency
generation (SFG) and group-velocity phasematching in a periodically
poled lithium niobate waveguide. Coherent time-frequency filtering is
the most efficient noise elimination method in the spectral-temporal
domain, making the QPG an ideal candidate for detection in free-
space applications, such as deep space communications, where few-
photon detection and noise rejection from background light are essen-
tial. There is a strong advantage in moving operation to all-telecom
wavelengths, thus allowing utilization of a higher-efficiency type 0
phasematching process, easy integration into fiber-optic networks, and
reduced system complexity. However, other linear and non-linear pro-
cesses impact the type 0 SFG and become sources of noise in the output
signal, necessitating further feasibility studies. In this work, we imple-
ment the telecom QPG (tQPG) and study the efficiency of the SFG
process, as well as investigate the associated noise effects impacting
the SNR of the detectable signal. We achieved 83.4% efficiency at 1.08
mW average pump power with 4x1073 noise photons/pulse, paving the
way for efficient low-noise long-range detection in free space.

THU 13.42 Thu 16:30 ZHG Foyer 1. OG
Multistep Two-Copy Distillation of Squeezed States via Two-
Photon Subtraction — eSTEPHAN GREBIEN!, JUuLIAN GOTTscH!,
Boris Hacr?, Jaromir FIurASEk3, and RoMAN ScHNABEL! —
Hnstitut fiir Quantenphysik & Zentrum fiir Optische Quantentech-
nologien (ZOQ), , Universitdt Hamburg, Luruper Chaussee 149, 22761
Hamburg, Germany — 2Institut fiir Physik, Universitdt Rostock,
18051 Rostock, Germany — 3Department of Optics, Faculty of Sci-
ence, Palacky University, 17. listopadu 12, 77900 Olomouc, Czech
Republic

Squeezed states of light are a vital resource in quantum computing and
quantum cryptography. The higher the amount of squeezing available
the greater the quantum advantage.

The squeeze factor is mainly limited by the effective nonlinearity
of the medium and optical loss. In our experiment we analyzed the
multi-step distillation of weakly squeezed states of light increasing the
squeeze factor from 2.4 dB to 2.8 dB and finally 3.4 dB. The first step
was purely experimental and achieved by conditioning the measure-
ment on a 2-photon subtraction event.

For the second step we simultaneously measured the squeezed and
the anti-squeezed quadratures of the already distilled state and proba-
bilistically emulated a second two-copy distillation step. This provided
data as it would be measured on a 3.4-dB squeezed state. We theoreti-
cally found out that multi-step two-copy distillation allows the increase
of the squeeze factor beyond the limits set by the effective nonlinearity
and in the ideal case even an infinite squeeze factor.

THU 13.43 Thu 16:30 ZHG Foyer 1. OG

Characterization of squeezing using higher order correlation
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functions — eVwLaDYsLAV DyacHuk?!, FaBian ScuLur!, Kar Hong
Luo!, TiMmoN ScHAPELER?, MICHAEL STEFszZKY!, TiM BARTLEYZ,
and CHRISTINE SILBERHORN! — !Integrated Quantum Optics, Insti-
tute for Photonic Quantum Systems (PhoQS),Paderborn University,
Paderborn, Germany — 2Institute for Photonic Quantum Systems
(PhoQS), Paderborn University, Paderborn, Germany

With the rise of photonic quantum computing systems, for exam-
ple Gaussian Boson Samplers (GBS), the precise characterization of
the input of a multimode field consisting of multiple unknown light
sources becomes critical. In GBS, knowing the modal structure and
the amount of squeezing are critical for determining system perfor-
mance.

We will present a method to determine the modal structure of in-
put light sources without the need for mode-resolved detectors such
as homodyne detectors, by using photon number resolving detectors
to measure higher order photon number correlation functions. We
present recent state reconstruction results, from both simulations and
experiment, and discuss the reliability of the results and the next steps
towards realising a reliable squeezed state characterisation scheme us-
ing only photon number resolved measurements.

THU 13.44 Thu 16:30 ZHG Foyer 1. OG

Development of a photon-pair source for quantum re-
peaters — oHENNING MoLLENHAUERD2, HELEN CHRZANOWSKI®,
LeoN MEssNER?, and JaNIK WoLTERs! 2 — 'DLR Berlin-Adlershof,

Berlin — 2TU Berlin — 3HU Berlin

We are reporting on the development of a photon-pair source for signal
and idler photons at 894nm and 1550nm. The underlying process is
spontaneous parametric down-conversion (SPDC) inside a periodically
poled KTP crystal. To achieve spectrally pure and narrow-band char-
acteristics for signal and idler photons our ppKTP crystal is designed
as a monolithic cavity [1]. Pulsed pump light at 567nm for the SPDC
process is produced in sum frequency generation from the target wave-
lengths. For the future we plan to interface our photon source with
a single-photon quantum memory [2]|, to build a demonstrator of a
quantum repeater. [1] Mottola et al. (2020) [2] Jutisz et al. (2024)

THU 13.45 Thu 16:30 ZHG Foyer 1. OG
Towards realizing a single mode fiber wavelength division
multiplexer for quantum frequency conversion — eZo& MATTI,
MARLON ScCHAFER, FELIX ROHE, DAvID LINDLER, TOBIAS BAUER,
and CHRIsSTOPH BECHER — Universitidt des Saarlandes, Fachrichtung
Physik, Campus E2 6, 66123 Saarbriicken

Quantum networks using preexisting optical fiber infrastructure re-
quire photons with wavelengths in the low-loss telecom bands. As
most quantum memories show optical transitions in the visible to near-
infrared, quantum frequency conversion, i.e. a nonlinear difference fre-
quency mixing process, of single photons to telecom wavelengths is
regarded as a key enabling technology. Achieving near-unity inter-
nal conversion efficiencies requires a high spatial overlap of the single
photon signal and the mixing wave. While devices based on free-space
optics have been demonstrated, a large scale deployment would benefit
greatly from a robust and compact fiber-based design. However, over-
lapping the single photons with the mixing wave in the fundamental
mode of a nonlinear waveguide becomes particularly challenging when
the interacting wavelengths differ significantly.

Here we investigate an approach for a single-mode fiber wavelength
division multiplexer (WDM), combining the visible single photon and
mid-infrared mixing beam into an endlessly single-mode photonic crys-
tal fiber (PCF). We show initial results using a commercially available
WDM spliced to a PCF and present simulations of the spatial mode
profiles of the guided modes in the SMF28 fiber and the PCF to esti-
mate the lowest attainable insertion loss.

THU 13.46 Thu 16:30 ZHG Foyer 1. OG
Integrated Photonic Information Processing for Quantum
Networks — eLouts L. Houmann2, JeLprik HusTER':2, JoNas
C. J. Zarscu'?, Tim ENGLING!2, and STEFANIE Barz!:2
Hnstitute for Functional Matter and Quantum Technologies, Univer-
sity of Stuttgart, 70569 Stuttgart, Germany — 2Center for Integrated
Quantum Science and Technology (IQST)

We present our progress in generating multipartite entangled states, a
key component for photonic quantum computing. The states are gen-
erated on a silicon-on-insulator photonic quantum circuit powered by
spontaneous parametric down-conversion single-photon sources. The
circuit comprises tunable beam splitters and phase shifters, enabling
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the generation of various entangled states. The fiber-to-chip interface
is realized using 3D-printed photonic wirebonds, a low-loss and high-
stability interconnect between single-mode fibers and on-chip edge cou-
plers. These novel interconnects, in combination with integrated pho-
tonic circuits, pave the way towards fully packaged photonic quantum
computing devices.

THU 13.47 Thu 16:30 ZHG Foyer 1. OG
Impact of electrode noise on the qubit coherence time in a 2D
ion trap — eDANIEL BuscH, BENJAMIN BURGER, PATRICK HUBER,
Dorna NirooMAND, and CHRISTOF WUNDERLICH — Department of
Physics, School of Science and Technology, University of Siegen, 57068
Siegen, Germany

An obstacle to achieve long qubit coherence times for quantum com-
puting are uncontrolled parameter fluctuations (noise). Its elimination
and mitigation to the point that fault-tolerance can be achieved con-
stitutes one of the main challenges on the path to scalability. In the
specific case of trapped-ion quantum computers, ion traps with seg-
mented electrode are one approach to scale up the number of qubits.
However, electric field fluctuations at DC electrodes introduce yet an-
other source of noise. We set up a cryogenic quantum demonstrator
that includes a cryogenic digital-to-analog converter (DAC) combined
with a switching matrix to handle this issue. Here, we present first
results of evaluating proof-of-principle optical switches in a room tem-
perature experiment using a 2D segmented ion trap that includes built-
in micromagnets. We report on coherence times measured in Ramsey
experiments and discuss potential remaining electric noise originating
from the electrodes.

THU 13.48 Thu 16:30 ZHG Foyer 1. OG
Towards Surface-Electrode Ion Traps with Chip-Integrated
Near-Field Microwave Control and Integrated Photonics
— eMoHAMMAD MasuMm BiLLan!2, FLoriaN UNGEREcCHTs!, Ro-
prRIGO Munoz!, Janina Birce!, AxeL Horrmann'4, Giorcio
ZARANTONELLO'3, and CHRISTIAN OsprELKAUsD2:5 — lInstitut fiir
Quantenoptik, Leibniz Universitit Hannover — 2Laboratorium fiir
Nano- und Quantenengineering, Leibniz Universitdt Hannover —
3QUDORA Technologies GmbH — *Institut fiir Hochfrequenztech-
nik und Funksysteme, Leibniz Universitat Hannover — 5Physikalisch-
Technische Bundesanstalt

Microfabricated surface-electrode ion traps provide a scalable platform
for trapped-ion quantum processors. However, as chip size increases,
edge clipping of free-space lasers addressing ions closely above the chip
surface becomes a concern. To address this, optical waveguides and
grating couplers can be embedded within the chip structure. Further,
laser-free gates with chip-integrated microwave conductors have been
demonstrated. The combination of both techniques significantly in-
creases the complexity of the trap design and microfabrication. We
present an overview of our recently developed single- and multilayer
trap architectures with integrated microwave conductors and outline
the possible integration of optical elements into these or future de-
vices. In particular, we investigate routing strategies for electrical and
optical signal paths for high interconnect density, signal integrity, and
fabrication feasibility.

THU 13.49 Thu 16:30 ZHG Foyer 1. OG
Spin-selective coherent light scattering from ion crystals —
oZvAD SHEHATA!, BENJAMIN ZENZ2, ANSGAR SCHAEFER?, MAURIZIO
VERDEZ, STEFAN RICHTER!, JOACHIM VON ZANTHIER!, and FERDI-
NAND ScHMIDT-KALER? — !Department Physik, FAU Erlangen Niirn-
berg — 2QUANTUM, Institut fiir Physik, JGU mainz

We study spin-selective coherent light scattering from linear crystals
with up to twelve 40Ca+ ions [1]. The Ca+ ions are excited on a two-
photon quadrupole and dipole transition at 729 and 854 nm, respec-
tively; in this way emission of coherent photons at 393 nm is induced
such that in the far field an interference pattern of a background-
free signal is recorded on a high spatiotemporal resolution camera
(LINCAM). We realize spin-selective excitation from the Zeeman-split
ground states S1/2, m= *1/2, of Ca-+ and thus observe spin-dependent
interference patterns displaying the spin textures of the ion crystals.
We investigate their dynamics by measuring the temporal evolution of
the spatial Fourier frequencies of the observed patterns.

[1] M. Verde et al., arXiv:2404.12513

THU 13.50 Thu 16:30 ZHG Foyer 1. OG

Two-dimensional ion trap array with integrated photnics —
eDOMINIQUE ZEHNDER — Paul Scherrer Institute, Villigen, Switzer-
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land

One step toward scaling ion traps for quantum technologies is to de-
liver the laser light from within the trap chip. Photonic integration of
infrared laser light was previously demonstrated in surface electrode
ion traps [Mehta2019]. Our ion trapping group at PSI, in collaboration
with ETHZ, is deploying the next generation of integrated photonics
ion traps combining waveguides fabricated from AlpO3 for ultraviolet
and SigNy for infrared light. In our setup we employ a 2D array of 20
trapping zones to implement key elements of the QCCD architecture
[Kielpinski]. Besides applications in quantum information processing
with parallel coherent control, we envision to demonstrate clock oper-
ation using multiple atomic ensembles [Borregard, Hume / Leibrandt].

THU 13.51 Thu 16:30 ZHG Foyer 1. OG
Rack-mounted ion trap with integrated optical cavity —
oFraNz KRIEGER!, LArRA BrckiRr!, JoLaN COSTARD!, STEPHAN
Kucera®2, and JUrRGEN EscuNER! — !Universitit des Saarlandes,
Experimentalphysik, 66123 Saarbriicken, Germany — 2Luxembourg

Institute of Science and Technology, 4362 Belveaux, Luxembourg

Single trapped ions as quantum memories and single photons as quan-
tum information carriers are promising building blocks of quantum net-
works, providing high-fidelity entanglement in controlled single-photon
absorption and emission [1]. Ion-photon interfaces are thus well-suited
for implementing a quantum repeater [2] that mitigates the propa-
gation loss in direct transmission, and also for connecting quantum
processors into a quantum computing network.

We are setting up a multi-segment linear Paul trap for 4°Ca™ ions
with an integrated fiber cavity that realizes an interface with high pho-
ton collection and generation efficiency. We are working on two differ-
ent designs, a ferrule trap and a glass trap. Both trap types are micro-
structured and metal-coated to create a segmented electrode structure
and are equipped with a borehole perpendicular to the trap axis to in-
troduce the sub-mm optical cavity. In a first prototype we integrated
a cavity with 220 um length and 11 000 finesse with a trap of 190 um
electrode separation. With its compact design, the trap-cavity sys-
tem including the vacuum chamber, control electronics, ablation and
photo-ionization laser will be stored in a single transportable rack.

[1] E. Arenskétter, et al., npj Quantum Inf. 9, 34 (2023)
[2] M. Bergerhoff, et al., Phys. Rev. A 110, 032603 (2024)

THU 13.52 Thu 16:30 ZHG Foyer 1. OG
Combining Ion shuttling and individual Ion addressing in a
segmented linear Trap — e¢ROBIN STROHMAIER, DANIEL WESSEL,
JaNis WAGNER, PauLa BaNuLs, BENJAMIN ZENZ, JANINE HILDER,
Buorn LekiTscH, Jonas VoGeL, ULRICH PosScHINGER, and FERDI-
NAND ScHMIDT-KALER — Johannes-Gutenberg Universitdt Mainz

Quantum information platforms have seen significant progress in re-
cent years, with trapped ions emerging as a promising candidate due to
their high gate fidelities for laser-driven operations. Here, we present
our latest results from a trapped *9Cat experiment utilizing medium-
sized ion crystals trapped in a segmented linear Paul trap. Our trap
features 40 segments enabling reliable ion shuttling and a versatile re-
configuration of ion crystals, transport of single ions and crystals, split
and merge and ion swap. Additionally, our setup has a single-ion ad-
dressing unit based on two crossed acousto-optical deflectors, where
we encode qubits on the two Zeeman states of the Sy /5 ground state.
We have demonstrated site-selective operations in linear ion chains,
with a low crosstalk of less than 10~ using laser-driven gates via a
stimulated Raman process at 400 nm. Now, we combine qubit register
configuration operations with single-ion addressing. We demonstrate
arbitrary, individual single-qubit gate operations on ions in separate
crystals and that entanglement between two ions in a crystal is pre-
served through the shuttling process. These results mark a step toward
reconfigurable architectures for quantum computing eventually with 50
to 100 trapped ions.

THU 13.53 Thu 16:30 ZHG Foyer 1. OG

Towards a spin-exchange collision-based optical quantum
memory in noble-gas spins — eALEXANDER ErL2, NorMAN
VinceEnz EwaLp'2, ANDrEs MEDINA HErRRERAZ, DENIS UHLANDS,
Worrcanc Kirian?, Jens VoigT?, ILja GERHARDT®, and JANIK
Worters!? — 1DLR, Institute of Space Research, Berlin — 2PTB,
8.2 Biosignals, Berlin — 3LUH, Institute of Solid State Physics, Han-

nover — 4TUB, Institute of Optics and Atomic Physics, Berlin

A critical limitation on current room-temperature quantum memory
systems [1] is the maximum achievable storage time on the order of a
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few ps, which must be extended for various quantum communication
applications, such as unforgeable quantum tokens for authentication.
We report on our first steps towards a long-lived quantum memory
with an all-optical interface based on a mixture of ?Xe noble gas
and 133Cs alkali metal vapor, both confined in a glass cell at near
room temperature. The interface relies on EIT, implemented through
a A-scheme in the Zeeman sublevels of the long-lived hyperfine ground
states of 133Cs, coupled to an excited state via the D; line at 895 nm
[2]. Spin-exchange collisions in the strong coupling regime are envi-
sioned to transfer the stored information from the alkali vapor to the
noble gas [3]. The coherence time of '29Xe, which can extend up to
several hours [4], offers the potential for long-term storage of quantum
information in collective atomic excitations.

[1] M. Jutisz et al., Phys. Rev. Applied 23, 024045 (2025)

[2] G. Buser et al., PRX, 020349 (2022)

[3] O. Katz et al., PRA 105, 042606 (2022)

[4] C. Gemmel et al., EPJ D 57, 303-320 (2010)

THU 13.54 Thu 16:30 ZHG Foyer 1. OG
Rotational state preparation of CaOHT — eMiriam KauTzKY,
BranpDoN FUREY, ZHENLIN Wu, MARIANO MONSALVE, ANDREA
Turct, RENE NArDI, TiMm Duka, and PHiLIPP SCHINDLER — Institut
fiir Experimentalphysik, Universitat Innsbruck, Austria

Molecules provide complex degrees of freedom not available in atoms.
In particular, the quantum mechanical rotation of molecules is a
promising resource for quantum technologies, and enables efficient
quantum error correction (QEC) codes [1]. Preparing molecules in
pure rotational states is a necessary step toward implementing such
codes. For this, we aim to cool molecules into low rotational states
and control them precisely with Raman interactions. We are develop-
ing an experimental setup capable of achieving rotational-state cool-
ing and state preparation of CaOH™ ions with broadband laser pulses,
even outside cryogenic environments. The approach is based on driv-
ing rovibrational transitions using spectrally shaped broadband laser
pulses. Shaping allows selective population transfer between rotational
levels, enabling rotational cooling. It requires high spectral resolution
and precise control of the laser spectrum to target only specific tran-
sitions. While rotational cooling to the ground state has been demon-
strated before [2], precise control over rotational states, particularly in
polyatomic molecules, remains much less explored. Successful imple-
mentation of rotational state control could enable exploration of quan-
tum information processing and QEC with trapped molecular ions.
[1] B. Furey et al., Quantum 8, 1578 (2024)

[2] T. Schneider et al., Nature Phys 6, 275 (2010)

THU 13.55 Thu 16:30 ZHG Foyer 1. OG
Widefield fluorescence microscopy of color centers in di-
amond — eCaws NiemanN!, LreoniE Eccers!?, KONSTANTIN
Beck!, Nick BrRINkMANN'2] SuniL KuMar ManaTo!:2, DONIKA
IMERI'?, ELAHEH BAKHSHAEI GHOROGHAGHAEIM2, RikHAV SHAH!,
and RaLF RiEDINGERD2 — 1Zentrum fiir Optische Quantentechnolo-
gien, Universitdt Hamburg, 22761 Hamburg, Germany — 2The Ham-

burg Centre for Ultrafast Imaging, 22761 Hamburg, Germany

Color centers in diamond combined, with nanophotonic structures, are
a promising platform for quantum communication applications. Var-
ious elements are being studied as building blocks of these quantum
memories, but Silicon and Nickel are especially promising due to their
insensitivity to noise.

We demonstrate a custom widefield microscope for imaging, and
possibly spectral analysis, of silicon-vacancy (SiV) and nickel-vacancy
(NiV) centers in diamond using photoluminescent excitation. The de-
vice is composed of readily available parts only and uses a cooled cam-
era to achieve comparable results to high-end confocal microscopes.
This is a simpler and low-cost solution compared to pre-built confocal
solutions and enables in-house characterisation of implanted diamond
samples.

THU 13.56 Thu 16:30 ZHG Foyer 1. OG
Coherent Control of a Coupled Three-Electron Spin Quan-

tum Register in Diamond — eFABIAN MULLER!, SAMUELE
BramBiLLal, Tivo Joas!, PumLipp J. VETTER!, ToBias Sponn?,
MarTHiAs M. MULLER?, and FEporR JeELEzKO! — lInstitute for

Quantum Optics, Ulm University, 89081 Ulm, Germany — 2Peter
Griinberg Institute-Quantum Control (PGI-8), Forschungszentrum
Jillich GmbH, D-52425 Jiilich, Germany

High-fidelity gates between coupled electron spins at room tempera-
ture were recently demonstrated using molecularly implanted nitrogen-
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vacancy (NV) centers in diamond [1]. In addition to NV centers, the
implantation can also create P1 defects, offering further scalability for
the system.

In this work, we demonstrate the initialization, control and readout
of a single P1 defect and its nuclear spin via a coupled NV-NV pair.
DEER spectroscopy allows us to selectively address the P1 center’s
eigenstates through the nearby NV center. Polarization and readout of
the P1 center’s electron and nuclear spin are achieved using the Pulse-
Pol sequence. Our work expands the scalability of room-temperature
electron spin registers in diamond.

[1] T. Joas et al. Physical Review X 15.2 (2025) 021069.

THU 13.57 Thu 16:30 ZHG Foyer 1. OG
Addressing Fabrication Challenges in Photonic Crystal Cavi-
ties for Diamond Color Centers — eLucca VALERIUsD 2, MARCO
E. Stucki}2, Tommaso PreaNoLaTo!:2, and Tim ScHRODERDZ —
!Ferdinand-Braun-Institut (FBH), Gustav-Kirchhoff Str. 4, Berlin,
Germany — 2Humboldt-Universitit zu Berlin, Newtonstr. 15, Berlin,
Germany

Color centers in diamond are a promising platform for quantum
communication, providing a spin-photon interface suitable for quan-
tum networks. Embedding these centers in photonic crystal cavities
(PhCCs) enhances emission into the zero-phonon line via the Pur-
cell effect, enabling the efficient generation of photon entanglement.
However, fabricating diamond-based PhCCs using reactive ion etching
remains a major challenge. With feature sizes often below 100 nm,
imperfections such as rough sidewalls, micromasking, and etch vari-
ability can significantly alter performance and yield. A critical factor
is the hard mask material used during oxygen plasma etching, which
strongly influences pattern transfer fidelity. In this work, we present an
overview of our fabrication approach and development of new methods,
including a systematic analysis of common sources of uncertainty and
loss in diamond nanofabrication. Our aim is to identify and mitigate
key challenges in order to advance reliable, high-performance spin-
photon interfaces. By refining fabrication techniques, we contribute to
improving the scalability and robustness of diamond-based quantum
photonic devices.

THU 13.58 Thu 16:30 ZHG Foyer 1. OG
Generation of Highly Indistinguishable Single Photons from
Tin-Vacancy Centers in Diamond — eDENNIS HERRMANN,
RoBERT MORscH, and CHRISTOPH BECHER — Fachrichtung 7.2, Uni-
versitidt des Saarlandes, Campus E2.6, 66123 Saarbriicken, Germany

The tin-vacancy (SnV) center in diamond is a promising platform for
photonic quantum technologies, combining bright, spectrally stable
single-photon emission with optically accessible spin states exhibiting
coherence times of up to 10 ms under dynamical decoupling [1,2,3].
Here, we demonstrate two photon quantum interference of highly indis-
tinguishable single photons consecutively emitted into a fine structure
transition of the SnV center. Using 180 ps optical m-pulses with high
extinction ratio and a cross-polarization excitation/detection scheme,
we achieve polarization-based suppression of resonant laser light by
more than 5 x 105, We observe raw Hong-Ou-Mandel visibilities ex-
ceeding 95 % at photon rates of up to 3000 Hz and single-photon
purities of g2(0) < 0.02. These results represent a significant step to-
wards the realization of a spin-photon interface, a crucial component
for quantum repeaters, scalable quantum networks and the generation
of cluster states.

[1] New J. Phys. 22, 013048 (2020)

[2] npj Quantum Inf 8, 45(2022)

[3] Phys. Rev. X 14, 031036 (2024)

THU 13.59 Thu 16:30 ZHG Foyer 1. OG
Generation of Coherent Laser Fields for Coherent Population
Trapping on Spin-Levels of the Tin-Vacancy Center in Dia-
mond — eLinus EHRE, RoBERT MoRscH, DENNIS HERRMANN, and
CHRrisTOPH BECHER — Fachrichtung Physik, Universitéit des Saarlan-
des, Campus E2.6, D-66123, Germany

The negatively charged Tin-Vacancy color center in diamond (SnV ™)
is a promising candidate for solid-state quantum network nodes since
it possesses optically accessible spin transitions and exhibits coherence
times of up to 7> = 10ms [1] under dynamical decoupling.

All optical coherent control of the SnV ™ center’s spin state requires
the use of two laser fields with sufficient phase coherence. Here, we
show the generation of coherent sidebands from a single laser source
by means of a free-space electro-optic phase modulator (EOPM). With
our approach we demonstrate a coherent population trapping (CPT)
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scheme on the Zeeman-split spin states of a single SnV~ center at
temperatures of T' = 1.7K.

Successful observation of a characteristic dark resonance confirms suf-
ficient phase correlation between the two laser fields and yields a lower
bound on the spin dephasing time of T35 > 1.1(7)us. Furthermore we
develop simulations of the coherent population dynamics as well as
of the photon emission process, hence, supporting the development of
SnV ™~ centers as reliable quantum network nodes.

[1] Karapatzkis, I. et. al.; Phys. Rev. X 14, 031036 (2024)

THU 13.60 Thu 16:30 ZHG Foyer 1. OG
Interfacing Tin-Vacancy Centers in diamond and *°Ca*t Ions
via Quantum Frequency Conversion — eDAvID LINDLER, TOBIAS
BAUER, PascAL BAUMGART, MAX BERGERHOFF, MARLON SCHAFER,
JURGEN EscHNER, and CHRISTOPH BECHER — Universitidt des Saar-
landes, FR Physik, Campus E2.6, 66123 Saarbriicken

Quantum frequency conversion is an essential technique for integrat-
ing different quantum memories into a heterogeneous quantum net-
work. It addresses the issue of high loss in optical fibers at visible and
near-infrared wavelengths by converting the emitted photons from the
various memories to a central wavelength within the low-loss telecom
band. This process also serves to eliminate the frequency distinguisha-
bility between photons, enabling the distribution of entanglement via a
Bell state measurement on photons originating from different quantum
memories.

We present a combination of two quantum frequency converters
based on difference frequency generation in PPLN waveguides, which
convert photons from two quantum memories, such as Tin-Vacancy
centers in diamond at 619nm and 4°Cat ions at 854 nm, to the tele-
com C-band. To minimize frequency mismatch, we employ a lock-
ing scheme that distributes a common frequency reference, generated
by a frequency comb, to all lasers involved in the conversion process.
We will present initial results on the conversion efficiency, conversion-
induced noise count rates and the frequency stabilization of the lasers.

THU 13.61 Thu 16:30 ZHG Foyer 1. OG
Magnetic Field Dependent Spectroscopic Investigation of
a 13C Nuclear Spin Strongly Coupled to a SnV Cen-
ter — eMoHAMED ELsHORBAGY!, JEREMIAS REescu!, IoaNNIs
Karaparzakis!, PHiLiPP Fucus2?, MARCEL SCHRODIN!, MICHAEL
Kiescunick®, Juria HeuperL?, Luis Kussi!, CHRISTOPH SURGERS!,

CvyriL Poprov%, Jan MEeuUER?, CHRISTOPH BECHER?, WOLFGANG

WERNSDORFER', and Davib Hunger! — !Karlsruher Institut fiir
Technologie — 2Universitit des Saarlands — 3Universitit Leipzig —

4Universitat Kassel

The implementation of quantum network protocols relies on entan-
glement swapping, where a communication qubit acquires a quantum
state via a photonic link and subsequently transfers it to a memory
qubit. This enables sequential state reception and two-qubit gate oper-
ations. Group-IV color centers in diamond, such as tin-vacancy (SnV)
centers, coupled to nearby 12C nuclear spins, are promising candi-
dates for such applications. Their strong hyperfine interaction allows
for efficient microwave control of the nuclear spin state. However, the
trade-off between electron spin lifetime, Rabi frequency, and electro-
nuclear gate fidelity requires a careful choice of magnetic fields for
initialization and readout protocols. In this work, we investigate the
variation of the magnetic field orientation to optimize the electron and
nuclear spin Rabi frequencies and branching ratios, thereby improving
the single-shot readout fidelity of a low-strain SnV and enhancing the
robustness of quantum memory operations.

THU 13.62 Thu 16:30 ZHG Foyer 1. OG
Towards Efficient Spin Control of Tin-Vacancy Color
Centers in Diamond for Quantum Networks — eJonas
WoLLENBERG!, Krisuke Osnimi!, CuarrLoTTa GURR!, ALok
GokHALE!, CEM GUNEY ToRUN!, MoOHAMED BELHASSEN!, Na-
TALIA KEMF2, MarTHIAS MATALLAZ?, RALPH-STEFAN UNGERZ, INA
OSTERMAY?Z, ALEXANDER KULBERG2, ANDREAS THIES?, TOMMASO
PrecNnoLaTob?, GreGoOrR PiepLow!, and Tim ScHRODERD?
IDepartment of Physics, Humboldt-Universitidt zu Berlin, Newton-
str. 15, 12489 Berlin, Germany — 2Ferdinand-Braun-Institut (FBH),

Gustav-Kirchhoff-Str. 4, 12489 Berlin, Germany

Tin-vacancy (SnV) color centers in diamond are a promising platform
for realizing quantum information networks. Crucial to their perfor-
mance as photonic quantum memories are gate fidelities that can be
realized with the spin qubits embedded in their electronic structure.
Direct microwave driving of the spin transitions can be used to achieve
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fidelities over 99%. This requires external magnetic DC fields as well as
sufficient crystal strain which imposes additional constraints. However,
a recent model has shown that there should exist optimal orientations
of the magnetic AC and DC field independent of the strain environ-
ment. In this work, we investigate experimentally how the alignment
of the magnetic AC and DC field can enable efficient spin control in
low strain environments. For this, we optically address single SnVs
confined in nanostructures using a confocal fluorescence microscope.
Using a vector magnet and a variable MW antenna design, we realize
different AC and DC field configurations.

THU 13.63 Thu 16:30 ZHG Foyer 1. OG
Deep Learning Strategies for Stabilizing NV Center Emis-

sion Spectra — eCLARA ZoOE Baenz!, GrREcor PiepLow!, KiL-
IAN UNTERGUGGENBERGER!, LAURA ORrpHAL-KoBIN', and Tim
ScHRODERY?Z — Humboldt-Universitit zu Berlin, Berlin, Germany

— 2Ferdinand-Braun-Institut, Berlin, Germany

Understanding and predicting spectral diffusion is essential for stabi-
lizing quantum emitters in photonic networks. We explore the use
of machine learning, specifically recurrent neural networks with Long
Short-Term Memory (LSTM) architecture, to model and forecast spec-
tral fluctuations in nitrogen vacancies in diamond. By training LSTM
networks on time-series data of the optical transition frequency, we
aim to perform corrections that can be predicted to stabilize the zero-
phonon line of a quantum emitter. We present a preliminary test of
our model with negatively charged nitrogen vacancies in nano pillars.

THU 13.64 Thu 16:30 ZHG Foyer 1. OG

SiV color center in diamond as Quantum Network Nodes
— eLroNiE Ecarrsb2, Donika Imeri!2, KonNsTANTIN Brck!,
Nick BrinkMANND2) SuniL KumMar MaHATOM2, Calus NIEMANND,
RikHav SHan!, and RALF RieDINGERD'Z — 1Zentrum fiir Optische
Quantentechnologien, Universitit Hamburg, 22761 Hamburg — 2The

Hamburg Centre for Ultrafast Imaging, 22761 Hamburg, Germany

Silicon vacancy color center (SiV) in diamond combined with nanopho-
tonic cavities are a promising platform for network-based quantum
solid-state processors, due to their optically addressable spin transi-
tion and high noise tolerance. Paired with a fiber network this can
enable efficient long-distance quantum communication and a modu-
lar approach to building larger quantum processors. We present our
experimental platform and first results.

THU 13.65 Thu 16:30 ZHG Foyer 1. OG
Development of spin-impurity controlled nanodiamonds for
quantum sensing — eKrisuke Osumvi'»?, Hrrosur Isarwata®, Hi-
rRoMU NakasuiMAl, Sara Manpi¢!, Hina KoBavasui', MINORI
TeramoTo?, Hirokazu Tsuir?, YosHiki NisHIBAYASHI?, YUTAKA
SuikaN0?6, Tosnu AN7, and Masazumr Fustwara! — 1Okayama
University, Okayama, Japan — 2Humboldt-Univeritit zu Berlin,
Berlin, Germany — 5The National Institutes for Quantum Science
and Technology, Chiba, Japan — 4Sumitomo Electric Industries, Ltd.,
Hyogo, Japan — 2 University of Tsukuba, Ibaraki, Japan — SChapman
University, California, United States — 7Japan Advanced Institute of
Science and Technology, Ishikawa, Japan

The nitrogen vacancy (NV) center in fluorescent nanodiamonds
(FNDs) is a promising quantum sensor for detecting physical parame-
ters at the nanoscale via spin-based measurements. In quantum sens-
ing, achieving long spin relaxation times in FNDs is essential to im-
prove measurement sensitivity. Here, we present bright FNDs contain-
ing 0.6-1.3-ppm negatively charged NV centers by enriching spin-less
12C-carbon isotopes and reducing substitutional nitrogen spin impuri-
ties. They show average spin-relaxation times of 77 = 0.68 ms (T7"**
= 1.6ms) and Tz = 3.2 pus (T9"** = 5.4 us), which are 5- and 11-fold
longer than conventional FNDs, respectively. These enhanced spin
properties enable shot-noise-limited temperature measurements with
a sensitivity of approximately 0.28 K/ VHz. As a demonstration of
biological application, we performed Thand Th measurements in live
cells.

THU 13.66 Thu 16:30 ZHG Foyer 1. OG
Coherent optical spectroscopy on ensembles of tin-vacancy
color centers in diamond — eFaBiaN VorLrz, ANNA FuchHs, DEN-
Nis HERRMANN, and CHRISTOPH BECHER — Universitit des Saarlan-
des, Saarbriicken 66123, Germany

Single negatively charged group IV-vacancy (G4V) color centers in
diamond are among the leading candidates for qubit systems in quan-
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tum communication due to their long spin coherence times and narrow
optical emission lines. Whereas mostly single G4V centers are investi-
gated as qubit systems, also dense ensembles show promising proper-
ties, e.g. ensembles of silicon-vacancy (SiV™) centers revealing strong
light-matter interaction [1] and enabling applications such as Raman-
based quantum memories, single-photon nonlinearities, and quantum
sensing. As the tin-vacancy (SnV™) center exhibits longer spin co-
herence times at elevated temperatures (~ 2 K) [2], we here strive to
combine strong light-matter interaction in ensembles with longer spin
coherence times. As a first step we investigate the spin coherence times
of ensembles of SnV ™ centers by coherent optical spectroscopy such as
spectral hole burning (SHB) and coherent population trapping (CPT).
We will highlight our recent results on SnV ™~ ensembles and evaluate
their suitability for quantum applications based on these findings.
[1] Weinzetl et al., Phys. Rev. Lett. 122, 063601 (2019)
[2] Gérlitz et al., npj Quantum Inf 8, 45 (2022)

THU 13.67 Thu 16:30 ZHG Foyer 1. OG
Towards wide-field vector magnetometry o TOFIANME
SorawE!, FLoRrIAN SLEDz!, MaRIO Aciol?, and Asseaip FraTar!
— 1Laboratory of Nano-Optics, University of Siegen, 57072 Siegen,
Germany — 2National Institute of Optics (INO), National Research
Council (CNR), 50019 Sesto Fiorentino, Italy

In recent time, a development of polarimetric vector magnetometry
based on nitrogen-vacancy color centers in diamond without the need
for an external bias field has been demonstrated [1]. However, this
approach has so far been conducted on a localized area of the sample.
By employing a camera-based detection system in conjunction with
broad-field illumination, this method is currently extended to generate
spatially resolved maps of magnetic field across a wider sample area
with a sensitivity down to uT.

[1] P. Reuschel et al., Adv. Quantum Technol., 5, 2200077 (2022).

THU 13.68 Thu 16:30 ZHG Foyer 1. OG
Towards an all-optical magnetic field quantum sensor based
on an ensemble of Silicon-vacancy color centers — eANNA
Fucus and CurisToPH BECHER — Universitat des Saarlandes, Saar-
briicken 66123, Germany

Ensembles of SiV™ centers in diamond exhibit strong coherent light-
matter interactions [1], enabling applications such as Raman-based
optical quantum memories, the realization of single-photon nonlinear-
ities and quantum sensors. In this work, we focus on a narrow spectral
feature observed in spectral hole burning (SHB) measurements on an
ensemble of SiV~ centers — a dip with a linewidth of only a few MHz.
This sharp resonance is attributed to coherent population oscillations
(CPO) and holds significant promise for the development of magnetic
field quantum sensors based on SiV~ ensembles.

We experimentally investigate the response of this narrow CPO res-
onance to variations of the external magnetic field. In parallel, we
perform simulations to quantify its magnetic field sensitivity theoret-
ically. Based on our combined study, we evaluate the suitability of
the CPO resonance as a sensitive, all-optical probe in diamond-based
magnetic field quantum sensors.

[1] Weinzetl et al., Phys. Rev. Lett. 122, 063601 (2019)

THU 13.69 Thu 16:30 ZHG Foyer 1. OG
Defect Centers in Hexagonal Boron Nitride for Single-
Photon Emitters — eMAaRcEL Bucnu!, JAN BOHMER?, ANNKATHRIN
KOHLER2, CARSTEN RONNINGZ, and Craupia Ropr! — lInstitut
fiir Festkorpertheorie und -optik, Friedrich-Schiller-Universitdt Jena,
Max-Wien-Platz 1, 07743 Jena, Germany — 2Institut fiir Festkorper-
physik, Friedrich-Schiller-Universitdt Jena, Max-Wien-Platz 1, 07743
Jena, Germany

Single photons constitute an indispensable resource for emerging quan-
tum technologies: They serve as qubits in quantum computing ar-
chitectures, enable secure communication via quantum key distribu-
tion, and facilitate unprecedented sensitivity in quantum sensing. A
central challenge in deploying these applications is the realization of
stable, room-temperature single-photon sources with narrow emission
linewidths and high photostability. Defects in hexagonal boron nitride
(h-BN), a van-der-Waals-bonded layered semiconductor, have recently
attracted significant attention in this respect due to their demonstrated
single-photon emission at ambient conditions.

We use ab-initio simulations in the framework of density-functional
theory and many-body perturbation theory to characterize and predict
structural, electronic, and optical properties of intrinsic point defects
in h-BN, such as vacancies and antisites, as well as extrinsic defects,
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that are, for instance, due to Ga irradition. We compare our calcu-
lations to luminescence data obtained for h-BN flakes whose emission
properties are modified by irradiation with focused electron and ion
beams.

THU 13.70 Thu 16:30 ZHG Foyer 1. OG
Towards Controlling Nuclear Spin Ensembles in Diamond
using a 3D-Printed Modular Experiment Platform — GLEN
NErTELER!, eJonNas HoMRiGHAUSEN!, DENNIS STIEGEKOTTERZ,
Davip AHLMER?, MARINA PETERs!3, PETER GLOSEKOTTER?, and
MarkUs GREGOR! — !Department of Engineering Physics, FH Miin-
ster, 48565 Steinfurt, Germany — 2Department of Electrical Engineer-
ing and Computer Science, FH Miinster, 48565 Steinfurt, Germany —
3Experimentalphysik, Universitit des Saarlandes, 66123 Saarbriicken,
Germany

With quantum physics being more and more a part of our daily lives,
there is a high demand of bringing its concepts and fundamentals to
the public. We are using a open source and 3D-printed experiment
platform [1] to enable hands-on quantum experiment kits like BB84
[2], quantum eraser [2], interferometers 3] and quantum sensing [4].
Here, we present our current progress towards a new kit control-
ling nitrogen-14 spin ensembles in bulk diamond, mediated by the NV
electron spin. By tuning the system into the excited state level anti-
crossing (ESLAC) regime, the nuclear spin can be optically polarized.
Coherent nuclear spin control is enabled by RF signals. This experi-
ment builds on our existing kit of coherent control of the N'Vs electron
spin and demonstrates both the electron-nuclear spin interaction and
the distinct spin dynamics of nuclear spins compared to electron spins.
[1] Diederich, B. et al. Nat. Commun. 11, 5979 (2020)
[2] www.03q.de
[3] N. Haverkamp et al. Phys. Educ. 57, 25019 (2022)
[4] J.Stegemann, et al. Eur. J. Phys. 44, 35402 (2023)

THU 13.71 Thu 16:30 ZHG Foyer 1. OG
High resolution event time tagger with outstanding timing
precision, user selectable trigger methods, and flexible inter-
facing — FLorIAN WEIGERT, TiINO ROHLICKE, HANS-JURGEN RAHN,
Nicoral ADELHOFER, TORSTEN KRAUSE, @ TORSTEN LANGER, and
MicHAEL WAHL — PicoQuant GmbH, Berlin, Germany

The presented FPGA-based device Time-Correlated Single Photon
Counting (TCSPC) and time tagging offers a digital time resolution
of 1 ps, a timing uncertainty of 2 ps rms and a sub-nanosecond dead
time, with multiple input channels. Flexible trigger methods, including
a constant fraction discriminator (CFD), enable adaptation to differ-
ent detector types such as SNSPDs. A high-bandwidth external FPGA
interface allows pre-processing of time tags, while white rabbit synchro-
nization provides precise synchronization over long distances. Control
is via a user-friendly GUI or a Python API that supports real-time
visualization and data analysis. With low jitter, high channel count
rates and precise synchronization, the device is an ideal building block
for applications in optical quantum research like characterization of
non-classical light emitters or long-distance quantum key distribution.

THU 13.72 Thu 16:30 ZHG Foyer 1. OG

Quantum telescopes: imaging beyond classical limits —
eELAHEH BAKHSHAEI GHOROGHAGHAEIV?, RikHAv SHAH!, DONIKA

Imeri:2, Nick BRINKMANND2, Lreonie Eccersb?, SuniL Ku-
MAR MAHATOD?2, KonsTANTIN Brck!?, Carus NieManN!, LAssE
IrrcaNG!, and RaLrF RiepINGER! — 1University of Ham-

burg,Department of Physics Luruper Chaussee 149 22671 Hamburg,
Germany — 2The Hamburg Centre for Ultrafast Imaging

A novel Distributed Quantum Telescope Array (DQTA)is designed to
revolutionize atmospheric sensing and quantum network performance.
By harnessing advanced quantum optical techniques such as quan-
tum interferometry, and entangled photon detection the DQTA aims
to achieve real-time, high-resolution monitoring of atmospheric fluc-
tuations. These measurements are critical for enhancing the fidelity
and stability of quantum communication links established via Silicon
Vacancy (SiV) centers in diamond, which serve as robust quantum
memory and processing nodes. Through the synchronized operation
of multiple quantum telescopes, the system will generate volumetric
atmospheric data to enable adaptive feedback control for quantum
channels. This integration of quantum sensing with quantum commu-
nication marks a significant step toward scalable, resilient quantum
networks, supporting future applications in secure communications,
astronomical imaging, and the global quantum internet.
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THU 13.73 Thu 16:30 ZHG Foyer 1. OG

A Quantum Telescope: Quantum memory assisted optical-
interferometric astronomy — eRiknav Suau!, Donika IMERI' 2,

ELAHEH BAkHSHAEI GHOROGHAGHAEI', and RALF RIEDINGERDZ —
Universitit Hamburg — 2Hamburg Centre for Ultrafast Imaging
(cun)

High-resolution astronomical imaging with radio frequency and mi-
crowave interferometry has been well established, with resolutions of
O(100) pas. Extending this intricate methodology to the optical and
near-infrared regimes offers the potential for enhanced resolution, en-
abling deeper surveys of exoplanets and galaxy disks. This transition,
introduces considerable experimental challenges, notably the delay line
compensation between telescopes, which constrains classical interfer-
ometry. However, this can be subverted by employing a long-lived
quantum memory state. This novel quantum-assisted boost to inter-
ferometry describes a new paradigm for astronomical imaging, helping
realize unparalleled resolutions. Such a quantum memory state and
testbed telescope scheme, employing Silicon Vacancy defects in dia-
mond (SiVs), is discussed here. These are optically active point like
defects which show strong photon coupling and long coherence times
O(100) ps in cryogenic environments. The promising utility of SiVs for
optical telescopes, and the experimental setup being built to operate
the SiVs is described.

THU 13.74 Thu 16:30 ZHG Foyer 1. OG
Resonator enhanced NIR-MIR correlations for cancer cell de-
tection — ROMAN SCHNABEL, AXEL SCHONBECK, JAN SUDBECK, and
eRENE REIcHOW — University of Hamburg, Hamburg, Germany

Using quantum correlations between pairs of photons allows to mea-
sure systems with a higher precision than non-correlated light would
allow.

This work implements a ring resonator to produce entangled near-
infrared (NIR) and mid-infrared (MIR) photons in a SU(1,1) interfer-
ometer for the QUANCER collaboration. The MIR photons are then
used to interrogate biological samples for cancer cells inside the inter-
ferometer. Through the entanglement, however, the attained signal is
measured in the NIR spectrum. This allows the use of more efficient
detectors, increasing the SNR of the attained result.

Beyond the detection of cancer cells the setup provides a platform
for other spectroscopic analyses using undetected photons.

THU 13.75 Thu 16:30 ZHG Foyer 1. OG
Fast Mid-IR Spectroscopy with Cavity Enhanced SPDC
source — eATTA UR REHMAN SHERWANI', HELEN CHRZANOWSKIL,
FeLix Mann!, Emma Prarce?, FaBiaN WENDT?, and SVEN
RameLow!?2 — 1Faculty of Mathematics and Natural Sciences,
Humbéldt-Universitéit zu Berlin, Germany — 2Ferdinand-Braun-
Institut GmbH, Leibniz-Institut fiir Hoéchstfrequenztechnik, Berlin,
Germany — 3Fraunhofer-Institut fiir Lasertechnik ILT, Aachen, Ger-
many — “4School of Physics and Astronomy, University of Glasgow,

Scotland

Microplastics, typically between 1 and 10 um in size, are persistent
pollutants that pose significant environmental and health risks due to
their resistance to degradation and biological accumulation. Conven-
tional detection techniques, such as Fourier-Transform Infrared (FTIR)
and Raman spectroscopy, analyse vibrational absorption spectra but
face limitations when identifying micro-scale particles, including high
costs, slow acquisition, and complex sample preparation. This work ex-
plores an alternative way to mid-infrared spectroscopy by using unde-
tected photons generated via spontaneous parametric down-conversion
(SPDC) in a monolithic cavity of ppKTP. One photon probes the sam-
ple in the mid-infrared, while its entangled partner is detected in the
visible range using silicon detectors, eliminating the need for expensive
mid-infrared sensors. The system is designed to target specific absorp-
tion bands characteristic of plastics. This technique holds strong po-
tential as a compact, cost-effective, and rapid alternative for microplas-
tic detection in environmental and biological monitoring applications.

THU 13.76 Thu 16:30 ZHG Foyer 1. OG
Cavity enhanced characterisation of perovskite quantum dots
— eSvENJA MOULLER', Davip HunNcer!, Maksym KOVALENKO?,
GABRIELE RaINo2, and AMRUTHA Rajan? — Karlsruher Institut
fiir Technologie, Physikalisches Institut, Karlsruhe, Germany — 2ETH
Zurich, Department of Chemistry and Applied Biosciences, Zurich,

Switzerland

2

Characterizing and controlling nanoobjects optically is challenging due
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to their weak interaction with light. The interaction between matter
and light can be amplified, by placing a particle in an optical micro-
resonator, due to the Purcell effect. Interfacing a bright material like
Perovskite Quantum Dots with an optical cavity gives the possibility
to study a highly coherent emitter of single photons. Perovskites ex-
hibit interesting characteristics like a narrow emission line with and
high quantum yield. A possible future application is the generation
of indistinguishable photons at room temperature, which can later be
used in experiments on quantum networks.

THU 13.77 Thu 16:30 ZHG Foyer 1. OG
Coherent scattering optomechanics - probing interaction
strength — eERIK Bus — Institute of Scientific Instruments

Technological advances have made it possible to link quantum optics
to atomic physics, while also enabling the study of macroscopic objects
(such as nanoparticles) on a larger scale. One platform for realising
macroscopic quantum states or non-classical dynamics is levitated op-
tomechanics. In this parametric study, we analyse our current experi-
mental setup to enhance interaction strength. We also discuss poten-
tially feasible experiments and possible modifications to the setup.

THU 13.78 Thu 16:30 ZHG Foyer 1. OG
Calibrating Photodiodes using Quantum Metrology — eLEIF
ALBERS, JAN-MALTE MICHAELSEN, and ROMAN SCHNABEL — Insti-
tut fiir Quantenphysik und Zentrum fiir Optische Quantentechnolo-
gien Universitdt Hamburg, Luruper Chaussee 149, 22761 Hamburg,
Germany

Quantum sensing and optical quantum computing require highly effi-
cient and well-calibrated photodiodes and balanced homodyne detec-
tors. We further develop our quantum metrology technique for cali-
brating photodiodes using squeezed light [1]. It fundamentally relies
on the Heisenberg uncertainty relation, eliminating the need for cal-
ibrated spectral references or cryogenic radiometers. Using squeezed
states with a moderately high squeeze factor of 10 (10 dB), we signif-
icantly reduce experimental requirements compared to previous work
with 15 dB of squeezing [1], while enabling direct, in situ measurements
of quantum efficiency. We demonstrate our method by calibrating com-
mercial photodiodes for 1550 nm with an uncertainty of + 0.4 %.

[1] H. Vahlbruch et al., Phys. Rev. Lett. 117, 110801 (2016)

THU 13.79 Thu 16:30 ZHG Foyer 1. OG
Observation of squeezed light in the 2-um range in the sig-
nal band of future gravitational wave observatories — Ju-
LIAN GURs, eNILs SULTMANN, and RoMAN ScHNABEL — University
of Hamburg, Hamburg, Germany

Next generation of squeezed-light-enhanced gravitational wave (GW)
observatories could achieve higher sensitivities by reducing the thermal
noise of the suspended mirrors, which involves shifting the wavelength
into the 2-um range [1,2]. Photodiodes made of extended InGaAs are
available for this wavelength regime, but their quantum efficiencies in
the low frequency signal band of GW observatories is strongly limited
by photo diode dark noise [3,4]. Here we present the successful exten-
sion of 2128-nm-squeezed-light measurements [4] into the signal band
of a few ten hertz of typical GWs.

The squeeze factor achieved is limited by the photodiode*s quantum
efficiency. Our results show that photodiodes with higher quantum ef-
ficiency must be developed for wavelengths in the 2*m range so that
squeeze factors of ¥*10dB become possible.

[1] A cryogenic silicon interferometer for gravitational-wave detection
by R. X. Adhikari (10.1088/1361-6382/ab9143)

[2] Silicon-Based Optical Mirror Coatings for Ultrahigh Preci-
sion Metrology and Sensing by J. Steinlechner (10.1103/Phys-
RevLett.120.263602)

[3] Squeezed vacuum phase control
(10.1364,/0L.44.005386)

at 2 pm by M. J. Yap

THU 13.80 Thu 16:30 ZHG Foyer 1. OG
Gauging the ground-state photon content of the Quantum
Rabi model — eArRkA DutTta, DANIEL BrRAAK, and MaArcus KoL-
LAR — Theoretische Physik III, University of Augsburg

The quantum Rabi model (QRM) features the simplest type of cou-
pling between a single cavity light mode and an atomic electron. It is
integrable if the electronic degree of freedom is truncated to just two
states [1]. The derivation of the effective Hamiltonian leads to differ-
ent forms depending on the chosen gauge [2]. In the dipole gauge, the
ground state of the QRM exhibits non-zero photon number in contrast
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to its weak coupling approximation, the Jaynes-Cummings model. We
compute the exact photon content for all eigenstates in an arbitrary
gauge and obtain a gauge for which the ground state contains a min-
imal number of photons. Conversely the ground state photon content
determines the corresponding gauge of the Rabi model.

[1] D. Braak, Phys. Rev. Lett. 107, 100401 (2011).

[2] O. Di Stefano et al., Nat. Phys. 15, 803 (2019).

THU 13.81 Thu 16:30 ZHG Foyer 1. OG
Equivalence between the second order steady state for the
spin-boson model and its quantum mean force Gibbs state —
PrEm KuMmAR, eATHULYA K.P., and SiBasisuH GHosH — Optics and
Quantum Information Group, The Institute of Mathematical Sciences,
C.I.T. Campus, Taramani, Chennai 600113, India

When the coupling of a quantum system to its environment is nonneg-
ligible, its steady state is known to deviate from the textbook Gibbs
state. The Bloch-Redfield quantum master equation, one of the most
widely adopted equations for solving the open quantum dynamics, can-
not predict all the deviations of the steady state of a quantum system
from the Gibbs state. In this paper, for a generic spin-boson model, we
use a higher-order quantum master equation (in system-environment
coupling strength) to analytically calculate all the deviations of the
steady state of the quantum system up to second order in coupling
strength. We also show that this steady state is exactly identical to
the corresponding generalized Gibbs state, the so-called quantum mean
force Gibbs state, at arbitrary temperature. All these calculations are
highly general, making them immediately applicable to a wide class
of systems well modeled by the spin-Boson model, spanning a diverse
range of topics, from nanomaterials to various condensed-phase pro-
cesses, and quantum computing (e.g., environment-induced corrections
to the steady state of a superconducting qubit). As an example, we
use our results to study the dynamics and the steady state of a solid-
state double-quantum-dot system under physically relevant choices of
parameters.

THU 13.82 Thu 16:30 ZHG Foyer 1. OG
Design and optimization of bimodal cavities coupled to
multi-level quantum systems — eOscar CAMACHO IBARRA, JAN
GaBRIEL HARrTEL, and Kraus D. Jons — Paderborn University,
Paderborn, Germany

Photonic integrated cavities are essential building blocks for qubit-
controlled switches, routers, and gates in quantum networks and quan-
tum information processing. These devices rely on the integration of
multi-level quantum systems coupled to multiple photonic modes in-
side a cavity. Our present work introduces a systematic workflow for
the design of bimodal cavities by employing one-dimensional crossed
photonic crystal nanobeam cavities with non-zero cavity lengths en-
abling quantum emitter integration. By optimizing three key param-
eters*the periodicity, a single feature size of the hole shape, and the
central cavity length*we establish a robust methodology for designing
crossed nanobeam cavities with quality factors up to the order of 105.
Our approach supports configurations with either matching or mis-
matched resonance frequencies, offering flexibility for diverse on-chip
photonic quantum applications.

THU 13.83 Thu 16:30 ZHG Foyer 1. OG

Two-color resonant excitation to study the Auger effect in a
single photon emitter — eNico Scuwarz!, Fasio RiMex!, Hen-
DRIK MANNEL!, MARCEL ZOLLNER!, BRITTA MAIB!, ARNE LUDWIGZ,
ANDREAS D. Wirck?, AxeL Lorkr!, and MarTIN GELLER! —
1Faculty of Physics and CENIDE, University Duisburg-Essen, Ger-
many — 2Chair of Applied Solid State Physics, Ruhr-University

Bochum, Germany

In solid state physics, the quantum dot (QD) as a single photon emitter
is an ideal system to study quantum phenomena like the Auger effect in
a confined nanostructure. We used two-color, time resolved resonance
fluorescence spectroscopy with a high spectral resolution to record the
charge carrier dynamics in a single quantum dot and differentiate be-
tween the different recombination paths: Auger, spin-flip and spin-flip
Raman recombination [1]. In high-photon-yield, low-dephasing single-
photon emitters, the Auger effect should be supressed, because it is
an electron-electron scattering effect leading to a non-radiative recom-
bination of, e.g., the charged exciton [2]. We observe an unexpected
behaviour of the Auger recombination rate, which shows an oscillatory
behaviour up to 4 Tesla, before decreasing by a factor of approx. 3
in fields up to 8 Tesla. For the spin-flip and spin-flip-Raman recombi-
nation rates we observe a power dependency for lower magnetic fields
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around 1 Tesla. These new findings may be the starting point for fur-
ther theoretical and experimental studies to unterstand or even supress
this scattering effect.

[1] H. Mannel et al., JAP 134, 154304 (2023).

[2] P. Lochner et al., Nano Lett. 20, 1631-1636 (2020).

THU 13.84 Thu 16:30 ZHG Foyer 1. OG

Optimization of etching processes for quantum well struc-
tures to enhance IR emission eDANIEL JANZEN!, PE-
TER ZaJacl, Sascua R. VaLenTIN?, ArRNE Lupwic!, and AN-
prEAs D. Wieck! — !Lehrstuhl fiir Angewandte Festkérperphysik,
Ruhr-Universitdt Bochum, Universitatsstr. 150, 44801 Bochum —

2Qesellschaft 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) and Fourier Trans-
form Infrared Spectroscopy (FTIR), the influence of etching param-
eters on optical properties 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 semiconductor 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 semi-
conductor fabrication.

THU 13.85 Thu 16:30 ZHG Foyer 1. OG
Miniaturizing optical resonators - Fiber-based Fabry-Perot
cavities — eUsmaN ApIL!, FranziskA HASLINGER?, MICHAEL
Fora2, SaMBIT MITRA2, MANUEL Nutz2, JoNaTHAN NoOEZ, and

Tuomas HomMER? — 1LMU Munich — 2Qlibri GmBH

Microscopic optical resonators have proven to be a versatile tool
through their ability to enhance light-matter interaction. Construct-
ing the mirrors on the end-facets of optical fibers offers a compact and
tunable solution with intrinsic fiber coupling: Fiber Fabry-Perot Cav-
ities (FFPCs). Successful experimental examples/applications range
from non-destructive qubit readout in quantum information processing
over sensing applications of gases or liquids to the usage as frequency
filter for optical signals. Here, we present the prototype of a read-
ily available FFPC and provide first insights on fiber alignment and
positioning. Core parameters like finesse, length stability and mode
matching are analyzed as a function of fiber type, mirror shape and
coating properties.

THU 13.86 Thu 16:30 ZHG Foyer 1. OG
Hardware-efficient GHZ state generation using measure-
ments — S. SIDDARDHA CHELLURI!, 8STEPHAN SCHUSTER2, SUMEET
SuMmeET3, and Riccarpo Roma? — !Institute of Physics, Johannes-
Gutenberg University of Mainz, Staudingerweg 7, 55128 Mainz,
Germany — 2Quantum Optics and Quantum Information Group,
Friedrich-Alexander-Universitéit Erlangen-Niirnberg (FAU), Staudtstr.
1, 91058 Erlangen, Germany — 3Department of Physics, Friedrich-
Alexander-Universitat Erlangen-Niirnberg (FAU), 91058 Erlangen,
Germany — *Theoretical Physics, Saarland University, 66123 Saar-
briicken, Germany

The application of mid-circuit measurements as non-unitary operations
in quantum circuits is a promising approach for more efficient state
preparation and long-range entangling gates. Combined with condi-
tional feedforward operations, such dynamic circuits can, for exam-
ple, overcome the efficiency constraints on the generation of entangled
states that are imposed by unitary operations alone. In this work, we
propose a new algorithm incorporating mid-circuit measurements for
the preparation of Greenberger-Horne-Zeilinger (GHZ) states on quan-
tum devices with limited qubit connectivity. Our algorithm leverages
the two-dimensional qubit layout of the device to generate low-depth
circuits for preparing the desired GHZ states. We additionally bench-
mark our algorithm on different connectivity layouts, including the
latest IBM Heron R2 architecture, and compare it to a purely unitary
method based on a breadth-first search of the layout graph.

THU 13.87
Magneto-levitating Systems:
and Intrinsic Dissipation — ePIETRO OREGLIA

CareLant®?, DanieLe ConTessib®,

Thu 16:30 ZHG Foyer 1. OG
Theory of Feedback Cooling
1.2 GiaNLuiar

ALgssio RecaTi!, ANDREA
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VINANTE®, and GianLuca RasteLLih?2 — !Pitaevskii BEC Cen-
ter, CNR-INO and Dipartimento di Fisica, Universitd di Trento,
1-38123 Trento, Italy — 2INFN-TIFPA, Trento Institute for Fun-
damental Physics and Applications, Trento, Italy — 3JARA Insti-
tute for Quantum Information (PGI-11), Forschungszentrum Jiilich
— 4Quantum Research Center, Technology Innovation Institute, Abu
Dhabi — ®Traverlbrain srl, Trento, Italy — 66Istituto di Fotonica e
Nanotecnologie-CNR and Fondazione Bruno Kessler, Trento, Italy

I study theoretically the fluctuation dynamics in the presence of feed-
back and the intrinsic mechanism of dissipation of a magneto-levitated
system formed by a spherical micromagnet suspended in a supercon-
ducting trap. For the study of the feedback, I analyzed the cold damp-
ing method and applied it to describe a first experiment realized here
in Trento, in which the microsphere, initially at the temperatures of a
few kelvins, is cooled down up to tens of mK.

Moreover, I am also exploring the use of a machine learning ap-
proach, in which an agent learns the optimal way to induce the feed-
back in the loop, to improve the lowest achievable temperature.

In parallel, I investigate the dissipative effect due to the quasi-
particle excitations hosted in the superconductor to set an upper bound
to the intrinsic dissipation in this kind of system.

THU 13.88 Thu 16:30 ZHG Foyer 1. OG
A practical graphene quantum Hall resistance standard for
realizing the unit ohm — eYEFEI YIN!, MarTiaAs KRUSKOPF!,
STEPHAN BaUkR!, TEREsA TscHIRNER!, Kraus Pierz!, FrRANK
Honrs!, HansiOorc ScHERER!, RoLr J. Hauc?, and Hans W.
ScHUMACHER! — !Physikalisch-Technische Bundesanstalt, Bunde-
sallee 100, 38116 Braunschweig, Germany — 2Institut fiir Festkor-

perphysik, Leibniz Universitdt Hannover, 30167 Hannover, Germany

Quantum Hall resistance (QHR) standards play an essential role for
the realization of the units ohm, farad, ampere, and kilogram in the
revised International System of Units. The primary realization of the
unit ohm is still mainly based on GaAs-based QHR standards with
the quantized resistance Ry = h/262 operating at high magnetic flux
densities B > 10 T, limited currents I < 50 pA, and low temperatures
T < 1.5 K. These operating conditions significantly hinder a wide ap-
plication of these standards other than at highly specialized national
metrology institutes. In this work, we developed practical primary
QHR standards based on n- and p-type epitaxial graphene devices
operating at relaxed conditions. The presented study systematically
demonstrates that p-type epitaxial graphene can be used for primary
resistance standards and is as accurate (10~° accuracy) as GaAs and
n-type graphene counterparts for realizing the unit ohm.! The n-type
graphene QHR standards achieved world-class performance with 10~9
accuracy under relaxed conditions (B = 4.5 T, 1 = 232.5 pA, and T =
4.2 K).273 [1] Appl. Phys. Lett., 125, 064001 (2024); [2] Adv. Phys.
Res. 1, 2200015 (2022). [3] Phys. Rev. Applied, 23, 014025 (2025)

THU 13.89 Thu 16:30 ZHG Foyer 1. OG
Optimizing thermal management of equipment via FEM-
simualtions — eTRrisTaAN STILLER — CreaTec, Erligheim, Deutsch-
land

Keeping track of temperatures for any given process is extremely im-
portant. Whether it is to accurately estimate evaporation rates of
thermal effusion cells, or to gain a better understanding of spatial
temperature gradients along a sample, which in turn affects growth
conditions. Using COMSOL’s simulation capabilities we can simulate
Joule heating of filaments, heat transfer in solids, and thermal radia-
tion, which is the main heat transfer mechanism in UHV applications.
Two use cases of these simulation results were both the optimization of
effusion cell design, as well as improvement in substrate heating; both
of which play a crucial role in quantum dot growth or the investigation
of the behavior of single atoms in magneto-optical traps, for example.

THU 13.90 Thu 16:30 ZHG Foyer 1. OG
Integrating Adiabatic Demagnetization Refrigeration with
PPMS for Sub-50 mK Studies — eMaRvIN KLINGER, ANNA
KLINGER, JORGINHO VILLAR GUERRERO, T1M TREU, ANTON JESCHE,
and PHILIPP GEGENWART — Experimental Physics VI, Center for Elec-
tronic Correlations and Magnetism, University of Augsburg

Accessing temperatures in the millikelvin regime is crucial for exploring
fundamental quantum phenomena and advancing fields like quantum
computing, superconductivity, and low-temperature physics. While
3He/4He dilution refrigeration has been the traditional approach, adi-
abatic demagnetization refrigeration (ADR) is gaining renewed atten-
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tion as a cost-effective alternative [1]. Conventional ADR systems
using hydrated salts face challenges regarding chemical instability and
thermal contact degradation. To address these limitations, we have de-
veloped novel materials, enabling reliable measurements below 50 mK
[2]. Our custom ADR insert for the Quantum Design PPMS achieves
temperatures below 30 mK for several hours without any modification
to the host cryostat. The system offers multiple experimental capa-
bilities, including electrical transport, stress/strain and heat capacity
measurements.

[1] T. Treu, M. Klinger, N. Oefele, P. Telang, A. Jesche and P. Gegen-
wart, J. Phys. Condens. Matter 37, 013001 (2025)

[2] Y. Tokiwa, S. Bachus, K. Kavita, A. Jesche, A. Tsirlin, and P.
Gegenwart, Commun. Mater. 2 (2021) 42.

THU 13.91 Thu 16:30 ZHG Foyer 1. OG
Millikelvin Microwave Photonic Probestation — MATTHIAS
WEIss and e HUBERT KRENNER — Physikalisches Institut, Universitat
Miinster, Miinster, Germany

Many practical implementations demand such flexible hybrid architec-
tures which combine the unique strengths of individual components
and at the same time avoid individual shortcomings.

Here, we present this innovative platform for the validation of hybrid
quantum devices and its capabilities. At the Physikalische Institut at
Universitat Miinster we set up a standardized test and development
system for source and detection devices to validate the performance
of hybrid quantum devices and their individual components. The cen-
tral apparatus is a photonic probestation equipped with optical fiber
ports and microwave connections designed and specified for operation
at millikelvin temperatures. This unique combination of functionali-
ties opens applications in testing and benchmarking of e.g. quantum
transduction of quantum information between photonic, electronic, or
phononic domains. This apparatus is part of a DFG-Major Instru-
mentation Initiative and open for joint research projects outside of
Universitat Miinster.

This project is funded by the Deutsche Forschungsgemeinschaft
(DFG, German Research Foundation) - 491605905 as part of the Major
Instrumentation Initiative *Quantum Communication Development
Environment*.

THU 13.92 Thu 16:30 ZHG Foyer 1. OG
Accurate modeling of polarization in large-scale molecu-
lar dynamics simulations — eHikarRU Azumal, Suusi OcaTal,
Ryo KosavasHr', Masayuki URANAGASE?, YuTa Takanasui!, and
Takaniro Tsuzuki! — 1Nagoya Institute of Technology, Japan —
2Riken, Japan
First-principles calculations yield the polarization, dielectric, and
piezoelectric responses, which serve as indicators of the ferroelectric
material’s performance. However, these properties depend strongly on
temperature in experiments. For instance, in BaTiO3, the polarization
direction changes through successive phase transitions as temperature
increases. Classical molecular dynamics simulations that assign point
charges to atoms provides only a rough estimate of polarization based
on atomic displacements. First-principles calculations reveal that each
atom’s contribution is anisotropic and varies dynamically with its en-
vironment. This variation is quantified by the Born effective charge,
which is a feature that a fixed point-charge model cannot capture. The
shell model includes these effects using multiple point charges to an
atom but underestimate polarization-related properties.

Here, we perform MD simulations using a novel hybrid interatomic
potential that combines a shell model with a machine-learning poten-
tial. Our model accurately reproduces BaTiO3’s phase transitions and
improves polarization predictions. We examine how precise modeling
of polarization and Born effective charges affects predictions of the
temperature dependence of the dielectric and piezoelectric responses.

THU 13.93 Thu 16:30 ZHG Foyer 1. OG
Hyperspectral Imaging and Optical Characterisation of
Localized and Delocalized Exciton Complexes in Transi-
tion Metal Dichalcogenides — eSHACHI MACHCHHAR, BHABANI
SANKAR SAHOO, YUHUI YANG, IMAD LIMAME, JOHANNES SCHALL,
SVEN RopT, CHIRAG CHANDRAKANT PALEKAR, and STEPHAN RE-
ITZENSTEIN — 1Institut fiir Physik und Astronomie, Technische Uni-
versitat Berlin, Berlin, Germany

The development of on-demand sources of single photons with high
indistinguishability represents a crucial step in the creation of pho-
tonic quantum systems, such as those required for the construction
of large-scale quantum networks for the secure transfer of data. One
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potential avenue for the realization of such sources in a scalable and
cost-effective manner is the exploitation of defect centres in transi-
tion metal dichalcogenides (TMDCs). The fabrication of these defect
centres in TMDC monolayers (MLs) can be achieved through the intro-
duction of strain, ion implantation, and the structuring or patterning
of the substrate. In this study, we pattern hBN with the help of elec-
tron beam lithography and deposit a WSe2 ML on the top to induce
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strain, which facilitates the generation of single-photon sources with
distinct quantum optical properties. We then perform hyperspectral
cathodoluminescence imaging on the fabricated structure to determine
the localised and delocalised excitonic states in the ML. We optically
characterise the said states and furthermore, demonstrate the single-
photon nature of these single-photon emitters through second-order
correlation measurements.



