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Onsoz

KOBIT | toplantistyla 2016 yilinda basladigimiz serinin yedincisi olan
KOBIT| ’y1 diizenlemenin mutlulugu igindeyiz. Toplanti programmmiz,
cevrimici yapiliyor olmasi sayesinde diinyanin dort bir yanindan taninmis
konusmaciyr bir araya getirmenin beraberinde, dagimik zaman farkindan
kaynaklanan kosullar g6z 6niine alinarak olusturulmustur.

Toplant1 canli ve video kayitli konusmalar ile poster sunumlart olmak
tizere ¢ farkli katki tiiriinii barindirmaktadir. Video kayitli konusmalar ve
poster sunumlar1 olusturdugumuz Gather Town alaninda sergilenecekler ve
konferans boyunca siirekli erisime acik kalacaklardir. Bu alanin bize sundugu
kolay etkilesim olanagini, gerek sergilenen katkilar ile ilgili soru/cevap gerekse
genel tartigmalar ve sosyallesme icin kullanmayr umuyoruz. Onay veren
konusmacilarin videolari, etkinlik sonrasinda KOBIT YouTube kanalinda bu
onaylarini geri cekmedikleri siirece 1zlenebilecektir.

Son olarak, ana konusmacilarimiz Susana Huelga ve Steven Girvin ile
birlikte ¢ok taninmis ¢agrili ve katkida bulunan diger konusmaci ve katilimecilara
toplantiya verdikleri destek i¢in siikranlarimizi iletiyoruz.

Yararl: bir bilimsel etkinlik olmas1 dileklerimizle,

Diizenleme Kurulu
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Foreword

It gives us a great pleasure to be holding KOBIT | , the seventh of the
series of meetings which started with KOBIT | in 2016. Thanks to its online
format, this year we enjoy geographically a wide spread of eminent speakers
from around the world. In part, its toll is seen on the meeting program due to
time zone constrains.

The conference hosts three types of contributions in the form of live and
prerecorded talks, and poster presentations. The latter two formats will be on
display at our Gather Town space and remain accesible during the whole
conference. Taking advantage of the ease of online interaction provided by the
Gather Town, we are hoping to use this space as a platform for Q&A sessions
for prerecorded talks and posters as well as general discussions and socializing.
For those speakers who give consent and do not withdraw this in the future, their
live and prerecorded presentations will be accessible after the conference via the
KOBIT YouTube channel.

Finally, we would like to thank our plenary speakers Susana Huelga and
Steven Girvin, and the distinguished invited and contributed speakers as well as
all participants for supporting this conference.

We look forward to an effective and exciting event.

Organization Committee
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Introduction to Circuit QED:
Quantum Optics and Quantum Information Processing
with Microwave Photons

Steven M. Girvin

Department of Physics and Yale Quantum Institute Yale University

‘Circuit quantum electrodynamics’ is the theory of non-linear quantum optics
extended to the study of individual microwave photons strongly interacting with ‘artificial
atoms’ (Josephson junction qubits) embedded in superconducting electrical circuits. Recent
remarkable theoretical and experimental progress in our ability to measure and manipulate the
qguantum states of microwave photons is leading to novel applications ranging from
accelerating dark matter searches to quantum error correction that, for the first time in any
technology, has successfully extended the lifetime of quantum information. Small bosonic
quantum simulators now exist which use boson sampling to compute optical vibronic spectra
of triatomic molecules. This talk will present an elementary introduction to the basic concepts
underlying circuit QED and describe several recent novel experiments demonstrating these
newfound capabilities.
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Coherent Effects in Biological Systems: From reduced models to
numerically exact simulations of the dynamics and spectral response of
pigment protein complexes

Susana Huelga
Ulm University

The search for the design principles of photosynthesis, a remarkably optimized natural
process, is attracting considerable interest in the physics, chemistry and biology communities.
Recent advances of spectroscopic techniques have provided a huge amount of spectroscopic
data and paved the way to quantitatively investigate photosynthetic energy and charge transfer
in pigment-protein complexes. However, the presence of highly structured vibrational spectra
makes it challenging to consider realistic vibrational structures in the analysis of actual
spectroscopic data. In this talk | revise the state of the art in modelling dynamics and spectral
response in this type of systems and show how the intricacy of the resulting vibronic
dynamics poses significant challenges in establishing a quantitative connection between
spectroscopic data and underlying microscopic models. We will discuss how the recently
developed numerically exact simulation methods allows for the inclusion of the full multi-
mode vibronic dynamics in numerical calculations of linear optical spectra and lead to the
identification of significant multimode vibrational and electronic mixing in the dynamics. The
resulting multi-mode vibronic effects are shown to be relevant in the longstanding discussion
regarding the origin of long-lived oscillations in multidimensional nonlinear spectra.
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Quantum speed limits in continuous variable systems
Steve Campbell
School of Physics, University College Dublin

One of the most widely known building blocks of modern physics is Heisenberg’s
uncertainty principle. Among the different statements of this fundamental property of the full
quantum mechanical nature of physical reality, the uncertainty relation for energy and time
has a special place. This is particularly highlighted by the fact that there is no explicit
Hermitian operator associated with a time measurement. It was several decades after
Heisenberg’s suggestion before a mathematically rigorous and physically sound treatment
was proposed by Mandelstam and Tamm, who kept time as a “classical” parameter and
demonstrated that this indeterminacy principle was actually a fundamental statement about the
intrinsic dynamical timescales of a system, ultimately providing the first quantum speed limit.
The intimate relationship between a system’s energy spread and the ensuing speed of quantum
evolution established this bound as an inherently quantum phenomena. However, it was
subsequently demonstrated that this bound can be derived by purely geometric arguments,
thus establishing that indistinguishability plays a crucial role.

Recently, this fact has been used to show that, by employing the geometric approach,
similar speed limits for classical dynamics can be derived, thus leading to the question: “How
quantum is a quantum speed limit?” In this talk we will see that this question can be addressed
by developing a complete framework for quantum speed limits for Gaussian systems that
provide the ideal testbed for exploring both classical and quantum systems. Within this
formalism, we will then explore different limits in which the quantum speed diverges, and
establish that a very precise notion of classicality, associated with the reduced uncertainty in
particular observables, is linked to a vanishing quantum speed limit time which provides
insight into how one should interpret these bounds.
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Optimal control of a diamond spin-qubit sensor
Nicole Fabbri
LENS- European Laboratory for Nehinear Spectroscopyltaly

Quantum devices are notoriously sensitive to external influences. For this reason, they
may perform sensing tasks with much better performances than classical systems, with
profound implications for material science, chemistry, biology, and medicine. However, to
reach this goal we need to control the quantum device in a very specific, optimal way, since
the strong sensitivity to external perturbation also leaves them very fragile to noise. Optimal
quantum control, so effective in quantum computation, could tackle this challenge, but
requires new paradigms to be applied to quantum sensing. Exploiting a nitrogen-vacancy spin
magnetometer, | will show how optimal quantum control can be adapted to sensing by
considering both the target signal to be measured and noise, that render the usual fidelity a
bad cost function for optimization. In addition, I will show that the optimization problem of a
spin sensor of time-varying fields in the presence of dephasing noise can be mapped to
the determination of the ground state of a spin chain and solved via an optimization algorithm
which uses the analytic solution of a spherical model. Fast efficient optimization opens the
way to the implementation of adaptive protocols for sensing and spectroscopy.

References:
[1] F. Poggiali, et al., Physical Review X, 8, 021059 (2018)
[2] S. Herndndez-Goémez, et al., arXiv:2112.14998
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Towards space-borne quantum memories: ideas and experimental roadmap

Mustafa Giindogan
l nstitut f¢gr-URhyerkitHumbal Ber |l in

Long-distance quantum communication relies on distribution of either single qubits or
entangled photon pairs across large distances. However, the direct transmission distance is
limited to around few hundred kilometres by exponential losses in optical fibres. Quantum
repeaters that rely on heralded generation and storage of entanglement have been proposed to
overcome this limit. Although they can surpass the direct transmission limit, they still fall
short of providing a global coverage. On the other hand, distribution of entangled states from
an orbiting satellite provides a significant improvement over the land-based fibre links [1].
Here, the communication range is mainly limited by the line-of-sight of the satellite which
depends on its orbit (~2000 km for low Earth orbit, 1/3 of the globe for geostationary orbit).

In order to provide a truly global coverage, we propose to combine the above two
solutions in a single architecture: a quantum repeater in space. The network would consist of
two types of satellites: one carrying an entangled photon pair source and the other quantum
memories and Bell state measurement stations. Our work shows that up to 3 orders of
magnitude faster entanglement distribution rate can be achieved for distances km
[2] when compared to ground-space hybrid networks. After presenting the details of this
work, | will focus on the optimizations performed with a three-satellite QR link [3]. I will
finally summarize our experimental efforts towards creating guantum memory systems
suitable for space applications for such global quantum communication architectures.

References:

[1] J. S. Sidhu, et al., Advances in Space Quantum Communications, IET Quant. Comm. 2,
182 (2021)

[2] M. Giindogan, et al., Proposal for space-borne quantum memories for global quantum
networking, npj Quant. Inf. 7, 128 (2021)

[3] J. Wallnofer, et al., Simulating quantum repeater strategies for multiple satellites, under
review, arXiv:211015806 (2021)
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Quantum Nonlinear Optics with a Fermi Surface
Francesco Piazza
Max-Planck Institute for the Physics of Complex Systems

Recently it has become experimentally possible to achieve a strong light-matter
coupling in quantum correlated materials. Examples include electronic Landau-levels[1],
excitons forming polarons in an electron bath [2], as well as metals and even superconductors
made of electrons [3] or ultracold atoms [4]. In all these examples the fermionic nature of
matter plays an important role. In the context of quantum optics it becomes then crucial to
investigate the effect of the Fermi surface on single-photon nonlinearities. In this talk, I will
discuss this issue in the particular case of waveguide photons coupled to a one-dimensional
metal. The Fermi surface can induce very strong nonlinearities and also photon bound states.
Moreover, the system can become unstable towards the formation of a crystal of matter and
light, where the photons play the role of the phonons, and which features topological soliton-
polaritons as fundamental excitations [5].

References:

[1] B. Paravicini et al., Nat. Phys. 15 (2019)
[2] Siedler et al., Nat. Phys.13 (2016)

[3] Thomas et al., arXiv:1911.01459

[4] Roux et al., Nat. Comm. 11 (2020)

[5] Fraser et al., Nat. Comm. Phys. 48 (2019)
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Quantum Signal Processing and Optimal Hamiltonian Simulation using
Rydberg Atoms

Sina Zeytinoglu
Department of Physics, Harvard University

Quantum algorithms promise an immense improvement to our current information
processing capabilities by utilizing interference phenomena in an exponentially large Hilbert
space. However, the large size of the Hilbert space also poses a crucial challenge to the
experimentalists, who strive to design protocols that navigate the Hilbert space using only a
small number of semiclassical control fields. In this talk, | present recent results on the design
of multi-qubit Rydberg blockade gates that provide a solution to this control challenge. These
gates are inspired by the recent developments in Quantum Signal Processing (QSP), a
framework that unifies a vast number of quantum algorithms. We show that the proposed
blockade gates facilitate a (i) robust (ii) shallow depth and (iii) scalable implementation of the
so-called block-encoding unitary, the building block of the QSP framework. To showcase our
approach, we construct explicit blueprints to implement QSP-based near-optimal Hamiltonian
simulation on the Rydberg atom platform. Our protocols improve the gate overhead for
implementing the product formula-based near-optimal simulation algorithm by more than an
order of magnitude. Time permitting, | will elaborate on the implications of our results in
broadening our capability to realize generalized measurements on the Rydberg atom platform.
This talk is based on joint work with Sho Sugiura (https://arxiv.org/abs/2201.04665).
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Quantum optics in topological and non-Hermitian photonic baths
Francesco Ciccarello
University of Palermo

Current technology (e.g. circuit QED) nowadays allows to engineer structured
photonic baths, especially lattices, with unprecedented properties such as non-trivial
topological phases. Investigating the coherent coupling of quantum emitters (atoms or two-
level systems) to such unusual baths has started a new frontier of quantum optics with
promising exciting developments such as implementation of decoherence-free many-body
spin Hamiltonians, possibly topologically protected. Here, | will discuss some of the recent
contributions of our group to this research area. In particular:

- the identification of a new class of atom-photon dressed states, so called vacancy-like
dressed states, to which (in particular) any topologically protected dressed state must fall in;

- dressed states in 2D topological lattices where an atom is dressed by a photon orbiting
around it;

- exotic atom-atom interactions in lattices with engineered losses, which can result in effective
non-Hermitian Hamiltonians that, besides being fully non-reciprocal, can strikingly enjoy
translational invariance despite the photonic lattice is open.

References:

[1] L Leonforte, et al., Phys. Rev. Lett. 126, 063601 (2021)
[2] M. Scigliuzzo, et al, arXiv:2107.06852

[3] F. Roccati, et al., arXiv:2109.13255
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ManQala: Engineering Quantum States via a Mancala Game on a Real
Quantum Board

Onur Danaci® * William N. Djakam ®'Robert Coleman ** Michaela Amoo *'Ryan T.
Glasser ®' Brian T. Kirby **' Moussa N’Gom ®>and Thomas A. Searles ®t

'IBM-HBCU Department Quantum Center, Howard University, Washington, DC 20059,
“Department of Electrical &omputer Engineering, University of Alabafamingham,
Birmingham, AL 35233, USA
% Department of Physics & Engineering Physics, Tulane University, New Orleans, LA 70118,
“United States Army Research Laboratory, Adelphi, MD 20783, USA
*Department of Physs, Applied Physics, and Astronomy, Rensselaer Polytechnic Institute,
Troy, NY 12180, USA
® Department of Electrical & Computer Engineering, University of lllinBlicago, Chicago,
IL 60607, USA
onur.danaci@howard.edu
T tsearles@uic.edu

Quantum games can serve as research tools to simulate physical phenomena with
near-term intermediate-scale quantum computers. We introduce ManQala as a quantum
version of the sowing game Mancala to take advantage of the underlying classical strategies
and mathematical structure for quantum state engineering. In ManQala, seeds, pits, and
sowing are replaced by bosons, bosonic modes, and two-site hopping as encountered in the
Bose-Hubbard model. We implement the game using IBM Qiskit by representing bosonic
modes truncated to d=4 dimensional Hilbert space. We represent bosonic modes using
standard binary encoding of qubits and their gates to simulate unitary moves through Trotter
decomposition of the time-evolution. We find ManQala breaks the unidirectional gameplay of
Mancala and introduces Mott-insulator like stalemate configurations that can only be broken
through the introduction of probabilistic, projective measurements. Further, ManQala
corresponds to a quantum state engineering strategy that emulates the winnability conditions
of the solitaire Mancala game on a quantum board by minimizing the number of projective
measurements in a fixed unitary evolution and measurements (FUMES) type strategy. This
way it steers an initial state to a target state more deterministically by avoiding the projective
measurements until they are absolutely necessary.

" . s
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Exponentially Enhanced Quantum Metrology by Quenching Superradiant
Light-Matter Systems Beyond the Critical Point

Karol Gietka*, Lewis Ruks, and Thomas Busch

Okinawa Institute of Science and Technology, Quantum Systems Unit
*Karol.Gietka@oist.jp

We present a quantum metrology protocol which relies on quenching a light-matter
system exhibiting a superradiant quantum phase transition beyond its critical point. In the
thermodynamic limit these systems can exhibit an exponential divergence of the quantum
Fisher information in time, whose origin is the exponential growth of the number of correlated
photons on an arbitrarily fast time scale determined by the coupling strength. This provides an
exponential speed-up in the growth of the quantum Fisher information over existing critical
guantum metrology protocols observing power law behavior. We demonstrate that the
Cramer-Rao bound can be saturated in our protocol through the standard homodyne detection
scheme. We explicitly show its advantage in the archetypal setting of the Dicke model and
explore a quantum gas coupled to a single-mode cavity field as a potential platform. In this
case an additional exponential enhancement of the quantum Fisher information can in practice
be observed with the number of atoms N in the cavity, despite existing works suggesting a
requirement of N-body coupling terms.

Reference:
K. Gietka, et. al., arXiv:2110.04048, (2021).
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High-fidelity biexciton generation in GaAs quantum dots by chirped
picosecond pulses through Adiabatic Rapid Passage

Y. Karli', F. Kappe', V. Remesh, J. Miinzberg®, S. Manna?, A. Rastelli?, G. Weihs®

Ynstitute for Experimental Physics, University of Innsbruck, Austria,
%|nstitute of Semiconductor and Solid State Physics, Johannes Kepler University of Linz,
Austria

Resonant excitation of the biexciton state in a quantum dot results in entangled photon
pair production. We demonstrate a robust, high fidelity preparation of the biexciton state that
is insensitive to laser intensity fluctuations and transition dipole moment using chirped laser
pulses by adiabatic rapid passage, supported by theoretical simulations.

Quantum dots (QD) are highly bright, stable, and scalable sources for single photons
for future quantum communication devices. Coherent excitation of a QD with a pulsed laser,
by means of amplitude, phase, frequency, and polarization provides various methods to
control the dynamics in a QD. Specifically, resonant, two-photon excitation (TPE) of the
biexciton state in a QD results in spontaneous decay through a biexciton (XX) to exciton (X)
to ground state (G) cascade providing entangled photon pairs as demonstrated in our previous
works [1]. Fidelity of the entangled state, therefore, depends on the preparation of the
biexciton state. TPE is highly sensitive to the laser intensity fluctuations and transition dipole
moment in the QD. To overcome this, we demonstrate a versatile, pump-power insensitive
protocol called adiabatic rapid passage (ARP), and prove the high-fidelity generation of the
XX state, by employing chirped picosecond laser pulses, with central wavelength tuned to the
resonant two-photon transition.

We first excite individual GaAs/AlGaAs QDs [2] at 5K kept in a liquid He cryostat
with transform limited, 2.5 ps laser pulses and demonstrate coherent control of the XX
population through the laser pulse area sweep, obtaining Rabi oscillations. We also show its
sensitivity to the laser detuning and frequency envelope variation. Next, we progressively
impose group delay dispersion (GDD) phases ranging from -20 ps® to 20 ps®on the laser pulse
using a home-built, folded pulse shaper [3], to vary the instantaneous frequency of the laser
pulse over time. As a result, the QD system evolves in time through an adiabatic rapid
passage, and at higher values of GDD, results in the vanishing of the Rabi oscillations, due to
the saturation of the XX population. We then investigate the effect of the sign of the GDD and
proves the versatility of this method for the high-fidelity XX generation. In combination with
external magnetic field, we extend this work to access dark exciton state in QD for high-
fidelity time-bin entanglement scheme as proposed in [4].
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Fig. 1 (a) resonant TPE of a QD, (b) Experimental setup consisting of a cryostat where QD is excited at 4K,
folded pulse shaper to impart GDD phases, monochromator to separate X and XX lines, superconducting
nanowire detectors to detect photons, (c) simulated XX dynamics for positively chirped pulses, (d) experimental
results that demonstrate the saturation of XX population with negatively and positively chirped pulses for high
values of GDD by adiabatic rapid passage.

References:

[1] Jayakumar, et al., "Time-bin entangled photons from a quantum dot." Nat. commun. 5.1
(2014), Prilmiiller, Maximilian, et al. "Hyperentanglement of photons emitted by a quantum
dot.” Phys. Rev. Lett. 121.11 (2018): 110503.

[2] da Silva, et al., "GaAs quantum dots grown by droplet etching epitaxy as quantum light
sources.” Appl. Phys. Lett. 119.12 (2021): 120502.

[3] Martinez, O. "3000 times grating compressor with positive group velocity dispersion:
Application to fiber compensation in 1.3-1.6 um region." IEEE J. Quant. Electron. 23.1
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Synchronization and Non-Markovianity in Open Quantum Systems
Goktug Karpat
Department of Physics, Faculty of Arts and

Detuned systems can spontaneously achieve a synchronous dynamics in different local
and global dissipation regimes. Beyond the Markovian limit, information backflow from the
environment becomes a crucial mechanism whose interplay with spontaneous synchronization
is unknown. Considering two coupled qubits, one of which interacts with a dissipative
environment, we show that non-Markovianity is highly detrimental for the emergence of

synchronization, for the latter can be delayed and hindered because of the presence of
information backflow.

Reference:
[1] G. Karpat, et al., Phys. Rev. A 103, 062217 (2021).
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Quantum Key Distribution with Single Photons Generated from Defects
in Hexagonal Boron Nitride

Serkan Pagal, Caglar Samaner, Gorkem Mutlu, Kivang Uyanik, Serkan Ates

Department of Physics, Kzmir I nstitute of

With the development of computer technology, classical encryption techniques are
becoming insufficient for secure communication. At this point, quantum key distribution
(QKD) comes into play, which is able to ensure completely secure communication. The no
cloning theorem, which underlies the security of QKD, requires the use of an ideal single
photon source (SPS). Today, several SPSs have been used in QKD demonstrations, including
single quantum dots and color centers in diamond nanocrystal. Recent optical studies on
hexagonal boron nitride (hBN) show that it has several types of optically active defects with
single-photon generation at room temperature [1]. Bright and optically stable nature of these
emitters makes them a good candidate for room temperature QKD applications compared to
alternatives.

In this work, we will present our recent activities on demonstration of QKD with
single photons generated from defects in hBN at room temperature. Basic optical properties of
a single isolated defect (i.e., saturation and polarization) are characterized via a confocal
micro-photoluminescence setup, and the quantum nature of the emission from a single
selected defect is demonstrated via second-order photon correlation measurement with a
Hanbury-Brown and Twiss interferometer. Finally, the emitter at hand is integrated into a
QKD system based on B92 protocol, which uses the polarization of single photons to generate
the secure key. Our results show that hBN promises to be a new SPS for QKD experiments
without the need for cryogenic temperatures.

Reference:
[1] Shaik, et al., Optical quantum technologies with hexagonal boron nitride single photon
sources. Sci Rep 11, 12285 (2021).
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Quantum Computing in Penrose Unilluminable Room Geometry

Onur Danaci*?3**, Brian T. Kirby®®, Thomas A. Searles®, Imre Ozbay’, Ege Ozgiin**®

Contributed equally
lBM-HBCU Quantum Center, Howard University, Washington, DC 20059, USA
*Department of Electrical & Computer Engineering,
University of lllinoisChicago, Chicago, IL 60607, USA
“InstituutLorentz, Universiteit Leiden, 2300 RA Leiden, The Netherlands
®Department of Physics & Engineering Physics, Tulane University, New Orleans, LA 70118,
®United States Army Research Laboratorgielshi, MD 20783, USA

"NANOTAMNanotechnology Research Center, Bilkent University, Ankara, Turkey

8Department of Physics Engineering, Hacettepe University, Beytepe, 06800, Ankara, Turkey

In the late 50’s Roger Penrose together with his father Lionel Penrose showed that
there exists a geometry such that in a closed room covered with mirrors on its walls, when a
candle is lit, there can be regions that are not illuminated [1]. A decade later, Klee asked the
following question [2] “Is it possible to illuminate every polygonal region from some
point?” and generalized Penrose’s case. Later, Tokarsky studied the same problem in
different geometries [3]. The mushroom-like geometry initially suggested by Penrose and
also studied by Klee, was further investigated by Bunimovich [4] and since then this
geometry has also been referred to as the Bunimovich mushroom. Fukushima and co-
workers studied the geometry as a cavity within the ray optics [5] and then this perplexing
geometry was left to
oblivion once more.
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FIG. 1. (a) Schematic representation of the Penrose unilluminable room geometry and the qubit placement. (b)
Graphical representation of the allowed direct interactions, that are restricted by the Penrose unilluminable
room geometry.

In this work, we modeled the Penrose unilluminable room (i.e. the Bunimovich
mushroom) geometry using the medium-assisted, second quantized bosonic fields via
Green’s dyads [6]. For a given frequency range, there are three spatially decoupled cavity
fields in this geometry.
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We imagined a scenario where seven identical qubits are placed inside and resonantly
coupled to these three bosonic modes. We studied the quantum walk and state transfer
problem for one- and few-photon cases via the Jaynes-Cummings Model within the rotating
wave approximation. Our numerical results indicated for the Anderson localization of
quantum correlations for few photon cases. We foresee quantum computing applications
such as qubit routing & transduction for this geometry.

References:
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Non-local information encoding and the emergence of quantum Darwinism

Dario A. Chisholm, Luca Innocenti, and G. Massimo Palma

Universit”™ degl:] Studi di

Quantum Darwinism defines a quantum system to be objective if different observers
agree on its state. Such agreement, or consensus, is in turn defined as redundant encoding of
the information about the system into the environment. Different notions of “quantum
objectivity” (including the original notion by Zurek, strong quantum Darwninism, and
spectrum broadcast structure) are all based on the same principle, but use different ways to
quantify the redundancy of the information encoding. Here, we consider how these different
types of quantum Darwinism fare when the information encoding into the environment is non-
local. We find that such non-local encoding into the environment hinders the observers’
ability to recover the state of the system, and thus reduces the objectivity of the overall state,
even in the case of high redundancy of the information spread into the environment.
Considering non-local information encoding highlights the need to more carefully distinguish
between the notions of “consensus” and “redundancy” in the context of quantum Darwinism.
In particular, we discuss information encoding into GHZ and W state structures as case
studies, and show that special care ought to be taken when considering the relations between
the different notions of quantum objectivity.
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Quantum Correlations in Jahn-Teller Molecular Systems Simulated with
Superconducting Circuits

Ali Pedram, Onur Pusuluk, and Ozgiir E. Miistecaplioglu
Department of Physics, Ko- Universit:

Orbital correlations in molecular systems have been attracted much attention for their
fundamental significance [1] and practical applications [2]. When molecular symmetry
induces degeneracy in the electronic state, molecular orbitals strongly interact with vibrational
degrees of freedom via the so called Jahn-Teller mechanism [3]. Quantum simulation of
molecules using superconducting circuits can capture the essential physics of this spontaneous
symmetry breaking [4]. Here, we will explore quantum entanglement among vibrational
phonon modes as well as between electronic and vibrational degrees of freedom in two-mode
Jahn-Teller molecules simulated by superconducting circuits [5]. We will present analytical
explanations using a single privileged Jahn-Teller mode picture. We will conclude by
discussing experimental feasibility to detect such quantum correlations, considering the
dephasing and decoherence in state-of-the-art superconducting two-level systems (qubits).

References:
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Error—immune quantum communication
Rajni Bala” and V. Ravishankar

Department of Physics, InQian Institute of Technology Delhi, New Delhi,-Iridla16.
rajni.bala@physics.iitd.ac.in
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Interaction of states with environment is inevitable and results in change in the
information carried by it. To mitigate this, many techniques such as quantum error—correcting
codes, decoherence—free—subspaces [Rev Mod Phys, 88(4):041001, 2016] are employed. The
idea underlying these techniques is to protect/recover the state. Multipartite entanglement is
used as a resource in these techniques whose generation is a difficult task. Besides, retrieval
of information from the state inevitably requires complete tomography. This indicates that a
large number of copies of multipartite entangled states are required for information transfer
using any of these approaches. Taking this into consideration, we ask — can information be
transferred in an error—immune manner alleviating the need for costly resources such as
entanglement? The answer to the question is in the affirmative and is provided by laying
down a formalism which does not require recovery of a state. The formalism employs scaling
laws to obtain quantities that remain invariant under a noisy evolution of a state. The
information encoded in these invariants can be transmitted in an error-immune manner. Since
multiparty entanglement and error detection/correction will not be required, the proposed
scheme would be cost-effective and may be reliably employed for error-free information
transfer. Employing the formalism, we have obtained invariants for various noisy channels of
a quNit.
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Interrelation of nonclassicality features through stabiliser group
homomorphism

Sooryansh Asthana

Department of Physics, Indian Institute of Technology Delhi, New Delhi,-Irifl@16.
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Coherence underlies all nonclassical phenomena in quantum mechanics. In this work,
we show that coherence witness for a single qubit itself yields nonlocality/ entanglement
inequalities and condition for quantum discord in two—qubit systems. It is shown by
employing homomorphism among the stabiliser groups of a single qubit and a multi—qubit
state. Interestingly, globally commuting homomorphic images of single qubit stabilisers do
not allow for consistent assignments of outcomes of local observables. As an application, we
show that CHSH inequality can be straightforwardly generalised to nonlocality inequalities
for multiqubit GHZ states. It also reconfirms the fact that quantumness prevails even in the
large N —limit, if coherence is sustained. The mapping provides a way to construct many
nonlocality inequalities, given a seed inequality. This study gives us a motivation to gain
better control over multiple degrees of freedom and multi-party systems. It is because in
multi-party systems, the same nonclassical feature, viz., coherence may appear in many
avatars.
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Signatures of inter-band transitions on dynamical localization

Sara Medhet', Tomotake Yamakoshi 2, Muhammad Ayub, Farhan Saif* and Shinichi
Watanabe®

Department of Electronics, QuaidAzam University, 45320 Isteabad, Pakistah Institute
for Laser Science, University of Elect@mmmunications,-b-1 Chofugaoka, Chofahi,
Tokyo 1828585, Japan, and Department of Engineering Science, University of Electro

Communications,-5-1 Chofugaoka, Chofshi, Tokyo 188585, Japar.

We explain the dynamics of ultracold atoms in amplitude modulated optical lattice
with harmonic confinement. We show the existence of dynamical localization that manifests
itself as the cold atoms exhibit quantum suppression of classical chaos in the dynamical
system. The exponential localization takes place both in momentum as well as in coordinate
space within certain windows on modulation amplitude. We show that inter-band transitions,
taking place due to the amplitude modulation in optical lattice, play an important role in
controlling the dynamical localization of matter waves. Our obtained results can be
generalized to other dynamical systems and are experimentally realizable as we consider the
values of parameters from the present-day available experiments.
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A Quantum Finite Automaton Framework for the Study of the Energy
Complexity of Computations

Meri¢ Ungér! , Oykii Yilmaz*, Firat Kiyak 2 A.C.Cem Say !
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Department of Mathematics, Bojazi - un

The finite automaton is a fundamental model of computation with fixed amounts of
memory. Originally defined in the context of classical zero-error computing, classical
probabilistic and quantum versions of the model have later been introduced. We show how a
general quantum finite automaton framework can be used to represent the many variants in
the literature corresponding to different specializations. The model is especially suitable for
the characterization of the thermodynamic cost per step associated with certain computational
tasks. We demonstrate a language whose zero-error deterministic recognition is associated
with provably bigger energy cost per step when compared to its bounded-error classical
probabilistic recognition using this framework. The model can be a fruitful infrastructure for
the study of several open questions about the energy complexities of computational problems
to be handled by fixed-memory quantum machines.
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Rydberg quantum simulator of topological insulators
Mohammad Sadegh Khazali
Institute for Quantum Optics and Quantum Information of the Austrian Academy of Sciences

This talk proposes the implementation of multi-dimensional discrete-time quantum
walk (DTQW) with Rydberg interaction [1], that could ideally simulate different classes of
topological insulators. Using an exchange interaction between Rydberg excited atoms in an
atomic-array with dual lattice-constants, the new setup operates both coined and coin-less
models of DTQW. In this model, complicated coupling tessellations are performed by global
laser excitation. The long-range interaction provides a new feature of designing different
topologically ordered periodic boundary conditions. Limiting the Rydberg population to 2
excitations, coherent QW over thousand lattice sites and steps are achievable with the current
technology. These features would improve the performance of this quantum machine in
running the quantum search algorithm over topologically ordered databases as well as
diversifying the range of topological insulators that could be simulated.

Reference:
[1] Khazali, Mohammadsadegh. "Rydberg quantum simulator of topological insulators."
arXiv:2101.11412 (2021).
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Azimuthal Modulation of Electromagnetically Induced Grating using
Structured Light

Seyyed Hossein Asadpour’, Teodora Kirova?, Jing Qian®, Hamid Reza Hamedi*, Gediminas
Juzelitinas*, and Emmanuel Paspalakis®

! Department of Physics, Iran University of Science and Technology, Tehran, Iran
?Institute of Atomic Physics and Spectroscopy, Univeo$ibatvia, L\/1004, Latvia
Department of Physics, School of Physics and Electronic Science,
East China Normal University, Shanghai 200062, China
“Institute of Theoretical Physics and Astronomy, Vilnius Universit10257, Lithuania
> Materials Science Bpartment, School of Natural Sciences, University of Patras, 26504
Patras, Greece

We propose a scheme for creating 2D Electromagnetically Induced Grating in a 3-
level atomic system coupled simultaneous by a two dimensional standing wave and an optical
vortex beam. Detailed analysis of the probe field energy transfer to different orders of
diffraction proves the possibility of direct control over the performance of the grating. This
may find applications in all-optical information processing and atom-manipulation
technologies.
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Small-Scale Artificial Neural Networks for Statistical Modeling and
Controling Quantum Systems

Sergey Borisenok™?

'El ectrical and El ectronics Engineering Depa

University, Turkey,
Feza G¢rsey Center for Physics and
E-mails: sergey.borisenok@agu.edu.tr, borisenok@gmail.com

Very recently a new statistical physics approach based on Artificial Neural Networks
(ANNSs) has been proposed by Wang, Jiang, and Zhou in 2020 for the particular case of a
cyclic Ising system. A small-scale ANN is well-trained with the data collected from the ‘Ab
Initio’ experiment or numerical simulations for mimicking the microscopic statistical states of
a quantum system. Then it can be spontaneously extrapolated to evaluate macroscopic states
of the quantum system, its phase structures, and thermodynamic characteristics.

We study alternative small-scale ANN approaches (Masked Autoencoder for
Distribution Estimation, Hodgkin-Huxley neural networks) to describe the statistical micro-
and macro-states of different quantum systems (qubits, Ising spin systems, memristors), and
their possible applications to control over the quantum system dynamics.

Additionally, we discuss the emulation of quantum algorithms with a small population
of classical non-linear artificial neural elements (like Hodgkin-Huxley neurons) and their
possible application to control other quantum and classical systems.

Keywords: Artificial Neural Networks, Quantum Dynamical Systems, Feedback Control

Mat hen
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The influence of effective constitutive parameters of a planar photonic
crystal with a YIG film on the photon-magnon coupling strength

S.Yu. Polevoy "' S.1. Tarapov “#* A.A. Girich *'S.V. Nedukh ** A.S. Vakula ** K.Yu. Sova'"
M.V.Yengejeh *' B. Rameev **
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“Zavoisky Physicalechnical Institute Subdi vi si on of FRC fAKazan ¢
Russian Academy of Scienceso, Kazan/ Tat
“Corresponding author: polevoy@irélrkov.ua

There is a large interest in the field of quantum technologies, namely, the conversion,
transmission and processing of quantum information. For implementation of quantum
computing, the information exchange that preserves quantum coherence is needed. For some
specific applications, hybrid systems consisting of two or more different physical systems,
strongly coupled with each other, are needed. For example, a microwave resonator coupled
with a ferromagnetic sample [1]. For efficient transfer of quantum information from one
subsystem to another, photon-magnon coupling with a very large strength are requested.
Large values of photon-magnon coupling strength [1] can be obtained in the planar resonator
when its field interacts with a planar magnetic element. An example of such resonator is split-
ring [2], antispilit-ring [3], and microstrip resonator [4]. Electromagnetic field strength of
such resonators quickly decreases when distance from metal elements, which form a
resonator, increases. At the same time, the magnitude of photon-magnon coupling is directly
proportional to the filling factor, i.e. the efficient interaction volume of a magnet with the RF
magnetic field [5].

In this work, the resonant structure in the form of the fine-stratified planar periodical
structure (PPS) [6,7], the period of which has a small value compared to the working
wavelength (Fig. 1, a), is considered. The parameters of the PPS structure were selected so
that near the operating frequency of 6 GHz in transmission spectrum of the electromagnetic
waves the first peak with low Q-factor is observed (Fig. 1, b).
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Fig. 1 - Resonator in the form of a fine-stratified planar periodical structure with a YIG film: a) schematic view;
b) the transmission coefficient spectrum of electromagnetic waves passed through the resonator (resonant peak
is marked by arrow); c) the spatial distribution of the magnetic field (z-component) near the resonator surface.



@ kO b it ’(o> February 3-4, 2022

online

The PPS (8 periods) is a fine-stratified structure (Fig. 1, a) with a period of p = 0.4
mm, consisting of alternating strips (length | = 4.2 mm, width b = 0.2 mm) crossing the
feeding microstrip line (width w = 0.21 mm). Structure is placed on a substrate (Rogers
RO3010, dielectric constant ¢'=11.2) with a thickness of 0.25 mm and with metallization
below. At the same time, approximately half of wavelength is placed on the structure (Fig. 1,
c) at the resonant frequency of about 6 GHz. The wavelength is several times shorter than in
the feeding microstrip line. This can be explained by the great value of the effective
constitutive parameters of the fine- stratified PPS.

At the same time, it can be expected that decreasing of the resonance wavelength in
this PPS resonator leads to an increase of the filling factor by the magnetic field of the magnet
film placed near the resonator surface, compared to a conventional half-wave microstrip
resonator [4]. To verify this assumption, the numerical electrodynamic modeling in the
frequency domain for the PPS resonator with yttrium iron garnet (YIG) film near its surface
was carried out. The film with thickness of 10 um and size of 1.0x0.4 mm 2 was placed into
the resonant external magnetic field H, = 1440 Oe applied along the y-axis. The photon-
magnon coupling strength for such a system is obtained: g/(2m) = 150 MHz (spin-number-
normalized gn=g /(2n )=0.517 Hz). For comparison, a microstrip resonator [4] consisting
of a straight line segment with length of 9.5 mm cut from the feeding line by two narrow
gaps, with a resonant frequency of about 6 GHz, was considered. In the resonator center, the
YIG film with thickness of 10 um and size of 1.0x0.5 mm? was placed in the same resonant
magnetic field. This system has photon-magnon coupling strength of g/(2w) = 117 MHz (spin-
number- normalized gy = 0.361 Hz). At the same time, the microstrip resonator length is
about 3 times larger than the PPS resonator, but it also fits approximately half of the
wavelength. It can be seen that for the PPS resonator, the magnitude of photon-magnon
coupling is significantly larger than for the microstrip resonator. Since the resonant
frequencies of the resonators and the dimensions of the magnetic film for both resonators
were comparable, it is expected that photon-magnon coupling strength is mainly affected by
compression of the resonant area. With such a compression, the magnet filling factor by the
magnetic field increases. This leads to the greater value of photon-magnon coupling strength
for the PPS resonator.

Thus, it was shown that decreasing of the resonant wavelength in the PPS resonator
leads to increasing of the spin-number-normalized photon-magnon coupling strength
compared to the conventional microstrip resonator up to 41%. This wavelength shortening can
be explained by the large value of the effective constitutive parameters of the fine-stratified
PPS.

The work is supported by NATO Science for Peace and Security Program, NATO SPS
project No. G5859.
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Hierarchy of quantum non-Gaussian conservative motion
Darren Moore
Palacky UniversityDlomouc

Mechanical quantum systems embedded in an external nonlinear potential currently
offer the first deep excursion into quantum non-Gaussian motion. The Gaussian statistics of
the motion of a linear mechanical quantum system, characterised by its mass and a linear-and-
quadratic potential, possess a limited capacity to reduce noise in nonlinear variables. This
limitation induces thresholds for noise reduction in nonlinear variables beyond which linear
mechanical oscillators cannot pass. Squeezing below the thresholds for such variables is
relevant for the implementation of nonlinear mechanical devices, such as sensors, processors
or engines. First however, quantum non-Gaussian conservative motion must be identified in
experiments with diverse nonlinear potentials. For this purpose, we provide sufficient criteria
for quantum non-Gaussian motional states in conservative systems based on the observation
of squeezing in nonlinear variables. We further extend these criteria to a hierarchy able to
recognise the quantum non-Gaussian motion induced via diverse nonlinear potentials through
their various capacities to produce nonlinear squeezing.



@ kO b it ’(o> February 3-4, 2022

online

Spin-based planar optomagnonic cavities for microwave to optical photon
conversion
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Recent enormous progress in quantum computation is obtained on the base of
superconducting qubits that process quantum information at the microwave frequencies.
While this allows an impressive degree of quantum control, it also severe limits the distance
that the information can realistically travel before being lost. On the other hand, long-range
quantum communications, which already found commercial applications, are based on the use
of optical photons as carriers providing high fidelity transfer at room temperatures. There is a
strong technological need to connect cryo-cooled microwave quantum processors by long-
range optical networks. Therefore, essential research efforts are concentrated on the
development of quantum hybrid systems for up/down coherent frequency conversion of
guantum information from the optical to the microwave domain and vice versa [1].
Transferring quantum information to optical frequencies will both eliminate the thermal noise
problem and enable the use of existing optical network technology.

In this work we present a possible design of a planar optomagnonic cavity based on
the use of spin-ordered materials providing strongly coupled magnon-photon modes for
efficient frequency conversion from microwave to near infrared band. We use Yttrium Iron
Garnet (Y1G) as a spin ordered material because of the long-coherence time as a result of its
low-damping parameter. This magnetic material is coupled to both high-quality optical and
microwave cavities to increase the coupling between the constituents of the hybrid system:
microwave, magnetic, and optical ones. Our hybrid structure is consisting of a YIG film
bounded symmetrically by layers of distributed Bragg mirrors placed on an open-ring
resonator (ISRR). Our first simulation and numerical results on the studies of hybrid planar
optomagnonics cavity systems will be presented.

The work was supported by NATO Science for Peace and Security Programme
(NATO SPS project No. G5859) and by TUBITAK 1001 project No. 618271.
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Continuous variable quantum teleportation via entangled Gaussian
state generated by a linear beam splitter
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We theoretically implement the protocol of continuous variable quantum teleportation
wherein Alice and Bob share a state built by a linear beam splitter as general two-mode
Gaussian entangled state. Using the non-classicality and purity of the two single-mode
Gaussian states employed initially at the input of the beam splitter, the unknown state
teleportation protocol is explicitly implemented in terms of squeezing and phase space
quadratures. We show that fidelity of the teleported state is maximal when the gain factor g is
equal to 1 and gradually decreases when g deviates from 1 on either side. We further find that
teleportation fidelity decreases when one of the input states of the beam splitter is replaced by
the state of thermal photons.



