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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



67™ INTERNATIONAL

OPEN READINGS
2024
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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
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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 triphenylamineJbased 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.

[11 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)


dladika@iesl.forth.gr

3D GRADIENT PERIOD PHOTONIC CRYSTALS FABRICATED VIA ULTRAFAST LASER
LITHOGRAPHY

Eulalia Puig Vilardell'?, Darius Gailevi¢ius?, Mangirdas Malinauskas?

IErasmus Mundus Joint Master Degree EUROPHOTONICS
2| aser Research Center, Faculty of Physics, Vilnius University, Sauletekio Ave. 10, LT-10223 Vilnius, Lithuania
eulalia.puig@ff.stud.vu.lt

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.

(@) Y (b)
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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 GaAsBI 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.

GaN (0001)

ScN (111)

Sc,0, (111)

Si (111)

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 Atftomap 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.

Radial Profiles of Peak Wavelength Shift (PWS)
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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

] R.lvaskeviciaté-Povilauskiené et al., (2023) Flexible terahertz optics: light beam profile engineering via C-shaped metallic metasurface
] J.Huetal., (2021) A Review on Metasurface: From Principle to Smart Metadevices

] L. Minkevicius et al., (2017) Terahertz multilevel phase Fresnel lenses fabricated by laser patterning of silicon

] Q. Yang et al., (2024) Efficient Flat Metasurface Lens for Terahertz Imaging
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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 um 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:10.1364/20.43.002874

[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 + wp, 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 Tbps 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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HIGH-EFFICIENCY MID-IR OPCPA WITH 2.5 mJ 25 fs OUTPUT PULSES
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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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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
alow 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 Agy, (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.

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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[5] Kris¢ianas, 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.
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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, 5sSp>4f, 5p°, 55*5p*{5d,6p,6s}, 5525p3, 55*5p5d?, 555p35d, 555p36s 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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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
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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] Radziaté, L., Gaigalas, G. Theoretical investigation of Sb-like sequence: Sb I, Te Il, I Ill, 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
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DEEP LEARNING FOR STAR CLUSTER DETECTION IN GALAXIES
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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;. 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 MAPbCI;, 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 (Il) 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,>3 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. VySniauskas, 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.
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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)
— fce 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
LHCb 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).
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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 ¢ =7 - 10> S/cm but after nanocrystallization the electronic
conductivity dramatically increased to the level of 6 = 7 - 10~ 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,
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