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Dear Participant,

Welcome to the 671 International Conference for Students of Physics and Natural Sciences ‘Open
Readings 2024’1

The ‘Open Readings 2024’ organizing committee is proud to welcome not only students, but also
accomplished scientists worldwide, creating an exceptional platform for you to grow as a researcher
by sharing your work, exchanging ideas and connecting with fellow scientists.

Offering an exciting programme of world-renowned scientist lectures spanning a wide array of topics
and presentations by enthusiastic young researchers like yourselves, the conference promises an
enriching memorable experience. We encourage you to approach this opportunity with curiosity and
creativity and this way contribute to fostering collaboration in pushing the boundaries of knowledge,
leading the world towards a brighter future.

We wish you the best of luck in your scientific journey! May ‘Open Readings 2024’ inspire you to
maintain curiosity and innovation all throughout your life and scientific career.

Sincerely,

The Open Readings Organizing Committee

s

OPEN READINGS
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CONFERENCE FOR STUDENTS OF PHYSICS AND NATURAL SCIENCES

CONFERENCE PROGRAMME
DAY 1(2024-04-23)

[ Room: A101 Opening Ceremony 9:00-9:15 }

25 Years After the Frequency Comb Revolution:

Room: A101 &1 | Ursula Keller | 9:15-10:15

Transforming Industries with Dual-Comb Lasers

Chair: Rytis Butkus

[ Room: A101 LIGHT CONVERSION 10:15-10:30 ]
[ Break 10:30-11:00 ]
Room: A101 ORAL SESSION: O1 11:00-12:00 Room: D401 ORAL SESSION: 02 11:00-12:00

Laser Physics and Optical Technologies Material Science and Modern Technologies

11:00 Edvinas Aleksandravicius: SUPPRESSION OF FILAMENTATION 11:00 Aivaras Spokas: GaAsBi BASED NIR EMITTERS FOR BLOOD

BY PHOTONIC CRYSTALS ANALYTE MONITORING

11:15 Matas Sutovas: SPECTRAL BROADENING AND POST- 11:15 Petras Lapukas: THE GROWTH OF GaN(0001) ON Sc203(111)/

COMPRESSION OF FEMTOSECOND PULSES IN ZnS AND KGW Si(111) TEMPLATE VIA MOVPE METHOD

CRYSTALS AT 76 MHz REPETITION RATE 11:30 Mantas Migauskas: PEAK LUMINESCENCE SHIFT OF InGaN

11:30 DIMITRA LADIKA: PHOTOSENSITIZED AND NON- DEFECT VICINITIES USING SEM-CL MICROSCOPY

PHOTOSENSITIZED MATERIALS FOR MULTIPHOTON LITHOGRAPHY 11:45 Monika Jokubauskaité: INFLUENCE OF AlGaAs BARRIER

11:45 Eulalia Puig Vilardell: 3D GRADIENT PERIOD PHOTONIC DESIGN ON PHOTOLUMINESCENCE OF GaAsBi QUANTUM

CRYSTALS FABRICATED VIA ULTRAFAST LASER LITHOGRAPHY STRUCTURES

Session Chair: Vytautas Jukna Session Chair: Tomas Grinys
[ Lunch 12:00-13:00 ]

Room: A101 ORAL SESSION: O3 13:00-14:00 Room: D401 ORAL SESSION: 04 13:00-14:00

Laser Physics and Optical Technologies Laser Physics and Optical Technologies

13:00 Augusté Bielevicitaté: COMPARATIVE ANALYSIS OF BEAM 13:00 Kipras (Zepaitis: FS - LASER ABLATION AND MODIFICATION

FOCUSING ABILITIES OF METASURFACE BASED 250GHZ LENSES OF THIN METAL FOR PERIODIC PLASMONIC ARRAYS

13:15 Austéja Treciokaité: FULL-FIELD OPTICAL COHERENCE 13:15 Augusté Cerneckyté: HIGH-EFFICIENCY MID-IR OPCPA WITH

TOMOGRAPHY WITH DIGITAL DEFOCUS CORRECTION 2.5 mJ 25 fs OUTPUT PULSES

13:30 Florian Détzer: INVESTIGATING MECHANICAL VIBRATIONS 13:30 Julianija Nikitina: INVESTIGATION OF PERIODICALLY

AT THE (SUB-)NANOSCALE - ADVANCES IN DIGITAL HOLOGRAPHIC STRUCTURED THIN FILMS POLARIZERS

VIBROMETRY 13:45 Martynas Kersys: REFINING LIDT EVALUATION THROUGH

13:45 Mateusz Kaluza: TERAHERTZ DIFFRACTIVE OPTICAL MONTE CARLO SIMULATIONS: A PATH TO ISO EXCELLENCE

ELEMENTS REALIZING MIMO SYSTEM

Session Chair: Balys Momgaudis Session Chair: Ignas Lukositnas
. U J
[ Break 14:00-14:30 ]
[ Room: A101 EKSPLA 14:30-14:45 J

Room: A101 ‘ Jens Biegert | Attosecond Quantum Dynamics 14:45-15:45

Chair: Mikas Vengris

[ Break 15:45-16:15 ]
Main hall POSTER SESSION: P1 16:15-18:00 Room: A101 PANEL DISCUSSION 16:30-18:15
Laser Physics and Optical Technologies; Career Crossroads: Academia or Industry

Spectroscopy and Imaging; Participants: prof. Ursula Keller, dr. Simona Liukaityté-Suszczynska,
Material Science and Modern Technologies; dr. Lina Grinevicitté, Eulalia Puig Vilardell

Theoretical Physics and Astrophysics Discussion Chair: Arnoldas Solovjovas




OPEN READINGS

2024

CONFERENCE FOR STUDENTS OF PHYSICS AND NATURAL SCIENCES

CONFERENCE PROGRAMME
DAY 2 (2024-04-24)

Room: A101 Charles Elachi | Space: Exploration and Utilization 9:00-10:00

4
_
Chair: Jonas Zmuidzinas

[ Room: A101 VISORIAI TECHNOLOGY PARK (VITP) 10:00-10:15 ]

[ Break 10:15-10:45 ]

Room: A101 ORAL SESSION: O5 10:45-12:15
Astrophysics and Theoretical Physics

10:45 Karolis Daugevicius: THE LIMITS OF STAR CLUSTER APERTURE
PHOTOMETRY IN THE LOCAL UNIVERSE

ORAL SESSION: 06 10:45-12:00

Spectroscopy and Imaging

10:45 Gediminas Usevicius: EPR SPECTROSCOPY OF STRUCTURAL
PHASE TRANSITION IN CH3NH3PbCI3 HYBRID PEROVSKITE

11:00 Kamilé Tulaité: PHOTOPHYSICAL STUDY OF PURINE BASED
METAL ION SENSORS

11:15 Jonas Haist: CMOS CAMERA SENSOR FOR DETECTION AND
IMAGING OF PARTICLES OF IONIZING RADIATION

11:30 Artiras Polita: FLUORESCENT VISCOSITY PROBES AS
DIAGNOSTIC TOOLS FOR CANCER DETECTION

11:45 Rokas Lemezis: SOLID STATE NMR STUDY OF HYBRID
CALCIUM PHOSPHATES

Room: D401

THE M31 GALAXY

11:15 Wojciech Marciniak: LAMMPS AS A LIBRARY FOR THE
THEORETICAL STUDY OF THE ROLE OF PHONONS IN ULTRAFAST
DEMAGNETIZATION

11:30 Kotryna Siskauskaité: THEORETICAL INVESTIGATION OF
ENERGY LEVELS FOR BA VI

11:45 Barkha Yakub Bale: THE STUDY OF THE ATMOSPHERES AND
MIXING PROCESSES OF MAGNETICALLY ACTIVE RS CVN GIANTS

Session Chair: Kastytis Zubovas Session Chair: Vytautas Klimavicius

J

[ Lunch 12:15-13:00 ]

Room:

A1l ORAL SESSION: O7 13:00-14:45

13:00-14:15 Doom: ORAL SESSION: 08  13:00-14:15 i WORKSHOP

Astrophysics and Theoretical Physics Material Science and Modern Technologies
13:00 Krzysztof Gadomski: TOWARDS HIGHLY CONDUCTIVE
NANOCRYSTALLISED VANADATE-PHOSPHATE GLASSES

13:15 Lukas Siaulys: CARRIER DYNAMICS IN Ga-POLAR AND

13:00 Joanna Marciniak: BEYOND RARE EARTH:
INVESTIGATING FECO ALLOYS UNDER STRAIN FOR
PERMANENT MAGNETS

13:15 Nikolajus Elkana Eimutis: INVESTIGATION OF
Z0 BOSON USING CERN LHCb OPEN DATA

13:30 Nojus Danyla: NIELSEN IDENTITIES IN THE
STANDARD MODEL

13:45 Aneta Bieri: EXTRACTING DIFFRACTIVE
PROTONS AND BACKGROUND ANALYSIS FROM

Bridging Science and Business in
Lithuania: Founder Perspectives
on Company Creation

N-POLAR InGaN QUANTUM WELL STRUCTURES

13:30 Adam Puchalski: THERMAL CONDUCTIVITY AND
STRUCTURAL CHANGES IN ULTRA-HIGH PRESSURE TREATED
SILICA GLASS -- A MOLECULAR DYNAMICS STUDY

13:45 Maria Skrodzka: PRINTABILITY OF MUCOADHESIVE

Dr. Linas JonusSausas, Vital 3D Technologies
SODIUM ALGINATE/CHITOSAN GELS DELIVERING

Dr. Simonas Ki¢as, OPTOMAN

ATLAS FORWARD PROTON DETECTORS
14:00 Lukas Stakela: NORMAL MODES OF SOLID-
STATE PLASMA IN CONDITIONS OF BLOCH GAIN

PHOTOSENSITIZER IN PHOTODYNAMIC THERAPY
14:00 Elena Mirabela Soare: A MECHANOCHEMICAL PROCESS
FOR IMPROVING RESVERATROL PROPERTIES BY CO-

CRYSTALLIZATION Only 20 spots available. Ask at the

registration desk.

Session Chair: Mazena Mackoit-Sinkeviciené Session Chair: Tadas Malinauskas

3 Chris Parkes |

Chair: Mindaugas Sarpis

Room: A101 14:45-15:45

Antimatter Matters:

the Large Hadron Collider Beauty Experiment at CERN

[ Room: A101 LITHUANIAN CONSORTIUM FOR PARTICLE PHYSICS 15:45-16:00 ]
( Break 16:00-16:15 |
Room: A101 SPECIAL EVENT 16:15-18:00

Green Chemistry: Towards Sustainable Future

Participants: dr. Makeda Tekle-Smith, dr. Andrew B. Pun, Pamela Rivera
Event Chair: Lukas Naimovicius
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CONFERENCE PROGRAMME
DAY 3 (2024-04-25)

Room: A101  §& Makeda Tekle-Smith | Feedstock Alkynes as a Platform for  9.90.10:00
Multi-functionalisation via Radical
Chair: leva Zutaute Cascade Reactions
Break 10:00-10:30
Room: A101 ORAL SESSION: 09 10:30-11:45 Room: D401 ORAL SESSION: O10 10:30-11:45
Chemistry and Chemical Physics Nanomaterials and Nanotechnology
10:30 Pijus Domantas Valentukevicius: SOLVENT-FREE MECHANOCHEMICAL 10:30 Kernius Vilkeviius: FS-LASER MICROPROCESSING FOR SERS
SYNTHESIS OF CSPBBR3 QUANTUM DOTS WITH SURFACE-PASSIVATING SUBSTRATES OF PERIODIC METALLIC STRUCTURES
LIGANDS 10:45 Vita Petrikaité: KCL CONCENTRATION EFFECTS ONTHE FORMATION,
10:45 Vilius Petraska: SYNTHESIS OF 3-(24-DIHIDROXY-5-BENZYL)ALKYLL STABILITY, AND SERS SIGNAL STRENGTH OF LASER-GENERATED GOLD,SILVER,
CARBOXYLIC ACIDS AND THEIR DERIVATIVES AND HYBRID NANOPARTICLES
11:00 Karolis Sarka: CALCULATION OF HIGH-RESOLUTION UV SPECTRA OF 11:00 Daniel Doveiko: IMPACT OF THE CRYSTAL STRUCTURE OF SILICA
DIATOMIC MOLECULES NANOPARTICLES ON RHODAMINE 6G ADSORPTION
11:15 Andrius Merkys: DETECTING ATOMIC INTERACTIONS IN SMALL-MOLECULE 11:15 llya Navitski: MXENE-BASED ELECTROCHEMICAL SENSOR FOR PRECISE
CRYSTAL STRUCTURES AND SELECTIVE DETECTION OF LEAD IONS IN AQUEOUS SOLUTIONS
11:30 Guoda Pranaityté: SYNTHESIS OF 1-(2,4-DIFLUORPHENYL)-5- 11:30 Gintaré Rimkuté: INVESTIGATION OF GRAPHENE/POLYPYRROLE
OXOPYRROLIDINE-3-CARBOXYLIC ACID DERIVATIVES AND INVESTIGATION OF COMPOSITES AND THEIR APPLICATION IN ELECTROCHEMICAL DOPAMINE
THEIR ANTICANCER ACTIVITY SENSORS
Chair: Aldona Balcitnaité Chair: Dovydas Banevicius
[ Lunch 11:45-12:45 ]
4
Room: A101 ORAL SESSION: O11 12:45-14:00 Room: D401 ORAL SESSION: 012 12:45-14:00
Chemistry and Chemical Physics Chemistry and Chemical Physics
12:45 Cindy Close: DOCKING SITE-MEDIATED PHOTOSTABILIZATION FOR 12:45 Younes Bourenane Cherif: SYNERGISTIC ENHANCEMENT OF
SINGLE-MOLECULE AND SUPER-RESOLUTION IMAGING THERMOELECTRIC PERFORMANCE THROUGH ONE DIMENSIONAL HYBRID
13:00 Maximilian Aspect: GREEN TO DEEP-UV LIGHT: PUSHING THE ANTI NANOCOMPOSITES WRAPPED NICKEL OXIDE DECORATED MULTI WALLED
STOKES SHIFT IN PHOTON UPCONVERSION BY BREAKING KASHAS RULE ARSI NANOIULEES Wihii (RELAPRACLS
. 13:00 Silvija Juciuté: STUDY OF SARS-CoV2-S WILD-TYPE SPIKE PROTEIN
(ERIS e AN e PEVELOPIIENT OF A NEW SUPER-ODIFNG INTERACTION WITH RANDOMLY AND ORIENTED ANTIBODIES BY QUARTZ
PHOTOCATALYSTS AND THEIRAPPLICATIONS IN C-H ACTIVATION REACTIONS CRYSTAL MICROBALANCE
VIA IDIOSYNCRATICMECHANISTIC MODES 13:15 Raminta Bajarunaite: MXENE BASED COLORIMETRIC SENSOR FOR SILVER
13:30 Lukas Naimovicius: NEAR-INFRARED SENSITIZED DEEP TISSUE ION DETECTION IN WATER
PHOTOACTIVATION OF AZOBENZENE IN BIOMIMETIC CONDITIONS AT LOW 13:30 Austéja Burbulyté: STUDY OF DIFFERENT PARAMETERS IMPACT
O L(ﬁ)\::lécslao(?g:’\‘sglc REMOVAL FROM WATER USING LIGNIN-MAGNETITE
13:45 Justas Lekavicius: STATISTICAL PROBABILITY OF SINGLET EXCITON 13:45 Volodymyr Yaremenko: DISSOLUTION ENHANCEMENT OF MEFENAMIC
GENERATION THROUGH TRIPLET-TRIPLET ANNIHILATION IN TES-ADT ACID USING SOLID DISPERSIONS OBTAINED BY WET GRANULATION
ANNIHILATOR TECHNIQUE
Chair: Steponas Raisys Chair: Jurga Budiené
J
[ Break 14:00-14:30 ]

Room: A101 14:30-15:30

Andrew B. Pun | New Applications of Upconversion via

Exploration of Novel Annihilators
Chair: Karolis Kazlauskas

[ Break 15:30-15:45 ]

Main hall POSTER SESSION: P2 15:45-17:45
Chemistry and Chemical Physics; Nanomaterials and Nanotechnology

SOCIAL EVENING 19:00-23:30
Offsite Location: Artistai Pub, Sv. Kazimiero g. 3, Vilnius
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CONFERENCE PROGRAMME
DAY 4 (2024-04-26)

Room: A101 55% Viktorija Glembockyté | Nanoscale Tools for Sensing and 9:00-10:00
A 52 Imaging Single Molecules
Chair: Edvinas Orentas
[ Break 10:00-10:30 ]
Room: D401 ORAL SESSION: O13 10:30-11:45 Room: A101 ORAL SESSION: 014 10:30-12:00
Biochemistry, Biophysics and Biotechnology Biology, Genetics and Biomedical Sciences
10:30 Julia Niegowska: DEVELOPMENT OF AN INNOVATIVE 10:30 Justin Stivrins: PHARMACOKINETIC EVALUATION OF CEFAZOLIN
SCAFFOLD MADE FROM DECELLULARIZED HORSE BONE FOR BONE ANTIMICROBIAL PROPHYLAXIS IN SPINAL SURGERY
DEFECTS IN HORSES 10:45 Indré Krastinaité: THERAPEUTIC POTENTIAL OF T CELLS FOR
10:45 Aida Sermuksnyté: DESIGN AND INVESTIGATION OF PREMATURE OVARIAN INSUFFICIENCY TREATMENT IN MOUSE MODEL
1,2,4-TRIAZOLE-3-YL THIOACETOHYDRAZIDES BEARINGALDIMINE 1:00 Agne Bucaite: CONSEQUENCES OF LONG TERM EXPOSURE TO
MOIETY AS BIOLOGICALLY ACTIVE AGENTS MICROPLASTICS AND EFFECTS ON CYTOGENETIC AND ANTIOXIDANT
11:00 Lukas Volodka: INVESTIGATION OF A NOVEL TRICOMPONENT BIOMARKERS IN FISH
BACTERIAL ANTIPHAGE DEFENCE SYSTEM 11:15 Margarita Kazak: BLOODSUCKING BITING MIDGES - NEGLECTED THREAT
11:15 Vestina Steigvilaité: IDENTIFICATIONENDOPHYTIC FOR WILD BIRDS
MICROORGANISMS FROM CRANBERRY AND LINGONBERRY FRUITS 11:30 Radvilé Drevinskaité: ANALYSIS OF VIRULENCE FACTORS IN ISOLATES OF
BYSURFACE-ENHANCED RAMAN SPECTROSCOPY OPPORTUNISTIC PATHOGEN STENOTROPHOMONAS MALTOPHILIA
11:30 Aivaras Vilutis: TOWARDS A NOVEL MODEL TO STUDY 11:45 Raminta Skipityté: INVESTIGATION OF THE INTERACTIONS BETWEEN THE
NUCLEAR AGING: BIOPHYSICAL CHARACTERIZATION OF AGE- SOYBEAN PLANTS AND MICROORGANISMS USING STABLE ISOTOPES
TUNED MEMBRANES
Chair: Aisté Zentelyte Chair: Gytis Dudas
[ Lunch 12:00-12:30 ]
Room: D401 ORAL SESSION: 015 12:30-13:30 Room: A101 ORAL SESSION: O16 12:30-14:00
Biochemistry, Biophysics and Biotechnology Biology, Genetics and Biomedical Sciences
12:30 Paulius Buidovas: CARBON SUPPORTED METAL CATALYST 12:30 Paulina Kazlauskaité: NOTCH SIGNALING PATHWAY COMPONENTS AS
FROM SEAWEED-DERIVED BIO-CHAR PREPARATION AND POTENTIAL BIOMARKERS FOR THE DIAGNOSIS OF OVARIAN CANCER
CHARACTERIZATION VIA CHEMISORPTION 12:45 Eglé Zymantaité: THE ESTABLISHMENT OF THREE NEW OVARIAN
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25 YEARS AFTER THE FREQUENCY COMB REVOLUTION: TRANSFORMING
INDUSTRIES WITH DUAL-COMB LASERS

Ursula Keller!

'Department of Physics, ETH Zurich, Switzerland

Since 1999, the frequency comb revolution has significantly impacted research in frequency metrology,
optical clocks, and attosecond science. About ten years ago, the introduction of the single-cavity dual-comb
laser opened up many industrial applications in spectroscopy and time-resolved measurements. This keynote
will offer an introduction, explain the innovations, and show how they are all connected.



ATTOSECOND QUANTUM DYNAMICS

Jens Biegert!»?

'ICFO - Institut de Ciencies Fotoniques, The Barcelona Institute of Science and Technology, 08860 Castelldefels
(Barcelona), Spain
2 ICREA, Pg. Llu’is Companys 23, 08010 Barcelona, Spain

Strong field physics gives rise to a variety of phenomena, ranging from coherent electron diffraction to at-
tosecond soft X-ray emission [1]. We have, over the years, developed intense sources of waveform- controlled
mid-IR light [2] to exploit aspects such as the ponderomotive scaling, quantum diffusion, and quasi-static pho-
toemission. | will describe how we generate isolated attosecond pulses in the soft X-ray water window [3] across
the oxygen edge up to 600 eV. Furthermore, | will explain how attosecond soft x-ray science can provide an
entirely new angle into the quantum many body dynamics in real-time [4]. | will describe two applications, ad-
dressing some of the most intricate challenges in contemporary physics pertaining to solids [5] and molecular
science [6].

[1] B. Wolter et al. Phys. Rev. X 5, 021034 (2015).

[2] U. Elu et al. Nature Phot. 15, 277-280 (2021).

[38] S. M. Teichmann et al. Nature Commun. 7, 11493 (2016).
[4] T.P.H. Sidiropoulos et al. Nature Comm. 14, 7407 (2023)
[5] T.P.H. Sidiropoulos et al. Phys. Rev. X. 11, 041060 (2021).
[6] S. Severino et al. arxiv:2209.04330.



SPACE EXPLORATION AND UTILIZATION

Charles Elachi'

I'California Institute of technology, 383 S Hill Ave, Pasadena, CA, USA

We live in a Golden Age of Space Exploration. In the last 25 years we have visited every planet in our
solar system, probed deep space and discovered extrasolar planets, landed on Mars and Titan, had rovers
continuously roving on Mars, demonstrated powered flight on Mars and continuously had astronauts in Space.
With the technological advances in electronics, material, structures, communications, etc. . . we now have
affordable space systems imbedded in our day to day life ( gps, internet, meteorological prediction, map pro-
duction . . . ) and commercial companies, startups, universities are playing an increasingly larger role in Space

utilization.
This talk will give an overview of the last 25 years let achievements and opportunities for the next 25 years.



ANTIMATTER MATTERS: THE LARGE HADRON COLLIDER BEAUTY EXPERIMENT
AT CERN
Chris Parkes!

University of Manchester, Department of Physics and Astronomy

The Large Hadron Collider (LHC) at CERN is the world’s largest and most powerful particle accelerator.
This facility and the physics opportunities it makes available will be outlined. One of the four large experiments
at the LHC is the Large Hadron Collider beauty (LHCb) experiment, which has a particular focus on the study
of differences between matter and antimatter. Over 700 scientific papers have resulted from its initial operating
period (2010-2018), including the discovery of new types of matter antimatter difference and of over 60 new
particles. The next era has now started for LHCb, with the Upgrade | experiment installed and taking data. This
major upgrade allows a significant increase of data rate and provides a more powerful system for identifying the
events to be retained for further study. Beyond this, the collaboration is planning an Upgrade Il for the 2030s,
an ambitious flavour physics experiment for the High-Luminosity LHC.



FEEDSTOCK ALKYNES AS A PLATFORM FOR MULTI-FUNCTIONALISATION VIA
RADICAL CASCADE REACTIONS
Makeda Tekle-Smith!

IDepartment of Chemistry, Columbia University 3000 Broadway New York, NY 10027, USA

Controlling the three-dimensional structure of chemical matter is key to obtaining the desired function of a
material. Photoredox catalysis is becoming increasingly important in these processes due to the mild reaction
conditions that are generally involved, relative to thermal or chemical oxidative/reductive processes. The use
of mild conditions permits the development of chemical transformations that are not only highly selective, but
also tolerant of the presence of diverse functionality. Radical cyclisation reactions provide access to highly
complex molecules in few synthetic steps. Moreover, the mild reactions conditions commonly employed in
radical cascade reactions allow for broad functional-group com- patibility and as such, have found numerous
applications in natural product synthesis. Here, we describe a photoredox- catalyzed method for achieving
1,3-difunctionalization of unactivated alkanes using alkynes as linchpin radical acceptors and hydrogen atom
abstractors. This new synthetic platform holds a promising outlook for advancing our understanding of carbon-
to-carbon HAT and selective difunctionalization of alkanes.



NEW APPLICATIONS OF UPCONVERSION VIA EXPLORATION OF NOVEL
ANNIHILATORS
Andrew B. Pun!

IDepartment of Chemistry and Biochemistry, University of California, 9500 Gilman Dr, La Jolla, San Diego, CA, US

Upconversion that proceeds via triplet fusion (TF), also known as triplet-triplet annihilation (TTA), has re-
ceived widespread attention for its potential applications ranging from enhancing photovoltaic efficiency, to anti-
counterfeiting, to improved 3D printing. In contrast to other mechanisms, TF upconversion is highly efficient
even at sub-solar incident flux.

TF upconversion requires two species, a sensitizer which absorbs low energy photons, and an annihilator
which emits high energy photons. Despite the breadth of potential applications of TF upconversion, very few
annihilators have been studied.

Herein, | will discuss our work in developing new annihilators for TF upconversion. By focusing on anni-
hilators that are synthesized via common wet chemical synthesis, we can develop libraries of molecules that
are easily derivatized. This allows the development of structure-function relationships, to synthesize optimized
annihilators for any desired application.



NANOSCALE TOOLS FOR SENSING AND IMAGING SINGLE MOLECULES
Viktorija Glembockyté'

'Department of Chemistry and Center for NanoScience (CeNS), Ludwig-Maximilians-University, Butenandtstrale 5-13,
81377 Munich, Germany

Advances in fluorescence imaging and microscopy techniques have provided the ability to detect and
monitor biomolecules and the interactions between them at the ultimate sensitivity of a single molecule. In this
talk I will discuss how single-molecule fluorescence imaging can be synergistically combined with a technique
that allows one to also place and position single molecules on the nanoscale, namely, DNA origami, in the
pursuit of building new single-molecule sensors and imaging tools. | will discuss how, using DNA as a building
material, we can create light antennas on the nanoscale and amplify fluorescence signals of single molecules
by up to few hundred-fold, enabling their detection on a smartphone camera [1]. | will also discuss our work
on building modular and tunable sensors with high FRET contrast and single-molecule sensitivity. Utilizing a
DNA origami nanostructure as a scaffold to arrange and decouple different sensor components we developed a
single molecule sensing platform adaptable to a variety of biomolecular targets, such as nucleic acids, proteins,
as well as enzymatic activities. The developed platform also offers mechanisms to tune the dynamic window
and specificity of the sensor as well as to implement more complex multiplexed sensing schemes [2]. Finally,
| will briefly touch on our efforts to develop strategies to increase the robustness and stability of DNA origami
sensors and labels in challenging chemical and biochemical environments [3].

[1] Nat. Commun. 2021, 12, 950; Acc. Chem. Res. 2021, 54, 3338-3348; iScience 2021, 24, 10302; Adv. Mater. Interfaces 2022, 200255; ACS Nano 2023,
17, 1327.

[2] bioRxiv 2023, doi: https://doi.org/10.1101/2023.11.06.565795.

[3] Angew. Chem. 2020, 60, 4931; Adv. Mater. 2023, 35, 2212024.



SUPPRESSION OF FILAMENTATION BY PHOTONIC CRYSTALS

Edvinas Aleksandravigius!, Darius Gailevi¢ius!, Audrius Dubietis!, Kestutis Stalitnas!->?

Vilnius university
ZCatalan Institution for Research and Advanced Studies
3Polytechnic University of Catalonia
edvinas.aleksandravicius@ff.vu.lt

Nonlinear propagation of intense ultrashort laser pulses in transparent materials produces a unique and
spectacular phenomenon termed femtosecond filamentation. This leads to a transformation of an ultrashort-
pulsed laser beam into a light filament, which possesses an ultra-broadband spectrum, termed supercontin-
uum. Here we propose and substantialize an alternative idea that photonic crystals can efficiently suppress
the emerging filamentation. It is well known that photonic crystals can affect the overall diffraction of the beam.
For example, the reduced or increased spatial dispersion curvature corresponds to weakened or strengthened
diffraction. Another possibility is obtaining a spatial dispersion curve with a negative curvature corresponding to
anti-diffraction. Considering this, we can infer that it is possible to devise a photonic crystal with such a geome-
try, that results in a spatial dispersion regime that can compensate for the nonlinear Kerr focusing of the beam,
thus effectively suppressing filamentation. Numerical simulations were performed using a forward beam prop-
agation method, which approximates the envelope of the beam propagating in a slowly varying medium. The
profile of refractive index modulation is chosen to be harmonic in both the transverse X and the longitudinal Z di-
rections. The periodicities in both directions were varied to determine an optimal geometry, with the longitudinal
period being tied to the transverse period through the Talbot length. It is convenient to introduce the geometric
constant Q which is the inverse of the longitudinal period normalized to the Talbot length. In the general case,
for a photonic crystal with constant period and for all values of the geometric constant Q that are close to 1,
there are multiple dispersion curves corresponding to different Bloch mode branches. This is often undesirable
since it makes it impossible to precisely control the diffraction of the beam, however this issue can be overcome
by introducing an adiabatic chirp to the longitudinal period of the photonic crystal. We do this by starting at a
longitudinal period corresponding to a geometric constant Q sufficiently far from 1 and slowly approaching the
desired Q. From the beam diameter evolutions, we can see that in the homogeneous case the beam diameter
first increases, but eventually the beam starts to converge and collapses. Using those same beam parameters
but this time in a photonic crystal we can see that the beam diameter again initially increases, however this
time the beam does collapse, instead the beam converges only a little and the beam diameter asymptotically
approaches some value for which the diffraction and nonlinear focusing are balanced. The results show that
using a photonic crystal with a geometry characterized by a value of Q close to 1 gives the desired result. In
addition, using positive and negative chirp, both increased diffraction (Q > 1) and anti-diffraction (Q < 1) can be
achieved.
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SPECTRAL BROADENING AND POST-COMPRESSION OF FEMTOSECOND PULSES
IN ZnS AND KGW CRYSTALS AT 76 MHz REPETITION RATE
Matas Sutovas!, Vaida Mar¢iulionyté!, Jonas Banys', Julius Vengelis', Gintaras Tamo$auskas', Audrius
Dubietis!

Laser Research Center, Faculty of Physics, Vilnius University
matas.sutovas@ff.stud.vu.lt

An ongoing objective in laser physics is to attain increasingly shorter light pulses. For this, pulse spectral
broading is required. An extension of optical bandwidth by self-phase modulation in the bulk media, followed
by post-compression is a simple and robust method to achieve even shorter light pulses. By using multiple
plate approach instead of one continuous nonlinear medium, peak and average power scalability is introduced,
leading to no further losses in efficiency [1]. Further investigation of new bulk media with optimal characteris-
tics is necessary to achieve pulse spectral broadening in high repetition rate (tens of MHz) and high average
power near-infrared laser systems. Recent studies have demonstrated that zinc sulfide (ZnS) and potassium
gadolinium tungstate (KGd(WOQy),, KGW) crystals are emerging as potential materials for this purpose due to
their relatively high resistance to multipulse optical damage and high nonlinearity compared to commonly used
fused silica and sapphire [1-3].
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Fig. 1. (a) Comparison of spectral broadening in a single ZnS crystal and the double-pass ZnS+KGW setup. Far-field output beam profiles
from pump (b), single ZnS crystal (c) and double-pass ZnS+KGW (d) setups.

In this work, double-pass spectral broadening setup consisting of first ZnS (2 mm) and second KGW (6 mm)
crystals was investigated using an Yb:KGW oscillator (FLINT, Light Conversion Ltd.) with a single-pass pre-chip
managed (PCMA) rod-type fiber amplifier system, which produced 75 fs pulses with an average power of 15.7 W
and a central wavelength of 1038 nm at 76 MHz repetition rate [4]. Symmetric pump pulse spectral broadening
due to self-phase modulation in single ZnS and ZnS+KGW setups is shown in Figure 1 (a). Beam profile
measurements revealed no significant change in beam quality at the output of the single ZnS crystal setup
[Fig.1(b,c)]. The second harmonic frequency-resolved optical gating technique (SHG-FROG) was used for
temporal characterization of the pulses after the spectral expansion stage and post-compression stage, which
was realized by Gires-Tournois interferometric mirrors. After the first and second stages of spectral broadening,
the pump pulses were chirped over 100 fs and over 160 fs, respectively. Pulse compression was limited to 45
fs due to a rapid degradation of the beam quality with the further increase in pulse spectral expansion [Fig.1(d)].
Our results demonstrate a robust and versatile double-pass spectral broadening configuration, offering the
potential for advancing the compression of high repetition rate femtosecond pulses which are relevant in the
fields of ultrafast spectroscopy and microscopy.

[1] M. Seidel, G. Arisholm, J. Brons, V. Pervak, O. Pronin, All solid-state spectral broadening: an average and peak power scalable method for compression
of ultrashort pulses, Opt. Express 24, 9412-9428 (2016).

[2] V. Marciulionyté, J. Banys, J. Vengelis, R. Grigutis, G. TamoS$auskas, A. Dubietis, Low-threshold supercontinuum generation in a homogeneous bulk
material at 76 MHz pulse repetition rate. Opt. Lett. 48, 4609-4612 (2023).

[3] M. Kowalczyk, N. Nagl, P. Steinleitner, N. Karpowicz, V. Pervak, A. Gtuszek, A. Hudzikowski, F. Krausz, K. F. Mak, A. Weigel, Ultra-CEP-stable single-
cycle pulses at 2.2 ym, Optica 10, 801-811 (2023).

[4] J.Banys, J. Vengelis, Efficient single-pass and double-pass pre-chirp managed Yb-doped rod-type fiber amplifiers using Gires—Tournois interferometric
mirrors, Optik 249, 168185 (2022).
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3D direct laser writing employing Multiphoton lithography (MPL) has emerged as a powerful tool in Additive
Manufacturing (AM) at very small scale, both for scientific and industrial applications in various fields, such as
micro-optics, tissue engineering and photonics [1]. MPL is based on the phenomenon of multiphoton absorp-
tion that is carried out as follows: an ultrafast laser beam is tightly focused inside the volume of a transparent
photosensitive material, which typically incorporates a photosensitive molecule, the photoinitiator (PI). The PI
absorbs simultaneously two or more photons of the incident light and produces free radicals, which eventually
will induce photopolymerization, confined within the beam focus. The choice of a high-performance photoini-
tiator directly influences the speed, resolution, and quality of the 3D micro/nano structures. Upon this fact, the
synthesis of novel photoresists and high-performance Pls for MPL has been the subject of investigation during
the last decades [2]. To this end, this work introduces novel Pls [3], named as triphenylaminelbased aldehy-
des, suitable for MPL. In this context, the two-photon absorption cross sections and 3D micro/nanostructures
fabricated with the Pls will be shown. Furthermore, a wavelength-independent and non-photosensitized ma-
terial for MPL is introduced. This is crucial for specific applications due to the two drawbacks of Pls: toxicity
and fluorescence. Specifically, wavelengths of 517 nm,780 nm, and 1035 nm are shown to be suitable for
fabricating 300 nm features even at high scanning speeds (up to 100 mm/s) [4]. To conclude, the importance
of efficient Pls is highlighted in this work, underlying their potential applications in photonics, optoelectronics
etc. On the other hand, the limitations of a Pl are minimized by excluding it from the material and studying the
material’s structuring properties for future applications in bio-scaffolds, tissue engineering, micro-optics etc.

[1] Wang, H. et al. Two-Photon Polymerization Lithography for Optics and Photonics: Fundamentals, Materials, Technologies, and Applications. Adv Funct
Mater 2214211 (2023)

[2] WiIoka, T. et al. From Light to Structure: Photo Initiators for Radical Two-Photon Polymerization. Chemistry - A European Journal 28, (2022)

[3] Ladika, D. et al. Synthesis and application of triphenylamine-based aldehydes as photo-initiators for multi-photon lithography. Applied Physics A 2022,
128, 1-8 (2022)

[4] Ladika, D. et al. X-photon 3D lithography by fs-oscillators: wavelength-independent and photoinitiator-free. PREPRINT (Version 1) available at Research
Square 0-13 (2023)
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Two photon lithography is a Laser Direct Writing technique (DLW) that allows high precision 3D micro
and nano-structures manufacturing with sub-diffraction-limit resolution. Thanks to the advent of femtosecond
lasers, nonlinear light-matter interactions are achievable by focusing such high intensity beams into the
photo-resins, which due to temporal and spatial overlap can result in two- or even multi-photon absorption
inside the volume of the tightly focused laser beam, allowing to polymerize the material in a small confined
region, Fig. 1a. This significant advantage makes it a suitable and high desirable technique for the fabrication
of micro and nanoscale 3D structures, and it's been widely employed for applications in several fields such as
microelectronics, microfluidics, life sciences or photonics.

In this work we explored one of these applications: the fabrication of a 3D photonic crystal, Fig. 1b,
able to slow down while spatially separating the frequency components of the light, which results in a localized

increase of light intensity chromatically resolved, and thus can be used for application in which enhanced
light-matter interaction is required, like optical sensors, solar cells or night vision devices.
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Fig. 1. (a) The principle of direct laser writing 3D nano-lithography, reproduced from [1]. (b) 3D woodpile structure designed for the
realization of slow light fabricated via two photon lithography.

After studying how the different fabrication parameters influence the resulting structure, the optimal param-
eters have been used to fabricate a sample that fullfills the spatial requierements for it to be functional and act
as a slowing light photonic crystal.

[1] S. Varapnickas and M. Malinauskas, Processes of Laser Direct Writing 3D Nanolithography (Springer International Publishing, Cham, 2020)
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Pulse oximetry is one of the areas where light emitting diodes (LED) and laser diodes (LD), with emission
wavelengths of 660 nm and 940 nm are currently used. Such configuration experiences main drawbacks
in reflectance oximetry mode due to the variation of penetration depth into soft tissue. An alternative set of
wavelengths (800nm and 1100 nm) is proposed to eliminate the issue of difference in penetration depth, while
maintaining an absorption difference for oxyhaemoglobin and non-oxygenated haemoglobin.

In this work we present results of technological development of LEDs and LDs operating in 1 ym — 1.2
Mm spectral region. The material chosen for such devices was GaAsBi due to its temperature stability, room
temperature (RT) operation, rapid band gap reduction of up to 90 meV/%g;, and better strain management,
when comparing to classical NIR materials.

Optimization of molecular beam epitaxy growth parameters for 3 - 5 GaAsBi rectangular quantum well
(RQW) structures was carried out. Two devices on GaAs substrates buffered by an AlAs sacrificial layer were
fabricated. GaAsBi RQW based LED with a central emission wavelength of 1070 nm at RT was produced.
Moreover, an LD with 3 GaAsBi RQWs was fabricated and room temperature lasing at 1142 nm was recorded.
Temperature dependentelectroluminescence showed stability of the emission wavelength for both devices.

This work was supported by Research Council of Lithuania under Contract No S-LLT-23-3; project "Devel-
opement of A3B5-Bi Nanostructure Based Double-Wavelength Microlaser Technology for NIR Sensing Appli-
cations".
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Fig. 1. a) GaAsBi 5xRQW LED structure. Growth temperatures provided from thermocouple readings. b) Excitation dependent RTEL
measurement for GaAsBiI 5xRQW LED (dashed line serves as eye guide).
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Group Il nitride semiconductors are widely used in optoelectronics, high-power and high-frequency elec-
tronic devices and have now become critically important in the modern world. To expand their applicability and
integrity, researchers are developing various technologies for growing nitride semiconductors on Si, which is
widely used in electronics.

This work aims to evaluate the impact of nitrogen and hydrogen atmospheres on the crystallographic and
morphological properties of GaN layers grown on Sc,03/Si substrates using the MOVPE method. To achieve
this goal we performed several tasks: to grow GaN layers on Sc,03(111)/Si(111) substrates using the MOVPE
method in nitrogen and hydrogen atmospheres; to investigate the crystallographic and morphological properties
of the grown structures; and to compare the physical properties of GaN layers grown in different atmospheres.

e

GaN (0001)

" ScN (111)

‘ S¢,0, (111)
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Fig. 1. Schematic view of unit cells, demonstrating the azimuthal orientations of different layers in the sample, where ScN exists in two
orientations.

We have presented different layers of our samples and their unit cells azimuthal orientations, using XRD
0-26 and ¢ scans. We found that the successful growth of continuous c-axis oriented monocrystalline GaN
layer on a Sc,03/Si substrate is possible, despite the formation of a ScN layer composed of twins during the
nitridation process of Sc,03. We observed that the strain values along a and ¢ axes calculated from GaN(0002)
®-26 scan do not depend on the atmosphere used during the growth. We compared them with strain values
based solely on the differences in thermal expansion between GaN and Si. We found that the strain in the
GaN layer is a result of a dual-component interaction: lattice mismatch between Si and GaN as well as their
different thermal expansion rates. We also showed that controlling the growth atmosphere between N, and H,
during various stages of the GaN growth on Sc,03/Si templates allows to reduce the dislocation densities and
enhance the surface morphology of GaN layers.
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Researchers have been interested in defects of semiconductor materials for a long time now, because of
their strong correlation to the electrical and mechanical properties of a given material. In indium gallium nitride
(InGaN) structures, prominent features are V-shaped pits (V-pits), that form due to threading dislocations which
propagate to the quantum well layers that are rich in indium. In this work we focus on cathodoluminescence
peak wavelength shift of these V-pits and their locale.

To analyze said structures a custom Python code was written and used in combination with Atfomap soft-
ware. Since we are using hybrid cathodoluminescence and scanning electron microscope (SEM-CL), we get
both CL and SEM images of the same area. While SEM lets us see sample topography, CL images each pixel
has a whole cathodoluminescence signal spectrum, therefore by fitting Gaussian fit on the main signal peak,
we can determine at what wavelength the peak sits. Doing this to all image pixels gives the same image but
with each pixel having a peak wavelength associated with it. We call it peak wavelength shift (PWS) map, which
lets us see how CL signal peak shifts in a sample.

Secondly, we detected V-pits using Laplacian of Gaussinan (LoG) filter on SEM images. Since SEM and
now generated PWS image areas are the same, we can directly transfer detected V-pits onto PWS image to
start the analysis. By knowing the center coordinates and sizes of V-pits in PWS image, we can calculate how
the CL peak shifts going outward in a radial pattern from the defect center. Plotting average values of each
circle’s circumference from V-pit center gave us radial profile of peak wavelength shift. To achieve statistically
significant results, we performed this process for all detected V-pits in each image from measured samples and
averaged them again across the whole image. An example radial profile of all detected V-pits in an image is
shown below.
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Fig. 1. PWS radial profiles of all detected V-pits in a single image
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There is a high focus on the task to find a novel light-emitting material, which would serve a purpose of
active media in light sources of near-infrared (NIR) range, but would also own superior properties than right
now used alloys. One of the potential materials could be GaAsBi. By introducing bismuth atoms into GaAs
lattice the bandgap of the alloy is rapidly reduced. Moreover, some unique properties belong to bismides, like
large spin-orbit splitting energy and bandgap, less sensitive to temperature. There are already some examples
of optoelectronic devices such as light-emitting diodes [1], which work based on GaAsBi. However, the lack
of high crystal quality in GaAsBi is reducing the photoluminescence (PL) intensity. Thus, various designs of
GaAsBi quantum structures are investigated towards optimization of its optical properties.

Our group [2] already demonstrated GaAsBi quantum wells (QWSs) with parabolically graded barriers. Re-
markably, a substantial enhancement in PL intensity at room temperature was observed in these structures,
exhibiting approximately 50 times greater values than that of rectangular QWs. Moreover, it should be noted
that the improved PL intensity was consistently reproducible across various growth conditions in parabolic quan-
tum wells (PQWSs). Also, in literature [3] one more design could be found - triangular quantum well (TQW), and
its influence on PL was also investigated.

In this work a comparison study between PQW (Fig. 1. (a)) and TQW (Fig. 1. (b)) designs will be done
with a goal to look into how barrier design determines carrier trapping and are there any other mechanisms
responsible for enhanced PL intensity. Both investigated structures contain single rectangular GaAsBi QW
embedded in parabolic or triangular AlGaAs QW. PL and photoluminescence excitation (PLE) techniques
along with theoretical calculations will be used to evaluate different barrier design influence on carrier trapping
and quality of GaAsBi QW.

(a) AlGaAs AlGaAs (b) AlGaAs AlGaAs
Al=30% Al=30% Al=30% Al=30%

GaAs
cap

GaAs
cap GaAs

GaAs

AlGaAs TQW
Al=30%-0%

AlGaAs PQW AlGaAs PQW AlGaAs TQW
Al=30%-0% Al=30%-0% Al=30%- 0%

GaAsBi QW GaAsBi QW

Fig. 1. Schemes of different investigated designs of AlIGaAs barrier in GaAsBi quantum well structures: (a) single quantum well embedded
in parabolic AIGaAs QW (PQW); (b) single quantum well embedded in triangular AIGaAs QW (TQW).
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Split-ring resonator (SSR) based metasurface lenses have been a topic of active research in terahertz
science [1]. Metasurface lenses offer several advantages over conventional lenses, including compactness,
tunability and are employed for terahertz wavefront engineering [2]. In this study, we investigated the beam
shaping capabilities of five different SSR designs with varying geometries.

The lenses were fabricated from 25 um stainless steel foil using laser ablation [3]. Beam profiles were
measured along the XZ and XY planes to evaluate the focusing capabilities along the optical axes in a focal
plane.

Our results demonstrate that a specific paraxial design with four sub-zones employing two distinct SSR
geometries (C03) exhibited best beam focusing performance compared to other lenses, achieving the smallest
focus point of FWHM equal to ~1.5 mm and highest amplitude ~0.14 V at focal point. In contrast, C05 with
a two-subzone design, had the poorest focusing performance, with a focal point of FWHM equal to ~1.74
mm and the lowest amplitude of ~0.063 V. Additionally, C04 had the largest FWHM of ~12.70 mm along the z-
direction, indicating the broadest beam profile in z-direction among all five designs. C06, a non-paraxial design,
demonstrated an amplitude of ~0.11 V and an XY plane FWHM of ~1.6 mm and was the second best lens for
focusing after C03.

Understanding the intricacies of these metasurface lenses is crucial for advancing terahertz technology,
opening up avenues for applications that leverage their unique properties, such as enhanced imaging, commu-
nication [4,5].

This research has received funding from the Research Council of Lithuania (LMTLT), agreement No [S-
MIP-22-76].
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Fig. 1. Split-ring resonator based metasurface lens
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Full-Field Optical Coherence Tomography (FF-OCT) is a fast, non-invasive/non-destructive interferometric
technique for acquiring high-resolution en face images at large depths within the sample. In order to avoid
as much of the interference noise as possible, a low-coherence light source is used, instead of a laser that
is commonly used in holography/interferometry. However, computational aberration/defocus correction, which
is possible in Fourier-domain FF-OCT systems using lasers [1][2], is challenging when using incoherent light
source, such as LED.

Here we demonstrate a digital defocus correction over a large range of defocus values in FF-OCT employ-
ing LEDs. To this end, we show defocus correction on various - reflective and scattering samples.

Defocused complex-valued FF-OCTima
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Fig. 1. 1) Principal scheme of FF-OCT system. Dark blue represents spatially incoherent LED illumination path, red — spatially coherent
laser. Green boxes indicate translation stages equipped with stepping motors.

2) Digital defocus correction of complex-valued TD-FF-OCT image of USAF target defocused by 1 mm (u = 676.4). The complex-valued
signal, consisting of amplitude (a) and phase (b), is Fourier-transformed (c), then multiplied by a quadratic phase function (d), and subse-
quently inverse Fourier-transformed, resulting in a refocused image (e). An in-focus image is provided in (f) for comparison.
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Fig. 2. Digital defocus correction of TD-FF-OCT images acquired 100 pum beneath lens tissue surface. (a) in-focus TD-FF-OCT image,
(b) TD-FF-OCT image physically defocused by 500 um. (c) digitally refocused TD-FF-OCT image. (d) spatial frequency spectra for three

images displayed in (a), (b) and (c). The images are normalized whereas curves in (d) are produced from original (non-normalized) TD-
FF-OCT images.

Overall, digital defocus correction of images created with TD-FF-OCT systems can be implemented over a
much larger range than the Depth of Field (DOF). As DOF with used optics is 10 um, defocus values up to 1 mm
can be negated although with certain spatial resolution and intensity losses. Alongside the use of incoherent
light sources, TD-FF-OCT holds an advantage over other holographic microscopy techniques due to reduction
in the number of coherent artifacts granting an increase in imaging depth.

[11 A. Dubois et al., “Ultrahigh-resolution full-field optical coherence tomography,” Applied Optics, vol. 43, no. 14, p. 2874, May 2004.
doi:10.1364/a0.43.002874

[2] A. Kumar, W. Drexler, and R. A. Leitgeb, “Subaperture correlation based digital adaptive optics for full field optical coherence tomography,” Optics
Express, vol. 21, no. 9, p. 10850, Apr. 2013. doi:10.1364/0e.21.010850
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Mechanical vibrations are omnipresent in engineering and development, either as a part of an object’s
functionality or as a parasitic effect. Fast and reliable vibration measurement is an indispensable tool for aiding
in the design process and providing quality assurance [1]. Especially challenging is the characterization of
micro-electromechanical systems (MEMS) and surface acoustic wave (SAW) devices due to small surface
displacements in the (sub-)nanometer range and high frequencies in the MHz to GHz range, often in conjunction
with a demand for high lateral spatial resolution.

Interferometric optical techniques offer the required sensitivity, but the installed detector usually either
limits it to point measurements (single photodiode) or to low frequencies (camera detector). However, as
shown on the left-hand side of Fig. 1, by shifting the laser frequency w; in one of the interferometer arms by
Aw = wopj + @y, static interference (or sufficiently low beat frequencies ;) can be obtained even for arbitrarily
high vibration frequencies wop;. This is achieved by a pair of acousto-optic modulators (AOMs) with a frequency
difference of Aw and allows to use camera detectors for vibration frequencies that exceed the frame rate of
the camera by several orders of magnitude [2].
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Fig. 1. Interferometer setup (left); Measurement result of an oscillating clarinet reed (right), adapted from [3].

A remaining issue outside controlled laboratory conditions (e.g. production lines) are Doppler frequency
shifts arising from a relative motion between the interferometer and the object to be measured. These also shift
or even broaden the resulting peak in the frequency spectrum associated to the beat frequency w, such that
the desired lock-in detection is no longer possible.

By introducing an additional artificial reference vibration at a frequency close to wqy;, a beat between the
two acoustic vibrations results. The properties of the object vibration are now encoded in the temporal variation
of the observed vibration amplitude. Because the acoustic frequencies are several orders of magnitude smaller
than the optical frequencies, the corresponding absolute Doppler frequency shift of the acoustic beat frequency
is negligible for virtually all practical situations. This now allows to perform a lock-in detection and accordingly
a highly sensitive measurement even in rough environments. The detection limit and noise levels are currently
just below 1 nm (Fig. 1, right hand side), but by using longer lock-in time constants, measurements in the pm
range or below are expected to become accessible [4].

[1] S.J. Rothberg et al., An international review of laser Doppler vibrometry: Making light work of vibration measurement, Optics and Lasers in Engineering,
99, 11-22 (2017)

[2] N. Verrier et al., Full Field Holographic Vibrometry at Ultimate Limits, New Techniques in Digital Holography, 255-293 (2015)

[3] F. Dotzer et al., Phase Modulated Frequency Shifted Digital Holographic Vibrometry with Enhanced Robustness, EPJ Web of Conferences 287, 09017
(2023)

[4] K. Hogmoen, O.J. Lokberg, Detection and measurement of small vibrations using electronic speckle pattern interferometry, Appl. Opt., 16, 1869-1875
(1977)
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One of the prospective applications of terahertz (THz) technologies is in the field of telecommunication.
Addressing the current challenge of limited capacity in wireless data distribution, particularly within short-range
Wi-Fi technology, the introduction proposes the utilization of THz radiation to increase data transfer ratio and
enhance the performance of end-user telecommunication systems. The upcoming generation of telecommuni-
cation systems (6G), has already allocated THz bands for potential applications such as Tbhps WLANs, WPANSs,
IAB wireless networks, 10T networks, and THz space communication systems [1]. All these applications ne-
cessitate signal multiplexing to improve data transfer ratio. In this study, the implementation of multiplexing
functionality is realized through the application of a multiple-input multiple-output (MIMO) system, specifically
achieving spatial frequency division multiplexing.

The MIMO system is realized through the incorporation of two diffractive optical elements (DOEs). The first
element performs the role of a multiple-input single-output (MISO) system, wherein the DOE combines signals
of different frequencies generated by spatially separated radiation sources into a single optical channel. The
resultant combined signal beam propagates in free space over a specified distance in the form of a plane wave.
Subsequently, the signals are spatially separated by the second DOE, which accomplishes the single-input
multiple-output (SIMO) functionality. Consequently, THz signals of varying frequencies can be concurrently
gathered by spatially separated detectors.

A crucial aspect of this solution lies in the design of DOEs in the form of kinoform lenses. These ap-
propriately designed structures facilitate arbitrary signal manipulation, resulting in a precisely defined intensity
distribution of the output field. The continuous phase profile achieved through kinoform coding ensures a high
diffraction efficiency of up to 100% [2]. Fig. 1a and 1b illustrates the phase profiles of the designed MISO and
SIMO structures (top image), respectively. The DOEs were manufactured (Fig. 1a and 1b - bottom image) from
transparent polymer materials in the THz radiation range using fused deposition modeling (FDM) 3D printing
technology. The investigation of optical properties in polymer and composite materials was carried out utilizing
THz time-domain spectroscopy (THz TDS) [3], enabling the selection of cyclic olefin copolymer (COC) and
styrene-butadiene copolymer (SBC) materials for this specific application. The schematic representation of the
functionality of each structure within the THz optical system is depicted in Fig. 1c and 1d.
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Fig. 1. a) and b) The gray-scale phase maps and 3D printed MISO and SIMO structure, respectively; c) and d) schemes of THz optical
systems for MISO and SIMO structures verification.

[1] C. Han, Y. Wu, Z. Chen, and X. Wang, Terahertz communications (teracom): Challenges and impact on 6g wireless systems. (2019). arXiv preprint
arXiv:1912.06040

[2] A. Siemion, The magic of optics — an overview of recent advanced terahertz diffractive optical elements, Sensors 21, (2020).

[38] M. Kaluza, M. Surma et al., THz optical properties of different 3d printing polymer materials in relation to FTIR, Raman, and XPS evaluation techniques,
47th International Conference on Infrared 2022, ISSN 2162-2035, Millimeter and Terahertz Waves (IRMMW-THz), IEEE, 2022.
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Various precious metals (such as gold, silver, and platinum) are widely studied for their applications in
surface-enhanced Raman spectroscopy (SERS) [1], solar panels [2], and biological and chemical sensors
[3]. By having metallic nanostructures, the free electron oscillations can be easily excited in these by incident
light. The oscillations, known as localized surface plasmons (LSPs), have distinctive optical properties but are
localized to the structure. When these are arranged in an orderly manner with a certain characteristic period
length, the array of structures acts as a diffraction grating. A surface plasmon polariton is excited and the
surface exhibits a hybrid lattice plasmon resonance (HLPR) characterized by its very narrow resonance and
high-quality factor along with dispersive properties.

The structures can be formed either by the ablation of the metal, as the non-removed material acts as a
plasmonic grating, or by modification as the plasmons are excited in the affected zones. Although nanostruc-
tures are usually formed precisely by photolithography [4], such techniques are expensive and difficult to scale
up to large-scale production. Direct laser writing (DLW) is an attractive and fast alternative that allows easy fine-
tuning of HLPR properties microstructures. The formation mechanism and properties of the structures formed
by a focused laser pulse depend on the beam overlapping and pulse energy used [5].

This study investigates the formation of periodic arrays on thin gold film using layer ablation and modifi-
cation with the third harmonic (343 nm) of a femtosecond laser. The grating properties were compared with
respect to their formation mechanism. The ablated structures act as 1D-like grating, while modification enables
the formation of both 1D-like and 2D-like arrays. Also, the dependence of HLPR on the polarization and angle
of incident light was researched.

[1] J.Langer et al., ACS Nano, 14(1), 28-117 (2019).

[2] Q. Duan et al., Sensors, 21(16), 5262 (2021)

[38] P.Yu et. al., Scientific reports, 7(1), 7696 (2017)

[4] X. Luo and T.Ishihara., Optics express, 12(14), 3055-3065, (2004)
]

[5] E. Stankevigius et al., Adv. Opt. Mater. 9(12), 2100027 (2021)
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Intense, few-cycle laser sources in the wavelength range 1.5 — 3.0 um are in demand for generating THz
and attosecond X-ray pulses [1]. Invented by Lithuanian scientists from the group of A. Piskarskas, the optical
parametric chirped pulse amplification (OPCPA) when operating in degeneracy at ~2 um allows the use of
readily available ~1 um driving pulses, while supercontinuum (SC) seed simplifies the design by eliminating
the need for active synchronization. We demonstrate a compact, high-efficiency mJ-level mid-IR OPCPA using
1.2 ps pulses from Yb:YAG laser for both pumping and SC generation. Three degenerate OPCPA stages based
on BiBO crystals provide output pulses with an energy of ~2.5 mJ in the wavelength range of ~1.8 — 2.3 um.
Preliminary results on spectral expansion beyond ~3 um using stimulated rotational Raman scattering (SRRS)
in a gas cell will also be reported.

The Yb:YAG chirped pulse amplifier with a grating compressor [2], upgraded by the author of the report, was
used as a pump source for both SC and OPCPA allowing 1.5 times better gain (Fig. 1, left). Beam stability was
ensured by auto-alignment. The SC seed pulses were generated in a YAG crystal 130 mm long [3]. Compared
to the previous implementation the SC seed pulse dispersion has been optimized using an acousto-optic pro-
grammable dispersive filter (AOPDF) to provide the best conversion efficiency and ultimate pulse compression.
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Fig. 2. The spectrum of amplified pulses after the 15t OPCPA stage — left. Transform-limited temporal shape calculated from the measured
OPCPA output spectrum — middle. Temporal profile (solid) of the amplified pulse after compression retrieved from the SHG-FROG
measurement compared to the transform-limited pulse (dotted) and the retrieved temporal phase (dashed) — right.

The three-stage OPCPA provides ~2.5 mJ, 25 fs output pulses at a center wavelength of ~2150 nm after
compression. In the third OPCPA stage, a conversion efficiency of 27% was achieved. The resulting peak
power of >80 GW allows for significant spectrum extension beyond 3 um using SRRS in a gas cell. The
remaining unused energy of the pump source allows to obtain ~5 mJ of amplified pulse energy through the use
of an additional fourth OPCPA stage.

[1] P. Agostini and L.F. DiMauro, The physics of attosecond light pulses, Rep. Prog. Phys. 67, 813-855 (2004).

[2] P. Mackonis and A.M. Rodin, Laser with 1.2 ps, 20 mJ pulses at 100 Hz based on CPA with a low doping level Yb:YAG rods for seeding and pumping of
OPCPA, Opt. Express 28, 1261-1268 (2020).

[3] A. Petrulenas, P. Mackonis, and A. M. Rodin, High-efficiency bismuth borate-based optical parametric chirped pulse amplifier with approximately 2.1 mJ,
38 fs output pulses at approximately 2150 nm. High Power Laser Sci. 11 (2023).
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Linear polarizers are integral to most laser systems for their role in controlling radiation polarization state. A
wide diversity of up-to-date linear polarizers can provide an outstanding polarization extinction ratio. However,
many of them come with operational inconveniences: absorptive polarizers suitable for normal incidence have
a low laser-induced damage threshold (LIDT), restricting their use in laser applications; birefringent or thin-films
polarizers demonstrate a decrease in polarizing efficiency at normal incidence, which becomes concerning as
the trend towards miniaturization of laser systems continues. Mentioned limitations of conventional polarizers
are becoming more pronounced, underscoring the necessity for alternative solutions.

In the search for high LIDT and efficient polarizing properties at normal incidence, we have focused on pe-
riodically modulated dielectric thin films. In the simplest case of single-layer coating, as a high refractive index
subwavelength structure surrounded by a lower refractive index media, it features wavelength-selective reso-
nance phenomenon [1]. Moreover, as the structure has modulation only in one direction, its optical response is
also polarization-dependent. These features were employed to optimize the architecture of polarizing element
for the target wavelength of 1064 nm. Subsequently, the ion beam sputtering technology was used to con-
formally deposit dielectric coatings on the structured substrate. The potential of fabricated elements for laser
applications were evaluated by LIDT 1-on-1 test for nanosecond pulses.

Experimentally demonstrated niobium oxide single-layer polarizing element showed 788:1 polarization
ratio for 1064 nm at normal incidence. The LIDT values of periodically modulated single-layer structure have
reached 0.7 J/cm? and 3.1 J/cm? for S- and P- polarizations, that is more than six times smaller values than of
planar layer. This difference in optical resistance can be explained with increased electric field intensity in mod-
ulated structure, determining damage at relatively low energy densities. To improve optical resistance, wide
bandgap dielectrics as hafnium and aluminum oxides were used to create multilayer architecture. Enhanced
LIDT values have reached 1.6 J/cm? and 18.5 J/cm? for S- and P- polarizations, respectively. However, nearly
2 pm thick coating with modulation discrepancies led to optical characteristics distortions which reduced the
polarization contrast. The presented results demonstrate the potential possibilities of periodically structured
thin-film polarizers and also highlight challenges to be dealt with in the ongoing work.

Acknowledgments: This work was supported by the PerFIN project from the Research Council of Lithuania
(LMTLT), agreement No. S-MIP-22-80.

[1] L. Grineviciate, J. Nikitina, C. Babayigit, ir K. Staliunas, ,Fano-like resonances in nanostructured thin films for spatial filtering“, Appl. Phys. Lett., t. 118,
nr. 13, 2021, doi: 10.1063/5.0044032.
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The assessment of Laser-Induced Damage Threshold (LIDT) plays a pivotal role in ensuring the safety and
reliability of laser systems across various scientific and industrial applications. As laser technology is constantly
evolving to new irradiation regimes, there is a demand for higher quality optical components, as is to evaluate
their damage threshold more accurately and reliably. As a result, there arises a need to revise the current ISO
standard for LIDT testing on periodic basis [1]. But to make LIDT standardization efforts more successful and
adoptable, there is a need for an easy way to evaluate these methods and show their accuracy under real and
different conditions.

This research endeavors to address these challenges by exploring and implementing advanced testing
techniques based on Monte Carlo simulations to numerically test and compare different testing approaches.
The main goal of our research was to review the accuracy of current ISO standard techniques for LIDT testing
ISO 21254:2011using numerical methods as well as prepare recommendations for the upcoming revision of
this standard. For the new revision of this standard, new functional tests, namely R-on-1 and raster scan [2],
are intended to be implemented.

In our research, we first compare the classical methods of evaluating the LIDT with our own empirical and
experimental insight-based algorithm for 1-on-1 and S-on-1 testing using Monte Carlo simulations. We then
go on to evaluate and optimize testing conditions for R-on-1 tests and raster scans, comparing them with the
former methods. We do these tests by first generating a virtual sample with randomly distributed sporadic
defects on XY plane and by sampling it with a virtual laser beam (Gaussian and a flat top) on our surface to
detect them. We introduce a requirement for these tests to cover a certain amount of area Agyq, (area where
fluence is more than 90% of the peak fluence) to make them comparable with raster scan results.

In our initial findings, by running our simulations with the same initial condition for multiple iterations, we
have discovered that by increasing the diameter of our Gaussian beam for roughly the same area irradiated,
we decrease the deviation of LIDT values, proving that there is a strong correlation between LIDT test accuracy
and the defect density of our surface.

[1] International Organization for Standardization. "ISO 21254-2: Lasers and laser-related equipment -- Test methods for laser-induced damage thresh-
old -- Part 2: Threshold determination." Technical Committee: Optics and Optical Instruments, Subcommittee: Lasers and Laser-Related Equipment,
International Standard, International Organization for Standardization, Geneve, Switzerland, 2011.

[2] Borden, Michael R., et al. "Improved method for laser damage testing coated optics." Laser-Induced Damage in Optical Materials: 2005. Vol. 5991.
SPIE, 2006.
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Star clusters and knowledge of their physical parameters (age, mass, metallicity, extinction) provide an
excellent insight into the formation and evolution of their host galaxies, as most of the star formation happens in
clusters. A powerful method allowing parameter derivation for a large number of clusters in the Local Universe
(< 10 Mpc,) is fitting their aperture photometry measurements to stochastic theoretical models [1]. Therefore, it
is highly important to understand methods limits in order to not over-interpret the data as we attempt to unravel
formation histories of nearby galaxies.

The aim of this study is to estimate maximum possible accuracy of the aperture photometry methods for star
cluster studies in the Local Universe. We simulated an extensive (500 nodes) grid of 3D cluster models covering
the parameter space of real objects in the Andromeda galaxy (M31). Each node, defined by initial mass, age,
and geometric parameters, contains 100 stochastic 3D models. Cluster CCD images were generated in 6
photometric (HST) passbands by taking 100 2D projections of each model, mimicking observations from 100
viewing angles. We modelled clusters to match the real ones in M31 as seen in the PHAT survey [2]. We
measured simulated images by using aperture photometry method [3] and ran cluster classification tests [1].

We have demonstrated that using small apertures(R,, < 0.5 arcsec) is not advisable as it leads to large
physical parameter derivation uncertainties (Fig. 1a-c). This supports an idea suggested in [3, 4] that apertures
larger than cluster half-light radii must be used to provide robust results. Aperture-photometry-based classifi-
cation encounters problems at very young cluster ages (~10 Myr), showing large errors (Fig. 1a-c). Using
colour-magnitude diagram fitting methods [5] is advised to yield more accurate cluster parameters at ages of
~10 Myr. We have shown that there are no significant systematic colour index differences when clusters are
measured using smaller apertures (Fig. 1d-e), justifying the adaptive aperture photometry method [3, 4].
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Fig. 1. Panels a-c) show cluster classification test results. Differences between the derived and input cluster parameters: a) age; b) mass;
c) extinction E(B—V). Markers - median differences, error bars — 16-84 percentile range. Dashed red line — results when photometry was
performed using R,,=0.5 arcsec; solid blue line - Ry, >1.0 arcsec. Panels d-e) show differences of colour index (F475W—F814W) between
measurements with apertures of R,,=3.0 arcsec and R,,=Rc. Red markers - median differences; error bars — 16-84 percentile range; grey
lines — results for individual clusters. Panel d) shows models with post-main-sequence (post-MS) stars removed (N=2700); panel e) —
models with all stars (N=7300).
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Andromeda (M31) galaxy is the nearest (785 kpc; [1]) spiral galaxy making it one of the premier laboratories
for understanding spiral galaxies like our own. Due to a high inclination (74°-78°) of the M31 disk, it is difficult
to determine the galaxy’s large-scale structure. In particular, there is no clear consensus regarding the organi-
zation of spiral structure in M31. Therefore, star clusters can be excellent tracers in studies of galaxy formation,
assembly and spiral structure, in the sense that significant star cluster numbers are typically produced during
major star-forming (SF) episodes in galaxy disks. A substantial portion of the M31 disk was observed by the
extensive Panchromatic Andromeda Treasury (PHAT) survey [2] performed with the Hubble Space Telescope
(HST).

The aim of our study is to investigate the spiral structure of M31 galaxy based on the PHAT star clusters.
Using aperture photometry data [3-5], we derived cluster parameters: age, mass, extinction, and metallicity. To
investigate spiral structure face-on, we deprojected the M31 disk and star clusters assuming the position angle
of the galaxy major axis of 37.7° and the inclination of disk of 77.5°.

In Fig. 1, we show the distribution of young star clusters (<50 Myr) with respect to the UV SF regions (grey
contours) taken from [6]. Green logarithmic spirals are plotted to roughly follow the spiral structure, with a pitch
angle of 3° and phase-shift of -40°. Some young star clusters and UV SF regions deviate from spiral arms,
indicating inconsistency with the spiral pattern. Therefore, Fig. 1 clearly highlights the problems addressed in
our study.
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Fig. 1. Distributions of UV SF regions (grey contours) and young clusters (<50 Myr; red dots). Green lines show logarithmic spiral arms
with a pitch angle of 3°.
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[4] Naujalis, R., Stonkuté, R., and Vansevicius, V. 2021, Astron. Astrophys., 654, A6

[5] Kris¢ionas, E., Daugevicius, K., Stonkuté, R., and Vansevi¢ius, V. 2023, Astron. Astrophys., 677, A100
[6] Kang, Y., Bianchi, L., and Rey, S. C. 2009, ApJ, 703, 614


eimantas.krisciunas@ftmc.lt

LAMMPS AS A LIBRARY FOR THE THEORETICAL STUDY OF THE ROLE OF
PHONONS IN ULTRAFAST DEMAGNETIZATION

Wojciech Marciniak!>3, Joanna Marciniak?, Jan Rusz?

lInstitute of Physics, Faculty of Materials Engineering and Technical Physics, Poznar University of Technology, Piotrowo
3, 61-138 Poznan, Poland
2Department of Physics and Astronomy, Uppsala University, P.O. Box 516, 75120 Uppsala, Sweden
3Institute of Molecular Physics, Polish Academy of Sciences, M. Smoluchowskiego 17, 60-179 Poznan, Poland
wojciech.robe.marciniak@doctorate.put.poznan.pl

Ultrafast modification of the magnetism of materials by laser pulses has attracted significant attention
since its discovery in 1996 [1] because of its potential applications in computing and data storage. The process
involving the transfer of angular momentum between electrons, phonons, and magnons is a complex interaction
of light and matter, and it is still only partly understood [2].

To allow us to investigate phonons evolution after a laser pulse, we implemented a simple approximation to
modify molecular dynamics trajectory to enhance specific vibration modes. Using LAMMPS as a library feature
[3], we created a framework that allows LAMMPS to handle data input, generate snapshots to be processed

by our method and output the modified trajectory.
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Fig. 1. A simplified schematic of the applied workflow.

x frames number

equilibrated LAMMPS LAMMPS
system (read) (to loop)

LAMMPS
(write)

Using the developed framework, we will study how phonons can contribute to re-establishing the equi-
librium by carrying away the excess heat and angular momentum. We will evaluate the evolution of lattice
vibrations from high temperatures of selected vibration modes towards an equilibrium using SNAP machine-
learning interatomic potential (ML-IAP) [4]. Snapshots of the molecular dynamics trajectories will allow us to
predict changes in the diffraction patterns and in electron energy loss spectra (EELS) in a time-resolved way
[5,6].

W.M. wants to acknowledge the financial support of the Polish National Agency for Academic Exchange
under the decision BPN/BEK/2022/1/00179/DEC/1. JR acknowledges the support of the Swedish Research
Council, Olle Engkvist’s Foundation, and Knut and Alice Wallenberg Foundation for financial support. The
simulations were enabled by resources provided by the National Academic Infrastructure for Supercomputing
in Sweden (NAISS) at NSC Centre, partially funded by the Swedish Research Council through grant agreement
no. 2022-06725.
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This ion was selected for the investigation as it is of great importance to Astrophysics. It is evident that the
lines can be observed in hot white dwarf stars [1]. In this work energy levels for Ba VI will be presented. The
calculations for Ba VI are performed using general-purpose atomic structure package GRASP2018, based on
multiconfiguration Dirac-Hartree-Fock and relativistic configuration interaction (RCI) methods.

As this ion is of Sb isoelectronic sequence, it was calculated using the same principle like in [2]. Active
space (AS) method was used to compute radial wave functions layer by layer for four sets of virtual orbitals
(AS;_4). Single and double substitutions were done from multi reference set of orbitals up to 11s, 11p, 10d, 8f,
8g, 8h. Substitutions from [Kr]4d'° core shells were forbidden. After calculating AS,;, RCI method was used
to further increase the accuracy of Ba VI energy level calculations. In total, 231 energy levels belonging to
the configurations 5s5p4f2, 5s>5p*4f, 5s5p>4f, 5p°, 55*5p*{5d,6p,6s}, 5525p>, 55*5p5d?, 555p35d, 555p>6s and
5s5p* were computed.

50 levels were selected based on the data availability at National Institute of Standards and Technology
Atomic Spectra database (NIST) [3] for comparison. The relative difference to NIST data is displayed in Figure
1. The biggest disagreement is observed in 5525p?5d and 5s5p* configuration levels, as the energies appear to
be reversed in our calculations. The average relative difference compared to NIST [3] for AS, is 1.2%. In order
to increase the accuracy of energy levels, core, core-valence, core-core correlations need to be investigated.
During the conference further data from the calculations will be presented.
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5s75p (PP)5d P T2 1925612 -0.6 0.6 5s°5p (P 6s P 32 261563.8  -0.3 0.3
5s*ap?(PP)sd E /2 199080  -0.6  -0.6 5s°5p(PP)6s P 52 267649.7 0.2 0.2
5s?np? (' D)sd R 5/2 1913822 0.6 -0.6 5s%5p*('D)ad 2§ 1/2 251008.8 2.6 2.6
5e*hp?(PP)sd D 1/2 193882.1 04 -0.4 5875p°(PP)Gs (P 12 265653.5 0.2 0.2
58°5p* (P P)5d D T2 196130.2 0.5 0.5 5575p(PP)6s P 3/2 2710832 -0.1  -0.1
5a5p (PP)sd YD 3/2 1972554 0.2 0.2 555p°('D)es (D 5/2 2885651 -0.2 0.2
5stapt(PP)5d YD 5/2 2001857 -0.3 -0.3 asfapt(tD)es 2D 3/2 2009036 0.2 -0.2
Hahpt(1S) S 12 2009:47.6 0.0 0.0 5s5p%('S)es S 1/2 307387 0.1 0.1

Fig. 1. Comparison of energy levels computed in active spaces AS; and AS, with NIST [3] ASD recommended values for Ba VI.

[1] Rauch, T. Stellar laboratories Ill. New Ba V, Va VI, and Ba VIl oscillator strengths and the barium abundance in the hot white dwarfs G191-B2B and RE
0503-289, Astronomy and Astrophysics 566, A10, 6 (2014)

[2] Radzidaté, L., Gaigalas, G. Theoretical investigation of Sb-like sequence: Sb I, Te Il, I lll, Xe IV, and Cs V, Atomic Data and Nuclear Data Tables, Volume
152, 101585 (2023)

[3] A. Kramida, Yu. Ralchenko, J. Reader, and NIST ASD Team, NIST Atomic Spectra Database (ver. 5.10), [Online]. Available: https://physics.nist.gov/asd
[2023, October 18]. National Institute of Standards and Technology, Gaithersburg, MD. (2022)
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Our primary focus is the examination of RS CVn stars, aiming to ascertain the carbon isotope '?C/!3C and
C/N ratios within these chromospherically active celestial bodies. Analyzing the abundances of carbon and
nitrogen in their atmospheres offers valuable insights into chemical composition alterations induced by stellar
evolution. The determinations of carbon and nitrogen abundances, along with the C/N ratios, serve as pivotal
tools in the field of stellar evolution studies. To explore the influence of magnetic activity on mixing processes
within the atmospheres of magnetically active stars, we are conducting an exhaustive investigation of CNO
abundances and carbon isotope ratios in a selected group of RS CVn giant stars. High-resolution spectra,
acquired from the 1.65 m telescope at the Moletai Astronomical Observatory of Vilnius University, were utilized
for this study. The analysis focused on the C2 Swan (1,0) band head at 5135 A and the C2 Swan (0,1) band
head at 5635.5 A to determine carbon abundance. Additionally, the interval 7990 — 8010 A, encompassing the
12C/1*N and '*C/'*N bands, was employed for nitrogen abundance and carbon isotope ratio analysis. Oxygen
abundance was derived from the forbidden [O 1] line at 6300.31 A. Our findings support earlier observations,
indicating that in low-mass chromospherically active RS CVn stars, extra-mixing processes may commence
below a luminosity function bump in red giants.
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Fig. 1. The investigated stars in the log g versus Teff diagram along with the PADOVA evolutionary tracks taken from Bressan et al. (2012).
The red symbols indicate the stars which are below the red giant branch (RGB) luminosity bump, the blue colour indicates the stars which
are at the RGB bump, and the black colour marks the stars that are above the RGB bump.
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One of the most important objects when studying galaxies are stellar clusters. The stars in a cluster
are of a similar age, composition, and distance, thereby making them exceptionally suitable to learn about a
galaxy’s star formation and dynamic history. As important as they are, locating them presents difficulties: so
far, there are no adequate automated cluster detection methods and methods using experts or volunteers are
employed. For this reason, we seek to employ modern machine learning algorithms, specifically a convolutional
neural network (CNN), to automate the detection of clusters. Such a method would allow for repeated and fast
detections of clusters in images. To train the model we use a large dataset of synthetic clusters covering a
variety of ages, masses, and shapes. We project these clusters onto real observations from the Panchromatic
Hubble Andromeda Treasury. We evaluate the performance of our model using various tests involving both
synthetic and natural clusters. We compare these results to existing catalogues. We will also draw attention
to the difference in performance by volunteers and our model. The presentation will detail the model, including
training and validation, inferences and results from out tests and current challenges, unresolved issues, and
the possibility of improvements.
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Recently, hybrid organic-inorganic compounds have attracted immense attention of the scientific commu-
nity due to their diverse physical and chemical properties. One of the most interesting and researched sub-
groups of hybrid perovskites is methylammonium (MA) lead halides MAPbX; (where X = 1, Br, Cl), due to their
potential applications in efficient and low-cost solar cells, LEDs, and photodetectors [1].

Here, we use electron paramagnetic resonance (EPR) spectroscopy to study the dynamics of methylammo-
nium cations and structural phase transitions in methylammonium lead chloride CH3NH3;PbCls . In this work, we
employ temperature dependent multifrequency continious-wave (CW) and pulsed EPR spectroscopy to char-
acterize paramagnetic Mn?* probe ions in MAPbX;3. The temperature dependent CW spectra reveal a sudden
increase in the zero-field splitting of the Mn* ions at about 175 K (Fig. 1). This indicates a first-order phase
transition related to the deformation of the inorganic framework due to the tetragonal-orthorhombic symmetry
lowering.
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Fig. 1. Temperature dependence of the axial zero-field splitting parameter of MAPbX3:Mn.

Using pulsed EPR spectroscopy, studying the temperature dependence of the T; relaxation time and the
decoherence time T, of the Mn?* centers in MAPbCIl;, we found that T, is governed by the direct process
and the Raman process due to optical phonons. We relate the obtained phonon energy of 59(4) cm~! to the
dynamics of the inorganic framework.

This project has been funded by the Research Council of Lithuania (LMTLT) (agreement No. S-MIP-22-73).

[1] Kojima, A, etal., J. Am. Chem. Soc., 131, 6050-6051 (2009).
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The purine heterocyclic system holds a significant role in biological and medicinal chemistry, primarily
attributed to its intrinsic involvement in genetic information transcription and translation processes. These ma-
terials show potential applications as efficient chemical sensors, fluorescence imaging agents, photocatalysts,
and sensitizers for photodynamic therapy (PDT) activated by light, including solar illumination.

The purine core proves highly advantageous for chemical modification due to well-established synthetic
methods and its chemical structure, allowing to incorporate electron-donating functional groups at the C2, C6,
or C8 positions of the purine core. Expanding the functionality of purine derivatives can be achieved by capital-
izing on long-lived excited triplet and/or radical states. Additionally, there is the opportunity for a steady-state
absorption shift towards the visible or even near-infrared range, aligning with the therapeutic window. Alterna-
tively, derivatives featuring an external C8-complexing arm, working in conjunction with the purine N7, have
been developed. Notably, there are only a limited number of recent examples showcasing purine-based metal
ion sensors that leverage both the C6-substituent and the purine N7.

Here we present a detailed photophysical study of purine-based derivatives complexation processes in
polar solvents and aqueous media in the field of chemical sensors. Several chemical sensor prototypes have
been demonstrated for the detection of metal ions of different nature: alkali, alkaline earth, heavy and transition
metals, which can be used in industry (acetonitrile as a solvent) as well as in biology and the environment
(water). The synthesized compounds were able to detect traces of transition and heavy metal ions at ppb level.
The new water-soluble compounds were found to exhibit high sensitivity to mercury (l) ions in water.

[1] J. Jovaisaite et al., Proof of principle of a purine D-A-D ligand based ratiometric chemical sensor harnessing complexation induced intermolecular PET,
Phys. Chem. Chem. Phys., 2020.
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The ionizing radiation dosimeter was developed using a CMOS sensor from a 1MP camera, with an ex-
posed silicon detector. The detector was placed in a 3D printed casing with an aperture in the lid to allow
ionizing radiation to pass through. The module was shielded against optical photons and RF noise. For each
measurement, 200 raw frames were captured, which were then processed in a Python program. The results
obtained showed the number of high energy photons detected during the measurement period.

The calibration of the equipment was carried out using electrons from Sr-90 beta source emitters, com-
paring detected particle flux with declared parameters of the samples, achieving 5-8 percent uncertainty. A
PHAROS (Light Conversion) femtosecond laser (wavelength - 1028 nm, pulse energy Ep - 1.5 mJ) was used
to generate X-rays via inner-shell ionization. The laser beam was focused on a 30 um diameter spot on the
surface of a rotating copper disk. The flux of the X-ray source produced by the high-power laser radiation was
examined while the optical power of the laser beam was incremented from 1 W to 6 W.

Results obtained were compared with a Si(Li) X-ray spectrometer (Amptek X-123), determining that the
CMOS dosimeter successfully recorded a more intense X-ray flux compared to the X-ray spectrometer, which
saturated at higher laser energies and was unable to detect a portion of the photons due to having a single
sensor, opposed to the CMOS detector able to detect with 105 detection points. It was also found that the
number of X-ray photons peaked when the optical power of the laser was set at 4 W and diminished afterwards
with increasing power levels. Air ionization was also observed, but as expected, did not generate detectable
X-rays.
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FLUORESCENT VISCOSITY PROBES AS DIAGNOSTIC TOOLS FOR CANCER
DETECTION
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Viscosity is a key characteristic of biological membranes -- it governs the passive diffusion of solutes and
affects the lipid raft formation and membrane fluidity. Moreover, viscosity measurements provide a convenient
way to observe the compositional changes that take place in biological membranes and organelles, as the effi-
ciency of lipid packaging and the order of lipids have a great influence on the viscosity values of lipid structures.
In this work, we explore the viscosity-sensitive dyes, called molecular rotors,>> as diagnostic tools for cancer
detection. Through the use of fluorescence lifetime imaging microscopy (FLIM) in combination with organelle-
specific BODIPY dyes, whose fluorescence lifetimes increase with increase in microviscosity, we investigate
the order of lipids in lysosomes and lipid droplets of cancerous and non-cancerous live cells. Our results demon-
strate that lipid droplets in cancerous cells have vastly different lipid packaging efficiences between different
cells in the same culture. In contrast, we show that lipid packaging efficiences of lipid droplets are uniform in
non-maligant cells. Finally, we demonstrate that both lysosomes and lipid droplets in maligant cells possess
up to 3 times greater microviscosities compared to non-maligant cells.
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Fig. 1. FLIM of BODIPY-LD in lipid droplets of human lung cancer A549 cells (A) and human embryonic kidney HEK 293T cells (B). The
top panel shows images of fluorescence intensity. FLIM images are shown in the middle panel. The corresponding lifetime histograms are
shown in the bottom panel. Scale bars are 10 ym.

[1] A. Polita, M. Stancikaité, R. Zvirblis, K. Maleckaite, J. Dodonova-Vaitkiniené, S. Tumkevicius, A. P. Shivabalan, G. Valingius, RSC Adv., 2023, 13,
19257-19264.

[2] A. Polita, S. Toliautas, R. Zvirplis, A. Vysniauskas, Phys. Chem. Chem. Phys., 2020, 22, 8296-8303.
[3] S. Toliautas, J. Dodonova, A. Zvirblis, I. Ciplys, A. Polita, A. DeviZis, S. Tumkevi€ius, J. Sulskus, A. Vy$niauskas, Chem. - Eur. J., 2019, 25, 10342-10349.
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Calcium phosphates (CaPs) are a family of materials used for various applications such as bone regen-
eration, etc. Properties such as biocompatibility, bioactivity, and osteoconductivity are necessary for CaPs
in bioapplications. Macroscopic properties and structures at the molecular level need to be investigated to
determine newly synthesized CaPs applications.

In this study, solid state Nuclear Magnetic Resonance (NMR) was used to investigate 6 samples composed
of calcium chlorapatite (Cas(PQ4);Cl) or goryainovite (Ca,(PO4)Cl). Samples were synthesized using different
synthesis methods. 3!'P and 'H MAS BMR spectra were used to determine materials present in samples.
Samples also were vacuumed to minimize the intensity of physisorbed/chemisorbed H,O spectral line in 'H
MAS BMR spectra.
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Fig. 1. 3'P (left) and 'H (right) MAS BMR spectra with identified spectral lines.

It was found that surface phosphates, structured and physisorbed/chemisorbed H,O and protonated phos-
phates were present in the samples.
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In modern technology, permanent magnets play a crucial role. Today
§ strongest permanent magnets use rare earth elements, such as samarium and neodymium. However, these
magnets have serious limitations, including a relatively low Curie temperature (T¢), restricting their application.
Furthermore, the rare earth metals market experienced a significant price increase around 2011, prompting
intensified research into alternative materials without these elements. Currently, rare earth element prices
have risen again, so the quest for alternative permanent magnets remains relevant. FeCo alloys, particularly
the Fe(4Cop ¢ body centered tetragonal alloy with lattice parameters c/a ratio close to 1.22, show promise,
as indicated by Burkert et al.[1]. However, subsequent studies revealed structural relaxation in thin films with
tetragonal deformation, leading to a body centered cubic structure for films thicker than about 15 monolayers.

Our research aims to broaden the understanding of magnetism in uniaxially deformed Fe;_,Co, by inves-
tigating magnetic moments, magnetocrystalline anisotropy energy (MAE), and T of the alloys with Co content
x in 0-1 range and c/a ratio ranging from 0.64 to 1.4. Density functional theory calculations using the full-
potential local-orbital (FPLO)[2] and spin-polarized relativistic Korringa-Kohn-Rostoker (SPR-KKR)[3] codes
provide magnetic moments and MAE. We approximate disordered alloys using two effective medium methods:
the virtual crystal approximation (in FPLO) and the coherent potential approximation (in SPR-KKR). T¢ is also
determined with two methods: a qualitatively approximate disordered local moment method[4] and a quanti-
tative method utilizing the intersection of Binder cumulants for two differently sized supercells to incorporate
finite-size scaling in Monte Carlo calculations, which were conducted with UppASD code[5,6]. The approach
reveals an additional high MAE region for squeezed structures with x higher than 0.7 and ¢/a lower than 0.85.
Notably, the bct system with ¢/a ~ 0.82 lies along the fcc — hcp transition; so, we also investigated bct(0.82)
— fcec and bct(0.82) — hcp transitions.

W.M., J.M., and M.W. acknowledge the financial support of the National Science Centre Poland under the
decision DEC-2018/30/E/ST3/00267. Part of the computations were performed on resources provided by the
Poznan Supercomputing and Networking Center (PSNC).

J.A.C-R acknowledges the support of Olle Engkvist
$ Foundation and Knut and Alice Wallenberg Foundation for financial support. The UppASD simulations were
enabled by resources provided by the National Academic Infrastructure for Supercomputing in Sweden (NAISS)
atthe NSC Centre, partially funded by the Swedish Research Council through grant agreement no. 2022-06725.

[1] T. Burkert et al., Giant magnetic anisotropy in tetragonal FeCo alloys, Phys. Rev. Lett. 93, 027203 (2004)

[2] K. Koepernik, H. Eschrig, Full-potential nonorthogonal local-orbital minimum-basis band-structure scheme, Phys. Rev. B 59, 1743 (1999)

[3] H. Ebert et al., The Munich SPR-KKR Package, Version 7.7, 2017

[4] J. Staunton et al., The disordered local moment picture of itinerant magnetism at finite temperatures, J. Magn. Magn. Mater. 45 (1) (1984) 15-22
[5] O. Eriksson et al., Atomistic Spin Dynamics: Foundations and Applications. Oxford University Press, New York (2017)

[6] D.P.Landau, K. Binder, A Guide to Monte Carlo Simulations in Statistical Physics. Cambridge University Press, New York, NY (2005)
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Starting from the mid-20th century, the CERN laboratory has evolved into the foremost hub for fundamental
physics, aiming not only to conduct groundbreaking research but also to inspire, educate, and unite nations.
The primary focus of CERN lies on experiments conducted with the Large Hadron Collider (LHC), the world$
largest and most powerful particle accelerator. Key experiments such as ATLAS and CMS explore a broad
spectrum of physical phenomena, including the elusive Higgs boson, through high-energy particle collisions.
Beyond accelerators and laboratories, the CERN Open Data project, initiated in 2014, enables enthusiasts
worldwide to engage in data analysis with specific datasets.

This presentation provides an exploration of the intricate process through which data from the LHCb experi-
ment reaches the CERN Open Data portal. The emphasis is on elucidating how this data, particularly regarding
the Z° boson$ decay into a muon pair, becomes accessible to a global audience.

Muons are subatomic particles that belong to the lepton family, sharing similarities with electrons but pos-
sessing greater mass. Due to their increased mass, muons play a crucial role in probing high-energy phenom-
ena and are particularly significant in experiments involving particle accelerators like the LHC. Exploring the
decay of the Z° boson into a muon pair through a Drell-Yan process, our research provides valuable insights

into the fundamental interactions and properties of these particles, contributing as one of the initial analyses of
LHCDb data posted on the Open Data portal.
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It is not always clear whether definitions of physical quantities is really physical, for example, it may be that
the definition is gauge-dependent. One of investigating gauge-dependence is the use of Nielsen Identities [1]
--- a generalised form of Slavnov-Taylor Identities [2], which come from BRST symmetry [3, 4]. These Identities
enable us to express dependence on the gauge parameter in terms correlation functions containing BRST
sources related to the gauge parameters.

This study focuses on understanding Nielsen Identities in the Standard Model, in which we investigate
the gauge dependence of quark self-energies. We explore dependencies of quark self-energies on the gauge
parameter in two distinct ways: 1) by calculating the Nielsen identities via a BRST Lagrangian; 2) by calculating
quark self-energies and taking the derivative with respect to the gauge parameter. The goal is to check the
consistency between the results obtained through both approaches.

In this presentation, we will introduce all the needed concepts as well as our progress.

[1] . Nielsen, On the gauge dependence of spontaneous symmetry breaking in gauge theories, Nuclear Physics B, Dec. 1975, 101, 173-188.
[2] . Gambino and P. A. Grassi, Nielsen identities of the SM and the definition of mass, Physical Review D, Aug. 2000, 62, 076002.
[3] . Becchi, A. Rouet, and R. Stora, Renormalization of gauge theories, Annals of Physics, June 1976, 98, 287-321.

[4] . V. Tyutin, Gauge Invariance in Field Theory and Statistical Physics in Operator Formalism, 2008.
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The ATLAS experiment at CERN utilizes high-energy collisions between protons to investigate fundamental
particles and forces. In certain processes, the so-called "diffractive interactions"”, the LHC protons may collide
in a very unique manner and remain intact. They preserve their original state and scatter at extremely small
angles (a few hundred microradians) before continuing their trajectory into the LHC beampipe [1]. To measure
these protons, a set of ATLAS Forward Protons Detectors (Fig. 1, Left) are located around 210 meters away
from the ATLAS. By studying the collisions with the forward proton scattering, scientists can gain insights into
the underlying nature of diffraction, enhancing our comprehension of the sub-atomic scale, potentially unveiling
new particles or forces beyond the Standard Model.

The signal recorded by the AFP detectors contains multiple components. Alongside the diffractive proton,
there are additional contributions in the recorded data, including particles generated by the interaction of the
diffractive proton with the beampipe and beam instrumentation along the ATLAS Interaction Point-detector
path, the signal originating from the primary beam, and particle showers generated by the forward proton when
it interacts with the AFP detector components (Fig. 1, Right). Extracting the proton signal involves extensive
analysis of background sources in terms of their origin, multiplicity or spatial distribution and implementation of
methods that will lead to the identification of the background in the data. An analysis was carried out both for
Monte Carlo simulation and experimental data from AFP detectors collected during LHC run in 2022.
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Fig. 1. Left: The AFP detector [2]. Right: Normalized pixel hit-maps in one of the AFP detector. The diagonal pattern corresponds to the
detected diffractive proton [3].

[1] Maciej Lewicki, Overview of ATLAS Forward Proton detectors for LHC Run 3 and plans for the HL-LHC

[2] S. Grinstein et.al., Module production of the one-arm AFP 3D pixel tracker. JINST, 12(01):C01086, 2017. Comments: PIXEL 2016 proceedings; Submitted
to JINST

[3] Paula Agnieszka Erland. ATLAS Forward Proton detectors status and plans. Status of AFP. Technical report, CERN, Geneva, 2019.
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Theoretical predictions suggest that by using specially designed semiconductor structures, it is feasible to
develop an inversionless Bloch laser, commonly known as a THz emitter [1]. This capability can be realized
using semiconductor superlattices, which, in contrast to bulk semiconductors feature remarkably extended
lattice periods. The high-frequency gain in superlattices is associated with negative differential conductivity
[1,3], eliminating the need for population inversion and enabling the device to function at room temperature.
However, comprehensive theoretical research is needed to fully grasp the underlying mechanisms facilitating
the extension of emitted frequencies into the terahertz range.

To grasp the working mechanism behind such a system, we employ a model first suggested by Ignatov et
al. [2]. Despite its age, this is still a poorly understood model that underlines the importance of plasma effects.
The high-frequency conductivity of the superlattice can be calculated from a Boltzmann transport equation
with Bhatnagar-Gross-Krook (BGK) operator and thus the eigenmodes of the emission can be found. If one
considers the dielectric function of a superlattice in the limit of no spatial dispersion, when high-frequency
conductivity is reduced to one calculated in the classical work [3], the description of the system is governed by
a relatively simple cubic equation.

Our investigation of the cubic equation shows that there is good correspondence, at all frequencies except
ones corresponding to the global extrema of the solutions, between the approximations found in [2] and full
analytical solutions calculated in our work. Furthermore, we find interesting correlations between decay/am-
plification rates of different normal modes (low-frequency “relaxation mode” and high-frequency “hybrid Bloch-
plasma mode”). These effects can potentially be applied to create plasmonic devices based on superlattices,
such as THz amplifiers, detectors, and switchers.

[1] Esaki, L. and Tsu, R., IBM J. Res. Dev. 14, 61-65 (1970).
[2] Ignatov, A. A. and Shashkin, V. I., Sov. Phys. JETP 66, 526 (1987).
[3] Ktitorov, S. A., Simin, G. S. and Sindalovskii, V. Y., Fiz. Tverd. Tela 13, 2230-2233 (1971).
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In the last few decades, the growth of renewable power sources has been observed. Unfortunately, those
power sources are heavily dependent on weather conditions. For this reason, battery systems are needed for
power grid stabilization.

Vanadate-phosphate is a wide group of materials, and it has a long history of research and development.
Crystalline VOPQO, was investigated by e.g. M. S. Whittingham’s team [1], LisV,(PO4)s; was studied by e.g. L.
F. Nazar’s team [2]. However, corresponding glasses, including vanadate-phosphates, were at the edge of
mainstream researches. E.g., 90 V,05 - 10 P,O5 glasses and nanomaterials were studied by T. K. Pietrzak’s
team [3, 4]. Glassy material has conductivity around o =7 - 10~> S/cm but after nanocrystallization the electronic
conductivity dramatically increased to the level of 6 = 7 - 10~2 S/cm at room temperature. Moreover, gravimetric
capacity was also determined for this highly conductive material and it was at the level of 225 mAh/g in first
cycle (C/20 current), but it dropped to 140 mAh/g in the third cycle.

The objective of this work is to synthesise a glassy analogue of 95 V,05 - 5 P, 05 (i.e., with a higher content
of vanadium) and optimize its electronic conductivity. For this purpose, many different measurement methods
were used: XRD, SEM and EDX to confirm the glassy state, shape of the surface and to determine percentage
of impurities, DSC to check glass thermal stability, and DC for electrical measurements. With this method,
changes in material during heat treatment can be described, and correlations between changes in conductivity
and other structural factors will be shown.

This work was supported by the National Science Centre (NCN, Poland) through OPUS-23 grant no.
2022/45/B/ST5/04005

[1] Z. Chen et al.: Electrochemical Behavior of Nanostructured e-VOPO4 over Two Redox Plateaus. J. Electrochem. Soc. 160 (2013) A1777

[2] H.Huang et al.: Nanostructured Composites: A High Capacity, Fast Rate Li3V2(P0O4)3 Carbon Cathode for Rechargeable Lithium Batteries. Adv. Mater.,
14: 1525-1528

[3] T.K. Pietrzak et al.: Electrical properties vs. microstructure of nanocrystallized V205-P205 glasses. Journal of Power Sources 194 (2009) 73-80

[4] T.K. Pietrzak et al.: Highly Conductive 90V205-10P205 Nanocrystalline Cathode Materials for Lithium-ion Batteries. Procedia Engineering 98 (2014)
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InGaN plays an important role in semiconductor devices including LEDs, laser diodes, solar cells, high-
power electronics owing to its beneficial properties such as a direct and tunable bandgap, high internal quantum
efficiency, high carrier mobility. However, nitride semiconductor devices suffer from efficiency droop issues at
elevated free carrier densities. Moreover, by increasing In content in the InGaN devices, quantum efficiency
significantly drops, which limits the production of efficient InGaN-based green light devices. Due to the crys-
talline symmetry of nitride semiconductors, different polarity structures can be achieved. While conventional
growth is in the c-direction (Ga-polar), one can achieve N-polarity by changing the growth conditions. This
could be promising in altering the electronical properties of transistor devices, enhancing In incorporation for
longer wavelength devices. Thus, it is important to investigate free carrier recombination pathways in the struc-
tures of both polarities. In this study, we thoroughly investigate non-equilibrium carrier dynamics in Ga-polar
and N-polar quantum well structures. We do this by employing light induced transient grating and time inte-
grated photoluminescence techniques, which provide us carrier density dependent diffusivity, carrier lifetime,
and internal quantum efficiency values. We then model carrier dynamics with a modified ABC model. While
N-polarity InGaN samples have not been extensively studied within the science community, our study revealed
relatively high radiative bimolecular recombination rates for these samples, which is a promising indication for
further advancements in nitride-based devices.
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Fig. 1. The calculated density and 5-fold silicon fraction dependence on the maximal treatment pressure as well as the thermal conductivity
change.

Silica is a common material with a wide range of commercial applications -- including the production of
glass, concrete and semiconductors. Amorphous silica is considered an archetypal tetrahedral glass, and is a
component of most glasses due to its abundance and exceptional glass-making properties [1]. The objective
of this study [2] was to calculate the thermal conductivity of amorphous silicon oxide SiO; structures after they
were treated under ultra-high pressure using molecular dynamics. Previous studies have concluded that silica
glass undergoes permanent densification through the increase of silicon-oxygen coordination number when
subjected to ultra-high pressure of the order of GPa [3,4], although to our knowledge no study of the influence
of this process on thermal conductivity yet exists.

The amorphous silica structures were obtained by melt-quenching using the LAMMPS [5] molecular dy-

namics software and the SHIK-1 empirical potential [6]. Then, they were pressed to maximal pressures from 2
GPa to 16 GPa and subsequently relaxed. The thermal conductivity of these samples was determined using
the equilibrium Green-Kubo method [7]. The results show an increase in thermal conductivity. They were com-
pared with the minimum thermal conductivity model, which also predicts a rise in thermal conductivity, though
not as sharp as the MD simulation suggests.
The increase in density was also investigated and compared with the literature. The local structure of the sam-
ples was investigated for high-pressure treatment induced changes. An increase in silicon-oxygen coordination
was observed, caused by the increased fraction of 5-fold coordinated silicon. An interesting finding is the ten-
dency of 5-fold silicon atoms to cluster.

This computational study gives a clue that high-pressure treatment of silica glass should lead to a notice-
able and permanent increase in its thermal conductivity. Experimental confirmation of this phenomenon is still
expected.

1] K. J. Rao, Structural chemistry of glasses. Amsterdam, Elsevier, 2002. chapter 12.

2] A. Puchalski, A. Hul, J. Nie, T. Pietrzak, and P. Keblinski, submitted to the Journal of Applied Physics, 2024.
3] P. W. Bridgman and I. Simon, Journal of Applied Physics, vol. 24, pp. 405-413, June 1953.

4] T. Deschamps et al. Journal of Physics: Condensed Matter, vol. 25, p. 025402, Nov. 2012.

] A. P. Thompson et al. Computer Physics Communications, vol. 271, p. 108171, 2022.

] S. Sundararaman et al. The Journal of Chemical Physics, vol. 148, no. 19, p. 194504, 2018.

] R

Kubo et al. Journal of the Physical Society of Japan, vol. 12, no. 11, pp. 1203-1211, 1957.
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Additive technologies have propelled the popularity of personalized medicine, expanding the adaptation
of various biomaterials for incremental processing. Current research focuses on additive manufacturing of
drug carriers and active substances for different therapies, e.g. photodynamic therapy (PDT), an increasingly
common non-invasive approach for mucosa lesions. Sodium alginate (SA) and chitosan, natural-based, bio-
compatible polymers, exhibit the potential to deliver active substances [1-2]. The mucoadhesive properties of
chitosan make it suitable for drug delivery through the mucosa, while the SA solution shows excellent printability
[3].

This study aimed to determine how the addition of adhesion-enhancing chitosan and photosensitizer af-
fects the printability of sodium alginate gels. Additionally, the influence of printing parameters - speed and
pressure of the print head on printing accuracy - was examined. The study took into account the effect of
printing speed (5, 7, 10 mm/sec), pressure (80-120 kPa), chitosan concentration (0%, 3%, 4%, 5%, added to
SAin 1:2 mass ratio) and the presence of methylene blue on printing accuracy. To assess the quality of prints,
the expansion coefficient (a)) was used which determines the ability of the material to flow on the substrate on
which it is deposited after printing.

Results indicate that chitosan enhances printing accuracy (Figure 1), but its excessive concentration
causes nozzle clogging. MANOVA analysis shows that the spread of ink on the substrate is influenced by
both the pressure and the head feed speed. The addition of a photosensitizer does not impact printing accu-
racy. Chitosan with mucoadhesive properties positively influences the printability of alginate ink with proper
concentration adjustment. Research results show the possibility of the usage of sodium alginate/chitosan inks
in applications where adhesion to the mucosa is required while at the same time ensuring high print quality.
Moreover, the addition of methylene blue does not adversely affect printability, therefore this type of ink can be
used as a photosensitizer carrier in PDT.
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Fig. 1. Expansion ratio depending on pressure and printing speed for sample study groups

[1] H. Liu et al., A functional chitosan-based hydrogel as a und dressing and drug delivery system in the treatment of wound healing. RSC Ady, vol. 8, no.
14, pp. 75337549, Feb. 2018.

[2] D.S.Lima et al., pH-responsive alginate-based hydrogels for protein delivery. J Mol Liq, vol. 262, pp. 2936, Jul. 2018.

[3] A.Aguilar-De-leyva, V. Linares, M. Casas, and |. Caraballo, 3D printed drug delivery systems based on natural products. Pharmaceutics, vol. 12, no. 7,
pp. 120, Jul. 2020.
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Natural antioxidant compounds, such as trans-resveratrol, could be used as an alternative for the antibi-
otics used in meat production, without their disadvantages. The unique physical properties exhibited by novel
solid forms of a drug, such as co-crystals, can impact key pharmaceutical parameters, including storage stabil-
ity, compressibility, density as well as dissolution rates and solubility, which are essential factors in achieving
suitable bioavailability.

Trans-Resveratrol is a promising bioactive compound with antibacterial activity, but low bioavailability due
to its low aqueous solubility. Mechanochemical synthesis is an alternative route to solution-based co-crystal
synthesis, offering higher energy efficiency, reduced solvent waste, high yields and improved recovery of
the final product. The aim of this study is the mechanochemical synthesis of resveratrol (R)- piperazine
(P) co-crystals, used as nutraceutical compounds. Different synthesis conditions (the nature and amount of
added solvent, reaction time) were investigated and their influence on the co-crystal phase and purity were
determined. A reaction time of up to 1 h is sufficient for the completion of the reaction. Non-toxic solvents
(water, ethanol) can be used to obtain a desired co-crystal phase with high purity.
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This work was supported by a grant of the Romanian Ministry of Education and Research, CNCS-UEFISCDI,

project number PN-111-P2-2.1-PTE-2021-0393, contract number PTE 98/2022.


e.msoare96@gmail.com

SOLVENT-FREE MECHANOCHEMICAL SYNTHESIS OF CSPBBR; QUANTUM DOTS
WITH SURFACE-PASSIVATING LIGANDS

Pijus Domantas Valentukevigius', Simas Sakirzanovas!

Lnstitute of Chemistry, Faculty of Chemistry and Geosciences, Vilnius University, Lithuania
pijus.valentukevicius@chgf.stud.vu.lt

Inorganic metal halide perovskites which have the general formula ABX; (where A= Cs™, Rb™, K™; B =
Pb>t, Sn*t, Ge>*; X = I, Br~, Cl~) are semiconducting materials with a high potential for optoelectronic ap-
plications. CsPbBr; nanoparticles (quantum dots) are promising for the development of LEDs [1], liquid crystal
displays [2] and solar cells [3]. Metal lead halide perovskites are synthesized using various procedures such
as hot-injection, microwave assisted synthesis, solvothermal, sonochemical and co-precipitation methods. In
comparison, the mechanochemical synthesis method, which is also employed as ball-milling, is highly advan-
tageous due to the ease of up-scaling for industrial production, no need of solvents and simplicity of procedure.
Additionally, conventional methods often require the use of long-chain passivating-ligands which brings limita-
tions for material post-processing and applicability [4]. In this work CsPbBr; quantum dots were successfully
synthesized with the direct use of a short-chain ligand DDAB. Moreover, the influence of various solvent-free
mechanochemical synthesis parameters were analyzed for the production of photoluminescent CsPbBr; quan-
tum dots with two surface-passivating ligands (DDAB and an equimolar mixture of oleylamine and oleic acid).
The resulting nano or microscopic-sized particle morphology was analyzed with SEM, phase purity — by XRD
analysis and photoluminescence — by spectrofluorimetry. Our findings suggest that initial particle morphology
of the CsPbBr; powder before the addition of surface-passivating ligands and subsequent ball-milling has a sig-
nificant influence on the obtained nanoparticle morphology. Furthermore, the type of ligand being used for the
synthesis influences the optimal material to ligand ratio, position of emission maxima (519 nm for the mixture
of OLA with OA and 536 nm) and the resulting particle morphology.
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Fig. 1. Schematic diagram of the applied mechanochemical synthesis method with the use of surface-passivating ligands.

[1] W. Cai et al., High-performance and stable CsPbBr3 light-emitting diodes based on polymer additive treatment, RSC Adv., 2019, 9, 27684.

[2] L. Protesescu et al., Low-Cost Synthesis of Highly Luminescent Colloidal Lead Halide Perovskite Nanocrystals by Wet Ball Milling, ACS Applied Nano
Materials 2018 1 3, 1300-1308.

[3] S. Ullah et al., All-inorganic CsPbBr3 perovskite: a promising choice for photovoltaics, Mater. Adv., 2021, 2, 646-683.
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HSP90 (Heat Shock Protein 90) is a chaperone protein that belongs to the heat shock protein class and
has a mass roughly equal to 90 kDa. The protein is found in most animal kingdoms and accounts for 1-2% of all
proteins located inside human cells. The chaperone is responsible for proper protein folding, their stabilization
during heat stress conditions and assistance during degradation [1]. Cancer cells contain elevated levels of
HSP90, which is vital to their migration, metastasis, proliferation and other processes occurring during tumor
growth [2]. According to the data presented by the World Health Organization in 2022, cancer is a leading case
of deaths globally, responsible for around 10 million deaths annually [3]. Consequently, HSP90 has been subject
to numerous studies over the last decade as a potential target for anti-cancer and anti-neurodegenerative
medications [2].

The studies of radicicol (a natural product that binds competitively to HSP90) have shown that a resorcinol
fragment with its hydroxy groups is crucial to the inhibition of the N-terminal domain, which contains the preem-
inent region of the protein — the ATP binding pocket [4]. Further studies revealed that for a drug molecule to
bind effectively to the active site of the protein, it needs to contain an aromatic ring situated near the resorcinol

moiety [5].
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Fig. 1. Synthesis of benzimidazoles using resorcinol as a starting compound

The objective of this work is to synthesize various 3-(2,4-dihidroxy-5-benzyl)alkyl carboxylic acids and use
them in the synthesis of potential resorcinol-based HSP90 inhibitors containing a benzimidazole moiety. The
ten-step synthesis, it's challenges and results as well as more details about HSP90 will be discussed during
the presentation.

Acknowledgement: This research was funded by the Research Council of Lithuaina (project no. P-ST-
23-151).
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Availability of accurate and high-resolution spectra for atmospheric and interstellar photochemistry mod-
elling is a necessity when considering isotopic fractionation and shielding effects. There still are numerous
diatomic compounds with missing UV absorption cross-sections that are very complicated to measure in lab-
oratory setting. To provide some insight into sulfur photochemistry in Archean atmosphere, two key diatomic
molecules should be highlighted: S, [1] and SO [2].

The ab initio potential energy curves were calculated for both compounds using Molpro2015 package at
MRCI-F12+Q/aV(5+d)Z level of theory. The total absorption cross-sections for SO were calculated for ATT «
X3¥~ transition, and two nonadiabatically-coupled-potential ([C?IT - C”*II] «+— X32~, and [B3X™ - 3327] «+ X32")
transitions. For S, molecule, the photoabsorption spectra were calculated for the transitions between ground
state, X3Zg‘, and two excited states: B”’II, and B*%L, . The spectra were calculated using time-independent
R-matrix theory for one-dimensional systems. With this approach we can obtain the numerical solutions for
the energies and wavefunctions of all discrete vibrational states on all electronic potential energy curves. If
required, we can also include the nonadiabatic coupling between electronic states.

As shown, the theory enables the calculation of highly accurate absorption cross-sections that can substi-
tute, or extend, experimental spectra where the experiments are not feasible. Such spectra also provides a
way towards studies of isotopic fractionation, self-shielding and photochemical modelling.
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Fig. 1. Calculated absorption cross-sections and experimental spectra by Stark et al. [3] of sulfur dimer

[1] Sarka and Nanbu, ACS Earth Space Chem. 2023, 7, 12, 2374-2381
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Crystallography provides researchers with exact positions of atoms composing crystal structures [1], but it
is unable to capture chemical bonding. Therefore, distance-based heuristics are employed to detect chemical
bonds. One such heuristic is based on the sum of per-element atomic radii for each pair of atoms in a structure.
However, there are several different atomic radii tables with none of them accepted universally.

The most widely used atomic radii tables [2,3,4] were derived from data from the Cambridge Structural
Database [5]. This database is distributed under a proprietary license, which imposes restrictions on the usage
and spread of derivative works. Therefore, a completely independent workflow is needed to produce open
atomic radii tables in an unsupervised manner. In this work, we have devised a workflow to derive atomic radii
tables from data in the Crystallography Open Database [6].

Our workflow identifies the lowest density region in each pairwise interatomic distance distribution as the
van der Waals gap [7]. This gap separates the observations coming from covalently interacting atom pairs from
those originating chiefly from the van der Waals interactions. A Gaussian distribution mixture model is fitted
on the distance distribution to find the lowest density region. Finally, atomic radii are calculated by solving an
equation system constructed from pairwise radii sums.

Atomic radii table derived in this work follows the typical trend of other published tables. This observation
confirms that it is possible to derive usable atomic radii tables from open small-molecule data in unsupervised
manner. Review of the derived results, comparison between radii in published tables and visualization of
covalent bond length determination for pair of chemical elements are available online [8], as well as a tool for
structure validation using derived covalent radii [9].

[1] Grazulis et al. Computing stoichiometric molecular composition from crystal structures. Journal of Applied Crystallography, 48(1):85-91, 2015
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One of the main causes of cancer is the multiplication of damaged cells and the formation of tumors [1].
New synthetic molecules are being synthesized and studied which could be characterized by antitumor activity
and low toxicity. The list of drugs approved by U.S. FDA shows that fluorinated compounds are included in the
composition of many medicinal molecules [2]. For this reason, molecules with a fluorine atom in the aromatic
ring becoming an interesting object for research.

By reaction of 2,4-difluoroaniline (1) with itaconic acid, the starting compound 1-(2,4-difluorophenyl)-5-
oxopyrrolidine-3-carboxylic acid (2) was prepared. Methyl 1-(2,4-difluorophenyl)pyrrolidin-2-one carboxylate
(5) was obtained from the esterification reaction using catalytic amount of sulfuric acid. In order to synthesize a
compound with functional group of hydrazide, methyl ester 5 was transformed into the hydrazide 6 by reaction
with hydrazine monohydrate in refluxing isopropanol. The desired products 7a-b and 9a-h were obtained by
stirring hydrazide 6 with corresponding aromatic aldehydes in isopropanol. Alkylation of compound 9 using
iodoethane was carried out by dissolving the starting material in DMF, in strongly alkaline medium. (Fig. 1).

Fig. 1. Synthesis of 1-(2,4-difluorophenyl)-5-oxopyrrolidine-3-carboxylic acid derivatives

The activity of the synthesized compounds was studied against three types of cancer cells — breast cancer
(MDA-MB-23), prostate cancer (PPC-1) and melanoma (A375). The cytotoxicity of pyrrolidinecarboxylic acid
derivatives was investigated using MTT method. It was found that compounds 7b, 9a, 9c, 9e, 9f, 10 had the
best anticancer activity against MDA-MB-231, PPC-1 and A375 cell lines (Fig. 2).

sssss

Fig. 2. Cytotoxicity of 1-(2,4-difluorophenyl)-5-oxopyrrolidine-3-carboxylic acid derivatives

[1] World Health Organization. Cancer. <https://www.who.int/news-room/fact-sheets/detail/cancer>
[2] YU, Y. etal. Fluorine-containing pharmaceuticals approved by the FDA in 2020: Synthesis and biological activity. Chinese Chemical Letters. t. 32 (2021),
nr. 11, pp. 3342-3354. ISSN 1001-8417. ScienceDirect, https://www.sciencedirect.com/science/article/pii/S1001841721003557
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Direct laser writing with single pulses of a tightly focused fs-laser beam enables fast fabrication of metallic
nanostructures on thin films. The most common fabricated metal is gold, whose nanostructures’ morphology
depends on the pulse fluence. Wavelength-sized structures exhibit plasmonic properties, while the periodic
arrangement of these makes it possible to achieve hybridized plasmons [1]. As plasmonic structures have
an enhanced local electromagnetic field, they can be used in surface-enhanced Raman spectroscopy (SERS).
The ordinary Raman scattering signal of the molecules is quite weak, thus the local enhancement leads to a
significant amplification of the signal, making it suitable for single-molecule detection. The SERS signal intensity
depends on the shape of the structure, as the strongest enhancement is observed at sharp corners called hot
spots [2].

The periodic Au nanostructures on thin films of different thicknesses were fabricated using 343 nm wave-
length pulses of varying fluences. This was done to investigate the effect of morphology and film thickness
on the observed signal. The samples were covered with a monolayer of 4-mercaptobenzoic acid (4-MBA) for
SERS detection. The variation in the fluence that leads to the distinct morphological states obtained results in
different signal enhancement, with the round-shaped bumps having a weak response and needle-like jets pro-
viding a strong enhancement. The latter intensity depends on the needle tip size, as the hot spots are excited
there. As the layer is thickened, the formation principle, as well as the jet shape itself, changes, leading to an
additional tunability in the SERS signal. By varying these parameters and selecting the optimum conditions, it
is possible to achieve a signal enhancement factor of 107, suitable for precise detections of molecules.

The authors acknowledge the Research Council of Lithuania (LMT, Lithuania) for the received funding
under project No. S-MIP-23-32.
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Nanoparticles of noble gold and silver metals have attracted major interest due to their optical, electronic,
and catalytic properties, which are linked to the localized surface plasmon resonance (LPPR) phenomenon.
Due to their unique properties [1], they are used in sensors, biological applications, Surface Enhanced Raman
Scattering (SERS) [2], catalysts, nanotechnology, labeling, and electronics. The generation of noble metal
nanoparticles has been extensively studied. Various techniques have been developed, including chemical
reduction, electrochemical deposition, sol-gel processes, and laser ablation [2, 3]. Of these methods, laser
ablation has gained momentum as a clean and environmentally friendly method of producing nanoparticles
without the need for additional purification of toxic materials. However, one of the problems associated with
laser ablation is the tendency of nanoparticles to aggregate, which limits further applications. To avoid particle
aggregation, additional materials are added that contaminate otherwise clean method. Therefore, we tested a
biocompatible material, potassium chloride (KCI). Salt is known to promote aggregation [4]. However, studies
have shown that low salt concentrations can slow down the aggregation process [5]. These threshold concen-
trations were analyzed in this work.

In this study, the aggregation rate and extinction of gold, silver, and a mixture of nanoparticles formed in
different concentrations of KCI solutions were studied over a period of 8 weeks. Gold and silver nanoparticles
were generated from bulk targets immersed in 20 ml of different concentrations of KCI salt solutions: 0 mM
to 20 mM. The targets were treated with a focused Nd:YAG laser (“Ekspla Baltic1064 HP”, 1064 nm, 10 ns
pulse duration). Extinction spectra and photographs of the resulting colloidal solutions were recorded weekly.
Particle morphology, SERS signal strength, and zeta potential were also analyzed.

All particles formed by laser ablation in water and salt solution were characterized by a spherical shape
and a negative zeta potential (-16 mV to 58,8 mV). During the study, we found optimal concentrations of KClI
salt to maintain a stable solution without significant spectral deviations.

1 N.Li, etal., Angew. Chem., Int. Ed. Engl., 53, 1756-1789 (2014).
] E. Stankevicius, et al., ACS Omega, 6, 33889-33898 (2021).
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Silicon is one of the most abundant elements on Earth with around 78% of Earth’s crust consisting of various
silicon and oxygen compounds [1]. Due to this, silica nanoparticles (SNPs) are widely used nanostructures for
drug delivery, bonding and coating applications and others [2].

The properties of nanoparticles strongly correlate with their size hence it is critical to have an accurate
way of measuring it. Commonly used techniques such as small angle x-ray scattering (SAXS), transmission
electron microscopy (TEM) or dynamic light scattering (DLS) have drawbacks, such as being expensive and
requiring complex sample preparation. Additionally, they might be inaccurate for particles under 10 nm size.

Potential methods that can be used to measure sizes of such constructs are time-resolved fluorescence
anisotropy [3], and fluorescence recovery after photobleaching (FRAP) however, due to the size of the system
it is impossible to determine experimentally how the dye is oriented on the SNP surface. As a result, its contri-
bution to the measured complex size is unknown. Fortunately, the dye and SNP interaction mechanism can be
studied using computational methods, such as molecular dynamics, which allow full insight into such processes
on an atomistic scale.

In this work we used molecular dynamics simulations to get an insight into the rhodamine 6G (R6G) ad-
sorption process to assess the most favourable conditions for successful adsorption and determine the impact
of the dye to the measured complex size. Furthermore, we found that due to the geometric constraints and the
requirement of correct dipole moment orientation, only one R6G molecule can adsorb on any sized SNP, and
the R6G layer formation on the nanoparticle surface is not possible. Similar restrictions lead to the fact that the
highest stable R6G oligomer is a dimer [4].
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Fig. 1. Rhodamine 6G adsorption on the SNP surface A. R6G adsorbed on the surface of the SNP with visualized dipole moments; B.
Distance plot between centre of masses (COM) of R6G and SNP.
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While historically pervasive across various industries, the extensive use of lead has posed a significant
threat to public well-being, particularly through the accumulation of large waste deposits contaminating
groundwater. Consequently, this produces a pressing need for precise detection techniques capable of
identifying lead ions, even at low concentration levels, and with high specificity. In our work, we explored an
electrochemical sensor designed for the selective identification of dissociated lead ions in aqueous solutions,
based on the specific interaction with pure MXenes.

The sensor was produced using the drop-casting method. The amalgamation of MXenes with Nafion was
applied to a graphite electrode surface, repeated three times. The sensor's performance was assessed
using differential pulse voltammetry (DPV), with focus on parameters such as the limit of detection (LOD) and
sensitivity.

The proposed reaction mechanism involves a reversible conversion between lead ions and lead oxide (PbO)
within the MXene layer. The resulting sensor exhibited exceptional selectivity, low LOD values, and the
capability to directly detect lead ions in samples without the need for an extensive preparation process. This
research establishes a foundation for advancing MXene-based electrochemical sensors, facilitating rapid,
portable, and cost-effective testing across a diverse range of applications.
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Fig. 1. Lead ion concentration curves determined by differential pulse voltammetry using a graphite/MXene+Nafion electrode within the
range of 4 to 160 uM: a) illustrates the potential drift in response to the presence of lead ions in the sample and measured signal response;
b) demonstrates the dependency of the signal on lead concentration
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The global sensor market is proliferating every year and is expected to reach $345.77 billion by 2028 [1].
However, several issues still prevent the widespread impact and application of electrochemical sensors. It is
mainly related to the materials used in these devices, which often lack the sensitivity and selectivity required
for the detection of target analytes [2]. For this reason, current research is often focused on nanostructured
carbon materials, which have many unique properties, including high electrical conductivity, biocompatibility,
enzyme mimicking activity, and can be easily obtained using low-cost preparation methods [3].

The purpose of this work was to produce graphene-polypyrrole (GP) composites, characterize them, and
investigate their sensitivity in the non-enzymatic detection of dopamine (DA). Three different graphite precur-
sors with grain sizes of <50 um, >150, <830 um and <2000 um were intercalated with sulfuric acid and
thermally treated to obtain exfoliated graphite (EG). EG samples were further modified with conductive polymer
polypyrrole. The acquired samples were characterized using SEM, XPS, and Raman spectroscopy techniques.
Electrochemical investigations were conducted using differential pulse voltammetry (DPV). Additionally, the
potential application of the prepared GP nanocomposites for highly sensitive non-enzymatic DA sensors was
explored.

Structural analysis showed that the sample obtained from the medium-size graphite grains (GP_2) had
the lowest number of defects (ID/IG = 0.483) and the highest elemental nitrogen content (5.12 at.%) with 15.16
at.% as graphitic-N, known to improve electrocatalytic activity. Electrochemical investigations demonstrated
that all GP samples were prospective for DA sensing. However, the electrode modified with the GP_2 showed
the best performance. The sensitivity of this sensor was 2180 uA-mM~!.cm~2 and the limit of detection was
78 nM.

[1] 1. O'Connell, S. Chevella, G.M. Salgado, D. O’Hare, Precision Voltage Sensing in Deep Sub-micron and Its Challenges, in: Analog Circuits for Machine
Learning, Current/Voltage/Temperature Sensors, and High-Speed Communication, Springer International Publishing, 137-163 (2022).

[2] C. Ferrag, K. Kerman, Grand Challenges in Nanomaterial-Based Electrochemical Sensors, Frontiers in Sensors, 1 (2020).

[3] Y.He, C. Hu, Z. Li, C. Wu, Y. Zeng, C. Peng, Multifunctional carbon nanomaterials for diagnostic applications in infectious diseases and tumors, Mater
Today Bio, 14 (2022).
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DNA-PAINT is a single-molecule localization microscopy technique, relying on transient hybridization
of fluorescently labeled single-stranded DNA imager strands to complementary docking strands on target
molecules [1]. During acquisition, docking sites are imaged over the course of multiple binding, dissociation
and photobleaching events. Through constant imager strand exchange, the limited photon budget of a single
fluorophore is circumvented, making it possible to extract super-resolution images at high laser illumination
intensities. Over long periods of continuous high-duty cycle excitation of fluorophores, DNA-PAINT binding
sites can, however, be depleted [2]. Fluorophores in triplet excited states may generate singlet oxygen and
downstream reactive oxygen species (ROS), damaging the docking sites and labeled target structures (Figure
1a). The use of triplet state quenchers (TSQ) and enzymatic scavenging systems is further limited to systems
insensitive to pH change or high additive concentration. Inspired by fluorophore regeneration and self-repair
mechanisms, we link the TSQ cyclooctatetraene to a DNA sequence [3], [4]. This photostabilizer strand binds
directly next to the imager at the docking site, thereby allowing for self-regeneration and programmed exchange
(Figure 1b). The presented contribution shows how this approach can increase the accessible photon budget.
The method is characterized in a DNA origami model structure and applied to image microtubules in fixed cells.
The improved longevity of DNA-PAINT docking sites is shown and the impact of photostabilizer strand regen-
eration is explored. The ability to mix and match optimal photostabilizer/dye pairs in this modular approach
could be beneficial e.g., for multi-color measurements in structural biology, which often require multiple rounds
of imaging, while preserving structural integrity of the sample.(Figure 1c,d)
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Fig. 1. a) Principle of DNA-PAINT and docking site damage via reactive oxygen species (ROS). b) Docking-site mediated photostabilization
to prevent this damage. c) Impact of photostabilization on super-resolution measurements of cytoskeleton (microtubules) in cells. d)
Demonstrating that, using the photostabilizer/fluorophore system, microtubules can be resolved in 3D.
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Novel photocatalysts and their reactivity are reported as super-oxidants. Important leap towards a new
understanding of green, oxidant and metal-free C-H functionalizations methodology is presented. Specifically
crafted photoactive scaffolds demonstrates unique nature-mimicking reactivity. Novel mechanism opens new
reactivities in the realm of photoredox catalysis is deciphered and outlined from the first-principles and ex-
perimentally. Multifunctional molecular instrument is devised which encompasses previously disembodied
processes in a serially coupled interdependent events. The main emphasis was to push the boundaries of
photoredox catalysis towards extremities (increasing excited state oxidation potentials to the record-breaking
values), atom economy, easy accessible photocatalyst with low molecular weight, new mechanistic mode. De-
spite several decades of research directed towards photocatalysts design, such a simple and such a profound
detail was overlooked. Not only this is fascinating from the perspective of pure mechanistic standpoint but is
also highly sought after by the industrial chemistry branches because it greatly reduces the expenses and costs
associated with the production line. By applying the principle of Occam’s razor and reducing the system to the
smallest set of elements it was in principle possible to achieve multifunctionality. Looking from the perspective
of the atomic economy this is the most demanded of type of reaction in the chemists’ toolbox.
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Near-infrared (NIR) triplet-sensitized Z-E photoswitching of azobenzene derivatives is a novel strategy of
molecular isomerization with many promising applications including solar energy storage, photoactuation, and
light-activated drug release. [1,2] The Z-E photoswitching of azobenzene derivatives is usually performed only
via blue-green excitation, however, it implicates many possible implementations due to the low penetration
depth of blue-green light. Therefore, a novel approach of direct triplet sensitization via NIR excitation shifting
the action spectrum to the phototherapeutic region (650 nm to 850 nm) is regarded as a promising and viable
alternative.

In this work, we generalize the approach for Z-E conversion of functionalized azobenzene chromophores (Azo-
H, Azo-EH and Azo-MM) via NIR triplet sensitization by designing different photoswitch:sensitizer systems
co-assembled within a liquid surfactant—protein in a bio-sustainable gelatin matrix. All azobenzene derivatives
demonstrated Z-E photoisomerization upon excitation with 850 nm light via direct triplet sensitization despite a
large endothermic triplet energy gap.

Herein, we also report the first example of triplet-sensitized Z-E photoisomerization of azobenzene derivatives
with NIR light (850 nm) in aqueous biomimetic conditions at low photon fluence of 2.62 mW cm~2 by employing
liquid and solid azobenzene derivatives in combination with palladium naphthalocyanine (PdNc), zinc phthalo-
cyanine (ZnPc) and bacteriochlorin (BCI) sensitizers absorbing at 830 nm, 780 nm, and 730 nm, respectively.
The biomimetic conditions are comprised of photoswitch:sensitizer ensembles trapped in a PF-127 artificial
micellar membrane coated with a calcium-alginate hydrogel framework and placed below the 8 mm animal skin
layer. Viable NIR triplet sensitized photoswitching is shown upon the 850 nm LED excitation as 10 consecu-
tive cycles of conversion were observed with the action spectrum shift of 1.35 eV. Therefore, the developed
approach provides a solid platform for in vivo photoactivation at 2-4 orders of magnitude lower photon fluences
of NIR excitation compared to two photon abosorption (2PA), excited state absorption (ESA), and triplet fusion
upconversion (TF-UC).
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Fig. 1. E and Z form absorption spectra of triplet sensitized photoswitching film utilizing PdNc as a molecular sensitizer.
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Triplet-triplet annihilation mediated photon upconversion (UC) is a process used to increase the energy
of incoherent photons. This phenomenon could be applied in various fields, such as targeted drug delivery,
bioimaging, photovoltaics and many others [1]. Each UC system is composed of at least two types of molecules:
a sensitizer and an annihilator. The sensitizer is responsible for light absorption, triplet state generation through
intersystem crossing (ISC) and triplet energy transfer (TET) to the annihilator. Meanwhile, the annihilator
molecules undergo triplet-triplet annihilation (TTA), resulting in the formation of an emissive singlet state. The
TTA process can produce quantum states with different multiplicities, however only the singlet (M = 1) is benefi-
cial for photon upconversion. Hence, one of the most important parameters of an annihilator is a probability that
TTAresults in a singlet state, known as the statistical probability factor (f). f value directly impacts the UC quan-
tum yield (dy¢) and is viewed as a limiting factor in many NIR-to-Vis UC systems. Recent studies show that the
f values of many annihilators used in NIR-to-Vis upconversion (e.g., rubrene, diketopyrrolopyrrole derivatives)
rarely exceed 20% [2,3]. Therefore, it is crucial to search for new annihilators with higher statistical factor val-
ues. The aim of this work is to thoroughly study the f factor of a 5,11-bis(triethylsilylethynyl)anthradithiophene
(TES-ADT) annihilator, which could be used in various UC systems.

To evaluate statistical probability factor of the TES-ADT annihiliator, it was paired with a metal-organic
palladium phthalocyanine (PdPc) sensitizer. UC solutions in toluene with varying annihilator concentrations,
as well as solid state samples, were prepared for this study. After determining the &y and other necessary
parameters (TET, TTA and fluorescence quantum yields), the f factor values for each sample were calculated.
The results indicate a notable trend: the f value tends to increase with the concentration of the annihilator in
UC solutions, reaching up to 84% (Fig. 1 b). Moreover, the statistical factor value is also high in solid-state
samples (f =~ 60%). The increasing trend in the statistical probability factor could be attributed to the formation
of dimers or larger aggregates, favouring the singlet state generation through TTA. In this work, aspects related
to molecular geometry and energy levels are considered to explain the observed tendencies. The obtained
results may be useful in the development of novel annihilators for photon upconversion.
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Fig. 1. a) Corrected emission spectra of the UC solution in toluene (1 mM TES-ADT, 15 uM PdPc) and UC film. b) Statistical probability
factor f of UC solutions with increasing TES-ADT concentration (cpsp. = 15 uM).

[1] Bharmoria, P., et al., Triplet-triplet annihilation based near infrared to visible molecular photon upconversion. Chem. Soc. Rev., 2020, 49, 6529-6554
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In 2020, new SARS-CoV-2 virus emerged and spread around the world. Even though global pandemic was
declared over, the SARS-CoV-2 virus was not eradicated. COVID-19 disease, which is caused by this virus,
still causes health problems for people. There is high demand for diagnostic measures that can sensitively
and rapidly detect virus molecules. Faster diagnosis leads to an earlier prescription of right medicine and more
effective treatment of the patients.

In our study, we investigated how not mutated SARS-CoV-2 wild-type spike (SCoV2-S wild-type) protein
interacts with monoclonal antibodies (mAbs-RBD) against SARS-CoV-2 spike proteins’ receptor binding domain
(RBD) when mAbs-RBD are immobilized in two different ways on the sensing gold surface. For random mAbs-
RBD immobilization we used 11-mercaptoundecanoic acid (11-MUA) which forms self-assembling monolayer
on the gold surface. Protein G was applied to form ordered mAbs-RBD layer on the sensing surface. After
different immobilization procedures we investigated SCoV2-S wild-type interactions with mAbs-RBD.

Antigen-antibody interactions were investigated by quartz crystal microbalance with dissipation (QCM-D)
method which allows to obtain the information about formed proteins layer viscoelastic properties. Further we
used mathematical modelling for evaluation of rate and affinity constants for SCoV2-S wild-type and mAbs-
RBD interactions. Moreover, we calculated mAbs-RBD and SCoV2-S wild-type proteins’ layers thickness and
surface mass densities.
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These days, silver can be found in a variety of materials, such as jewellery, electronics, pharmaceuticals
and many more. Unfortunately, a large amount of this element finds its way into the environment and gets
exposed to living organisms. Although silver is known for its antibacterial properties, ionic silver has been
shown to be mildly toxic to aquatic organisms and is known to have detrimental effects on the human body.
That is why finding a reliable way to detect silver ions in drinkable water is important.

Lately, a novel two-dimensional (2D) transition metal carbide/nitride material group has garnered a large
amount of attention for its excellent properties, such as high chemical stability, high electrical conductivity, and
environment-friendly characteristics. Their hydrophilic nature and sizeable surface area render enes potent
adsorbents for many molecular or ionic systems. This work will show how a nanoplasmonic sensor composed
of Ti;C,Tx MXenes could be used to detect a small amount of Ag™ in the water supply.

For this investigation, intermediate Ti;C,Tx MXenes and different Ag™ concentrations were mixed in
buffer (pH = 3, 4, 5, 6), distilled water and tap water mediums. A spectrophotometer was used to measure the
sensor’s signals. This investigation shows that buffer solution interferes with Ag™* reduction, causing a signifi-
cant signal depression and a red shift from 450 nm to 650 nm compared to measurements done in distilled
water. MXenes show a strong adsorption affinity and readily react with collateral ions found in the solution;
consequently, better results are obtained when distilled water is used. However, this sensor shows a sufficient
result when used in more natural conditions like tap water. A linear correlation between Ag™ concentration
and MXene absorption signal could be seen. Finally, we show that this sensor has the potential to be reiterative.

This project has received funding from the Research Council of Lithuania (LMTLT), agreement No S-
PD-22-155.
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A significant number of active pharmaceutical ingredients, including anti-inflammatory ones, have low solu-
bility in water, which negatively affects their bioavailability and therapeutic effectiveness. Therefore, many anti-
inflammatory drugs have large dosages. One of the most promising options for overcoming this problem is the
use of solid dispersion systems (SDS), in which pharmaceutically acceptable polymers can capture molecules
of the active substance, forming certain chemical bonds with them and forming a new, more amorphous struc-
ture. An amorphous solid dispersion of the active substance and a hydrophilic polymer demonstrates better
wettability, water absorption capacity and porosity, which results in enhancement drug dissolution. Mefenamic
acid (MA), a BCS class Il drug, displays high permeability and low solubility, thereby exhibiting a poor disso-
lution profile. Thepurpose of this research was to obtain enhancement of the dissolution profile using solid
dispersion obtained by wet granulation technique. To obtain SDS, such methods as the solvent evaporation
method, spray drying, hot melt extrusion, co-milling, co-grinding, high-energy mixing (KinetiSol) are generally
accepted and the most widespread. At the same time, along with the above-mentioned methods, it is promising
to study the possibility of using wet granulation methods common in the pharmaceutical industry, such as fluid
bed granulation and high shear granulation. SDS were produced by wet granulation using GPCG 2 Lab Sys-
tems Fluid Bed Dryer, Glatt, Germany and Vertical Lab Granulator VG 65/10, Glatt, Germany. The ratio of MA to
polyvinylpyrrolidone (PVP K17) and to hydroxypropylmethylcellulose (HPMC) is 1:20. The dissolution of SDS
was determined by spectrophotometry as the amount of MA that passed into the solution in 30 minutes with
stirring, wavelength 282 nm, purified water was used as a reference solution. The dissolution medium is water,
temperature (37+0.5) °C. Differential Scanning Calorimetry (DSC), Fourier Transform Infrared Spectroscopy
(FTIR) were performed to characterize the obtained solid dispersions and to identify the physicochemical inter-
action between drug and polymer carrier, hence its effect on dissolution. Also optical microscopy was performed
to study the morphology of the obtained particles, including because the pharmaco-technological characteris-
tics of SDS very important for the prospect of their further use for finished dosage form (tablets, capsules,
granules, sachet). Wet granulation methods make it possible to obtain SDS with MA and significantly improve
its dissolution. SDS of MA and HPMC produced by wet granulation using high shear technology and fluidized
bed technology show an enhancement in dissolution by 8.60 and 9.46 times, respectively. At the same time,
SDS with PVP K17 do not demonstrate improved dissolution compared to pure MA. Such results are promising
for further more detailed discussion and research.

[1] Bagade O.M., Kad D.R., Bhargude D.N., Bhosale D.R., Kahane S.K. Consequences and Impose of Solubility Enhancement of Poorly Water Soluble
Drugs. Research J. Pharm. and Tech. 7(5), 598-607 (2014).

[2] Xingwang Z., Huijie X., Yue Z., Zhiguo M. Pharmaceutical Dispersion Techniques for Dissolution and Bioavailability Enhancement of Poorly Water-
Soluble. Pharmaceutics 10(3), 74 (2018).

[3] Vasconcelos T., Marques S., das Neves J., Sarmento B. Amorphous solid dispersions: Rational selection of a manufacturing process. Adv. Drug Deliv.
Rev. 100, 85 — 101 (2016).
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Nowadays the world is facing the problem of plastic production. Every year tones of plastic products such
as disposable diches, bags and device packaging made for daily use. According to the latest data scientists
counts that plastic production amounts are increasing every year. Figure 1 shows that in the 2022 plastic
amount reached 400 Mt. per year. A major part of plastic is fossil based and only a relatively small part of
plastic is recycled or made into bioplastic [1].One type of plastic is microplastic whose particles size ranges
from 5 mm to 1 ym. Microplastic particles dumped into freshwater systems: rivers, lakes, and oceans. In
the environment these particles cause ecological and health protection problems. Various technologies are
used for microplastic particles removal one of them is sorption. It is known that for sorbents synthesis can
be used natural resources such as biomass wastes from industry. In this study from softwood sawdust was
extracted lignin by alkali extraction method. Nanosorbent was synthesized from lignin and iron oxide magnetic
nanoparticles. The sorption was evaluated by sorbing low-density polyethylene (LDPE) particles. After sorption
microplastic particles was remove by external magnetic field. In this study the main step was investigate sorption
process dependence by various parameters impact to LDPE removal efficiency. In this work it was showed,
how solution pH, sorption time, sorbate concentration, sorbent dosage affects to removal efficiency.
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Fig. 1. Plastic production rates [1]
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Veterinarians in their practice often encounter bone defects in horses. These are usually associated with
past injuries or chronic inflammatory conditions, resulting in cystic changes. One of the most popular compos-
ites used in the therapy of bone defects is calcium hydroxyapatite, the main component of bones. Research
indicates that granules and blocks of this compound, unfortunately exhibit poor manipulative properties and
may have difficulty staying in the operative site. Empty spaces can form between hydroxyapatite and bone
tissue, leading to mechanical instability of the bone. In response to this problem, allogeneic bones have be-
come the gold standard in human medicine, but they are not yet available in the veterinary market. The aim of
the research was to develop a method for bone decellularization to obtain an antigenically neutral bone filler.
The experiments were conducted on horse bones. Initially, bone sections, containing mainly the spongy bone
structure, were subjected to enzymatic digestion. Subsequently, they were rinsed to remove residual fats, and
in the final step, they were sterilized radiographically. Samples were examined under a microscope. We have
successfully developed an effective method of decellularization, ensuring the creation of a safe bone composite

for transplantation in horses.
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Tumors are abnormal tissue masses resulting from uncontrolled cell growth, a characteristic of cancer.
This widespread condition affects various organs, posing challenges for healthcare [1]. While cytotoxic drugs
play a crucial role in cancer treatment, their limitations prompt the search for selective anticancer drugs.
This study aims to enhance patient quality of life and revolutionize cancer therapy by developing substances
targeting cancer cell vulnerabilities, such as immunotherapeutic strategies and specific drugs. Aldimine
derivatives have shown promising efficacy against diverse tumor cells like those found in colon, leukemia,
breast, and kidney cancers [2].

This work’s objective is to synthesize variously substituted 1,2,4-triazole-3-yl thioacetohydrazides, and
evaluate their anticancer properties.

1,2,4-Triazole-5-thione [3] reacted with ethyl chloroacetate in DMF, facilitated by triethylamine at ambi-
ent temperature, yielded ethyl 2-[[4-phenyl-5-[(phenylamino)ethyl]-4H-1,2,4-triazol-3-yl]thio]acetate in 80%
yield. Subsequent reaction with hydrazine monohydrate in propane-2-ol at 60 °C produced 1,2,4-triazol-3-
ylthioacetohydrazide in 94% vyield. Further reaction of 1,2,4-triazol-3-ylthioacetohydrazide with corresponding
aldehydes in methanol under reflux yielded target aldimines in the yield range of 29-98% [4, 5]. Structural
confirmation of the novel compounds relied on 'H and '*C NMR, IR, and MS spectroscopy.

Newly synthesized compounds were assessed for anticancer activity against melanoma IGR39, ftriple-
negative breast cancer MDA-MB-231, and pancreatic carcinoma Panc-1 cell lines. Aldimines featuring
2-hydroxybenzene or 2-hydroxy-5-nitrobenzene moieties proved to be most effective against all tested
cancer cells among the synthesized 1,2,4-triazole-3-thiol derivatives. Notably, derivatives with pyrrole and
4-(methylthio)benzene moieties, initially less active against IGR39, exhibited increased efficacy against
triple-negative breast cancer cells. The substituents in these compounds may play a crucial role in achieving
specificity against the typically more resistant MDA-MB-231 cell line. Testing on tumor spheroids simplified
3D cell models with hypoxia in their core, revealed that the most active compounds were 1,2,4-triazol-3-
ylthioacetohydrazides containing pyrrole, 2-hydroxybenzene, and 2-hydroxy-5-nitrobenzene fragments.

Overall, from a range of 1,2,4-triazole-3-thiol derivatives, the chosen aldimines emerged as particularly
promising anticancer agent-candidates, exhibiting significant cytotoxicity against the various tested cancer cell
lines. Due to their encouraging initial results, these newly synthesized compounds have been earmarked for
further studies and investigations.

] R.L. Siegel, K.D. Miller, H.E. Fuchs, A. Jemal, CAA Cancer J. Clin. 71, 2021, 7, 33.
] R.E. Ferraz de Paiva, E.G. Vieira, D. Rodrigues da Silva, C.A. Wegermann, A.M. Costa Ferreira, Front. Mol. Biosci. 7, 2021, 627272.
] |. Tumosiene, K. Kantminiene, A. Pavilonis, Z. Mazeliene, Z.J. Beresnevicius, Heterocycles 78, 2009, 59, 70.
4] |. Tumosiene, |. Jonuskiene, K. Kantminiene, V. Mickevicius, V. Petrikaite, Int. J. Mol. Sci. 22, 2021, 7799.
] A. Sermuksnyte, K. Kantminiene, I. Jonuskiene, |. Tumosiene, V. Petrikaite, Pharmaceuticals. 15, 2022, 1026.
] M.A.G. Barbosa, C.P.R. Xavier, R.F. Pereira, V. Petrikaite, M.H. Vasconcelos, Cancers 14, 2021, 190.
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During the course of evolution bacterium have acquired numerous of antiviral defense systems which help
them to evade bacteriophage infections. This research is focused on a newly identified tricomponent antiviral
defense system TerY-P! organized in an operon. It has been demonstrated that that the system contributes to
a significant immunity of bacteria against common E. coli phages T3, T7 and ¢V-12. Cloning of the individual
components fused with histidine affinity tags and cloning of full operon has been successfully performed, further
followed by the expression of the defense system in uninfected E. coli. In the absence of phage infection, the
heterologous expression so far has been observed only for one of the proteins TerY. We hypothesize that the
system may work as an inducible toxic cascade, thus the other components may appear upon phage infection.
Therefore, we checked if all components can be synthesized in cell-free expression system, which resulted in
the expression of all the components. In vivo protein expression yielded 2 of the 3 components (TerY and TerP).
Other information about the components comes from bioinformatical analysis which shed some light on their
possible functional and structural aspects. In the ongoing experiments, we are planning to identify the target of
phosphate modification, or the presence of the mRNA of the corresponding genes under different conditions.

[11 Anantharaman, V., lyer, L. M., & Aravind, L. (2012b). Ter-dependent stress response systems: Novel pathways related to metal sensing, production of
a nucleoside-like metabolite, and DNA-processing. Molecular BioSystems, 8(12), 3142. https://doi.org/10.1039/c2mb25239b

[2] Gao, L., Altae-Tran, H., Béhning, F., Makarova, K. S., Segel, M., Schmid-Burgk, J. L., Koob, J., Wolf, Y. I., Koonin, E. V., & Zhang, F. (2020). Diverse
enzymatic activities mediate antiviral immunity in prokaryotes. Science, 369(6507), 1077—1084. https://doi.org/10.1126/science.aba0372
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Aging is a major risk factor for various diseases, yet understanding of cellular aging is incomplete. Many
aging-related changes emerge in the nucleus [1]. Recently, altered cell mechanical properties have become a
hallmark of aging [2], with the nuclear envelope (NE) and lamins playing a pivotal role in maintaining nuclear
integrity [3]. Although the interplay between NE and lamina during aging is not fully understood, we hypothesize
that the lipidome of the NE influences lamin binding and organization. Our preliminary lipidomics findings indi-
cate a decline in ether lipids with age progression. This might impact the biophysical properties of membranes
and lead to differential lamin binding. Thus, we propose to create age-tuned synthetic models to investigate
nuclear aging, NE-lamin interactions, and overall nuclear structural integrity.

Firstly, we designed membrane models mimicking the NE of both young and old healthy donors with distinct
ether lipid content. To characterize the bulk membrane properties of our model vesicles, we performed DPH
fluorescence anisotropy, Laurdan generalized polarization (GP), and time-dependent fluorescence shifts. We
are using fluorescence correlation spectroscopy, confocal microscopy, and atomic force microscopy to quantify
lamin-model interactions and characterize lamin polymerization. Our results indicate that a decrease in ether
lipid content does not alter the hydrophobic core of the membrane but makes it more ordered closer to the
surface. Such organization of the membrane can significantly impact how lamins interact with the models.

These findings serve as a foundation for upcoming experiments aimed at establishing a novel system
to study nuclear aging. The incorporation of key lamina proteins into nucleus-sized models will provide new
insights into protein-lipid interactions during healthy human aging. Furthermore, the highly tunable nature of
these models will allow for modifications to study age-prone diseases.

[1] B. Schumacher and J. Vijg, “Age is in the nucleus,” Nature Metabolism, vol. 1, no. 10, pp. 931-932, Oct. 2019

[2] T. Schmauck-Medina et al., “New hallmarks of ageing: a 2022 Copenhagen ageing meeting summary,” Aging, vol. 14, no. 16, pp. 6829-6839, Aug. 2022

[3] R.de Leeuw, Y. Gruenbaum, and O. Medalia, “Nuclear Lamins: Thin Filaments with Major Functions,” Trends in Cell Biology, vol. 28, no. 1, pp. 34—-45,
Jan. 2018
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Background Surgical site infections (SSI) following spine surgery significantly impact patient morbidity
and mortality. Antibacterial prophylaxis (AP) using cefazolin is a key strategy for preventing SSI.

Aim. This observational study aimed to examine the pharmacokinetics of guideline-recommended cefa-
zolin AP in spine surgery.

Methods. Nine patients (aged 50 + 14 years, renal function 99 + 30 mL/min/72kg) undergoing spine
surgery received AP with 2 g cefazolin. Blood samples were collected at 5, 10, 30, 60 and 90 minutes intra-
operatively for measuring total cefazolin concentrations by high performance liquid chromatography. Patients
were monitored for SSI during and post-hospitalization. Total cefazolin concentrations at wound closure were
compared to the target concentrations of > 40 mg/L.

Results. The interval between cefazolin administration and wound closure ranged between 40 and 190
minutes. Total plasma cefazolin concentrations peaked at 214 £ 35 mg/L -1 within 15 minutes following ce-
fazolin dose. Total plasma cefazolin concentrations at wound closure were 68 + 30 mg/L —1. 12.5 percent of
cefazolin concentrations at wound closure were less than 40 mg/L. Longer surgery duration was associated
with below-target concentrations. None of the patients in the study developed SSI.

Conclusion. The study demonstrates that current intraoperative AP with cefazolin achieves target plasma
concentrations in the majority of patients. Duration of surgery is a critical factor in considering alternative dosing
regimens.
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Infertility is an increasingly widespread issue affecting around 12% of families worldwide [1]. Various syn-
dromes, such as premature ovarian insufficiency (POIl), cause female infertility and diminish the overall quality
of patientsiife. Current interventions, such as hormonal therapy and Assisted Reproductive Technology, are
accompanied by various side effects and fail to treat the underlying causes of infertility [2]. In the preceding
years, cell-based therapy became one of the new emerging potential treatments for a variety of conditions.
The recently found associations between the pathogenesis of POl and the immune system [3] prompted us to
choose T cells as the object of our study.

The aim of our study was to investigate peripheral blood cell and T cell potential for infertility treatment
in POl mouse model (Fig. 1). During the research, we isolated peripheral blood mononuclear cells (PBMC)
from the peripheral blood of the donor and CD4+/8+ positive T cell population using the Magnetic Activated
Cell Sorting (MACS) method. Isolated T cells were positive for CD3 (98%), CD4 (72%), and CD8 (74%) cell
surface markers and were expanded in vitro with IL-15, and IL-7 cytokines. PBMC or CD4+/8+ positive T
cells were transplanted to chemotherapy-induced POl mouse ovaries. POI mice (untreated) and POI mice
after PBMC treatment were mated with male mice. The pregnancy rate in both cases was 0%, meaning that
mice were infertile. POl mice that received CD4+/8+ positive T cell treatment had restored fertility after mating
(pregnancy rate 83%). Following cell treatments, we investigated Antimullerian hormone (AMH) and TNF-«
levels in the mouse serum and the expression of folliculogenesis-associated and fibrosis-associated genes
in mouse ovaries and uterus and we found that results showed a positive therapeutic effects on reproductive
function via molecular networks and hormonal system and restored fertility in POl mouse model.
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Fig. 1. Schematic representation of the study

The study was funded by the Research Council of Lithuania (project No. P-ST-23-76).

[1] Szkodziak, F., Krzyzanowski, J., Szkodziak, P. (2020). Psychological aspects of infertility. A systematic review. Journal of International Medical Research,
48(6), 030006052093240.

[2] Sunderam, S., Kissin, D. M., Zhang, Y., et al (2019). Assisted Reproductive Technology Surveillance-United States, 2016. MMWR Surveillance Sum-
maries, 68(4), 1-23.

[3] Huang, Y., Hu, C., Ye, H., et al (2019). Inflamm-Aging: A New Mechanism Affecting Premature Ovarian Insufficiency. Journal of Immunology Research,
2019, 8069898.
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Microplastic (MP) pollution in aquatic ecosystems has become a serious environmental problem. However,
the issue is slowly being recognized because the European Commission claims a 74% reduction in plastic pellet
pollution by the end of the decade [1]. Polystyrene (PS) makes up only 5.2% of global plastic production [2] but
it is not biodegradable due to its structural stability. This implies that it will continue to persist in aquatic environ-
ments for a long time even if the amount of mismanaged waste decreases in the future. To effectively manage
and mitigate the consequences of anthropogenic pollution in aquatic ecosystems, the toxic potential of MP
needs to be appropriately studied. The aim of this work is to evaluate changes in cytogenetic and antioxidant
biomarkers after PS exposure in rainbow trout (Oncorhynchus mykiss). Fish were subjected to a diet contain-
ing PS for 3.7 months. Cytogenetic analysis was carried out using erythrocytic nuclear abnormalities assay
[3]. The formation of micronuclei, nuclear buds, nuclear buds on filament, blebbed nuclei cells were assessed
as genotoxicity endpoints, as well as 8-shaped, fragmented-apoptotic and bi-nucleated cells as cytotoxicity
endpoints. In order to analyze changes in antioxidant system, catalase (CAT) activity in liver homogenate
was evaluated. Samples were incubated with H202 and the absorbance of the ammonium molybdate-H202
complexes was measured [4]. Data analysis was performed using R software [5]. The frequency of all ob-
served nuclear abnormalities did not differ significantly when compared to the control. Meanwhile, CAT acitivity
decreased significantly compared to the control group. In conclusion, we observed that PS exposure had a sig-
nificant impact on fish antioxidant capacity. Understanding the effects of MP exposure is crucial for assessing
the potential risks associated with plastic pollution. Study was funded by the Research Council of Lithuania
through the project S-MIP-22-51 (ARFA).

[1] “Reducing microplastic pollution from plastic pellets,” European Commission - European Commission. Accessed: Jan. 08, 2024. [Online]. Available:
https://ec.europa.eu/commission/presscorner/detail/en/ip_23_4984

[2] “Plastics — the fast Facts 2023” Plastics Europe. Accessed: Jan. 08, 2024. [Online]. Available: https://plasticseurope.org/knowledge-hub/plastics-the-
fast-facts-2023/

[3] M. Stankeviciaté, T. Gomes, and J. A. C. Gonzalez, “Nuclear abnormalities in mussel haemocytes and fish erythrocytes,” ICES Techniques in Marine
Environmental Science (TIMES), report, Oct. 2022. doi: 10.17895/ices.pub.21220031.v1.

[4] M. H. Hadwan and H. N. Abed, “Data supporting the spectrophotometric method for the estimation of catalase activity,” Data Brief, vol. 6, pp. 194-199,
Mar. 2016, doi: 10.1016/j.dib.2015.12.012.

[5] R Core Team, “R: A language and environment for statistical computing.” R Foundation for Statistical Computing, Vienna, Austria. [Online]. Available:
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There are 1368 Culicoides biting midge species around the world [1] which can transmit more than 110
different arboviruses, bacteria, protozoa and helminths to humans and animals. However, because of their
extremely small size, Culicoides remain the least studied of the major Dipteran vector groups [2]. Haemo-
proteus and Trypanosoma are just a small part of parasites, which can be transmitted by Culicoides biting
midges to vertebrates. Wild animals, especially wild birds and their blood pathogens are studied less despite
reports that parasites of some species can be pathogenic and affect the development and behavior of heavily
infected individuals [3]. Avian trypanosomes have some interesting biological properties: they are cosmopoli-
tan in distribution, extremely diverse and infect vertebrates with unique biology — the ones that can regularly
migrate between different continents [4], so research on avian trypanosomes can help to explain the parasite
distribution patterns. Nevertheless, the biology of avian trypanosomes (especially their life cycles in vectors —
Culicoides biting midges) is still relatively little studied and vectors of only a few avian Trypanosoma species
have been determined so far.

The purpose of this study was to determine Culicoides diversity and their infection with bird blood pathogens
belonging to the family Trypanosomatidae. We collected parous biting midge females using UV light traps in
four different study sites from May till Sempember, 2022. Insects were identified to species level, molecular
methods and microscopy were applied to estimate the natural trypanosomatid infections.

Both dixenous (Trypanosoma) and monoxenous (Crithidia sp. and Herpetomonas ztiplika — trypanoso-
matids infecting only insects) were found in nine different Culicoides species. The prevalence of trypanoso-
matid parasites in biting midges was 4.1 %. Detected trypanosomes — Trypanosoma avium and T. bennetti
group — both are known to be bird blood parasites, mostly known from raptor birds. Interestingly, T. avium was
found only in C. segnis biting midges; these insects are ornithophilic bloodsucking ectoparasites which might
be potential avian trypanosome vectors in the wild. Other biting midge species — C. punctatus, C. pictipennis,
C. obsoletus group, C. kibunensis, C. impunctatus, C. festivipennis — individuals were also found to be infected
with trypanosomatid parasites.

[1] Borkent, A., and Dominiak, P. (2020). Catalog of the biting midges of the world (Diptera: Ceratopogonidae). In Zootaxa (Vol. 4787);

[2] Carpenter S., Groschup M. H., Garros C., Felippe-Bauer M. L., Purse B. V. (2013). Culicoides biting midges, arboviruses and public health in Europe.
Antiviral Research (Vol. 100, Issue 1);

[38] Molyneux, D.H., (1973). Trypanosoma everetti sp. nov. A trypanosome from the blackrumped waxbill Estrilda t. troglodytes Lichtenstein. Ann. Trop. Med.
Parasitol. 67;

[4] ValkiGnas, G. et al. (2011). Two New Trypanosoma Species from African Birds, with Notes on the Taxonomy of Avian Trypanosomes. Journal of Para-
sitology, Vol. 97.
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Stenotrophomonas maltophilia is an aerobic gram-negative bacterium that is widespread in the natural
environment including soil, plants, and water sources. This bacterium of environmental origin is becoming
an important opportunistic, nosocomial, multidrug-resistant pathogen associated with respiratory, bloodstream
and urinary tract infections. Due to S. maltophilia innate resistance to various classes of antibiotics infections
caused by this bacterium are difficult to treat and have high mortality rates of up to 69% [1]. Despite the wide
range of clinical diseases associated with S. maltophilia, little information is available on the virulence factors of
this bacterium. In addition to antibiotic resistance, the biofilm formation is considered a key virulence factor for
S. maltophilia [2]. Secreted enzymes such as proteases, lipases and nucleases are thought to play an important
role in S. maltophilia virulence, contributing to its ability to invade host tissues and degrade host components
[3].

The aim of this study was to investigate the presence of genes encoding selected virulence determinants
in 34 clinical and 43 natural isolates of Stenotrophomonas maltophilia from Lithuania. All clinical isolates were
isolated from patients. Environmental isolates were isolated from various sources such as soil, water bodies
and fish gut.

Genes encoding extracellular enzymes, toxins, components of secretion systems and iron uptake systems
were selected for the detection of virulence factors. The analysis showed that the prevalence of most of the
genes studied is similar in S. maltophilia isolates of natural and clinical origin. However, genes stmPr1, afaD
and zot, encoding putative protease, adhesin and toxin respectively, were found to be exclusively present in
isolates of clinical origin. The higher prevalence of virulence genes detected in clinical S. maltophilia isolates
may be related to their importance in contributing to the ability of the bacterium to infect the host, to degrade
various host components and to survive in clinical settings.

Acknowledgements: This research has received funding from the Research Council of Lithuania (LMTLT),
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The expanding body of research on the health benefits associated with pulse consumption has heightened
interest in cultivating legumes, even in cooler climate regions like Lithuania. Although they are sensitive to cli-
matic stresses, resulting in inferior-quality seeds. To solve this problem, there is a need for better management
tools for nitrogen fixation in legumes. In turn, microorganisms and biostimulants can increase nitrogen fixation
in legumes, and contribute to better seed quality formation. However, the relationship between plants and mi-
croorganisms in the rhizosphere exhibits complexity and diversity. Stable isotope probing presents a unique
opportunity to observe subtle alterations in the nitrogen signature within plants, resulting from the utilization of
diverse nitrogen sources. This technique allows for the precise tracking and analysis of even minor changes in
the isotopic composition of nitrogen in plant tissues, enabling to discern variations arising from different nitrogen
inputs or sources (in this case atmospheric N, or dissolved nitrogen in soil).

Our preliminary study of two varieties of soybeans (Laulema and Merlin) infected by two strains of mi-
croorganisms (Bactolife and Rhizofix 10) using the natural abundance of 1°N (defined as deltal>N) shows the
effectiveness of these microorganisms in N, fixation, also related with higher nitrogen content (Fig. 1). The
nitrogen isotopic ratio up to 2 %o shows the main sources of atmospheric nitrogen, meanwhile higher isotopic
values reflect the input of nitrogen fertilizers. Thus, we demonstrated the potential of two strains of symbi-
otic microorganisms to better management practices for the cultivation of non-traditional legume species like
soybean.
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Fig. 1. Nitrogen stable isotope values (delta'>N) and nitrogen content (N, %) in two varieties of soybeans (Laulema and Merlin) infected
by two strains of microorganisms (Bactolife and Rhizofix 10).
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Over the past two decades, an increase of nutrient levels in marine coastal waters has resulted in a surplus
of primary production, which is defined by either massive phytoplankton blooms or opportunistic macroalgae.
Seaweeds that become stranded can cause hypoxia, discharge harmful hydrogen sulfide into the water, cause
animal mortality, and decrease biodiversity in marine and estuarine ecosystems. Seaweed is already harvested
for food and hydrocolloid production; however it could also be used as a feedstock for the production of biochar
— a carbon-rich “biological charcoal’. It is possible to get biochar with 1.15-1227 m?2/g specific surface area
measured by BET method, which is in line with many traditional catalysts. In this work, researchers aim to
propose a method of producing iron and copper metal supported catalysts from seaweed found in the Baltic
Sea processed via pyrolysis. The catalysts were characterized by temperature-programmed desorption (TPD),
temperature-programmed reduction (TPR), H, and CO chemisorption.
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Mycorrhizas (fungal roots) play vital roles in plant nutrient acquisition, performance and productivity in
terrestrial ecosystems as soil nutrients, including NH*#, NO3 and phosphorus, are translocated from mycorrhizal
fungi to plants. A stable isotope technique will be used to study mycorrhizal symbiosis as the mutually beneficial
association between the roots of cereal plants and specific soil fungi.

The main aim of our project “The influence of mycorrhizal abundance on N transfer and C sequestration in
the cereal/llegume intercropping system by the '3C and °N isotope method” will be to investigate the impact of
mycorrhizal abundance on N, fixation, N transfer and C sequestration in cereal/legume intercropping system
by the labelling 13C and >N stable isotope method. To evaluate the role of mycorrhizal abundance on N transfer
and C sequestration, it is important to investigate how its response to different cereal/legume intercropping sys-
tem. The objectives of this project: (i) quantify the root mycorrhizal abundance of cereal/legume intercropping
system; (ii) to study and compare the effect root mycorrhizal abundance on nutrient uptake, N, fixation and N
transfer in cereal/legume intercropping system; (iii) to study the effect of mycorrhizal abundance on C seques-
tration in the soil in cereal/legume intercropping system; (iiii) to relate the physical cereal root parameters to
plant productivity, yield quality and plant adaptation to climate change using intercropping systems.

The results obtained using the labeled stable isotope method to determine the C and N pathways in root sys-
tems with different mycorrhizal intensities will provide new insights into the importance of mycorrhizae and their
impact on N cycling and C sequestration in soil under adverse environmental conditions. The established reg-
ularities would consider the assessment from the viewpoint of specific cropping systems i.e., cereals/legumes

intercropping impact in terms of food quality, crop productivity, soil nutrient cycling and greenhouse gas emis-
sions.
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Introduction

An RNA binding protein, human antigen R (ELAVL1), is a key regulator of a molecular mechanism that
is responsible for posttranscriptional gene regulation which is altered in pancreatic ductal adenocarcinoma
(PDAC) cells. This, in turn, supports the pro-survival phenotype intrinsic to PDAC cells [1]. Thus, ELAVL1
inhibition could be considered a viable direction for cancer therapeutics [2], yet, it is still not clear how different
inhibitors affect the cell.

Aim

This study aimed to investigate the effects of two known natural ELAVL1 inhibitors — 15,16-
dihydrotanshinone-I (DHTS) [3] and pyrvinium pamoate (PP) [4] — on expression of ELAVL1 target mRNAs
and proteins.

Methods

PDAC (BxPC-3) cells were treated with different concentrations of the two inhibitors for 24 hours. The
IC50 doses of both inhibitors were determined through MTT assays. Then, doses that don’t affect cell viability
were used to evaluate the inhibition of ELAVL1 according to two of its targets — aryl hydrocarbon receptor
(AHR) [5] and deoxycytidine kinase (dCK) [6]. Protein expression was assessed through western blot (WB)
an lysis and the quantities of respective mRNA transcripts — through quantitative real-time polymerase chain
reaction (QRT-PCR).

Results

The results show that both DHTS and PP affect the cell metabolic activity in a similar manner with IC50
doses being comparable between inhibitors. Protein expression of AHR and DCK, was reduced in all cases,
while there was an increase in mMRNA being transcribed.

Conclusion

Inhibition of ELAVL1 may have a positive impact on the course of PC by decreasing expression of un-
favourable proteins such as AHR. On the other hand, ELAVL1 also stabilizes DCK, which is required for gem-
citabine to be effective. Thus, although ELAVL1 could potentially be used to contribute to the treatment of
pancreatic cancer, it is important to consider the adjacent therapies used.

[1] J.R.Brody and D. A. Dixon, “Complex HuR function in pancreatic cancer cells,” WIREs RNA, vol. 9, no. 3, p. e1469, May 2018, doi: 10.1002/wrna.1469.

[2] D. Goutas, A. Pergaris, C. Giaginis, and S. Theocharis, “HuR as Therapeutic Target in Cancer: What the Future Holds,” Curr. Med. Chem., vol. 29, no.
1, pp. 5665, Jan. 2022, doi: 10.2174/0929867328666210628143430.

[3] V. G. D’Agostino et al., “Dihydrotanshinone-I interferes with the RNA-binding activity of HuR affecting its post-transcriptional function,” Sci. Rep., vol. 5,
no. 1, p. 16478, Nov. 2015, doi: 10.1038/srep16478.

[4] J. Guo et al., “Inhibiting cytoplasmic accumulation of HuUR synergizes genotoxic agents in urothelial carcinoma of the bladder,” Oncotarget, vol. 7, no.
29, pp. 45249-45262, Jul. 2016, doi: 10.18632/oncotarget.9932.

[5] D. Stukas et al., “Targeting AHR Increases Pancreatic Cancer Cell Sensitivity to Gemcitabine through the ELAVL1-DCK Pathway,” Int. J. Mol. Sci., vol.
24, no. 17, p. 13155, Aug. 2023, doi: 10.3390/ijms241713155.

[6] C.L.Costantino etal., “The Role of HuR in Gemcitabine Efficacy in Pancreatic Cancer: HuR Up-regulates the Expression of the Gemcitabine Metabolizing
Enzyme Deoxycytidine Kinase,” Cancer Res., vol. 69, no. 11, pp. 4567-4572, Jun. 2009, doi: 10.1158/0008-5472.CAN-09-0371.


joris.dambrauskas@chgf.stud.vu.lt

INTRINSIC FIRING PROPERTIES OF THE MOUSE HIPPOCAMPAL PYRAMIDAL CA1
NEURONS DURING THE POSTNATAL DEVELOPMENT
Igor Nagula'!, Emilija Kavalnyté', Kornelija Vitkuté!, Daiva Dabkeviciené?, Urté Neniskyté?, Aidas Alaburda’
IInstitute of Biosciences, Life Sciences Center, Vilnius University, Vilnius, Lithuania
2National Cancer Institute, Vilnius, Lithuania

3VU-EMBL Partnership Institute, Life Sciences Center, Vilnius, Lithuania
igor.nagula@gmc.vu.lt

Postnatal development is a crucial period for hippocampus neuronal maturation and neural pathways or-
ganization, when neurons change morphologically and exhibit an increase in the number of ion channels in
the membranes[1]. The maturation of neuronal pathways has primarily been investigated through anatomical
and immunohistochemical studies, but, some features like an intrinsic firing properties and functional synaptic
activity necessitates direct electrophysiological recordings. The majority of electrophysiological research on
hippocampal development has primarily involved rats[2]. Combination of novel molecular and genetic tools
developed for mice animal model[3] with electrophysiological profiles would provide an additional insight about
mechanisms of hippocampus postnatal development. Moreover, sex also can potentially influence the devel-
opmental processes of the hippocampus[4]. The aim of this study was to evaluate the intrinsic firing properties
during the postnatal development in hippocampal pyramidal CA1 neurons in different sex mice.

In this study we used wild-type mice of different ages (5 to 21 postnatal days), both males and females.
We employed whole cell patch-clamp technique. The firing properties were evaluated as f-1 (frequency-current)
relation, indicating how neurons integrate inputs and encodes outputs in the frequency of action potentials.
Spike frequency adaptation was also evaluated.

We have found that the f-I relation significantly decreases during the development both in males and fe-
males before and after the spike frequency adaptation. The spike frequency adaptation ratio did not significantly
change during the development both in males and females. There are also no significant differences between
sex groups.

[11 Moody, W.J, Bosma, M.M.: lon Channel Development, Spontaneous Activity, and Activity-Dependent Development in Nerve and Muscle Cells. Physiol.
Rev. 85, 883-941 (2005).

[2] Zhang, Z.: Maturation of Layer V Pyramidal Neurons in the Rat Prefrontal Cortex: Intrinsic Properties and Synaptic Function. J. Neurophysiol. 91,
1171-1182 (2004).

[3] Canales, C.P., Walz, K.: The Mouse, a Model Organism for Biomedical Research. In: Cellular and Animal Models in Human Genomics Research. Pp.
119-140. Elsevier (2019).

[4] Yagi, S., Galea, L.A.M.: Sex differences in hippocampal cognition and neurogenesis. Neuropsychopharmacology. 44, 200-213 (2019).
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Ovarian cancer (OC) is one of the most fatal malignancies affecting women globally. The high level of
heterogeneity of this cancer plays a big role in the lack of successful treatments. In the pursuit of studying
cancer cell biology and testing new drugs, cell line models have emerged as the primary in vitro research
model. However, recent data indicates that some of the frequently used OC cell lines in research no longer
precisely represent their original tumor profile. Therefore, it is imperative to develop new cell lines that are
well-characterized and closely resemble the various histological and molecular profiles of the tumor.

Our study has successfully established three distinct cell lines (CW1-NCI, CW2-NCI, SM-NCI) that were
derived from different tumor pieces obtained from the same 62-year-old female patient diagnosed with high-
grade serous ovarian carcinoma in the National Cancer Institute of Lithuania. To ensure accuracy, all newly
established ovarian cell lines were observed and characterized at specific passages. The passaging process
resulted in significant changes in the morphological characteristics of the cell lines, as well as differences in their
ability to form 3D structures. Flow cytometry analysis was conducted on different cell line passages, revealing
distinct marker expressions profiles that proved the existence of cancer cell heterogeneity within the same
tumor. The findings also demonstrated that the marker expression fluctuated across different cell passages,
indicating the plasticity and evolution of cells in the culture until they reached a stable marker expression.

The findings of our study are significant in the comprehensive understanding of ovarian cancer hetero-
geneity, cell plasticity, and evolution during the culturing process. Moreover, the establishment of a new stable
ovarian cancer cell line models will prove to be a valuable tool for future research.
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DNA barcoding is a method that allows to track and identify specimens over time using short, specific DNA
sequences, which are integrated into the genome by lentiviral tranduction. It is widely used to study organ
development and cancer progression. Traditional cancer treatments are less effective against metastasis and
there is a lack of effective cancer metastasis models for testing new cancer drugs on. Cell DNA barcoding is
a valuable tool for evaluating potential cancer drugs on primary tumors and metastasis, allowing simultaneous
tracking of differently barcoded cell lines, which allows to compare the drug effects across different cell popula-
tions in the same animal using next generation sequencing. Standard sequencing library preparation relies on
2 rounds of PCR amplification, which is time consuming and can lead to PCR artifacts.

This project aims to develop the protocol for DNA barcode capture by streptavidin-coated magnetic beads
from mouse organs. Although PCR is mostly utilized for barcodes extraction, hybridization-based technique
is more sensitive, less time consuming and cost-effective. This technique captures in hybridization formed
complex made of targeted region (barcode) and biotinylated probe, which is later pulled with magnetic bead.
Results of the capture were analyzed using gel electrophoresis and gPCR.

To validate this method, the capture system was optimized in vitro in the absence of any nonspecific DNA
sequences and in the presence of nonspecific DNA. Optimal probe length, probe biotinylation, hybridization
time and temperature were determined. A major improvement to the capture system was achieved when &’
biotinylated probe was changed to an internally biotinylated probe which captures barcodes 24 times more
efficiently. Moreover, 1,31 x 10° of barcode copies were isolated, which is enough for capturing all unique
barcodes in a mice organ, considering that cells were transfected with 5+ 10° of unique barcodes. Unspecific
DNA had no impact on capture efficiency and barcodes fraction had no significant amount of unspecific DNA
residues. Further steps are to optimize the extraction of barcodes from cell and organ lysates and compare the
developed protocol with the PCR-based protocol.
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Ovarian cancer is the third most common gynecologic cancer in the world and has the highest mortality
rate of all gynecologic cancers [1]. Due to asymptomatic progression, ovarian cancer is diagnosed in 4 out
of 5 cases in advanced stages (lll or IV), when cancer has spread and control of the disease is difficult [2].
Ovarian cancer is heterogenic disease, which complicates the diagnosis of the disease and the selection of
the optimal treatment strategy, however, approximately 75% of ovarian cancer cases are high-grade serous
carcinomas. Current diagnostic methods for ovarian cancer lack specificity and sensitivity, thus it is important
to search for new modern diagnostic tools. In recent years, promoter hypermethylation of tumor suppressor
genes has gained a lot of attention for its potential to be applied as a cancer biomarker. Methylation studies
of homeotic and chromatin remodelation genes attracted clinicians because they are important for the devel-
opment of various organs, including ovaries and are critical for maintaining normal functions and homeostasis.
Therefore, dysfunctions of homeotic and chromatin remodelation genes are associated with various diseases,
including the development and progression of ovarian cancer.

This study aimed to evaluate promoter methylation profiles of homeotic (ALX4, CDX2 and HOPX) and
chromatin remodeling (ARID1A) genes that act as tumor suppressor genes in cancerous ovarian tissues as
potential ovarian cancer biomarkers for more accurate and specific diagnostics. In total methylation profile was
evaluated in 51 tissue biopsy samples using methylation-specific PCR (MSP).

The results demonstrated that methylation profile of HOPX gene significantly differ between benign gy-
necological tumors and high-grade ovarian carcinoma patients, while methylation profiles of ALX4 and CDX2
genes showed tendency between benign gynecological tumors and high-grade ovarian carcinoma patients,
and other less common types of gynecologic cancer patients. Methylation profile of ARID1A gene showed no
significant differences.

Thus, we found out that homeotic genes have the potential to be used for the early detection of disease and
prediction of response to therapeutic interventions and prognosis of outcome, improving the quality of patients
lives. However, more extensive analysis must be performed to validate the studied biomarkers.

Acknowledgements: This study was funded by the National Cancer Institute.
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Ovarian cancer is one of the most common gynecologic cancers, exhibiting the highest mortality rate. In
2020, over 313,000 women worldwide were diagnosed with ovarian cancer, leading to more than 207,000
confirmed [1]. Typically, ovarian cancer is diagnosed at an advanced stage, known as high-grade serous
ovarian cancer (HGSOC). The elevated mortality is linked to the absence of specific symptoms for ovarian
cancer and the absence of well-established biomarkers. Currently utilized biomarkers in the clinic, CA-125 and
HE4, have limitations. For instance, CA-125 is elevated in only 50% of early-stage tumors, and HE4 testing
is not recommended in routine practice due to contradictory studies [2,3]. Addressing the critical need for
improved diagnostic tools, the NOTCH signaling pathway emerges as a promising biomarker, showcasing a
crucial oncogenic role in HGSOC and contributing to the development of ovarian cancer [4].

The aim of this research was to investigate gene expression changes of the NOTCH signaling pathway
ligands JAG2, DLL1, and signaling pathway target HES 1, to evaluate these genes as promising genetic biomark-
ers for the diagnosis of ovarian cancer.

During the study, mRNA expression changes were analyzed in 66 patients’ tissues, suspected of ovarian
cancer (including 42 HGSOC, 15 other gynecological cancers, and 9 benign gynecologic tumors). Genes ex-
pression was examined using reverse transcription quantitative PCR. Results were normalized to the reference
gene GAPHD, and the log,(272€T) method was used to calculate genes relative expression.

The results showed that all studied genes were downregulated in HGSOC when compared to benign
gynecologic tumors tissues, with significant downregulation of DLL7 and HES1 genes. The combined ROC
curve panel of all three genes for distinguishing the class with HGSOC risk from benign cases showed an
AUC of 0.99, p < 0.0001, sensitivity of 92.86%, and specificity of 100%. Furthermore, significant differences in
relative expression of DLL1 and HES1 genes were found between HGSOC and other gynecological cancers
groups. Finally, before treatment, patients with higher CA-125 value showed statistically significant differences
(p =0.02) in HES1 gene relative expression compared to the norm of this biomarker.

In conclusion, our pilot study suggests that components of the NOTCH signaling pathway show promise as
potential biomarkers for future ovarian cancer diagnostics. However, further comprehensive studies, including
non-invasive samples, are essential to validate these genes as suitable biomarkers for the development of new
cancer tests.

[1] Sung, H., Ferlay, J., Siegel, R. L., Laversanne, M., Soerjomataram, |., Jemal, A., Bray, F. (2021). Global Cancer Statistics 2020: GLOBOCAN estimates
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Colorectal cancer is the third most common cancer diagnosed and the second leading cause of cancer-
related deaths worldwide. It is often diagnosed at an advanced stage when treatment options are limited and
usually non-specific [1]. Selective delivery of anticancer agents to the tumour is needed to avoid the side
effects of cancer treatment. Mesenchymal stem cells (MSCs) can be used for this purpose. MSCs are found
in specific niches in the body and can be isolated from a wide variety of tissues. The main sources of MSCs
are bone marrow or adipose tissue, but much less is known about MSCs isolated from skin or menstrual blood,
which is what our research focuses on. Nowadays, MSCs are being widely studied as a tool for the delivery of
anticancer agents. Due to MSCs oncotropic properties it is hoped to use MSCs as a Trojan horse for the delivery
of therapeutic nanoparticles directly to the tumour [2]. The dense extracellular matrix and high intracellular
hypertension in tumours make diffusion and penetration of nanoparticles and other anticancer drugs inefficient.
Therefore, MSCs can be employed as vehicles, so anticancer agents can be actively delivered to the interior
of the tumour tissue. To fulfil the latter purpose, it is necessary to have a good understanding of MSCs ability
to migrate towards the tumour, because the type of tumour and its microenvironment may affect the migration
of MSCs.

The study aimed to investigate the migration of upconverting nanocomplexes (UCNP-Ce6) uploaded MSCs
towards 3 different phenotypes of colorectal cancer cells.

To ensure that the UCNP-Ce6 complex is suitable for biological applications, we evaluated the accumu-
lation and cytotoxicity of this complex in skin and menstrual blood MSCs, and colon cancer cell lines DLD-1,
HCT116, LS1034. Results of confocal microscopy showed that UCNP-Ce6 accumulates inside cells and lo-
calizes in the perinuclear region. The cytotoxicity was assessed using the lactate dehydrogenase (LDH) cyto-
toxicity assay. Results showed that nanoparticles are biocompatible and have no dark toxicity after 24h. The
efficiency of MSCs migration and the ability to transport nanoparticles was investigated using two sources of
MSCs: skin and menstrual blood. The migration of MSCs was investigated using the Transwell migration assay
in 2D and 3D environments. It was found that the migration efficiency of MSCs is different and depends on the
phenotype of the colon cancer cells.

Overall, our results showed that active upconverting nanocomplex transportation using MSCs could in-
crease the delivery of nanotherapeutics to cancer cells. The demonstrated potential of MSCs as nanoparticle
carriers may lead to new opportunities for the development of targeted cancer therapy.

Acknowledgment This work is part of a project that was supported by the funds of Lithuania (Grant No.
S-MIP-22-31).
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The process of wound healing is complex and often unresponsive to traditional treatment approaches,
placing a considerable burden on patients [1]. Chronic nonhealing wounds are characterized by a reduction
in the production of growth factors and chemokines, as well as impaired fibroblast proliferation, migration, and
inflammatory responses [2]. Nanotechnology has emerged as a groundbreaking field, reshaping various as-
pects of medical science. Nanovesicles, which are present in various cell types, have bilayer membranes and
possess unique compositions of nucleic acids, proteins, secondary metabolites, and lipids [3]. Such properties
hold promise as therapeutic agents, and one of their versatile applications lies in the realm of wound healing.
Plant-derived nanovesicles, known for their excellent compatibility with human body and penetration into skin
cells, exhibit potential for enhancing wound healing [4]. Given the established efficacy of certain plant-derived
nanovesicles in promoting wound closure, it becomes essential to identify specific sources of these vesicles
and investigate their capacity for alleviating in vitro wound healing.

Commercial keratinocyte (HaCaT) and human skin fibroblast (BJ-5ta) cell lines were used in the study.
Plant nanovesicles were isolated from lyophilized plant powder using polymeric precipitation method. The
Bradford method was applied to characterize the obtained nanovesicles according to the total protein content,
Trizol reagent was used to determine the amount of RNA, and nanoparticle analysis was performed (Nanosight
S300). The effects of nanovesicles were evaluated by seeding keratinocytes and fibroblasts in 96-well plates,
incubating these cells with nanovesicles for 48 hours and measuring proliferation with PrestoBlueTM reagent.
In vitro wound studies were also performed using commercial skin cells to determine the effect of isolated
nanovesicles on wound healing.

Following the extraction of nanovesicles derived from various plants (nettle, black currant berry, blueberry,
rose, lion's mane mushroom, and lingonberry) and nanopatrticle tracking analysis, it was observed that the
size of these vesicles fell within the 50-250 nm range, consistent with existing literature descriptions. The
isolated nanovesicles were found to contain substantial quantities of RNA and proteins. Cell viability was
influenced by nanovesicle concentration, with higher concentrations leading to decreased viability, while lower
concentrations had no negative impact on the cells. In vitro scratch test experiments revealed that nettle,
blackcurrant, and blueberry nanovesicles at lower concentrations accelerated wound closure rates in both
keratinocyte and fibroblast cell cultures. However, it is vital to be cautious regarding nanoparticle dosage, as
higher concentrations may exert adverse effects on skin cells.

[1] Frykberg, R. G., Banks, J. Challenges in the Treatment of Chronic Wounds. Advances in Wound Care. 2015 Sep. 4(9):560-582.

[2] Schilrreff, P., Alexiev, U. Chronic Inflammation in Non-Healing Skin Wounds and Promising Natural Bioactive Compounds Treatment. Int. J. Mol. Sci.
2022. 23(9):4928.

[8] Zhou, C., Zhang, B., Yang, Y. et al. Stem cell-derived exosomes: emerging therapeutic opportunities for wound healing. Stem Cell Res Ther. 2023.
14(107).

[4] Prasai, A., Jay, J. W., Jupiter, D., Wolf, S. E., El Ayadi, A. Role of Exosomes in Dermal Wound Healing: A Systematic Review. Journal of Investigative
Dermatology. 2022 Mar. 142(3): 662-678.
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Optical coherence tomography (OCT) is a non-invasive interferometric imaging technique. It can be applied
in various situations, such as in-vivo retinal imaging for damage detection, diagnosing and monitoring retinal
diseases, imaging deeper layers of human fingerprints, detecting sub-surface defects in optical glasses and etc.
However, the spatial resolution, imaging speed and depth is still an issue in OCT. Recently, to speed up OCT
imaging, Fourier-domain Full-Field OCT (FD-FF-OCT) has been introduced that uses a swept laser source
and a super-fast camera to parallelize signal acquisition. In order to efficiently reduce coherence crosstalk
noise in OCT images a multimode fiber can be implemented [1]. Such a system enabled us to visualize such
hard-to-image retinal layers with 5um spatial resolution.

The core of interferometer — beamsplitter is typically 50/50 and wastes almost 75% of light. Light going
to the reference arm is practically all lost there because of the strong attenuation necessary when imaging
biological tissue. Moreover, half of the light is sent back to the laser source instead of camera. However, by
incorporating a small 45° pick-off mirror we were able to use 90/10 beamsplitter (Fig. 1). Such so called high-
throughput dark-field (HTDF) [2] FD-FF-OCT configuration [2] allowed us to send more light on the sample and
obtain most of the photons with the camera. With this HTDF implementation in our retinal FD-FF-OCT system

we have demonstrated 3.5 times increase in signal on a USAF target sample mounted behind a scattering
layer.
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Fig. 1. Detailed scheme of high-throughput dark-field Fourier-domain FF-OCT system. System consists of swept-source laser, multimode
fiber, from which light is collected and collimated via lenses L1-L2, redirected with pick-off mirror to the interferometer. Interferometer sends
90% of light to the eye and 10% to the reference. Reflected light is combined via same beamsplitter and directed to the camera. This time
pick-off mirror acts as a dark-field mask for scattered light from the retina.

Fig. 2. SNRincrease in the image of the USAF target mounted behind a scattering layer obtained with high-throughput FD-FF-OCT system
(right) compared to a standard FD-FF-OCT system (left).

[1] E.Auksorius, D. Borycki, and M. Wojtkowski, "Crosstalk-free volumetric in vivo imaging of a human retina with Fourier-domain full-field optical coherence
tomography," Biomed. Opt. Express, vol. 10, no. 12, pp. 6390-6407, 2019.

[2] E.Auksorius and A. Claude Boccara, "High-throughput dark-field full-field optical coherence tomography,” Opt. Lett. 45, 455-458, 2020.
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Phenomenon of supercontinuum generation is interesting and very useful in applications such like spec-
troscopy, telecommunications, and metrology [1]. Supercontinuum is a phenomenon when a sufficiently in-
tense ultrafast pump pulse propagating though nonlinear media induces intensity-dependent refractive index,
which results in nonlinear effects such like self-phase modulation (SPM), cross-phase modulation (XPM), four-
wave mixing (FWM), stimulated Raman scattering (SRS) and soliton generation and fission [2]. A full infor-
mation of such distorted pulse (temporal shape, phase, intensity, duration) can be retrieved by implementing
cross-correlation frequency-resolved optical gating (XFROG) method, which requires two different pulses (well
defined reference and unknown) [3]. Photonic crystal fibers are especially suitable for supercontinuum gener-
ation due to unique properties like tight light confinement, low effective mode area (increment of intensity of
propagating light), flexibility to choose pump wavelength [1]. As nonlinear response is sufficiently increased
by decreasing effective mode area, tapered photonic crystal fibers were invented and implemented to obtain
higher spectral broadening [4].

The main objective of this work was to measure supercontinuum spectrum, characterize temporal profile
of SC pulse in conventional or tapered PCFs and compare experimental results to determine quality of tapered
fibers performed in FTMC, Department of Laser Technologies, Fiber Laser laboratory. SC was generated by
directly pumping PCF by “FLINT” femtosecond laser oscillator with central wavelength of 1028 nm and repetition
rate of 75.2 MHz.

After performing measurements of evolution of supercontinuum by increasing pump power and measure-
ments of XFROG trace, spectral and temporal results of tapered or conventional PCFs were compared. To
compare conventional PCFs, spectral and temporal characteristics differs remarkably due to different ZDW
properties and fiber core size. Therefore, supercontinuum of respective tapered PCFs differs only quantita-
tively — spectral broadening was less efficient. Contrary to what was expected, tapered PCFs did not show
any enhanced nonlinear response. Temporal characterization of tapered PCFs showed that light was prob-
ably leaking into other PCF core or cladding modes, resulting in intensity losses. Such results showed that
manufacturing technique was insufficient in which tapering was conducted without applying air pressure to mi-
crostructure holes. This might have caused them to collapse and distort the geometry of microstructure region
resulting in loss of intensity of propagating light.

[1] K.P. Hansen, Introduction to nonlinear photonic crystal fibers, Opt. Fiber Technol. 2, (2005).

[2] R. W. Boyd, Nonlinear optics, Third edition (Academic Press, Inc., USA, 2008).

[3] R. Trebino, Frequency-Resolved Optical Gating: The Measurement of Ultrashort Laser Pulses (Springer, 2000).
]

[4] S. Stark, P. St. J. Russel, Extreme Supercontinuum Generation to the Deep-UV, (2011)
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Terahertz (THz) images are often plagued with the problem of low spatial resolution due to the limited
hardware capabilities and long imaging times. To address this challenge, various image processing methods
are used. Recent advancements in machine learning models have yielded notable breakthroughs in addressing
computer vision tasks, including their application in the domain of terahertz (THz) imaging. The goal of this
work is to develop several neural network models aimed at enhancing resolution and bringing back the missing
details in low-resolution terahertz (THz) images. To achieve this task, three convolutional neural network (CNN)
generative adversial (GAN) models — SRGAN, SRResNet and DeblurGan were trained on simulated data and
reached PSNR values of 21,515 dB, 19,271 dB and 20,657 dB respectively. On real THz image data SRGAN
and DeblurGan performed similarly and did manage to restore certain details from the test images, performing
better than SRResNet model. In the analysis of actual terahertz (THz) image data, SRGAN and DeblurGan
exhibited comparable performance, effectively restoring specific details from the test images, demonstrating
better performance than SRResNet model. However, these models tend to over-restore details and introduce
severe artifacts in the final image due to their extreme sensitive to noise, because of the strong mapping ability
of the CNN type networks.

Fig. 1. Performance of different neural networks, using low resolution THz image as an input.


ugne.silingaite@ff.stud.vu.lt

PICOSECOND LASER WELDING OF SODA-LIME GLASS WITH MHZ BURSTS

Neda Mazeikyté!, Edgaras Markauskas'

'Department of Laser Technologies (LTS), Center for Physical Sciences and Technology (FTMC), Savanoriu Ave. 231,
02300 Vilnius, Lithuania
neda.mazeikyte@ftmc.It

Laser-based glass welding offers great mechanical strength and increased longevity of the joint structures
but, unlike traditional bonding techniques, does not suffer from creep, out-gassing, and aging [1]. Furthermore, it
is a flexible and highly localized process that does not require an intermediate layer for the welding [1]. Ultrashort
laser welding relies on nonlinear absorption, which prevents excessive heating of the surrounding material by
confining the heat within a localized melt zone [1,2,3]. While welding of optical-contact glasses achieves the
highest welding strength, it is difficult to meet the requirements for the optical contact, especially across a large
area, even after polishing and cleaning [4,5]. For this reason, the development of laser welding of non-optical
contact glasses attracted much attention.

In this work, multi-scan welding of two non-optical soda-lime glasses of 1 mm thickness with a pre-existing
gap of 5-6 um was performed with an ultrashort laser in single-shot pulses and MHz bursts. The laser radiation
wavelength was 1064nm, pulse duration was 10 ps and 100kHz pulse repetition rate. Laser power, pulse
repetition rate, focal position, marking speed, hatch distance, and number of pulses in a burst were optimized.
After the welding, a longitudinal tensile test was performed to evaluate welding strength. Additionally, the quality
of welds was evaluated via optical micrographs and light transmission measurements.

Results indicate (see figure 1) that the average weld strength increased with an increasing number of
pulses in a burst. As a result, a maximum strength was achieved for 13 pulses in a burst. Analysis with an
optical microscope revealed that the parameter window for a successful weld without cracks narrowed at a
higher number of pulses in a burst.
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Fig. 1. Average weld strength dependence on the applied laser power with different number of pulses in the burst.

[11 Zhang J, Chen S, Lu H, et al. The effect of gap on the quality of glass-to-glass welding using a picosecond laser. Optics and Lasers in Engineering.
2020.

[2] Miyamoto I, Cvecek K, Okamoto Y, Schmidt M. Novel fusion welding technology of glass using ultrashort pulse lasers. Physics Procedia. 2010.

[8] Miyamoto I. Local melting of glass material and its application to direct fusion welding by PS-laser pulses. Journal of Laser Micro Nanoengineering.
2007.

[4] Jia X, LiK, LiZ, Wang C, Chen J, Cui S. Multi-scan picosecond laser welding of non-optical contact soda lime glass. Optics and Laser Technology. 2023.

[5] Hang CC, Deng L, Duan J, Zeng X. Picosecond laser welding of glasses with a large gap by a rapid oscillating scan. Optics Letters. 2019.
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Channels formed in glass have a variety of applications [1], for example in microelectrochemical systems,
for the creation of nozzles, and others. Laser milling allows for the formation of small diameter and high-aspect-
ratio channels [1]. Additionally, by focusing the laser beam to the bottom of the sample surface, parallel side
walls are produced. Furthermore, scattering is reduced because debris does not go in the beam path, increasing
the milled rate and depth [2]. Debris is often the limiting factor for the creation of high-aspect-ratio channels [3].
Therefore, additional debris removal methods need to be employed.

In this study, both continuous and pulsed airflow, no additional debris removal, and partial immersion of the
sample in still distilled water (referred to as water-assisted) were employed, as illustrated in Fig. 1. Compressed
airflow was blown at the laser interaction zone from a nozzle placed under the sample. Milling was done with a
1064 nm wavelength laser with a pulse duration of 13 ps (full-width-half-maxima) and the bottom-up technique.
Firstly, the milling parameters were optimized to achieve the highest milling rate. After that, channels were
milled through the entire 6.3 mm of fused silica, using various debris removal methods to find the smallest
diameter. Lastly, tilted channels were formed by introducing an offset after each scanning loop to achieve the
highest angle.

The smallest diameter was achieved when channels were formed using continuous airflow in 6.3 mm
thickness fused silica which was further reduced when milling smaller 1 mm depth channels. However, water-
assisted milling allowed the formation of a channel with a higher angle.
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Fig. 1. Simplified experiment setup with different debris removal methods: compressed airflow, no additional removal, and partial immersion
in water.

[1] L. A.Hof, J. A. Ziki, H. Jiang et al., Micro Hole Drilling on Glass Substrates-A Review, Micromachines (Basel), p. 53, Feb. 2017.

[2] X.Zhao and Y. C. Shin, Femtosecond laser drilling of high-aspect ratio microchannels in glass, Appl Phys A Mater Sci Process, pp. 713-719, Aug. 2011.

[3] J. Dudutis, G. Radiukaitis, E. Daknys et al., Quality and flexural strength of laser-cut glass: classical top-down ablation versus water-assisted and
bottom-up machining, Opt. Express, Jan. 2022.
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Parametric light generators (OPGs) and amplifiers (OPAs) are convenient and simple devices to obtain a
wide spectral tuning in the IR region. They are therefore widely used in applications such as spectroscopy, gas
detectors, etc. [1, 2]. Some applications require laser radiation of subnanosecond (300 ps - 1 ns) durations at
tunable frequencies, but such parametric frequency converters in particular are relatively poorly realized, due to
the difficulties caused by the laser-induced damage threshold to the nonlinear medium (LIDT), which, for most
materials, is lower than the threshold for parametric generation with subnanosecond pulses. Due to the high
nonlinearity coefficient, OPG and OPA are often based on quasi-phase matching crystals, i.e. periodically poled
crystals. The fan-out grating design used in this work is characterized by the fact that the grating periods change
uniformly over the entire length of the crystal, which enables obtaining a uniform tuning of the wavelengths
simply by translating the crystal. This tuning method is superior to temperature tuning because it is simpler,
faster, and more reliable.

The aim of this study was to construct an optical parametric amplifier with a 25 mm in length fan-out grating
design MgO:PPLN crystal, whose grating period changes continuously from 27,5 um to 31,6 um. The crystal
was pumped by passively Q-switched Nd:YAG MOPA microlaser generating 1064 nm subnanosecond pulses
with an average power of 1 W, a pulse duration of 520 ps, and a repetition rate of 1 kHz. As a seed, we used a
continuum generated by photonic crystal fiber. The optimal pumping conditions were estimated and the energy
and spectral characteristics of the device were investigated. A maximum conversion efficiency of 45% for OPG
and 51% for OPA in the degeneracy region was achieved (Fig. 1). It was found that with such grating periods
of the MgO:PPLN fan-out grating design crystal and in the cases of both OPG and OPA, we can obtain uniform
wavelength tuning in the range of 1420 nm to 2128 nm (Fig. 2) at a crystal temperature of 200 (1.
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Fig. 1. The comparison of OPG and OPA conversion efficiencies

m)

Transverse coordinate y (m

1400 1600 1800 2000 2200 2400
Wavelength (nm)

Fig. 2. OPG and OPA wavelength tuning range

[1] G. Baxter, M. Payne, B. Austin, C. Halloway, J. Haub, Y. He, A. Milce, J. Nibler, B. Orr, Spectroscopic diagnostics of chemical processes: Applications
of tunable optical parametric oscillators, Appl. Phys. B 71(5), 651-663 (2000).

[2] S. Lambert-Girard, M. Allard, M. Piché ir F. Babin, Broadband and tunable optical parametric generator for remote detection of gas molecules in the
short and mid-infrared, Appl. Opt. 54, 2594-2605 (2015).
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Today material processing by ultrashort pulses in UV spectral domain allows us to achieve high precision
and efficiency. However, in large-area surface patterning optical lithographic techniques [1] are still being
used despite having limited selection of usable materials and requiring multiple processing steps, facilities and
machines. Therefore, there is a demand for alternative methods such as fs-UV interference processing. This
method can produce large areas of periodically arranged structures with a period close to the wavelength of
the used fs-pulses. This ensures accurate and fast surface patterning without requiring additional preparation
or post-processing.

Fs-UV interference method has a wide range of potential applications in photonics, nanotechnology, or
biomedicine. Specifically, it can be utilized to produce functional surfaces that exhibit antireflective [2], antibac-
terial [3], or hydrophobic [4] properties.

In this presentation, we present our results for two-beam interference patterning using the third (343 nm)
harmonic of an amplified Yb:KGW laser system, providing pulse durations of 240 fs. To achieve interference
on the sample, a prototype machining head (Talbot interferometer) was constructed (Fig. 1a). This setup has
many drawbacks when used with ultrashort pulses [5], thus a Kostenbauder matrix formalism [6] was employed
to calculate optimal parameters for the alignment of the pulses. Consequently, homogeneous gratings with
nanoscale feature sizes were fabricated on a silicon surface with periods of A =800 nm (Fig. 1b). In addition,
etching the gratings in a 1% KOH solution resulted in a 10-fold increase in structure height.

In summary, our study showcases the direct processing of centimeter-scale areas through an fs-UV inter-
ference method. The Talbot approach not only ensures ease of alignment and precise period control but also
offers the advantage of having a compact configuration. Importantly, material removal can be controlled with
nanoscale precision.
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Fig. 1. (a) Talbot interferometer setup, (b) periodically patterned Si surface.
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Laser annealing is a promising method to boost photovoltaic device performance by affecting semiconduc-
tor material properties. The use of lasers provides precise control over energy delivery and spatial distribution,
allowing modifying materials characteristics locally. Achieving uniform effects over the surface requires a nu-
anced approach, as there is no one-size-fits-all method. In this work, we used a nanosecond pulsed 532 nm
wavelength laser. We explored two different strategies to anneal samples of antimony selenide. The first ap-
proach was to heat sample using a single laser beam and by changing filters, exposure time and frequency
of the laser to simulate different annealing conditions. Another strategy was to focus laser beam and scan on
the designated area on the sample. The scanning of the laser beam was realized using galvanometric mirrors.
Various mirror control and laser parameters were tested to achieve uniformly annealed areas on the sample.
To get the results, we went through several important steps. We started with using a single large laser beam,
which posed challenges with non-uniform absorption within a 700-micrometer diameter for annealing our pho-
tovoltaic samples. Seeking improvement, we experimented with scanning and introduced a diaphragm and
galvanometric mirrors. However, the scanning beams size led to uneven surface coverage. Recognizing the
need for uniformly affected areas, we refined our approach by using a long focal length lens which contracted
the beam’s size to 160 micrometres and adjusting the parameters of the mirrors to achieve uniform coverage.
This method allows for precise adjustments of the mirrors to accommodate variations in material or laser param-
eters, ensuring consistent and uniform impact on laser-irradiated surface areas. Importantly, the transition from
a single beam to scanning resulted in an increase of affected area, expanding from 1 mm?to 25 mm?2. Neverthe-
less, our final setup encountered challenges, including uncovered areas caused by synchronized frequencies
in laser and scanning settings, along with variations in thermal excitations that affected the scanning path width.
However, through galvanometric mirror parameter adjustments, we effectively solved these problems, identify-
ing optimal parameters for accurate scanning. The visual evidence from images (Fig. 1, a)) depicting uniform
coverage solidifies the success of our approach. In conclusion, our laser annealing system achieves uniform
coverage on samples, enhancing photovoltaic device performance. Moreover, it presents a potential alternative
to moving-stage laser annealing systems. Its adaptability allows for the use of different lasers and samples,
offering versatility and potential for optimizing material properties.
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Fig. 1. Optical pictures of annealed samples. a) uniformly covered. b) inconsistently covered.
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Photonic crystals (PhCs) are periodic structures with lattice spacing which is big enough to diffract light.
Under the right conditions light of certain wavelengths destructively interferes, forming a complete band gap.
In this case any incident light of that wavelength completely reflects from the surface [1]. This property of PhCs
makes it possible to control the propagation of light. Such photonic devices are used to make waveguides
(WGs) with different characteristics - power beam and polarization splitters [2], polarization — maintaining WGs
[3], to name a few. PhC logic gates are used to make optical processors [4], which consume exceptionally
small amounts of energy. The characteristics of PhCs can be used for broader applications, such as sensing
devices [5,6], as well as for more specific fields of interest (to improve the efficiency of thermophotovoltaic solar
cells with PhC based absorbers [7]) which shows the potential for many undiscovered implementations. In this
paper we summarize the characteristics of lattices in 2D spatial domain. 2D structures are especially common
in scientific applications as the 1D lattices PhCs lack a spatial dispersion control and 3D PhCs are harder to
fabricate [8]. Plane wave expansion method (PWEM) [9] is used to numerically calculate the band structures
of those 2D lattices. In this work we use PWEM numerical algorithm to calculate dispersion properties of such
structures. We also demonstrate the effects of spatial dispersion control near the photonic band edge, where
light either propagates in such medium through means of self-collimation or negative refraction.

[1] Cersonsky, R.K., Antonaglia, J., Dice, B.D. et al.[1The diversity of three-dimensional photonic crystals.[] Nat Commun(112, 2543 (2021).

[2] Tao Liu, A. R. Zakharian, M. Fallahi, J. V. Moloney and M. Mansuripur, "Design of a compact photonic-crystal-based polarizing beam splitter," in[/IEEE
Photonics Technology Letters, vol. 17, no. 7, pp. 1435-1437, July 2005.

[3] Asmar Aming, Muhammad Uthman, Ratchapak Chitaree, Waleed Mohammed, and B. M. Azizur Rahman, "Design and Characterization of Porous Core
Polarization Maintaining Photonic Crystal Fiber for THz Guidance," J. Lightwave Technol.[ 134, 5583-5590 (2016).

[4] Kuramochi, E., Nozaki, K., Shinya, A.[ et al. ILarge-scale integration of wavelength-addressable all-optical memories on a photonic crystal chip.INature
Photon(18, 474-481 (2014).

[5] Pacholski, C. Photonic Crystal Sensors Based on Porous Silicon.[1Sensors(12013,(113, 4694-4713.

[6] Y. Liuand H. W. M. Salemink, "Photonic crystal-based all-optical on-chip sensor," Opt. Express(120, 19912-19920 (2012).

[7] M. Grandeletal., "Absorption and Losses in One-Dimensional Photonic-Crystal-Based Absorbers Incorporating Graphene," in[1IEEE Photonics Journal,
vol. 6, no. 6, pp. 1-8, Dec. 2014.

[8] A. Yadav, A. Kaushik, Y.K. Mishra, V. Agrawal, A. Ahmadivand, K. Maliutina, Y. Liu, Z. Ouyang, W. Dong, G.J. Cheng, Fabrication of 3D polymeric
photonic arrays and related applications, Materials Today Chemistry, Volume 15, 2020.

[9] Raymond C. Rumpf and Javier J. Pazos, "Optimization of planar self-collimating photonic crystals," J. Opt. Soc. Am. A[130, 1297-1304 (2013).
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In the field of ultrafast optics, femtosecond pulsed lasers are pivotal due to their extensive applications in
science and technology. The quest for shorter laser pulses is driven by the need for higher temporal resolution,
greater peak power and precision in applications. Nonlinear phenomena such as: spectral broadening and post-
compression are commonly used to achieve shorter pulses. Typically, multi-pass configurations are employed
to achieve significant spectral broadening leading to losses and large delays with respect to the laser output
[1]. Benefits of such complex systems are: high compression ratio and preserved beam quality. Commercial
systems emerged recently as well [2].

We investigate prospects of compression with femtosecond Yb:KGW 76 MHz laser oscillator [3] low energy
210 nd pulse with relatively low losses. Two setups for compression investigated, intermediate single-pass and
double-pass through a nonlinear material — ZnS, possessing large nonlinearity when compared to most optical
materials. First, self-phase modulation is achieved using a very high intensity laser beam and a nonlinear
material so that the spectrum is broadened. Later post-compression is applied using Gires-Tournois mirrors
with negative group velocity dispersion to achieve pulses that are shorter and have higher peak power than the
original. The resulting and primary spectrum of the laser oscillator are shown in figure 1. This study shows that
ZnS, low bandgap optical material, can be successfully used in the high average power multi-pass setup for
spectrum broadening without damage.

Spectral broadening using Zn$S + Zn$S configuration
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Fig. 1. The original spectrum of the femtosecond oscillator (blue) and the spectrum broadened in the ZnS + ZnS configuration (red).

[1] Victor Hariton, Kilian Fritsch, Kevin Schwarz, Nazar Kovalenko, Gongalo Figueira, Gunnar Arisholm, and Oleg Pronin,

[2] n2-photonics GmbH, add-on modules (MIKSs) to spectrally broaden and temporally shorten pulses: https://www.n2-photonics.de/products

[3] Jonas Banys, Julius Vengelis, ,Efficient single pass and double pass pre chirp managed Yb doped rod type fiber amplifiers using Gires Tournois
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Gallium nitride has recently stood out as a material that has a lot of useful properties for electronic and op-
toelectronic appliances, such as wide band-gap (3,4 eV), high heat capacity, thermal conductivity, break-down
voltage, electron mobility and high quantum efficiencies [1]. These properties make gallium nitride a valuable
material in developing light emitting diodes (LEDs) [2], field effect transistors (FETs) [3], high-temperature de-
vices [4] and many others. To manufacture these devices from gallium nitride a high-quality processing is
needed.

Recent advancements in the development of ultrashort pulse lasers allow high-quality micro-processing of
materials. It is well known that the use of ultrashort laser pulses, compared to longer ones, give more control
in the ablation process and also increase the resolution of micro-processing, due to reduction of heat-affected
zones (HAZ) because the temporal length of the pulse is lower than the length of thermal diffusion. Most
approaches use femtosecond lasers with wavelengths longer than ultraviolet [5]. However, shorter wavelengths
in UV spectral range could benefit in decreasing heat-affected zones due to linear (one photon) absorption
and smaller focus point, because it is directionally proportional to the wavelength. This technique was tested
with the use of longer nanosecond pulses of excimer UV lasers [6]. Nevertheless, laser processing using UV
femtosecond laser pulses has seldom been studied.

In this study we directly ablate thin-film undoped gallium nitride using femtosecond ultraviolet laser pulses
[257 nm, 100 kHz, 240 fs] with different pulse energy and pulse overlapping. The topographies of ablated
regions were measured with a profilometer (repeatability c,,_1 = 12 nm). The ablated structures were charac-
terized using three variables: ablation depth, ablation efficiency and average modified surface roughness S,
calculated according to ISO 25178-3:2012. Our results indicate that the use of femtosecond UV laser pulses
enable high resolution and high-quality ablation with minimal heat affected zones (HAZ) while processing wide
band-gap materials such as gallium nitride. We demonstrate the efficient ablation with average surface rough-
ness S, values in the frame of [16 nm - 86 nm] without any post-processing.
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Fig. 1. Results of uGaN ablation using femtosecond UV pulses: (a) experimental data of average surface roughness of ablated areas as
a function of pulse energy fluence, (b) experimental data of ablation depth as a function of pulse energy fluence, (c) SEM image of laser
ablated area (PO = 79,2 %, Fy = 15,6 J/cm?, S, = 62 nm).

[1] L.K. Nolasco, G.F.B. Almeida, T. Voss, C.R. Mendonca, Femtosecond laser micromachining of GaN using different wavelengths from near-infrared to
ultraviolet, J. Alloys Compd. 877, 160259 (2021).

[2] S. Nakamura, T. Mukai, and M. Senoh, Candelalclass high(lbrightness InGaN/AlGaN double( heterostructure blue(light lemitting diodes, Appl. Phys.
Lett. 64 (13), 1687—-1689 (1994).

[8] H. W. Huang, C. C. Kao, J. T. Chu, H. C. Kuo, S. C. Wang and C. C. Yu, Improvement of InGaN-GaN light-emitting diode performance with a nano-
roughened p-GaN surface, IEEE Photon. Technol. Lett. 17(5), 983-985 (2005).

[4] J. Bonse, A. Rosenfeld, and J. Kriiger, Implications of transient changes of optical and surface properties of solids during femtosecond laser pulse
irradiation to the formation of laser-induced periodic surface structures, Appl. Surf. Sci. 257(12), 5420-5423 (2011).

[5] T Kim, H.S Kim, M Hetterich, D Jones, J.M Girkin, E Bente, and M.D Dawson, Femtosecond laser machining of gallium nitride, MSEB 82(1-3), 262-264
(2001).
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Terahertz (THz) radiation, falling within the millimeter-micrometer wavelength range (0.1 THz - 10 THz)
[1], represents a low-power, non-destructive form of electromagnetic waves. This unique region necessitates a
combination of electronics and photonics methods for both radiation emission and detection [2]. THz radiation
possesses a notable advantage in penetrating various dielectric objects like paper, rubber, and textiles. It has
found applications in security, production quality control, imaging, and bio-fabric analysis [3]. Traditionally, these
applications relied on costly and bulky lenses or mirrors for beam propagation control. However, metalenses, a
combination of diffractive zoneplate lenses with metaatoms, offer a solution by utilizing smaller-than-wavelength
geometrical shapes, specifically split ring resonators, for phase delay and polarization rotation [4].

In this research different sizes CSRR were used as phase delaying metaatoms for periodically changing
subzones in Fresnel diffractive lens designs. Metaatoms shapes were precisely chosen to have delay difference
equal to 7 /2 for lenses with 4 subzones. Traditional and Non-paraxial adjusted lens models created for 250
GHz frequency and simulations performed applying FTDT method.

Results show very similar focusing efficiency and performance regarding size and aberration adjustments,
with the best performing (Ryin = 140um,R1pmax = 196um, Rypin = 110um, Rypee = 154um, 6 = 110°) lens. Non-
paraxial design demonstrates higher electric field at focal point. The metalens also induces polarization rotation
based on CSRR orientation.
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Fig. 1. Metalens model a) and electric field distribution along optical axis o metalenses with different metaatoms geometries b).

Research was funded by Lithuanian Science Council, project number: S-ST-23-190
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Optical imaging systems are convenient for commercial and scientific interests, finding applications in
medicine, security, material analysis, and quality control[1]. While these systems are usually associated with
using high-energy radiation (X-ray), leading to obvious disadvantages like ionizing effects and high costs. Ter-
ahertz imaging is a perfect solution for imaging system safety since it employs non destructive radiation, which
can still penetrate most dielectrics. To achieve even better results interference based coherent imaging (homo-
dyne detection) can be employed.

The objective of this study is to analyze optical component arrangement in THz homodyne imaging systems,
with a focus on Gaussian and Bessel axicon lenses [Fig. 1]. These lenses were systematically altered in
positions for the imaging system. Modulation transfer function (MTF) was evaluated along optical axis to obtain
information about resolution of the imaging system. Contrast information was then utilized in order to obtain
best possible conditions for highest resolution imaging on low absorption objects such as thin paper layers or
even graphene.

The coherent imaging approach proved to be more effective, since little changes in absorption were de-
picted more accurately. Obtained results lead to conclusion, that lens types and positions matter in context of
terahertz imaging. This research can be further expanded by using even more different types and compositions
of lenses, employing non-paraxial optics and forming structured light[2].
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Fig. 1. Left - Obtained modulation tranfer function values along optical axis with different compositions of Gaussian and Besel lenses, Right
- homodyne imaging setup (E - emitter, D - detector, PM, M - mirrors, L - lenses, BS - beam splitter, S - sample).
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Micro-structuring of materials is one of the most widely applied fields in science and industry. The main
objective of surface structuring is to tailor the properties of the outer layer of a material to meet specific functional,
aesthetic, or performance requirements [1]. The complex interplay between laser characteristics and dielectric
materials provides insight into how specific laser parameters shape the structural and functional properties of
these materials. The diffraction limited focus point size is directly proportional to the wavelength, so a smaller
spot size leads to the precision. Thanks to the short UV wavelength, it is possible to ablate materials with high
precision and obtain a smooth surface morphology [2]. When the pulse is short, the laser energy is very intense
on the target, resulting in a cleaner, more precise ablation process and ability for highly accurate control of the
depth of the infringement [3].

The precision and smoothness is a must for the fabrication of DOE-phase micro structured elements. One
of the most commonly used diffractive elements is the Fresnel zone plate, but due to the limited resolution and
the size of the possible structure, researchers have developed a new diffractive element, the photon sieve [4]. It
consists of a series of pinholes of different depths spread over the entire Fresnel zone plate. Photon sieves can
be used to obtain a sharper focus, which is not dependent on the width of the zone area buton the dimensions
of the pinholes [5].

This article describes the influence of laser parameters on the micro-structuring of fused quartz by single
pulses of
"PHAROS
" femtosecond laser radiation. The results are analyzed, the dependences of depth, width and volume on the
pulse energy are investigated and the most suitable parameters for fabricating photon sieves are selected. Five
photon sieves of different periods (T =4,5,6,8 and 10um ) have been created with a focal length of 9 mm.
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Fig. 1. a) the depth of pinholes illustrated by a graph, b) Photon sieve image by profilometer, c) Efficiency of different periods photon sieves.

The highest efficiency obtained was for a T = 4um period photon sieve, which was 2.06%. Compared to
the studies using the same elemental design method, the efficiency value is 1.75 times higher (n = 1,18% [5]).
Also, this effiency is achieved with a focal length of 9 mm, that is 17 times smaller (f = 150mm [5]).

[1] Mangirdas Malinauskas, Albertas Zukauskas, Satoshi Hasegawa, Yoshio Hayasaki, Vygantas Mizeikis, Ri¢ardas Buividas, and Saulius Juodkazis.
Ultrafast laser processing of materials: From science to industry, 8 2016.

[2] J Zhang, K Sugioka, and K Midorikawa. Laser-induced plasma-assisted ablation of fused quartz using the fourth harmonic of a nd+:yag laser, 1998.

[3] P. Balling and J. Schou. Femtosecond-laser ablation dynamics of dielectrics: Basics and applications for thin films. Reports on Progress in Physics, 76,
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[5] Matthew N. Julian, David G. MacDonnell, and Mool C. Gupta. Fabrication of photon sieves by laser ablation and optical properties. Optics Express,
25:31528, 12 2017.
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Efficient methods for generating high-energy picosecond pulses with high beam quality are still a chal-
lenge, as conventional picosecond pulse generation methods have certain limitations. Q-switching prevents
pulses shorter than ~0,3 ns [1], while mode locking limits the pulse energy, to the order of uJ [2]. We have
recently demonstrated energy-scalable an efficient self-seeded single-cell SBS configuration [3] to achieve the
ultimate >10 times pulse compression of ~1.1 ns pulses from a commercially available Nd:YAG mini-laser. The
shortest pulse width of ~93 ps at the output of the double-pass SBS-PCM Nd:YAG amplifier with an improved
beam quality and reduced beam pointing fluctuations by a factor of 4 compared to a conventional MOPA
was achieved [3]. The goal of this study was to further investigate and upgrade it to a four-pass self-seeded
dual-cell SBS-PCM configuration (Fig. 1). Particular attention was also paid to ensuring a high-quality output
beam, as well as the long and short-term stability of the laser.

In our experiment Nd:YAG passively Q-switched mini-laser operating at a repetition rate of 10 Hz was
used as the source of initial pulses with a duration of 1.05 ns and an energy of ~2 mJ at a wavelength of 1064
nm. After four-pass Nd:YAG amplifier without SBS-PCM, ~20 mJ of pulse energy was achieved with a signal
pulse energy of 270 uJ. However, taking into account the equations of Frantz-Novick maximum energy of ~45
mJ can be achieved with a maximum seed energy of 2 mJ.
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Fig. 1. SBS-PCM amplifier scheme: F1, F2 — beam expanding telescope; Fl — Faraday isolator; FR — Faraday rotator; 1/2 — half-wave
retardation plate; A/4 — quarter-wave retardation plate; POL1, POL2, POL3, POL4 — thin-film polarizers; Nd:YAG — amplification module;
M1, M2, M5 — 45° plane mirrors; M3, M4 — 0° plane mirrors; AP — aperture; SBS1, SBS2 —-SBS cells.

Also, two SBS cells were implemented into this four-pass amplifier configuration to compress the pulse
width and improve the beam quality. This self-seeded four-pass SBS-PCM amplifier layout lets us expand the
laser beam diameter up to ~4 mm to avoid optical damage threshold and achieve up to ~40 mJ output pulse
energy with Sub-90 ps pulse width.

To conclude high output pulse energy laser based on SBS-PCM in sub-90 ps scale with good beam quality
was developed. It can be applied in dermatology as tattoo removal, as it has a good beam quality that prevents
scar formation. Finally, this laser system also a good candidate for high-throughput interference patterning of
a metal surface to impart water-repellent properties.

[1] B. Cole, L. Goldberg, A.D. Hays, High-efficiency 2 um Tm:YAP Laser with a Compact Mechanical Q-Switch, Opt. Lett. 43, 170-173 (2018).

[2] U. Keller, K. J. Weingarten, F.X. Kartner, D. Kopf, B. Braun, I.D. Jung, R. Fluck, C. Honninger, N. Matuschek, J. A. der Au, Semiconductor saturable
absorber mirrors (SESAM'’s) for femtosecond to nanosecond pulse generation in solid-state lasers. IEEE J. Sel. Top. Quantum Electron 2, 435-453
(1996).

[3] AM. Rodin, A. Cerneckyté, P. Mackonis, A. Petrulénas, Optimizing Self-Seeded Perfluorooctane SBS Compressor Configurations to Achieve 90 ps
High-Energy Pulses, Photonics 10, 1060 (2023).
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Optical parametric generators (OPGs) play important roles as tunable laser sources in the near- to mid-
infrared region. Most commercially available OPGs operate within ultrashort (less than 100 ps) or long (more
than 500 ps) pulse durations. The subnanosecond range between these values is largely unexploited due to the
low optical damage threshold of the crystals. Several theoretical models have been proposed [1-3], however,
none of them consider pump pulse being depleted as its energy is converted to signal and idler waves. The
goal of this investigation was to create a model for optical parametric generation in periodically poled lithium
niobate (PPLN) crystal, pumped by subnanosecond pulses when pump depletion is active.

Firstly, we utilised a quantum mechanical model [4,5] to define an effective length of quantum noise gener-
ation, then, we applied classical three wave interaction formulas and symmetrized split-step Fourier transform
method to simulate the wave propagation in the PPLN crystal. This allowed us to compare the outputs of the
parametric generation for different numbers of initial noise photons.

As seen in figure 1, the energy conversion curves match well if the propagation axis is moved by the
effective length over which 1, 4 or 8 noise photons are generated. In each case, the curves saturate at ~43%
for the signal and ~19% for the idler wave. The shapes of the temporal and spatial intensity profiles for different
number of photons were also similar. In addition, by varying the crystal grating period A, we calculated the
spectral widths (FWHM) for 6 gratings. Larger A values lead to spectral widths increase from 6.1nm to 11.6nm
for the signal and 55.6nm to 74.4nm for the idler.
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Fig. 1. Conversion efficiency n dependence on the position in the crystal z for signal (a) and idler (b) waves when z is moved by the
effective length. Pump wavelength 1064nm, pulse duration (FWHM) 100ps, beam diameter (1/e2) 40 um, intensity Iy = 8.9GW /cm?, power
P=27.6mW.

To conclude, the developed model should provide a basis for understanding the optical parametric gen-
eration process in the subnanosecond regime and support the results of further research and development of
more effective subnanosecond OPG systems under pump depletion.

[1] L. Carrion and J. P. Girardeau-Montaut, Development of a simple model for optical parametric generation, J. Opt. Soc. Am. B 17, 78-83 (2000).

[2] S.Acco, P. Blau, and A. Arie, Output power and spectrum of optical parametric generator in the superfluorescent regime, Opt. Lett. 33, 1264-1266 (2008).

[38] B.Wang, X. Zou andF. Jing, Quantum analysis of optical parametric fluorescence in the optical parametric amplification process, Journal of Optics 17(5)
(2015).

[4] P.E. Powers, J. W. Haus, Fundamentals of Nonlinear Optics (2nd edition). Boca Raton: CRC press, 2017.
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There are various applications where incorporating a hologram or a different light-diffracting surface relief

pattern onto the exterior of a molded plastic component is advantageous to ensure the authentication of the
product. It is important to develop techniques for widespread mass replicating plastic articles, with microstruc-
tures on their surfaces through injection or blow molding using a unitary mold piece in the shape of the object,
with the hologram integrally formed on its inside surface. These microstructures can be formed through various
techniques including attaching metal film replicas of holograms to the model, electrodeposition directly on a
model with a surface relief pattern or forming the hologram directly on the model's surface using photosensitive
materials [1-3].
In our research, diffractive elements were made from the creation of a unique graphic design to the final product
— an original hologram with special security elements. The full hologram production cycle was used: mathemat-
ical modeling of diffractive structures, recording of the original hologram by dot-matrix technique, silver vacuum
evaporation, electrochemical deposition of nickel master, and recombination. To achieve this, the design of the
configuration of diffraction structures (arrangement of geometric figures, texts, symbols, selection of diffraction
optical effects) and the investigation of the formed hologram were carried out, choosing the optimal constants of
diffraction gratings, the parameters of the angular and spatial orientation of marks formed by diffraction means.
Holograms have been thoroughly studied in terms of their morphology, structure, composition, mechanical and
other properties. The overall goal is to improve the replication of surface relief holograms on molded plas-
tic parts, offering authenticity and suitability of the production, which meets the global level, for its certified
production.

[1] Dan Chen et al. Advanced Materials 2022, 34, 2200903.
[2] X. Wang et al. Optics and Laser Technology 2021, 135, 106687.
[3] Yangxi Fu et al. Scientific Reports 2020, 10, 22428.


erika.rajackaite@ktu.lt

DEVELOPMENTAND OPTIMIZATION OF A SUBNANOSECOND OPTICAL
PARAMETRIC GENERATOR BASED ONCOMBINED PPLN CRYSTAL STAGES

Augusté Stravinskiaté', Jonas Banys', Julius Vengelis!

lyU Laser Research Center, Saulétekio al. 10, 10223 Vilnius
auguste.stravinskaite@ff.stud.vu.lt

Nowadays lasers have become necessary optical device capable of converting light from its natural inco-
herent state to coherent state. However, lasers have spectral limitations making wavelength extremely hard to
change. In order to change the wavelength of laser radiation, parametric light generators are used which have
a distinctive flexibility enabling them to provide radiation in an entire spectral range. Mostly optical parametric
light generators are within ultrashort (less than 300 ps) and long (more than 1 ns) pulse durations, nevertheless
due to certain physical limitations effective subnanosecond pulse (less than 1 ns and more than 300 ps) gen-
erators have not been constructed yet [1-3]. The aim of this work was to construct and investigate MgO:PPLN
optical parametric generator pumped by second harmonic of subnanosecond Nd:YAG microlaser which will be
used in the subsequent optical parametric amplifier system tuneable in the visible spectrum range. Additionally,
investigate the latter crystal’s properties In this work the spectral and energy characteristics of the constructed
OPG were measured. During optical parametric generation MgO:PPLN optical crystal gratings were from 6.85
pum to 8.65 ym and at 90°C difference frequency wave (idler wave) range was 1060 — 2160 nm, in near part of
IR spectrum, and the signal was from 702 nm to 1060 nm, The maximum signal power at 1060 nm was 71 mW
and the overall conversion efficiency at 1060 nm obtained 28.3The results of this work will be used for further
development of an effective subnanosecond OPA system generating light in the visible spectrum range which
as a seed source will use the investigated OPG system.
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Fig. 1. Dependence of conversion efficiency on pump power for seven different wavelengths when the MgO:PPLN crystal temperature is
300

[1] M. H. Dunn and M. Ebrahimzadeh, Parametric Generation of Tunable Light from Continuous-Wave to Femtosecond Pulses, Science 286, 1513— 1518
(1999).

[2] A. Dubietis, Netiesiné optika, (Publisher Vilnius University, Vilnius 2011).

[3] R. W. Boyd, Nonlinear Optics ed. 3 (Academic press, New York 2008).
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Inertial Confinement Fusion (ICF) is a potential way to produce energy by using high-power lasers to
compress a fuel capsule. Low-density foams find common use as targets in experiments involving laser-plasma
interactions because they can be converted into large-volume homogeneous plasmas. The major advantage
of utilizing foam targets lies in their swift transition from a structured solid material to a nearly uniform plasma
under intense radiation [1]. To produce such low-density foams lithography techniques are used. Particularly
in this experiment, two photon polymerization that provides significant advantage in print resolution in creating
three-dimensional microstructures [2].

In this research, our task is to create foams comprising exclusively of light elements for example hydrogen,
carbon, and oxygen. For this purpose, we employ acrylic resins. Highly-porous microstructures play a crucial
role in ICF, because they serve multiple functions, such as smooth the laser beam inhomogeneities, enhance
the laser absorption as well as increase the ablation loading in a layered target configuration. However, a prob-
lem arises when using foams which contain only light elements as they tend to shrink during the two-photon
polymerization process and structure development. Therefore extensive and varied research is necessary to
identify the most suitable resin for low-density foams. This study focuses on investigating the optimal acrylic
resin and photoinitiator for the development of low-density highly-porous microstructures, intended for applica-
tion in ICF.

[1] Tikhonchuk, V. T., Gu, Y. J., Klimo, O., Limpouch, J., & Weber, S. Studies of laser-plasma interaction physics with low-density targets for direct-drive
inertial confinement schemes. Matter and Radiation at Extremes 4.4 (2019): 1.5090965

[2] Wang, H., Zhang, W., Ladika, D., Yu, H., Gailevi¢ius, D., Wang, H., Pan, C., Nair, P. N. S., Ke, Y., Mori, T., Chan, J. Y. E., Ruan, Q., Farsari, M.,
Malinauskas, M., Juodkazis, S., Gu, M., & Yang, J. K. W. Twol[1Photon Polymerization Lithography for optics and Photonics: Fundamentals, materials,
technologies, and applications. Advanced Functional Materials 33.39 (2023): 202214211
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Inertial confinement fusion(ICF) is a nuclear fusion reaction that takes place by compressing and heating
small pellets targets, that usually contain isotopes of hydrogen. Energy is disposed on the target’s outer layer,
which explodes and creates shock waves during the whole target. It is widely used for energy production. One
of the main advantages of using foam targets for inertial confinement fusion reactions is that they can provide a
low density with a high mechanical stiffness.[1] Additionally, parametric instabilities are sensitive to the plasma
temperature and the density scale length, and those parameters are easily controlled using foams. Acrylate
materials provide low density and it's the first time that woodpiles are fabricated with them using green light
using two photon polymerization, which provides high precision in creating three-dimensional nanostructures,
as foams.[2]

In this work, main goal is to investigate the fabrication parameters that provide high porosity woodpile foams
with straight lines and the minimum possible shrink. These parameters are the writing speed, the average
power and the development of the structures. The right material and geometry were investigated in order
3D woodpile foams of dimensions 1 mm in X and Y axis and 500 um in Z axis to be fabricated using two
photon lithography. The laser that was used for fabrication was Nanofactory with wavelength 517 nm and the
objective was Mitutoyio 50x0.75 NA. The materials that were used are PETA (Pentaerythritol triacrylate), PETTA
(Pentaerythritol tetraacrylate) and (PETA:PETTA)(60:40). Also, the suitable photoinitiator was also investigated.
Irgacure 369 and Thioxanthen 9-one alfa were used in different concentrations.

This far, the best results came from structures of (PETA:PETTA)( 60:40) and thioxanthen-9-one alfa 0.5%.
The speed of the laser is 50 mm/s and the power 40 mW. The X and Y length is Tmm and the model’s height
90 um. In X and Y axis the porous size is 50 um and in Z 30 um. More experiments have to take place in order
the height to reach the model’s goal, which is 500 um.

TM-1000_3952 2006.03.06 01:14 L D20 x150 500 um TM-1000_3946

Fig. 1. Structures of (PETA:PETTA)( 60:40) and thioxanthen-9-one alfa 0.5%. The speed of the laser is 50 mm/s and the
power 40 mW. The X and Y length is 1 mm and the model’s heighu 90 um. In X and Y axis the porous size is 50 um and in
Z30 um.

[1] V. Tikhonchuk, YJ. Gu, O. Klimo, J. Limpouch, and S. Weber. Studies of laser plasma interaction physics with low-density targets for direct-drive inertial
confinement schemes. Matter and Radiation at Extremes, 4(4):1-8, 2019.
[2] A. Ostendorf and B.N Chichkov. Two-photon polymerization: a new approach to micromachining. Photonics spectra, 40(10):72, 2006.
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This work explores approaches to the structure-from-motion problem [1] by employing well-established
methods to reconstruct 3D objects from various selected yet limited 2D image sets. We utilize synthetically
generated views (Fig. 1a) of textured meshes rendered with PyTorch3D [2] with variable image quality, as well
as photographs of objects from the natural world (Fig. 1b).

Reconstructing 3D meshes from any given image set requires knowledge of the camera positions from
which the shots were taken. Neither of the selected approaches to create datasets (synthetic or natural) did not
involve a way of logging camera positions. To locate those positions, COLMAP package [3] was used to select
intrinsic features of images, mark them as points within the pictures, cross-match them, and find a global solution
(Fig. 1c). However, achieving a successful reconstruction of any given scene is not straightforward. Therefore,
this work investigates the minimal quantity and quality of images required in various controlled synthetically
generated datasets to ensure a robust reconstruction. Using the extracted camera view positions, we employ
the Neural Radiance Field method (NeRF) to synthesize novel views and generate a point cloud much more
detailed than that obtained by COLMAP.

The model used in this study is similar to the one presented in the original paper [4] introducing the concept
of NeRFs. Such model utilizes a volumetric method to project rays out of the picture, interacting with pixel data,
to reconstruct object
's density in 3D space. Synthetically generated models with recovered camera positions were employed to
recreate 3D meshes (Fig. 1d) and explore the results achievable with limited quality and quantity image sets.
Finally, natural world images were used to create acceptable quality meshes and 3D scene reconstructions.

a) Synthetically generated views b) Natural world pictures
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¢) COLMAP model reconstruction d) Mesh recreation with Nerf machine learning

Fig. 1. Simplified workflow of 3D mesh reconstruction. a) Using Pytorch3D selected picture texture is transformed around mesh vertice
map to create 3D object mesh and a set of views. b) Selected natural world object is photograped. c) Using COLMAP before mentioned
sets of images are reconstructed and their camera view positions are extracted. d) Using NeRF machine learning and given coordinates
of a picture set camera views, 3D meshes are generated.

[1] Hartley, R. I, Zisserman, A. (2004). A Brief Overview of Structure from Motion. International Journal of Computer Vision.

[2] Ravi, N. et al. (2020). Accelerating 3D Deep Learning with PyTorch3D. arXiv:2007.08501.

[3] Schoénberger, J. L., Frahm, J.-M. (2016). Structure-from-Motion Revisited. In Conference on Computer Vision and Pattern Recognition (CVPR).
[4] Mildenhall, B. et al. (2020). NeRF: Representing Scenes as Neural Radiance Fields for View Synthesis. In ECCV.
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Gallium gadolinium garnet (GGG) is a one of the most studied garnet materials utilised for its optical and
scintillator proprieties when doped with rare earth (RE) ions [1].These properties enable the use of the ma-
terial in solid state lasers and scintillator detectors. GGG belongs to the garnet crystal family. and is similar
in properties to many frequently studied materials. These materials have excellent optical properties as they
are transparent and can be doped with RE ions. GGG in comparison to alternative materials has improved
mechanical properties, it is more chemically inert and thermally stable.

It is important to study permanent defects induced by ionising radiation in scintillator materials, because
they have inhibiting effects on the functionality of the material. Scintillator operation is enabled by the fading of
defects that eventually emit electromagnetic radiation close to the visible light spectrum [2].

Multiple paramagnetic defects, which can be detected using electron paramagnetic resonance (EPR) meth-
ods, have been reported in GGG [3]. Broad lines with g-factor of ~ 2 have been measured, which were related
to Gd clusters.

Radiation-induced centres have been previously reported [4], but mechanisms behind their formation could
not be explained.
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Fig. 1. EPR resonance angular dependence rotating GGG around one of the principal crystal axes. Dots are experimental points and lines
represent simulations.

In this study, EPR spectra of neutron radiation-induced defects in GGG have been analysed. The defects
possess highly anisotropic g-factors, which are not characteristic for these types of materials. Two distinct types
of radiation induced defects in GGG have been observed and mechanisms of their formation are discussed.

[1] A.Kaminska et al., Merging of the 4 F 3/2 level states of Nd 3+ ions in the photoluminescence spectra of gadolinium-gallium garnets under high pressure,
Physical Review B 84.7, 075483, (2011)

[2] 1. 1. Syvorotka et al., Optical properties of pure and Ce3+ doped gadolinium gallium garnet crystals and epitaxial layers, Journal of Luminescence 164,
31-37, (2015)

[3] V. Singh et al., EPR and optical investigation of ultraviolet-emitting Gd3Ga5012 garnet. Journal of Materials Science: Materials in Electronics 29,
944-951, (2018)

[4] N.Mironova-Ulmane et al., EPR and optical spectroscopy of neutron-irradiated Gd3Ga5012 single crystals, Nuclear Instruments and Methods in Physics
Research Section B: Beam Interactions with Materials and Atoms 480, 22-26, (2020)
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Pathogenic microorganisms such as bacteria and fungi can cause infectious diseases. Antibiotics are
used for the treatment of bacterial infections and antifungals for yeast caused infections. Discrimination be-
tween bacterial and fungal infection is important because of the different treatment strategies which can be
applied while treating patients. For example, the prescription of antibiotics to patients with fungal infection can
complicate the course of the disease by eliminating the bacterial members of the skin microbiota. Methods
which are used nowadays for pathogenic microorganisms’ identification require sample preparation and/or cul-
tivation and takes a long time until the identification results are obtained, especially in the case of eukaryotic
microorganisms. ATR IR spectroscopy is a non-destructive method and often does not require sample prepa-
ration. The collection of the ATR IR absorption spectrum takes several minutes therefore the identification of
pathogenic microorganisms can be accomplished faster [1-3].

In this work, the method of an attenuated total reflection of infrared radiation (ATR IR) spectroscopy was
applied for the analysis.Atotal of 177 ATR IR absorption spectra were collected which includes two types of yeast
(Candida guilliermondii, Candida parapsilosis), three types of bacteria (Staphylococcus aureus, Streptococcus
pyogenes, Escherichia coli) and mixtures between pathogenic yeast and bacteria.

ATR IR absorption spectra of mixtures of C. guilliermondi-S. aureus, C. parapsilosis-E. coli and C.
parapsilosis-S. Pyogenes at the ratios 1:1, 1:2, 1:3, 2:1, 3:1, 2:3, 3:2 were measured to test the ATR IR suit-
ability to discriminate microorganisms in mixtures. The main spectral difference was observed in 1360 cm™!
— 1280 cm™! region. As the ratio of the mixture changes, the position of the polysaccharides § (CH), Amide
Il spectral bands changes (Fig. 1. (a)). In order to assess the applicability of the FTIR ATR spectral method
in clinical diagnostics, k-means statistical analysis was performed. In Fig. 1. (b) most of ATR IR absorption
spectra of pure bacteria are located in the part of the diagram marked with red ellipse, while most the pure
yeast spectra are located in the part of the diagram marked with blue ellipse. The spectra of the mixtures are
located between the mentioned parts of the diagram, depending on the dominant microorganism in the sample.

@ 17 =z | < )
1 [2:1]
——C. parapsilosis

Absorbance (a.u.)

. A
. . b b

Y] M \
3] ] M
M M

.
¥ 1

M
[

. ]
. b X‘Ll ~ L 1 N M M
) / R '\[.{‘I.J o iy O By b Moy
; : : = o e L Nt R T R LT
1350 1340 1330 1320 1310 1300 1290 " [ B [X]
e 1335

Wavenumber (cm™)

LR

Py -9
002 A, %% o o
oo N TR

Fig. 1. (a) ATR IR absorption spectra of pure yeast, pure bacteria, and mixture, (b) k-means plot of ATR IR absorption spectra of bacteria,
yeast, and their mixtures.

[1] M. Pigtowski, Int. J. Environ. Res. Public Health 16, 477 (2019)
[2] M. Harz, P. Résch, J. Popp, Cytometry 75A, 104-113 (2009)
[3] B. Buszewski, A. Rogowska, P. Pomastowski, M. Ztoch, V. Railean-Plugaru, J. AOAC Int 100, 1607-1623 (2017)
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WATER VAPOR INTERACTION WITH LIQUID ETHANOL WAS INVESTIGATED USING
THE TERAHERTZ TIME-DOMAIN SPECTROSCOPY TECHNIQUE.
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This study develops a novel ethanol purity monitoring method based on the terahertz time-domain spec-
troscopy system. Historically, ethanol was used as a general anesthetic and has modern medical applications
as an antiseptic, disinfectant, and solvent for some medications. It is used as a chemical solvent in the synthe-
sis of organic compounds and as a fuel source. Some applications require the use of ultra-pure ethanol. For
example, in the pharmaceutical industry, even a small amount of water in the solvent may cause problems in
chemical reactions during research for purposes such as drug discovery. In this case, a real-time monitoring
method is a promising analytical technology to guarantee the quality of the manufactured products. Our method
is a promising solution for the real-time measurements of chemical reactions for quality control in pharmaceu-
tical manufacturing.

001760 -0.01760
001435 001435
001110 | 001110
& -0.007850

|

-0.007850

-0.004600 -0.004600

-0.001350 -0.001350

0001900

|
|
i 0005150
Sty G|
| 0.008400
|
001165
001490

0001900

0005150

¥y 0.008400
ootes

| 001450

(a) (a) (b) (b)

Fig. 1. Temporal development of transmittance spectra of 34 cm tube after injection of 10 ml ethanol. (a) 99.8% rectified ethanol and (b)
96% mediacal ethanol

The experiments were carried out by injecting small amounts of liquid alcohol into a closed tube filled with
atmospheric air. The transmittance spectra of such a tube depended on the terahertz absorption of water and
alcohol vapor and the interaction of water vapor with the liquid alcohol surface. In the vapor state, the absorption
intensity of the alcohol molecule is similar to that of the water molecule, but the terahertz absorption spectra
of both materials are significantly different. Moreover, a strong interaction between liquid alcohol and water
molecules in the vapor state was observed (Fig. 1). Vapor spectroscopic testing has been shown to prove a
more sensitive detection of low concentrations of water in ethanol than liquid phase [1] testing.

[1] K. Horita, K. Akiyama, H. Satozono,T. Sakamoto, K. Takahashi, Terahertz Time-Domain Attenuated Total Refection Spectroscopy by a Flow-Through
Method for the Continuous Analysis of Hydrous Ethanol
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Carboxylic acids are often studied using vibrational spectroscopy because they serve as excellent model
systems for understanding processes involved in more complex molecular structures [1]. While the hydrogen
bonding properties of saturated carboxylic acids have been studied for decades, there are still unanswered
questions about the structure of such systems and the hydrogen bonds formed between these molecules.
Research has shown that the first three carboxylic acids of the homologous series can form at least two types
of dimers [2]. Valeric acid, also known as pentanoic acid (CsH;¢yOy¢), is described as a straight, saturated
chain alkyl carboxylic acid [3]. Recent calculations predict another stable conformers of valeric acid monomer
with non-linear alkyl chain. The main objective of this work is to identify experimentally observable structures
of valeric acid (refer to Figure 1) using matrix isolation infrared spectroscopy in conjunction with theoretical
calculations. The second goal is to determine structure of valeric acid dimers. The questions of possibility to
observe open type dimers similar as in the lighter acids of valeric acid will be addressed.
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Fig. 1. FTIR absorption spectrum (lower curve) of valeric acid, isolated in neon 3 K matrix. The figure also
shows the theoretically predicted spectra of conformers TTGT (upper curve) and TTTT (middle curve). The
calculations were performed using MP2/cc-pVTZ theory level.

The theoretical calculations were carried out using the MP2 - Mgller-Plesset expansion extension which
contains truncated second orders, supplemented with the Dunning correlation matched basis set (triple zeta).
The MP2 calculations show that the TTGT conformation has the lowest energy, which is A E = - 0.3 k J/mol.
The experimental FTIR absorption spectra of valeric acid isolated in a neon matrix, together with the theoretical
spectra of the two most stable conformers, are shown in Figure 1. Comparison of the experimental spectra
with calculated ones of the two lowest energy conformers (see fig. 1) allowed us to identify bands belonging
to the both conformers. The band corresponding to C=0 stretching vibration at 1802 cm ~! for TTTT and
1803 cm ~! for TTGT conformer. These results demonstrate that in low-temperature matrices there are two
valeric acid monomer conformers at different concentrations. The results on dimer structure and stability will
be demonstrated from matrix isolation infrared spectroscopy results.

[1] J. Ceponkus et al. Lithuanian Journal of Physics, Vol. 49, No. 1, pp. 53-62 (2009)
[2] V. Sablinskas et al. Journal of Molecular Structure 976 (2010) 263-269
[3] Schaechter M. Encyclopedia of Microbiology. 3rd ed. Amsterdam: Elsevier/Academic Press; (2009)
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Epoxy resins are polymers which display unique resistances and mechanical properties: heat and chemical
resistance, water resistance, dielectric properties. Due to their properties, epoxy resins are often used in the
aviation, automotive, shipbuilding and electronics industries. The two components are mixed to start a chemical
reaction which causes the resin to harden. In our work we show that the terahertz time-domain spectroscopy
(THz-TDS) technique can be an excellent tool for monitoring the polymerization of the resin, since the curing
process clearly changes its optical properties in the THz wavelenght range.
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Fig. 1. Absorption spectra of liquid (black line) and solid (red line) epoxy resin.

As seen in Fig. 1, the absorption spectra of liquid epoxy resins are characterized by several absorption
lines. As the resins cure, the center frequencies of some lines change, and some lines disappear. It was also
found that the transparency of epoxy resins to terahertz radiation depend on their state: liquid, colloidal or
solid. The least transparent epoxy resin is in a colloidal state; the most transparent - fully cured epoxy resin.
The proposed measurement technique can be applied when creating various modifications of epoxy resin and
monitoring the nuances of its drying. In a broader sense, our results indicate that THz-TDS methodology can
be a useful tool for monitoring of chemical reactions.
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In recent years, nanostructured semiconductors have gained significant interest due to their high potential
application in electronic, optical, and semiconductor devices. The fundamental properties of these nanostruc-
tured materials depend on their architectures, including geometry, morphology, and hierarchical structures [1,2].
Metal sulfides are one of the most important semiconductor materials that can be made using many different
synthesis routes. Solution based synthesis has many advantages, such as being inexpensive, having short
duration. Moreover, the application of abundant non-toxic components allows to reduce energy consumption
indirectly through a simpler waste treatment or more efficient processing of raw materials with less CO2. A
successive ionic layer adsorption and reaction (SILAR) method is one of the chemical methods for making
uniform films. The obtained thin films were characterized using Raman, X-Ray diffraction, scanning electron
microscopy (SEM), and ultraviolet-visible (UV-Vis) spectroscopy. The effect of annealing temperature on the
morphology and phase of tin sulfide has been investigated. In this work, ascorbate stabilized tin sulfide on the
fluorine doped tin oxide (FTO) glass slides was synthesized by an eco-friendly and low-waste SILAR process.
The main aim of the process is to immerse the substrate into two separately placed precursor solutions, then
wash with distilled water in order to wash loosely bounded ions. To improve the solubility of tin(ll) chloride in dis-
tilled water, environmentally-safe and biodegradable L-ascorbic acid was used as a reducing and capping agent
[3]. X-Ray diffraction results showed change in the phasic composition of the deposited films. Non-annealed
films consist of SnS and Sn2S3, where SnS (mineral Herzenbergite) is the dominant [3]. Moreover, Raman
chemical imaging, together with X-Ray diffraction patterns, confirms phasic changes for non-annealed and an-
nealed samples. Annealing increases the oxidation number of Sn atoms. According to Raman maps, sample
annealed at 200 °C has very similar chemical properties compared to the non-annealed sample, so annealing
effects are significant only at higher temperatures. Samples annealed at 300 °C are neither dominantly SnS or
SnS2 containing, the proportion of the two is close to equal. Sample film annealed at 400 °C consist mostly of
SnS2, higher temperature annealing cause oxidation of tin atoms. Ultraviolet-visible spectroscopy was done to
calculate bandgap values of the films obtained. In this current work, a facile, eco-friendly technique to synthe-
size L-ascorbate acid stabilized tin sulfide thin films is described. This material is fairly cheap, environmentally
clean and has interesting properties.

[11 M Salavati Niasari et al Shape selective hydrothermal synthesis of tin sulfide nanoflowers based on nanosheets in the presence of thioglycolic acid J
Alloys Compd

[2] MS Fuhrer et al Crossed Nanotube Junctions Science

[3] ABronusiene et al Effect of ascorbic acid on the properties of tin sulfide films for supercapacitor application Surfaces and Interfaces
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Electron paramagnetic resonance (EPR) is a powerful technique used to study and manipulate electron
spins in various compounds ranging from functional materials to proteins. Recently, major advances in EPR
sensitivity were achieved using planar superconducting microresonators >. However, microresonators fab-
ricated from low-temperature superconductors have severe limitations for conventional EPR due to their low
temperature of operation and susceptibility to the external magnetic field. For this reason, microresonators
fabricated from high-T¢ superconductors are gaining attention.

Here, we use CST Microwave Studio computational electromagnetics tool to simulate microwave coupling
characteristics of a planar EPR spiral microresonator coupled to an antenna via a Bruker MD-5 dielectric ring
resonator (Fig. 1). First, we investigate the effect of the microwave antenna on the coupling strength to Bruker
MD-5 resonator. After finding the overcoupled position, we explore the characteristics of a planar EPR microres-
onator on its position and rotation in the dielectric resonator. We also explore the dependence of the frequency
of a spiral resonator on its length, while coupled to a co-planar waveguide and the Bruker MD-5 dielectric ring
resonator. We compare our simulation results with the experimental observations and further discuss the best
coupling geometry.

Fig. 1. Model of a Bruker MD-5 dielectric resonator.

Fig. 2. The frequency ependence of the S;; parameter of a spiral EPR microresonator placed inside the dielectric resonator.

[1] A. Bienfait, et al., Reaching the quantum limit of sensitivity in electron spin resonance, Nat. Nanotechnol. 11, 253-257 (2016).
[2] J.J.L. Morton, P. Bertet, Storing quantum information in spins and high-sensitivity ESR, J. Magn. Reson. 287, 128-139 (2018).
[3] Ghirri, A. et al. YBa2Cu30O7 microwave resonators for strong collective coupling with spin ensembles, Appl. Phys. Lett. 106, 184101 (2015).
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The possibility to modify AIN and AIScN properties such as piezoelectricity and mechanical stability to meet
the needs of contemporary devices encourages the investigation of new generation nitride derivatives and the
optimization of their composition. This scientific work is dedicated to studying cathodoluminescence of new
generation nitride compounds -- a series of AISCN samples containing scandium concentrations from 14% up
to 41%, including a sample of AIN.

As the amount of scandium atoms in the material increases, so does the likelihood of internal structure
disruption -- the formation of defects that affect the mechanical and electrical properties of the material. Defect
levels of vacancies and oxygen complexes within the material$ bandgap determine radiative and non-radiative
recombination processes. Radiative recombination, observed between donor and acceptor levels as evidenced
in cathodoluminescence, dominates spectral features of the material.

It is measured that as the concentration of Sc atoms in AIScN increases, the position of the dominant
spectral peak shifts to the longer wavelength spectrum and is determined by radiative recombination from
complex oxygen defects in the crystal lattice. Additionally, at higher excitation power densities, a significant
increase in the cathodoluminescence intensity of defect levels is observed, indicating an increasing density
of radiative recombination channels -- thermally activated complex oxygen defects in the material. When per-
forming cathodoluminescence measurements at increasing modification densities, an increase in intensity is
observed in compounds where the Sc concentration predominates up to 23%. Irreversible thermal modification,
potentially occurring at a critical modification density, is observed when the Sc concentration in the compound
reaches 41%.

[1] Deng, R., Evans, S. R.,&Gall, D. (2013). Bandgap in Al1-xScxN. AppliedPhysicsLetters, 102(11).
[2] Chen, D., Wang, J., Xu, D., &Zhang, Y. (2009). The influence of defects and impurities in polycrystalline AIN films on the violet and blue photolumines-
cence. Vacuum, 83(5), 865-868.
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Over the past few years, research and technology in the field of terahertz (THz) radiation has developed
significantly. This is due to the non-ionising properties of this radiation, characterised by a much longer wave-
length than that of the visible range. Applications of this radiation are increasingly being found in fields such as
medicine, biology or safety. It is therefore a motivation to continue research into spatial filtering, with suitable
personalised optical elements to enable imaging of transparent elements in this frequency range.

Spatial filtering method is a promising technique, that can be used to visualize transparent objects with the
use of a 4f optical setup (Fig.1) with much larger apertures than in the previous research [1].

|°b1901 pIane' | lens | |Fourier plane| | lens | ’%‘

Woff-axis

parabolic mirror

Fig. 1. A 4f optical setup consisting of: source and detector - based on Schottky diodes, reflective interference neutraliser, collimating
mirror, flat mirror, transparency, two double-sided focusing HDPE lenses (focal lengths f = 300 mm) and phase filter.

It was decided to focused on two of the main spatial filtering methods. The first is the Positive Phase
Contrast (PPC) method, which allows imaging after the insertion of a phase filter introducing a phase delay of
7/2 into the setup in the focal plane. The second method used is the Negative Phase Contrast (NPC) method,
which uses phase filters introducing a phase delay of 3/2 r, thus obtaining an image opposite to that obtained
using the PPC method. The choice of these methods is due to the linear relationship between the received
irradiance in the image plane and the phase shift introduced by the object in the input [1].

After performing relevant simulations to find proper sizes of filters, it was procced with analysis of suitable
materials from which optical object could be made. It was important to find materials with a relatively low refrac-
tive index and a low absorption coefficient, so that obtained objects were transparent at the chosen frequency
[2] and possible to manufacture by FDM method in 3D printing [3].

The experiment confirmed the performance as well as proved the suitability of this method in the THz range,
the effects of which can be seen in Fig. 2. It also showed some unexpected effects associated with very long
wavelengths, which inspired further research.

Scan reference PPC NPC
(without filter) (r=3.0 mm) (r=3.0 mm)
Waftle
transparency

Fig. 2. Normalised scans in the imaging plane for transparency: without filter, using the positive phase contrast method and a filter with
radius r = 3 mm, using the negative phase contrast method and a filter with radius r = 3 mm, (scan size: 100 x 100 mm?).

[1] SIEMION, Agnieszka, et al. Spatial filtering based terahertz imaging of low absorbing objects. Optics and Lasers in Engineering, 2021, 139: 106476.

[2] ZHANG, Xi-Cheng; XU, Jingzhou. Introduction to THz wave photonics. New York: Springer, 2010, DOI: https://doi.org/10.1007/978-1-4419-0978-7.

[3] KALUZA, Mateusz, et al. THz optical properties of different 3D printing polymer materials in relation to FTIR, Raman, and XPS evaluation techniques.
In: 2022 47th International Conference on Infrared, Millimeter and Terahertz Waves (IRMMW-THz). IEEE, 2022. p. 1-2.
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Selagibenzophenones (SelB) constitute a group of substances derived from plants of the Selaginella genus.
These plants are traditionally used in Chinese and Indian medicine to treat conditions such as asthma or lo-
cal injuries. Research has indicated that these substances possess various biological properties, including
antibiotic, antibacterial, or anticancer effects.

Graphene quantum dots (GQD) are nanoparticles with unique and beneficial characteristics, such as chem-
ical stability, low toxicity, small size enabling good penetration, and the ability to fluoresce with quantum yield
of 50 percent. GQDs can be utilized as drug nanocarriers, necessary for delivering the active substance to the
target cell, thereby protecting other cells.

The aim of the study was to examine the changes over time in the fluorescence spectra of SelB molecules
and to assess the formation of complexes with GQD in solvents such as dimethyl sulfoxide (DMSO) and
tetrahydrofuran (THF). The optical properties of SelB, GQD, and their mutual complexes were investigated
using optical methods. During the study, the absorption, fluorescence, fluorescence excitation, Coherent Anti-
Stokes Raman Scattering (CARS) spectra, and fluorescence quenching kinetics of SelB, GQD, and a mixture
of GQD+SelB in a 1:15 ratio were measured. The size of the formed complexes was measured utilizing CARS
microscopy.

In tetrahydrofuran (THF) solvent, the spectra of the substances do not yield meaningful results because the
absorption, fluorescence and fluorescence excitation spectra overlap with the material spectra. However, the
measured fluorescence quenching kinetics in this solvent reveal the formation of complexes. When measuring
the fluorescence quenching kinetics at 445nm (GQD maximum), the decay of GQD is monoexponential, with
an average relaxation time of ~ 9ns. In contrast, the relaxation times for the mixtures are approximately two
times shorter (ranging from 4.8ns to 5.3ns) with a three-exponential approximation.

In the DMSO solvent, the spectras also show formation of complexes. The absorption spectra show the
disappearance of one of the GQD absorption bands, the one peaking at 250nm. The fluorescence spectra
provide evidence of complex formation, when excited with 350nm light, the spectras of the mixtures are sim-
ilar to GQD fluorescence spectra, but with a slightly different spectral shape. Excitation of the complex with
UV light (250-290nm) results in fluorescence spectra that is similar to the corresponding SelB materials. The
fluorescence excitation spectra of the mixtures, regardless of the chosen emission wavelength, closely match
the excitation spectra of individual SelB molecules. The fluorescence quenching kinetics also suggest molec-
ular interaction. For the complexes, the relaxation durations are approximately four times shorter than GQD
relaxations (ranging from 1.5 to 2.2ns) with two-exponential approximation.
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In present day, there are several different realisations of quantum technologies, such as superconducting
qubits, ion traps, photonic and electron spins. Some of the most promising platforms are electron spin qubits
in solid state systems [1,2], offering both long coherence time and accessibility by micro-electronic devices,
such as micro-resonators [3], that manipulate spin qubits based on electron paramagnetic resonance (EPR).
For full controllability of such qubits, sensitive EPR spectrometers that could produce long variable frequency
pulse sequences with arbitrary waveform are necessary. These types of commercial spectrometers already
exist, but they have limited functionality and are very expensive.

Here, we present a home-built pulsed EPR spectrometer (Fig. 1) operating at 2.5 — 12 GHz frequency range.
Microwave excitation is generated using a vector signal generator (R&S SGS100A) with envelope of pulses
established by an arbitrary waveform generator (Keysight P9336A) with maximum sample rate of 1.28 GSal/s.
The generated pulse sequence is amplified by 25 W solid-state power amplifier. Operation of all devices is con-
trolled using python code. We benchmark the performance of the constructed spectrometer against a standard
Bruker E580 EPR spectrometer.

This research was supported by funding from European Union HORIZON-MSCA-2021-PF-01 Marie
Sktodowska Curie Fellowship (Project ID: 101064200, SPECTR).
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Solid state
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Fig. 1. Block diagram of an AWG-based pulsed EPR spectrometer.

[1] A. M. Tyryshkin et al., Electron spin coherence exceeding seconds in high-purity silicon, New Materials, 12, 143-147 (2012).
[2] G. Wolfowicz et al., Atomic clock transitions in silicon-based spin qubits, Nature technology, 8, 561-564 (2013).
[3] J. O Sullivan et al., Spin-Resonance Linewidths of Bismuth Donors in Silicon Coupled to Planar Microresonators, 14, 064050 (2020).


justinas.turcak@ff.stud.vu.lt

INFLUENCE OF SHORT- AND LONG-RANGE ORDER ON STRUCTURAL AND
MAGNETIC PROPERTIES OF Fe-Co-C ALLOYS WITH A TETRAGONAL
DEFORMATION: A FIRST-PRINCIPLES STUDY

Wojciech Marciniak!->3, Mirostaw Werwinski’

lInstitute of Physics, Faculty of Materials Engineering and Technical Physics, Poznar University of Technology, Piotrowo
3, 61-138 Poznan, Poland
2|nstitute of Molecular Physics, Polish Academy of Sciences, M. Smoluchowskiego 17, 60-179 Poznan, Poland
3Department of Physics and Astronomy, Uppsala University, P.O. Box 516, 75120 Uppsala, Sweden
wojciech.robe.marciniak@doctorate.put.poznan.pl

Fe-Co alloys with induced tetragonal strain are promising materials for rare-earth-free permanent magnets
[1]. However, as ultrathin-film studies have shown, tetragonal Fe-Co structures tend to rapidly relax toward a
cubic structure as the thickness of the deposited film increases [2].

We will present a full configuration-space analysis in the density functional theory approach for
(Fe;_xCo,)16C supercells with a single C impurity in one of the octahedral interstitial positions and for the full
range of Co concentrations x. Interstitial doping with small atoms, like B, C, or N, is one of the main methods
of inducing the stable strain in the bulk Fe-Co alloy. We will discuss all assumptions and considerations lead-
ing to calculated lattice parameters, mixing enthalpies, magnetic moments, and averaged magnetocrystalline
anisotropy energies (MAE). We will present a comprehensive qualitative analysis of the structural and magnetic
properties' dependence on short- and long-range ordering parameters described in Ref. 3.
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Fig. 1. Exemplary structures evaluated in our research [3].

The work relies on the thermodynamic averaging method and large sample count to obtain accurate MAE
values from approximate density functional theory calculations with full-potential local-orbital (FPLO) code [4].
We place the utilized method in the context of several chemical disorder approximation methods, including
effective medium methods (virtual crystal approximation and coherent potential approximation) and special
quasirandom structures method applied to Fe-Co-based alloys. We observe a structural phase transition from
the body-centered-tetragonal structure above 70% Co concentration and confirm the structural stability of Fe-
Co-C alloys in the tetragonal range. We show the presence of a broad MAE maximum around about 50% Co
concentration and notably high MAE values for Co content x as low as 25%. In addition, we show the presence
of a positive correlation between MAE and mixing enthalpy.

Apart from the qualitative results contained in Ref. 3, we will present magnetic moments, magnetocrys-
talline anisotropy energies, and Curie temperatures (calculated according to disorders local moment approxi-
mation [5]) for selected high-symmetry structures, reevaluated with higher computational accuracy.

[1] Burkert, T., et al., (2004). Giant magnetic anisotropy in tetragonal FeCo alloys. Physical Review Letters, 93(2), 027203.

[2] Reichel, L., et al., (2014). Increased magnetocrystalline anisotropy in epitaxial Fe-Co-C thin films with spontaneous strain. Journal of Applied Physics,
116(21).

[3] Marciniak, W., and Werwinski, M., (2023). Structural and magnetic properties of Fe-Co-C alloys with tetragonal deformation: A first-principles study.
Physical Review B, 108(21), 214433.

[4] Koepernik, K., and Eschrig, H., (1999). Full-potential nonorthogonal local-orbital minimum-basis band-structure scheme. Physical Review B, 59(3), 1743.

[5] Staunton, J., et al., (1984). The “disordered local moment” picture of itinerant magnetism at finite temperatures. Journal of Magnetism and Magnetic
Materials, 45(1), 15-22.
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Modelling opinion dynamics requires making assumptions that would be simple enough mathematically
yet sufficient to recreate real populations statistical characteristics. Coming up with new sorts of agent inter-
actions and states proved fruitful but difficult to compare against empirical data [1]. A way to overcome this
was proposed in [2] through the inclusion of agent migration in spatial domain. The idea was generalized in
[3] by proposing a compartmental voter model (CVM) - its dynamics described by agent migration to and from
compartments. In this research we investigate an extension of CVM by including state changes leading to
competing dynamics.

The CVM proposes entry and exit transition rates which follow the form of noisy voter model. Thus indi-
cating that the model belongs to the group of voter models and that number of k type agents in compartment i

(Xi(k)) are Beta distributed. The CVM entry and exit rates read:

A = [V0 —x] (e +x1), Q)

A =X (1= 1)e® + [NO - x[9]), )

Competing dynamics are introduced by assuming additional state change rate of the same form as migra-
tion rate in CVM. Inclusion of these rates changes total entry/exit rates. We mark them v and note that they
define transitions to and from compartment as well as transition within the compartment via type change:

Tyl = [N(k) _Xi(k)} (g(m)+xi(k>) + [N,-—ka)] (u(k)+Xi(k))7 A3)
VO =x® (- 1e® + [N0 - xB] ) 4 x0 (Wéku“”) + M- x] ) : 4
(k)

Here T is a total number of agent types, ivi marks entry and exit rates for agent type k in compartment
i. The rates of competing dynamics cannot be simplified to noisy voter model rates due to two different sorts
of factors N*) —ka) and N; —ka). N® corresponds to the total number of k type agents and N; equals total
number of any type agents in compartment i. The model can be viewed as two coupled voter models with
varying total number of agents N.

In the research we further explore Xl.(k>/N,- and Xl.(k)/N(") distributions dependency on model parameters
M, T, u®, e®_ Further, calculations of Kramers-Moyal coefficients allow to approximate the model to Fokker-
Planck equation. A finite form of the equation can suggest coefficient values for a simplified form.

[1] A. Peralta, J. Kertesz, G. Iniguez, Opinion dynamics in social networks: From models to data. arXiv preprint arXiv:2201.01322 (2022).

[2] J. Fernandez-Gracia, K. Suchecki, J. J. Ramasco, M. Miguel, V. Eguiluz, Is the voter model a model for voters, Physical Review Letters 112, 158701
(2014).

[3] A. Kononovicius, Compartmental voter model, Journal of Statistical Mechanics: Theory and Experiment 2019, 103402 (2019).
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In the field of ground state search and simulation of evolution for many-particle quantum systems, Neural
Quantum States (NQS) are emerging as one of the leading methods [1]. Their expressive power and the
diversity of possible architectures enable the efficient modeling of systems that are infeasible with other existing
approaches [2]. However, NQS methods typically experience a significant drop in performance when applied
to frustrated systems [3]. Currently, it remains unclear whether this issue can be completely addressed through
modifications to the methods, or if it represents a fundamental limitation of NQS. In this work, we study the
performance of NQS in the case of the Bose-Hubbard model under an external magnetic field. This model
can exhibit frustration phenomena due to the presence of two length scales: one associated with the lattice
period and the other with the magnetic length. We apply our previously developed method for ground state
search [4] and systematically test various hypotheses regarding the reasons for the decrease in NQS accuracy
with increasing magnetic field strength. Based on our findings, we propose and assess adjustments aimed at
enhancing performance.

[1] Dawid, A., Arnold, J., Requena, B., Gresch, A., Ptodzien, M., Donatella, K., ... Dauphin, A. (2022). Modern applications of machine learning in quantum
sciences. arXiv preprint arXiv:2204.04198.

[2] Sharir, O., Shashua, A., Carleo, G. (2022). Neural tensor contractions and the expressive power of deep neural quantum states. Physical Review B,
106(20), 205136.

[3] Bukov, M., Schmitt, M., Dupont, M. (2021). Learning the ground state of a non-stoquastic quantum Hamiltonian in a rugged neural network landscape.
SciPost Physics, 10(6), 147.

[4] Ledinauskas, E., Anisimovas, E. (2023). Scalable imaginary time evolution with neural network quantum states. SciPost Physics, 15(6), 229.


eimantas.ledinauskas@ff.stud.vu.lt

NON--PHOTOCHEMICAL QUENCHING IN PHOTOSYNTHETIC ANTENNA

Dominykas Borodinas'?, Jevgenij Chmeliov'?

lInstitute of Chemical Physics, Faculty of Physics, Vilnius University, Lithuania
2Department of Molecular Compound Physics, Centre for Physical Sciences and Technology, Vilnius, Lithuania
dominykas.borodinas@ff.stud.vu.lt

Over billions of years of evolution, various photosynthetic organisms have developed different photosyn-
thetic apparatus. Despite their vast diversity, all these apparatus are designed in a very similar way: the
so-called light-harvesting antenna is composed of pigment molecules usually bound to a protein scaffold. The
mutual arrangement of these pigment-protein complexes, as well as their spectroscopic properties, ensures
optimal absorption of the incoming photons and can lead to extremely efficient (up to ~99%) delivery of the gen-
erated electronic excitations to a reaction center [1]. Despite the ever--growing knowledge about the structural
organization of these complexes and excitation energy transfer dynamics in photosystem I, specific molecular
mechanisms responsible for such high efficiency of excitation energy transfer are still not fully understood. To
explain fluorescence measurements, fluctuating light--harvesting antenna model was formulated, which takes
into account the continuous spatial rearrangement of the pigment-protein complexes within the photosynthetic
membrane [2].

This work aims to expand the previously suggested fluctuating light--harvesting antenna model, introduc-
ing constant excitation generation and dissipation parameters depicting constant illumination conditions and
molecular relaxation. The time evolution of the excitation in such a system can be described by a diffusion
equation

EP(F,I‘R) :DVﬁp(r,t\R)+G—kdisp(r,t|R) ’ (D
with the initial condition p(r,t = 0|R) = (r) and boundary condition given by p(r,?|R);—g = 0. Here p(r,t|R) is
the density of the survived excitation at the time moment ¢, parametrically depending on R, the distance to the
reaction center; D is the diffusion constant; V7 is the Laplacian in a d - dimensional system; d represents the
effective dimensionality of the antenna during the transfer of excitation energy. An average steady fluorescence
quantum yield (F,;(Dc*4)), was obtained by taking into account the average concentration of excitation traps,
¢. Numerical solutions demonstrated that with the same number of excitation traps, the intensity of the steady
fluorescence decreases faster in systems with higher dimensionality (Fig. 1).
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Fig. 1. Steady fluorescence quantum yield in various dimensions.

[1] Blankenship, R. E. Molecular Mechanisms of Photosynthesis; Blackwell Science: Oxford, 2002.
[2] J. Chmeliov, G. Trinkunas, H. van Amerongen, and L. Valkunas, Light harvesting in a fluctuating antenna, Journal of the American Chemical Society,
2014, 136, 8963-8972.
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Intriguing dynamical quantum many-body effects such as prethermalisation, ergodicity breaking, and local-
isation observed in driven systems [1,2] are usually studied theoretically under the assumption that the external
drive, V(¢), is time-periodic. This allows one to employ the Floquet theory [3,4] and construct an effective time-
independent Hamiltonian H.; that fully characterises dynamics of the system [5]. Although guaranteed to exist,
effective Hamiltonians can be derived analytically in a few simple cases only. Otherwise, a high-frequency
expansion proves useful, whereby H.; is constructed as an expansion in powers of V(¢)/®, where o is the
driving frequency [6]. This procedure becomes particularly transparent when formulated in the Floquet--Hilbert
space, wherein the time-dependent Hamiltonian is mapped onto a time-independent one (called the Floquet
Hamiltonian or the quasienergy operator), represented by an infinite matrix possessing block structure [3,4,7].
However, the high-frequency expansions currently described in the literature are inapplicable when the driving
is resonant with transitions between states of the undriven system.

In this work, we derive a high-frequency expansion that treats the case of resonant driving. The derivation
amounts to formulating a degenerate perturbation theory in the Floquet--Hilbert space and block-diagonalising
the quasienergy operator to construct an approximation of H.;. To demonstrate the validity of the derived
expressions, we apply them to the driven Bose--Hubbard model [8] and calculate the quasienergy spectrum
(eigenvalues of A.¢), which are physically significant. We perform calculations for different resonant conditions
nU =mo (U is the interaction strength of the Bose--Hubbard model; » and m are integers) and compare the
results with numerically exact ones, which can only be obtained for small systems. The developed theory is
seen to approximate the exact results in great detail.

[1] D.A. Abanin, E. Altman, I. Bloch, and M. Serbyn, Colloquium: Many-body localization, thermalization, and entanglement, Rev. Mod. Phys. 91, 021001
(2019).
] W.W. Ho, T. Mori, D. A. Abanin, and E. G. Dalla Torre, Quantum and classical Floquet prethermalization, Ann. Phys-New York 454, 169297 (2023).
] J.H. Shirley, Solution of the Schrédinger equation with a Hamiltonian periodic in time, Phys. Rev. 138, B979-B987 (1965).
4] H. Sambe, Steady states and quasienergies of a quantum-mechanical system in an oscillating field, Phys. Rev. A 7, 2203-2213 (1973).
] N. Goldman and J. Dalibard, Periodically driven quantum systems: Effective Hamiltonians and engineered gauge fields, Phys. Rev. X 4, 031027 (2014).
] M. Bukov, L. D'Alessio, and A. Polkovnikov, Universal high-frequency behavior of periodically driven systems: from dynamical stabilization to Floquet
engineering, Adv. Phys. 64, 139-226 (2015).
[7] A. Eckardt and E. Anisimovas, High-frequency approximation for periodically driven quantum systems from a Floquet-space perspective, New J. Phys.
17, 093039 (2015).
[8] A. Eckardt, Colloquium: Atomic quantum gases in periodically driven optical lattices, Rev. Mod. Phys. 89, 011004 (2017).
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Non-local interactions are the key building block to allow for a spontaneous breaking of the translational
symmetry. The latter represents one of the most fundamental symmetries in physics as it reflects the formation
of periodic structures of mass and electric charge. Quantum matter with such a feature falls in the class of
spontaneously symmetry broken (SSB) many-body phases with broken translational invariance. Although this
peculiar symmetry breaking fixes the most energetically favourable distance between elementary constituents,
examples of these SSB phases occur in physical systems with characteristic length scale. These range from
electronic systems and liquid of *He to neutron stars. This recurrence has made the investigation and cre-
ation of such states of matter of central importance. In this respect, quantum simulators made of ultracold
magnetic atoms with large magnetic dipolar momentum (e.g., erbium) represent a promising and powerful re-
source. However, current setups only explore frustrated regimes with weak local interactions or regimes where
quantum fluctuations are supressed. To the best of our knowledge, there are no experimental schemes able to
simultaneously realize long-range interactions and geometrical frustration.

Here we consider a possible alternative to current setups - a recently realized [1] subwavelength lattice
formed by a pair of counter-propagating [2]. It was shown that one may precisely control the tunneling amplitude,
range, and phase by tuning the detunings. One also achieves significantly stronger interactions in the proposed
scheme due to its subwavelength nature. Thus, one may realize intriguing phases of matter, such as density
waves and chiral superfluids. Our results show three possible scenarios may occur, depending on the lattice
depth and detunings. For deep optical lattices, we find quasi long-range order of the single particle Green's
function, thus signalling the presence of a normal superfluid. For lower lattice depths, a regime characterized
by long-range order takes place. This phase is characterized by spontaneously generated chiral currents and
therefore, is an example of a chiral superfluid. Finally, density waves of period two or three were observed for
a large range of detuning values.
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Fig. 1. Upper panel: Phase diagram of the extended Bose-Hubbard model for the case when N =5 internal states are considered as
function of y; and . Lower panel: Various order parameters as function of y, for fixed y; = —0.6, see the dashed grey line in the upper
panel. These results have been obtained by considering a particle density 7= 1/2, Q/Eg = 3.5, a system size of L = 180 sites.

[11 R.P.Anderson, D. Trypogeorgos, A. Valdés-Curiel, Q.-Y. Liang, J. Tao, M. Zhao, T. Andrijauskas, G. Juzelilnas, and |. B. Spielman, Phys. Rev. Research
2, 013149 (2020).
[2] D. Burba, M. Radidnas, |. B. Spielman, and G. Juzelitnas, Phys. Rev. A 107, 023309 (2023).
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The Hurst exponent (H) is a statistical measure used to understand the long-term memory of time series,
characterized by persistence and anti-persistence phenomena. Accurate estimation of H is crucial in diverse
fields, such as finance, geophysics, and telecommunications, due to its ability to indicate the future tendency of
a system based on its historical behavior. Numerous methods have been developed for estimating H, each with
varying degrees of complexity and accuracy. This research reviews these methods, focusing on popular ones
like box-counting, Katz, detrended fluctuation analysis, mean squared displacement (MSD), and Higuchi. To
evaluate the reliability of these methods, fractional Brownian motion was used as a benchmark due to its well-
defined Hurst parameter. Our analysis revealed that the Higuchi method and MSD provided the most accurate
estimations of H. Additionally, these methods were applied to other long-memory processes to further validate
their effectiveness. This work contributes to the field by identifying the most reliable numerical methods for
estimating the Hurst exponent, providing a foundation for future studies and practical applications in analyzing
time series with long-range dependencies.
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Term nanozeolites refers to a group of zeolites with particle size smaller than 200 nm and a narrow particle
size distributions [1]. They are typically composed of single particles that are not agglomerated. Possibility of
inserting different cations as well as high surface area and porosity of nanozeolites makes them attractive for
applications in electrocatalysis. Herein, NiY and CuY zeolites were prepared by ion-exchange starting from
parent NaY zeolite and subsequently ball-milled to prepare nanozeolite counterparts as evidenced by scanning
electron microscopy. These were evaluated for oxygen evolution reaction (OER) as the anodic reaction in water
electrolysers. It is known that OER is a multi-step process that limits the efficiency of the water splitting process
used for production of green hydrogen [2]. Both nanozeolites demonstrated moderate activity for the OER
with CuY demonstrating somewhat better performance in terms of lower overpotential, higher current densities
recorded and lower Tafel slope. Future studies aiming to enhance the nanozeolites’ performance for OER will
include coupling nanozeolites with highly conductive materials such as carbon nanostructures as well as more
detailed study of their stability under OER polarisation conditions.

[1] C. Chen, B. Hou, T. Cheng et al., The integration of both advantages of cobalt-incorporated cancrinite-structure nanozeolite and carbon nanotubes for
achieving excellent electrochemical oxygen evolution efficiency, Catalysis Communications 180, 106708 (2023).

[2] J. Miliki¢, S. Stojanovi¢, Lj. Damjanovi¢-Vasili¢ et al., Porous cerium-zeolite bifunctional ORR/OER electrocatalysts in alkaline media, Journal of Electro-
analytical Chemistry 944, 117668, (2023).
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Silicon carbide (SiC) is a wide bandgap material with great potential for high-power and high frequency elec-

tronic devices. Furthermore, certain deep-level semiconductor defects have potential applications as qubits and
single photon emitters for quantum technologies (QT). SiC hosts a wide variety of defects with QT-compatible
properties. In multi-component semiconductors, such as SiC, these defects can often inhabit several config-
urations with different characteristics. Therefore, a detailed characterization of different defect configurations
and their electro-optical properties is essential.
Our study employed first-principles calculations to study four neutral divacancy configurations (hh, kk, hk, and
kh) and their vibrational properties in the 4H-SiC polytype. The labels h and k refer to the distinct hexagonal and
pseudo-cubic lattice sites in 4H-SiC, respectively. Using the r’SCAN density functional [1], we have determined
the zero-phonon line (ZPL) energies and zero-field splitting (ZFS) values, which are in close agreement with
experimental data [2]. Furthermore, we calculated the spectral functions of electron-phonon coupling using a
novel embedding methodology [3]. The calculated luminescence lineshapes provide excellent agreement with
the experimental data. Additionally, the obtained absorption cross-sections give a comprehensive picture of
the contributions of each neutral divacancy defect configuration to the observed photoluminescence spectra.
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Fig. 1. Optical spectra of emission. Blue lines are calculated photoluminescence (PL) line shapes while the gray area represents experi-
mental data [4, 5].

[1] J. W. Furness et al. The journal of physical chemistry letters 11(19) p. 8208-8215 (2020).
[2] A.L.Falk et al. Nature communications 4(1) p. 1819 (2013).
[3] L. Razinkovas et al. Physical Review B 104(4) p. 045303 (2021).
[4] Y. Jin et al. Physical Review Materials 5 p. 084603 (2021).
]

[5] Z. Shang et al. Physical Review Applied 15 p. 034059 (2021)


vytautas.zalandauskas@ftmc.lt

ANALYSIS OF GNSS LOCALIZATION ACCURACY IN URBAN AREA USING RAY
TRACING

Karolis Stankevi¢ius', Rimvydas Aleksiejinas!

IInstitute of Applied Electrodynamics and Telecommunications, Faculty of Physics, Vilnius University
karolis.stankevicius@ff.vu.lt

Rising number of GNSS (Global Navigation Satellite System) enabled devices also comes with an in-
creasing need for higher accuracy positioning. This was addressed to an extent by modernizing navigation
systems and introducing new civilian L5 signals. However, higher overall number of available signals does
not guarantee better position determination especially in urban environments, where GNSS positioning accu-
racy suffers from diffraction, multipath and reflections from surrounding buildings!. Due to these effects the
total sum of GNSS signals at the receiver is comprised from line-of-sight (LOS) direct reception and non-line-
of-sight (NLOS) diffracted and reflected signals. This introduces a significant error in position determination,
because GNSS receivers operate under the assumption that all received signals are LOS signals®. Therefore,
it is important to perform environment specific GNSS analysis.

GNSS raw-signal measurements have been conducted in city environment (Fig. 1 right) giving detailed
information about carrier to noise ratio (Fig. 1 left), pseudorange, code-phase and carrier-phase. Measurements
were performed using automotive grade Quectel LG69T AA GNSS receiver with survey grade Beitian BT-300S
GNSS antenna. Measured localization accuracy has been compared against ray tracing simulations using 3D
vector building data obtained from OpenStreetMap dataset’. The simulation environment is built using Open
source ray tracing package Opal: open-source C++ ray tracing library based on NVIDIA OptiX framework which
uses 3D ray-launching algorithm*, and NVIDIA RTX 3060 graphics card.
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Fig. 1. Carrier to noise ratio of different GPS satellites over time (left) and path taken during raw GNSS measurements (right).

Carrier-phase and code-phase estimations of localization errors have been extracted from ray tracing re-
sults. From the results, close correlation between error statistics and NLOS diffracted rays can be observed.
This suggests possibility of using ray tracing simulation data to identify areas with high diffraction and multipath
probabilities. Based on such spatial information, the correction filters can be applied to GNSS signal prior to
using it for location estimation. The results of ray tracing depend on the spatial resolution of building data.
Therefore, for future applications, we plan to use LIDAR derived buildings data with decimeter-scale accuracy.
For that ray tracing algorithms should be updated to account for more complex mesh-type data structures.

[1] T. Suzuki, Mobile robot localization with gnss multipath detection using pseudorange residuals, Advanced Robotics, vol. 33, no. 12, pp. 602-613, 2019.

[2] B. Friebel, M. Schweins, N. Dreyer, and T. Kurner, Simulation of GPS localisation based on ray tracing, Advances in Radio Science, vol. 19, pp. 85-92,
2021.

[3] OpenStreetMap contributors, Planet dump retrieved from www.planet.osm.org, www.openstreetmap.org, 2017.

[4] E. Egea-Lopez, J. M. Molina-Garcia-Pardo, M. Lienard, and P. Degauque, Opal: An open source ray-tracing propagation simulator for electromagnetic
characterization, PLOS ONE, vol. 16, p. 0260060, Nov. 2021.
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The applicability of scintillators in the detection of ionizing radiation depends predominantly upon several
key parameters, including their light yield, scintillation decay time, afterglow characteristics, radiation tolerance,
and energy resolution. Scintillators with a cerium-doped multi-component garnet structure have demonstrated
a high light yield and a strong resistance to ionizing radiation. These attributes make them particularly suitable
for application in high-energy physics experiments and medical imaging. Nonetheless, a significant limitation
of these crystals is their susceptibility to the formation of substitution-type defects, which degrade their scintil-
lation response time—a critical parameter for their effectiveness. One proposed solution for this issue involves
the fabrication of scintillators by the liquid-phase epitaxy (LPE) method. This process is conducted at lower
temperatures, which is hypothesized to result in a reduced probability of defect formation. The aim of this study
study is to investigate the impact of compositional variations on the optical properties of scintillators grown by
the LPE method.

Four samples of cerium-doped multicomponent garnet structure scintillators grown on an undoped YAG
substrate were investigated: LuszAl;O,:Ce, Y3AlsO;,:Ce, Tb3AlsO,:Ce, and Gd, 5Aly sAG:Ce.

' ' T ——LuAlO,,Ce
. — Y,3Al,0,,:Ce
L /N ——TbyAlO,,Ce
\ ——Gd,sLu, AG:Ce

\
\\

Normalized Intensity

400 450 500 550 600 650 700 750
Wavelength [nm]

Fig. 1. Photoluminescence spectra of scintillating layers with different compositions (indicated), shifted for clarity.

The investigation of macroscopic emission characteristics, including emission kinetics and their tempera-
ture dependency, was conducted using a system composed of a pulsed laser integrated with an optical param-
eter amplifier for adjusting the laser wavelength, along with a cryosystem to control the sample temperatures.
Microscopic emission properties, specifically the uniformity of photoluminescence intensity and the mean wave-
length, were investigated utilizing a laser scanning confocal microscope connected to a spectrophotometer.

The experiments showed that the photoluminescence spectrum exhibits the greatest redshift in
Gd, sLug sAG:Ce relative to the Lu3AlsO,:Ce garnet, as illustrated in Figure 1. There is a decline in av-
erage intensity corresponding with the increase of ionic radius, following the order Lu*<Y3+<Tb3*<Gd3+.
The TbsAlsO1,:Ce sample demonstrated the highest variability in intensity, wavelength distribution, and the
temperature-dependence of scintillation decay. These results are interpreted by the difference in ionic radius
of Lu’+, Y3+, T3+ and Gd*+ ions in the scintillator matrix and the interaction of the lattice-building atoms
with activator ions Ce*+, as well as by the structural inhomogeneities in the scintillator layers occurring in the
growth process.
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The first discovery of p-type gallium nitride (p-GaN) grown by metalorganic vapor phase epitaxy (MOVPE)
and doped with magnesium (Mg) was made by Japanese researchers by exposing the crystal to a low-energy
electron beam [1]. The primary advancement in p-type GaN technology has been achieved through thermal
annealing in a nitrogen atmosphere, which effectively activates the Mg acceptors by removing hydrogen. Hy-
drogen is known to passivate Mg by forming complexes that prevent Mg from effectively accepting electrons,
thus hindering its p-type doping capabilities. However, defects such as nitrogen vacancies can compensate
for the p-type GaN during growth. Despite this, the commercial significance of p-type GaN is considerable,
although some challenges remain in understanding and optimizing the growth process.

In the technology for growing lll-group nitride crystals, indium (In) can be part of the InGaN alloy and
surfactant component. It has been demonstrated that In enhances the surface morphology of GaN, reduces
deep-level trap concentrations, increases luminescence efficiency, extends free exciton recombination time,
and improves hole conductivity [2]. This study will demonstrate that using In as a surfactant also alters the
contact resistance.

We grew p-type GaN samples in an MOVPE reactor and varied parameters such as temperature and the
flow rates of Mg and In metalorganics. We adjusted the In flow rate to assess the contact resistance while
keeping other parameters stable. Initially, we used MICROTECH LaserWriter photolithography to pattern a
photoresist layer with the geometric design of the photomask. We deposited Ni/Au contacts onto the patterned
areas in an electron beam evaporation (EBE) chamber. Finally, we calculated the contact resistance by mea-
suring the IV characteristics and using the transmission-line matrix (TLM) method.

To summarize the experimental findings, we observed that the In surfactant influences the contact resis-
tance. We found that as the In concentration increases, the contact resistance decreases (Fig. 1). Furthermore,
the In surfactant increases the carrier diffusion length.

120000 T T T T T T

100000 i
80000 B
60000 i

40000 4

20000 <

n

0

Contact resistance [Q)]

T T T T T T
150 200 250 300 350 400 450
In metalorganic flow rate [sccm]

Fig. 1. Contact resistance dependency from In concentration.

Keywords: MOVPE, GaN, p-type, contact, resistance.

[1] H.Amano, M. Kito, K. Hiramatsu, and |. Akasaki, Jpn. J. Appl. Phys. 28, L2112 (1989).
[2] E.Kyle, S. Kaun, et al, USA, J. Appl. Phys. 106, L222103 (2015).
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Atomic oxygen (AO), a predominant form of oxygen in outer space, offers an effective and minimally in-
vasive way to remove carbon-based contaminants from various surfaces without health and environmental
concerns. The efficiency of AO cleaning was estimated using a Quartz Crystal Microbalance (QCM) sensor,
carbon-sputtered 6 MHz quartz crystals and a K-type thermocouple, while AO was introduced with a plasma
generator.

The experimental procedure is depicted in Figure 1. Step 1: initial mass and ambient temperature mea-
surements
(m; =-0.032 ug/lcm?, t; = 22.3 °C) over a 4-minute period. Step 2: mass change and temperature measure-
ments
(my = 0.226 pg/cm?, t, = 20.0 °C) during an 8-minute period with gas flow (without plasma). Step 3: highest
instantaneous mass change and temperature measurements (m; = -50.663 ug/cm?, t; = 70.5 °C) with plasma
for a 4-minute period.

Step 5: mass change and temperature measurements (my = -5.985 ug/cm?, t4 = 24.4 °C) after a 13-minute
cooldown. Results are promising for upcoming measurements, because both instantaneous and long-lasting
mass changes are present (m; = -50.663 ug/cm? and my = -5.985 pg/cm? respectively).
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Fig. 1. QCM frequency and temperature relation.
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The search for new materials and the formation of radiation-tolerant sensors devoted for the space industry,
the medical diagnostics instruments and the high-energy physics applications is necessary. Binary direct-gap
compounds such as gallium nitride (GaN) are effective in producing dual-response (i.e., capable of detecting
electrical and optical signals) devices [1]. But due to imperfect MOCVD growing technologies, the formation
of various technological defects, which are usually inhomogeneously distributed throughout the crystal wafer
[2], is inevitable. These defects determine the optical and electrical characteristics of devices. Therefore, it is
important to investigate the distribution of defect species within the MOCVD grown GaN wafer area in order to
improve the growth regimes as well as to identify the areas of best quality. Light extraction efficiency (LEE) is
another parameter which should be enhanced for efficient device operation. This can be achieved by modifying
the surface of the material by using the chemical (wet) etching method [3]. It has been shown that the chemical
etching procedures significantly modify the structure of dislocations and their occupied areas and might be the
reason of the increase of intensity of scintillation signals in MOCVD GaN based sensors [4].

The aim of this work was the modification of MOCVD grown GaN surfaces by potassium hydroxide (KOH)
and phosphoric acid (H;PO,4) and comparative analysis of variations of optical characteristics in respect to etch-
ing regimes. The research methodologies like time-integrated photoluminescence (TI-PL), microwave-probed
photoconductivity (MW-PC) transient techniques were applied for the investigation. While surface control was
realized by optical microscopy imaging.
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Fig. 1. The TI-PL spectra measured in chemically etched MOCVD GaN (a — KOH, c — H3PO4). The optical microscopy images taken in
chemically etched MOCVD GaN layers (b — KOH, d — H3PO,) under UV illumination.

It was deduced by the analysis of PL spectra that the defect distribution in the MOCVD GaN wafer is
inhomogeneous, with more carbon and oxygen impurities accumulating at the edges of wafer. It was shown that
carrier surface recombination lifetime can be increased by modifying the MOCVD GaN surface using chemical
etching. The dislocations act as centers of attraction for point defects, resulting variations in bulk carrier lifetime.
The blue luminescence band was observed in H3;PO,4 etched layers, however this band was absent in KOH
modified MOCVD GaN. The variations of intensity of PL bands might be related to modification of space charge
region, surrounding the dislocation cores and acting as non-radiative recombination centers. The variations of
PL and MW-PC characteristics in chemically etched MOCVD GaN will be presented and discussed.

[1] E. Gaubas, I. Brytavskyi, T. Ceponis, A. Jasiunas, V. Kalesinskas, V. Kovalevskij, D. Meskauskaite, J. Pavlov, V. Remeikis, G. Tamulaitis and A. Tekorius,
In situ variations of carrier decay and proton induced luminescence characteristics in polycrystalline CdS, 2014, J. Appl. Phys. 115, 243507.

[2] J. Su, E. A. Armour, B. Krishnan, S. M. Lee, G. D. Papasouliotis, Stress engineering with AIN/GaN superlattices for epitaxial GaN on 200 mm silicon
substrates using a single wafer rotating disk MOCVD reactor, 2015, Journal of Materials Research 30, 2846-2858.

[38] H. Fang, X.N. Kang, C.Y. Hu, T. Dai, Z.Z. Chen, Z.X. Qin, B. Zhang, G.Y. Zhang, Studies of improving light extraction efficiency of high power blue
light-emitting diode by photo-enhanced chemical etching, 2007, Journal of Crystal Growth, 298, 703-705.

[4] Y.Yao, Y. Ishikawa, Y. Sugawara, Revelation of dislocations in HVPE GaN single crystal by KOH etching with Na,O, additive and cathodoluminescence
mapping, 2016, Superlattice Microst., 99, 83-87.
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Ever-growing field of terahertz (THz) technology require compact and easy to operate solid state thermal
emitters. Currently most popular solutions comprise a considerably complicated structure and can operate only
in cryogenic tempertatures [1]. Thermal emitters equipped with metasurfaces could be an attractive alternative.
They can provide spectrally narrow resonant emission, operate at elevated temperatures [2] and do not require
additional bulky and expensive external equipment. In this work two types of n-GaAs/GaAs semiconductor
structures were investigated and compared. The first one consisted of 0.2 um-thick Ti/Au metasurface, while
the second was equipped with 5 um-thick n-type GaAs metasurface. The metasurface structures were made
up from periodic square shaped metacells to form a top layer of the thermal emitters.
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Fig. 1. Experimental reflection spectra of plain semiconductor (green) and semiconductor structures with n-GaAs metasurface (orange)
and Ti/Au metasurface (blue). Insert shows metasurface of n-GaAs/GaAs/n-GaAs structure.

Thermal emitter structures equipped with metasurfaces were investigated both theoretically and experi-
mentally to measure emittance, absorbance and reflectance spectra of the samples. From the obtained results
it is seen, that by equipping semiconductor structures with metasurfaces the distinct spectral features appear if
compared to bare n-GaAs/GaAs structures (Fig. 1). Both of the samples equipped with metasurfaces showed
clear dependence of resonant frequency on the size of the metacell, where resonant frequency dropped with
increasing metacell size. Moreover, thermal emitters equipped with metallic (Ti/Au) metasurfaces provided up
to 30 % broader emission bandwidth compared to n-type GaAs metasurfaces.

Research was funded by Research Council of Lithuania (LMTLT), Project No. P-ST-23-213

[1] A. Leitenstorfer, et al., J. Phys. D: Appl. Phys. 56, 223001 (2023).
[2] F.Alves, et al., Opt. Express 20, 21025-21032 (2012).
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17-4 PH stainless steel is one of the most commonly used materials in the SLM process Fig. 1 due to its
mechanical properties and corrosion resistance. Despite these advantages, the alloy has a rough surface and
is known for its brittleness. Ceramic materials are not suitable for direct laser sintering, but are increasingly
being used as a fastening material for a metal matrix. The search for metal-ceramic composite mixtures with
thermal conductivity, low expansion coefficient and strength is becoming one of the most important research
directions in the field of high technology.

17-4 PH metal material and metal-ceramic composite mixture of which 94% of the mass consists of 17-4
PH powder and the remaining 6% - SiC ceramic particles are used for the study Fig.2. During the experiment,
an EOS M280 laser printing machine is used to form 3D objects. During all printing processes, the powder
layer thickness of 40 um is maintained, as well as the hatching distance of 100 um and the laser power, which
reaches 164 W. The laser scanning speed is changed, obtaining different energy densities, which are selected
as 61, 67 and 73 J/mm?>. The obtained samples were analysed by using SEM EDS, optical profilometer, as
well as performing density, strength and hardness measurements.

It was found that the surface of the composite alloy has a more uniform surface, the roughness is reduced
by 30% and ranges from 8 to 16 um, and of the 17-4 PH material from 12 to 26 um depending on the energy
density. The mechanical property measurement results showed that the strength limit of the composite material
dropped by 20% and reached 766 MPa, while for the 17-4 PH material it was 988 MPa. The hardness of the
17-4 PH + 6% SiC mixture decreased by 8% to 92 HRB, while for the metal alloy it reached 98 HRB. However,
the results of the relative elongation showed that value of relative elongation for the composite mixture is 8.5%
higher than 17-4 PH.
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Fig. 1. Comparison of properties of SLS printed samples from 17-4 PH and 17-4 PH + % SiC mixture
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Due to the rapidly developing epidemiological situation of cancers, the scientific world is focusing on de-
veloping more innovative cancer research methods. Combining knowledge and skills in biomedicine and en-
gineering is key to achieving this development. Therefore, research focusing on providing new instruments,
fabricated in the form of microfluidic lab-on-chips (LOC) utilizing additive manufacturing (AM) supported by hy-
drogel matrix (HM) was provided towards innovative cancer cell studies, especially with a view to photodynamic
therapy (PDT).

In this work, 3D printing of a biocompatible HM (technology: extrusion) on glass and polymer substrates
was used to fabricate a LOC platform (Fig. 1). The polymer substrates were additively manufactured using
photo-resins, such as VisiJet M3 Crystal (technology: MultiJet) and KeyGuide (technology: Digital Light Pro-
cessing). Next, the key structural part of the platforms — HM — was prepared utilizing the following compostions
of natural polymer powders such as sodium alginate, gelatin, chitosan, agar, and methylcellulose. Thus, various
biocompatible inks could be obtained.

The AM process of hydrogels is presented in Fig. 1. The cross-linking process of the biopolymers was
conducted using a calcium chloride solution (0.1M). The AM procedure involved e.g. the printing pattern, syringe
speed, ink temperature, dosing speed, extrusion pressure, and nozzle diameter. The goal of AM of the HM
was to include microchannels and microchambers in the matrix to provide spatial cell culture and transport of
nutrients and oxygen. Nevertheless, the following difficulties were encountered during this process, e.g.: lack
of repeatability, clogging of the printing nozzle, and geometry instability. However, most of these problems were
solved; ultimately, the deposited layers had defined geometries, allowing for the implantation of cancer cells.

As part of the 3D printing experiments, the geometrical reproduction of the designed 3D model was eval-
uated. Additionally, the control ink was a commercial ink dedicated to the BIO X 3D printer used. The H69AR
lung cancer cells, highly resistant to therapeutics, were used for in vitro studies. The culture was carried out
to check the cytotoxicity of the LOC materials. For this purpose, cell viability and proliferation assays ensuring
qualitative (Trypan Blue staining) and quantitative (Presto Blue reagent) evaluation were done. The reference
was the control sample (cells in culture medium), in which viability was assumed to be 100%.

The primary research showed the high applicability of the device, however further investigation has to be
done. The next step will be the optimization of the LOC platform — AM of LOC with microchannels, e.g., for
cell perfusion. Furthermore, the research will focus on developing and applying anticancer PDT directly on the
chip.

CAMNCER CELLS

HYDROGEL MATRIX

GLASS/POLYMER

SUBSTRATE 1"‘“‘-'-—-&,__

Fig. 1. Example aof ink extrusion. Graphic representation of the prototype of the LOC platform and the
culture of the HGOAR cancer cells in a hydrogel matrix.
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In the last decade organic light emitting diodes (OLEDs) that employ thermally activated delayed fluores-
cence (TADF) emitters have been extensively investigated due to the ability to achieve nearly 100% internal
quantum efficiency [1]. Unlike red and green, blue OLEDs still lag in long-term stability [2]. Recently, a method
of using a mixed-host system in the emissive layer has been proposed, resulting in higher device efficiency,
slower roll-off and better stability than its single host equivalent [3].

This work aims to show an increase in blue DMeCzIPN emitter-based OLEDSs’ efficiency and lifetime when
using a mixed-host emissive layer. Devices were fabricated through vacuum deposition in five batches utilizing
widely used OLED host materials mCBP and mCBP-CN. Each emissive layer comprised a different ratio of
the host materials doped with 7% DMeCzIPN emitter. The optimal host ratio was determined to be 3:1 for
mCBP to mCBP-CN, resulting in up to 18.8% external quantum efficiency (EQE), whereas neat mCBP host
devices only exhibited EQE of 9.8%. In terms of stability, the LTs, time (the loss of initial brightness L, by half)
at Ly ~1000 cd/m? was determined to be around 10h for the optimal mixed-host ratio device and around 2h for
the neat mCBP host device (see Fig. 1). The substantial increase in efficiency and prolonged stability suggests
that selecting appropriate host materials and choosing the optimal ratio for the emissive layer can advance the
research of blue TADF OLEDs, unlocking their full potential for commercial application.
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Fig. 1. DMeCzIPN emitter-based OLED luminance vs. time at Ly ~1000 cd/m? initial luminance.

[1] H. Uoyama, K. Goushi, C. Adachi et al., Highly efficient organic light-emitting diodes from delayed fluorescence, Nature, 492, 234-238 (2012).

[2] D. Banevicius, G. Puidokas, G. Kreiza et al., Prolonging blue TADF-OLED lifetime through ytterbium doping of electron transport layer, J. Ind. Eng.
Chem., 128, 515-520 (2023).

[3] W.Li, J. Tang, Y. Zheng et al., Improved stability of blue TADF organic electroluminescent diodes via OXD-7 based mixed host, Front. Optoelectron., 14,
491-498 (2021).
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To transition from fossil fuels to more sustainable energy systems there should be more energy-storing
solutions offered in the current market [1]. The most prominent and widely used are Lithium-ion batteries
(LIB’s) which in recent years have become costly and deficient. To combat this problem new electrical energy
storage solutions must be introduced into the current market. Sodium-ion batteries (SIB’s) are a good solution
because of sodium's abundance and low cost but to be offered in the current market their properties must match
or be better than LIB predecessors [2]. For this to happen new research of SIB electrode materials must be
conducted. The most prominent and widely used negative electrode materials is graphite but in order to offer
better quality new negative electrode materials, the addition of various other compounds to graphite are being
explored [3]. Iron sulfides could be an excellent addition to natural graphite because of its high theoretical
capacity and low cost [4].

In this research work 4 methods of SIB negative electrode preparation with iron sulfides and natural graphite
have been explored and compared. These electrodes were prepared using a hydrothermal method with differ-
ent reagents used for iron sulfide synthesis and added natural graphite at 180°C temperature for 2 hours. The
reagents used in the hydrothermal vessel for the sample preparation were:

- FeSO, - 7H,0, Na,S0j3, Graphite (Sample C/FeS1);

- FeSO, - 7H,0, Na,S,03, S, Graphite (Sample C/FeS2);

- FeCl; - 6H,0, EtOAc, Thiourea, Graphite (Sample C/FeS3);

- FeSO, - 7H,0, Thiourea, Sulfur, Graphite (Sample C/FeS4).

After carrying out obtained sample scanning electron microscopy (SEM) imaging samples indicated differ-
ent properties when using different reagents for iron sulfide preparation. When comparing SEM results with
natural graphite, samples C/FeS1 and C/FeS2 show clear changes on the surface and growth of FeS nanopar-
ticles, which differ from those of natural graphite. Samples C/FeS3 and C/FeS4 SEM images don’t show clear
growth of FeS nanoparticles, which could mean their form could resemble those of natural graphite.

Fig. 1. Sample SEM analysis results: a — natural graphite; b - C/FeS1; c — C/FeS2; d — C/FeS3; e — C/[FeS4.

[1] OlabiA. G., et al., Critical review of energy storage systems, Energy, Vol. 214, 2021

[2] Nayak P. K., et al., From Lithium lon to Sodium lon Batteries: Advantages, Challenges, and Surprises, Angewandte Chemie, Vol. 57, p. 102-120, 2018

[8] XuQ, etal., Binary iron sulfides as anode materials for rechargeable batteries: Crystal structures, syntheses, and electrochemical performance, Journal
of Power Sources, Vol. 379, p. 41-52, 2018

[4] Tang Q., et al., Binary Iron Sulfide as a Low-Cost and High-Performance Anode for Lithium-Sodium-lon Batteries, ACS Applied Materials and Interfaces,
Vol. 12, p. 52888-52898, 2020
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In recent years, the greatest success has been made in achieving high-efficiency triplet-triplet annihilation-
based upconversion (TTA-UC) within the visible region. The potential applications are spread over a wide range
of fields, including photocatalysis, UV light-induced photosynthesis, and even enhanced security features for
documents. Despite these advancements in the visible spectrum, the pursuit of systems demonstrating high
efficiency in converting visible (VIS) to ultraviolet (UV) light poses an ongoing challenge.

In TTA-UC two triplet excitons energies are combined to create one, higher energy singlet exciton state.
TTA-UC systems consist of two molecules. Sensitizer molecule, which absorbs light strongly in the VIS region
and generates triplets through intersystem crossing. Annihilator molecule, which fuses triplet energies together
and generates singlet excitons. Here, Ir-C molecule and CBDAC are used as sensitizers while PPO is used as

the annihilator.

Fig. 1. a) 2,5-diphenyloxazole (PPO), b) iridium complex (Ir-C), c) 3,3'-Carbonylbis(7-diethylaminocoumarin)(CBDAC).

This work aimed to characterize the photophysical properties of PPO&Ir-C and PPO&CBDAC systems.
Parameters like upconversion lifetime, fluorescence efficiency, upconversion efficiency and upconversion ex-
citation threshold were measured to determine the statistical probability of PPO. Utilizing PPO as an emitter
and Ir-C as a sensitizer in a photon upconverting solution, a concentration of PPO of 10 mM and Ir-C of 0.1
mM was identified as the optimal system, yielding the highest upconversion efficiency. The obtained results
reveal a notably high threshold level (182.7 W/cm?)) while an upconversion quantum efficiency (UCQY) of 2.4
% shows that Ir-C is not a suitable sensitizer as the UCQY is way lower compared to other systems employing
PPO with different sensitizers. One of the reasons for the poor performance of this system could be the short
lifetime of 1.5 us in Ir-C. CBDAC, however, shows a triplet lifetime of 21.8 us [1] which enhances the efficiency

of the system.

[1]1 Uji, M., Harada, N., Kimizuka, N., Saigo, M., Miyata, K., Onda, K., & Yanai, N. (2022). Heavy metal-free visible-to-UV photon upconversion with over
20% efficiency sensitized by a ketocoumarin derivative. Journal of Materials Chemistry C, 10(12), 4558-4562. https://doi.org/10.1039/d1tc055269
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According to spin statistics, by electronic excitation singlet and triplet excitons are theoretically generated
in a 1:3 ratio, where triplet excitons are lost as heat and only singlet excitons are converted into photons,
utilizing 25% of the exciton generation factor, leading to an external quantum efficiency (EQE) of about 5%-
7.5% in devices. In organic light-emitting diodes (OLEDs), obtaining an efficient and stable fluorescent with
high quantum efficiency is very desirable [1-3].

A series of novel metal-free organic compounds featuring phenothiazine and Tetraphenylethylene moieties
were meticulously designed, synthesized, and characterized for their potential as blue/green emitters and hole
transporting layers (HTLs) for OLEDs. The impact of donor moiety presence and absence on the device effi-
ciencies were investigated. The photophysical studies revealed that all the compounds exhibit fluorescence,
photoluminescence quantum yield of up to 39.64%, good thermal stability and hole transporting capabilities
(1.56 x 10~* cm?/Vs and 1.27 x 10~* cm?/Vs at 5x 10° V/cm electric field) (Fig. 1b), all suitable for OLED appli-
cations. The compounds were tested as the emissive layer in doping free fluorescent devices obtaining EQE of
4.33% with a turn on voltage of 3.60V (Fig. 1a). The compounds were also used as HTL in multiple-resonance
thermally activated OLEDs, resulting in EQE up to 7.45% and low turn on voltage of 4.60V (Fig. 1c).
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Fig. 1. (a) EQE versus current density as EML, (b) hole mobility versus electric field, and (c) EQE versus current density as HTL
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Luminescent materials have a wide array of different applications: from extensive use in lightings, displays
and in medicine as markers to more niche uses as high temperature and pressure sensors. Furthermore,
studies of luminescent materials have also been gaining more traction due to new innovative methods of their
manufacturing as well as new quite promising applications. In this study a wide array of luminescent materials,
as well as some initial results of synthesis and experimentation on luminescent materials will be provided and
reviewed.

Luminescent materials used in laser structurization can be divided into two categories: organic and hybrid
materials. Some good examples of a polymer doped with organic dyes were presented by A. Zukauskas et
al. [1], and C.R. Mendonca et al. [2]. The main drawbacks of pure-organic phosphors as dopants seem to
be low concentration and photostability of the dye in polymer matrix. A different example of a polymer doped
using inorganic dopant was shown by J. Winczewski et al. [3]. In the aforementioned source, the only men-
tioned drawback is nonradiative relaxation. It should also be noted that while purely organic phosphors have a
characteristic wider emission spectre, inorganic phosphors have a narrow emission spectre. Some promising
results were also obtained in this study on the subject of YAG (¥3A/50;,) synthesis inside a structurized poly-
mer by utilising a femtosecond laser system. Figure 1 shows SEM images of microstructures obtained by laser
irradiation:

Fig. 1. 2500 times enlarged SEM image of a) microstructures obtained post-laser irradiation b) microstructures obtained after heating the
sample in 600°C temperature c) microstructures obtained after further heating the sample in 1600°C temperature.

Initial results of the study show that polymer microstructures shrink when heated at 600°C. At 1600°C cal-
cination removes the organic matter while leaving behind crystalline inorganic YAG. Unfortunately, synthesized
YAG hasn
't retained the structures obtained during laser irradiation, so it
's still a work in progress and the method has yet to be perfected.

This study shows that both types of luminescent materials still seem to have their characteristic drawbacks
and as such can still be improved.

[1] A. Zukauskas, M. Malinauskas and the others. Organic dye doped microstructures for optically active functional devices fabricated via two-photon
polymerization technique. Lith. J. Phys.. 2010. 50. 55-61.

[2] C.R.Mendonca, D.S. Correa and the others. Three-dimensional fabrication of optically active microstructures containing an electroluminescent polymer.
Appl. Phys. Lett.. 2009. 95. 113309.

[3] J. Winczewski, M. Herrera and the others. Additive Manufacturing of 3D Luminescent ZrO2:Eu3+ Architectures. Adv. Opt. Mater.. 2022. 10. 2102758.
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In order to develop effective blue emitters for organic light-emitting diodes (OLEDs), this work intends
to synthesise three compounds based on phenoxazine and phenothiazine that are coupled with phenylethenyl
using a single-step Buchwald-Hartwig approach. Results from photophysical studies suggest that, with increas-
ing water percentage, compound dispersions in water-THF mixes exhibit strong aggregation-induced enhanced
emission (AIEE). Cyan fluorescence is the most intense emission. Toluene solutions of the compounds have
photoluminescence quantum yields ranging from 3-26%, and solid films have values ranging from 13.5-53%.
The AIEE phenomenon is thought to be responsible for this finding. Computational simulations grounded on
density functional theory were used to quantify intramolecular charge transfer, dihedral angles, border molec-
ular orbitals, excitation energies, and wavelengths. Analyses of compounds' internal reorganisation energies,
grounded on Marcus theory, reveal high levels of hole mobility. Cyclic voltammetry estimates the ionisation
potentials and electron affinities of the compounds to be between 5.15 and 3.31 eV and 2.08 and 2.24 eV,
correspondingly. Blue-cyan emission with an electroluminescence maximum of around 500 nm is shown by
OLEDs built employing synthetic compounds as the host. External quantum efficiencies of 2.5-6% and bright-
ness levels exceeding 1000 cd/m? are characteristics of the manufactured devices.
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Silicon is the most widely used semiconductor in micro- and nano-electronics applications. Silicon-based
particle sensors are widely employed in high-energy and nuclear physics experiments for radiation registering.
One of the most prominent examples is the Large Hadron Collider (LHC) based at the European Organization
for Nuclear Research (CERN) where silicon-based sensors are employed for particle tracking applications.
Silicon-based Low Gain Avalanche Detectors (LGAD) with additional p* gain layer are characterised by their
high time resolution and radiation hardness. Due to these properties LGADs are a promising alternative for p-
i-n structure particle sensors in the future LHC upgrades [1]. The improvement of timing resolution on tracking
sensors allows collecting only the data of time-compatible events and rejecting those events that cannot be
associated to a track due to an excessive time difference [2].

However, high-energy radiation creates electrically active defects within the bandgap of the material, which
determine the deterioration of sensors functional characteristics, e.g., increase of leakage current, decrease of
charge collection efficiency, etc. [3], which also influence sensors temporal response. Therefore, it is important
to characterise the devices before and after irradiation in order to evaluate the influence of radiation on the
timing resolution of the sensor and predict its variations.

In this work, two sets of LGADs produced by Hamamatsu Photonics (HPK) [4] and Centro Nacional de
Microelectronica (CNM) [5] with an active area of 1.3x1.3 mm? were investigated in a collaboration with CERN.
The samples were irradiated with high energy protons (24 GeV) with fluences in the range of 103 - 10> p/cm?.
The timing resolution of the samples were examined and the correlations between its variations and proton
fluences will be presented.
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Fig. 1. Comparison of the distributions of time delay between laser pulse and detector signal between non-irradiated and irradiated with
protons of fluence 10'> p/cm? samples.

[1] B. Schmidt, J. Phys. Conf. Ser. Vol. 706 (2), 2016, p. 022002.

[2] M. Carulla et al., Nucl. Instrum. Methods Phys. Res., Vol. 924, 2019, p. 373-379.

[3] H. Spieler, Semiconductor Detector Systems, Oxford University Press, New York, 2005.
[4] www.hamamatsu.com (last checked 25 January 2024).

[5] www.imb-cnm.csic.es (last checked 25 January 2024).
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Antimony selenide (Sb,Se3) is a promising absorber material for photovoltaic application that has been
widely researched for the past ten years. However, the main parameters of Sb,Se; thin-film solar cells (such
as efficiency, open-circuit voltage, short-circuit current and fill factor) still remain limited due to the presence of
complex defects in the material [1]. In this study, we present an approach for minimizing defects at the interface
of Sb,Se; using laser-annealing strategy. The latter allowing the energy induced upon exposure to be precisely
localized in time and space enables changes in crystallinity of the material [2]. During our experiments Sb,Ses
was deposited on FTO-coated glass substrates using the vapor transport deposition method. Sb,Ses solar cell
had Au contacts deposited on areas annealed with a laser as pictured in Figure 1.

Fig. 1. Sb,Se; solar cell with Au contacts.

We show that laser annealing done with a 532 nm pulsed laser with varying values in power density slightly
improved the main parameters characterising the performance of Sb,Se; thin-film solar cells. Open-circuit

voltage reached 310 mV compared to 300 mV in a reference cell. The efficiency value increased from 3,06 %
to 3,37 %.
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Fig. 2. Current-voltage (J-V) curves measured for a reference cell (black line), for a laser-annealed area with the most improved (red line)
and decreased (blue line) parameters.

These results are considered to be related to an improved quality of the pn junction of the cell. Observed
enhancement indicates the possibility that further experiments using different wavelength pulsed lasers could
pr