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1. The Greenhorn Meeting 2023 in Berlin

We are happy to welcome you to the 2023 edition of the Greenhorn Meeting at the
Humboldt-Universitit zu Berlin, organized by PhD students from the group of Arno
Rauschenbeutel and the group of Oliver Benson. In this year's edition, 38
participants will present talks and posters on a wide variety of phenomena related to
quantum optics, (cold) atomic physics, and photonics.

We invite each participant to give a 15-minute presentation (12min talk and 3min
questions) to provide an overview of their research and a 90-minute poster session
to engage in stimulating, in-depth discussions with other young scientists. In
addition to providing a platform for participants to present their work, the meeting
will also serve as an informal exchange platform in a relaxed atmosphere,
promoting the formation of networks within the community. To support the social
exchange during the conference, we will provide free drinks and snacks during the
meeting free small lunch as well as a free conference dinner (Fischer & Lustig,
PoststraBe 26). These costs are covered by our academic and industry sponsors:

Springer (EPJ), Menlo Systems, Schifter+Kirchoff, Jenoptik, Radiant Dyes Laser,
PicoQuant, the Humboldt-University and the Einstein Research Unit.
We look forward to an exciting and inspiring Greenhorn Meeting 2023 with you!

The organizing committee
Constanze Bach, Elnaz Bazzazi and Lucas Pache

E-mail: meeting@greenhorn23.de

A big thanks to our Sponsors!
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2. Venue and Hotel

Al talks and poster sessions will take place at the Institute of Physics (Lise Meitner-
Haus) of the Humboldt-University of Berlin in or next to the Christian Gerthsen-
Horsaal, Room 1.201.

Address: NewtonstraBBe 15, 12489 Berlin-Adlershof

Your Hotel is located much closer to the city center such that you can easily discover
the nightlife of Berlin in the scene quarters of Kreuzberg and Friedrichshain!

Address: MiihlenstraBe 73, 10243 Berlin-Friedrichshain

For commuting we advise you to take the S-Bahn from Warschauer StraBe to
Adlershof (S). There is a direct line S9 and multiple other connections with the S8/85
via Ostkreuz. To use the S-Bahn you will need a AB-Ticket. You will need around
45min for your commute which is normal commuting time for Berlin-standards.

3. Welcome Evening

Feel warmly invited to join the welcome evening on Monday September 18th! We
plan to meet and get together at the hostel (Eastern Comfort, MiihlenstraBBe 73) with
some drinks starting from 16.30. For the evening, we organized a boat tour at the
Spree, which you can join. We will leave the hostel at around 17.30 and go onboard
the ship at the docks near LiebknechtstraBBe 1 where the cruise will start at 18.15!
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4. Schedule

Monday (18.09) Tuesday (19.09) Wednesday (20.09) Thursday (21.09)
8.30-9.00 Opening
9.00 - 10.45 Talks: Cold atoms | Talks: Quantum Sensing  Talks: Cold atoms Il
and Metrology
10.45-11.00 Coffee Break Coffee Break Coffee Break
11.00-11.15 Talks: Photonics | Arno Rauschenbeutel: Talks: Photonics Il
Berlin Quantum Alliance
11.15-13.30 Talks: Quantum
Chemistry and Quantum
Phenomena
13.30-14.00 Lunch Break Lunch Break Lunch Break
14.00 — 15.45 Talks: lons Talks: Quantum Sensing  Lab Tours
and Communication
15.45 - 16.00 Coffee Break Coffee Break
16.30-17.30 Getting Together Poster Session | Poster Session Il
at the Hostel (Eastern
Comfort,
Mihlenstrale 73)
17.30-18.30 Welcome Evening Lab Tours Lab Tours
with Boat Trip on the
Spree (18.15 from
From 18.30 LiebknechtstraRe 1) Drinks and Pizza in the Conference Dinner
Student Club (MOPS (near Alexanderplatz,
Adlershof, Poststralle 26)
NewtonstraRe 16)
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1 Tuesday, 19th of September (9.00-10.30): Cold Atoms |

1.1 JohannaPopp

University of Bonn

Towards ultracold Rydberg atoms in a cryogenic enviroment

Johanna Popp, Cedric Wind, Samuel Germer, Julia Gamper, Valerie Mauth, Hannes Busche, and Sebastian Hofferberth

Atoms with an electron excited to a state with a high principal quantum number (n >> 1) are called Rydberg atoms. Their
wavefunctions are similarto hydrogen atoms, they are highly sensitive to electric fields, and can interact strongly with each other
over distances of many micrometers [1]. These properties make Rydberg atoms promising candidates for quantum simulation
and computing or to mediate effective photon-photon interactions. Another useful aspect of Rydberg atoms is that they offer
electric-dipole allowed transitions over a large range of the electromagnetic spectrum ranging from the UV between ground
and Rydberg states to microwave frequencies for adjacent Rydberg states. Specifically, these microwave transitions have very
large electric dipole moments d ~ 10.000eaq because of the large overlap of Rydberg wavefunctions. In our experiment, we
plan to exploit this to realize hybrid quantum systems of ultracold Rydberg atoms and quantum devices operating in the mi-
crowave regime. For example, we plan to interface the atoms with electromecanical oscillators operating in the GHz regime to
cool and manipulate one of their vibration modes via resonant microwave coupling between the mechanical mode and a transi-
tion between two Rydberg states [2]. To accomplish this, we are building a vacuum system, which includes a3D MOT inavacuum
chamber and a science chamber where the atoms will be magnetically trapped over an atom chip. To transport rubidium atoms
from one chamber to the other, we use a magnetic transport system consiting of a series of quadrupole traps [3]. The science
chamber will ultimately provide a cryogenic 4K environment which is necessary to operate circuit-based systems near the quan-
tum regime. This 4K environment will also provide ultrahigh vacuum conditions (10~ 11 mbar) [4] without the need to bake
the system after an exchange of samples and the shielding from the room temperature black-body background will extend the
lifetime of the atoms Rydberg states.

[1] Saffman etal. Rev. Mod. Phys. 82, 2313 (2010).

[2] Caoetal., Phys. Rev. A 83,022309 (2011), Stevenson et al., Phys. Rev. A 94, 043813 (2016), Huber and Biichler, Phys. Rev. Lett. 108,193006 (2012).
[3] Greineretal., Phys. Rev. A 63, 031401(R) (2001).

[4] Schymik etal., Phys. Rev. Appl. 16, 034013 (2021)

1.2 Alexander Guthmann

Technical University of Kaiserslautern

Theoretical study of radio-frequency induced Floquet Feshbach resonances in ultracold Lithium-6 gases

Feshbach resonancesareanindispensable toolinthe research of ultracold atoms. The position of magnetic Feshbach resonances
is determined by the magnetic field value where the energy of a dimer bound state crosses the asymptotic atomic threshold.
By applying an oscillating magnetic field in the radio frequency regime, the colliding atom pair can be coupled to the dimer
state, and new Feshbach resonances at different magnetic field values can be produced. Using techniques of Floquet theory, we
convertthe time-dependent probleminto an equivalenttime-independent problem, and we derive a Hamiltonian which can be
used for coupled-channel calculations. We use the example of Lithium-6 featuring an unusually broad s-wave resonance at 832G
caused by a weakly bound halo state. Results from coupled-channel calculations show that this halo state allows the creation
of RF-induced resonances with large widths and tunability at technically achievable modulation strengths. These theoretical
investigations will be presented, and the possibilities of experimental observation and associated technical challenges will be
discussed.



1.3 Andrea Fantini

University of Florence

Programmable quantum simulator with Strontium Rydberg atoms in optical tweezer arrays

A.Fantini *, V. Gavryusev 123, L. Guariento 43 v/ Giardini®, F. Scazza 53, ). Catani %2, M. Inguscio 6 L Fallani '2'3 and G. Cappellini 3-2

1 Department of Physics and Astronomy, University of Firenze, Sesto Fiorentino, Italy

2 European Laboratory for Non-Linear Spectroscopy (LENS), University of Florence, Sesto Fiorentino, Italy
3 National Institute of Optics (CNR-INO), National Research Council, Sesto Fiorentino, Italy

4 Department of Physics Ettore Pancini, University of Napoli Federico I, Napoli, Italy

5 Department of Physics, University of Trieste, Trieste, Italy

6 University Campus Bio-Medico, Rome, Italy

Electronically highly excited (Rydberg) atoms constitute a system with controllable long range interactions which allows to
study and simulate many intriguing phenomena, ranging from quantum non-linear optics to quantum magnetism and dipole-
mediated energy transport [1]. The underlying dynamics depend on the structure, dimensionality and interaction type of the
physical system. Disentangling and controlling their contributions is an open problem, whose solution may empower new tech-
nology, including realizing general purpose quantum computers.

Such challenge is addressable by studying model systems in highly controllable experiments that capture their key features.
Ultra-cold interacting Rydberg Strontium atoms trapped in reconfigurable arrays of optical tweezers represent such tailored
quantum simulator. Strontium provides several sets of atomic states, including metastable ones [2], that are conveniently map-
pable into magnetic spins or quantum bits. Single- or two-photon excitation pathways to nS, nP and nD Rydberg states allow
to engineer and fine-tune dipole-mediated interactions that can picture different spin or energy transport scenarios and also
realize quantum gates [3]. | will present our progress with the construction of the setup and outline our planned capabilities,
including the creation of up to three-dimensional large structures of optical tweezers with single site addressability and manip-
ulation ability.

References

[1] Browaeys, A., Lahaye, T., Many-body physics with individually controlled Rydberg atoms, Nature Physics 16,132-142 (2020)

[2] Sorrentino, F, Ferrari, G., Poli, N., Drullinger, R., Tino, G. M., Laser Cooling And Trapping Of Atomic Strontium For Ultracold Atoms Physics, HighPrecision Spectroscopy And Quan-
tum Sensors, Modern Physics Letters B 20, 21 (2006)

[3] Saffman, M., Walker, T. G., Mglmer, K., Quantum information with Rydberg atoms, Rev. Mod. Phys. 82, 3 (2010)

1.4 Kilian Welz

Physikalisches Institut, Universitit Heidelberg

Three-body losses in a single-component Fermi gas near a p-wave Feshbach resonance

We theoretically investigate three-body losses in a single-component Fermi gas near a p-wave Feshbach resonance in the in-
teracting, non-unitary regime. We extend the cascade model introduced by Waseem et al. [Phys. Rev. A 99 052704 (2019)] to
describe the elastic and inelastic collision processes. We find that the loss behavior exhibits a 3 and an anomalous n? depen-
dence for a ratio of elastic to inelastic collision rate larger and smaller than one, respectively. The corresponding evolutions of
the energy distribution show collisional cooling or evolution toward low-energetic non-thermalized steady states, respectively.
These findings are in particular relevant for understanding atom loss and energetic evolution of ultracold gases of fermionic
lithium atoms in their ground state.

1.5 ValentinJonas

University of Bonn

Enhancement of pair tunneling in a Floquet-driven superlattice

Ultracold atoms in optical lattices offer a unique platform for realizing and studying novel quantum phenomena in many-body
systems. Of particular interest is the quantum simulation of fundamental models for strongly correlated matter such as the
Hubbard model. While the two-dimensional Hubbard model has been extensively studied in experiments over the last few
years, more complex systems are largely unexplored.

Our experimental apparatus consists of fermionic potassium atoms in three-dimensional optical lattices, which allows us to



simulate Hubbard models of different dimensions. Recently, we have set up a bichromatic in-plane superlattice with which we
can realize a1D-chain of double wells with tunable tunnel couplings.

Periodically shaking these double wells realizes effective Floquet-Systems, in which the Hubbard parameters are further modi-
fied depending on the modulation. By resonantly driving the system with respect to its interaction energy we are able to freeze
the dynamics of single particles while allowing for the tunneling of pairs. We expect this fundamental behavior change to give
rise to numerous yet unexplored phenomena.

2 Tuesday, 19th of September (11.00-12.30): Photonics |

2.1 Kilian Unterguggenberger

Humboldt-University of Berlin

Engineering a diamond surface for optically coherent color centers in nanostructure

Entanglement-based quantum networks have the potential to enable secure communication and distributed quantum comput-
ing over long distances. Such a network is composed of interconnected spin-photon interfaces for which the nitrogen-vacancy
color centerin diamond (NV) is an especially promising candidate thanks to its formidable spin coherence time. However, scal-
able quantum networks based on the NV continue to remain out of reach due to its sensitivity to electric field fluctuations,
broadening the photon emission spectrum and thereby reducing the entanglement success rate. We contribute to addressing
this hurdle through a detailed study on controlled preparation of the surface of etched diamond nanostructures, where a major
part of charge noise is widely believed to originate. In particular, we aim to achieve complete and bond type-pure termination
of the carbon lattice with a specific element (e.g. oxygen) via annealing under continuous gas flow and probe the surface com-
position with X-ray photoelectron spectroscopy (XPS) before and after annealing. We then compare the optical properties of
NV centers for different controlled and uncontrolled surface configurations. For this purpose, we obtain high-resolution and
time-resolved absorption spectra of single NV centers via photoluminescence excitation at cryogenic temperatures. As the key
figure of merit for spectral stability, we extract the spectral diffusion rate (in Hz/s) at a defined excitation power.

2.2 LukasKlein

Johannes Cutenberg University of Mainz

Enhancing Laser Stability: The Scanning Transfer Cavity Lock Method

Lasers play an indispensable role in atomic, molecular, and optical physics laboratories, catering to diverse experimental needs
such as narrow linewidth, consistent power output, and stable wavelength. My work focuses on addressing the critical require-
ment of stable wavelength by introducing a scanning transfer cavity lock (STCL) method. The STCL utilizes a frequency stable
'Master’ Laser as a reference for any unstabilized 'Slave’ Laser, offering a cost-effective and straightforward approach to long-
term wavelength stabilization with an accuracy of less than 10 MHz. | will present the underlying principles of the STCL method
and details its implementation in a configuration that effectively couples five lasers across the UV to IR spectrum to a single
"Master’ Laser.

2.3 Charlotta Gurr

Humboldt-University Berlin

Rapid sideband modulation of narrowband lasers for photoluminescence excitation spectroscopy

Color centers in diamond are a promising candidate for qubits that can be integrated on-chip. Here, we investigate the tin-
vacancy color center (SnV) due to its favorable spectral and coherence properties. One of the tools for characterizing spectral
properties of quantum emitters is photoluminescence excitation spectroscopy (PLE). One of the limiting factors of PLE is the
laser tuning speed which is mainly based on changing cavity lengths of lasers by applying voltages to piezos. In our approach
we use sidebands with variable frequency distance to a detuned laser for faster PLE measurements. Such rapid sideband mod-
ulations have also been used to identify detuned Raman control resonances (Debroux et al.) and provide a method for optical
coherent control of SnVs. With the faster technique we strive to resolve the source and nature of electric field noise close to the
SnV dynamically.



2.4 Bartosz Niewelt

University of Warsaw

Optical Fractional Fourier Transform in the time-frequency domain based on quantum-memory

Fractional Fourier Transform (FrFT) has a number of applications ranging from noise reduction to radar science and mode sort-
ing of light. It has an intuitive meaning when we represent it as a rotation of chronocyclic Wigner function in time-frequency
space. Thiscan be achieved by applying specifictime and frequency quadratic phases to the input signal by means of linear mod-
ulation of frequency and AC-Stark shift applied to light stored in the form of atomic coherence in the Gradient Echo Memory.
Previous experiments show that quantum memories allow for versatile processing of quantum states of light including super-
resolved spectroscopy and Fourier transform. We expand thatidea and demonstrate implementation of FrFT in GEM. We bench-
mark the protocol by showing transformation of two-pulse “Schroedinger cat” states and Hermite-Gauss modes—eigenfunctions
of FrFT — proving its possible application in mode sorting. We are the first to implement the FrFT in the optical time-frequency
domain. This achievement opens up new avenues in optical signal processing. In particular, allowing tailored noise reduction
protocols to be implemented purely in the optical domain. Our setup allows for manipulation of signals with bandwidth reach-
ing1 MHz and duration of 25 ps, allowing operation with ultra narrow band light compatible with atomic and optomechanical
systems. The “Quantum Optical Technologies” (MAB/2018/4) project is carried out within the International Research Agendas
programme of the Foundation for Polish Science co-financed by the European Union under the European Regional Development
Fund.

2.5 Wiktor Krasnicki

Faculty of Physics, University of Warsaw

Enhanced Spectral Discrimination through Heterodyne-Based Sensing Techniques

Techniques for superresolution have been pivotal in augmenting the resolution of imaging in microscopy through the alteration
of light source attributes or harnessing non-linear phenomena. The recent breakthroughs have broadened the superresolution
concept to instances where there is restricted direct access to the light source, such as in astronomical observations, by employ-
ing optimal quantum measurements that exceed the conventional diffraction constraints. While the realm of microscopy has
seen extensive exploration of superresolution techniques, the incorporation of these techniques into spectroscopy presents im-
mense potential across various disciplines including chemistry, biology, astronomy, and metrology. Nonetheless, there have
been limited instances of spectral superresolution demonstrations, particularly for fluorescence sources.

In this research, we introduce experimental methodologies for attaining spectral superresolution, which are founded on
prior theoretical research. Through the integration of heterodyne detection with a customized spatial analysis methodology,
we are able to extract data from the electromagnetic field, which sets our approach apart from conventional techniques that
are dependent on measurements of light intensity. We modify the analysis to accommodate realistic experimental scenarios,
facilitating pragmatic deployment. To ascertain the effectiveness of our approach, we carried out experiments employing both
coherent and thermal input states while methodically modulating the signal-to-noise ratios.

In addition, we delve into the prospective applications of our methodology in areas where meticulous spectral differentia-
tion is imperative, such as in lasing assemblies and optomechanical systems.

3 Tuesday, 19th of September (14.00-15.30): lons

3.1 ManuelJohn

University of Innsbruck

Higher-dimensional qudits from trapped Calcium ions

Quantum Information Processing is currently most commonly following the precedent set by classical computing which gener-
ally encodes information in binary form, thus relying on quantum bits. For trapped ion systems used to process this quantum
information, thisis howeveran artificial constraint that reduces the Hilbert space available for computation. This constraintalso
introduces leakage errors that slip through the most common error correction schemes. Instead, using d internal states of the
ion as logical base states, making up so-called qudits, can provide increased resilience against certain types of errors, while also
increasing the information capacity perion. In addition, many physical systems are naturally described by higher-dimensional
quantum states. We use trapped Calcium ions to encode information in higher-dimensional qudits up to d = 7, demonstrate
comparable performance to a qubit-based processor and set out to build a new experimental setup dedicated exclusively to QIP
with trapped Calcium qudits.



3.2 Ansgar Schaefer

Johannes Gutenberg University of Mainz

Far field observation of coherent light scattering from “°Ca™ ion crystals in the framework of a ladder-system

ons chains, interacting with a monochromatic light field, behave like an optical grating. This has previously been demonstrated
by recordingoptical interference patternsintheirfarfield. Independently, optical three level systems, interacting with 2 monochro-
maticlight fields, can emit fluorescent radiation with the combined frequency of the two driving fields. These phenomenons can
be combined to measure interference patterns in the far field of a *°Ca™ ion-chain, emitting the light at 393 nm wavelength,
while only driving the Sl — D5 transition witha 729 nm laser, and the D s 3 = Ps transition with an 854 nm laser. This thesis
investigates the process With partlcular attention to the dependence on the various parameters involved in the process, i.e. the
frequency, power and polarization of both driving lasers. On the experimental side, interference patterns and their frequency
dependence are pre- sented for ion crystals consisting of 3 ions. The patterns were measured using a photon counting device
with spatial resolution. To compare to theory, a model for the steady state in the outlined system has been calculated using the
Liouville-von-Neumann equation, correctly predicting the frequency dependence of light’s intensity. The findings suggests that
there is a tradeoff between the selectivity of the 729 transition, and a high visibility of the interference patterns. As the selectiv-
ity of the 729 transition can be used to have the scattering depending on the energy level of the ions, this is a significant finding
towards the question whether the spin structure of an ion chain can be determined from their interference pattern.

3.3 Helin Ozel

Johannes Gutenberg University of Mainz

Advancements in Trapped lon Quantum Computing

Our research focuses on advancing the scale and performance of trapped ion quantum computing systems using calcium-40
jonsin a 3D Paul trap. We emphasize novel designs, optical improvements, and achieving high gate fidelity. With unparalleled
control and stability, we build a scalable and compact setup by intelligently configuring traps to enhance qubit manipulation
and reduce noise. Our optical enhancements, employing precise laser techniques and optimized beam shaping, enable indi-
vidual ion addressing and high-fidelity gate operations. By surpassing current state-of-the-art gate fidelities, our work pushes
the boundaries of trapped ion quantum computing. | will present our experimental methodologies, latest results, and achieve-
ments in scalability, optical enhancements, and gate fidelity, contributing to the advancement of this field and promising prac-
tical quantum information processing.

3.4 RobertFreund

University of Innsbruck

Characterizing the frequency noise spectrum of an ultra-narrow linewidth laser by cross-correlated self-heterodyne beat
measurements

Quantum systems as used in sensing, communication or computation are notoriously fragile and highly susceptible to the noise
environment they areimmersed in. To perform high-fidelity operations of any kind, we require exquisite knowledge of and con-
trol over these environments. Much work has been dedicated for different platforms to achieve this control, but the stringent
requirements of emerging quantum technology stretch the capabilities of existing methods.

Here we present a high-sensitive technique to determine the phase noise power spectral density of the local oscillator for coher-
entquantum control, specifically ultra-narrow optical lasers to drive optical transitions. The phase noise spectrumis determined
by self-heterodyne beat measurements combined with cross-correlation, a technique developed for RF applications to reduce
uncorrelated noise. The method of cross-correlated self-heterodyne beat measurements has been used before in the context of
infrared lasers but has never been applied to a laser with a wavelength of 729 nm and a linewidth on the order of 1 Hz driving
a quadrupole transition “°Ca™ ions in a linear Paul trap. The sensitivity of the newly established setup is below 1 Hz? /Hz be-
tween an offset frequency of 10 kHz and roughly 1 MHz from the main emission line. Therefore, the measured frequency noise
spectrum allows us to discuss limitations of the fidelity of single and two-qubit gate operations in a chain of calcium ions.



4 Wednesday, 20th of September (9.00-10.30): Quantum Sensing and Metrology

4.1 Yves Kurek

Rheinland Pfalz Technical University

Wide-field quantum sensing in Diamond

Nitrogen-Vacancy centers (NV centers) have obtained great interest, ever since their detection through confocal fluorescence
microscopy in the late nineties. These point defects contain a substitutional Nitrogen atom with an adjacent carbon vacancy in
the diamond lattice and can be used as sensor for magnetic field, electric field, strain and temperature detection [1]. In addition
to beinga nanoscale quantum sensor, NVs are also promising in quantum communication and quantum computation. In partic-
ular, magnetic sensing/imaging using an ensemble of NV centers manifests to be a promising candidate for widefield imaging
applications [2,3]. Considering that NV centers are biocompatible, the quantum magnetic wide-field fluorescence microscope
has a wide field of applications in biomagnetism, e.g., forimaging of living cells [4] and iron biomineralization in sea creatures
[5] or for the detection of single-neuron action potentials [6] and biological signals from a live muscle [7]. In this work, we dis-
cuss the foundational aspects of such a NV wide-field magnetic imaging setup for fluorescence detection and imaging from
an ensemble NV layer in diamond, with the sample of interest placed near to or in contact with the diamond [8]. By using the
magnetic field components along each NV axis and detecting the magnetic resonances by optical means (ODMR experiment)
allows for vector magnetometry using single shot images from a camera. Our work aims to study biological and novel material
samples exhibiting magnetic properties.

[1] Doherty, etal., "Theory of the ground-state spin of the NV center in diamond.” Physical Review B 85.20 (2012): 205203.

[2] Steinert, etal., "High sensitivity magneticimaging using an array of spins in diamond." Review of scientificinstruments 81.4 (2010): 043705.

[3] Pham, etal., "Magnetic field imaging with nitrogen-vacancy ensembles." New Journal of Physics 13.4 (2011): 045021.

[4] Le Sage, et al., "Optical magnetic imaging of living cells." Nature 496.7446 (2013): 486-489

[5] McCoey etal., "Quantum magneticimaging of iron biomineralization in teeth of the chiton Acanthopleura hirtosa." Small Methods 4.3 (2020): 1900754

[6] Barry et al., "Optical magnetic detection of single-neuron action potentials using quantum defects in diamond.” Proceedings of the National Academy of Sciences 113.49 (2016):
14133-14138

[7] Webb, etal., "Detection of biological signals from a live mammalian muscle using an early stage diamond quantum sensor." Scientific reports 11.1 (2021): 1-11

[8] Levine, etal., "Principles and techniques of the quantum diamond microscope.” Nanophotonics 8.11 (2019): 1945-1973.

4.2 Nikhita Khera

Rheinland Pfalz Technical University

Quantum Sensing with NV Centers: Magnetometry and First Results Using the ProteusQ Device

We introduce the ProteusQ device developed by QNAMI, which plays a pivotal role in our research. A comprehensive study
on quantum sensing with NV (Nitrogen-Vacancy) centers in diamond, focusing on magnetometry applications and showcasing
the initial results obtained from a few selected samples, namely Fe5GeTe2, of which we investigate thin flakes (a few nm to a
micron) and SmCo, will be presented. By leveraging the inherent quantum nature of the NV centers, we aim to understand the
magnetic characteristics and gain deeper insights into the materials under investigation. Furthermore, we will also present a
poster that focuses on the working principles of the ProteusQ device as well as the technicalities of the experimental setup and
measurement techniques employed to investigate the magnetic properties of the aforementioned samples.

4.3 YanliulLi
ENS Paris, ICFO

A hybrid cavity-qubit haloscope topological quantum amplifier for dark matter detection

According to cosmology, ordinary matter constitutes only 5% of the matter-energy content of the universe, whereas 27% would
be dark matter and 68% dark energy. Axion is proposed as one of the possible candidates of dark matter. Moreover, thanks to
the so-called Primakoff effect, there is a possible conversion from axion to a single photon and vice-versa. Cavity haloscope is
a method developed to detect axion with mass around 10~ 5 eV, leading to an associated emitted photon frequency around 10
GHz. Since axions are expected to distribute homogeneously in solar system, it should be possible to detect them in a cavity
when the frequency of the axions are close to the eigen frequency of the cavity.

In this talk, | present a prototype amplifier based on the sensitivity of localized states in Su-Schrieffer-Heeger (SSH) model
which is intended to reach the quantum limit. We provide numerical simulation of the SSH model to show its sensitivity to
perturbations. We also show the design of a SSH chain built by photonic cavities and its experimental measurement results in



both room temperature and in a He3/He4 dilution refrigerator cryostat. These results present a potential new method in dark
matter detection and new opportunities in quantum sensing.

4.4 HsuChungChuan

University of Cambridge

Cooling and transport for a large-scale Atomic Interferometer Observatory and Network (AION)

Dark matter and gravitational waves hold the key to unlocking the intricacies of the universe. However, ultra-light dark matter
and mid-frequency gravitational waves remain elusive for current detectors. Therefore, to further our understanding of the uni-
verse, we propose to exploit the quantum nature of ultracold strontium atoms to detect them using atom interferometry.

In an atom interferometer, atomic matter waves are split and recombined, generating interference fringes depending on the
relative phases on both arms. A passing gravitational wave or dark matter changes this relative phase, inducing time-varying
signals. Thus, their existence can be deduced by extracting information from these signals.

The Atom Interferometry Observatory and Network (AION), a consortium of UK institutes, uses such a detection scheme. The
sensitivity window of AION probes for current gaps in mid-frequency gravitational waves and ultra-light dark matter. Such de-
tectors mean that consistently achieving the lowest possible temperature for the atom clouds with the fastest repetition rates
and efficiently transporting them to the interferometer shaft is vital.

At the University of Cambridge, we are developing technologies to efficiently cool, and transport atom clouds, as well as per-
forming atom optics to narrow the atomic velocity distributions for high-fidelity interferometry. Currently, we are building a
small-scale technology demonstrator. Constructions will then jointly scale up to increasing heights from 10m to 1km for en-
hanced sensitivities, where differential measurements will be performed to eliminate common-mode laser noise. Here | will
present our advances in cooling technologies and optical transport of strontium atoms and its context within AION.



5 Wednesday, 20th of September (11.00-12.30): Quantum Chemistry and Quantum
Phenomena

5.1 OleProchnow

University of Stuttgart

Development of a Cryogenic Beam Source for Ultracold Calcium Monofluoride Molecules

The production of ultracold molecular quantum gases promises to add long-range dipolar interactions to the quantum simula-
tion toolbox. Here we first show theoretically that such dipolar interactions can lead to the formation of new phases of matter
in bulk molecular Bose-Einstein condensates, such as droplet states and supersolids. Second, we present a new setup to realize
these phases of matter in an experiment. In this setup we work with calcium monofluoride molecules, which are characterized
by large electric dipole moments and well established laser cooling strategies. In a first step to create a gas of these molecules
with high phase space density, we present the design of a cryogenic buffer gas beam source, as well as extensive simulations of
transversal and longitudinal laser cooling of the resulting molecular beam.

5.2 Abhishek Anand

University of Ulm

Cavity-controlled chemical reactions of ultracold atoms

The ultracold molecules in quantum chemistry offer exciting opportunities to explore and manipulate chemical reactions at
the quantum level. Our focus is to perform cavity-enhanced ultracold chemistry experiments with Rubidium (Rb) atoms to pro-
duceindividual Rb2 molecules in precisely defined quantum states. At first, we use photo association techniques on the cloud of
ultracold Rbatoms, which results in the formation of Rb molecules in precise excited bound states but then they will decay spon-
taneously and distribute themselves in various final quantum states. Here, we want to control the spontaneous decay process
and for that we will use strong coupling between the controlled spontaneously emitted photon (coupled to the high-Q opti-
cal microcavity), and the rubidium molecule cloud to selectively enhance the population of a pre-determined final state. We
are currently upgrading our previous Rb-BEC experimental setup. Our new science chamber will contain a high-Q optical mi-
crocavity, a channeltron, and a high NA lens for performing and detecting a cavity- enhanced ultracold chemistry. A 3D optical
lattice, consisting of three intersecting laser beams will hold the particles. The channeltron will detect single particles after they
have been state- selectively ionized. This new setup will provide a lot of advantages: each molecule will be trapped in a single
site of an optical lattice, collisions between molecules are suppressed, there will be controlled and instant detection of single
reactions with high efficiency, the setup will provide strong matter-light coupling, we can detect molecules non-destructively,
we can study collective effects like superradiance and there will be even more interesting chemistry related science using these
cavity enhanced effects.

5.3 Akaash Srikanth

University of Bonn

Measurement of Bohmian Trajectories in a Double Slit Interferometer

Bohmian Mechanics [1], is a non-local, hidden variable interpretation of quantum mechanics. Contrary to stan- dard quantum
mechanics, it postulates the existence of definite particle trajectories in addition to the wave function. There are two equations
which govern the dynamics of the system: The Schr”odinger equation which describes the time evolution of the wave function
and The Guidance equation which deterministically determines the trajectories of the particles through the wave function. In
addition, the Born'sruleisalsoincluded, which gives the probability of the result of a physical measurementon a given quantum
system. Bohmian Mechanics provides exactly the same statistical predictions as quantum mechanics. Characteristics of non-
locality are also inherent in this theory via the guidance equation. For example, if we consider an entangled photon pair, any
influence on the state of the photons, will affect the trajectories of the other photon instantaneously even if they are light-years
away. Such an experiment to study the non-local characteristics of the theory was pro- posed with an entangled pair, where one
canstudy the trajectories of the first photonin a double-slitinterferometer by influencing the state of the second photon [2]. The
influence can be designed in such a way that, by making a polarization measurement on the second photon, we can know which
slit of the double-slit the first photon had passed through (Which-Way Measurement). However, it was suggested that in such
a measurement, the trajectory would sometimes indicate that the first photon had gone through one slit while a Which-Way
Measurement would suggest that it had gone through the other, thus questioning the realistic nature of the Bohmian Trajec-
tories [3]. A resolution of this which invokes the non-local nature of the theory was suggested after some discussions [4]. The
resolution states that the polarization of the photons are not fixed, but rather a function of the positions of both the particles.
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Hence in this case, the polarization of the second photon depends on position of the first photon as it moves along its trajectory.
Hence the polarization measurement of the second photon does not provide a reliable indication of the slit through which the
first photon had passed through. Our experiment would be an implementation of this experiment, thus highlighting the non
local character of the theory. The entangled source from [5] is used to generate the firstand second photons as described above.
The double slit through which the first photon is sent is realized using YVO crystals. The average trajectories of this photon is
measured using Weak Measurements, which correspond to the Bohmian trajectories described by the guidance equation [6].
The polarization measurement of the second photon which is supposed to indicate which slit the first photon passed through,
is done using a combination of a liquid crystal retarder and a polarizing beam splitter.
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5.4 Oliver Diekmann

Institute for Theoretical Physics TU Wien A-1040 Austria

Ultrafast excitation exchange in a Maxwell-Fish-Eye lens

Contributors: O. Diekmann, D. O. Krimer and S. Rotter

The single-mode Jaynes-Cummings model has been of paramountimportance in the development of quantum optics. Recently,
also the strong coupling to more than a single mode of an electromagnetic resonator has drawn considerable interest. We in-
vestigate how this multimode strong coupling regime can be harnessed to coherently control quantum systems. Specifically, we
demonstrate that a Maxwell-Fish-Eye lens can be used to implement a pulsed excitation-exchange between two distant quan-
tum emitters. This periodic exchange is mediated by single photon pulses and can be extended to a photon-exchange between
two atomic ensembles, for which the coupling strength is enhanced collectively. Our study illustrates how ideas from classical
optics can be used in the realm of multimode strong coupling for applications in quantum technology.
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5.5 Vinay Tumuluru

Ludwig-Maximilians-Univerity, Munich

On the Product of Weak Values

Introduced by Aharonov, Albert, and Vaidman, the weak value of an operator is a property of a pre- and post-selected quantum
system measured via a weakly-coupled pointer device. With a proper choice of pre- and post-selections, it is possible to observe
a wide range of values for the weak value of an operator, in particular extending beyond its spectrum of eigenvalues [1, 2]. The
proposed ‘product weak value’ experiment utilises the path and polarisation degrees of freedom of a phase-stabilised Mach-
Zehnder Interferometer to observe individually the weak values for path and polarisation, as well as the product of these weak
values when both degrees of freedom interact with the same pointer device. By analysing the entanglement between path and
polarisation degrees of freedom, the experiment further seeks to realise the conditions under which the product rule for weak
values fails [3, 4].
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6 Wednesday, 20th of September (14.00-15.30): Quantum Sensing and Communica-
tion

6.1 Moritz Birkhold

Ludwig-Maximilians-Univerity, Munich

Development of a highly compact QKD sender unit for satellite applications

Quantum key distribution (QKD) offers fundamental advantages over classical distribution of secret keys. If done correctly, a
perfectly private key can be exchanged between two parties and any eavesdropping attack will be detected. This could be anin-
teresting feature, for example worldwide financial applications but the technological hurdles to overcome are numerous. Using
the BB84 protocol with decoy state and utilizing highly attenuated laser pulses as a photon source is very promising for bringing
QKD out of laboratories into the real world. Furthermore, deploying QKD sender units on satellites and transmitting the keys in
free space can accelerated the creation of a global QKD network. We show advances in creating such a compact and low-power
sender unit using vertical cavity surface emitting lasers, micro optics and waveguide chips. These units are tested for possible
side channels and are about to fly on the QUBE and QUBE-II satellite missions to test QKD on a cube satellite with only 3 and 6
liters of volume respectively.

6.2 LeaMarlen Rektorschek

Humboldt-University of Berlin

Towards hybrid quantum-photonic integrated circuits based on diamond and AlIGaN/AIN

Lea Marlen Rektorschek (Humboldt-Universitat zu Berlin) Julian M. Bopp (Humboldt-Universitat zu Berlin, Ferdinand-Braun-
Institut gGmbH, Leibniz-Institut fiir Hochstfrequenztechnik), Maarten van der Hoeven (Humboldt-Universitat zu Berlin), Marco
Stucki (Humboldt-Universitat zu Berlin, Ferdinand-Braun-Institut gGmbH, Leibniz- Institut fiir Hochstfrequenztechnik), Dr. Sinan
Giindogdu (Humboldt-Universitatzu Berlin, Ferdinand- Braun-Institut gGmbH, Leibniz-Institut fir Hochstfrequenztechnik), Dr.
Tommaso Pregnolato (Humboldt-Universitat zu Berlin, Ferdinand-Braun-Institut gGmbH, Leibniz-Institut fiir Hochstfrequen-
ztechnik), Prof. Dr. Tim Schroder (Humboldt-Universitat zu Berlin, Ferdinand-Braun- Institut gGmbH, Leibniz-Institut fiir Hoch-
stfrequenztechnik)

Photonic integrated circuits (PICs) are promising candidates for the development of advanced quantum applications such
as quantum networks or quantum computing due to their stability against environmental influences and their scalable nature.
Colorcentersindiamond are one of the leading solid-state qubits. Therefore, a lot of efforts have been recently spenttointegrate
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color centers embedded in diamond photonic crystal cavities into PICs fabricated on a versatile photonic material platform, like
AlxGa1-xN/AIN. Minimizing photon losses at the interface between different materials is crucial for achieving high quantum
repeater efficienciesl. To optimize the performance of the integrated system, we employ finite element simulations to refine
tapered regions of AlxGa1-xN/AIN and diamond waveguides forming the material interfaces. We demonstrate near-unity mode
overlap between AlxGa1-xN/AIN and diamond waveguides, ensuring efficient transmission of quantum information. Addition-
ally, we design an efficient AlxGa1-xN/AIN ‘Sawfish’ photonic crystal longpass filter to separate green pump light from the color
centers’ fluorescence light.

6.3 AlexanderErl

Technical University of Berlin - German Aerospace Center

A portable warm vapor quantum memory

Alexander Erl **2, MartinJutisz ®, Elisa Da Ros ®, Luisa Esguerra !*2, Mustafa Giindogan 3, Markus Krutzik >*#, and Janik Wolters *»2

1 Deutsches Zentrum fiir Luft- und Raumfahrt, Berlin, Germany
2 Technische Universitit Berlin, Berlin, Germany
3 Humboldt-Universitit zu Berlin, Berlin, Germany

4 Ferdinand-Braun-Institut (FBH), Berlin, Germany

Recent years have witnessed substantial advancements in warm vapor quantum memories. The inherent simplicity of warm
vapor quantum memories makes them a highly promising platform for operation in non-laboratory environments, including
space-based applications. As an indispensable component of quantum repeaters, space-compatible memories could advance
global quantum communication networks [1].

Here we present the implementation and performance of our portable rack-mounted system. This optical memory utilizes a
lambda-scheme configuration based on the Cesium D1 line transitions at 895 nm [2]. Cesium atoms are confined ina temperature-
controlled vapor cell, that is surrounded by a three-layer magnetic shielding. Pump, signal, and control pulses are generated by
three different lasers that are frequency-stabilized using FPGA technology [3].

We achieve memory efficiencies of > 40% for storage times of > 500 ns. Employing attenuated coherent pulses, we observe
storage and retrieval fidelities exceeding the classical threshold, even after accounting for the Poissonian statistics of the pulses
and the finite memory efficiency [4]. Our results suggest that storing non-classical states with these parameters would be pos-
sible.

This work is supported by the German Space Agency (DLR) with funds provided by the Federal Ministry of Economics and Tech-
nology (BMWi) under grant number 50RP2090.

[1] M. Giindogan et. al., npj Quantum Information 7,128 (2021)

[2] L. Esguerraetal., Phys. Rev. A107, 042607 (2023)

[3] B. Wiegand etal., Review of Scientific Instruments 93, 063001 (2022)
[4] M. Jutisz et. al., in preparation (2023)

6.4 Tommy Block

Ludwig-Maximilians-Univerity, Munich

Quantum frequency conversion for entanglement distribution

Entanglement distribution between distant quantum nodes is one of the most crucial tasks for a future quantum network. In
our experiment we utilize optical fibers as quantum channels to distribute the entanglement between two 87Rb atom-based
quantum memories. Each atom emits a single photon which is guided to a middle station. There, the photons interfere with
each other and by performing a projective measurement, the entanglement between the two atoms is successfully achieved
through entanglement swapping. Since the emission wavelength of our atoms is 780 nm, the photons suffer high attenuation
lossinoptical fibers, limiting the maximum achievable distance forentanglementdistribution. To address thisissue, we employ
quantum frequency conversion (QFC) to convert our 780 nm photon to 1513 nm (telecom S-band). | present how we convert the
frequency of the photons while preserving the quantum information that is encoded in the polarization state of photon. With
such a QFC device we aim to distribute entanglement over suburban distances.
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6.5 Michael Steinberger

Ludwig-Maximilians-Univerity, Munich

Towards a compact and adaptive Quantum Key Distribution receiver

Transmission of encrypted data relies on the exchange of a secret key between a sending and receiving party. In order to achieve
maximum security for this transfer, quantum key distribution (QKD) protocols can be applied. These intrinsically preventeavesdropping-
attempts by making use of the quantumness of weak optical pulses. The goal to make QKD available for day-to-day data- transfer
requires for compact as well as adaptive sending and receiving devices. We aim to develop a handheld QKD-receiver actingasa
polarisation-analysing-unit capable of detecting the sent states. The detectors of choice for this task will be time-gated multi-
channel CMOS-detectors. Micro-optic elements will then form a passive basis-choice and split the different polarisations onto

the corresponding channels of the detector. Our target is to construct a flexible receiver module thatis applicable to large-scale
long-distance quantum channels as well as to short-range end-user device communication. The technical challengesto establish

a stable quantum-link with a handheld receiver is elucidated in this poster.

7 Thursday, 21st of September (9.00-10.30): Cold Atoms 11

7.1 Xinyi Huang

Ludwig-Maximilians-Univerity, Munich

Assembling Fermi-Hubbard Systems for Random Unitary Observables

Recent advances in probing complex many body systems allow us to raise incisive questions about their dynamics, which are
classically hard to compute. Studying the Fermi-Hubbard model using random unitary operators enables the observations of
global properties of the density matrix of delocalized systems. We report progress on building a fermionic quantum simulator
capable of realizing random unitary operations. Such a high performance simulator requires a fast cycle time and a high fidelity
readout process. We will achieve a fast cycle time by evaporative cooling in an optical tweezer array, followed by simultane-
ously loading into a tunable lattice. Our readout process will reach single site resolution employing matter wave magnification
and spin-resolved free-space imaging. This will enable us to measure, for example, entanglement entropy, out-oftime- order
correlators, and state tomography.
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7.2 Benedikt Braumandl|

Max-Planck-Institute for Quantenoptics

Simulating Quantum Many-Body Systems with Waveguide Arrays

B. Braumand| ©'2:3:4 7. Knérzer ®, R. H.Jonsson, , A. Szameit 7, . D. A. Meinecke1 *+2+4:8

1 MPQ, Hans-Kopfermann-Str. 1, 85748 Garching, Germany

2 LMU Miinchen, Schellingstrafie 4, 80799 Miinchen, Germany

37U Miinchen, James-Franck-Strafie 1, 85748 Carching, Germany

4 Munich Center for Quantum Science and Technology, Schellingstr. 4, 80799 Miinchen, Cermany

5 ETH Zurich, 8092 Zurich, Switzerland

6 Nordita, KTH Royal Institute of Technology and Stockholm University, Hannes Alfvéns vig 12, SE-106 91 Stockholm, Sweden
7 Universitit Rostock, Albert-Einstein-Strafe 23, 18059 Rostock, Germany

8 Technische Universitit Berlin, Hardenbergstr. 36, 10623 Berlin, Germany

The study of quantum many-body systems poses an interesting yet difficult task of current research. Above all, the high di-
mensionality of the Hilbert space needed to describe such systems impedes numerical simulations [1]. Even methods that are
specifically designed for the numerical analysis of these systems, such as tensornetwork techniques, fail to capture the behaviour
of such high-dimensional setups when highly entangled states are considered [2]. This can be remedied, if one uses accessible
quantum platforms to simulate the behaviour of these intricate quantum systems. Integrated optics —waveguide arrays in par-
ticular - constitute such a platform.

Ourresearch focuses on the design and experimental implementation of quantum many-body systems and their time-evolution
using these optical waveguide arrays. This platform allows us to exploit the beneficial properties of photons such as long coher-
ence times and high controllability [4]. In particular, we simulate the interaction of a giant atom with different field modes
at multiple coupling points of a waveguide described in [3, 5]. We employ a so-called Lanczos transformation for finding the
coupling and propagation constants [3] needed for the waveguide array design to exhibit the desired behaviour. Using single
photons propagating in the waveguide array we are able to study the time-evolution of the many-body system and show the
existence of oscillating bound states of light within such systems, which are described in [3, 5].
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7.3 Gabriele Gatta

University of Florence, LENS

New quantum simulations based on anion crystal coupled to an ultracold atom gas

Ultracold atoms represent an exceptional platform for realizing quantum simulation of condensed matter models and of exotic
states of matter. This is because of the exceptional level of control that can be exerted over the potentials and the interactions
that describe the evolution of a quantum gas. In this presentation, | would like to share with you my thesis project about the use
of the long-ranged atom-ion interaction as a new tool in the atomic quantum simulator toolbox. To do so, | will present you the
project of development of a new electro-optical trap by which we can confine both atoms and ions in a two-dimensional plane
and bring the mixture to ultralow temperatures. Once the mixture between atoms and ions is created | would like to study the
effects of atom-ion interactions without undergoing close-encounter collisions. In particular, the ions will form a quasi-periodic
potential for the atoms, which will experience the emergence of a band structure in the dispersion relation. Differently from
optical lattices, the periodic potential generated by the ions is characterized by thermal phonons, thus realizing a system that
closely mimics the physics of electrons in solids. Finally, | will study the more exotic scenario in which the ions undergo orienta-
tional melting, i.e. the ion crystal becomes delocalized in circular trajectories. In this highly-unexplored regime the atoms will
experience a periodic butspatially delocalized potential, thus realizing a physical system that has no counterpartin the common
world.
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7.4 YuHyunLee

Max-Planck-Institute for Quantenoptics

Construction of an optical tweezer shuttling system for a fermionic quantum processor

The FermiQP lab is aiming towards building a quantum processor capable of performing both quantum simulation and compu-
tation using fermionic Lithium atoms. For this setup, we optimize various features such as 2D and 3D MQOTs, dipole traps, super-
lattices for two-qubit gates, tweezer arrays for single atom addressing, and more. On this poster, we will present our achieve-
ments so far and the planning forimplementing moving optical tweezers for creating long-range entangled atoms.

7.5 Frank Hermann

Max-Planck-Institut fiir Quantenoptik

Parallelization of High Fidelity Single Qubit Gates for a Neutral Atom Quantum Computer

Neutral atoms trapped in optical lattices provide a scalable platform foranalogand digital quantum computing. The large num-
ber of atoms (qubits) calls for parallelization of sitespecific gate operations to increase the overall speed of computation. This
work addresses single-qubit gates. In our experiment, a lattice of 6Li atoms with 1.1 um spacing is used. A two photon transi-
tion at a wavelength of 671 nm drives the qubit rotation. As this is close to the diffraction limit, the electric fields are (for non
trivial cases) not uniform over the finite extend of the wave function of the atom. Furthermore, the electric field spreads over
to adjacent atoms, causing unwanted rotations. Calculations of the total gate fidelities are presented. Moreover, preliminary
experimental results regarding the generation of a beam shape that maximizes gate fidelity is contributed.
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8 Thursday, 21st of September (11.00-12.30): Photonics I

8.1 Nils Kewitz

Technical University of Berlin

Advanced Coherent Pumping Schemes for Solid-State Emitters and Applications in Quantum Communication

Many quantum information tasks rely on high quality single photons to reach the vision of a quantum internet [1]. Semicon-
ductor quantum dots (QDs) are among the most promising emitter species to generate single photons with high purity and
indistinguishability on-demand [2] and have already been employed in quantum communication protocols [3]. However, while
the best purity is achieved under two-photon resonant excitation (TPE) of the biexciton-exciton (XX-X) radiative cascade [4],
the spontaneous emission within the cascade ultimately limits the achievable photon-indistinguishability [5], which sets cer-
tain constraints on its application in advanced quantum information protocols. Stimulating the XX decay-channel with an addi-
tional, precisely timed laser pulse solves this issue and boosts the purity and indistinguishability of the generated X-photons [6].
In my Master thesis | used droplet-etched GaAs/AlGaAs QDs to investigate different excitation schemes. Adding a stimulation
pulse to standard TPE of the XX, the indistinguishability is improved from 50in pulsed two-photon interference experiments. In
addition, the photonyield is doubled, as the emitted polarization is determined by the stimulating pulse. We present a system-
atic study of the influence of timing, polarization, and laser power of the stimulation pulse. Moreover, we conduct two-photon
interference experiments as a function of the temporal delay between the emitted photons to explore the underlying dephas-
ing mechanisms. We observe no significant degradation in the interference visibility from temporal delays in the range of 2 ns
to 62 ns, which makes this excitation scheme promising for advanced applications in quantum information relying on the in-
terference of remote emitters. Furthermore, we demonstrate that the so-called photon-number coherence, being animportant
security relevant property in quantum communication protocols [8], is recovered by adding the stimulating pulse [7]. Finally, |
provide an outlook how recent experiments on the generation of more complex photonicstates [9], can be extended to generate
complex multi-partite entangled states exploiting TPE [10]

References:

[1] Kimble, H.Jeff. "The quantum internet." Nature 453.7198 (2008): 1023-1030.

[2] Somaschi, Niccolo, et al. "Near-optimal single-photon sources in the solid state." Nature Photonics 10.5 (2016): 340-345.

[3] Vajner, Daniel A., et al. "Quantum communication using semiconductor quantum dots." Advanced Quantum Technologies 5.7 (2022): 2100116.

[4] Hanschke, Lukas, et al. "Quantum dot single-photon sources with ultra-low multi-photon probability.” npj Quantum Information 4.1 (2018): 43.

[5] Scholl, Eva, et al. "Crux of using the cascaded emission of a three-level quantum ladder system to generate indistinguishable photons.” Physical Review Letters 125.23 (2020):
233605.

[6] Wei, Yuming, et al. "Tailoring solid-state single-photon sources with stimulated emissions." Nature Nanotechnology 17.5 (2022): 470-476.

[7] Karli, Yusuf, etal. "Controlling the Photon Number Coherence of Solid-state Quantum Light Sources for Quantum Cryptography." arXiv preprint arXiv:2305.20017 (2023).

[8] Bozzio, Mathieu, et al. "Enhancing quantum cryptography with quantum dot single-photon sources.” npj Quantum Information 8.1 (2022): 104.

[9] Wein, Stephen C., et al. "Photon-number entanglement generated by sequential excitation of a two-level atom.” Nature Photonics 16.5 (2022): 374-379.

[10] Santos, Alan C., etal. "Multipartite entanglement in the photon number basis by sequential excitation of a three-level system." arXiv preprint arXiv:2304.08896 (2023).

17



8.2 Pavel Halavach

University of Warsaw

Construction of diode laser system with generation of pulses for optical-microwave converter

Pavel Halavach 12, Wojciech Wasilewski **2, Michat Parniak 13

1 Centre for Quantum Optical Technologies, Centre of New Technologies, University of Warsaw, Banacha 2c, 02-097 Warsaw, Poland
2 Faculty of Physics, University of Warsaw, Pasteura 5, 02-093 Warsaw, Poland
3 Niels Bohr Institute, University of Copenhagen, Blegdamsvej 17, 2100 Copenhagen

My work presents an instruction for constructing a diode laser system with pulse generation capability. This system is a compo-
nent of an optical-microwave converter, operating on Rydberg atoms and laser pulses, enabling the combination of microwave
radiation with infrared radiation. By definition, Rydberg atoms have at least one electron that is excited to a very high energy
level. Atoms at this level become sensitive to a microwave field, which excites them to a higher Rydberg level. An optical-
microwave converter works on this principle. It consists of a vacuum cell with warm Rubidium atoms and three lasers illumi-
nating it. The first two lasers excite the Rubidium atoms to Rydberg levels. As soon as the excited atoms absorb microwave
radiation, the third laser causes forced emission of an infrared wave.

The purpose of my work is to modify one of the Rubid excitation lasers to the Rydberg level with the ability to generate pulses.
It will be used in an optical-microwave converter, operating on laser pulses. This will accurately time the finding of Rubidium
atoms at each energy level. Also this will increase conversion efficiency by reducing the exposure of atoms.

For the laser setup and configuration of the of the beam coming out of it, | calibrated and used an instrument for measuring
and controlling beam parameters, which consists of a Raspberry Pi 4 model B platform and an HQ Camera V1.0. Using a lens
system and anamorphic prisms, | corrected the beam size and it propagation in space. | then set up the acousto-optic modula-
tor, which generates laser pulses, and | made its frequency characteristics. Finally, a diode laser system was obtained with three
fiber optic outputs: two unmodulated beam outputs for laser calibration or reference, and one modulated beam output with
pulse generation capability, which will be used in an optical-microwave converter.

My work was done under the guidance of Wojciech Wasilewski and Michat Parniak

The “Quantum Optical Technologies” (MAB/2018/4) projectis carried out within the International Research Agendas programme
of the Foundation for Polish Science co-financed by the European Union under the European Regional Development Fund.

8.3 AmrFarrag

University of Siegen.

Ultrafast detection of single-photon emitters

Ultrafast detection of single photons is currently restricted by the limited time resolution (few picoseconds) of the available
single-photon detectors. Optical gates offer a faster time resolution, but so far they have been applied mostly to ensembles of
emitters. We demonstrate through a semi-analytical model the ultrafast time-resolved detection of single quantum emitters
can be possible using an optical Kerr shutter at GHz rates under focusing. This technique provides subpicosecond time reso-
lution, with gate efficiency around 70%. These findings lay the ground for future experimental investigations on the ultrafast
dynamics of single quantum emitters.
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Simulating Quantum Many-Body Systems with Waveguide Arrays
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New quantum simulations based on an ion crystal coupled to an ultracold atom gas
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Construction of an optical tweezer shuttling system for a fermionic quantum processor

9.19 FrankHermann

Parallelization of High Fidelity Single Qubit Gates for a Neutral Atom Quantum Computer

9.20 Wiktor Krasnicki

Enhanced Spectral Discrimination through Heterodyne-Based Sensing Techniques
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Physikalisches Institut, Universitat Heidelberg

Three-body losses in a single-component Fermi gas near a p-wave Feshbach resonance
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Optical Fractional Fourier Transform in the time-frequency domain based on quantum-memory

10.12 ManuelJohn
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Advancements in Trapped lon Quantum Computing

10.15 Robert Freund

Characterizing the frequency noise spectrum of an ultra-narrow linewidth laser by cross-correlated self-heterodyne beat
measurements
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