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Dear Colleagues, friends of photonics,

We are honored by your participation at our PHOTONICA 2025 and your contribution to the tradition of
this even. It is our pleasure to host you in Belgrade and in Serbia. Welcome to the world of photonics.

The International School and Conference on Photonics- PHOTONICA, is a biennial event held in
Belgrade since 2007. The first meeting in the series was called ISCOM (International School and
Conference on Optics and Optical Materials), but it was later renamed to PHOTONICA to reflect more
clearly the aims of the event as a forum for education of young scientists, exchanging new knowledge and
ideas, and fostering collaboration between scientists working within emerging areas of photonic science
and technology. A particular educational feature of the program is to enable students and young researchers
to benefit from the event, by providing introductory lectures preceding most recent results in many topics
covered by the regular talks. In other words, tutorial and keynote speakers will give lectures specifically
designed for students and scientists starting in this field. Apart from the oral presentations PHOTONICA
hosts vibrant poster sessions. A significant number of best posters will be selected and the authors will
have opportunity to present their work through short oral presentations — contributed talks.

The wish of the organizers is to provide a platform for discussing new developments and concepts within
various disciplines of photonics, by bringing together researchers from academia, government and
industrial laboratories for scientific interaction, the showcasing of new results in the relevant fields and
debate on future trends.

PHOTONICA 2025 will host four joint events: PhoBioS COST Action “Light and biological surface
interaction for sensing applications”, BioQantSense workshop “Laser microscopy - classical and
quantum”, SensSmart workshop “Multimodal Sensor Systems and Artificial Intelligence in Service of
Cardiovascular Diagnostics” and “Advanced nanosystems for photoconversion”, Aerosol4solar and
NIMPHA research projects. In addition, the representatives of the companies related to photonics will
have significant role at the event by presenting the new trends in research and development sector.
Following the official program, the participants will also have plenty of opportunities to mix and network
outside of the lecture theatre with planned free time and social events.

This book contains 142 abstracts of all presentations at the X International School and Conference on
Photonics, PHOTONICA 2025. Authors from all around the world, from all the continents, will present
their work at this event. There will be 5 tutorial and 5 keynote lectures to the benefits of students and early-
stage researches. The most recent results in various research fields of photonics will be presented through
16 invited lectures and 9 progress reports of early-stage researchers. Within the poster sessions and a
number of contributed talks, authors will present 107 presentations on their new results in a cozy
atmosphere of the building of Serbian Academy of Science and Axrts.

Belgrade, August 2025

Editors

Vil



Conference Topics

1. Quantum optics and ultracold systems
2. Nonlinear optics

3. Optical materials

4. Biophotonics

5. Devices and components

6. Optical communications

Joint Events

7. Laser spectroscopy and metrology

8. Ultrafast optical phenomena

9. Laser - material interaction

10. Optical metamaterials and plasmonics
11. Machine learning in photonics

12. Other topics in photonics

PhoBioS COST Action - "Light and biological surface interaction for sensing applications”

BioQantSense Workshop - "Laser microscopy - classical and quantum”

SensSmart workshop - “Multimodal Sensor Systems and Avrtificial Intelligence in Service of

Cardiovascular Diagnostics”

“Advanced nanosystems for photoconversion”, Aerosol4solar and NIMPHA research projects
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Tissue optical clearing as an innovative means for optical imaging and
phototherapy from UV to terahertz

V. V. Tuchin
Institute of Physics and Science Medical Center, Saratov State University
Institute of Precision Mechanics and Control, FRS “Saratov Scientific Centre of the Russian Academy of
Sciences”
Laboratory of Laser Molecular Imaging and Machine Learning, Tomsk State University, Russia

email: tuchinvv@mail.ru

Tissue optical clearing (TOC) is based on temporary and reversible suppression of light scattering in
tissues and organs using biocompatible immersion optical clearing agents (OCAs) [1-3]. Delivery of
the appropriate OCA to living tissue ensures its temporal transparency over a wide spectral range
from deep UV to THz, thereby providing higher image depth and contrast for optical techniques and
better precision of phototherapy and laser surgery.

The tutorial summarizes the fundamentals and latest advances in the development of the TOC method
for solving problems of intravital optical imaging, diagnostics and therapy. TOC can significantly
improve advanced multimodal spectroscopy/imaging and phototherapy technologies. The combination
of optical techniques with US, CT and MRI is possible through use of commercial coupling or contrast
agents. The TOC method provides additional molecular diffusion markers for monitoring diabetes
mellitus complications and cancer detection, as well as gives important data for optimal
cryopreservation of organs.

This work was supported by RSF grant Ne 24-44-00082.
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Advancing the next generation of photonic systems using machine learning

D. Zibar
DTU Electro, Technical University of Denmark, @rsteds plads, Building 343, DK-2800, Kgs. Lyngby
e-mail: dazi@dtu.dk

The 2024 Nobel Prize in Physics underscores the growing influence of machine learning in diverse
areas of physical science. In the field of photonics, machine learning is proving invaluable for tasks
such as optimizing and designing fiber-optical communication systems, optical amplifiers, noise
characterization of frequency combs, inverse design of photonic components, and quantum-noise-
limited signal detection. In this talk, I will review notable applications of machine learning in photonics
and explore future directions in this emerging field. Specifically, | will highlight its role in phase noise
characterization of optical frequency combs, end-to-end learning for fiber-optic communication, and
realization of programmable ultra-wideband Raman amplifiers. Lastly, | will introduce an exciting new
application of machine learning: controlling nonlinear interactions in highly nonlinear waveguides.
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Lighting up superconductivity

E. Demler
Institute for Theoretical Physics, ETH Zurich, Switzerland
e-mail: demlere@phys.ethz.ch

This talk will review new insights into high temperature superconductors revealed by novel optical
probes with an emphasis on the theoretical models necessary for interpreting experimental results. We
will start by discussing recent experiments in the pseudogap phase of the YBCO cuprates that have been
interpreted as the light induced Meissner effect. We will approach this phenomenon from the perspective
of nonlinear dynamics of the sine-Gordon model triggered by the strong terahertz pump pulse. This
interpretation suggests that these experiments reveal strong superconducting correlations in the
pseudogap state but do not require photoinduced superconductivity. I will argue that other
experimentally observed features of the photoexcited transient state in YBCO can be explained from
the perspective of a Floquet material. I will present a general theoretical framework for understanding
Floquet materials, in which the pump-induced oscillations of a collective mode lead to the parametric
generation of excitation pairs. This can result in features such as photo-induced edges in reflectivity,
enhancement of reflectivity, and even light amplification.
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3D Printing at the nanoscale using MultiPhoton Lithography

M. Farsari
FORTH/IESL, Heraklion, Greece
e-mail: mfarsari@iesl.forth.gr

Multiphoton Lithography (MPL) is an advanced laser-based additive manufacturing technique that
enables the fabrication of highly complex three-dimensional micro- and nano-structures with
resolutions down to just a few tens of nanometerst. By employing nonlinear multiphoton absorption,
MPL offers unique capabilities that remain unmatched by any other 3D printing method currently
available.

This exceptional resolution and design freedom make MPL a powerful tool for directly transforming
computer-designed models into fully functional 3D devices with sub-micrometric precision. Over the
past years, MPL has been applied to a wide range of materials, enabling the realization of micro-optical
elements, electromagnetic and mechanical metamaterials, biomedical scaffolds, photocatalytic systems,
and more.

In this tutorial, we will provide a comprehensive introduction to the principles and practical applications
of Multiphoton Lithography, with a focus on practical examples that illustrate its unique potential. The
session will begin with an overview of the nonlinear absorption mechanism that underpins MPL, the
process parameters that determine resolution and fabrication speed, the workflow from computer-aided
design (CAD) to printed structures. Special focus will be given to the materials used.

The tutorial will then explore in detail three case studies that showcase the versatility of MPL:

e Micro-optical elements, such as free-form lenses, diffractive optical elements, and waveguides
for advanced photonic applications.

o Electromagnetic and mechanical metamaterials, demonstrating how MPL enables the
creation of architected structures with tailored electromagnetic responses or unusual
mechanical behaviours, such as electromagnetically induced transparency or auxeticity.

e Scaffolds for tissue engineering, highlighting how MPL can fabricate precisely controlled 3D
architectures that support cell growth and guide tissue regeneration at the microscale.
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Figure 1. (a) A THz metamaterial (b) SEM image of cells growing on an auxetic material
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Integrated Quantum Photonics: Physics, technology, applications

E. Kapon
Institute of Physics EPFL, Lausanne, Switzerland
e-mail: eli.kapon@epfl.ch

One of the emerging platforms for quantum technologies, integrated quantum photonics combines
quantum light emitters with sub-wavelength photonic confinement and guidance to create and
manipulate quantum states of light on-chip. Applications include efficient sources of single photons
for secure quantum communications. This tutorial will review the physics and technology behind
these systems, organized in two parts.

The first part will introduce the concepts of quantum confinement leading to the realization of
semiconductor quantum dots (QDs) as emitters of quantum light, and of photonic crystals (PhCs) that
make possible photonic confinement and guidance at sub-wavelength dimensions. The particular
technology of pyramidal QDs, with its essential feature of producing QDs with site-control at the
~10nm scale, will be presented. The design and fabrication of PhC cavities and waveguides made on
the same semiconductor substrates as the pyramidal QDs will be reviewed. The optical properties of
the resulting QDs and PhCs will be illustrated and interpreted [1].

The second part will describe the fabrication and properties of the integrated structures, consisting of
site-controlled QDs properly positioned within PhC cavities and waveguides. New features of light-
matter interaction brought about by the modification of the photonic environment introduced by the
PhCs will be evidenced and explained [2]. Examples of integrated structures employed for enhancing
single photon emission, for single photon multiplexing and for single photon routing will be discussed

[3].

Figure 1. An example of an integrated quantum photonic
structure.

REFERENCES

[1] M. Calic, et al., Scientific Reports 7, 4100 (2017).
[2] A. Lyasota, et al., Phys. Rev. X 12, 021042 (2022).
[3] Y. Yu, etal., Optica 8, 1605 (2021).

17



Keynote Lectures

18



Photonica 2025 Keynote Lectures

Bose mixtures : magnetic and condensation phenomena

Pitaevskii BEC Center CNR-INO, and Dipartimento di Fisica, Universita di Trento, 1-38123 Povo, Trento, Italy

Bose mixtures are one of the most active research directions in the field of ultracold atoms. They are
realized with a two-component bosonic gas, either two atomic species or two hyperfine states of the
same atomic species, where both components are brought to quantum degeneracy below the Bose-
Einstein transition temperature. Atoms of different components can attract or repel each other realizing
attractive or repulsive mixtures.

The ground state of such mixtures is fairly well understood using the standard Gross-Pitaevskii
description: repulsive mixtures can undergo a phase separation transition from miscible to immiscible
states which shares many analogies with the magnetic transition in spin "2 ferromagnets. Attractive
mixtures, instead, can enter a regime where colapse is prevented by beyond mean-field correlations and
self bound quantum droplets are formed. Experiments have clearly evidenced both the magnetic and
the quantum condensation features exhibited by Bose mixtures as a function of the interspecies
coupling.

At finite temperature, though, the situation is less well understood. Perturbative approaches based on
Bogoliubov theory at finite temperature predict instabilities of the mixed phase driven by temperature
in repulsive mixtures or fail completely when one tries to apply them to attractive mixtures in the regime
where droplets are formed at zero temperature. At present no reliable simple theoretical picture can
describe the magnetic behavior nor the gas to liquid condensation transition in quantum mixtures at
finite temperature.

I will review recent works on the study of both repulsive and attractive Bose mixtures at finite
temperature using exact path-integral quantum Monte-Carlo numerical methods. For repulsive mixtures
in the quantum degenerate regime we rule out predictions of perturbative theories and find a first-order
ferromagnetic transition as a function of the interspecies coupling constant. For attractive mixtures we
investigate the gas to liquid transition and the region where the two phases coexist and droplets appear
in equilibrium. A similar behavior is observed both in 3D and 2D geometries. In particular, the transition
to the superfluid state occurs in a discontinuous way as the density jumps from the gas to the liquid
phase. Furthermore, in 3D, the line of first-order transition terminates at a tricritical point and in 2D a
relevant role in the gas-liquid transition is played by the quantum scale anomaly. The experimental
relevance of these findings is also discussed.
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Perovskite Photovoltaics: Addressing Stability Challenges for Real-World
Applications

E. Kymakis
Dept. of Electrical & Computer Engineering, Hellenic Mediterranean University, Heraklion, Crete, Greece

e-mail: kymakis@hmu.gr

Perovskite photovoltaics (PePVs) represent a rapidly advancing solar technology, having
achieved power conversion efficiencies (PCEs) exceeding 26%, now competitive with
traditional silicon solar cells. Their versatility makes them suitable for a broad range of
applications, from low-power devices to large-scale solar farms. However, a critical hurdle to
their widespread adoption remains: maintaining high efficiency and long-term stability in
large-area panels under real-world environmental conditions.

PePVs exhibit sensitivity to ambient factors such as humidity, elevated temperatures, and
prolonged light exposure, which significantly impact their long-term performance.
Experimental observations reveal substantial degradation during summer months, primarily
attributed to extended exposure to high temperatures and intense solar irradiance, often leading
to lamination instability. Interestingly, this degradation demonstrates partial reversibility upon
dark storage, with observed changes in the light soaking phenomenon (LSP) and improvements
in electrical parameters [1]. The recovery duration is directly linked to the severity of prior
degradation, with initial recovery occurring within daily dark cycles, but requiring more
extended periods as degradation progresses.

This presentation will provide an in-depth exploration of the long-term performance of
perovskite modules and panels deployed in outdoor environments. A key focus will be
elucidating the origins of various degradation factors, distinguishing between intrinsic issues
within the perovskite active layer and extrinsic challenges like lamination failure [2]. We will
detail the measurement protocols employed to investigate the effects of dark storage and light
soaking on panel performance and their subsequent partial recovery. Furthermore, the
presentation will address the critical impact of voltage mismatch on the degradation rate of
PePVs, identifying optimal connection configurations to ensure efficient long-term operation
and successful upscaling. The pivotal role of lamination in preventing the ingress of external
factors such as moisture and oxygen, thereby enhancing stability, will also be discussed.
Continued research into the outdoor ageing process is essential to differentiate various recovery
scenarios and ultimately guarantee long-term stability.

In summary, this presentation will offer comprehensive insights into the significant
advancements and persistent challenges in the commercialization of perovskite photovoltaics.
It will underscore the imperative for sustainable production, enhanced reliability, and robust
recycling and remanufacturing strategies to firmly establish PePVs as a leading sustainable
energy source in the global market.
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Seeing is believing: the modern approach to intracellular biochemistry

R. Bizzarri
Department of Surgical, Medical, Molecular Pathology, and Critical Care Medicine, University of Pisa, via
Roma 55, 56126 Pisa, Italy
NEST, Istituto Nanoscienze-CNR and Scuola Normale Superiore, piazza San Silvestro 12, 56127 Pisa, Italy
e-mail: ranieri.bizzarri@unipi.it

The late biophysicist Mario Ageno (1915-1992), former Enrico Fermi’s student, once stated that “Life
is a coherent molecular system ruled by a program”. The intrinsic coherency of life explicates in a
complex interplay between temporal and spatial scales. Thus, an intriguing approach to biophysics
targets the spatiotemporal description of cellular processes such as protein-protein or protein-DNA
interactions, taking into account diffusion as well as molecular binding. This approach greatly relies
upon the exquisite sensitivity of fluorescence microscopy combined with its high spatial and temporal
resolution when applied to biological specimens.

In the first part of the talk, I will show how different techniques based on scanning fluorescence
microscopy can be combined together to highlight the subtle interplay between protein dynamics and
protein signaling/binding on cell membrane and between intracellular compartments.

Yet, the arsenal of fluorescent biosensors tailored to functional imaging of cells and theranostic
applications is rapidly growing and benefits from recent developments in imaging techniques. In this
context, | shall show how the rational tuning of the excited-state physicochemical properties may confer
peculiar sensing and actuating capabilities to otherwise insensitive fluorescent dyes. For instance,
rational design of the chemical structure transforms organic dyes into efficient biosensors of dielectric
and viscosity properties with confocal spatial resolution at intracellular level. These biosensors were
effectively applied to image physicochemical properties of intracellular organelles, shedding light on
cell drug delivery mechanisms and chromatin compaction upon nuclear lamina misassembly in the
Hutchinson-Guilford progeria syndrome, and membrane rigidification/fluidization upon ion-channel
activation. Similarly, a single mutation in the primary sequence of otherwise photochemically-stable
popular fluorescent protein variants relieves their intrinsic photoswitchable behaviour. Notably,
photoswitchable (photochromic) fluorescent proteins (FPs) have become an invaluable tool for the
optical labeling and tracking of living cells, organelles and intracellular molecules in a spatio-temporal
manner. | shall describe their application to highlight the spatial organization of epigenetic modulators
with relevant role in tumorigenesis.
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Manipulation of photoinduced reaction dynamics with strong laser fields

L. Bafiares
Departamento de Quimica Fisica and Center for Ultrafast Lasers, Facultad de Ciencias Quimicas, Universidad
Complutense de Madrid, 28040 Madrid, Spain
Instituto Madrilefio de Estudios Avanzados en Nanociencia, IMDEA Nanoscience, C/ Faraday 9, 28049
Madrid, Spain
e-mail: Ibanares@ucm.es

With current technology, ultrafast laser radiation can easily achieve electric fields that are intense
enough to induce changes or even dramatically modify the behavior of molecules. Thus, a strong
external laser field can be regarded as an additional reagent in molecular processes such as chemical
reactions, and one that may be used to steer the reaction towards desired targets. In recent experiments,
we have studied ultrafast molecular photodissociation processes taking place under the influence of
strong laser fields. We have shown that it is possible to modify observables such as quantum yields,
lifetimes, translational energies, or spatial distributions of the ejected fragments (i.e. the reaction
stereodynamics) with strong picosecond or femtosecond near-infrared pulses. The control

is achieved by opening new strong-field-induced reaction channels, or by creating light-induced conical
intersections and modulating the potentials around them by light-induced potentials. These control
scenarios and the outlook for future work will be the subject of the conference.

Figure 1. Effect of strong laser fields on stereodynamics of photodissociation reactions.
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Super-resolved imaging of obscured objects

E. Israeli, S. Elkabetz, A. Sanjeev, R. S. Rafeeka, G. Chen and Z. Zalevsky
Faculty of Engineering, Bar-Ilan University, Ramat-Gan 52900, Israel
e-mail: zeev.zalevksy@biu.ac.il

In this presentation we will present several schemes allowing us to perform high resolution imaging of
obscured objects positioned behind scattering medium.

The first concept involves usage of time multiplexing super resolving technique that does not require
a-priori knowledge on the projected encoding mask. The concept includes illuminating the object
positioned behind scattering medium, through the scattering medium. This generates illumination of the
object with speckle patterns. The patterns themselves are not a-priori known but the same projected
pattern can be preserved and shifted by using the memory effect of the scattering medium. By properly
capturing larger number of low-resolution images encoded with the projected time-shifting speckle
patterns, a high-resolution image can be reconstructed after applying proper decoding algorithm.

Then, we discuss two schemes allowing 3D-position tunable focusing through and behind scattering
medium. By scanning the object (that is positioned behind the scattering medium) with the position
tunable focus one can perform its imaging. In the proposed schemes both the illumination module and
the detection module are on the same side of the inspected object. In addition to that, the imaging
process is a real time fast converging operation. The physics behind this concept involves either the
assumption that the illuminating wavefront travels forward and backwards through the same scattering
medium, or it uses temporal modulation (usage of pulsed light) of the spatial distribution of the
illuminating beam to obtain the desired focusing.

Al the presented techniques allow reference-free, non-invasive imaging through scattering medium and
since our illumination system and the detection system are on the same side of the object, it does not
require the direct access behind the medium nor using feedback from there. Thus, the presented concepts
might be providing high added value utility for biological and medical non-invasive imaging based
diagnostic tool.

Keywords: Scattering medium, speckle patterns projection, time multiplexing super-resolution.

23



Invited Lectures

24



Photonica 2025 Invited Lectures

Electromagnetic Induction Imaging with Atomic Magnetometers: Coming
of Age

F. Renzoni
Department of Physics & Astronomy, University College London, London (UK)
e-mail: f.renzoni@ucl.ac.uk

Electromagnetic induction imaging (EMI) is a well-established imaging technique, developed over
several decades. It has been widely used to assess cracks in metallic structures and to detect and localise
buried metallic objects. In its standard configuration, EMI’s remit of application is severely restricted
by the poor sensitivity of the sensing coil at low frequency. This prevents the exploration of interesting
applications where low-frequency operation and/or extreme sensitivity is required, such as through-
barrier imaging or imaging of human organs. The demonstration in 2014 of the use of an atomic
magnetometer (AM) as sensor for EMI completely changed this scenario, and opened up new
perspectives for EMI, as atomic magnetometers maintain their extreme sensitivity at low frequency.
This talk discusses challenges and opportunities of EMI-AM in many sectors, from medicine to security
and industrial monitoring.
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SiN PICs and PPICs for Photonic Neural Networks, High-Speed
Transmitters, and Sensors
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Chatzianagnostou! and D. Spasopoulos!
ICenter for Interdisciplinary Research, Aristotle University of Thessaloniki, Greece
2School of Physics, Aristotle University of Thessaloniki, Greece
3Now with OneTouch-Technologies, Ghent, Belgium
e-mail: kv@auth.gr
Silicon Nitride (SiN) has emerged over the past years as the prominent material for fabricating Photonic
Integrated Circuits (PICs), offering key advantages such as low cost, low propagation loss and improved
coupling to single-mode fibers. A key strength of SiN lies though in its versatility to co-integrate various
materials on the same chip enabling tailored properties for specific functionalities.
In this context, a SiN platform co-integrated with BaTiOs (BTO) demonstrated the capability to deliver
ultra-efficient Phase Shifters (PSs), achieving a measured efficiency of 2.52 V-mm with a
corresponding Pockels coefficient reaching up to 783 pm/V [1], while the propagation losses for the
hybrid PSs were measured at 0.54 dB/mm. For a Mach—Zehnder Interferometer (MZI) employing these
PSs, the power consumption during switching from ON to OFF states was found to be as low as 120
nW, delivering an extinction ratio between ON and OFF states up to 20 dB, with rise/fall times as low
as 20 ns, limited by the electrical driving circuitry. These results establish the BTO/SIN platform as a
compelling solution for large-scale photonic neural networks weighting a large number of input signals
at ultra fast speed.
For high-speed transmitter applications, SiN contrary to silicon, is inherent incompatible with high-
speed modulation. By co-integrating BTO and confining the optical field within ultra-dense slot
waveguides using CMOS plasmonics, it is feasible to fabricate extremely compact modulator arrays
capable of operating beyond 100 Gbaud, compatible with co-packaged optics. By altering the modulator
configuration from simple MZM to Mach Zehnder In a Ring (MZIR) it is possible to reduce also the
required voltage by 30% for Cu based plasmonics, while maintaining >100 Gbaud performance [2].
Experimental validation demonstrated 92 Gbps operation with a 3.5 Vpp driving voltage and only 10
um-long plasmonic PSs in a MZIR device.
Plasmonics also enable high-sensitivity sensing by leveraging the strong interaction between
the surrounding medium and surface plasmons propagating along the waveguide. A novel bimodal
interferometer layout, achieved by folding the interferometer arms on a top and bottom propagating
modes, demonstrated record-breaking sensitivities of up to 11,000 nm/RIU, setting a new benchmark
for Plasmonic-Photonic Integrated Circuits (PPICs) in both performance and footprint [3].
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Figure 1. (2) Response of MZM with BTO PS featuring 2.52Vmm efficiency, (b) Eye diagrm of MZIR with
BTO plasmonic phase shifters at 92Gbps, (c) Response of plasmonic Bimodal interfereomter with 11K nm/RIU
sensitivity under different surrounding water based solutions.
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Twisted Light in Scattering Medium: From Optical Angular Momentum to
Biomedical Diagnostics

I. Meglinski
Aston Institute of Photonic Technologies, College of Engineering & Physical Sciences, Aston University,

Birmingham, UK
e-mail: i.meglinski@aston.ac.uk

Structured light carrying orbital angular momentum (OAM), also known as twisted light, offers new
capabilities for probing biological tissues with enhanced phase sensitivity and spatial resolution [1].
When propagating through tissue-like scattering media, OAM beams preserve their helical phase
structure despite multiple scattering events [1,2]. This phenomenon, known as phase memory, enables
retrieval of subtle refractive index variations that are typically lost in conventional optical-based
imaging modalities.

In this lecture, we explore the propagation of structured light carrying OAM through complex scattering
media such as biological tissues. We begin by introducing the fundamental concepts of spin and orbital
angular momentum of light, discussing their physical origins, conservation laws, and interaction with
matter. Emphasis is placed on how OAM modes, such as Laguerre—Gaussian beams, retain phase
information even after passing through highly turbid, tissue-like environments.

Building on this theoretical foundation, we are going to discuss a Mach-Zehnder-based interferometric
system developed for generating and probing OAM beams and show how OAM phase memory can be
harnessed for non-invasive sensing of microstructural tissue changes (Fig.1). Our experimental studies,
supported by custom Monte Carlo simulations, reveal that the twist of light is up to three orders of
magnitude more sensitive to refractive index variations than conventional phase measurements, offering
a powerful new avenue for early-stage diagnostics of cancer, diabetes-induced tissue changes, and
retinal degeneration.

The talk will conclude with a discussion on the translational potential of OAM-based optical
technologies in histology and clinical imaging [3], and how they may be further enhanced through Al-
powered reconstruction and quantum photonics integration. A tutorial-style introduction at the
beginning of the talk will provide essential background for early-stage researchers in photonics, optics,
and biomedical imaging.
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Figure 1. Schematic of a Mach—Zehnder interferometer illustrating how twisted light carrying OAM can be
exploited for Al-driven non-invasive optical diagnostics of early tissue abnormalities.
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Serial 2-photon imaging of the kidney reveals the dynamics of kidney
fibrosis after acute injury
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Intravital Multiphoton Microscopy (MPM) is a powerful imaging modality for the investigation of renal
pathophysiology in mice [1]. It uniquely allows to assess renal function and morphology at the same
time and in the living animal. Following the implementation of an Abdominal Imaging Window (AIW)
[2], it is possible to assess the same kidney regions by MPM serially for up to several weeks and to
obtain longitudinal information regarding cellular behavior and changes in tissue structure.

Fibrosis is believed to play a key role in chronic kidney disease (CKD) onset and progression [3]. To
halt CKD, inhibition of fibrosis has been explored both experimentally and in clinical trials. However,
evidence for direct harmful effects of fibrosis is limited, as its close association with tissue injury
hampers distinguishing between correlation and causation.

To investigate if fibrosis accelerates kidney injury through deterioration of injury-adjacent uninjured
nephrons, we applied serial in vivo microscopy of transgenic mouse kidneys in two models of focal
injury and used genetic lineage tracing to track renal fibroblasts at the interphase of injured and
uninjured tissue over time. We demonstrate that fibroblast recruitment occurs reversibly, locally
restricted, and injury-dependent.

Here, we use serial in vivo MPM to decipher tubular and interstitial remodeling processes after AKI
over time and demonstrate important insights into the mechanisms of AKI-CKD transition.
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On the optical properties of laser-generated plasmonic nanoalloys and their
use for the assessment of biodegradable nanomedicines

V. Amendola
Department of Chemical Sciences, University of Padova - Padova, Italy
e-mail: vincenzo.amendola@unipd.it

Compared to traditional plasmonic materials like gold and silver, their alloys exhibit a range of unique
and enhanced properties, positioning them at the intersection of nanophotonics and various other
disciplines, including catalysis and magnetism.[1] Less known, some nanoalloys of Au or Ag hold
significant promise for cancer theranostics, offering multiple functionalities: they can be tracked in vivo
using conventional imaging techniques such as magnetic resonance imaging (MRI) or X-ray computed
tomography (CT) while also exerting therapeutic effects, such as enhancing radiotherapy.[2-4] Notably,
certain nanoalloys of Au or Ag with carefully tuned compositions have demonstrated their ability to
meet also a critical requirement like biodegradability, which is essential for minimizing the risks
associated with the long-term persistence of nanomaterials in the body.[2-4] However, despite this
immense potential, the synthesis of nanoalloys with the ideal theranostic characteristics is challenging
due to the natural immiscibility of Au and Ag with other functional and biocompatible elements like
iron or boron. Therefore, it is crucial to rapidly and reliably monitor synthesis outcomes to optimize
fabrication protocols, which are possible only by laser ablation in liquid. Additionally, identifying
biodegradable nanoalloy compositions requires extensive experimentation, as it necessitates tracking
their structural evolution over time and under various incubation conditions.

Fortunately, the plasmonic absorption band of these alloys is highly composition-dependent, enabling
real-time monitoring of their structure. Here, we present several examples demonstrating how the
optical properties of these plasmonic nanoalloys can be leveraged to design and assess an emerging
class of advanced inorganic nanomedicines for cancer theranostics.[6]
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Figure 1. Left: Schematic depiction of the composition-dependent size transformation of Au-Fe nanoalloys,
where an iron content above 30 at% corresponded to a size reduction below 10 nm after two months in the
physiological environment. Right: The self-degradation and facilitated clearance of the Au-Fe nanoalloys was
confirmed in murine models by environmental scanning electron microscopy images of their livers and spleens
two months after administration. The animals treated with Au nanoparticles still show large agglomerates of
gold, that are absent in the animals treated with Au-Fe nanoalloys.
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Bright and Quantum: Toward Intense and Non-Gaussian Quantum Light
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Departamento de Fisica, Facultad de Ciencias Fisicas y Matematicas, Universidad de Chile
e-mail: carla.hermann@uchile.cl

Non-Gaussian quantum states of light are related to quantum enhancements in quantum metrology,
quantum computation, and quantum error correction. However, generating such states—and especially
characterizing their nonclassical properties—remains an active challenge, particularly in the high-
photon-number regime where full state reconstruction becomes impractical.

In this talk, I will present our theoretical work on how to generate a specific family of non-Gaussian
states: the generalized coherent states (GCS), which arise from the nonlinear evolution of coherent light
[PRR2023]. These states retain a classical Poissonian photon-number distribution while exhibiting non-
Gaussian features in their Wigner representation. While this generation mechanism is well understood,
identifying experimental observables that can reveal the nonclassical features of such states—without
relying on complete quantum tomography—remains a key challenge.

I will discuss current strategies for addressing this problem, including the use of intensity-field
correlation functions and displacement-based diagnostics of non-Gaussianity through differential
current measurements. As a complementary perspective, I will briefly mention the entanglement
potential upon beam splitter interaction, which—while theoretically informative—requires full state
reconstruction and is thus less practical in the intense-light regime.
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Direct photosensitizer-free laser treatment of cancers

E. U. Rafailov
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Birmingham, B4 7ET, UK
e-mail: e.rafailov@aston.ac.uk

Recent advances in near-infrared laser technology have opened new avenues for the development of
compact photonic platforms and novel approaches to disease diagnostics and therapy. Photodynamic
therapy (PDT), a long-standing method for cancer treatment, typically relies on photosensitisers (PS)
to convert visible light (440-650 nm) into reactive oxygen species (ROS), including singlet oxygen
('O2). In our work, we demonstrate a fundamentally different approach: the direct excitation of
molecular oxygen into 'O2 using 1267 nm laser irradiation, without the need for photosensitisers.

We present extensive experimental data on photosensitiser-free ROS generation using 1267 nm laser
light in both normal and cancerous cells, as well as in animal models of glioblastoma. Our findings
reveal selective oxidative effects and apoptosis induction in cancer cells, driven by 'O2 production.
Notably, in a rat glioblastoma model, a four-week treatment with a quantum-dot-based 1267 nm laser
diode significantly inhibited tumor growth and increased survival rates from 34% to 64%.

Additionally, we report new results demonstrating the effective destruction of melanoma cells in a 3D
human skin model using the same laser wavelength. These findings position 1267 nm photosensitiser-
free laser therapy as a promising, non-invasive or minimally invasive treatment strategy for
superficial cancers, particularly glioblastoma and melanoma.
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Quantum Cascade Lasers and Their Applications in Gas Sensing and
Biomedical Fields
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Quantum Cascade Lasers (QCLSs) are semiconductor lasers that operate in the mid- and long-wave
infrared (IR) and terahertz regions [1], enabling a broad spectrum of applications such as industrial gas
detection, standoff explosive detection, infrared imaging, health monitoring, and advanced
spectroscopy [2-3]. QCLs are compact, portable, capable of room-temperature operation, and deliver
high optical power in both pulsed and continuous wave modes. Their ability across the 3—13 um
wavelength range coincides with the principal absorption bands of many atmospheric gases (e.g., COz,
CO, NO, NO, SO, NHs, CH4) and biological species making them highly effective for sensitive and
selective gas sensing. In this study, three distinct laser systems are being developed for: (i) greenhouse
gas detection, (ii) biosensing spectroscopy of urea in blood, and (iii) directional infrared
countermeasures (DIRCM). The active region of laser was designed by the Nextnano program for three
wavelenghts. The superlattice structures were grown by using the MOCVD method on InP (100). The
active region structure consisted of a periodically layered InGaAs/InAlAs quantum wells. The
fabrication of quantum cascade lasers began with the formation of mesa structures on InP wafers using
conventional lithography and chemical etching techniques. To ensure electrical insulation between the
mesa top, its sidewalls, and the substrate, a thin film of SiO2 was applied as a passivation layer, which
was critical for stable laser operation. To enhance electrical contact and facilitate heat dissipation during
laser emission, a thick gold layer was added to the laser bars, serving as heat sinks. Due to the high
operating voltages and large threshold currents, significant heat was generated in the QCL's active
region. These devices were typically cooled from the bottom of the substrate; thus, reducing the distance
between the active core and the substrate base was essential for efficient thermal management.
Accordingly, the QCL substrates were thinned. After thinning, the bottom of the substrate was coated
with a thin titanium (Ti) layer as a buffer, followed by approximately 200 nm of Au. The progress of
the ongoing project about the fabrication steps, the characterization and the characteristics of QCL chips
will be discussed in detail.
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Overview of photon Bose-Einstein condensates

A. Pelster
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The talk provides an overview of current theoretical challenges for describing a photon Bose-Einstein
condensate (BEC), which represents a modern prime example for an open dissipative quantum many-
body system. In the original experimental platform of dye-filled microcavities [1] the technique of direct
laser writing [2] allows to microstructure potentials with different geometries on the mirror surfaces. In
this way soon lattices of coupled photon condensates containing hundreds of individual sites are
realizable, which are expected to have spiral vortices [3]. We show that their shape can be
approximately determined analytically with a projection optimization method, which extends the
variational optimization method for BECs of closed systems to open-dissipative condensates [4].
Furthermore, quite recently photon BECs have also been observed in vertical cavity surface-emitting
lasers (VCSELSs) [5-7]. Here frequent photon absorption and emission processes occur due to the
creation and annihiliation of excitons in the semiconductor device, yielding a thermalization of photons.
But it was found experimentally that the extracted spectral temperatures are significantly lower than
those of the device, which warrants a theoretical explanation.
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Sustainable Surface Engineering of Stainless Steel: Antimicrobial and
Antiviral Functionalization via Femtosecond Laser Processing and
Magnetron Deposition of Cu and Ag
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Stainless steel (SS) is the most widely used material in healthcare and public infrastructure. Known
cleaning methods via diverse chemicals could not be very effective and long lasting, thus leading to non
continuous protection against diverse pathogens. This research is directed towards avoidance of SS
surface contamination, and reducing microbial and viral transmission in high contact zones. A hybrid
surface modification by employing femtosecond laser processing and magnetron sputtering, leading to
formation of laser induced periodic surface structures (LIPSS) on SS surface followed by deposition of
silver (Ag) and copper (Cu) thin films is presented in this study.
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Figure 1. Schematic cycle of functional SS surfaces creation via femtosecond laser processing and magnetron
sputtering.

The tests performed with S. Aureus demonstrated that the created LIPSS surfaces posses impoved
antimicrobial properties. By additionally applying Ag and Cu thin films, it is possible to enhance the
antimicrobial and antiviral efficacy of the SS surface. Femtosecond laser modification creates
nanometric LIPSS structures, thus improving the surface area, wettability, and adhesion properties for
deposition of thin metallic Cu and Ag layers. The sustainability of the applied coatings, was checked
by nano scratched test, which showed a good adhesion properties of Cu and Ag thin films. Viral
inactivation was detected on LIPSS sputtered with Cu layer. The combination between surface
morphology and addition of antimicrobial metal agents was examined via SEM, EDX, WCA, and XRD
and biological tests were done according to ISO-standard antimicrobial assays and antiviral activity
tests. This synergetic approach is promising towards creation of effective antimicrobial, antiviral
materials surfaces that meet sustainability criteria and are suitable for application in high-risk
environments.
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Selected biomedical applications in Light sheet microscopy
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In Light sheet fluorescence microscopy (LSFM), a sheet of excitation light is produced onto the sample
plane. The generated fluorescence is then collected using a microscope objective placed orthogonal to
the excitation light sheet plane. LSFM allows for a highly efficient excitation and collection of the
generated signal. Altogether, such scheme minimises light dose onto the sample and results in a
decreased photobleaching, reducing thus phototoxic effects [1].

LSFM has been put forward as an interesting candidate for fast volumetric imaging of biological
samples. Here, | will present our efforts for achieving fast 3D imaging for high through put applications
based a fluidic system based on the use of a FEP tube and a syringe pump [2, 3]. During the second
part, | will present a LSFM microscope for fast volumetric imaging based on the use of an electrically
tunable lens (ETL) [3,4]. This system is used to image the spontaneous Ca?*activity, as reported by
GCaMP fluorescence. Finally, 1 will present the use of wavefront coding (WFC) combined with
machine learning in a light sheet fluorescence microscopy (LSFM) system to visualize the 3D dynamics
of sperm flagellar motion [5].
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Potential of 5-ALA in Neurosurgery — Fluorescence and Photodynamic
Therapy
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Neurosurgery suffered from discrimination of tumor to normal tissue during surgical tissue resection,
but also for selective treatment of GBM. The application of photoactive drugs and their use for
fluorescence guided resection, optical guided biopsy and photodynamic therapy in neurosurgery could
support such requests. Besides the medical needs and boundary conditions, the physics and technical
research and developments will be presented. Different clinical aspects of photodynamic therapy (PDT),
like treatment planning, treatment and dosimetry protocols, spectral on-line-monitoring (SOM) as well
as follow-up evaluation of clinical outcome, are of interest regarding further iPDT developments.
Preliminary study results as well as the potential of optical dosimetry concepts based on light-tissue
interaction and light-photosensitizer interaction are included summarizing the latest developments in
this field.

Keywords: Intraluminal, Interstitial photodynamic therapy, iPDT, online monitoring, medical
imaging, brain tumor.
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Neutral atom quantum computing at QuEra Computing
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Quantum error correction is believed to be necessary for universal quantum computation due to its
ability to correct inevitable errors arising in quantum computers. Recently, neutral atom quantum
computers have demonstrated key aspects of scalable quantum error correction, such as the
implementation of circuits with 48 logical qubits [1], magic state distillation [2] and architecture for
universal fault-tolerant quantum processing [3].

In this talk, | will introduce QuEra Computing’s approach to neutral atom quantum computing. I will
discuss neutral atom qubits, the tools that are used to control them and the implementation of gate
operations and qubit reconfigurability. With these basic building blocks, I will present a neutral atom
qguantum computing platform based on highly parallel operations and qubit shuttling. Next, | will
present QuEra Computing’s quantum computers, from the publicly accessible analog
computer Aquila to our next-generation digital systems, along with the open-source software stack that
exposes them to users. Finally, | will give an overview of recent demonstrations of scalable logical qubit
processing in neutral atom platforms employing qubit shuttling, including implementation of logical
magic state distillation [2].
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As quantum technologies scale up, the need for efficient and reliable verification of large entangled
states becomes increasingly pressing. Full quantum state tomography, while comprehensive, faces
exponential resource demands in both data acquisition and post-processing—making it impractical for
systems beyond a modest number of qubits. This limitation is particularly acute in photonic platforms,
where loss and probabilistic gates constrain the number of available state copies.

In this talk, we present a suite of scalable verification and tomography techniques designed for large-
scale quantum systems under realistic experimental constraints. These methods combine tools from
guantum information theory, probabilistic modeling, and post-processing optimization to make
guantum verification and tomography feasible even in systems of arbitrary Hilbert space dimension.
Our methods enable few-copy and even single-copy entanglement detection, sample-efficient and
device-independent quantum state certification, and targeted tomography focused on physically-
relevant observables. Particular emphasis is placed on their practical deployment in photonic quantum
technologies, where challenges such as low detection efficiencies and limited data rates demand
resource-efficient solutions to support the development of reliable quantum networks and processors
and advancing photonic platforms toward real-world applications of quantum information processing.
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The non-linear response of a disordered photonic system to a given stimulus allows to add
functionalities to optical devices.

In this talk I will show how two different types of nonlinearities, namely the so called structural
nonlinearity and the well know thermo optics and Kerr nonlinearities allows to realize highly secure
nonlinear cryptographic primitives in the fist case, and optical limiters and isolators and the second
case.

Structural nonlinearity is an optical phenomenon that occurs when the dielectric function of a scattering
material is changed. The relationship between the dielectric configuration and the scattered field is not
more linear even for a linear optical material. By using reconfigurable disordered photonic system made
of Polymer Dispersed and Stabilized Liquid Crystals we have realized a nonlinear Physical Unclonable
Functions. The entropy of the generated keys increase with respect to the linear case in which the
dielectric function is static.

In a second example we exploit thermo optic and Kerr nonlinearity to realize an optical limiter based
on the Parity-Time symmetry breaking of the reflectionless modes. By adding a slight structural
disorder to the otherwise ordered photonic system, it is possible to turn the limiting behavior to optical
isolation, thus obtaining asymmetric light transmission up to the case of unidirectional light
propagation.
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The interaction between femtosecond laser pulses and hemoglobin molecules, both in intact
erythrocytes and in isolated form, was explored as a label-free strategy for erythrocytes imaging and
characterization. It was observed that intrinsic fluorescent photoproducts are generated following the
interaction of femtosecond laser pulses with hemoglobin [1]. Through systematic optimization of Two
photon (TPEF) laser exposure parameters (excitation wavelength was set on 730nm, laser power was
around 20mW), photostable and fluorescent molecular species were reproducibly formed and analyzed
using TPEF and single-photon fluorescence microscopy, as well as UV-VIS absorption spectroscopy
[2]. These photoproducts are formed during hemoglobin photodegradation, probably driven by
porphyrin structure without necessity of Fe?* ion presence [2]. Oxidative modifications, particularly
through hydrogen peroxide or TBHP (tert-butyl hydroperoxide) treatment, significantly enhanced
fluorescence emission intensity.

Spatially controlled formation of these photoproducts was achieved using TPEF microscopy on
hemoglobin thin films, consequently enabling subcellular mapping of hemoglobin in intact erythrocytes
[3]. The resulting fluorophore exhibited prolonged photostability and was successfully applied for
selective in situ labeling of erythrocytes in whole blood as well [2], allowing visualization of
hemoglobin distribution patterns without exogenous dyes.

Given the high stability of the fluorescent hemoglobin photoproduct formed by 730 nm femtosecond
laser pulses, we were motivated to explore additional optics-based techniques to differentiate between
healthy and altered erythrocyte subpopulations Flow cytometry revealed changes in fluorescence and
light scattering (FSC/SSC) under induced oxidative stress, reflecting alterations in erythrocyte
subpopulation morphology and internal composition [4]. It also confirmed corresponding impairments
in erythrocytes deformability-an essential property for microcirculatory function, which was previously
assessed by ektacytometry. These biophysical insights were further validated on erythrocytes from
individuals with diabetes [5], confirming the diagnostic potential of the proposed label free approach.
This study demonstrates that integrating label-free nonlinear optical imaging with mechanical
phenotyping enables precise, non-invasive assessment of hemoglobin dynamics and erythrocyte
physiology, advancing diagnostics and research on hemoglobinopathies and erythrocyte-related
diseases.

Acknowledgment: This research was supported by the Science Fund of the Republic of Serbia, Grant No. 4545,
project “Advanced Biophysical Methods for Soil Targeted Fungi-Based Biocontrol Agents” BioPhysFUN.
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Filamentous fungi are of enormous ecological, medical and biotechnological importance. Studying their
physiology and dynamics in vivo is crucial for understanding their interaction with the environment as
well as for developing new therapeutic strategies for disease-causing pathogens. Nonlinear laser
microscopy modalities, two-photon excitation fluorescence (TPEF) and third harmonic generation
(THG) microscopy, were employed to image structural and functional changes in the cellular (lipid and
energy) metabolism of model filamentous fungus Phycomyces blakesleeanus, at the single-cell level.
Label-free THG method was used for the first time to image lipid droplets (LDs) in live filamentous
fungi that predominantly have LDs smaller than 1 pm [1]. Under various environmental conditions,
THG was able to detect changes in size, number and location of the LDs in tiny fungal cells. On the
other hand, TPEF enabled the monitoring of morphological changes of mitochondria in real time under
the same conditions as THG imaging.

To study fungal physiology, the first femtosecond IR laser nanosurgery was performed on the cell wall
of filamentous fungi, enabling electrophysiological measurements on the protoplasts released from the
hyphae [2]. The high precision of fs laser ablation allowed us to cut a small portion of the cell wall
without damaging the cell membrane only a few micrometers away. A reproducible and highly precise
(diffraction-limited, submicron resolution) method for obtaining viable protoplasts was developed.
Protoplast release from the nanosurgery-generated incisions in the cell wall was achieved from different
regions of the hyphae. The introduction of this method opened the way to investigate the physiology of
ion channels directly on the cell membrane of filamentous fungi, which is otherwise inaccessible due
to the presence of a rigid chitinous cell wall.
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Figure 1. (a) Label-free THG image of lipid droplets in live P. blakesleeanus hypha (b) TPEF image of
tubular mitochondria stained with 5 UM Rhodamine123 in live P. blakesleeanus hypha (c) In vivo femtosecond
laser nanosurgery of chitinous cell wall of filamentous fungus P. blakesleeanus.
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The patch-clamp technique has been a standard method for the functional characterization of ion
channels in living cells for several decades. However, despite the fungal kingdom's vast diversity and
significance, the study of ion channels in filamentous fungi remains very limited due to the difficulty
of electrically isolating membrane patches by creating a GQ seal with a glass pipette. Cytoplasmic
droplets (CDs) are a model system used in our research group that has so far yielded the most data on
novel channels in the native membrane, but this approach is limited to the use of giant sporangiophores
of P. blakesleeanus. CDs have been shown to be metabolically active, enclosed by a plasma membrane,
and to contain many nuclei, making them suitable for studying membrane channels in their native
physiological state [1].

The development of laser nanosurgery for precise cell wall removal enabled the first ion current
recordings from P. blakesleeanus mycelium [2]. Results show differences in dominant activities
compared to sporangiophore membrane, as well as the spatial distribution of distinct single ion channel
activities along the hyphae. The osmotically sensitive, outwardly rectifying inactivating current
(ORIC)—the dominant current of the CD membrane and the most thoroughly studied to date [3]—is
absent in recordings from both the whole protoplast membrane and excised membrane regions,
suggesting that its expression may be sporangiophore-specific. A dominant current in the protoplast
membrane seen in all whole-protoplast recordings is an inward inactivating anionic current that
resembles a rarely observed activity in CDs, that remains to be fully characterized. Various single
channel activities were recorded under the same recording conditions on both CDs and mycelium
protoplast in parallel. Besides ORIC, a 70 pS potassium current- one of the first single-channel currents
described in the CD membrane [4]- has also not been observed in the mycelium membrane, while
several activities suggest a novel type of ion channels specific for the mycelium.

The greatest advantage of using laser nanosurgery to obtain mycelial protoplasts is that the method can
be further optimized for a wide range of filamentous fungi species. One ongoing project is focused on
adjusting the protocol for phytopathogenic fungal species, to be followed by measurements of the
currents induced by the insertion of peptides from biocontrol species of the genus Trichoderma. We
have recently studied their effects on the growth inhibition of autochthonous phytopathogens [5], and
it was further observed that peptaibol-containing extracts of T. harzianum exert an acute lethal effect
on microscopic specimens of R. solani when applied extracellularly.

Overall, this strategy represents a significant step toward accelerating the discovery of novel ion
channels and enabling the systematic exploration of their diversity and physiological roles in
filamentous fungi.

Acknowledgment: This research was supported by the Science Fund of the Republic of Serbia, Grant
No. 4545, project “Advanced Biophysical Methods for Soil Targeted Fungi-Based Biocontrol Agents”
BioPhysFUN.
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In our quantum gas microscope experiment, we load fermionic °Li atoms into optical superlattices, and
image the local density and spin by performing site-resolved projective measurements [1]. I will present
how the exceptional control of optical superlattices and local measurements enables us to perform
analog quantum simulation [2] and realize building blocks for digital quantum computation [3, 4].

We conduct systematic experimental quantum simulations of the Fermi-Hubbard model, a key model
frequently used to study the physics of high-temperature superconductivity. Using multi-point spin and
charge correlators, we perform thermometry, study magnetic polarons and their interactions, and
directly observe traces of moving dopants, which are signatures of the strongly correlated states.
Furthermore, we identify a universal scaling behavior in magnetic and spin-charge correlations,
governed by a doping-dependent energy scale consistent with the pseudogap temperature T
Comparison with state-of-the-art numerical simulations confirms the quantitative accuracy of our
analog quantum simulation [2].

In the digital approach, we implement high-fidelity collisional entangling gates with fermionic atoms
in an optical superlattice, achieving Bell state lifetimes beyond 10 s and gate fidelities up to 99.75(6)%.
We realize robust pair-exchange gates, enabling local characterization of spin-exchange and pair-
tunneling dynamics [4]. These results demonstrate key building blocks for scalable, symmetry-
preserving analog-digital hybrid quantum simulators [5, 6, 7].
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Photonic lattices with flat bands, characterized by the absence of dispersion and slow group velocity,
support compact localized modes (CLMs) known as compactons. Light propagation can be controlled
by tuning parameters such as waveguide spacing and wave profile. When the light intensity is sufficient,
modulation instabilities can emerge, inducing a nonlinear response that alters propagation. Special
attention is given to the Aharonov-Bohm effect and the influence of phase shifts and inhomogeneities
on light dynamics and mode formation.

The propagation of light through photonic lattices can be modeled by a system of coupled difference-
differential equations under the strong coupling approximation, with each waveguide interacting with
its nearest neighbors. Assuming ideal conditions (no losses and infinite waveguides), and incorporating
Kerr-type nonlinearity while neglecting diffraction and diffusion, this system reduces to a set of discrete
nonlinear Schrédinger equations. Unit cells in photonic lattices are defined analogously to those in
solid-state systems, enabling simplification of the governing equations.

We examined the existence and stability of both linear and nonlinear localized modes in 2D photonic
lattices using three models: octagonal-diamond [1,2], dice [3], and plus-type [4,5]. The sixth-order
Runge-Kutta method was applied to solve the governing equations. Analytical solutions were used to
obtain eigenvalues of the Hamiltonian and the structure of CLMs. Linear stability analysis (LSA)
provided equations for small perturbations, which were numerically solved to evaluate the stability of
specific modes. By using analytical and numerical tools we confirmed the existence and behavior of
both linear and nonlinear CLMs. While LSA offered useful insight into the stability spectrum of
stationary solutions, it proved insufficient for capturing all features of compact modes, particularly in
the presence of inhomogeneities. In such cases, direct numerical simulations were essential for verifying
stability. These simulations revealed that the presence or absence of an external magnetic flux
significantly affects the behavior and robustness of the observed modes.
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For decades, wide spectral range imaging has continued to allure researchers to develop novel high-
performing, yet affordable focal plane array (FPA) technologies. In a vast field of published approaches,
microcantilever FPAs stand out as a strong commercial contender due to their high sensitivity and ease
of manufacture. Furthermore, they offer a high-speed optical spatial filtering readout (OSFR) using a
simple 4f system, overcoming the drawbacks of complex, heat-generating electronic readout integrated
circuits [1]. Building upon the presented ideas, highly sensitive bioinspired alternatives utilizing wing
scales of Morpho butterflies as biophotonic microcantilevers were proposed, although somewhat
burdened by their less practical [2] or computationally heavy interrogation approaches [3].

In our research, we combine the speed and simplicity of the OSFR principle proposed in [1] with the
highly sensitive M. didius wing scales as biophotonic microcantilevers [3]. We demonstrate a real-time
acquisition system capable of capturing wide spectral range images, limited in bandwidth by the thermal
transients of the microcantilevers. The system, shown in Fig. 1 (a), consists of a conventional 4f setup
projecting the biophotonic sensor plane, illuminated by a 532 nm laser, to the plane of a lensless CMOS
imager (Basler acA2440-75um camera). The adjustable slit in the spectrum plane of the 4f system is
used to convert the light-induced scale displacements to an intensity change of the acquired sample
image [1]. The slit is followed by a 532 nm, narrow bandpass filter (BPF), ensuring only the
wavelengths originating from the interrogating light will pass from the sample to the camera. To test
the operation of the proposed system, the sample was illuminated using a 4.4 mW, 638 nm laser,
resulting in the imager’s response presented in Fig. 1 (b).

Due to its high sensitivity of up to ~500 nm/K [3] and the 4f system’s acquisition frame rate of over 50
Hz, we conclude that the proposed OSFR interrogated bioinspired imager presents a compelling choice,
leading the next generation of uncooled wide spectral range FPAs.
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FigUr.e -1._(a) The proposed 4;‘ sglsfém, interrogating the M. didius wing. (b) The response of the imager to
the 4.4 mW, 638 nm laser excitation.
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Optogenetics has revolutionised the field of neuromodulation by enabling the monitoring and control
of neural cell activity through the expression of light-sensitive proteins. However, the high absorption
of visible light by the skin and skull presents a major obstacle for non-invasive modulation of neurons.
We demonstrate a significant advancement in overcoming this challenge by employing near-infrared
(NIR) light sources and exploiting the nonlinear photoconversion properties of phytochrome.

Firstly, the study delves into how visible and NIR light interacts with ex vivo mouse head tissues,
highlighting the advantages of the NIR biological windows for deeper tissue penetration and reduced
light absorption and scattering (Fig.1la). Our computer simulations and experimental results
demonstrated that over 12% of initial light irradiation passes through skin and skull, reaching the brain
cortex, potentially enabling minimally invasive neural activation [1]. Furthermore, our pioneering work
in the two-photon (2P) photoconversion of novel genetically engineered monomeric variants of
phytochrome demonstrates the 2P photoswitching efficiency of up to 71% in the NIR-I1 range (Fig.1b)
and 2P NIR fluorescence using NIR-I laser radiation (Fig.1c,d). The excitation, fluorescence emission,
and photoconversion NIR wavelengths indicate the potential use of new monomeric Deinococcus
radiodurans bacterial phytochrome as a sensitive biological tool for high-resolution imaging, detection
and treatment of neurological diseases [2].

Additionally, we introduce a versatile ultrashort pulsed fibre laser designed to operate within the NIR-I
and NIR-1I wavelength ranges. The laser is characterized by its remarkably low repetition rate of 600
kHz, resulting in high-peak-power pulses of 82 kW with an average power of 250 mW [3,4]. Since the
laser has a compact size and high pulse stability, the source can be used for in vivo optogenetic research.
These discoveries unveil possibilities for advanced biomedical applications in neurostimulation,
promising enhanced tissue penetration and a non/minimal invasive approach.
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Figure 1. (a) Transmission spectra of mouse head samples; (b)1P and 2P Pr—Pfr conversion of monomeric
bacterial phytochrome; 2P NIR fluorescence of (c) dimeric and (d) monomeric phytochromes.
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Electron-plasmon Scattering in Doped Graphene
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Decay mechanisms and plasmon satellites formed in the spectrum of a photo-excited hole in doped
graphene is a phenomenon that has been investigated for a long time using Angle Resolved Photo-
Emission Spectroscopy (ARPES) measurements [1-3]. The results | will present are produced by the
ab-initio simulation of photo-emission spectra in electrostatically and chemically (KCg ) doped
graphene, in the framework of our recently developed many-body RPA- GoW, approximation. The
decay width along the graphene n*/n bands at the Fermi level features the exponential law I' ~|Eqax -
Erermi |* (Fig. 1a), which perfectly fits the previous experimental results [1, 4], deviating from the
standard Fermi liquid behavior o = 2. At lower energies, the width of the */n” bands exhibits a peak
due to the Dirac plasmon emission decay, also experimentally measured [1]. On the other hand, the
plasmonic satellites appearing in the spectrum (Fig. 1b) feature much lower intensities than
experimentally obtained [2, 3], except in the Epirac < ® < Erermi frequency range. Also, due to the Fermi
liquid theory, we obtained a kink at the Fermi level in highly doped graphene (Fig. 1b).
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Figure 1. a) The imaginary part of self-energy along n* /n” bands in electrostatically doped [witt concentrations
increasing (a)—(e)] and chemically (f) doped KCg graphene. b) The simulation of spectral intensity along the
high symmetry path (M«K— T) in electrostatically highly doped graphene (10 ** cm?).
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AFM analysis of astrocyte membrane remodeling induced by
immunoglobulin G from patients with amyotrophic lateral sclerosis
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This study investigated whether immunoglobulin G (IgG) from Amyotrophic Lateral Sclerosis
(ALS) patients induces subcellular and biophysical changes in cultured primary astrocytes. We
applied Atomic Force Microscopy (AFM) and Scanning Electron Microscopy (SEM) to
evaluate membrane morphology and stiffness in astrocytes treated with ALS or control IgGs,
compared to untreated (Naive) cells. AFM analysis revealed a significant increase in surface
roughness and a decrease in Young's modulus following ALS IgG treatment, suggesting
membrane remodeling and reduced cell stiffness. High-resolution AFM imaging also revealed
structural features suggestive of membrane clustering, perforation, and potential phase
separation, specifically in ALS IgG-treated cells. These changes may reflect protein
aggregation or lipid domain reorganization, which are consistent with the decreased lacunarity
observed in SEM-based fractal analysis. While both ALS and control IgGs increased microvilli
area and surface complexity, only ALS IgGs led to significant disorganization of surface
texture, as confirmed by texture and fractal analyses. Taken together, these findings
demonstrate that ALS IgGs induce distinct and more pronounced alterations in astrocyte
membrane biomechanics and organization compared to control 1gGs, suggesting a role in early
astrocytic dysfunction in ALS.
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Exploring the Phase Diagram of Quantum Many-Body Scars with
Programmable Rydberg Atom Arrays

A. Hudomal
Institute of Physics, Belgrade, Serbia
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Quantum many-body scarring is a form of weak ergodicity breaking, where specific initial states exhibit
non-thermalizing dynamics despite the system's overall chaotic behavior [1]. We use programmable
Rydberg atom arrays to explore the interplay between scarring and quantum criticality. Contrary to
expectations [2], our previous numerical study revealed the persistence of quantum many-body scarring
across the Ising critical point in the effective PXP model [3]. A detailed dynamical phase diagram of
the one-dimensional PXP model with a varying chemical potential was mapped out using extensive
numerical simulations. Notably, a continuous family of scarred states was identified, spanning both
sides of the phase transition. We now experimentally verify this phase diagram using QuEra's Aquila
device [4]. We also investigate the role of the Kibble-Zurek mechanism and defect formation during
the preparation of the initial state, as well as the effects of defect density and type on the scarred
dynamics. Finally, we discuss how our work can be extended to two spatial dimensions and various
lattice geometries, where potentially richer phase diagrams and previously unseen families of scarred
states may be discovered.
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Figure 1. Dynamical phase diagram of the PXP model with chemical potential [3].
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Acoustic Control of Quantum Emission: Toward Time-Bin Encoded
Single-Photon Sources
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Photons are excellent carriers of quantum information, with multiple internal degrees of freedom
available for qubit encoding. Although polarization encoding is widely used, it is highly sensitive to
polarization mode dispersion in optical fibers, which limits its scalability over long distances. To
address this, we present a pathway toward robust time-bin qubit implementation by acoustically
modulating the emission properties of single-photon sources using surface acoustic waves (SAWs).
SAWs are launched on piezoelectric LiNbOs substrates patterned with delay lines, onto which
GaN/InGaN core-shell nanowires containing quantum-dot-like emitters have been mechanically placed.
These emitters, formed by indium fluctuation-induced localization in the InGaN shell, demonstrate
pronounced linear polarization and clear photon antibunching, confirming their quantum nature via
polarization-resolved micro-photoluminescence and photon correlation measurements. Upon excitation
with SAWs at ~330 MHz, the excitonic transitions undergo dynamic spectral modulation through
acousto-mechanical coupling, with tuning amplitudes of approximately 2 meV. Stroboscopic time-
resolved experiments reveal emission oscillations synchronized with the SAW phase, attributed to the
simultaneous injection of photo-excited electrons and holes - unlike previously reported systems
dominated by sequential carrier capture. By spectrally selecting SAW-shifted emission states, we
achieve precise control over photon emission timing, effectively enabling time-bin qubit encoding. This
approach circumvents polarization-related decoherence in optical fibers and supports secure quantum
communication protocols such as quantum key distribution. Furthermore, the detection of biexcitonic
emission opens the door to chip-integrated generation of entangled photon pairs at elevated operational
temperatures. Our results demonstrate the potential of III-nitride-based, acoustically tunable quantum
light sources as scalable components for future quantum information systems.
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Characterization of the Tunable Mid Infrared Photon Pair Source realized
in the nonlinear AgGaS; medium
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Quantum states of light provide a solid foundation for the realization of real-life systems based on
guantum technologies. Quantum imaging exploits the properties of entangled photon pairs. The most
efficient method to generate entangled two-photon states is spontaneous parametric down-conversion
(SPDC). This process in the nonlinear crystal allows the conversion from a single pump photon into a
correlated photon pair, referred to as the signal-idler photon pair. Newly generated photon pair holds
spatial, spectral and polarization correlation and it can be highly non-degenerate in wavelength. Imaging
technique, such as quantum imaging with undetected photons (QIUP), uses idler photons to probe the
sample and read the gathered information by detecting only signal photons. By virtue of QIUP, one can
image samples in a mid infrared spectrum without the need for detection in that region. Mid infrared
spectrum holds absorption lines for many chemical molecules, which is why this spectral region is
referred to as the fingerprint region.

A promising candidate to generate photons within the fingerprint region is SPDC in silver-gallium-
sulfide (AGS) with its transparency from 500 nm to 12.5 um [1]. Experimental realization of the AGS
crystal as an infrared source from 1.8 um to 6.3 um was achieved by utilizing a tunable pump in the
near infrared spectrum [2]. AGS crystal was also utilized in quantum spectroscopy in the mid infrared
region from 7.4 um to 8.4 um [3], and quantum Fourier transform spectroscopy [4].

In our work, we built a setup for SPDC within the AGS crystal in the type-I configuration using a pump
at the 660 nm wavelength. By angle tuning the phase matching condition of the bulk AGS crystal, we
are able to generate idler photons in the fingerprint region from 5.6 pm up to 10.9 um. Corresponding
signal wavelength from 747 nm to 703 nm was measured with a scientific complementary metal-oxide-
semiconductor camera and with a fiber-coupled spectrometer. Signal photon count as a function of
pump optical power confirmed the low gain regime of the SPDC. The maximum brightness of the AGS
photon pair source was calculated to be 3*10* kHz/mW. In pursuit of building a future quantum imaging
system in the mid infrared region, we also characterized the signal beam properties for different pump
beam radii to achieve quantum microscopy resolution limited by the diffraction limit of the idler
photons.

Acknowledgement: This work was supported by the Horizon WIDERA 2021-ACCESS-03-01 grant,
#101079355 “BioQantSense”.

REFERENCES

[1] G. Boyd, H. Kasper, and J. McFee, “Linear and nonlinear optical properties of AgGaS2, CuGaS2,
and CulnS2, and theory of the wedge technique for the measurement of nonlinear coefficients,” IEEE
J. Quantum Electron., vol. 7, no. 12, pp. 563-573, 1971, doi: 10.1109/JQE.1971.1076588.

[2] M. Kumar, P. Kumar, A. Vega, M. A. Weissflog, T. Pertsch, and F. Setzpfandt, “Mid-infrared
photon pair generation in AgGaS2,” Appl. Phys. Lett., vol. 119, no. 24, p. 244001, 2021, doi:
10.1063/5.0074054.

[3] A. V Paterova, Z. S. D. Toa, H. Yang, and L. A. Krivitsky, “Broadband Quantum Spectroscopy at
the Fingerprint Mid-Infrared Region,” ACS Photonics, vol. 9, no. 6, pp. 2151-2159, Jun. 2022, doi:
10.1021/acsphotonics.2c00464.

[4] Y. Mukai, R. Okamoto, and S. Takeuchi, “Quantum Fourier-transform infrared spectroscopy in
the fingerprint region,” Opt. Express, vol. 30, no. 13, pp. 2262422636, Jun. 2022, doi:
10.1364/0OE.455718.

ORCID: F.K. 0009-0008-0284-9426, I.F. 0009-0003-4669-6349,
M.C. 0000-0001-6920-3461, M.L. 0000-0003-4814-2051, B.J. 0000-0001-8276-1169



Photonica 2025 1. Quantum optics and ultracold systems

Weighted Hartree-Fock-Bogoliubov method for interacting fermions
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For several decades it has been known that divergences arise in the ground-state energy and chemical
potential of unitary superfluids, where the scattering length diverges, due to particle-hole scattering.
Leading textbooks [1] and research articles [2,3] recognize that there are serious issues but ignore them
due to the lack of an approach that can regularize these divergences. We find a solution to this difficulty
by proposing a general method, called the weighted Hartree-Fock-Bogoliubov theory, to handle
multiple decomposition channels originating from the same interaction [4]. We distribute the interaction
in weighted channels determined by minimization of the action, and we apply this idea to unpolarized
Fermi superfluids. Using our method, we solve a long-standing difficulty in the partitioning of the
interaction into Hartree, Fock, and Bogoliubov channels for Fermi superfluids, and we obtain a phase
diagram at the saddle-point level, which contains multichannel nonperturbative corrections. We find a
previously overlooked superfluid phase for weak interactions, which is dominated by particle-hole
processes, in addition to the usual superfluid phase only containing particle-particle physics.

We emphasize that our method is so general, that it can be applied to any fermionic system that can
support competing interaction channels. This includes systems from particle and nuclear physics,
condensed matter physics, ultracold atoms, and even in astrophysical objects like the crusts of neutron
stars.
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Effect of dielectric environment on electronic and optical properties of
spherical core/shell quantum dot: comparison of two models
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Core/shell guantum dot (CSQD) is a quantum dot consisting of a core and a shell made of different
semiconductor materials. The reason for studying CSQDs is their application in optoelectronics,
bioimaging, quantum computing [1].

The subject of this study is the influence of dielectric environment on the energies and wave functions
of electron in conduction band of CdSe/ZnS spherical CSQD and oscillator strength of 1s— 1p intraband
transition. We use two common approaches to take into account the effect of dielectric matrix, which
consist in adding term X [2] or W [3] to the electron Hamiltonian. We perform calculations using
effective mass approximation by imposing the corresponding boundary conditions on the values of
wave function and its first derivative for the cases when CSQD is embedded in SiO, and HfO; dielectric
matrix. The effect of CdSe/ZnS spherical CSQD radius on results is discussed.
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Figure. Energies of 1s and 1p states and oscillator strength of 1s— 1p intraband transition in CdSe/Zn$S
spherical CSQD as functions of quantum dot radius.

We found that wave functions are the same in both models as for the plane CdSe/ZnS spherical CSQD.
The model with term X in the Hamiltonian gives energy levels that are shifted up or down depending
on dielectric constant of dielectric matrix and predicts the same value for the oscillator strength as for
the plane quantum dot. On the other hand, inclusion of term W into Hamiltonian gives different energies
and oscillator strength in comparison with the plane CdSe/ZnS spherical CSQD. Moreover, both models
give very similar energy values.
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Since the first experimental realization of droplets [1], it was proven that quantum droplets in a dipolar
Bose system are stabilized due to quantum fluctuations, correcting the ground-state energy [2,3,4,5,6].
We examine the behavior of collective oscillation modes and dynamics of dipolar quantum droplets.
Our focus will be on the cylindrical symmetry, which gives us two oscillatory modes: the breathing
mode and the quadrupole mode. To induce the droplets dynamics we perturb and modify relevant
parameters such as contact interaction strength and harmonic trap potential. We also variationaly derive
equations of motion and the oscillatory modes from a given Lagrangian.
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Solutions to variants of the resonant nonlinear Schrédinger equation using
the Jacobi elliptic function expansion method
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The resonant nonlinear Schrodinger equation (RNLSE) is an important modification to the nonlinear
Schrédinger equation (NLSE) in which the so-called ‘quantum potential® is added [1], named after its
role in producing quantum effects in the closely-related Gross-Pitaevskii equation [1, 2]. In the context
of nonlinear optics, the potential can be interpreted as a special form of diffraction, influencing the
general form of the solutions [1]. Much work has been done in finding exact analytical solutions to the
RNLSE and several techniques have been tried, including: the Hirota method [1], the self-similar
method [2, 3], the Bernoulli sub-ODE method [4], the (G’/G)-expansion method [4] and others [5, 6].
In [7], a form of the Jacobi ellptic function (JEF) expansion method was used, but the method is applied
to a slightly modified form of the RNLSE and one with constant coefficients next to the terms. In
addition, the quadratic dependence on the phase, known as chirp [8], was not considered.

The JEF expansion method has been proven effective in finding both solitary and traveling wave
solutions to the NLSE [9]. In [9] solutions were found to the NLSE with Kerr nonlinearity, while in
[10] solutions were found for the NLSE with the single- and dual-power law nonlinearity, including the
special case of the cubic-quintic nonlinearity, also known as the parabolic nonlinearity [5].

In this work, we generalize the Jacobi elliptic function (JEF) expansion method, developed in [9, 10],
to find exact solutions to the RNLSE equations with distributed coefficients and with Kerr, cubic-
quintic and general single- and dual-power law nonlinearities. The addition of the quantum potential
turns out to be applicable in a straightforward way due to the form of the ansatz used in the JEF. The
maximum degree of the JEF in the solutions is the same as maximum degrees of the corresponding
solutions in the original papers. Solitary and traveling wave solutions to the RNLSE are obtained, both
with and without chirp, and the effects on the solutions of adding the quantum potential is analyzed.
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We analyze a few types of rogue wave (RW) clusters for the quintic nonlinear Schriédinger equation
(QNLSE) on a flat background. The exact QNLSE solutions are generated using the Darboux
transformation (DT) scheme and they are composed of the higher-order Akhmediev breathers (ABS)
and Kuznetsov-Ma solitons (KMSs) [1]. We analyze the dependence of their shapes and intensity
profiles on the eigenvalues and evolution shifts in the DT scheme and on three real quintic parameters.
The first type of RW clusters, characterized by the periodic array of peaks along the evolution or
transverse axis, is obtained when the condition of commensurate frequencies of DT components is
applied. The elliptical RW clusters are computed from the previous solution class when the first m
evolution shifts in the DT scheme of order n are equal and nonzero. For both AB and KMS solutions a
periodic structure is obtained with the central RW and m ellipses, containing the first-order maxima that
encircle the central peak. We show that RW clusters built on KMSs are significantly more vulnerable
to the application of high values of QNLSE parameters, in contrast to the AB case. We next present
non-periodic long-tail KMS clusters. They are characterized by the rogue wave at the origin and n tails
above and below the central point containing the first-order KMSs. We also show that the breather-to-
soliton conversion can transform the shape of RW clusters by careful adjustment of the real parts of DT
eigenvalues, while remaining parameters are left unchanged.
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Topological edge states in periodically driven (Floquet) systems have attracted significant interest in
recent years, particularly in photonic platforms, where their experimental realization and manipulation
are highly controllable [1]. Among the key features of such systems are the so-called n-modes — robust
edge-localized states with quasienergies locked at half the driving frequency — which are unique to
time-periodically modulated lattices and have no static analog [1-5]. While extensive studies have
addressed linear Floquet topological phases, the impact of nonlinearity remains an active area of
research with many open questions [1].

In this work, we examine edge m-modes in nonlinear Su-Schrieffer-Heeger (SSH) lattices driven by
zero-average time-periodic modulation as shown in Figure 1. Building on prior studies that identified
nonlinear Floquet edge solitons bifurcating from linear z-modes in the high-frequency regime [6, 7],
we extend the analysis to examine their nonlinear continuation under Kerr-type interactions and explore
their behavior across both fast and slow driving regimes. We aim to map the stability properties of the
resulting nonlinear 7-mode family through detailed Floquet linear stability analysis.

In addition, we consider the emergence of topological mode bifurcations induced by nonlinearity,
focusing on transitions between distinct families of edge-localized states and the onset of dynamical
instabilities. These findings contribute to the broader understanding of nonlinear Floguet topological
phases and open pathways for engineering robust edge-localized excitations in photonic systems
governed by time-periodic driving.

Figure 1. Schematic representation of longitudinally modulated zig-zag photonic lattice with periodically
alternating coupling constants. Indices m and n stand for number of waveguides and 'dimers', respectively.
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Light propagation in periodic photonic structures is controlled by spatial and temporal photonic band
gaps; however, the manipulation of light in deterministic aperiodic and complex photonic structures
remains poorly understood and unexplored for practical applications [1]. Nondiffracting beams,
characterized by their propagation-invariant intensity profiles, are well-suited for creating photonic
lattices in photosensitive media [2,3]. A method for generating deterministic aperiodic photonic lattices
through the interference of two coherent Weber beams is presented [4]. These patterns are used to
induce refractive index modulations in a photorefractive SBN crystal via single-pass optical induction.
Various two-dimensional truncated aperiodic lattices were realized by adjusting the beams'
parabolicities, relative phases, orientations, and spatial displacements. The resulting structures exhibit
asymmetric domains, localized and extended defects, and enclosed macro-defect regions, offering
diverse configurations suitable for studying wave localization, photonic surface states, and light
manipulation in aperiodic systems. The formation and properties of the induced lattices were predicted
through numerical simulations based on an anisotropic model. Their existence and guiding behavior
were experimentally confirmed by probing with an extraordinarily polarized Gaussian beam. This
approach provides a robust and versatile platform for the fabrication of deterministic aperiodic photonic
media using structured light, with potential applications in integrated photonic devices, nonlinear optics,
and topological light control.

simulation
exit face

experiment:
exit face

Figure 1. Verification of deterministic aperiodic photonic lattices inscribed in a photorefractive SBN crystal
through probe beam propagation. Intensity distributions of the probe beam at the exit face of the crystal obtained
numerically (the top row) and experimentally (the bottom row). Contours in numerical results indicate
waveguide position.
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Non-diffracting beams are a class of optical waves that maintain their transverse intensity profile over
long propagation distances, exhibiting self-healing properties [1-5]. These beams have found
applications in the field of optical trapping, high-resolution imaging, and laser material processing,
where precise beam control and long-depth focusing are essential [6]. They are a significant promise
for a new class of optical lattice-writing light within their stability range [7], but their potential in
nonlinear photonics remains unexplored [8]. Truncating photonic lattices leads to the formation of
localized surface states demonstrated in 1D waveguide arrays and 2D photonic lattices [9]. The
geometrical characteristics of Weber beams offer a specific level of control over the topology of lattice
surface.

We achieve the progress of these fields extending the concept of surface state generation by
investigating the nonlinear propagation of non-diffracting Weber beams in photorefractive media. We
present an approach for generating self-induced parabolic surface states in a photorefractive SBN
crystal, utilizing a single-pass experimental setup with the optical induction technique. We
systematically examined how these surface states characteristics depend on the beam parameters,
orientation, and the strength of the nonlinearity. The formation of these surface states was observed
without a pre-inscribed photonic lattice. This approach enhances the predictability and control of
parabolic surface states, enabling new ways to manage diffraction, localization, and exploring novel
nonlinear optical effects. Also, we investigate the linear propagation of a narrow Gaussian probe beam
in a Weber aperiodic lattice inscribed in an SBN crystal to study surface effects. Such photonic lattices
are naturally truncated, therefore build-up processes such as multiplexing or some kind of occlusion is
avoided for their generation. Under specific parameter regimes, we observe oscillatory surface states
near the lattice boundary, characterized by cyclic energy exchange between adjacent lattice sites. In
both cases, such specific parabolic states are observed in the form of surface states extending across
multiple adjacent parabolas, or edge parabolic states localized along the border parabola.
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We investigated numerically mutual interaction of two Peregrine-like solitons travelling in the opposite
directions. Both beams are adjusted such that their inputs and outputs overlap on both ends of the
nonlinear medium. Peregrine solitons are one of the solutions of the cubic nonlinear Schrodinger
equation (NLSE), and can be used to model rogue waves [1, 2]. We found that for small propagation
distances and input intensities, both beams propagate in a straight line. Larger propagation distances
and initial intensities lead to a transverse shift of the two counter-propagating discrete solitons through
the beam bending [3].
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Figure 1. Counterpropagating rogue waves: input is Peregrine-like soliton for both forward (F) and
backward (B) propagating beams.
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The Talbot effect (TE) is an image recurrence phenomenon manifested by a periodic repetition of planar
field distributions in some types of wave fields [1]. The nonlinear TE of rogue waves was demonstrated
in [2, 3]. Here, we investigated numerically mutual interaction of two Ahkmediev-like breathers
travelling in the opposite directions. Ahkmediev breathers (ABs) can be used to model rogue waves
because they are one of the solutions of the cubic nonlinear Schrodinger equation (NLSE). We observed
the formation of perfect nonlinear Talbot carpets for small input intensities.
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Figure 1. The nonlinear Talbot effect of counterpropagating rogue waves: input is Ahkmediev breather for
both forward (F) and backward (B) propagating beams.
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We investigate the nonlinear optical properties of poly-lactic acid (PLA), a biodegradable polymer with
high transparency in the UV and near-infrared (NIR) spectral regions, using the Z-scan technique under
femtosecond laser irradiation (35 fs, 408 nJ, 1 kHz). PLA samples were prepared via compression
molding method. Our results show that PLA exhibits a nonlinear refractive index and multiphoton
absorption coefficient that exceed those of fused silica by approximately one order of magnitude and
are comparable to those of borosilicate glass.

Additionally, filamentation in PLA occurs at significantly lower pulse energies compared to borosilicate
and quartz, providing strong evidence for its enhanced nonlinear response. These characteristics,
combined with excellent processability and optical clarity, position PLA as a strong candidate for use
in photonic structures requiring high nonlinearity, low energy thresholds, and environmentally friendly
materials.
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Borosilicate glass and fused silica are well-established materials in photonic technologies due to their
broad optical transparency in the ultraviolet (UV) and near-infrared (NIR) spectral ranges, combined
with stable nonlinear optical characteristics. In this study, we investigate the nonlinear optical properties
of borosilicate glasses doped with silver nanoparticles using the Z-scan technique and femtosecond
laser pulses of 35 fs duration, 408 nJ energy, and 1 kHz repetition rate.

The measured nonlinear refractive index (nz) and multiphoton absorption coefficient () of the doped
glasses were found to be an order of magnitude higher than those of reference fused silica. Furthermore,
filamentation in silver-doped borosilicate glass was observed at significantly lower pulse energies,
further confirming the higher optical nonlinearity of the medium. These findings highlight the potential
of such glasses for nonlinear photonic applications, including optical memory and integrated photonic
circuits.

Acknowledgment: This work was supported by the Extreme Light Infrastructure — European Research
Infrastructure Consortium (ELI ERIC), under contract DO1-102/26.06.2025.
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The metamaterials offer much-needed atypical material features to help with the subwavelength
concentration of electromagnetic fields, which is the focus of nanophotonics research. By investigating
propagation of surface plasmon polaritons (SPPs) at the boundary of semiconductor based
nanostructured metamaterial with epsilon-near-zero transition layer, we demonstrate that the surface
plasmon's dispersion along with the absorption is altered by a continuous dielectric function that is
temperature dependent opening the wide avenues for sensing applications. A continuous function &(z)
of the normal to the interface coordinate z describes the properties of the nanostructured metamaterial
structure due to the existence of the transition layer. It should be topologically equal to a kink, however
the major results for the spectrum of SPP are not sensitive to the particular form of &(z). Here, we'll look
at a semiconductor-based metamaterial heterostructure made up of stacked anisotropic semiconductor
sheets separated by dielectric layers, as schematically shown in Figure 1.
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Figure 1. Diagram showing the contact between air and an infinitely layered nanostructured metamaterial
made of alternating dielectric and semiconductor layers (a). Real part of the propagation constant $ (b). Herein,
d1=6 nm, d>=10 nm, T=350K.
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To describe the optical response of such a system, we employ the effective-medium technique, which
is suitable when the wavelength of the light in question is substantially larger than the thickness of any
layer. It should be mentioned that the frequency range of surface wave existence may be significantly
controlled by adjusting the permittivities and thicknesses of the layers [1] utilized in the metamaterial.
One must evaluate the tangential components of the electric and magnetic fields at the interface and
generate a single surface mode with the propagation constant in order to determine the unique dispersion
relation for the surface modes restricted at the interface between metamaterial and air.

(1—£||(z,a)))£l (z,w) (1)

1-¢1 (zw)e)(z) '

B(z,w) =k

where k is the wavevector's absolute value in vacuum and £ is the wavevector component parallel to the
interface.
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GaN/(In,Ga)N/GaN pencil-like nanowires (NWSs) are promising nanostructures for the development of
single photon sources with highly tunable emission wavelengths and lifetimes [1]. A major challenge
in advancing these structures lies in the limited understanding and control of in incorporation. One
reason for complicated in incorporation into the NW shells could be the NW geometrical transition from
r- (10-12) to s- (10-11) semi-polar crystal plane, observed from GaN to (In,Ga)N growth. In this work,
we study and propose a growth model of (In,Ga)N nanoshells grown around (0001) oriented pencil-like
GaN nanowires.
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Figure 1 a)- d): Stages of the (In,Ga)N nanoshell growth, illustrated by a cross-view SEM images of single
representative NW - RHEED diffraction patterns obtained along [11-20] azimuth, and an atomic sketches of the
NW tip.

All samples were grown by plasma-assisted molecular beam epitaxy on commercial GaN-on-sapphire
substrates, with a deposited Ti mask with nanoholes prior to the growth, so that growth selectivity can
be achieved. The growth was performed in 2 steps: (i) GaN NWs growth, with fixed parameters, and
(ii) (In,Ga)N nanoshell growth, with increasing growth time from sample H1 to sample H4 (0 min - 10
min, Figures 1 a)- d)). With addition of (In,Ga)N nanoshell, the initial GaN nanowires [Figure 1a)],
progressively undergo through morphological changes, as shown in Figures 1b) and 1c). In this
transition, semi-polar s- crystal planes appear and grow at the expense of r- and c- crystal planes,
resulting in a structure dominated by m- and s- planes (Figure 1 d)). We propose a model of this
geometrical transformation based on minimization of surface energy [2]. Furthermore, considering the
instability of certain crystal planes we investigate In incorporation on the NW tops and sidewalls
through two additional growth series, varying In impinging flux or growth temperature of the (In,Ga)N
shell. These studies provide additional insights into both In incorporation and the (In,Ga)N
luminescence in such nanostructures.
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As a result of growing population density and industrialization, the energy demand has been rising
continuously. To meet the growing demand of energy consumption in the world, clean energy-based
technology, such as photovoltaic technology, has been widely developed. The primary component of a
solar cell system is the absorber layer. Thin-film solar cells rely on inorganic absorbers. However, the
low stability and the high toxicity of some absorber layers could prevent the commercialization of these
solar cells. Finding a novel, earth-based, and environmentally acceptable material for thin-film solar
cells is crucial in this situation. Recently, Sh,Ses thin film has drawn a lot of attention from researchers
as a potentially useful photovoltaic absorber material. Earth-abundant and non-toxic, antimony selenide
(Sh2Ses) has a direct bandgap of 1.1-1.3 eV and a high absorption coefficient (more than 10° cm™) [1].
These good properties make antimony selenide an extremely suitable absorber layer for thin-film solar
cells. Although the theoretical studies have predicted that the conversion efficiency of Sb.Ses can reach
30%, these values have not yet been reached experimentally [2]. Many methods have been used to
prepare Sh,Ses thin films. Still, most of them employ toxic chemicals and solvents or easily introduce
impurities into the film as a result of the processes. Therefore, the two-step method has been preferred
to deposit Sh,Se;s thin films. Firstly, the magnetron sputtering technique (Fig.1) has been used to grow
SbaSes thin films under different pressures, and then the selenization process has been applied. The
different growth pressures have been applied to obtain the Sb.Ses thin films (Fig.2) with desired
properties. Scanning electron microscopy (SEM), energy dispersive X-ray (EDX), X-ray diffraction
(XRD), Raman spectroscopy, X-ray photoelectron spectroscopy (XPS), UV/VIS/NIR spectroscopy,
and the Hall system have all been used in this study to describe the complete characterization.

Figure 1. Growth of Sh,Ses thin film. Figure 2. Sh,Se; thin film.

The grown absorber films have different atomic compositions and have band gap energy values in the
range of 1.2-1.4 eV. They exhibited an orthorhombic crystal structure with different preferred
orientations. Electrical measurements of Sh,Se; thin films demonstrated a p-type characteristic with
varied resistivity. Substrate or superstrate thin film solar cells will be fabricated with absorber layers
having the properties required for photovoltaic applications, and their efficiency values will be
discussed.

The study received support from the Scientific and Technological Research Council of Turkey
(TUBITAK) under project number 118F143. The author expresses gratitude to the Research and
Application Center for Quantum Technologies (RACQUT) of IZTECH for providing access to its
experimental resources.
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Sensors have become an integral part of today’s world due to their ability to deliver precise data on
variety of parameters, either on-demand or in real-time. Current research trends focus on the
development of advanced materials, Al-driven analysis, multimodality, and miniaturization [1,2]. As a
result, there is a growing interest in fiber optic sensors, which offer high sensitivity, compact size,
resistance to electromagnetic interferences, non-invasive and contactless operation mode. Additionally,
the ability to functionalize the fiber surface enables a selective detection of specific biomarkers [3].
Therefore, enhancing and tailoring fiber optic sensors can lead to their broad application in biomedical
measurements or environmental monitoring.

In this study, fiber optic sensors integrated with diamond structures (boron-doped diamond film,
nitrogen-doped diamond film, nanocrystalline diamond sheet) are presented. Diamond structures offer
mechanical robustness, chemical stability, biocompatibility, and possibility of tuning their properties
towards specific applications [4]. They are also known for their exceptional hardness, which improves
durability of the sensors components.

The design and development of interferometric optical fiber sensors are presented. Several
configurations and example applications of the optical sensors are discussed, eg. sensor of hemoglobin
level [5], setup for monitoring of electrochemical processes [6], sensor for bisphenol A investigation
[7]. The system is based on a superluminescence diode, an optical spectrum analyzer, 2x1 fiber coupler,
micromechanical setup, and a PC.

Figure 1. Laboratory measurement setup for the experiments: 1 — light source, 2 — coupler, 3 — measurement
head, 4 — micromechanical setup, 5 — optical spectrum analyzer, 6 - PC
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This study comprehensively examined the alterations in the optical and structural properties of three
commonly encountered microplastic polymers—polypropylene (PP), polyethylene (PE), and
polystyrene (PS)—when subjected to different degradation treatments. The microplastic samples were
exposed to three distinct experimental conditions: ozone (Os) treatment, ultraviolet (UV) radiation, and
cold plasma, each representing an advanced oxidation or energetic degradation environment relevant to
both environmental and industrial contexts. Controlled laboratory experiments were designed to
simulate realistic degradation pathways and to systematically assess how each treatment influences the
integrity and chemical structure of the selected polymers. The progression of degradation was
monitored through Fourier-transform infrared spectroscopy (FTIR) and Raman spectroscopy, which
provided detailed spectral fingerprints of the evolving chemical bonds and functional groups [1]. The
spectroscopic data revealed treatment-specific molecular transformations, such as oxidation, chain
scission, and the formation of new surface functionalities. These changes were manifested through the
appearance or shifting of characteristic peaks, indicating alterations in crystallinity, the emergence of
carbonyl and hydroxyl groups, and the breakdown of polymer backbones. This multi-technique
approach enabled a nuanced understanding of the degradation mechanisms and the relative persistence
of each microplastic type under different environmental stressors [2].

Overall, the study contributes valuable insights into the photochemical and oxidative degradation
behavior of microplastics, with implications for environmental monitoring, remediation strategies, and
the design of more degradable polymeric materials.
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In recent years, the focus of the 2D materials community has increasingly shifted toward
phyllosilicates—a diverse group of naturally occurring van der Waals layered minerals. These materials
display a broad spectrum of electronic, magnetic, and optical properties, many of which remain under
active investigation. Their intrinsic robustness and stability under ambient conditions further enhance
their appeal for various applications.

Talc, the most well-known member of the phyllosilicate family, is a wide-band-gap insulator
characterized by a highly anisotropic crystal structure. It comprises stacked TOT layers—two
tetrahedral (T) sheets strongly bonded to a central trioctahedral (O) sheet—held together by weak van
der Waals forces [1]. The octahedral sheet consists of magnesium-centered octahedra, while the
tetrahedral sheets contain silicon—oxygen units, arranged to reinforce the layered integrity of the
structure. Remarkably, talc retains its structural and electronic stability even when exfoliated down to
the monolayer limit.

This work investigates the optical properties of phyllosilicates, with a particular focus on talc. First-
principles calculations were carried out using the Quantum ESPRESSO package [2], based on density
functional theory (DFT) with plane-wave basis sets and projector augmented-wave (PAW)
pseudopotentials. Exchange-correlation interactions were treated using the PBE-GGA functional, and
Grimme-D2 van der Waals corrections were included to account for interlayer interactions. Optical
response was evaluated at the random phase approximation (RPA) level. Current efforts aim to expand
this study to other phyllosilicate species, supporting their potential use in optoelectronics,
nanocomposites, and 2D heterostructure engineering.
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Strain-Induced Corrugation and Its Impact on Electronic and Optical
Properties of hBN-GaS, -GaSe, and -InS heterostructures

A. Solajié and J. Pesi¢
Laboratory for 2D Materials, Center for Solid State Physics and New Materials, Institute of Physics Belgrade,
University of Belgrade, Pregrevica 118, 11080 Belgrade, Serbia
e-mail: solajic@ipb.ac.rs

Two dimensional group Illa monochalcogenides are promising two-dimensional semiconductors,
known for their high carrier mobility and strong optical absorption in the visible and UV range. When
integrated with hexagonal boron nitride (hBN) in van der Waals heterostructures, these materials benefit
from the atomically flat and inert nature of hBN, which helps preserve their intrinsic electronic quality
and enhances overall device performance. In our previous studies, hBN-based heterostructures with
these monolayers exhibited favorable band alignment and optoelectronic characteristics [1,2,3].

In this work, we investigate the role of strain in shaping the structural and electronic behavior of
hBN/GaS, hBN/GaSe, and hBN/InS heterostructures using first-principles DFT calculations. Contrary
to heterostructures previously reported in the literature, these three systems develop a pronounced
corrugated geometry as a result of compressive strain and lattice mismatch, coupled with the buckled
nature of the monochalcogenide layers. We analyze how this strain-induced out-of-plane distortion
modifies interlayer coupling, charge redistribution, band structure, and optical absorption spectra.
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Figure 1. Crystal structure of corrugated heterostructures (hBN/InS, hBN/GaS, hBN/GaSe)
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An exploration of the electromagnetic boundary conditions for two-
dimensional materials with out-of-plane polarization
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We have re-derived the set of electromagnetic boundary conditions applicable to the macroscopic
Maxwell's equations in the presence of a conductive 2D material, modelled as an infinitesimal sheet,
placed in an interface between two distinct isotropic, lossless, dielectric media, where both the in-plane
conductivity and the out-of-plane polarizability of that material are included [1,2]. Two important
issues were addressed: identifying the effective electric fields that drive the response of the 2D material
and exploring the possible screening effects of the out-of-plane response by the nearby dielectrics. This
is done by first placing the 2D material inside a finite vacuum gap between the dielectrics and solving
the Fresnel's problem, followed by "closing" the gap. The resulting theoretical model was tested against
ellipsometric measurements and revealed significant influence from the out-of-plane response even at
optical frequencies and in a graphene on substrate configuration, as shown in Figure 1. The comparison
data included fixed frequency (7®v=1.95 eV) angular sweeps across the pseudo-Brewster angle [3], and
fixed angle frequency sweeps across the range 1 eV < 2o <5 eV [4]. Ab initio computed in-plane and
out-of-plane sheet conductivities were used to model the undoped graphene [5]. Finally, we tested the
model for doped graphene at the THz to the midinfrared frequencies and observed significant alteration
to the in-plane plasmon mode as a result of interaction with the out-of-plane polarizability when the
nearby media have different permittivities [6].
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Figure 1. Comparison between three model predictions based on ab initio conductivity data for graphene
and ellipsometric phase measurements [4] at a fixed incident angle of 8; = 50°.
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Titanium nitride (TiN) is emerging as a promising alternative to noble metals for plasmonic and
photonic applications, offering stability and CMOS compatibility [1,2]. This study investigates the
effects of 150 keV Au ion implantation followed by rapid thermal annealing (RTA) and conventional
annealing on the optical and metallic properties of sputtered TiN thin films. [on implantation modifies
the dielectric function by introducing damage and smaller crystallites, which reduces the metallic
character and optical losses (Figure 1). Post-implantation RTA significantly enhances the metallic
response, decreasing plasma frequency and Drude broadening, thus minimizing optical losses.
Comparable results are achieved by conventional annealing; however, it requires longer processing
time. At 500 °C, conventional annealing leads to the formation of Au nanoparticles, introducing
additional absorption due to scattering. Overall, RTA proves to be a more efficient route for tuning the
plasmonic performance of TiN films, making it highly suitable for applications in the visible-NIR range
where low optical losses and defined metallic behavior are essential.
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Figure 1. Imaginary part of the dielectric function for TiN films: as-deposited, Au-implanted (150 keV,
5x10% ions/cm?), and post-annealed (RTA/conventional, 400-500 °C, 1 h); (a) 260—-2066 nm with SPR peaks
(inset); (b) high-wavelength region detail.
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Tunable biopolymer photonic structures responsive to temperature changes are investigated. Two types
of biopolymers are employed: pullulan, characterized by a linear polysaccharide structure, and dextran,
which has a branched configuration. The photonic structures are fabricated by holographic recording in
dichromate-doped pullulan and dextran. Properties of pululan [1,2] and dextran [3] films as holographic
material - surface gratings, its diffraction efficiency, copying and environmental stability, were
previously investigated.

Photonic structures, fabricated using a simple counter-propagating beam holographic setup, consist of
multilayered biopolymer configurations, separated and supported by nanopillars. This complex
morphology is formed through the combined action of holographic recording and nonsolvent-induced
phase separation.

The optical properties of the resulting biopolymer photonic structures were analyzed during heating and
cooling cycles. A Peltier element was used to control the sample temperature, while reflection spectra
from white halogen light were recorded using a fiber-optic spectrometer. During heating, the reflectance
peaks shifted toward shorter wavelengths (blue-shifted), showing a negative spectral shift of 60 nm for
pullulan and 27 nm for dextran with a temperature increase of +50 K. Upon cooling, the spectral peaks
nearly returned to its original position.
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Figure 1. A cross-section of dextran structure. Figure 2. Reflectance spectra of dichromate-sensitized
dextran photonic structure as a function of temperature
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Tunnels
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Introduction: thermal damage pattern following the light absorption in tissue, can be useful for
treatment optimization. More than rejuvenating, microtunnels that are induced due to CO2 fractional,
are also considered in drug delivery. To lessen the risks of thermal damage, we modeled thermal damage
patterns of these Micro-Tunnels in skin induced by the CO2 fractional laser in various laser parameters.
Methods: In this modeling, COMSOL software was applied. The skin was modeled as three
homogenous layers of epidermis, dermis, and hypodermis. Opto-thermal coefficients of the modeled
tissue and its components in addition to the laser parameters (CO2, 10600 nm) were input data. The
Bioheat Module and diffusion equations were applied. Results: The outcomes of this modeling show
that power of 10w with different time pulses creates a better microtunnel in the tissue while preventing
unwanted injuries. At a power higher than 15 watts and 5 pulses, the tissue will be damaged
inconsiderably. Fractional laser creates heat only at the desired point of the treatment, and this heat is
absorbed through the tissue, and microtunnels in it form the tissue. Also, 10w power with a low time
width does not have a good effect on the tissue, but with an increase in the pulse width, it causes less
damage to the surroundings. With a power higher than 15w, fractional laser irradiation creates wider
microtunnels which might damage the tissue due to the adjacent microtunnels. Conclusions: COMSOL
seems as a promising software for optimizing laser treatment plans before the clinical treatments for the
specialists.

Keywords: Modeling, COMSOL, Thermal Damage, CO2 Fractional Laser
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Novel Phosphorene-based Photodetector for biomarker analysis at UV
range
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We present a novel ultraviolet (UV) photodetector based on few-layer black phosphorus (FLBP)
encapsulated in nitrocellulose, enabling highly stable and sensitive detection of UV light within the
solar-blind spectral region, specifically around 260-280 nm. The device exhibits a pronounced and
reversible change in electrical resistance upon exposure to 260-280 nm UV radiation, demonstrating its
applicability for bio-photonic sensing without the need for external optical filters. Encapsulation in
nitrocellulose significantly enhances environmental stability, overcoming the rapid degradation issues
typical of black phosphorus materials [1-5].

The capability of this detector to sensitively measure UV absorption near 270 nm opens new
possibilities for biomolecular analysis, particularly in the quantification and purity assessment of
nucleic acids such as DNA and RNA. DNA and RNA nucleotides exhibit strong absorption maxima
near 270 nm due to their aromatic bases; precise measurement in this spectral range enables rapid and
non-destructive quantification of nucleic acid concentration and purity, essential in molecular biology
and biomedical diagnostics [6].

The use of UV absorbance ratios (e.g., A260/A280) is a widely established method to assess sample
contamination by proteins or other impurities [6-7]. Our FLBP-based UV detector provides a compact,
flexible, and highly sensitive platform for such measurements, potentially integrating into portable
biomedical devices for real-time nucleic acid quality monitoring.
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The development of optical biosensing platforms for the rapid detection of immunological and
inflammatory biomarkers is essential to support clinical diagnostic. We present optical methods
integrating fiber sensors techniques for sensitive biomarkers detection in complex biological matrices
like urine and wastewater. Fiber optic sensors provide near real-time measurement capabilities, making
them particularly useful for epidemic monitoring and early pathogen detection. The ability to establish
sensor networks enables large-scale monitoring, which is essential for widespread diagnostic
applications.

In this study, we introduce a fiber optic sensor functionalized with a sensing probe for biomarker
detection based on antibodies and viral RNA. The sensor employs a microsphere design at fiber tip,
enhanced with biofunctionalized layers to achieve high sensitivity and specificity toward selected
viruses. The multilayer structure at tiber tip creates an optically responsive surface, allowing for the
real-time detection of changes in optical properties registered in recorded spectra. The sensor operates
based on optical interference, reflection on the surface of the microsphere is highly dependent on
geometry and refractive index and properties of the functionalized layer, which covers the fiber tip.
Presented sensor can be adapted for various viruses or pathogens with probe modification. The use of
a single-mode telecommunication optical fiber, making integration into existing fiber optic networks
possible, enhancing its applicability in near real-time medical diagnostics and biomarkers monitoring.
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Lung cancer is the leading cause of cancer death worldwide [1]. In the Czech Republic it comprised
10.7 % (approx. 6 600 cases per year) of new cancers and 18.2 % of cancer deaths in 2021, yet only
10.5 % are detected at stage | [2]. Early detection dramatically improves outcomes: one-year survival
is 81-85 % at stage | versus 15-19 % at stage IV [3,4].

One of the early manifestations of lung cancer are solitaire pulmonary nodules (SPNs). A small, round
opacity in the lung, surrounded by healthy tissue that can be both malignant and benign [5]. Options of
diagnostics are immediate open chest surgery for critical cases [6], lung biopsy under CT or ultrasound
navigation and pulmonary endoscopic biopsy. The nodules that are under 20 mm in size and the ones
located distally are the most problematic from the diagnostics point of view: bronchoscopy methods
often cannot reach the distal parts of the lung because of small airways size or have troubles navigating
through the lung parenchyma. Transthoracic approach may be helpful, however, there is a higher risk
of pneumothorax.

Our team was contacted with the proposition of work with bronchologist on design of diagnostic devices
for SPNs using NIR transmittance spectroscopy. NIR spectroscopy was employed in study [7] to access
the CT/PET found SPNs using two fiber system, collecting the spectral signal of back scattered light
and in similar manner in study [8] for caries detection. However, transmittance NIR camera imaging
has not been reported for lung lesions diagnostics. The market research of pulmonary diagnostic
instruments shows no available ready-to-buy tools for transmittance NIR spectroscopic camera
imaging. Based on our measurements we have defined the optimal lung transmittance wavelength and
there are no bronchoscopes with this wavelength light delivery. This means that for Transluminance
NIR spectroscopy it is necessary to develop a new diagnostic tool set. The approach is a bronchoscope
with NIR source and pleuroscope with NIR camera. This will enable minimally invasive diagnostics
and low post operative risks, allowing for real time SPN registration and assessment.

We performed a review of popular ways and methods to describe tissue optics so it can direct the optical
design of the diagnostic toolset. However, the price and sophistication of equipment and the great
disadvantage of used sample thickness varying from hundredths of millimeters to couple of millimeters
led us to development of own measurement tool as the application in question requires description of
lung-light interaction within at least 20 mm. The new method allows the measurement of diffused
transmittance and calculation of attenuation coefficient. The validation of the results was performed by
comparing the attenuation coefficients with literature data. Our device is simple, cost effective and
mobile. It allows extraction of the tissue optics data, directing values for the low invasive medical
toolset development for solitary pulmonary nodules diagnostics.
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Nanotechnology-based drug or gene delivery relies on effective internalization of molecular cargo in
cells. However, external material is typically taken up via clathrin- or caveolae-mediated endocytosis,
leading to localization of nanoparticles within lysosomes upon internalization. This endo-lysosomal
pathway typically results in degradation of molecular cargo, rendering delivery inefficient and possibly
inducing cell death. In this study, we outline a strategic framework to address this challenge by
introducing an innovative method that utilizes near-infrared (NIR) light-driven nanomotors [1] for the
ballistic transport of molecular cargo across cellular membranes (Figure 1.).
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Figure 1. Roadmap to development of hybrid nanosystems capable of near-infrared light-induced ballistic
transport of molecular cargo across the cell membrane.
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Conventional treatments for cancer, such as chemotherapy, radiotherapy, and surgical resection, have
shown limited healing efficacy and may cause severe side effects, poor targeting, and drug resilience
for monotherapies, which strongly restrict their clinical application. Thus, various combinatorial
strategies, such as photodynamic therapy (PDT), are investigated in detail to combat cancer. PDT [1] is
a controllable, non-invasive, and non-cumulative two-step treatment that combines a nontoxic and
biocompatible photosensitiser (PS), oxygen, and light to annihilate tumour cells and tissues. Upon light
activation, the PS generates reactive oxygen species (ROS), which selectively destroy the targeted
malignant tissue.

Deep-seated tumours, such as those in the lungs, pancreas, ovaries, colorectum, and kidneys, are
challenging to treat with PDT because visible or near-infrared light has a tissue penetration depth of
less than 3 cm, thus limiting PDT treatment to superficial tissues. This obstacle may be eliminated by
X-PDT, a PDT based on X-ray irradiation, which penetrates deeper than visible or infrared light [2]. X-
PDT utilises a scintillator (e.g., lanthanides) to convert external X-ray photons into visible light photons,
which in turn activate the PS to trigger PDT-mediated processes within the tumour tissue.

Pancreatic cancer is among the most deadly forms of cancer globally, with one of the lowest survival
rates. In this work, we experimentally examined the viability of MIA PaCa-2 pancreatic cancer cells as
a function of the concentration of the photosensitive molecule protoporphyrin 1X doped with a rare-
earth element, Gd (pPIXGd). For the concentration range from 1.56 pg/mL to 50 pg/mL, the minimal
cell viability was 43%. In parallel, we explore the in-vitro viability of MIA PaCa-2 cells under
irradiation with X-rays of different doses (from 0.5 to 6 Gy). Finally, we combine a concentration of
pPIXGd that exhibits low cytotoxicity (the mortality rate =~ 26%) with the lowest X-ray dose, which
weakly kills cancer cells (the mortality rate =~ 11%), and observe a notable synergistic effect, resulting
in total cell viability reduced to = 51%.
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Method of quantum imaging with undetected light (QIUL) [1] has been decisive in extending the
accessible spectral range for probing and imaging of biological samples. The classical and conventional
NIR and MIR imaging techniques use infrared sources and detectors which are costly, noisy and with
a poor performance in respect to the visible and NIR counterparts. On the other hand, microscopic
imaging with QIUL scheme is a cost effective and powerful method for hyperspectral imaging which
could help to reliably distinguish between different cells and tissues morphologies. Additionally,
imaging at the single photon level prevents photo- and thermal damage of the bio-samples.

We report progress on the development of quantum interferometric set-up, exploiting induce coherence
phenomena [2], while employing nonlinear crystal as a medium for generation of entangled, highly
nondegenerate photon pair (signal and idler) via SPDC (spontaneous parametric down-conversion)
process. The interferometer, in Michelson configuration, is formed in a double pass of the pump through
2 mm long ppKTP crystal, while the QIUL operation is based on momentum correlations. The bio-
sample to be imaged is put on the path of the idler photons (Ai=1345 nm), whereas the information on
the absorption and the phase of the idler upon the interaction with the object is obtained solely from the
detected signal photons (As=880 nm).

Our results establish a foundation for efficient QIUL-based microscopy and outline the system’s
potential for high-fidelity imaging of biological samples, at our Center for Quantum Biophotonics.
These findings pave the way for the future enhancements in design, sensitivity, and spectral versatility
of QIUL systems meant for microscopy.
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Nonlinear Laser Scanning Microscopy (NLSM) is a modern technique that utilizes ultrafast-pulsed
lasers in the near-infrared wavelength range, which makes it suitable for noninvasive imaging of living
cells. In this study, aNaYoesGdo.1sF4:Ybo1sEre2 nanoparticles were synthetized and their potential for
non-specific cell labeling was investigated using NLSM. These up-converting nanoparticles (UCNPS)
have a significant potential in biomedical sciences as fluorescent probes for early cancer detection.
Upon excitation by near-infrared light UCNPs are able to emit visible or ultraviolet photons, enabling
deep noninvasive tissue imaging. The solvothermal synthesis applied chitosan, a polymer that ensures
biocompatibility of synthetized UCNPs. Their morphological and structural characterization included
following analyses: X-ray powder diffraction, scanning electron microscopy coupled with energy-
dispersive X-ray spectroscopy, transmission electron microscopy, Fourier transform infrared
spectroscopy and photoluminescence spectroscopy. Cell lines tested for labeling and visualization were
HS-5 fibroblast healthy cells and SCC-25 oral cancer cells. Following nanoparticles incubation in these,
NLSM was performed using Ti:Sapphire laser (Coherent, Mira 900-F) as a laser light source, operating
in both, femto-second pulse mode and continuous wave mode. In order to visualize cells through their
autofluorescence, excitation wavelength of 730 nm in femtosecond mode was used, while for their
visualization through excitation of incubated nanoparticles continuous wavelength of 976 nm was used.
Obtained images implied that the UCNPs were located adjacent to the plasma membrane in the
cytoplasmic region of both healthy and cancer cells, without disturbing the morphology of cells. Besides
this, UCNPs exhibited relative temperature sensitivity of ~1.3% K indicating their potential for
measuring the temperature in tissues.
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Environmental stimuli such as water and light play a critical role in shaping the structural adaptations
of living organisms. Among insects, certain species have evolved sophisticated photonic nanostructures
that facilitate dynamic color modulation, serving diverse biological functions including camouflage,
communication, thermoregulation, and water regulation. In this study, we examine a beetle species
known for its vivid, water-responsive coloration, characterized by a reversible shift from green to
reddish-brown upon hydration. Through detailed structural and optical analyses, we identify a complex
micro/nano-optofluidic architecture within the beetle’s elytra and scales as the basis of this
phenomenon. Water infiltration into the cuticle triggers capillary-driven transport through internal
lacunae and petal-like nanostructures within the scales, displacing air and altering the refractive index
contrast—thereby inducing a rapid and reversible color change. Remarkably, this system operates under
capillary pressures estimated at ~15 bar, ensuring efficient fluid uptake and distribution. Optical
modeling highlights the influence of the superhydrophilic cuticle on light scattering and reflectance,
underpinning the observed chromatic shift. These reversible photonic changes are hypothesized to offer
ecological advantages such as adaptive camouflage or thermal control. Beyond their biological
relevance, the reproducible and structurally encoded fluidic pathways present in this natural system
inspire novel approaches for the design of biomimetic materials. Potential applications include
responsive sensors, microfluidic platforms, targeted drug delivery systems, and security technologies
based on physically unclonable functions (PUFs).
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The integration of Parallel Factor Analysis (PARAFAC) with fluorescence excitation-emission matrix
(EEM) spectroscopy has emerged as a robust tool for characterizing essential oils (EOs), offering rapid
and cost-effective solutions for quality control and authentication in food, cosmetics, and
pharmaceuticals [1, 2]. This methodology provides particular advantages for analyzing complex
mixtures and commercial formulas, where traditional chromatographic methods may be time-
consuming and expensive, while PARAFAC decomposition of fluorescence data can identify individual
fluorophore components within multi-component essential oil systems. PARAFAC serves as a powerful
chemometric tool for decomposing these complex fluorescence matrices into individual component
profiles. The technique enables the identification and quantification of specific fluorophore signatures
within essential oil samples, even when multiple components are present simultaneously [2]. That
capability is particularly valuable for essential oil analysis because these natural products typically
contain dozens to hundreds of chemical compounds, many of which contribute to the overall
fluorescence profile.

However, the limited availability of recent research specifically focused on PARAFAC analysis of
essential oils suggests that this field remains underexplored despite its apparent potential. Future
research efforts should focus on developing comprehensive databases of fluorescence fingerprints for
commercially important essential oils, establishing standardized analytical protocols, and validating the
methodology against traditional analytical approaches [3]. The integration of PARAFAC-EEM analysis
with existing quality control frameworks could provide enhanced analytical capabilities while
supporting regulatory compliance requirements across multiple industries.

The methodology presented in the current experimental research shows particular promise for
applications involving complex commercial formulations where traditional analytical approaches may
be limited by time or cost constraints. As the essential oil market continues to grow and regulatory
requirements become more stringent, rapid analytical methods like PARAFAC-EEM spectroscopy will
likely play increasingly important roles in ensuring product quality and consumer protection.
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Optical Coherence Tomography (OCT) has emerged as an imaging modality in dentistry, offering high-
resolution cross-sectional and three-dimensional visualization of dental tissues without the use of
ionizing radiation. This non-invasive technology is particularly effective for the early detection and
characterization of carious lesions, enamel demineralization, and structural defects in teeth. Recent
advances in swept-source OCT systems enable rapid acquisition of volumetric datasets with axial and
lateral resolutions on the order of 7.4 um, allowing detailed assessment of enamel, dentin, and the
dentin-enamel junction [1].

In dental OCT imaging, sound enamel appears nearly transparent at near-infrared wavelengths (~1300
nm), while demineralized or carious regions manifest as bright zones due to increased light scattering.
The ability to generate 3D images through raster scanning and multiplanar visualization overcomes
limitations of 2D imaging, such as suboptimal projection angles and imaging artifacts, thereby
improving lesion localization and diagnostic confidence. Quantitative analysis of OCT intensity profiles
and attenuation coefficients further aids differentiation between sound and diseased dental structures.

To enhance OCT imaging depth and contrast, a number of optical clearing agents (OCAs) have been
investigated. Recently natural oils were purposed as a biocompatible and cost-effective OCAs [2].
Appropriate natural oil will reduce the refractive index mismatch at the enamel surface, thereby
decrease the light scattering and increase optical penetration.

The application of robust OCAs in dental OCT results in increased image contrast and penetration
depth, enabling clearer visualization of subsurface carious lesions and microstructural features. It offers
clinicians a safe, efficient, and highly sensitive tool for detecting and monitoring caries and other dental
pathologies, potentially reducing reliance on traditional radiography. This improvement facilitates
earlier and more accurate diagnosis, which is critical for timely and minimally invasive dental treatment.
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We report on the development and validation of a fiber-coupled photonic biosensor platform for the
differential analysis of urine samples from patients with sepsis, urinary tract infections (UTI), and
bladder cancer. The system employs custom-engineered optical probes operating in the 200-1000 nm
spectral range, allowing simultaneous acquisition of absorbance, fluorescence, and scattering
signatures.

The sensing surface is biofunctionalized with disease-specific monoclonal antibodies, enabling
molecular recognition of inflammatory cytokines, oxidative stress markers and tumor-derived
metabolites (Fig. 1). The optical interface operates in a reflective mode, ensuring maximal contact with
analyte-containing fluid and enhancing photon collection efficiency.

High-sensitivity detection is achieved via integrated low-noise spectrofotometer, narrow-band optical
filtering, and real-time spectral deconvolution. Preliminary clinical validation on a pilot cohort
demonstrated distinct biomolecular optical signatures for each disease group, with sensitivity and
specificity exceeding 85% and total acquisition times below 5 minutes per sample [1, 2, 3]

This portable, label-free, and non-invasive photonic technology holds strong potential for rapid bedside
stratification of patients in emergency care, with prospective applications in point-of-care diagnostics,
infection control, and oncological screening.
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Figure 1. Schematic representation of biofunctionalized probe.
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Integrated microfluidic lab-on-chip devices, combined with 3D printing and photonic technologies, hold
significant potential for advancing the study of biophysical and biomedical processes. In this framework, we
developed a modular LoC device that integrates two functional units: one for live-cell imaging and one for
downstream, label-free optical sensing, enabling in-line analysis of both intracellular processes and
extracellular secretome signatures.
The chip prototype is fabricated using stereolithography and a molding replication process based on
perfluoropolyether, a UV-curable polymer with excellent anti-fouling properties, which minimize non-
specific biomolecule adsorption [1,2]. By combining these two functionalities on a single chip, we designed
a novel device to investigate the brain-periphery pathway using a simplified model. As a case study, we
investigated the amyloidogenic cleavage of the amyloid precursor protein (APP) by the B-secretase Bacel,
a well-characterized molecular event involved in the early stages of Alzheimer’s disease (AD), which leads
to the release of soluble APP 3 (SAPPB). APP processing dynamics and particularly the secretion of SAPPJ,
recently re-evaluated as potential AD early biomarker in biofluids [3], were investigated in neuronal cell
models (SH-S5Y). Specifically, cells were transfected with APP fused to monomeric fluorescent proteins at
both termini (MChAPPmMGFP), allowing the visualization of proteolytic cleavage events through changes in
the blue/green fluorescent ratio [4]. To mimic a neuroinflammation state and investigate biochemical and
bioanalytical changes relative to a healthy baseline, cells were co-transfected with Bacel to enhance APP
cleavage.
Three compartmentalized cell culture chambers are used for cell confinement and phenotyping under
physiological conditions. The integration of a valve enables fluidic connection with the downstream
detection module for biomolecule tracking via a trapping surface functionalized with bioreceptors for
specific analyte detection. The opening of the valve is designed to simulate the passage of biomolecules
across a damaged or breakdown blood-brain barrier, as occurs during neurocinflammatory conditions.
Fluorescence imaging was first performed off-chip to validate the construct, followed by on-chip integration.
SAPPpB levels in the culture medium were initially quantified using a flow cytometer bead-based
immunoassay. In parallel, an affinity-based detection strategy was developed using surface plasmon
resonance system and a portable interferometric sensor to characterize binding kinetic/affinity parameters
and analytical figures of merit (selectivity, repeatability, limit of detection and quantification). The portable
sensing module was then connected in-line with the microfluidic chip, enabling real-time correlation
between intracellular dynamics and secretome analysis. This integrated platform holds significant potential
for monitoring the effects of disease-modifying therapies and for studying the diagnostic potential of
biomarkers reflecting the brain status in peripheral fluids [4], with important implications for non-invasive
diagnosis of neuropathologies, especially in the era in which in vitro models are increasingly approaching
clinical relevance.
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Heart failure (HF) is a serious condition that affects 64 million people worldwide, has high mortality
and treatment costs. As it is primarily caused by mechanical malfunction of heart, the tests used in
primary care, such as ECG, do not accurately detect it. Hence, a combination of tests and clinical
evaluations, including a blood test, chest X-ray, magnetic resonance, and echocardiogram as a gold
standard for the assessment of ejection fraction (EF), is used, however, often too late when the condition
has already progressed towards the fatal outcome.

This study presents deep learning approaches for HF detection and classifying its subtypes based on
simultaneous mechanical cardiac signals, with a primary focus on photoplethysmogram (PPG) due to
their optical, non-invasive measurement modality.

Two neural network architectures were developed: the first processes PPG, phonocardiogram (PCG),
and seismocardiogram (SCG) signals independently, extracting features via convolutional and LSTM
layers. The second model aligns these signals temporally by adapting their sampling frequencies
through adjusted convolutional and pooling layers, enabling joint feature extraction that considers inter-
signal relationships.

We used an interim database from the ongoing SensSmart clinical study comprising 407 recordings
from 82 subjects (46 HF patients, 36 healthy). HF patients were further categorized into three subtypes:
preserved, mid-range, and reduced EF. PPG recordings, acquired at the brachial artery, alongside PCG
and SCG recordings, were preprocessed and passed to the neural network models.

In binary classification tasks, accuracies exceeded 73%, with sensitivities reaching up to 93%,
indicating a high true positive rate in identifying pathological cases. Multiclass classification, which
aimed to distinguish HF subtypes, showed accuracy around 64%.

These results demonstrate the added value of using the PPG, in addition to other mechanical cardiac
signals, in HF diagnostics. Importantly, all signals can be acquired via non-invasive, wearable
solutions—highlighting the promise of integrating deep learning with accessible health technologies for
early cardiovascular risk screening.
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Simultaneous imaging at multiple spatial scales can be essential for analyzing biological structures due
to their complex nature, often exhibiting an intrinsic coupling of a wide range of multiphysics
phenomena. A glowing example is the entangled opto-thermo-mechanical response of the Morpho
didius butterfly’s wing to the incoming infrared photons. It is shown that the opto-thermally induced
displacements result in both the macro bending of the wing membrane and the micro bending of the
wing scales, as well as the changes in the reflection spectrum of the whole sample [1,2].

Digital holography presents itself as a suitable approach for imaging of optical and mechanical changes
on the sample’s surface, at both the macro- and the microscopic level. However, standard reflective
digital holographic setups typically operate at a distinct magnification scale, as the need for the
microscope objective to be very close to the sample’s surface prevents simultanecous macro-scale
imaging. In this study, we demonstrate a compact reflection-configured off-axis digital holographic
setup, enabling simultaneous micro- and macro-scale imaging of biological membrane samples with
complex photonic structures on both sides. We overcome the difficulties in dual-scale holographic
recording by separating the macro- and micro-scale imaging to the opposite membrane sides using two
distinct optical paths. The photograph of the setup is shown in Fig. 1 (a). It consists of a single laser
source at 532 nm, illuminating both sides of the sample, and two synchronized cameras, one capturing
the wide-field image and the other capturing the real, magnified image after the microscope objective.
To demonstrate the operation of the proposed holographic macro-microscope, we image the wing of a
M. didius butterfly suspended in air. The reconstructed macroscopic and microscopic intensity images
are shown in Fig. 1 (b) and (c), respectively. Both images show distinct structural features — scale
patterns on the membrane and the overlapping scales. Based on the results presented, the proposed
reflective macro-microscope shows promise in imaging a wide range of complex biophotonic

specimens, enabling comprehensive analysis of their inseparable structural multiphysics at a dual scale.
) SRS o o SN S T

Figure 1. a) Photograph of the proposed macro-microscope. M. didius macro-scale (b) and micro-scale (c) intensity images.
BS — beam splitter, M — mirror, PM — parabolic mirror, L — lens, C — camera, S — sample, NDF — neutral density filter.
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In the development of a versatile nonlinear microscope optimized for multimodal imaging of biological
samples, we implemented a custom-built setup combining two-photon excitation fluorescence, second
harmonic generation and up-conversion imaging modalities. While the core system has been previously
validated and applied to diverse samples ranging from starch granules to fungal hyphae, further
improvements in imaging precision motivated a more detailed investigation into the role of
galvanometric scanner performance.

In this work, we present a comparative characterization of two different pairs of galvanometric mirrors
used in beam steering within our system. To evaluate how scanner dynamics — including step response
behavior, dynamic artefacts such as overshoot, settling time and possible jitter — affect both beam
position accuracy and image quality, we implemented several image acquisition modes operating at
different scanning speeds. A custom-developed software platform allows full control of galvo driving
signals and scanning trajectories, enabling precise and programmable scan patterns optimized for
various imaging tasks. This flexibility enables a direct comparison of scanner performance under
matched conditions and allows testing under regimes such as point-by-point acquisition. Preliminary
measurements were conducted using photodetector and oscilloscope-based monitoring of scanner
response to control signals as well as test imaging on simple samples. Results indicate notable
differences in response profiles, which could be relevant for applications requiring rapid and precise
scanning.
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Fluorescent proteins (FPs) are widely used in biomolecular research due to their high quantum yield
and stability. A broad range of engineered FPs have been developed, enabling tuning their spectral
sensitivity, wavelength conversion, and chemical modifications. Recently, FPs were proposed as a light
converter for photovoltaics and bioelectronics applications.

In this work, we demonstrate the functionalization of field-effect transistors based on individual single-
walled carbon nanotubes (SWCNT-FETS) with FPs to introduce novel optoelectronic properties (Figure
1a). We employed a developed protein immobilization approach on carbon nanomaterials, that have
been used also for biosensor development [1].

First, the sensitivity of green FPs (GFPs) photochemically immobilized on carbon lattices was
investigated and specific photoresponse at 470 nm (Figure 1b) was shown [2]. Two types of engineered
proteins have been studied with different positions of introduced non-natural amino acids containing
phenyl-azide chemistry: the barrel wall of GFP and the bottom side. We demonstrated that the
photoresponse is site-specific, and influenced by the number of charge traps associated with the
hydrophobicity of the protein surface (Figure 1c).

Additionally, for SWCNT-FETSs functionalized with red FPs, we used a PBASE linker adsorbed onto
the nanotube surface [3]. These devices exhibit an unexpected gating effect on channel conductivity
under FP-specific light irradiation. In this configuration, electrons can only transfer from the FPs when
the gate voltage is below the threshold voltage, resulting in a negative photoresponse. Thus, engineering
of FPs pave a way for novel optoelectronic devices with tunable properties.
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Figure 1. The performance of FP/SWCNT FET. (a) Scheme of SWCNT-FET with immobilized fluorescent
proteins. (b) Spectral selectivity of bio-FET response. (c) The role of FPs immobilization site with memory
response (top) and photodetector mechanism (bottom).
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This talk covers photonics theory, simulations device fabrication, testing and applications in the TERA-
MIR (Terahertz and Mid-Infrared) range starts with a discussion of superlattice nonlinearities and their
applications THz metabolomics [1-4]. Evolving from detection in the THZ to the MIR, we present an
update on detection in the by discussing the evolution of a sensor system incorporating a state-of-the
art quantum cascade laser emitting at 9 um in resonance with the absorption line of NH3 located at
1103.46 cm-1. Our initial instrument demonstrated sensitivity at a low ppm level for the ammonia,
enabling precise detection of ammonia traces in water [5].

Next, we review light polarization control devices, focusing on silicon-on-insulator (SOI) platforms.
We analyze polarizers, polarization splitters, and polarization splitters/rotators using silicon nanowires,
ridge waveguides, hybrid plasmonic waveguides, and subwavelength grating waveguides. We start
with some of our Near-Infrared (NIR) designs and show how they outperform existing devices in the
literature [6-10].

Finally, we show how our designs are being modified for the MIR, with a discussion of existing [11-
12] and forthcoming solutions.
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Cross waveguide design for color-centers in diamond
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Color centers in diamond for quantum networking and computing are experiencing a growing interest
because of their peculiar optical and spin properties [1]. Nevertheless technological and cost issues
hinder the use of diamond for a complete quantum circuit. To cope with these limitations it is convenient
to fabricate a diamond chiplet containing the color center(s) which is then heterogeneously integrated
to a receptor fabricated on other platforms (e.g. by pick and place technology, P&P) [1,2,3]. The chiplet
consists of a diamond multimode interferometric cross waveguide embedding the color center as well
as port waveguides (WGs) for collecting excitation and emission (with eventual tapers and gratings for
loss and crosstalk suppression), and tethers to connect it to a frame; the receptor, consists of adiabatic
couplers, WGs, and other photonic components. In addition to P&P, this design can find application in
any integration scheme such as transfer printing or DOI monolithic.

In order for the system to function properly each component must be designed in order to maximize the
excitation to emission conversion and transmission efficiency, working bandwidth, fabrication
feasibility and tolerance. Here we propose a methodology to perform this optimization for each
component of the chiplet, of the receptor and of their combination: after a comparison of various
alternatives presented in the literature, we show a complete study for the chosen solution. Apart from
the proposed application, this methodology is of interest for a wider audience because it offers a strategy
of optimization for components commonly used in other areas of photonics.
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Figure 1. a) structure and power distribution of an adiabatically tapered MMI (1.6um x 600nm) with Bragg
reflectors at the horizontal diamond WGs (300nm x 250nm). b) structure of overlapping diamond and SiN
adiabatic couplers (10pum long with 100nm ending and overlap of 4 um) and corresponding power distribution
in ¢) diamond coupler, d) interface between the couplers, €) the SiN coupler to SiIN WG (500nmx250nm).
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Mid-wave infrared (MWIR) Quantum Cascade Lasers (QCLs) are useful for applications such as remote spectral
sensing, chemical spectroscopy, breath analysis, free space communications, and infrared countermeasure [1].
Directed Infrared Countermeasure (DIRCM) is especially important in military application. It is possible to
confuse heat-seeking missiles guidance systems by mid-infrared source in order to protect aircrafts. Most of these
application needs high output power and high-efficiency lasers. There are several ways to increase the output
power. One of them is increase the number of active region stages. While this method results in higher peak power
in pulsed mode, it leads to increase of temperature in the active region. Unlike other approaches, increasing the
cavity length does not cause additional heating in the active region or degrade the beam quality [2]. Therefore,
controlling the facet reflectivity emerges as a crucial design consideration for optimization. Two main methods
are used to reduce laser facet reflectivity: angled-facet waveguides, which are effective but add optical complexity,
and dielectric anti-reflection (AR) coatings, which are simpler and widely adopted. Applying these optical
coatings to the front facets of QCLs reduces internal reflections and enhances the emitted optical power [3]. In
this study, AR coatings were designed for the front facet of the laser as shown in Figure 1.a to enhance the optical
efficiency and output power of QCLs, particularly for DIRCM applications at 4.6 pm, where aircraft strongly emit
CO:2radiation and heat-seeking missiles have high sensitivity. The AR coating was optimized to reduce reflectance
to below 10% at this wavelength. Multilayer thin-film structures of AIN and Al.Os on a GaAs substrate were
modeled and simulated using OpenFilters programme. The optimal simulation was achieved with an AIN (200
nm) / Al-Os (190 nm) / GaAs (2.0 mm) configuration, resulting in ~7% reflectance at 4.6 pm, as shown in Figure
1.b. After the modeling study, the Al:Os and AIN layers were deposited on GaAs respectively using magnetron
sputtering without breaking vacuum, yielding a total thickness of 410 nm. Reflectance measurements with a
Bruker Vertex V80 FTIR spectrometer showed ~15% reflectance at 4.6 um. The details of the fabrication of AR

coatings and comparison of results with simulations will be discussed.
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Figure 1. a) Front facet of the QCL b) Simulation results of the AR coatings
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Quantum cascade lasers (QCLs) play a vital role as laser emitters in the mid-infrared (MIR) and
terahertz regions [1]. They are compact, fast, coherent semiconductor-based sources with broad
applications in spectroscopy, monitoring, communications, diagnostics, and security [2]. QCLs require
high power, causing self-heating. Reducing the pumped area helps lower the driving current [3], which
in turn reduces self-heating. Additionally, high-quality deep mesa structures with smooth waveguide
sidewalls help minimize lateral current spreading and optical losses [4]. Besides waveguide design,
metal choice and interface purity are critical for QCLs. A high-vacuum system was developed for
oxidation-free Cu—Cu bonding on GaAs waveguides, which can improve QCL efficiency and
performance. [5]. In this study, the wet etching process was optimized using GaAs samples to fabricate
mesa structures for the development of QCLs. The fabrication process began with spin-coating the
sample surface with photoresist (PR) at 3000 RPM, followed by a soft bake step. The waveguide was
designed using Layout Editor software, and pattern transfer was performed with a maskless lithography
system (Heidelberg Instruments WMLA). Exposed PR regions were developed using developer, while
the unexposed areas underwent a hard bake to enhance resist durability. For the etching step, various
solutions were prepared and optimized, and the sample was immersed in the solution. After etching, the
sample was rinsed with deionized water and dried with nitrogen gas. Residual PR was removed using
acetone. The depth of the etched regions was optimized depending on etching time and measured using
a surface profilometer. Figure 1 shows an SEM image of one of the samples, the wet etching process
yielded well-defined mesa sidewalls, confirming a controlled and uniform fabrication.
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Figure 1. SEM Image of the fabricated Mesa
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Single-frequency fiber lasers are one of the important tools in number of applications (first of all -
lidars). Laser based on distributed feedback (DFB) resonators are most suitable for mass production
due to reduction of fabrication steps (only single n-shifted fiber bragg grating should be fabricated) and
guarantee of operation in single-frequency regime. To date lack of such lasers was coursed by absence
of highly Yb-doped photosensitive fibers. Recent progress in development of highly Yb-doped silica-
based fibers [1, 2] open new possibilities in development of DFB Yb-doped fiber lasers. Home-made
highly-Yb-doped photosensitive fiber with ability to maintain polarization was used in the current work.
A record-short (10 mm in length) DFB laser operated near 1064 nm was fabricated by direct whitening
of fiber Bragg grating in the active fiber. Scheme of the laser is shown in Fig.1 (upper insert). Single-
mode pump diode (Pump), was coupled to DFB resonator based on active fiber using polarization
maintaining single-mode pump and signal combiner (WDM). Output signal was passed through WDM.
Full power generated by DFB laser (see Fig.1) and polarization extinction ratio of more than 23 dB
were measure just after WDM. To measure output spectra (see bottom insert to Fig.1) we added
polarization-maintaining Isolator. Linewidth was found to be smaller than resolution of optical
spectrum analyzer (0.02 nm), which confirm the operation of the laser in single-frequency regime
(according our estimations distance between own modes of the resonator, i.e. between polarization
modes was of about 0.2 nm).
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Figure 1. Dependence of output single-frequency signal power on pump power. Upper insert: scheme of
DFB fiber laser; bottom insert: output spectrum of the DFM fiber laser.
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Organic liquid electrolytes, commonly used in commercial Lithium-ion batteries, are susceptible to fire
due to their low flash point, particularly at high voltages. This flammability raises safety concerns in
practical applications [1]. Thus, current concerns over lithium-ion battery safety are leading to exciting
developments in all solid-state lithium-ion batteries (ASSLIBSs), fueled by the promise of unparalleled
safety and boosted energy density. ASSLIBs eliminate the risks like leakage and combustibility
associated with liquid electrolytes. Performance parameters of ASSLIBs such as cycle life, stability and
capacity can be improved by both increasing the ionic conductivity of the electrolyte layer and
improving the electrode/electrolyte interface [2]. A previous study in our group investigated the
influence of substrate temperature on the surface, structural, and chemical properties of RF magnetron
sputtered LiCoO. (LCO) thin films for ASSLIB cathodes [3]. Another study focused on the preparation
of crystalline LigsLaosTii—xAlxOz (LLTAIO) targets using conventional solid-state reactions. The effect
of Al substitution on the lithium-ion conductivity of LLTO was investigated [4].

s Li ~ 400 - 500 nm

mmmm Nano layer of selected oxides (AL,03, Zr0,;)
mmmm Nano layer of selected oxides (AL,0;, ZrO,)
7 LiCo0, (LCO) ~ 500 nm
Ti~ 150 nm

/ Glass

Figure 1. The schematic diagram of all solid-state thin film battery designed on a glass substrate.

This work focuses on the fabrication of thin film components for ASSLIBs that were prepared using
RF magnetron sputtering for LCO and LisLasZr,01, (LLZO), along with thermal evaporation for
lithium metal. In our structure Titanium is used as a current collector, LCO is the cathode, LLZO is the
electrolyte, and Li is the anode layer. Due to undesirable phases that may occur on both the cathode and
anode of the electrolyte layer, the nanolayer of selected oxides will act as buffer layers (Fig.1). The
cathode—electrolyte interface was carefully investigated using 2.85 nm AlOs, ZrO., and Al.Os—ZrO:
buffer layers deposited by atomic layer deposition (ALD) to improve contact and stability. The
characterization of samples with SEM, XRD, Raman, XPS and electrochemical tests will be discussed
and the design of efficient all solid-state batteries will be presented.

This research was supported by TUBITAK with project number 122N516 under MERANET program.
The authors would like to acknowledge the facilities of Research and Application Center for Quantum
Technologies (RACQUT) of IZTECH.

REFERENCES

[1] S. Liu, L. Zhou, J. Han, et al. Adv. Energy Mater. 12, 2200660 (2022).

[2] C. Wang, J. Liang, J. T. Kim, X. Sun, Sci. Adv. 8, eadc9516 (2022).

[3] P. Ozcan, N. Esen, A. Cantas, L. Ozyuzer, M. Ozdemir, K. Kosiel, A. Szerling, G. Aygun, Vacuum, 239,
114439 (2025).

[4] S. Ulusoy, S. Gulen, G. Aygun, L. Ozyuzer, M. Ozdemir, Solid State lon. 324, 226-232 (2018).

ORCID: N. K. 0000-0001-5452-5513, N. E. 0009-0005-5580-2523, S. K. 0009-0001-2998-
5582, E. A. 0000-0002-4763-9923, U. U. 0000-0003-4718-1243, A.C. 0000-0002-6536-5516
L. O. 0000-0001-7630-3938, M. O. 0000-0002-0453-6852, K. K. 0000-0001-5076-4621 A.
S. 0000-0002-3664-467, R. S. 0000-0003-4072-2393, G. A. 0000-0003-0860-2914.



Photonica 2025 5. Devices and components

Electromagnetic Shielding Performance of Transparent ZTO/Ag/ZTO
Multilayer Electrodes Deposited on Polymer Substrates

M. Ekmekcioglu'?, S. Akar*?, N. Karadeniz'?, S. Demirbas?, F. Erbas?, S. Surucu®, N. Erdogan?,
G. Aygun?, L. Ozyuzer'2 and M. Ozdemir?
!Department of Physics, Izmir Institute of Technology, Urla, 1zmir, Turkiye
2Teknoma Technological Materials Inc., IZTECH Campus, Urla, Izmir, Turkiye
3Turkish Aerospace Industries Inc., Advanced Material, Process and Energy Technology
Center, Ankara, Turkiye
e-mail: merveekmekcioglu@iyte.edu.tr

Advanced thin film coatings are extensively utilized in numerous critical sectors, including
transportation vehicles, defense and aerospace platforms, space technologies, and electronic systems
[1]. These coatings play a crucial role in minimizing the electromagnetic visibility of structures and
enhancing their electromagnetic shielding performance. Among these, transparent conductive oxides
(TCO) have gained prominence due to their combination of high optical transmittance, low sheet
resistance, and compatibility with flexible or polymer-based substrates. Although Indium Tin Oxide
(ITO) is the most widely adopted TCO due to its superior optical and electrical characteristics, its
brittleness and high production cost have driven the search for viable alternatives [2]. Zinc Tin Oxide
(Zn2Sn04, ZTO), characterized by its wide bandgap, high refractive index, excellent optical
transparency, and ability to form uniform thin films even at relatively low deposition temperatures,
which is advantageous for flexible polymer substrates, has emerged as a promising candidate [3]. To
further enhance its functional performance, dielectric/metal/dielectric configurations, particularly
ZTO/AQ/ZTO (ZAZ) structures, have been investigated for their ability to simultaneously provide high
conductivity and high optical transparency [4,5]. In this work, ZAZ electrodes were deposited onto
acrylic (Poly (methyl methacrylate)}-PMMA) substrates via DC magnetron sputtering. Structural,
morphological, optical, and electrical properties of electrodes were comprehensively characterized
using XRD, SEM, AFM, Raman spectroscopy, and EDS. The resulting films exhibited an amorphous
microstructure, smooth and uniform surface morphology, 89.2% optical transmittance at 550 nm, and
sheet resistance in the range of 8-9 Q/sq. These results demonstrate the suitability of ZAZ multilayer
electrodes for electromagnetic shielding applications. In addition to experimental characterization,
electromagnetic simulations were conducted using CST Studio Suite to assess the radar absorption
performance of transparent ZAZ multilayer electrode structures. A three-layer polycarbonate model
incorporating ITO and ZAZ thin films demonstrated an absorption bandwidth of 11.6 GHz between 3.0
and 14.6 GHz, achieving a maximum reflection loss of —16.1 dB. These findings confirm that
transparent ZAZ multilayer electrodes not only represent an effective alternative to conventional 1TO
films but also serve as high-performance, broadband, and optically transparent electromagnetic
shielding and radar absorbing material solutions for next-generation defense and aerospace systems.

This work was partially supported by TUBITAK TEYDEB project number 3230445. The authors would
like to acknowledge the facilities of Research and Application Center for Quantum Technologies
(RACQUT) of IZTECH.
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The possibilities of creating Laser-Induced Periodic Surface Structure (LIPSS) on Nb/Ti multilayer
structures were investigated through surface modification with picosecond laser radiation. Using DC
ion sputtering, fifteen (Nb/Ti) bilayers were deposited to create multilayer thin films with a total
thickness of 440 nm on (100) Si wafers. Dynamic laser modifications, such as laser-etched lines, were
performed using picosecond (15 ps) laser pulses of a Nd: YVO4 laser operating at 532 nm, with pulse
energies ranging from 1.5 to 2.8 uJ. The development of LIPSS was accompanied by different
morphological features depending on the applied pulse energy; the different absorbed energy stimulated
diverse processes in a multilayer 15x(Nb/Ti)/Si system. By gradually increasing the pulse energy at a
constant scanning speed (5 mm s and 1 mm s), the development of LIPSS included the following
morphological changes: (i) initial surface melting with the formation of clusters, (ii) elongation of
melted regions and formation of HSFL (high spatial frequency LIPSS); (iii) separation of droplets and
their arrangement in LSFL (low spatial frequency LIPSS); (iv) cracks appearance corresponding to
positions of LSFL; (v) material recrystallization; and (vi) material ablation at the highest pulse energies.
The analysis of changes in composition after laser modification revealed the presence of oxygen in a
higher concentration than in the untreated area, realizing the possibility of forming an ultra-thin oxide
layer composed of Nb- and Ti-oxides. The obtained results for the development of periodic structures
in the form of LIPSS, depending on the pulse energy (fluence) at the selected scan speeds, provide a
relatively satisfactory prediction of the LIPSS formation with the desired morphological characteristics.

laser pulses

U

Figure 1. Schematic view of the multilayer 15x(Nb/Ti)/Si system with SEM images of the centre of the
laser-inscribed lines on the surface of the 15x(Nb/Ti)/Si multilayer system at a constant scanning speed of 5 mm
st for: 1.5 uJ, 1.8 uJ, 2.0 I, and 2.4 pJ.
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All solid-state batteries have attracted considerable research interest in recent years due to their potential
to provide higher energy density, improved thermal stability, and enhanced safety compared to
conventional liquid-electrolyte lithium-ion batteries [1,2]. Among the key solid electrolyte materials,
LisLasZr2012 (LLZO) stands out for its high ionic conductivity and good chemical stability [3].
Moreover, LiCoO: (LCO), a widely used cathode material, continues to be investigated in solid-state
systems, particularly with respect to its interfacial compatibility with solid electrolytes [4]. To mitigate
issues such as interfacial chemical instability and lithium dendrite formation between LLZO and LCO,
an Al:Os buffer layer grown by atomic layer deposition (ALD) has been introduced as an interfacial
modification strategy. In this context, the crystal structure of LLZO, its lithium-ion conduction
mechanisms, and its interaction with LCO through the Al:Os interlayer are considered key physical
parameters in evaluating and optimizing the performance and cycle life of all solid-state lithium-ion
battery (ASSLIB) technologies.

This study focuses on the deposition and characterization of thin film layers for ASSLIBs. LCO and
LLZO layers were successfully deposited by radio-frequency magnetron sputtering (Fig.1 (a)), while
the integration of lithium metal as the anode layer is planned for future stages of the project by thermal
evaporation. LLZO target was fabricated to obtain sputtering material for thin film deposition. Titanium
was selected as the current collector due to its high electrical conductivity and interfacial stability. To
enhance structural integrity and electrochemical performance, thin oxide buffer layers were
incorporated at both the cathode—electrolyte and anode—electrolyte interfaces. Al.Os buffer layer
between cathode and electrolyte layer was grown by ALD technique (Fig.1 (b)) to improve interfacial
contact and chemical stability of ASSLIBs. The resulting multilayer thin film structures were
comprehensively characterized using SEM, XRD, Raman spectroscopy, XPS, and electrochemical

tion processes will be discussed.
331
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Figurl. Images of (a) glove box and (b) ALD systems
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Laser-induced graphene (L1G) offers a highly adaptable platform for applications such as physiological
sensing, electrode fabrication, gas detection, and biosensing [1, 2]. Traditionally, research has centered
on commercial polyimide (PI) tape as the substrate for LIG production. While Pl enables the formation
of LIG with favorable electronic properties, its limited adhesion and lack of stretchability pose
challenges for wearable device integration. To overcome these constraints, we introduce a novel
strategy: laser induction of graphene on biocompatible, synthesized cross-linked polymers. These
include sodium alginate, PDMS/PEG composites, cross-linked polyurethanes (PUs) derived from
ethoxypropyl-terminated PDMS macrodiol, and custom-synthesized polyimides. These materials
exhibit desirable mechanical strength, non-cytotoxicity, and biocompatibility, making them promising
candidates for wearable sensor platforms. Our study systematically identifies optimal chemical
formulations and laser processing conditions for generating LIG on these substrates. Additionally, we
explore MXene (TisC:Ty) layers as alternative active sensing components. The resulting devices are
thoroughly characterized using optical, mechanical, biological, and chemical techniques. Finally, we
demonstrate the real-world utility of LIG and MXene-based wearable patches for monitoring vital signs
such as heartbeat, respiration, and limb movement. These findings lay the groundwork for next-
generation, biocompatible, unobtrusive, and cost-effective thin-film sensors designed for continuous
physiological monitoring.

This research was supported by the Science Fund of the Republic of Serbia, #4950, Polymer/graphene
heterostructures for physiological sensors — Polygraph.
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Figure 1. Representation of Laser Induction of Graphene on Polymer Substrate.
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Whispering gallery mode (WGM) resonator can strongly confine light within the structure by
continuous total internal reflection [1], and is widely used in optical filters, modulators, micro-lasers,
frequency comb generators, nonlinear optics and high-sensitivity sensor devices. However, most of
WGM resonators are usually discrete optical devices, which have integration difficulties with optical
fiber system.

Here we present a new type of optical fiber WGM resonator based on cylindrical cavity, which is located
in the multimode fiber (MMF) core as shown in Fig. 1. When the light transmission path in the fiber
core is tangent to the cylindrical cavity wall, it is coupled into the cylindrical cavity through the
evanescent field, circulates along the cylindrical cavity wall and excites WGM resonance in the glass
wall before leaving the cylindrical cavity in the same tangential path and traveling along the fiber core
again.

The WGM resonator is fabricated by femtosecond laser micromachining together with fast hydrofluoric
acid etching techniques. Firstly, a ring structure is carved on the surface of the MMF. Then the focused
laser beam moves downward to start inscribing the same ring structure again. Such a process continues
until a cylindrical structure is formed, as shown in Fig. 2(a). Next, a small amount of hydrofluoric acid
solution is dropped at the cylindrical structure position to from a cylindrical cavity as shown in Fig.
2(b).

Cladding

=

Cylindrical cavity
Core
Air

—_—

Figure 1. Schematic of the WGM resonator Figure 2. Microscope image of the WGM resonator. (a) Top
view. Inset: the cross-section view. (b) Top view under the red
light illumination.

! 192

0] (a) (b) 0.13 0.20
o

g

2 ]

£ A - N

g i -1

H

a0 =g P07
154 =109 104

ldl 1437

55 T T y T T 2
1500 15200 IS0 1560 1580 1600 1620 oL 02 03
avelength ) Frequency (Lam)

0,05
o 144,

)
=
F
e

096 | f\‘/;‘ ! "\ f !

Intensity (a.

\ v
048+ 4

Figure 3. (a) The transmission spectrum of the optical fiber WGM cylindrical cavity resonator with
diameter of 38 pm. (b) The corresponding spatial frequency spectrum.

Fig. 3(a) shows the transmission spectrum of the WGM resonator. The corresponding spatial frequency
spectrum is shown in Fig. 3(b). It can be observed that the first two peaks are located at 0.05 nm* and
0.07 nm?, respectively, and the rest peaks are multiples of these two peak frequencies. It can be
determined that these two peaks correspond to WGM resonator operation.

REFERENCES
[1] A. Matsko and V. llchenko, IEEE J. Sel. Topics Quantum Electron., 12, 3 (2006).

ORCID: D. N. Wang 0000-0002-7748-4272 108



Photonica 2025 5. Devices and components

Multifractal analysis of heart dynamics after running with PPG sensor

D. B. Stojanovi¢, A. Maluckov, M. Mileti¢, and J. Petrovic¢
Vinca Institute of Nuclear Sciences- National Institute of the Republic of Serbia, University of Belgrade,
Belgrade, Serbia
e-mail: sandram@vin.bg.ac.rs

Heart dynamics changes markedly at increased effort, which is used routinely to assess the
heart condition, for example via electrocardiographic (ECG) stress test. However, the intricate
nonlinear changes in heart dynamics are not easy to measure during short routine tests, but the
ECG holter recordings are used instead [1]. Thereby, heart-rate variability is used as a base
biomarker. The problem is that it requires annotation of heartbeats, which can be a cumbersome
process in a noisy out-of-hospital measurement, such as holter around-the-clock measurement
or in fitness rooms. Moreover, while the market is saturated by new wearables measuring
mechanical function of the cardiovascular system, little attention has been paid to exploit them
in assessment of complex heart dynamic.

To overcome these limitations, we perform a multifractal analysis on 30-second recordings of
photoplethysmogram (PPG), ECG, accelerometer (ACC), and phonocardiogram (PCG)
signals. The data stem from the SensSmartTech study [2,3], involving synchronized
multimodal physiological recordings collected at rest, immediately after treadmill exercise, and
during recovery. We focus here on the PPG signal due to its suitability for wearable
cardiovascular monitoring.

As a benchmark of fitness level, we adopt the Heart Rate Recovery (HRR) index, a clinically
validated marker of autonomic reactivation following exertion [4]. The multifractal spectrum
was used to extract key features related to cardiovascular complexity—namely, the position of
the spectral peak, spectrum width, and asymmetry. These features were used to classify fitness
states via supervised logistic regression.

Classification results are presented for the PPG sensor, with and without K-fold cross-
validation and class balancing. Cross-validation improves stability and generalizability of the
model, yielding better separation between physiological states. Our results demonstrate that
short-term, optically acquired PPG signals—when analyzed via multifractal dynamics—can
serve as a compact, non-invasive tool for characterizing post-exercise heart adaptation and
individual fitness levels.
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Quantum cascade lasers operating at terahertz frequencies (THz QCLS) [1, 2] emit in the traditionally
hard-to-reach far-infrared part of the spectrum, which has enabled their growing use in fields such as
medical diagnostics, chemical detection, and imaging. In this work, we use a theoretical model
developed in [3] based on the effective semiconductor Maxwell-Bloch equations (ESMBEs) [4] to
study the dynamics of a THz QCL in a Fabry—Perot (FP) configuration. The model incorporates the key
features of the semiconductor active medium, such as asymmetric, frequency-dependent gain and
refractive index, as well as phase—amplitude coupling described by the linewidth enhancement factor.
This approach accounts for standing wave formation in the resonator, resulting in spatial hole burning.
We study the self-mixing dynamics of an experimentaly grown GaAs/AlGaAs bound to continuum THz
QCL designed for emission at 2.0 THz [5] using transport parameters calculated via the density matrix
model. The simulation results show that adding external feedback for a QCL operating at the threshold
current density leads to the spectrum of the emitted light changing from a single-mode to a multimode
regime as well as a significant increase in both the average output power and steady-state time. The
model predicts high sensitivity of the QCL output power to changes in the external resonator length.
For numerical calculation of the ESMBES we use the finite difference method to discretize the variables
both in time and space and solve in a travelling wave manner.

Output power [m\W]

0 50 100 150 200 250 300
Time [ns]

Figure 1. Output power waveform at threshold current for a QCL with external feedback. The inset shows
the optical spectrum of the emitted light where the QCL is emitting in a multimode regime.
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We propose a demultiplexer based on linearly coupled waveguide array, implemented through a simple
photonic lattice layout. Straight waveguides minimize propagation losses then bent waveguides, while
choosing appropriate distances between waveguides enables us to tune the output wavelength and
bandwidth.

For two input wavelengths, spatial divide is achieved when a shorter wavelength perfectly transfers it’s
power from first to last, then back to the first waveguide, while longer wavelength’s power perfectly
transfers from the first to last waveguide for the same length of waveguide array. Any waveguide array
which supports periodic propagation and perfect transfer of light supports such multiplexing [1].
However, by selecting Clebsch—Gordan coupling coefficients, bandwidth can be controlled simply by
changing the number of waveguides in an array, with the full-width at half-maximum narrowing with
the square root of the waveguide number. An experimental proof of this concept was provided by
fabricating the demultiplexers in borosilicate glass using femtosecond laser writing [2, 3].

Building upon these designs, we propose a more elaborate structure that introduces non-uniform
waveguide lengths to enhance spectral separation for multiple wavelengths. In this configuration, only
the input waveguide and its nearest neighbour retain equal lengths, while each subsequent waveguide
is progressively shorter. We show results for a 3-wavelength demultiplexer with the maximum insertion
loss of 1.22dB and the minimum cross talk of —22.02dB. For a 4-wavelength demultiplexer the
maximum insertion loss is 2.76dB and the minimum cross talk is —17.43dB.
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Direct conversion interferometers began to be used in experiments on measuring the mass velocity of
matter with the advent of lasers, since laser radiation has sufficient spatial and temporal coherence for
measurements. Initially, they were different variations of a two-beam interferometer [2, 3]. With the
development of technologies, the improvement of photo recording systems and, in particular,
telecommunications equipment, the PDV (Photonic Doppler Velocimeter) system has become
widespread today [1, 4].

Synchronization of multichannel PDV complexes is an urgent task, since in order to study fast gas-
dynamic processes it is necessary to record the change in the velocity of an object at different points on
its surface, but due to the fact that the acceleration of the object under study is uneven, a problem arises
associated with determining the initial time of surface motion. Initially, this problem was solved by
synchronously supplying an electric pulse to start the recording complexes and to start the gas-dynamic
process. But this solution does not take into account the difference in optical paths in different channels
of the used complexes, which may occur during the laying of the fiber route from the experimental
assembly to the equipment. At present, a method is used to determine the time difference of optical
lines of multichannel complexes of the PDV type, the error of which can reach up to 100 ns. In this
regard, a method for recording the time difference is proposed, allowing synchronization of
multichannel complexes of the PDV type, due to probing fiber bays with a laser broadband pulse, which
will increase the accuracy of the experimental results to 3 ns.

The aim of the work is to develop a method for binding different types of fiber-optic measuring laser-
heterodyne complexes to a single point in time. The proposed synchronization method consists of
mixing laser pulses into the channel of the complex so that reference time marks are registered on the
experimental oscillogram, which show the time of passage of the optical signal along the fiber line.
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In recent years, HgTe-based structures have raised significant attention due to their feature to exhibit
the quantum spin Hall (QSH) effect [1], a topologically nontrivial phase characterized by the presence
of helical edge or surface states protected by time-reversal symmetry. Although initial studies of the
QSH effect have been focused on graphene [2], it was later discovered that this phase is more likely to
manifest in materials composed of heavy elements. Here, the strong spin-orbit coupling arising from
relativistic effects plays a critical role. Shortly after theoretical prediction, the QSH effect was
experimentally confirmed in thin HgTe/CdTe quantum wells [3]. Beyond two-dimensional systems,
theoretical investigations have shown that topological phases can also emerge in low-dimensional
structures such as quantum wires [4], where quantum confinement leads to significant modifications of
the electronic band structure.

In this work, we investigate the electronic properties of HgTe/CdxHgi.xTe nanowires considering both
cylindrical and square cross-sectional geometries. The band structure is calculated using the Kane k -
p theory within the framework of the eight-band model, which subtly captures the coupling between
the I's, ['7, and I's bands [5]. Material parameters, such as band edges and effective masses, are assumed
to change abruptly at interfaces, while the band offsets are interpolated linearly with the mole fraction.

Our results indicate that band inversion can occur in the structures studied, revealing the presence of a
topologically nontrivial phase. The transition point for band inversion strongly depends on the
nanowire’s cross-sectional geometry, dimensions, and the compositional profile of the surrounding
barriers. Considering the possibility of switching topological phases by an external electrical field, these
findings highlight the potential of nanowire heterostructures as a versatile platform for next-generation
electronic and spintronic devices.
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Load cells represent one of the most important types of sensors in force measurement applications
across various industries, with conventional strain gauge-based load cells being the standard one [1].
However, Fiber Bragg Grating (FBG) sensors are emerging as a promising alternative due to their
unique measurement features [2], [3], [4]. In this work an industrial-grade (FBG) load cell designed for
demanding applications is presented as a next-generation alternative to conventional strain gauge load
cells. Accordingly, a comprehensive study and comparison between FBG-based and traditional strain
gauge load cells is conducted, focusing on performance metrics such as accuracy, sensitivity, durability,
and environmental resilience. Experimental evaluation conducted in laboratory conditions under
different stress and temperature inputs, confirms that FBG load cells can achieve precision comparable
to commercial strain gauge systems while offering unique features like additional outputs such as
temperature and torque, as well as remote sensing and spectral multiplexing. Despite higher initial costs,
the scalability, robust design, and potential of operability in extreme conditions provide FBG load cells
a significant competitive edge important in demanding industries like aerospace, automotive, and smart
manufacturing.

Fig. 1 illustrates sensors evaluated and compared in this work. In Fig. 1a conventional strain gauge load
cell is depicted, while FBG-based cell is given in Fig. 1b. Equivalent response of the evaluated load
cells are presented in Fig. 1c under tension and compression loading.
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Figure 1. a) Strain gauge load cell, b) FBG load cell and ¢) Equivalent response of the evaluated load cells
under tension and compression loading.

REFERENCES

[1] O. S. Al-Dahiree, M. O. Tokhi N. H. Hadi, N. R. Hmoad, R. A. R. Ghazilla, H. J. Yap, A. Albaadani, Sensors,
22 (2022).

[2] G. Ma, C. Li, J. Jiang, Y. Luo, Y. Cheng, Cold Regions Science and Technology, 71 (2012).

[3] A. Gautam, A. Kumar, K. Kinjalk, J. Thangaraj, V. Priye, IEEE Sensors Journal, 20 (2020).

[4] M. Bocciolone, G. Bucca , A. Collina, L. Comolli, Journal of Rail and Rapid Transit (2018).

ORCID: J.S.B. 0000-0002-8823-5423, A.J. 0000-0002-0768-6864,

114
M.D. 0000-0002-9079-0864, M. K. 0000-0001-7643-9886



Photonica 2025 5. Devices and components

High-power gold vapor laser operating in ultraviolet and deep ultraviolet
spectral ranges

I. Kostadinov, K. Temelkov, S. Slaveeva and G. Yankov
Georgi Nadjakov Institute of Solid State Physics, Bulgarian Academy of Sciences, 72 Tzarigradsko Chaussee,
1784 Sofia, BULGARIA
e-mail: temelkov@issp.bas.bg

Metal vapor lasers operating on the atomic self-terminating transitions of different chemical elements,
such as copper (Cu), gold (Au), strontium, lead, iron, etc., are still very promising, because of the
possibility to deliver significant average laser power at relatively high efficiency in any spectral range,
namely from ultraviolet (UV) to middle infrared ones. Even the average output power of the copper
vapor laser (CVL) is still the highest one in the visible spectral diapason so far. Nevertheless, the well-
developed UV laser sources, such as excimer lasers and frequency-converted solid state lasers, prevail
in the UV spectral range. Unfortunately, the gold vapor laser (GVL) is the only one laser source that
operates on the atomic Au self-terminating transition in the UV spectral diapason. The GVLs are less
researched and developed in comparison with the CVLs and their various versions, due to the severe
difficulties related to the extremely high operating temperature for both atomic Au 627.8- and 312.2-
nm lines and the impossibly contradictory gas-discharge conditions for the UV laser line. The highest
average output power of 20 W at the 627.8-nm line has been delivered by a laser tube with an active
volume of 2376 cm® (55 mm inside diameter and 100 cm length) at a pulse repetition frequency of 5.5
kHz and average electrical power of 15.7 kW [1]. A laser tube with an active volume of 232 cm?® (22
mm inside diameter and 61 cm length) has produced at the 627.8-nm line an average laser power of
11.6 W at a pulse repetition frequency of 27.5 kHz and average electrical power of 3.9 kW [2]. These
results correspond to a wall-plug efficiency of 0.30 % and a specific average output power (SAOP) of
0.050 W.cm [2], which are the highest efficiency and SAOP reported for the GVL. For comparison,
the efficiency and SAOP presented in [1] are 0.13 % and 0.008 W.cm3, respectively. The record-high
average output power of 1.20 W has been declared in 1978 [3] at the atomic Au 312-nm line by a laser
tube with an active volume of 140.7 cm?® (16-mm inside diameter and 70-cm length). Since then the
only observed UV laser oscillation at the atomic Au 312.2-nm line reported only in [2] has been so
weak that it has been unmeasurable.

An active volume scaling of the GVL is carried out. The highest average laser power of 1.04 W at the
atomic Au 312-nm line is delivered by a laser tube LT1 with an active volume of 49.5 cm?® (10-mm
inside diameter and 63-cm length), i. e. SAOP is 17.8 mW.cm. The highest SAOP of 46.5 mW.cm,
i. e. more than 5 times higher than the SAOP reported in [3], is produced through a discharge tube LT2
delivering average laser power of 251 mW with an active volume of 5.4 cm? (a 4-mm bore and an active
length of 43 cm). Polarized diffraction-limited (M? = 1) laser beam is produced for the first time placing
the LT2 in a negative-branch unstable cavity with magnification M = 20, which incorporates a Glan
prism for linear polarization of the laser beam. Laser beam is focused with a 25-cm concave mirror into
a 5-mm-long nonlinear crystal made of S-Barium Borate (BBO) and recollimated by a 15-mm lens
made of CaF,. DUV laser oscillation is obtained for the first time at a new spectral line with a
wavelength of 208.5 nm via Sum Frequency Generation (SFG) of the two atomic Au 312.2- and 627.8-
nm lines.
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Precise micromachining with laser ablation requires ultraviolet and deep ultraviolet (UV and DUV)
laser radiations, since the processed area size after focusing linearly depends on the laser radiation
wavelength. In addition to the high resolution, the UV and DUV laser radiations have sufficiently high
enough photon energy to induce some phenomena in different materials, such as material and its surface
modification, fluorescence, image recording, etc. Nonlinear frequency conversion is a well-known
method for oscillating in the UV and DUV spectral ranges. Several UV and DUV laser sources have
been well developed and investigated, such as frequency-quadrupled and frequency-tripled Nd:YAG
and Nd:YLF lasers, frequency-doubled argon ion lasers, and frequency-doubled dye lasers.

DUV laser sources based on nonlinear frequency conversion of the copper vapor laser (CVL) radiation
at the atomic copper (Cu) 510.6- and 578.2-nm lines is quite competitive alternative. DUV radiation at
255.3 nm, 289.1 nm and 271.2 nm has been obtained by frequency doubling the CVL output and Sum
Frequency Generation (SFG) of the two atomic Cu lines [1-3]. Unfortunately, the CVL pulse energy
and hence the CVL peak pulse power at laser pulse duration of about 15-40 ns are considerably lower
in comparison with the frequency-converted solid state lasers, which requires the laser beam focusing
and hence increases the hazard of optical breakdown of the nonlinear crystal. Applying spherical optics
for the laser beam focusing in a -barium borate (BBO) nonlinear crystal, the maximal DUV laser power
at the 255.3-nm laser line has been 450 mW through frequency doubling the 510.6-nm output [1].
Utilizing cylindrical optics instead of spherical ones to reduce the hazard of nonlinear crystal damage
at high average pump laser power [2, 3], the DUV laser power has been consecutively increased from
1.3 W [2] to 3 W via nonlinear BBO crystals [3] and up to 15 W with a nonlinear crystal made of cesium
lithium borate (CLBO) [3].

Various types of Master Oscillator — Power Amplifier (MO-PA) Cu and copper bromide (CuBr) vapor
laser systems are studied as pump laser sources for a 15-mm-long BBO nonlinear crystal. Focusing is
made by spherical mirrors and lenses with focusing distances of 20 cm, 40 cm, 75 cm, and 100 cm. The
highest average laser power at 255.3-nm line is 1.6 W at an average pump power of 7.2 W, i. e. the
frequency-conversion efficiency is 22.2 %. Using a new innovative technique to diminish the optical
breakdown hazard, which consists in the laser beam aperturing in horizontal direction, a maximal
frequency-conversion efficiency of 36.0 % is obtained at an average DUV laser power of 144 mW and
an average pump power of 0.4 W. Though the new technique achieves the effect of the laser beam
focusing through cylindrical lens, it significantly simplifies the optical scheme eliminating the necessity
of reduction in the laser beam diameter to the transverse dimensions of the nonlinear crystal via a
telescope made of two spherical lenses.
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In progressing towards the ubiquitous connectivity of short-range beyond-5G and 6G systems, the
millimeter-wave and optical waves carrying the orbital angular momentum (OAM) are expected to be
amongst the key technological enablers [1], [2]. In the millimeter-wave wireless communication systems
(WCS), the generation of OAM waves by the employment of electrically large antenna arrays has been
proven as a cost-effective solution, also allowing relatively easy OAM mode reconfiguration and
multiplexing of different OAM modes through a single aperture. The use of OAM modes generated by
the discrete OAM EM wave source arrangements could also be of interest for other frequency ranges,
e.g. free-space optical communications, as different parts of radiating metasurfaces or optical light
modulators could be used to stream separate information channels. However, the source discretization
affects generated OAM EM fields, producing unwanted sidelobes and radiation spikes in many directions,
and also, reducing the OAM maode purity of the useful transmitted waves. Therefore, system optimization
has to be carried out to adjust the power/phases of a limited number of discrete radiating sources for the
best performance.

Data transmission rates in line-of-sight (LoS) scenarios can be estimated from the radiation characteristics
of an antenna array [3]. Considering the unlicensed millimeter-wave frequency band around 60 GHz,
and both the commonly used uniform circular antenna arrays (UCA) and sets of non-uniform linear or
rectangular antenna arrays (LAA/RAA), we analyze the effects of source discretization on the EM field
quality as well as the possibility to achieve the desired total data transmission rates by the use of multiple
OAM modes simultaneously.

0

Transmitting UCA Receiving UCAs

Fuca=40 mm Fooa;—29.33mm
I'ueas —48.93mm
Fucas—07.18mm

Figure 1. An example of the optimal sizing of the receiving UCAs for 60 GHz mm-wave transmission at the
link range of 0.8 m. The OAM UCA source discretization, concerning the radial and azimuthal coordinates,
affects the quality of an OAM wave representation. In the case of OAM waves produced by the sets of linear
antenna arrays, additional effects due to the non-uniformity of spatial arrangements are observed.
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Rapidly increasing global demand for high-performance computing is constantly inspiring further
developments in electronic computers, which are, however, starting to face bottlenecks in terms of
response speed and bandwidth, followed by exaggerated heat dissipation and power consumption. On
the other hand, optical logic gates, i.e., the optical implementation of the fundamental building blocks
of a digital computer, enabling the optical computing paradigm, have been attracting growing research
attention in recent years [1, 2, 3]. This new technology is seen to provide a framework for increasing
the operational speed, the amount of processed information and consequently bandwidth, while
reducing the losses and power consumption. A variety of optical logic gates implementations have been
analyzed and reported, including schemes residing on spatial encoding of the light, highly nonlinear
fibers, photonic crystals, micro- and nano-scale waveguides and resonators, and nonlinear effects in
semiconductor amplifiers . Even though the cascading of universal photonic logic gates is largely
adopted to achieve programmable digital photonics, a high degree of reconfigurability in a single
element photonic digital device remains challenging, especially in the all-optical arena.

In this research, we exploit a dispersive nonlinearity of an injection-locked semiconductor laser for the
realization of three different all-optical logic circuits. Our approach resides on a simple, low-power
scheme, capable of on-chip photonic integration, including two master lasers optically injecting a
Fabry-Pérot slave laser, enabling its parameter dependent multistability [5, 6]. Within this framework,
we successfully engineer a three-in-one all-optical digital circuit comprising NAND, NOR, and S-R
latch operations, readily reconfigurable by tuning one or two injection parameters, e.g., bias current, or
frequency of injected light. By using discrete, off-the-shelf components, we experimentally demonstrate
device operation and report operating speeds up to 1 GHz with extinction ratios between logic 0 and 1
up to ~16 dB, depending on the logic in operation. The proposed all-optical device encloses both the
universal gate and memory functionalities in a single element, promising a significant advance toward
low-complexity programmable photonics.
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Within the last decade, waves carrying orbital angular momentum (OAM) have been recognized as one
of the key technological enablers of high-data-rate wireless communications and free-space optical
communications [1], [2]. Moreover, data encryption schemes using the composite OAM waves consisting
of different combinations of multiple OAM modes have been proposed for the combined capacity and
security enhancements [3], [4]. Towards the development of novel data encryption algorithms and their
experimental verification, as well as carrying out different other experiments, we have designed and
assembled an experimental setup using the transmissive light modulator (TLM) plate for the precise
control of phase modulation of the transmitted Gaussian beam (Figure 1). The Gaussian beam has been
produced by the HeNe laser source (~632.8 nm wavelength), whereas the received waves are being
monitored by the CCD camera and post-processed by the custom-designed algorithms.

Here we report on the system design and the observed system performances. We present a summary of
the results from the first trials of our experimental equipment, with special emphasis on the production of
composite OAM waves and their decryption on the receiving side.

Figure 1. Proposed layout of the experimental setup.
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Technology of quantum computing and quantum computers is no longer topic of the future but the topic
which represents one of the main focuses of nowadays research with fast traction and concrete practical
results in last years. Taking this into account it became clear that all modern encryption algorithms will
face serious challenges in incoming years especially if secure key exchange can’t be guaranteed. One
of considered approach to overcome this problem is technology of Quantum Key Distribution (QKD)
that guarantees key exchange security by the laws of fundamental physics. Previous decades of research
led to various practical implementations of QKD with constant pressure for further improvement of
performances while lowering down costs of the placement of this new technology within existing
optical network infrastructure. Result of this urge are new protocols and new methodologies with one
goal to simplify and expand possibilities of integration within modern optical networks including
Passive Optical Network (PON).

Due to the fact that implementing QKD within PON has some specific requirements, like simple and
low-cost integration and multi-user scalability, there was a need for pairing it with newly developed
protocols like Differential Phase Shift QKD (DPS QKD) and Differential Quadrature Phase Shift QKD
(DQPS QKD) [1]. Results of recent studies, covering practical network implementation [2], also
showed that these protocols are probably the best fit for first generation of Quantum Access Network
(QAN).

In our previous work we were focused on most mature and most widely implemented QKD protocols
BB84 and B92 where we proposed generalized QKD authentication architecture to enhance security of
authentication mechanism [3]. We performed simulation and system characterization for this
architecture with main focus on comparing performances of three proposed schemes.

In this paper our focus is on simulation, characterization and adaptation of DPS-QKD and DQPS-QKD
aimed for integration and coexistence within PON architecture, with special focus on state-of-the-art
versions of GPON and NG-PON2 [4]. Following principles from our previous research we are
investigating which adaptations of mentioned protocols and their combination can result in most secure
and yet most easy to implement solution for QKD integration within PON. General authentication
architecture is proposed for this set of protocols and different variations of the setup are simulated and
compared.

Acknowledgement: This work was financially supported by the Ministry of Science, Technological
Development and Innovation of the Republic of Serbia under contract number: 451-03-137/2025-
03/200103.
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A calibration method for laser interferometric instrument complexes based
on stimulated Mandelstam-Brillouin scattering effect
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The work is dedicated to the study of nonlinear effects in optical fibers as a source of calibration signals
for PDV and VISAR systems, as well as to the development of a method for generation calibration lines
for laser interferometric instrument complexes intended for use in gas-dynamic experiments. In such
experiments, the registration of the displacement (as well as the velocity and/or acceleration) of a
moving surface of complex shape and multiple points. This problem is solved by measuring the Doppler
shift of the frequency of scattered laser radiation from a moving surface. Interference of scattered laser
radiation with a reference radiation (PDV) [1] or with itself, delayed in time by a fiber optic line
(VISAR) [2] is used to determine the magnitude of the Doppler shift. Calibration of measurement
systems using certified objects is necessary, so the development of a calibration method for these
complexes that allows comparing measurement results obtained by different methods is a pressing task.

The presented work is aimed at solving the problem of creating a universal method for calibrating laser-
optical measuring systems and expanding the operating range of measuring speeds. The report presents
the results of assessments and experimental studies of the influence of nonlinear optical effects based
on stimulated light scattering in optical fibers on the characteristics of Doppler laser diagnostic systems.

The proposed method is based on the occurrence of the nonlinear effect of stimulated Mandelstam-
Brillouin scattering under the influence of laser radiation in optical fibers. Experimental verification of
this method has been conducted on laser interferometric instrument complexes such as PDV and
VISAR, which are used in gas-dynamic experiments in conjunction with other control and measurement
equipment and technical means.
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Figure 1. General calibration spectrum.

REFERENCES

[1] D.H. Dolan/Extreme measurements with Photonic Doppler Velocimetry (PDV) // Rev. Sci.
Instrum. Ne 91, doi: 10.1063/5.0004363, 2020.

[2] Lynn M. Barker / The development of the VISAR, and its use in shock compression science // AIP
Conf. Proc. 505, ¢.11-18, doi: 10.1063/1.1303413, 2000.

123



Photonica 2025 7. Laser spectroscopy and metrology
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Construction wood is one of the most common materials used in construction [1, 2], so it's
important to make sure that the natural wood used is of high quality. Traditional methods for
checking wood quality often depend on human judgment, which can be inconsistent [2].
Optical techniques offer a more accurate and repeatable way to analyze wood that can
determine its content [3, 4]. This study looks at using wood phantoms — artificial samples made
from cellulose and resin — as reference materials in optical spectroscopy. The end goal is to
develop a reliable method for identifying and classifying construction wood based on how it
interacts with light.

This research focuses on Raman spectroscopy as the main technique to study the wood samples.
It compares different phantom samples with varying amounts of cellulose to see how the
mixture affects the results. Wood phantoms are useful because their ingredient — cellulose and
resin — can be carefully measured and mixed, allowing for consistent and repeatable samples,
unlike natural wood where each sample is different.

In this study, data were collected using an 830 nm laser (in the near-infrared range) to minimize
fluorescence background [5]. Next, the data were preprocessed using simple baseline
correction before being input for machine learning models, that will be used for classification
of wood and phantoms (Figure 1). Initial results have shown that Raman spectroscopy not only
makes it possible to detect the presence of lignin and cellulose but also allows for the
determination of their relative concentrations across samples. This capability makes it possible
to distinguish between samples based on variations in cellulose content.

Raman
Spectroscopy

Data preparation 0 Validation

e > B

Preparation of
wood phantom ?} Q. ML Model Sample Classification

Cellulose Lignin

Intensity
o
9]

Figure 1. - Proposed workflow.
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The synthesis of laser-induced graphene (LIG) is a relatively new and rapidly developing field of
materials engineering, offering new opportunities for fabricating functional carbon structures for
optoelectronic and sensing applications [1, 2]. However, the wooden materials, despite their promising
properties, remain poorly understood in the context of LIG formation [3].

In this work, the use of Raman spectroscopy as a predictive, pre-LIG diagnostic tool to assess wood as
a precursor. Presented data obtained from wood samples - spruce, in raw form as offcuts. Raman spectra
were collected using an 830 nm laser (near infrared - to reduce background fluorescence) [4], revealing
key fingerprints related to cellulose/lignin ratio and sample unity. These factors appear to influence the
result of LIG structure - morphological uniformity, low defect density, and potential electronic
conductivity relevant for sensing applications.

Preliminary results of spectroscopy show high potential of material carbonization [3]. A relatively
simple workflow is proposed, using baseline correction, and highlight peaks, to pre-select wood and
extract well-structured graphene-like carbon parts, as illustrated in Figure 1. Raman spectroscopy
appears to be a promising predictive tool to suggest which wooden materials can form into effective
bio-microelectrodes with potential utility in optical and electrochemical sensing fields.
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Figure 1. Raman spectroscopy for wooden material classification.
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Synthesis of Bimetallic Germanium-Copper Oxide Nanoparticles by Pulsed
Laser Ablation in Liquids: Potential Application for LIBS Signal
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A novel laser-based strategy was developed for the synthesis of functional germanium-copper oxide
nanoparticles, with the aim of enhancing the analytical performance of LIBS. A thin germanium film
was deposited onto a copper substrate by pulsed laser deposition (PLD) in vacuum, using an Nd:YAG
laser (A = 1064 nm, =300 mJ per pulse, 5 Hz repetition rate, 4 ns duration), with the target and substrate
placed ~1 cm apart and rotated continuously for uniform coating, over 3000 pulses. The resulting
material was then used to fabricate nanoparticles using the laser ablation technique in liquids. This
target was immersed into 3 ml of Milli-Q water, and the surface area of approximately 25 mm?2 was
continually scanned by a pulsed laser beam in order to achieve homogeneous ablation of the sample
using an Nd:YAG laser (7 mJ, 10 Hz, 150 ps pulse duration, wavelength of 1064 nm). Characterization
of the formed bimetallic nanocolloids was performed by measuring the SPR band using UV-VIS
spectrophotometry and TEM microscopy.

Additionally, nanoparticles were used for Nanoparticle-Enhanced Laser-Induced Breakdown
Spectroscopy (NELIBS) of an aluminum sample. LIBS measurements were performed using a TEA
CO: laser-based setup with an Avantes spectrometer and optical triggering. Bimetallic nanocolloid
solution was applied by the drop-and-dry technique [1]. Preliminary results have shown an
improvement in analytical sensitivity for the detection of Mg in aluminum.
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Figure 1. a) UV Vis spectrum of LASIS nanoparticles, b) obtained LIBS spectra of aluminum sample with
and without nanoparticles
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Controllable Splitting and Coherently Recombining Intense Femtosecond
Pulses Using Structured Light
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It is generally known that at high energies/powers intense femtosecond beams/pulses are prone to
instabilities (see e.g., [1]). These effects, to some extent, could be mitigated through the controlled
splitting of the beam into sub-beams. However, this approach is only viable if there exists a reliable
method to coherently recombine the sub-beams following their spectral broadening. To achieve this,
we use known objects from the field of singular optics, namely optical vortex lattices [2-4]. Such beams
enable controllable and reversible break-up into an ordered array of well-defined intensity peaks in the
focal plane of a lens (i.e., in the artificial far field, where the intensity is high). A typical example of a
square-shaped optical vortex lattice is shown in Fig. 1.

Figure 1. Numerical intenind phase distributions (a) and (b) of a square-shaped optical vortex
lattice composed by singly-charged optical vortices with alternative signs. (c) — intensity profile of
the square-shaped optical vortex lattices in the focal plane of a lens.

In this talk, we will present our recent advances [5] in addressing spectral broadening and temporal
compression of high-energy femtosecond pulses by the controllable splitting and coherent beam
recombining of femtosecond beams/pulses using structured light, more precisely square-shaped optical
vortex lattice. Moreover, the compression in time (down to the Fourier transform limit) of the spectrally
broadened pulses will be demonstrated and discussed as well. In our view, the obtained results serve as
a strong motivation for further optimization and investigation serving as potential alternative to the
established methods for coherent beam recombining.

We acknowledge funding of the Bulgarian National Science Fund (project KI1-06-H78/6). The work
was also supported by the Bulgarian Ministry of Education and Science as a part of National Roadmap
for Research Infrastructure, project ELI ERIC BG and by the European Regional Development Fund
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Project BG16RFPR002-1.014-0006 "National Centre of Excellence Mechatronics and Clean
Technologies".
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We investigate high harmonic generation (HHG) in semiconductors driven by mid-infrared
femtosecond laser pulses, focusing on the dependence of harmonic emission on the laser polarization
angle relative to fixed crystal axes. Experiments on silicon (centrosymmetric) and c-cut zinc oxide
(Zn0O, non-centrosymmetric) reveal distinct symmetry-dependent responses influenced by both crystal
structure and laser field strength.

In ZnO, harmonic spectra exhibit clear symmetry signatures: as the linear polarization is rotated within
the (0001) plane, odd-order harmonics display six-fold rotational symmetry, while even-order
harmonics exhibit two-fold symmetry, consistent with the hexagonal wurtzite lattice and lack of
inversion symmetry. In silicon, HHG yields vary with polarization direction, with enhancements along
high-symmetry axes such as [100] and [110]. Notably, at higher laser intensities, even-order harmonics
also emerge, indicating field-induced dynamical symmetry breaking in this otherwise centrosymmetric
material.

To interpret these results, we perform multi-band time-dependent Schrddinger equation (TDSE)
simulations under experimental laser conditions [1]. The simulations reproduce the angular dependence
and harmonic yields in both materials. These findings highlight how crystal symmetry, laser
polarization, and field strength together govern the HHG response in solids, and establish polarization-
resolved HHG as a tool for probing symmetry and ultrafast dynamics in semiconductors.

Acknowledgements: Authors acknowledge project ELIUPM4-92 MIR_HHGSOLID_TA and MIR
Laser group at ELI-ALPS and support from COST Action CA20129, COST Action CA21128 (T.A.)
and Peta SC Discoverer supercomputer resources under project EPICURE.
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Terahertz wave generation from laser-irradiated near-critical-density
plasmas
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Femtosecond laser pulse propagation in a relativistic self-trapping (RST) regime within near-critical-
density plasma enhances electron acceleration, maximizing both total charge and laser-to-electron
energy conversion [1]. This process efficiently generates intense, coherent terahertz (THz) transition
radiation. Three-dimensional particle-in-cell (PIC) simulations reveal that THz emission occurs as
accelerated electrons exit into vacuum—either directly from the low-density plasma or after traversing
a thin foil at the target rear [2].

The RST regime proves superior to conventional foil targets with preplasma, enabling significantly
stronger THz generation. Optimized laser-plasma matching allows a 2-J femtosecond laser to produce
quasi-unipolar THz pulses with energies exceeding 100 mJ.
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Laser-Induced Breakdown Spectroscopy (LIBS) has emerged as a promising technique for elemental
analysis in complex matrices, including biological fluids. However, its sensitivity - especially for trace
elements - remains a critical limitation when targeting subtle biochemical differences such as those
potentially associated with neurodevelopmental disorders like Autism Spectrum Disorder (ASD) [1].
In this context, signal enhancement strategies are essential to increase LIBS performance and unlock
its potential in clinical diagnostics.

In this work, we present our preliminary results on two distinct signal enhancement approaches:
Nanoparticle-Enhanced LIBS (NELIBS) and the application of Laser-Induced Periodic Surface
Structures (LIPSS). Both methods aim to improve signal intensity and reproducibility in LIBS
measurements by altering the physical properties of the substrate or sample—substrate interface.

Our experimental setup involves the analysis of aqueous PbCl2 solutions and blood serum microdroplets
deposited and dried on solid substrates. For NELIBS, substrates were functionalized with noble metal
nanoparticles, known to facilitate localized plasma confinement and improved ablation efficiency. In
parallel, LIPSS were fabricated on the same substrates using controlled laser irradiation, creating
periodic nanostructures that enhance light—matter interaction during plasma generation.

The enhanced LIBS spectra were compared with conventional LIBS for both PbCl. and serum samples,
focusing on signal-to-noise ratio, emission intensity, and spectral reproducibility. Our findings confirm
that both NELIBS and LIPSS contribute to notable signal enhancement. The observed enhancements
suggest increased sensitivity for trace element detection in complex biological fluids.

These results represent a first step toward applying advanced LIBS-based techniques for biomedical
diagnostics. The long-term objective of our research is to develop a robust metallomic profiling method
capable of detecting elemental biomarkers potentially associated with ASD. Future work will focus on
applying these optimized LIBS protocols to real blood serum samples from pediatric subjects with ASD
and neurotypical controls.

This study highlights the promise of physical and chemical substrate modifications for pushing the
analytical limits of LIBS and opens new perspectives for its application in non-invasive and rapid
diagnostic workflows.

Acknowledgements: This work has been partially supported by the European Union, PRIN-PNRR 2022.
“Finanziato dall’Unione europea- Next Generation EU, Missione 4 Componente 1 CUP
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Ultrafast laser—tissue interaction modeled via two-electron-temperature
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We present a numerical study of femtosecond laser interaction with skin-like biological tissue using a
two-electron-temperature and free-electron-density framework. The model resolves nonequilibrium
energy transfer between nonthermal and thermalized electrons, coupled with the generation and
spatiotemporal evolution of free carriers. Originally applied to metals [1] and later extended to wide-
bandgap materials [2], this approach is adapted here to describe a soft, heterogeneous, water-rich
medium with embedded absorbers. The governing system includes balance equations for high- and low-
energy electron populations, as well as a rate equation for the free electron density. The latter accounts
for multiphoton ionization, cascade processes, and chromophore-mediated photoionization, which is
particularly relevant in pigmented or vascular tissue. Electron—phonon coupling is modeled as effective
energy transfer to the surrounding matrix [3, 4], enabling thermalization on sub-picosecond timescales.
Several physical effects, essential for realistic modeling, are incorporated: nonlinear absorption, local
field enhancement near chromophores, and transient changes in the refractive index due to free carriers.
Additionally, saturation of absorption, carrier diffusion, and heat dissipation through water content are
considered. These elements are critical for understanding early energy localization and avoiding over-
simplified energy deposition models [5]. Simulations are carried out in one dimension using an explicit
finite-difference scheme under Gaussian pulse excitation. The model captures the dynamic interplay
between ultrafast ionization, localized heating, and optical property modulation. Results suggest that
the inclusion of distinct electron populations and chromophore-specific effects significantly alters the
predicted damage thresholds and spatial confinement. This work builds upon recent extensions of the
two-temperature model in nonequilibrium systems [6], offering a flexible basis for investigating
ultrafast photothermal interactions in biological contexts.
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The increasing prevalence of orthopedic disorders and technological advances have significantly
improved the design and functionality of orthopedic implants and have carved the way for the growth
of the orthopedic implants market. Materials used in the design and production of bone implants include
metals, ceramics, polymers, and their composites. Among polymers, polyetheretherketone (PEEK) and
its composites have been employed as biomaterials for trauma, cranio and maxillofacial, orthopedic,
and spinal implants. Due to its strong biocompatibility and mechanical properties, PEEK has become a
main competitor to metallic implants, still used as a gold standard in bone tissue engineering. However,
the chemical inertness is the main reason explaining the poor osseointegration and fixation of PEEK
implants to the recipient bone tissue. Recent development in surface micro- and nanostructuring by
ultra-short femtosecond laser-induced surface processing suggests the high potential of the method to
tailor surface roughness, and as a consequence - precisely-controlled wettability. The interplay between
wettability and surface roughness is the basis of achieving enhanced osteointegration of the implants as
the femtosecond laser processing approach provides a unique tool to produce micro/nano-rough
surfaces, with improved interface adhesion characteristics. High precision and tunability of the laser
radiation parameters provide a possibility for creating diverse micro and nano surface designs,
resembling an effective and green alternative to the developed chemical methods by offering permanent
surface structuring without residual toxicity. Due to ultra-short irradiation periods and ultra-high
intensities applied, the created structures have such advantages as precise control over surface
roughness and wettability, processing accuracy, and reproducibility. The main research goal of this
work is to apply and study laser-induced micro/nano surface modification of PEEK for enhanced
osseointegration. To achieve this, developing of various texturing designs of PEEK surface interfaces
via femtosecond laser modification is performed. Detailed morphological and chemical evaluation of
the obtained results is carried out (by means of SEM, EDX, XRD, 3D profilometer and WCA analyses)
and preliminary biological evaluation of the structured PEEK substrates is done. The results obtained
show that the created ultra-short laser surface designs of the bone PEEK implants can essentially
enhance their bioactivity properties, which could improve osteointegration capacity of the as created
micro/nano structured PEEK scaffolds in engineering of personalized bone tissue.
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Laser-induced graphene (LIG) has emerged as a promising material in recent years, mainly due to the
unique advantages offered by the laser induction process itself. This technique enables the direct and
efficient conversion of carbon-rich precursors into graphene, offering a rapid, straightforward and cost-
effective alternative to conventional graphene production methods for certain applications. Potential
applications of LIG range from flexible, wearable electronics to electrodes for electrochemistry, to gas
and biosensors. Among the various precursors, polyimides have proven to be particularly suitable for
LIG formation due to their thermal stability and carbon content [1]. While most current research is
based on commercially available polyimides, research on LIG from synthetically produced polyimides
is still limited. However, laser induction on such tailored substrates opens up new possibilities for tuning
the biocompatibility, electrical performance, structural integrity and physicochemical properties of the
resulting LIG, which is crucial for optimizing material performance for a target application [2].

In this work graphene was induced on a series of newly synthesized polyimide substrates. The
polyimides were obtained by polymerization in solution at elevated temperatures using N-[3-(2,5-dioxo-
2,5-dihydro-1H-pyrrol-1-yl)phenyl]acetamide in combination with selected diamine compounds with
terminal amino groups: urea, 4-[(4-aminophenyl)sulfonyl]aniline and 1,2-diaminoethane. The
structures of the precursors and polyimides were characterized by 'H NMR, **C NMR and FTIR
spectroscopy. After graphene induction, the resulting materials were analyzed to determine their
nanomechanical and electrical properties, with a focus on potential applications in electrochemical
systems. Characterization techniques included Raman and FTIR spectroscopy, SEM-EDS, XRD
analysis and sheet resistance measurements. The results provide valuable insights into the correlation
between the molecular structure of polyimide and the efficiency and quality of laser-induced graphene,
underlining the promise of these materials in electrode applications.
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The laser-driven experiments are a promising way to produce accelerated particles and x-rays or to
reproduce astrophysical phenomena in laboratory conditions. Laser target interaction can be
significantly improved by choosing an appropriate target and the temporal profile of laser intensity. For
the high performance of the laser-driven experiment, maximal radiation absorption is required.

In this work, we study the preplasma generation during prepulse target interaction and its influence on
the target reflectivity. The prepulse influence on target reflectivity was studied numerically using the
FLASH simulation program [1] and analytically using the effective refractive index model and Bloch
wave approximation. The laser radiation heats the target and the material is ablated [2]. The preplasma
distribution in front of the target for flat and grated targets is shown in Fig. 1 (a) and (b). The numerical
simulations show that laser absorption is lower for a grated target than for a grated one (Fig. 1 (c)). The
angle of incidence is about 15 degrees, which ensures the best radiation absorption for the grated target.

The analytical model predictions are in agreement with numerical simulation results. The reflectivity
of the grated target decreases after the preplasma generation. During the preplasma generation its

density increases and the reflectivity changes. After the preplasma density reaches critical value the
reflectivity increases fast.
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Figure 1. Preplasma evolution during prepulse iradiation in front of flat (a) and grated (b) targets.
Reflectivity evolution during the irradiation for flat and grated tagets (c) and for grat targets for different
angles of incidence (d). Figure reproduced from [3].

Funding: UEFISCDI PN-1V-P7-7.1-PED-2024-079, PN-1V-P2-2.1-TE-2023-1102 and 10SIN
REFERENCES

[1] Fryxell, Bruce, et al. Astrophys. J Suppl. Ser. 131.1 (2000): 273.

[2] Ong, J. F., et al. Sci. Reports 13.1 (2023) 20699.

[3] Zubarev, A., et al. An. West Univ. Timis. Phys. Ser. 0001, Vol. LXVII, 2025

ORCID: A.Z. 0000-0002-3906-965X, M.C. 0000-0002-4084-8642 136



Photonica 2025 9. Laser - material interaction

Solid targets heating during laser prepulse

A. Zubarev', M. Cuzminschi®?

INational Institute for Laser, Plasma and Radiation Physics, 077125 Magurele, Ilfov, Romania
2Department of Theoretical Physics, ‘‘Horia Hulubei’’ National Institute for Physics and Nuclear Engineering,
07125 Magurele, Ilfov, Romania
e-mail: alxubarev@gmail.com

The main stages of high-intensity laser pulse with a target interaction are prepulse and main pulse.
Prepulse stage is crucial for plasma expansion and energy absorption. During the prepulse stage,
preplasma generation occurs because of ablation and ionization of target atoms. Prepulse parameters
have a significant influence on results of high-intensity laser-driven experiments. Particularly, laser
prepulse strongly impacts the intensity and energetic spectra of accelerated particles. For optimization
of and optimization of experimental condition of laser-driven particle acceleration interaction of laser
prepulse with a target needs to be thoroughly studied.

This study is centered around prepulse-target interaction before the formation of preplasma. Employing
first-principles simulations, such as time-dependent density functional theory (TDDFT), enables a more
detailed characterization of the coupled electronic and structural dynamics underlying preplasma
formation.

In our study, we use Salmon [1] (Scalable Ab-initio Light-Matter simulator for Optics and Nanoscience)
software for TDDFT to determine laser-matter interaction at atomic scale. It is capable of performing
TDDFT simulations by solving the time-dependent Kohn-Sham equations in real time and real space,
utilizing norm-conserving pseudopotentials. SALMON begins by performing ground-state calculations
based on density functional theory to establish the system's initial state. It then simulates the electron
dynamics triggered by an applied electric field.

This research explores laser-matter interactions by simulating the propagation of pulsed light through
thin films of various materials, including Si, Cu, Al, and SiO.. We analyze the incident, reflected, and
transmitted pulses, as well as the electric field and excitation energy at material surfaces. Additionally,
we examine the spatial distributions of the electric field and current density. The onset of preplasma
formation is identified by a sudden rise in excited or ionized electron populations, a rapid drop in bound
electron density, and a significant increase in energy absorption. We anticipate that preplasma will form
earlier in metals than in silica or bulk silicon.
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In this study, we investigate the influence of laser power on nanocrystalline ZnO(Mn) samples
synthesized via a wet chemical co-precipitation method followed by calcination at 300 °C. The
initial mixtures were prepared with varying concentrations of MnO dopant, ranging from 5%
to 95%. X-ray diffraction (XRD) analysis confirmed the presence of ZnO and ZnMn:Oa phases.
At the same time, Raman spectroscopy and scanning electron microscopy (SEM) provided
additional insights into the structural and morphological evolution of the samples.

Non-resonant Raman scattering spectra were recorded across the 100-1600 cm™ range for
samples irradiated at multiple laser power densities. The results reveal that laser-induced
heating leads to characteristic broadening and red-shifting peaks associated with ZnO and Mn-
based phases. These spectral modifications are attributed to nanostructuring effects and partial
decomposition processes triggered by localized thermal energy.

As the dopant concentration and laser power increase, significant changes in the behavior of
surface optical phonons (SOP) are observed, including a gradual suppression of SOP modes
associated with the ZnO matrix. The data suggest the formation of secondary phases such as
Zni-Mn,O and ZnyMns-yOa, resulting from the interplay between laser-induced
nanostructuring and dopant-induced modifications of the host lattice.

This comprehensive investigation highlights the complex relationship between laser power,
dopant concentration, phase evolution, and optical phonon dynamics in ZnO/MnO
nanocomposites. It underscores the utility of laser processing as a tool for fine-tuning the
structural and vibrational properties of multifunctional oxide materials.
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Femtosecond laser induced periodic surface structures (LIPSS) is a no contact, low-cost technique used
for structural surface modifications of wide bandgap (WBG) transparent materials, at dimensions equal
or smaller than the laser wavelength. Experiments showed LIPSS to be much more cost-effective and
accurate technique to use for machining of WBG at micro- and nano-resolutions, compared to other
conventional chemical or mechanical techniques, mainly thanks to its simple experimental setup, high
reproducibility, and applicability to vast range of materials (semiconductors, metals and isolators) [1].

In our study, we observe femtosecond laser radiation (A=1030 nm, t=180 fs) interaction with the surface
of transparent crystal GaN under different experimental conditions (number of pulses, energy of pulse,
scanning direction, polarization of laser radiation and irradiation mode), to obtain a database of optimal
experimental parameters that allow us to control the characteristics of formed LIPSS, in order to achieve
highly reproducible structures on larger surface areas. The results are discussed regarding the potential
applications of LIPSS, such as: surface characteristic control (wettability), fabrication of quantum dots
and quantum-wires (LEDs, solar cells), and enhancement of optical properties (photoluminescence,
absorption) [2].

Figure 1. Comparison of characteristics of formed LIPSS at different scanning directions.
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316L alloy, known for its excellent mechanical properties up to 600 °C and massive application in
various industries, is considered as one of the important candidates for fusion reactor construction
materials, as well as matrix for other potential materials with this purpose. It belongs to the class of
austenitic steels, which are only lately considered as a basis for the so-called oxide dispersion
strengthened (ODS) steels, where ceramic nanoparticles ensure endurance of the material at
temperatures over 700 °C, under high pressure and neutron irradiation. Austenitic ODS steels, including
316L-based, are still being developed and, although ferritic steels are studied as well, they are expected
to perform better in regards to certain high temperature properties [1]. 316L steel can be synthesized
through different routes — aside from conventional casting, it can be obtained from powders by novel
method of selective laser method (SLM), as well as contemporary techniques of powder metallurgy
(PM) used in this work. Samples were then subjected to laser irradiation in vacuum which, in one
approximation, could simulate high heat fluxes present in the reactor. Since materials are also exposed
to the effects of light species, preliminary results of conventionally obtained 316L irradiated by
ultrashort laser pulses in He atmosphere are also given. Synthesis of 316L alloy comprised hot pressing
of powders, using following process parameters: temperature 1150 °C, holding time 2 h, pressure 40
MPa, argon atmosphere. Density of the obtained samples, determined by Archimedes method, was
about 90% of the theoretical value. Laser irradiation was done using picosecond Nd:YAG laser with
energies up to 30 mJ at different number of delivered pulses (up to 500). XRD analysis has identified
austenite as dominant phase with FCC crystal structure. Microstructural characterization was performed
using SEM-EDS. Based on the obtained SEM images of the surface damages in vacuum, damage
threshold for 500 pulses was estimated to be about ~0.9 J/cm?.
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The invention of metamaterials has attracted significant academic and technological interest due to their
extraordinary electromagnetic (EM) properties, which are not readily achievable with conventional
photonic and optical materials [1-3]. Among the various types of metamaterials, plasmonic
metamaterials stand out by harnessing surface plasmons (SPs), which exhibit some of the most
compelling EM characteristics [4]. Graphene and other two-dimensional (2D) materials have opened
new possibilities for next-generation optoelectronic devices, including ultrafast photodetectors.
Graphene supports tightly confined surface waves with low losses and tunable properties, making it a
strong candidate for terahertz (THz) detection. Plasmonic metamaterials with multiband and broadband
responses provide a promising approach for detector design. Using graphene-coated mesa structures
can enhance light—matter interaction through plasmonic effects in the THz range. Additionally, three-
dimensional graphene-based structures enable the excitation of higher-order plasmonic modes and
multiple resonance frequencies. In this study, a high-performance terahertz metamaterial structure
based on graphene and induced by surface plasmon resonance is proposed, featuring tunable resonance
frequencies. Graphene-coated mesa metamaterial structures were designed and fabricated as integrated
photodetector arrays on a single chip. These structures inherently enable plasmonic enhancement
without the need for separate metamaterial integration. THz lenses were incorporated into the
multispectral photodetector chips to improve performance. Metamaterial unit cells with varying mesa
dimensions (70 x 70 um?— 90 x 90 um?), (85 x 85 um?— 100 x 100 um?), (115 x 115 um?— 135 x 135
um?), were optimized through CST Microwave Studio simulations for operation at 1.1, 0.9, and 0.6
THz. Fabrication was carried out on high-resistivity silicon substrates using UV lithography and
reactive ion beam etching, followed by graphene deposition via Plasma-Enhanced Chemical Vapor
Deposition (PECVD). The electromagnetic response of the devices was characterized using both THz
Time-Domain Spectroscopy and continuous-wave THz imaging systems. The effects of graphene
thickness and Fermi level on the reflection spectrum have been determined. Furthermore, the
characteristics of the plasmonic resonance modes were qualitatively analyzed and compared with
experimental results.
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We present the experimental technique for x-ray aerosol photoelectron spectroscopy (XAPS) at the
PLEIADES beamline of the SOLEIL synchrotron (France) [1,2]. It allows us to measure the electronic
properties of (functionalized) nanoparticles (NPs) isolated in the gas-phase, free of any solvent or
substrate, therefore, to study the intrinsic physicochemical properties of such complex targets. This
could help to develop new materials and improve our understanding of the light interaction with such
materials. Furthermore, the corresponding theoretical results could be compared to the experiment,
therefore further improving our understanding of newly developed materials.

In the present contribution, we will show results for two types of NPs. The first class corresponds to the
lead halide perovskite nanocrystals [3], as well as silver-bismuth iodide nanoplatelets [2,4]. The former
NPs belong to the hybrid perovskite materials that have attracted extensive research interest in recent
years as they exhibit optical and semiconducting properties favorable for the fabrication of
optoelectronic devices such as solar cells, light-emitting diodes, and photodetectors. The later Ag-Bi-I
NPs have been considered as a possible more stable and lead-free replacement for methylammonium
lead halides. The second class of materials that we will present corresponds to the functionalized noble
metal NPs. Such system can undergo localized surface plasmon resonances that can induce and drive
reactions of adsorbed ligand molecules [5]. They have been intensively investigated in recent years as
they provide opportunities in chemical synthesis, optoelectronics etc. (see [5] and references therein).
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Figure 1. XAPS setup at PLEIADES, SOLEIL [2].
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In our previous publications [1-4], we studied the effects of plasmon-phonon hybridization in a
sandwich-like structure consisting of two doped graphene sheets separated by a layer of aluminum oxide
(Al>03) [1-4], silicon dioxide (SiO2) [4], and hafnium dioxide (HfO,) [4]. In all those publications, we
considered only isotropic insulators between two graphene sheets.

In this work, we investigate for the first time two graphene layers separated by an insulating slab that
exhibits anisotropy of a uniaxial crystal. We choose an anisotropic layer of hexagonal boron nitride
(hBN) because van der Waals heterostructures based on graphene and hBN layers with different
stacking modes have been attracting a great deal of interest in the last few years owing to their potential
applications [5-8]. The objective is to explore the effects of anisotropy of hBN in the graphene-hBN-
graphene heterostructure. In particular, we examine the plasmon-phonon hybridization in the range of
frequencies corresponding to the Reststrahlen bands of hBN, where the phonon modes of this material
exhibit hyperbolic dispersion.

The expression for the effective surface electron energy loss (EEL) function (the imaginary part of the
negative value of the surface response function [9]) of the graphene-hBN-graphene composite system
is derived following and generalizing the continued fraction method of Ref. [10]. The response function
of each graphene is obtained using the dynamic polarization function of doped graphene within the
random phase approximation for its n electrons described as Dirac’s fermions. The response of the
anisotropic hBN layer is described by a diagonal dielectric tensor consisting of the in-plane and axial
components.

We compare the effective surface EEL functions of the graphene-hBN-graphene systems in the cases
of the anisotropic and fictitious isotropic (with the dielectric functions equal to the in-plane or axial
components) hBN layers.
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We explore a plasmonic microreactor concept designed for real-time monitoring of surface adsorption
and catalytic transformations. As a model system, we study the adsorption and subsequent reduction of
methylene blue (MB) on a gold surface, forming leuco-methylene blue (LMB). The proposed reaction
is represented by a stoichiometric equation and schematically shown in Fig 1 (left).

To interpret the temporal sensor response, we develop a kinetic model that describes the
evolution of MB in solution, its adsorption onto gold, and its conversion to LMB. The model
incorporates rate constants for adsorption, desorption, and surface-bound reduction, along with
a conservation law for total surface binding sites and MB molecules. For a realistic parameter
set [1], Fig 1 (right) shows exponential relaxation toward a steady state, a numerical solution
to the model, illustrating the dynamic changes in molecular populations.

MB (sol) + S %& MBs 5 LMB (sol) + §

MB
LMB
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Figure 1. Top: Stoichiometric equation showing how free surface site S gets occupied byu an MB molecule
and released again after MB catalytically reduces to LMB (which does not stay on the surface and does not re-
adsorb). Left: schematic block diagram. Right: Temporal response of reactants assuming concentration of the

reducing agent is constant and in large excess.

The refractive index change is proportional to the change in surface-bound MB population, so
plasmonic read-out in these microreactors supports the integration of photonic devices allowing for
simultaneous plasmonic sensing and reaction monitoring.

Further model refinement involves multicomponent adsorption, surface heterogeneity (e.g., gold
microstripes), spatially varying reactivity and system alterations and optimizations with respect to
practical problems [2]. This approach enables dual-function microreactors where optical read-out assists
both in-situ detection and quantitative modeling of surface reactions.
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Two-dimensional (2D) nanomaterials occupy the scientific community interest with the increasing need
for minimization of devices. The discovery of graphene in 2004 significantly expands the field of
research into 2D structures, among which, in addition to graphene itself, are MoS2, borophene, and
phosphorene. Wide band-gap semiconductors such as GaN and SiC stand out as potential substrates for
their application in nanodevices. In this poster, we analyze the graphene-GaN-graphene system. The
Dirac plasmon (DP) dominates the electron energy loss (EELS) spectra of doped graphene [1], while
GaN is characterized by phonon branches [2] in the same lower ®(Q) regime, that hybridizes with the
DP. Understanding plasmon-phonon coupling in this system is critical for further development of
optoelectronic devices. In addition to the fact that GaN has interesting dielectric properties, it is also
widely used [3] in photonics, optoelectronics and sensor technology etc. The dielectric function of GaN
and the polarization function of graphene are obtained by the ab initio method. As a result, the EELS
spectra of the observed system is presented.
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In our current era of data and information, the amount of energy required to sustain modern Al is
reaching formidable levels. Motivated by this, novel hardware architectures such as optical neural
networks (ONN) have emerged as a high-performance, energy-efficient and scalable alternatives.

We have recently demonstrated a ONN using a semiconductor multimode vertical-cavity surface-
emitting laser (LA-VCSEL) [1] as the nonlinear neuron substrate, realizing spatial multiplexed photonic
neurons with trainable input and output weights, see Fig. 1(a). This network is inherently autonomous,
parallel and fully realized in hardware, using off-the-shelf components. Training was achieved using
model-free training algorithms, obtaining 93% test accuracy, outperforming the digital linear classifier,
hence highlighting the nonlinear transformation produced by the laser.

However, the link between a LA-VCSEL’s area, shape and operating conditions and an ONN’s
computational dimensionality is non-trivial. Here, we perform a detailed, data-driven study to link
different physical parameters of the ONNSs to general computational metrics, such as the number of
neurons. Furthermore, we explore circular as well as chaotic resonator shapes and their impact on these
principle performance predictors.

In these experiments, we recorded with a camera the response of LA-VCSELSs with different chaotic
cavity geometries and aperture sizes to each image in the MNIST training dataset. Additionally, we
scanned different injection laser positions inside the laser aperture. We applied Principal Component
Analysis (PCA) to carry out a dimensionality study on the acquired images. The number of linearly
independent principal components (PCs) determines the LA-VCSEL’s computational dimensionality,
i.e., the neurons in our system. To account for the noise in the ONN, we used a criterion presented in
[2] to separate the dimensions resulting from real data variations from those where noise was
predominant, thus arriving at a more physically meaningful dimensionality. To link the dimension of
the device to a performance metric, we performed classification of MNIST digits under the same
injection conditions. Our results identify a potential link between dimensionality and ONN computing
performance, see Fig. 1 (b).

In conclusion, this study established a bridge between the computational performance of LA-VCSELSs
through a simple and fast measurement to determine the system’s dimensionality, and through that
provides physical insights to guide the design of novel LA-VCSELSs for optical computing.
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Figure 1. (a) Experimental setup of the ONN. (b) Computing power vs dimensionality represented by plotting
MSE (mean square error) vs number of PCAs/ neurons in the LA-VCSEL.
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Reservoir Computing (RC) is a computational approach based on a Recurrent Neural Network. There
are many implementations of Optical Reservoir Computing [1]. In other works, different reservoir
schemes with different connectivities and interconnections were explored [2]. We propose an advanced
optical scheme using a Liquid Crystal Cell (LCC) with a voltage-controlled scattering as a reservoir.

The amount of scattering in the LCC and, as a result, the complexity of reservoir in corresponding RC
scheme changes under different applied voltages. Our experimental results show gradual transition from
dense, Gaussian-distributed to the identity diagonal matrix in a simple retrieval task.

In a high scattering case, results were comparable with the results of experiments with a fixed high-
scattering media. Steady transformation of a retrieved transmission matrix from a Random Gaussian
type (high scattering cases) to an identity diagonal type (low scattering cases) is shown.

Besides that, we compared the time predictions of spatiotemporal chaotic datasets obtained from the
Kuramoto-Sivashinky equation, obtained with optical setup in different scattering cases, to the results
of simulations with corresponding parameters of the reservoir. The results show the change in prediction
quality for different reservoir complexities. Adjusting the reservoir according to the task may allow us
to achieve better performance.
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Figure 1. Different scattering cases for LCC. (A) No voltage. The LC molecules inside the cell are disordered.
Light undergoes many scattering events inside the LCC. (B) Medium voltage. The LC molecules begin to orient
themselves in the direction of the applied electric field. Light undergoes less scattering events inside the LCC.
(C) High voltage. The LC molecules are oriented in the direction of the electric field. Light undergoes
insignificant amount of scattering events inside the LCC.
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The interference effects in injection-locking-based reservoir computing: a
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Photonic neural networks (PNNs) offer a fast and energy-efficient platform for machine learning, with
two dominant architectures: multilayer perceptrons (MLPs) and recurrent neural networks (RNNSs).
MLPs rely on feedforward summation and nonlinear activation, while RNNs incorporate feedback to
process temporal data. An efficient photonic RNN variant is time-delayed reservoir computing (RC),
which uses a single nonlinear element with delayed feedback, often implemented using semiconductor
lasers and optical fibers [1-4].

Regardless of the specific architecture, a common requirement in all PNNs is the ability to combine
multiple optical input contributions and apply a nonlinear transformation. In coherent photonic systems,
this summation process is affected by optical interference, making the experimental realizations of
PNNs highly susceptible to environmental optical path length variations, coherence degradation, and
wavelength instabilitiess.

In all-optical implementations of time-delayed RC, based on laser diodes driven by optical injection, a
particularly problematic case arises, as the phase sensitivity between overlapping pulses in the delay
loop alters internal state evolution, reducing memory capacity and task performance [3]. In the
experimental realizations, the newly incoming pulse interferes with the previous pulse from the
feedback loop, often 10-1000 m long. Even though both pulses originate from the same coherent source,
they are substantially delayed by the loop length, giving rise to the pronounced beating signal with a
frequency equal to the notorious frequency drift of the laser source. Moreover, the difficulty in
environmental stabilization of an interferometer with unbalanced branches surges as the branch path
lengths increase. Finally, an optically injected laser diode, serving as a nonlinear activator, suffers from
the inherently present frequency chirping due to rapid carrier induced phase oscillations [5], furthering
the problem of beating in all-optical summation.

In our research, we delve deep into the experimental time-delayed RC realizations for Gb/s speeds based
on Fabry-Pérot laser diodes under optical injection, ensuring reliable computations using different
mitigation strategies, creating a novel paradigm of interference-aware RC design.
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The inverse design of photonic surfaces produced by high-throughput femtosecond laser processing is
limited by a strongly non-linear, many-to-one mapping from laser parameters (power, speed, hatch
spacing) to the resulting optical spectrum. Tandem Neural Networks (TNNSs) mitigate this ill-posedness
by pairing a forward surrogate with a separately trained inverse network, but they still rely on artificial
noise injection to uncover diverse solutions and still explore the design space only sparsely. We propose
Direct Gradient Optimization (DGO), a single-network alternative that treats the pre-trained forward
surrogate as a differentiable proxy for the laser—-material interaction and back-propagates errors all the
way to the process parameters. This strategy (i) eliminates inverse-model training, (ii) allows the
embedding of practical constraints such as laser-power penalties to be encoded directly in the loss
function, and (iii) yields transparent sensitivity information through native gradients and SHapley
Additive exPlanations (SHAP).

Two optimization modes are assessed: a single-start DGO and a parallel multi-start “Tournament” DGO
that launches multiple random seeds, runs a brief qualification phase, and refines only the five most
promising candidates. Across 10000+ inverse-design tasks, Tournament-DGO cuts the average spectral
root-mean-squared error (RMSE) from 1.29 % (best TNN) to 0.70 %, and boosts design novelty
(quantified by the Normalized Euclidean Parameter Distance, NEPD) from 0.26 to 0.38. A SHAP-based
meta-analysis shows that convergence is dominated by the initial hatch spacing, explaining why broad
sampling followed by pruning addresses this sensitivity. DGO delivers state-of-the-art accuracy,
enhanced robustness, and diverse inverse solution without noise heuristics or extra model training. Its
ability to embed manufacturability constraints directly in the optimization loop establishes a powerful,
energy-aware platform for scalable photonic devices, thermal emitters, and meta surfaces.
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Figure 1. Comparison of TNN (left) and DGO (right) across 10,000+ inverse-design tasks. Points show
spectral RMSE vs design novelty (NEPD). DGO achieves lower mean error (0.70\% vs 1.29\%) and higher
novelty (0.38 vs 0.26).

REFERENCES
[1] M. Park, L. Grb¢i¢, et al., Adv. Sci. 11(26), 2401951 (2024).
[2] L. Grb¢i¢, M. Park, et al., npj Comput. Mater. 11(1), 35 (2025).

ORCID: A.H. 0000-0002-0766-2272, A.K. 0000-0001-8712-824X, B.A. 0000-0002-

4768-9891 151



Photonica 2025 11. Machine learning in photonics

Principal Component Analysis for Photoacoustic Experiment
Optimization: Evaluating Correlation vs. Covariance Approaches

S.M. Kovacevic!, M.N. Popovic!, M. Jordovic Pavlovic?, D.D. Markushev?, D.K. Markushev*
Ynstitute of Physics, Belgrade, Serbia
2Faculty of Mechanical Engineering and Civil Engineering in Kraljevo, University of Kragujevac, Kragujevac,
Serbia
e-mail: slavica.kovacevic@ipb.ac.rs

Background — Photoacoustic material characterization is a non-destructive technique for assessing
samples' optical, thermal, and mechanical properties. In this paper we utilize two approaches to PCA,
covariance-based and correlation-based, to identify key modulation frequencies for neural network
(NN) input, enabling accurate predictions. Using simulated data from a composite piston model [1], we
analyzed thermoelastic photoacoustic signals from aluminum samples at varying thicknesses (I) and
cut-off frequencies (fo), across 300 modulation frequencies (10 Hz—10 MHz) in an open-cell setup (Fig
1a).

Results — The data pre-processing of input variables involved transforming amplitudes into decibels.
For the covariance approach, the input data to PCA was scaled using maximum absolute (MA) scaling
while for the correlation-based approach we used Z-scaled data as input, since Cor(MA — scaled) =
Cov(Z — scaled)[].When using covariance-based PCA, five phases were selected with modulation
frequencies ranging from 1 kHz to 38 kHz. In contrast, the correlation-based approach captured one
amplitude and four phases, with frequencies between 22 kHz and 363 kHz.

The NN used had an input layer of 5 nodes, 5 and 10 nodes in the hidden layers and an output layer
with 2 nodes, corresponding to | and fo. For better performance, logarithmic values of output features
were used, and both input and output features of the NN were scaled using MA scaling. NN trained on
the correlation-based set has smaller mean relative errors (0.03% for | and 0.05% for f;) compared to
the NN trained on the covariance-based set (0.1% for | and 0.18% for f,) on the independent test data
(data outside of the original set used for training).
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a) Figure 1. Open-cell experimental setup (a) where the sample placed directly on the microphone

is periodically heated by a current modulated LED. Independent test results for 1 (b) and fo (c).

Conclusion — Current analysis shows that an NN with 5 thermoelastic signal points, selected using
either of the two approaches, as input features predicts values of | and f, with adequate precision and
accuracy (<5% relative error). While the correlation-based selected variables cover a wider range of
modulation frequencies, covariance selected variables capture only phases at significantly lower
frequencies, closer to the working range of photoacoustic, from 20 Hz to 20kHz, and thus is a better fit.
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The increasing dependence on real-time data acquisition and analysis in industrial processes, electronic
communications, and manufacturing requires precise and scalable monitoring methods. This research
explores the potential of a fiber optic interferometry based system for metal surface condition
monitoring, addressing challenges in predictive maintenance and process optimization [1, 2]. Through
integration of optical sensing with large-scale data processing, the system enables high-precision
diagnostics of surface degradation and monitors key parameters like distance and clearance to maintain
geometry and machine performance under continuous motion [3]. Measurements on various materials
ranged from 10 to 500 pm in 5 um increments. Signal changes from the interferometer allowed abrasion
levels to be determined. The collected data is processed using machine learning algorithms to improve
accuracy and support real-time diagnostics, machine learning algorithms were employed for
classification of material wear based on spectral data collected from the fiber-optic interferometer. A
set of 52 features was extracted from each spectrum, including peak morphology, intensity distribution,
and spectral entropy. Using feature selection and ensemble classifiers such as Random Forest and Extra
Trees, the models achieved up to 83% accuracy in distinguishing four wear levels with micrometer
precision [4]. These models effectively captured non-linear relationships between optical features and
degradation patterns, demonstrating the potential of data-driven approaches in predictive maintenance
applications.
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Figure 1. Obtained signal of flat and wear surfaces of measured stainless steel sample.
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Hardware matrix multiplication through silicon photonics

R. Minnullin, A. Sapegin, M. Makarov, A. Marakhin, A. Italyantsev

JSC Molecular Electronics Research Institute, Zelenograd, Moscow, Russia
e-mail: rminnullin@niime.ru

Matrix multiplication is of the utmost need and use in data processing. It has been used in a variety of
applications including image processing and various types of data analysis, however substantial
expansion of artificial intelligence and neural network technologies in recent years have made them
primary contributors to the development of hardware matrix multiplication approaches. Vast research
in this field have resulted in occurrence of specialized electronic integrated circuits for matrix
multiplication, namely, application specific integrated circuits (ASICs), tensor processing units (TPUs)
and neural processing units (NPUSs), besides GPUs and field-programmable gate arrays (FPGAS) that
have already been used for this purpose since the appearance of hardware acceleration concept [1].
Meanwhile, rapid progress in integrated photonics has also evoked outstanding opportunities for
performing matrix multiplication on a hardware level with the use of light.

Variety of different approaches to realization of matrix multiplication in photonics can be classified into
4 principal groups:

1) mathematical matrix is represented as physical matrix of modulators: ring resonators or
elements including phase change materials [2, 3] (Figure 1a);

2) mathematical matrix is factorized through singular value decomposition into a product of two
unitary matrices and a rectangular diagonal matrix, which are further physically represented by
the appropriate set of Mach—Zehnder interferometers and attenuators [4] (Figure 1b);

3) matrix coefficients are physically encoded into the specific geometry of a multimode
interferometer (MMI) [5] (Figure 1c);

4) mathematical matrix is represented as physical matrix of attenuators but light propagates in free
space out of the plane of a photonic chip in contrary to in-plane propagation in previous
approaches — so called 3D approach [6] (Figure 1d).
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Figure 1. Approaches to photonic matrix multiplication

In this paper we review the latest research on realization of matrix multiplication in silicon photonics
classifying them by approach into the aforementioned 4 groups, we briefly discuss the basic principles
of these approaches noting their benefits and drawbacks, and report on our elaboration on the topic.
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Reconfigurable all-optical sigmoid-like activator based on a Fabry-Pérot
laser diode with multi-wavelength output capacity
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School of Electrical Engineering, University of Belgrade, Serbia
e-mail: jasna.crnjanski@etf.bg.ac.rs

Reconfigurable photonic activation functions (AFs) play a key role in advancing neuromorphic
computing by enabling ultra-fast and energy-efficient information processing in optical neural networks
[1, 2].

In this study, we build upon the foundations of all-optical AFs in Fabry-Pérot laser diodes (FP-LDs)
under optical injection shown in [3], achieving AF wavelength conversion and multiple simultaneous
sigmoid-like AFs at different wavelengths. To achieve the multi-output operation of our nonlinear
element (NLE), we use the dual optical injection (DOI) paradigm, where two input signals are
simultaneously coupled into different longitudinal side modes of the FP-LD. Unlike the DOI shown in
[3], both optical inputs are pulsed. The DOI pulse trains are Gaussian-shaped, at a repetition rate of
0.5 Gb/s with a FWHM of ~400 ps. The first input operates at a wavelength A, frequency detuned by
—15 GHz (red shifted) with respect to the m = +5 longitudinal side mode of the FP-LD (blue shifted
with respect to the central FP-LD mode), delivering a continuous train of fixed-peak-power pulses. The
second input at Ap, used to insert the data, is injected near the m = +3 FP-LD side mode, with a variable
detuning in the —15 to —21 GHz range (Fig. 1(a)). The data patterns comprise both linearly increasing
and randomized sequences of peaks modulated in power, allowing for a realistic investigation of the
system’s nonlinear behavior. The AFs can be extracted either at Ac or Ap, by adjusting the tunable
bandpass filter (BPF) providing the NLE with two concurrent, apparently distinct, outputs, as shown in
Fig. 1(b). While the AF at A, follows a previously demonstrated trend [2,3], the wavelength converted
AF at A exhibits a more pronounced saturation, with a lower ON-OFF power level ratio.

We further extend the known detuning reconfigurability of A, AFS [3], exploiting the observed interplay
between the signals at Ac and Ap within the FP-LD, and demonstrate the 0.55 to 0.75 mW Ac AF threshold
shift by varying the A, detuning in the —15 to —21 GHz range. This adaptivity, shown in Fig. 1(c),
enables dynamic shaping and real-time reconfiguration of the wavelength-shifted nonlinear response,
creating a programmable NLE suitable for all-optical activation in multiwavelength photonic neural
networks, enhancing the parallelism and scalability for future demonstrations.

(a) 0.25
input z
— 5]
@ a2 2 015
NANNN. A oy
A 2 01
pulse train g -
i =]
W\tf;{ﬁxed S o005} = A, (pattern) -
peak power \\2\‘_ g = A (constant)
‘1“ FP-LD 904 06 08 10 12 001 %5 1.0 1.5
A peak input power (mW) peak input power (mW)

Figure 1. (2) The schematic of the experimental setup. (b) Comparison of nonlinear responses at both
outputs. (¢) Detuning-dependent nonlinear response at Ac.
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Coupled phase-intensity bistability in Fabry-Pérot lasers under optical
injection
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The concept of real-valued photonic neural networks has recently been extended to complex-valued and
Kramers—Kronig neural networks, which process data using inputs, weights, and activation functions
that account for both magnitude and phase [1,2]. In this work, we experimentally demonstrate that
dispersive bistability in Fabry—Pérot laser diodes (FP-LDs) under optical injection can produce
stationary optical phase hysteresis accompanied by optical intensity hysteresis, linked through the
Kramers—Kronig relations.

To enable the coherent detection of the FP-LD's output, the experimental setup used in the investigation
of quasi-static injection locking (IL) of FP-LDs [3] is complemented with an additional local oscillator
(LO) branch and a balanced photodiode (BPD), creating an interferometer illustrated in Fig. 1(a). The
master laser’s (ML) optical output with a wavelength Ay is injected into the m = —3 side mode of the
FP-LD, for several different values of frequency detuning ranging from —15 to —21 GHz (negative
values corresponding to a red shift with respect to the central mode). The FP-LD’s output signal at Am
is spectrally selected using an optical bandpass filter (BPF) and interrogated using the interferometer.
ML’s power is gradually varied, shifting the FP-LD between the IL and the free-running states,
experimentally verifying the coupling between the intensity and phase hysteresis loops [4] shown in
Figs. 1(b) and (c). The arrows highlight the different directionality of the coupled loops, leading to the
conclusion that the transition to the IL state is accompanied by a rise in power and a decline in the phase
difference between the ML and the FP-LD. Increasing the magnitude of the frequency detuning in the
investigated range is shown to yield wider regions of the coupled intensity-phase bistabilities,
achievable for higher input powers. Thus, the complex-valued response is shown to be reconfigurable,
with experimentally demonstrated extinction ratios of up to ~8 dB and phase jumps of up to 0.9 rad.
These findings indicate that, in a dynamical regime under optical pulse injection, an FP-LD can serve
as an activation unit, providing simultaneous nonlinear responses in both signal intensity and phase,
demonstrating the existence of their Kramers—Kronig relation.
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Figure 1. (a) The schematic of the experimental setup used for injection locking of the FP-LD and coherent
detection. Static (b) intensity and (c) phase hysteresis loops for different frequency detunings.
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End-to-end deep learning reconstruction of simulated off-axis holograms
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In recent years, hologram reconstruction using deep learning models has garnered significant attention
due to its potential to accelerate and simplify the reconstruction process, and reduce its computational
cost, making holographic imaging more accessible [1,2]. To this day, most reported studies on both
simulated and experimental holograms focus on either near-field or in-line approaches, where the object
can often be recovered even from low-resolution inputs [3-5]. The best-performing architectures, e.g.,
generative adversarial networks (GANSs), are usually computationally heavy. On the other hand,
typically reported U-net-like architectures are usually extended in complexity via the utilization of
residual units, multi-path bottlenecks, or multi-branch decoders [3-5].

In this study, we investigate the feasibility of applying an end-to-end deep learning approach for
reconstructing high-resolution, off-axis holograms at higher propagation distances using a dataset of
simulated 1024x1024 holograms. The hologram simulation process was conducted using MNIST [6]
images as amplitudes of the complex object field with the randomized phase and the wavelength of 532
nm. The field is further propagated to a distance of 95 cm, where it interferes with a spherical reference
wave at an angle of ~3°, creating the final hologram. The zoomed portion of a representative simulated
hologram is shown in Fig. 1 (a).

The proposed autoencoder model employs multiple attention mechanisms — convolutional block
attention modules in the encoder, squeeze-and-excitation blocks in the decoder and bottleneck, and
attention-gated skip connections - alongside multi-feature extraction layers, dropout, and input striding,
resulting in 12 million parameters. The model was developed in Google Colab using PyTorch, and was
trained, validated, and tested in a ratio 80%:10%:10% on 10,000 holograms using an A100 GPU. We
tested the model’s performance using the structural similarity index, and gained the result of 0.93+0.03,
which is comparable to similar, in-line approaches [4,5]. Fig. 1 (b) and (c) show the ground truth and
model prediction images, demonstrating the performance of the proposed approach.

The presented results promise that the proposed model will serve as a strong starting point in the future
transition to experimental data, filling in the niche of deep learning off-axis hologram reconstruction at
higher propagation distances.

Figure 1. (a) The zoomed portion of a representative hologram, showing the interference fringes.
(b) Ground truths and (c) model prediction images.
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Optomechanics of nanoparticles in a hybrid anapole state
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Nowadays, anapole states [1], which are distinguished by the absence of the far-field radiation from
one of the multipole channels excited in the particle, have become a subject of significant interest in
nanophotonics. These states are able to efficiently store energy, which allows their further use, for
example, for laser generation [2]. It has recently been demonstrated that it is possible to combine several
anapole states at the same wavelength, which leads to a significant suppression of light scattering by a
nanoparticle. This phenomenon is referred to as the hybrid anapole state (HAS) [3, 4]. The present work
analyses the effect of the hybrid anapole state on the optical forces acting on a silicon cylindrical
nanoparticle irradiated by a focused Gaussian beam — Figure 1.

Figure 1. A cylindrical silicon nanoparticle placed in the focus of a linearly-polarized Gaussian beam. The inset
shows the components of the optical force acting on the nanoparticle

It was found that near the HAS the system is highly sensitive to changes in the nanoparticle size. The
Figure 2 compares transverse forces, acting on the HAS nanoparticle with the radius of 188 nm, and on
the nanoparticle with normal scattering (R = 210 nm). Panels 1 and 3 show the distribution of the total
transverse forces in the focal plane, and panels 2 and 4 show the trajectories of a nanocylinder subjected
to these forces, which were obtained by solving the Langevin equation for some randomly selected 20
initial points in the focal plane.

R = 210 (classical trapping) R = 188 nm (2 trapping points)
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Figure 6. Distribution of the total transverse optical force acting on nanocylinders of different radii in the focal
plane (left panels) and the trajectories of their movement under the influence of this force (right panels)

A fundamentally new phenomenon was identified, which is realized exclusively in the HAS: particle
trapping at two points outside the optical axis. In contrast, within the non-anapole regime, a single
trapping point is observed. The differences in the trapping scenarios can be leveraged for the purpose
of optomechanical sorting of nanoparticles.

The author acknowledges the financial support from the Russian Science Foundation (Grant Ne 25-22-
00266)).
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Electronic transport in semiconductors:
from textbook knowledge to modern problems
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In this talk, | will start by giving a brief review of textbook knowledge on electronic transport in
semiconductors, gained in the course of Solid State Physical Electronics by late Prof. Vitomir
Milanovi¢. Then, I will present the results of my first paper, resulting from diploma thesis work under
Prof. Milanovié. In that work [1], we analyzed the optical gain of a GaN quantum well as a potential
active medium for an optically pumped terahertz laser. We showed that a three level design can yield
significant population inversion between the upper and lower laser level.

I will then drift into modern problems on electronic transport in semiconductors and our recent results
in this field. I will first talk about pieces of physics behind electron mobility in semiconducting materials
[2]. The methodology for obtaining the electronic states, the phonon modes and the electron-phonon
coupling constants within density functional theory will be reviewed. Particular focus will be given on
physical considerations necessary to perform accurate interpolation of electron-phonon coupling
constants to a dense momentum grid in the first Brillouin zone. The results for temperature dependence
of mobility in 11-VI semiconductors will be shown (see Fig. 1) and compared to experimental results
from the literature.
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Figure 1. Temperature dependence of electronic mobility in ZnSe. Full line denotes the simulation results
while other symbols denote various experimental results from the literature.

I will talk next about the methodology that we introduced to efficiently calculate electronic relaxation
times and mobility in semiconducting materials [3]. The methodology will be illustrated by applying it
in two cases: the Fréhlich model where analytic solutions exist and hence a comparison can be made,
and the real semiconducting material ZnTe. The presentation will be concluded by showing the cases
where the conventional Bloch-Boltzmann picture of electronic transport in semiconductors fails calling
for novel approaches.
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Nanophotonic light control for omnidirectional broadband absorption of
the solar radiation for thin film solar cells
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Thin films (TFs) are promising candidates for efficient low-cost solar cells (SC). However, the reduced
thickness poses a challenge for efficient optical absorption 2], This work demonstrates omnidirectional
broadband absorption of polysilicon (p-Si) TFs decorated with light cone (LC) arrays composed of
inverted cones decorated with sidewall subwavelength structures and top dielectric nanolenses. The
study compares the optical absorption of p-Si samples: TF, TF with anti-reflection coating (ARC), TF
decorated with optimized array of nanopillars (NP) each with SiO, nanolens (NL), and TF decorated
with a LC array. The height of the p-Si is 1.2 um on top of a glass substrate. Specular, diffused and
specular-diffused far-field spectroscopy are employed. The specular-diffused spectroscopy indicates
that the broadband transmission and reflection of the LC array is 19.3% and 56.3%, respectively, lower
than that of the NP array. Three-dimensional numerical calculations suggest that LC array provides an
efficient mechanism for refracting the incoming photons into the array lateral directions combined with
enhanced coupling of the incoming photons to the p-Si dielectrics. The performance of SCs based on
LC arrays is numerically evaluated with a significant efficiency enhancement. The LC array paradigm
paves the way for low-cost and efficient TF SCs.
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Topologically Protected Modes in Diamond-like Photonic Ribbons
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The discovery of topologically protected modes has marked a major milestone in photonics, enabling
robust light transport immune to disorder, backscattering, and fabrication imperfections. These modes
have opened new possibilities in integrated photonic circuits, quantum information processing, and
topological lasers. Recently, compact topological edge modes have been demonstrated experimentally
in a quasi-one-dimensional ribbon structure with a hexagonal unit cell [1]. These modes combine the
robustness of topological edge states with the spatial confinement of compact modes, offering dual-
layer protection that makes them highly promising for applications.

Here, we investigate the necessary conditions for the emergence of such modes in ribbon lattices
composed of diamond-like unit cells. We design two different geometries in which an energy spectrum
can be engineered through femtosecond (fs) laser writing of S- and P-type waveguides [2]. The specific
ordering of couplings in the lattice induces an effective n-flux, which plays a key role in the band
flattening mechanism.

By continuously tuning this artificial flux, we theoretically demonstrate transitions between trivial and
nontrivial topological phases. At ® = =, all bands become flat, and compact localized states emerge.
Using projector-based topological invariants and the mean chiral displacement method [3], we
characterize the bulk-boundary correspondence and confirm the topological nature of the gapped bands
and the associated edge modes.

Figure 1. Topological edge state in diamond-like ribbon.
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Morphological changes and cell viability of GL261 and SMA-560 mouse
glioma cells affected by direct infrared light illumination
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Glioma is a type of primary, malignant brain tumor [1]. This is a highly lethal tumor, which can cause
headaches, vomiting, vision and memory loss, seizures, speech difficulties and complex visual
hallucinations. Prevailing glioma treatment options include chemotherapy, surgical removal, and
radiation therapy, which can cause severe side effects. On the other hand, light-based therapies, such as
direct light therapy [2], photothermal [3], and photodynamic therapy [4], are minimally invasive, non-
cumulative, and non-toxic treatment modalities, offering an effective and less damaging alternative to
more invasive anti-cancer treatments.

We have experimentally examined the in vitro photokilling potential of continuous-wave infrared laser
light on murine GL261 and SMA-560 glioma cancer cells. Cell viability was measured as a function of
laser beam intensity and compared to a control, which was kept in the dark for 30 minutes. The laser
wavelength was centered at 831 nm, and the beam diameter was approximately 6 mm. Glioma cells in
each microtiter well were illuminated for 10 minutes at room temperature, =~ 20°C, with a total dose of
=492 J/cm? and = 313 J/cm? for SMA 560 and GL261 cells, respectively. The SRB assay, which
measures the absorbance of sulfornodamine B dye at 550 nm, was performed 48 h after the treatment.
The obtained results showed that the minimal achieved viability was slightly below 60% for the SMA-
560, whereas for the GL261 cell line, this value was = 69%.

Monitoring the morphological changes in illuminated cells is often used to elucidate the influence of
light on cancer cells [5]. In GL261 cells, after illumination, a large number of round cells grouped in
clusters can be observed. In SMA-560, after the light treatment, there is a significant decrease in the
number of living cells, accompanied by a change in shape: cells lose their characteristic elongated
profile and become round and shrunken. These morphological changes are typically observed in dying
cells and suggest a cytotoxic effect of the light on the glioma cell lines.

These results demonstrate the effect that direct light therapy has on glioma cells and emphasize the
potential of this approach in combating cancer.
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Microwave ablation (MWA) is a minimally invasive thermal ablation technique used to treat
various tumors, particularly in the liver. Both single-antenna and multi-antenna MWA are
similarly effective for local tumor treatment; however, synchronous multi-antenna MWA
offers improved local tumor progression-free survival, especially for larger tumors [1].

In addition to clinical studies, computational models have significantly contributed to
predicting MWA outcomes, particularly three-dimensional (3D) models of an antenna and
targeted tissue without assumptions of homogeneity [2]. This study aimed to determine optimal
parameters for treating a large tumor (from a database [3]) using two identical 10-slot coaxial
antennas.

Figure 1 illustrates the results from a single probe (above) and three probes arranged in a
triangular formation (below), operating at a) 15 W and b) 16 W per probe. At 15 W, the
overlapping ablation zones from simultaneous activation significantly enhance the overall
ablation size, covering almost the entire tumor. The total ablation volume is 57% larger than
three times the volume of a single 15 W probe. Since only small tumor areas remain outside
the ablation zone, a slight increase in power would likely suffice. At 16 W per probe, complete
tumor destruction is achieved, with the ablation volume being 43% larger than three times the
volume of a single 16 W probe and 10% larger than with three probes at 15 W.

Singular ablation zones Singular ablation zones

3 probes with 15 W per antenna and 15 mm separation 3 probes with 16 W per antenna and 15 mm separation

(a) (b)

Figure 1. Ablation zones corresponding to a single antenna (above) and three antennas (below) with a separation
of 15 mm and input power of: (a) 15 W per antenna, (b) 16 W per antenna.
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The comparative analysis of electromagnetic shielding efficiency of
graphene oxide composites with different silver nanostructures
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The electronic devices and gadgets that emit electromagnetic waves are omnipresent in modern society.
They are causing the saturation of the environment with electromagnetic waves that might jeopardize
human health [1], emphasizing the need to seek effective electromagnetic shielding materials [2,3]. This
study provides a comparative analysis of the electromagnetic interference shielding effectiveness (EMI
SE) of graphene oxide (GO) composites with two distinct silver nanostructures: AGNWs and AgNPs.
AgNWs were synthesized using the "polyol" method and combined with GO, while AgNPs were
directly formed on GO through low-dose gamma irradiation. By applying different microscopy and
spectroscopy characterization technigues, the morphological and structural properties of the prepared
composites were examined. The EMI SE measurement revealed a superior EMI SE of GO-AgNW
composites compared to GO-AgNPs. Composites with higher concentrations of AgNWs exhibit
increased total shielding effectiveness and reflective shielding effectiveness (SEr values of 0.9, 1.4, and
4.0, and SEg values of 0.4, 0.8, and 2 dB for GO-AgNWs 5:5, GO-AgNWs 3:7, and GO-AgNWs 1:9,
respectively) (Figure 1.). As the amount of AgNWs in the composites increases, there is a slight rise in
the measured SEa values, which increase from 0.4 dB to 1.9 dB concerning the AgNWs content. This
difference may be attributed to the structural differences between the Ag nanostructures.
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Figure 1. SET, SEa, and SEg values for GO-AgNWs 5:5 (a), GO-AgNWs 3:7 (b), and GO-AgNWs 1:9 (c),
measured in the frequency range of 8-12 GHz. Reproduced with permission [4]. Copyright: Int. J. Mol. Sci.
2024.
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The impact of SRH recombination on the current-voltage characteristic of
organic and perovskite solar cells
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Nowadays, extremely important emerging technologies of solar cells are organic (OSC) and perovskite
solar cells (PSC). Being cheap, lightweight, flexible, scalable and with good efficiency these solar cells
are subject of further development, especially investigation of physical processes undergoing the solar
cells operation, because of need for reaching their full potential. It is especially important to understand
the influence of recombination as it is fundamental mechanism of losses both in OSCs and in PSCs.

In this paper we have used one dimensional drift-diffusion model for describing processes inside of the
OSCs and PSCs, such as generation, transport and recombination of carriers [1]. Generation was
calculated using transfer matrix method. We have assumed constant values for electron and hole
mobility. For solving the drift-diffusion equations Dirichlet boundary conditions were applied. We used
Shockley-Read-Hall (SRH) and Langevin recombination, where recombination rate was controlled by
introducing variable coefficients: K; and Kgsgy, where the first correspond to change in reduction
coefficient of Langevin recombination and the second correspond to change in trap states concentration
(Ny). Drift-diffusion equations are then solved numerically. Discretization of equations was done using
finite difference method with Scharfetter-Gummel approach. System of discretized equations was
solved using Newton method [2].

Changes in the current density-voltage (J-V) characteristic of OSCs and PSCs with the change of K
and Kgpy were analyzed. Changes in open-circuit voltage (Vy), short-circuit current (Js.), fill factor
(FF) and power conversion efficiency (PCE) were observed and monitored. Our analysis has concluded
that Langevin recombination has strong influence on OSCs performance, while its influence on PSCs
is negligible. Increase in SRH recombination rate has negative impact on both OSC and PSC, whereat
in OSCs its dominant impact is on declining /5., while in PSCs the V¢ is dominantly decreased. This
indicates different operating mechanisms between OSCs and PSCs. In the case of OSCs stronger

influence of SRH recombination begins with N, = 10*°cm™3

and total degradation of the device starts
at N, = 2-10Yc¢m™3, while in the case of PSCs stronger influence of SRH recombination begins at
N; = 107 ¢m™3 and total degradation of the device starts at N, = 101°¢m™3. The model was validated

by successfully reproducing a PSCs J-V curve taken from the literature.
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Niobium carbide (Nb.CT,) MXene is a promising material for energy storage applications due to its
metal-like electrical conductivity, hydrophilic surface chemistry, and efficient ion transport pathways.
In this work, we employed a “MILD’ etching method to selectively remove aluminum and partially
exfoliate NbCT, MXene, resulting in few-layer nanosheets suitable for electrode fabrication. To tailor
interfacial properties and improve electrochemical performance, Nb.CT, flakes were functionalized
with three silane coupling agents: PEG-silane, acrylate silane, and amino-silane, prior to their
transformation into freestanding, binder-free films via vacuum filtration. Structural characterization was
conducted using Fourier-transform infrared spectroscopy (FTIR), X-ray diffraction (XRD), and X-ray
photoelectron spectroscopy (XPS). The presence of functional groups on Nb-based MXenes was
confirmed by FTIR, while XRD patterns revealed an increase in interlayer spacing following silane
modification, indicating successful intercalation and surface grafting. XPS spectra further confirmed
the presence of silicon originating from the silane molecules, supporting the occurrence of covalent
functionalization. Based on previous findings in MXene research [1], it was hypothesized that silane
functionalization would enhance electrochemical properties such as capacitance and rate capability by
improving ion accessibility between layers. The effects of different types of organosilanes on the
electrochemical performance of Nb.CT, electrodes were quantitatively evaluated through cyclic
voltammetry, galvanostatic charge—discharge, and electrochemical impedance spectroscopy. A scalable
preparation method facilitates the use of such materials as electrodes for supercapacitors in energy
storage systems.

This research was supported by the University of Belgrade - Institute of Chemistry, Technology and
Metallurgy through the "Seed Research Grant" for young scientists (" Surface Functionalized Niobium-
Based MXene Electrodes for Enhanced Capacitance and Energy Storage Performance (SurfMEX)"),
financed by Serbia Accelerating Innovation and Entrepreneurship Project (SAIGE).
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Self-consistent approach to quantum dynamics of photoinduced electronic
excitations in molecular aggregates
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Further progress in fundamental understanding of the initial steps of solar-energy conversion in both
natural and artificial systems requires computationally inexpensive yet reasonably accurate methods for
guantum dynamics of photoinduced electronic excitations in molecular aggregates immersed in
structured bosonic environments.

Starting from the memory kernel in Born approximation, and recognizing the quantum master equation
as the Dyson equation of Green’s functions theory, we formulate the self-consistent Born approximation
(SCBA) to resum the memory-kernel perturbation series in powers of the exciton—environment
interaction [1]. Our SCBA is formulated in the Liouville space and frequency domain, and it handles
arbitrary spectral densities of the interaction.

In a molecular dimer coupled to an overdamped oscillator environment, we find that the SCBA
reproduces the true dynamics of excitons generated by an ultrashort laser pulse very well even in the
most challenging regimes of strong interactions, slow environments, and low temperatures. While the
SCBA is good (poor) at describing energy transfer modulated by an underdamped vibration resonant
(off-resonant) with the exciton energy gap, we find it reasonably describes light-triggered exciton
dynamics in the seven-site model of the Fenna—Matthews—Olson complex in a realistic environment
comprising both an overdamped continuum and underdamped vibrations.

REFERENCES
[1] V. Jankovic and T. Mancal, J. Chem. Phys. 161, 204108 (2024).

ORCID: V.J. 0000-0002-0297-2167, T.M. 0000-0003-1736-3054 168



Photonica 2025 12. Other topics in photonics

Single Shot Two-Dimensional Polarization Mapping of Birefringent
Elements and Devices

M. Mincheva?, A. Stefanov??, I. Stefanov*#, L. Stoyanov'#, A. Dreischuh#®
!Department of Quantum Electronics, Faculty of Physics,
Sofia University "St. Kliment Ohridski", Sofia, Bulgaria
2Department of Mechatronics, Robotics and Mechanics, Faculty of Mathematics and Informatics,
Sofia University “St. Kliment Ohridski”, Sofia, Bulgaria
3Institute of Mathematics and Informatics, Bulgarian Academy of Sciences, Sofia, Bulgaria
“National Centre of Excellence Mechatronics and Clean Technologies, 8 bul. Kliment Ohridski, Sofia, Bulgaria
SBulgarian Academy of Sciences, Sofia, Bulgaria
e-mail: mariatm@uni-sofia.bg

Light beam passing through different anisotropic elements undergoes a change in its polarization state.
If one wants to analyze a more complex polarization structuring (e.g. radial, azimuthal or more
sophisticated [1-3]), a suitable method for measuring the polarization in two transverse dimensions
could be exploited. An intuitive example of where one can use the polarization mapping is the structured
light in the form of polarization vortices. Here we present one such mapping method denoted as two-
dimensional polarization mapping.

Conventionally, one records transmitted intensities through combinations of rotating polarizers, wave
plates and imaging detectors under different analyzer settings. From these measurements full Stokes
parameter maps or local polarization ellipses are reconstructed across the beam profile.

In this work, we implemented an innovative single-shot polarization mapping technique for birefringent
devices, which employs a 9x9 array of probe sub-beams to capture spatially resolved polarization
information in a single measurement. This means that the two-dimensional polarization distribution is
reconstructed in only one step of data acquisition. The measurement time is reduced while the high
spatial resolution remains preserved. We first performed a test measurement with commercially-
available polarizing vortex plates converting the linearly polarized light to radially/azimuthally
polarized light. To demonstrate the robustness of the technique, we applied the same approach to
guantify the polarization transfer function of reflective phase-only liquid crystal on silicon spatial light
modulator. The results show that the reported method is particularly useful for fast polarization
monitoring and control in advanced photonics applications.

We acknowledge funding of the Bulgarian National Science Fund (project KII-06-H78/6). The work
was also supported by the Bulgarian Ministry of Education and Science as a part of National Roadmap
for Research Infrastructure, project ELI ERIC BG. M.M., L.S. and A.D. were also supported by the
European Union NextGenerationEU through the “National Recovery and Resilience Plan of the
Republic of Bulgaria, project BG-RRP-2.004-0008-C0!”. Research equipment of the project No
BG16RFPR002-1.014-0006 "National Centre of Excellence Mechatronics and Clean Technologies"
was used for experimental work financially supported by European Regional Development Fund under
"Research Innovation and Digitization for Smart Transformation” program 2021-2027.

REFERENCES

[1] X.Wang, F. Yang, J. Yin, “Mapping the polarization distribution of arbitrary vector polarization
beam”, Optik, 144, 124-131, (2017).

[2] B. Schaefer, E. Collett, R. Smyth, D. Barrett, B. Fraher, “Measuring the Stokes polarization
parameters” Am. J. Phys.75 (2), 163-168 (2007)

[3] J. Yang, D. Lin, D. Bao, S.Tao, “Pixel level control of amplitude, phase, and polarization of an
arbitrary vector beam” Appl. Phys. Lett., 121 (19), (2022).

169



Photonica 2025 12. Other topics in photonics

Polaron properties within the Peierls model using unitary-transform
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Polaron properties play a crucial role in determining various physical properties and processes in
materials. We develop an approximate method based on a suitable unitary transform for the calculation
of polaron properties within the Peierls model, the simplest model with non-local electron-phonon
interaction. The transform is chosen in such a way to allow for the perturbative treatment of the
transformed model [1]. Recently, the approach has been successfully applied to the Holstein model [2].
As a next step, here we study the Peierls model and investigate the transformation proposed in [3] in
more detail. We implement it in a numerically rigorous way and use it to calculate the electronic spectral
function of the Peierls model. We resolve some important technical issues of the approach and
crosscheck validity of our method by comparison with numerically exact path-integral Monte Carlo
calculations.

This research was supported by the Science Fund of the Republic of Serbia, Grant No. 5468, Polaron
Mobility in Model Systems and Real Materials—PolMoReMa.
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