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On behalf of theNational Institute for Laser, Plasma and Radiation Physics
(INELPR), with the support of thAssociation Laser, Plasma and Radiation Science and
Technology(LPR-ST), we are pleased to welcome you to 3né International Conference
on Laser, Plasma and Radiationr Science and Technolog{YiICLPR -ST), during29 June -

3 July, 2026in PoianaBrasoy Brasovcounty, Romania in Alpin Resort Hotel, in the heart of
the Carpathian Mountains.

Following the previous editiondCLPR -ST continues to develop as an international
forum dedicated to scientific exchange, collaboration, and the presentation of recent advances
in laser science, plasma physics, radiation technologies, and related interdisciplinary areas. This
third edition reflects our continued commitment to building a lasting scientific tradition around
these fields and to bringing together researchers, academics, and industry experts working on
both fundamental and applied aspects of laser, plasma, and radiation science.

The scientific programme reflects the broad scope and rapid development of laser, plasma,
photonic, and radiaticbased sciences, bringing together fundamental studies, advanced
diagnostics and modelling, optical and photonic concepts, and technologidsobgshotonic
and plasma processes. It also highlights the growing relevance of these fields for major societal
challenges, including life sciences, energy production and storage, and environmental
protection through pollutant monitoring, detection, antigation.

Through plenary lectures, invited talks, oral presentations, and poster sessions, the
conference offers an opportunity to discuss recent results, exchange ideas, and explore new
perspectives across complementary research areas. Particular attentionnistogithes
connection between fundamental mechanisms and technological applications, highlighting the
role of laser, plasma, and radiatibased methods in addressing current scientific and societal
challenges.

We hope that the 3rd ICLP&T will provide a stimulating scientific environment,
encourage fruitful discussions, and support the development of new collaborations within the
international community, in the pleasant and inspiring atmosphere of P8ieasov
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ScaleBridging Multi -Modal Analytics in Energy Research:
Harnessing Data Correlation and Machine Learning for Enhanced
Materials and Device Optimization

Silke CHRISTIANSEN23 George SARAWY Andre BORCHERS Berik UZAKBAIULY 1,
Gihoon CHA, Hyoungwon PARK, Daniel AUGSBURGER Dennis POSSART
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IFraunhofer Institute for Ceramic Technology and Systeli{§'S, Forchheim 91301, Germany
2nstitute of Nanotechnology and Correlative MicroscepyfAM, Forchheim 91301, Germany
SFree University Berlin, Physics Department, Berlin 14195, Germany
“Lucid Concepts AG, Zirich 8005, Switzerland
Corresponding authosilke.christiansen@ikts.fraunhofer.de

The dynamic field of battery technology necessitates sophisticated analytical methodologies to
advance device performance and promote sustainability. Our team employs a groundbreaking scale
bridging, multtmodal analytical framework to examine the intricahteractions within battery
materials with unprecedented precision, spanning from macro to nano scales.

Our methodology integrates various microscopy techniginetuding electron, ion, optical, probe,
and Xray microscopy- alongside advanced spectroscopic methods such as Raman, IR, and mass
spectroscopy. These techniques are further refined througtsehef manoGPS technology, enabling
accurate correlations across different imaging modalities [1].

Our analytical approach focuses on true mmitidal data correlation across various scales, which
is crucial for identifying material defects and device imperfections that could compromise device
performance.

We incorporate operando techniques, such as the latest Carl Zeiss microscopy developments, which
allow for the observation of cycling devices within an electron microscope. This capability is pivotal for
enhancing the longevity and performance of sstik battery materials and device architectures.

Our commitment to artifadree analytical data is ensured by maintaining fully inert workflows,
including glovebox operations (e.g. an atomic force microscope installed in a glovebox) and the use of
transfer holders from sample preparation through toyaisal

Through the application of statistical techniques and machine learning algorithms, we analyze
complex, heterogeneous data sets, significantly enhancing the material and device optimization
processes.

Our presentation will explore the integration of these mmdtdal analytics within a unified
workflow facilitated by the 'Correlyze' data platform [2]. This platform not only supports the assessment
and quantification of data but also bolsters the priegictpabilities vital for the advancement of battery
technologies. We anticipate that our approach will substantially influence battery development, fostering
innovations that align with rigorous standards of quality and environmental sustainability.

[1]  https://www.horiba.com/int/scientific/products/detail/action/show/Product/nanaans«4959/
[2] https://icorrelyze.org
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Plenary- 02

The Promises and Challenges of Plasma Medicine and Oncology

Sander BEKESCHUS

1ZIK Plasmatis, Leibniz Institute for Plasma Science and Technology (INP Greifswald), Greifswald 17489, Germany
2Department for Dermatology, Rostock University Medical Center, Rostock 18057, Germany
Corresponding authosander.bekeschus@iuggeifswald.de

In plasma medicine, partially ionized gases are employed for biomedical therapy [1]. Despite more
than a decade of clinical experience in plasma wound healing, the identification of key plasma effectors
and molecular mechanisms of action remain to be efed\2]. Moreover, routine clinical applications
of plasma cancer treatment have not come into fruition, partially due to the lack of clinical studies, but
also due to an overarching sciertreven framework putting plasma treatment within the regular
onwmlogy therapy schemes and defining its added value [3]. This plenary talk will draw major lines in
the development of the field of plasma medicine, with a particular focus on its reactive species
production and mechanisms of actions [4], along with curpatihs such as the multidisciplinary
TARGET-H consortium aiming to enable plasma skin cancer treatment in the near future (Fig. 1).

&

Growth Cell death

reduction ‘
| J )//
Lipid Y Immune
peroxidation ) modulation

Microbial
Dg:ddr:l:;?e = . inactivation
© @

Oxidative stress Paracrine
response signalling

Fig. 1. Potentiaimechanisms of action of medical gas plasma therapy (image from [5]).

AcknowledgementsThis review was written with the support of the project TARBHET the framework (grant number EXF
25-1043P3) of the Stat&xcellencdnitiative funded by the European Fund of Regional Development
(EFRE) and the Ministry of Science, Culture, Federal Budopean Affairs of Mecklenbuiestern
Pommerania (Germany).

[1] M. Laroussi, S. Bekeschus, M. Keidar, A. BogaeitsFridman, X. Lu, K. Ostrikov, M. Hori, K. Stapelmann, V. Miller, S. Reuter, C.
Laux, A. Mesbah, J. Walsh, C. Jiang, S. M. Thagard, H. Tanaka, D. Liu, D. Yan, and M. Yusupovléimperature Plasma for
Biology, Hygiene, and Medicine: Perspective andd®oap," IEEE Trans. Radiat. Plasma Med. @), 127-157 (2022).

[2] S. Bekeschus, T. von Woedtke, S. Emmert, A. Schmidt, "Medical gas ptasmaated wound healing: Evidence and mechanisms,"
Redox Biol.46, 102116 (2021).

[3] S. Bekeschus, "Medical gas plasma technology: Roadmap on cancer treatment and immunotherapy,” R&SIGOBKIIS (2023).

[4] S. Bekeschus, "Gas plasmas technology: from biomolecule redox research to medical therapy," Biochem. SA¢6)[ 20152083
(2023).

[5] L. McKeever L. BoeckmannA. Bogaerts S. Emmert A. PrivatMaldonado E. Robert D. Singer E. Smits A. StancampianoA.
Sobota T. von Woedtke K.-D. Weltmann K. Wende S. Bekeschys'Advancing Dermatological Care: Potential of Gas Plasma
Technology for Actinic Keratosis Treatment," IEEE TraRadiat. Plasma Med. Sckx, 11278788 (2026). Online publication:
https://doi.org/10.1109/trpms.2025.3639175
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Plenary- 03

Programmable Laser Nanostructuring

Razvan STOIAN

Laboratoire Hubert Curien, UMR 5516, CNRS, Université Jean Monnet, Saint Etienne, France
Corresponding authorazvan.stoian@unigt-etienne.fr

The advances in ultrafast laser deep nanoscale structuring, aiming for characteristic dimensions
well-below 100 nm, rely essentially on localized material reactions and on the generation of near fields
[1,2]. These fields, selfiggered, permit extreme ergy confinement and nanoablation events, being
controllable by the vectorial characteristics of the beam. The design of polarization becomes key in
controlling features sizes and patterns. We show that automateddsigm of polarization can trigger
new patterns, assisting a complex setfjanization process, and generate extreme nanostructuring
scales, well beyond the optical resolution. Such energy confinement challenges conventional views on
ultrafast laser ablation mechanisms. New physical insighthe correlation of electromagnetic fields
and material evolution as well as ablative processes at the nanoscale will be discussed.

AcknowledgementsThe support of the Banque Publique D'Investissement France (iDEMO grant Glacier) and the French
National Research Agency (grant ARR CEO080005) is gratefully acknowledged.

[1] R. Stoian and J. Bonse Eds. Ultrafast Laser Nanostructuring. The Pursuit of Extreme Scales, Springer Series in OpE&3Scienc
(2023).

2] G. Zhang, A. Rudenko, R. St odsgeer aatnido Ge x tCrheemeg ,n afinUd st trrauf catsur il mgs eor f

Ultrafast Sci5, 0103 (2025).
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Advances in ScatteringType Scanning NeasField Optical

Microscopy: From Quantitative and Correlative Nanoscale
Characterization to Al-Enhanced Imaging

Stefan G. STANCIW? Denis E. TRANCA? Radu HRISTW? StefanRazvan ANTON?,
Gabriella CINCOTTY, Zeev ZALEVSKY, Avi KARSENTY?®, George A. STANCIJ

IPhotonX Spectrum Lab, CAMPUS Research Institute, National University of Science and Technology POLITEHNICA Bucharest, 313
Splaiul Independentei, Bucharest 060042, Romania
2Center for MicroscopyMicroanalysis and Information Processing, National University of Science and Technology POLITEHNICA
Bucharest, 313 Splaiul Independentei, Bucharest 060042, Romania
3Department of Civil, Computer and Aeronautical Engineering, University Roma Tre, via Vito Voltersa0828 Rome, Ital§Faculty of
Engineering, Baillan University, Ramat Gan 52900, Israel
*Nanotechnology Center for Research and Education and the Applied Physics/Blptit® Engineering Department,
Jerusalem College of Technology (JCT), Jerusalem 9116001, Israel
Corresponding authostefan.g.stanciu@upb.ro

Scatteringtype scanning nedield optical microscopy ¢SNOM) has become a powerful platform
for nanoscale optical characterization, enabling access to local electromagnetic properties beyond the
diffraction limit [1]. In this invited talk, | will presenrecent advances inSNOM that extend its
capabilities from qualitative imaging toward quantitative, correlative, aneddiaen nanoscopy. First,
| will present working principles, typical experimental configurations, and popular applications of s
SNOM. Examples will be given for nanostructured materials and hybrid systems, highlighting
applications such as the characterization of polyooated metallic nanoparticles [2] and other
heterogeneous nanoscale architectures. In this part of the presentatitinalso emphasize on
approaches for extracting local optical properties, including the complex permittivity [3], from near
field signals. Next, | will introduce correlative imaging strategies that combiS&GM with
complementary modalities such asnfocal laser scanning microscopy [4], or dmmear optical
microscopy [5]. These approaches enable the multimodal investigation of biological tissues and
advanced materials, providing both nanoscale optical contrast anddagagestructural and funotial
context. Recent developments in tip engineering and signal interpretation will also be addressed [6],
including perspectives for improving spatial resolution and reducing imaging artifacts. Finally, | will
discuss recent efforts toward integratingfiial intelligence and machine learning into ndiatd
microscopy workflows. These include hybrid machine learning approaches for acceleratifiglshear
spectroscopy, -SNOM data modelling and dathiven inference of -SNOM signals from
complementaryneasurements. | will also outline in this context on the importance of curated datasets
[7] for benchmarking and training. Overall, this talk will highlight how the convergence of quantitative
analysis, correlative imaging, and-Ahhanced methodologies dsiving the development of more
robust, scalable, and accessible ffadd optical nanoscopy, with applications spanning nanophotonics,
materials science, and biomedicine.

AcknowledgementsStefan G Stanciu acknowledges the financial support of UEFISCDI Grantt/4P¥-7.1-PED-2024
2374 (POLYNANO)PN-IV-PCB-RO-MD-20240541 (OPTOCARSEMOPN-IV-P8-8.3-PM-RO-TR-
20240068 (CONAGAI).

[1] R. Hillenbrand, Y. Abate, M. Liu, X. Chen, and D.N. Basdw i sto-THz eeasf i el d nanoscopyl)d, 289310 . Rev. M
(2025).
[2] S.G. Stanciu, D.E. Tranca, G. Zampini, R. Hristu, G.A. Stanciu, X. Chen, M. Liu, H.A. Stenmark, L. LdiSsé@ieringtype scanning
nearfield optical microscopy of polymer o at ed gol d nan o pr7él3)t1136311862 (2022)ACS Omeg a
[3] S.G. Stanciu, D.E. Tranca, G. Zampini, R. Hristu, G.A. Stanciu, X. Chen, M. Liu, H.A. Stenmark, L. Laft@haiacterization of
nanomaterials by locally determining their complex permittivity with scatteyipg scanningnedri el d opti c al mi croscopy
Nano Mater3(2), 12501262 (2020)
[4] S.G. Stanciu, D.E. Tranca, R. Hristu, G.A. Stan@@igrrelative imaging of biological tissues with apertureless scanningdiakboptical
mi croscopy and confocal | aser s@@2n58745383 (28017c r oscopy, 0 Bi omed. Opt
5] R. Hri stu, D.E. Tranca, S. G. Stanci u, L. G. Efti mi edfarfietdd G. A. St
andneaf i el d optical t echn7ll)B6A2365bR20R%).S Materials Lett.
6] J. Bel hassen, S. Glass, E. Teblum, G.A. Stanciu, D.-éhbancéd anca, Z.
nanoscopy with optically resol v22),02@02@023).ng probe tips, o Adv. Ph
[71 M. Lucidi, D.E Tranca, L. Nichele, D. Unay, G.A Stanciu, P. Visca, AM. Holban, R. Hristu, G. Cincotti, S.G Stanciu,
ASSNOMBACTER: A ¢ o | typecstannman nedield opticalantictoscopy and atomic force microscopy images of
bacterial cells 6 Gi g &(%19, gimah2e €020).
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using a Single Ultrafast Bessel Pulse in GHz Burst Mode
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Throughglass via (TGV) formation technology is a key enabler for-gexteration semiconductor
devices, particularly in advanced packaging and heterogeneous integratioraspiggitratio, high
quality via formation in glass substrates offers superiatmital performance, thermal stability, and
design flexibility compared to conventional siliecbased interposers. Therefore, the development of
innovative and reliable TGV manufacturing technologies is essential for futurepéifgrmance,
energyefficient semiconductor systems.

Laser processing is considered one of the most promising approaches for TGV fabrication. We
applied ultrafast laser induced selective etching technique combined with Bessel beam for rapid
fabrication of glass though holes [1]. A single shot of a Besssépidllowed by chemical etching using
NaOH, cancreate athrougho | e wi t h a di a nilEck lmorosilioate gl8ss (@spectiratio: 5 0 € n
6.25). By scanning the laser beam, an array of thrdnadgss can be formed at a rate of 3,000 holes/s
(Fig. 1a).Meanwhile, Guilberteau et al. demonstrated that a single shot of an ultrafast Bessel pulse in
GHz burst mode can create athrodgo | e wi t h a di ameter of 4 em and
without chemical etching [2]. However, cracks were generatednd the periphery of the processed
region along the fabricated holes, which is unacceptable for TGV applications.

In this paper, we further advance this technology by optimizing fabrication conditions fer next
generation semiconductor device manufacturing. By optimizing the irradiation conditions, a GHz burst
mode ultrafast laser successfully created an array ofghiouo | es wi t h a di ameter o
mmtthick borosilicate glass substrate (aspect ratio: ~1000) without crack formation (Fig. 1b). The
fabrication speed reached 3000 holes/s and can be scaled up to over 10.000 holes/s. Importantly, the
diameter ofthe throughholes can be precisely controlled by ppsicessing chemical etching using
NaOH.

STy

200 pm

e

1OTm

Fig. 1. Fast fabrication of an array of through holes in borosilicate glaés)ljtrafast laser induced selective etching technique combined
with Bessel beam ant) GHz burstmode ultrafast Bessel laser pulses

1] J. Zhang, K. Obat a, K. Ozasa, T. Uz a w-dasedDigitallNucteic Ackl AmpSificatiadno k a, @A Ra
Chips by Ultrafast 4B)e2800¥6 (20R4).l ses, 0 Smal | Sci .

[2] T. Guilberteau, P. Balage, M. Lafargue, J. Lopez, Laura Gemini, |. Mdrfelka ni nger , ABessel Beam Femtosec
with Fused Silica Before and After Chemical Etching: Comparison of Single PulseBMidz and GHzBur st , 6 Mi cr omachi
15(11), 1313 (2024).
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Three Decades of Innovation in Femtosecond Laser Functionalization
of Glass Substrates: From Pioneer Works Reaching Industrial
Maturity to Challenges and Opportunities

Yves BELLOUARD
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(EPFL), Switzerland
Corresponding authoyves.bellouard@epfl.ch

Femtosecond laser offers a means to confine energy beyond the diffraction limit. Triggered by
pioneer works performed at the turn of the millennia, the use of femtosecond lasers to induce non
ablative transformation of transparent materials have emergedegigdechnology for functional devices
impacting numerous fields, from integrated photonics to complex rpits processing fluids or
fulfilling mechanical functions (including actuators), and from higimsity optical memories to solving
complex packging issues.

The core of all these technological developments is the ability of ultrafast lasers, thanks to non
linear absorption processes and strong field interaction with high energy confinement, to tailor the
intimate structure of the matter and inducing a variétpcalized structural modifications, including
densification, nanerystallization, or phase separation.

Here, we will propose an overview on how this peculiar fas&tter interaction provides a means
for tuning a variety of interesting physical properties in materials, ranging from the etching selectivity

to the change of density, and from heat conductivityt her mal expansi on, Youngo
conductivity. Specifically, we will show how these structural modifications can be related to functional
properties and be | ever awreidt ¢a® com@md®i hovmadt dryipa

Finally, as exciting developments in this blooming research field, we will discuss our recent results
related to femtosecond lasaeduced modifications crystallization and how it differs from classical,
long-pulse and continuougave laser annealing pragses as well as novel observations related to
femtosecond lasanatter interaction in the UV regime.

Recent publications from our group on this specific topic

[1] G. Torun, Y. BellouardiiFemtosecond laser interaction with ULE® glags;ta Mater 314, 1223552026)

[2] E. Gribaudo and Y. Bellouard, "UV femtosecond laser inducedosg#inisation of micretructures in the bulk of fused silica,” Opt.
Express34(7), 1282212840(2026).

[3] E. Gribaudo, M. Deckart, P. Vlugter, and Y. Bellouard, "Swtvelength femtosecond laser based nanostructuring of complex patterns
in the bulk of fused silica," Opt. Expre33(5), 1152911540(2025).

[4] L. Ackermann, B. Hermann, D. Echarri, E. Gribaudo, and Y. Bellouard, “bfigled femtosecond UV laser writing of kogs
waveguides in fused silica," Opt. Les(8), 25062509(2025).

[5] G. Torun, A. Romashkina, T. Kishi, and Y. Bellouard, "Femtosedaser directwrite photoconductive patterns on tellurite glass," Phys.
Rev. Appl.21, 014008 (2024).

[6] R. Ricca, V. Boureau, and Y. Bellouard, "Influence of ionization and cumulative effects ointaseed crystallization in multilayer
dielectrics," Phys. Rev. Mate, 063402 (2024).

[7] S. Lee, T. Kishi, and Y. Bellouard, "Widgeld Polarimetric Seconrdlarmonic Imaging for Rapid and Nondestructive Investigation of
LaserInduced Crystallization Phenomena," ACS NagB6), 2492924940 (2024).

[8] R. Ricca and Y. Bellouard, "Singleayer Subwavelength Femtosecerakerinduced Confined Nanocrystallization in Multistack
Dielectrics," Phys. Rev. Appl9, 044035 (2023).

[9] G. Torun, T. Kishi, D. Pugliese, D. Milanese, and Y. Bellouard, "Formation Mechanism of Elemental Te Produced in Telkgite Gl
Systems by Femtosecond Laser Irradiation," Adv. M8&R0), 2210446 (2023).
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In-operando Subpicosecond Xray Diagnostics for High-Resolution
Material Analysis and Imaging
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Ultrashort pulsed lasers are pivotal to engineer materials because of their capability to induce
controlled changes in a small volume and with high selectivity and resolution [1,2]. To understand and
to guide those transformations;aperando diagnosti@se helpful, enabling fullyesolved analytics of
the interaction and of its outcomes. Ideally, they encompassmhied duration optical and-iy
probes to uncover the details of laser energy coupling to the electregsten of the material and the
subsequent changes incurred by the lattice atoms upon relaxation of the absorbed energy. In this context,
tabletopmulttb eaml i ne wul trafast (fs) | aser facilities
rate (1006s Hz) a ther allify tolpioppde parformaatmelmodaldoumpgobet o
arrangements in a flexible and versatile laboratory environment [3,4]. This perspective motivated the
development of the ASURApplications des Sources UltRapide$ platform in LP3 laboratory for
more than 10 years. As it will be presented in this paper, our efforts result in the successful demonstration
of hard energetic jittefree pointlike pulsed Xray K- sources (Mo@17.48 keV and Cu@8.04 keV),
synchronized with laser optical probe and pump, suitable for deep and detailed material analysis,
possibly under laser excitation [5] (Figlefft). To illustrate the analytic capability of ASUR platform,
we will present Xray diffraction measurements. A first measurement demonstrates elongation of GaS
unit cell along the -@xis through accumulation of lasedduced thermomechanical stress [6] and a
second one measures tiresolved coherent phonon oscillations inldg@xcited by 40&hm
femtosecond laser pulses (Figridht, [5]), as well as its recrystallization dynamics and characteristics.

To highlight the relevance of the platform for imaging, a 3a¥{ tomography of a calibration object

will also be presented hvere dedicated strategies for both acquisitions and reconstruction algorithms
have been investigatethese achievements open up avenues to access detailed knowledge at the atomic
scale in material science and to develop smart laser engineering of materials, as well as to promote novel
X-ray imaging protocols that can find applicative opportunities irogiglmedicine or nodestructive

testing.

s -

|
Diffraction
intensity (a.u.)

Pump — probe delay (ps)
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Fig. 1. Left: ASUR pumpprobe Xray platform. Right: Timaesolved coherent phonon oscillations in gold
excited by 40ehm femtosecond laser pulses [5].

1] zZz. Lin and M. Hong, fAFemtosecond Laser Precision 2@204%/83lder i ng:
(2021).

[2] R.Stoianand®P h. Col ombi er, fAAdvances in ultrafast | as91l6),46664688ct uri ng
(2020).

[38] M. Hada, J. M araysaurces forftitdd ¢ s af s d e eRayuSpeetromdi(4),s188494 {2012).

[4] K. SokolowskiTi nt en, C. Bl o me, C. D iRayt Measarément ef tUltradabkt Meltindi dhe loatge Aceustio n d = X
Transi ent s, 087R%), 225701 (R®Y.. Let t .

[5] O. Ut ®z a, R. Cl ady, Y. hizcoserondilasgrased bray platform fofiddvargceéd miterial analgsis and
i maging, i Re97(1), 083006 (2026)n st r u m.

6] K. Khakurel, R. Cl ady, S. Espinoza, et al ., AEngi negmreissng GasS
15(10), 25342544 (2025).
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Chromogenic Coatings for Energy Efficient Windows
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!Physics of Semiconductors and Devices Laboratory, Faculty of Physics and Engineering, Moldova State University,
60 A. Mateevici sty.Chi® n ¥MID-2009 Moldova
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Chromatic smart systems are of particular interest due to their ability to reversibly modulate their
spectral response to external stim{d]j. Chromic transition metal oxide systems are actively
investigated for applications in smart windows, buildingggrated thermainanagement coatings,
optical and gasensing systems, visual indicators, adaptive camouflage, inforrsiticage and
display concepts, and other thfiim optoelectronic device$2]. The chromic optical response in
transition metal oxides is assigned mainly to two classes of mechanisms: phase transitions and small
polaron injection.

This work integrates coating technology, thin films characterization, and theoretical calculations,
and is focused on developing a coating that combines thermochromic and electrochromic materials.

The experimental setp and the technologyhich implies theco-assembly approach fwepare
multilayered devices, integrating both thermochromic and electrochromic thin film matedaisly
Metalorganic Aerosol Deposition (MADwas developed3]. Nanolayers ofVO; by use ofboth
V(acac)} and VO(acag)precursors were prepared or8@,/Si(111) anda-cut Al,Os substratesThe
same substrate types were used for undopel#&ndCu, Ag, Na, Ga, V, La, In) nanolayers preparation
by MAD using a single liquid solution containing all necessary precursors at substrate temperature in
the range ofi50-650°C

Complementary NiO and VD150 nm thin films were deposited by pulsed laser deposition (PLD,
266 and 248 nm, 2 J/&ron a wide range of transparent substrates (fused Si, MigO;) at various
temperatures characteristic for each materiatBID for NiO and 45@50°C for VO,. Additionally,
the V& samples were doped by simultaneous addition of BiColliding plasma approach. This new
deposition strategy focuses on the angular and kinetic dependence of the oxidation state of metallic
species in the plasma and allows fine control off doping in a single deposition process:sithe in
monitoring rewals a stronger relationship between the thermochromic phases and the growth
thermodynamics rather than plasma phase reactions.

Structural properties, morphology, composition, and oxidation states of thin oxide films were
studied using Xay diffraction accompanied by Rietveld refinement and Williarridal plot analysis,
Atomic Force Microscopy, Scanning Electron Microscopy, Epdigpersive XRay Spectroscopy,
and Xray photoelectron spectroscopy. Optical properties in the range oR@ED nm were
characterized by ellipsometry.

Theoretical calculations, in the framework of the Green's function method applied to the extended
HubbardHolstein model, the complex dielectric function of ¥43 well as the spectra of the refractive

index n(vY) and of the extinction coefficient k (
ellipsometry data.
AcknowledgementsCNCSUEFISCDI, project number 18ROMD/20.05.2024, the NATO grant SPS MYP G6153 and MEC
subprogram 011207.
[1] C. Ahn, A. Cavalleri, A. Georges, S. IsmBiéigi, A. J. Millis, J-M . Triscone, AiDesigning and Control i
Met al Oxi de Qu anMalem20M4621468(@2G2).s , 0 Nat
2] A. Cannaval e, Uu. Ayr, F. Fiorito, F. Martellotta, fASmart EIl ectr

Comf or t, &3(6F M4e92020.e s
38 A. Belenchuk, O. Shapoval, V. Roddatis, K. Stroh, S. tdhatavu,
enhanced thermochromism in polycrystallingi%ixO,t hi n f i | md52d), 185931 16562(2@28. e
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Advanced Functional Materials for Hydrogen Storage
and Piezomagnetic Transduction

Fabio DI PIETRANTONIO
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The development of advanced functional materials is playing a central role in addressing some of
the most pressing technological challenges related to sustainable energy ayjeheeation devices. In
this invited contribution, a review of two highly priging classes of materials will be presented:
materials for hydrogen storage and materials exhibiting piezomagnetic behaviour for magneto
mechanical transduction. The first research area is closely linked to the growing demand for efficient,
safe, and scable solutions for hydrogédmased energy systems, where the design of hanostructured and
surfaceengineered materials is opening new opportunities for improving storage capacity and release
dynamics. The second concerns piezomagnetic materials, whosdéngobptween mechanical
excitation and magnetic response makes them attractive for innovative transducers, sensors, and
mechanical antennas. Although these topics belong to different application domains, they share a
common scientific vision based on thegamering of material properties to obtain targeted
multifunctional performance. The presentation will provide an overview of the main material strategies,
the governing physical mechanisms, and the current limitations that still hinder broader techhologic
deployment. By bridging energylated materials and magnetwchanical concepts, this review aims
to highlight emerging perspectives, unresolved challenges, and future directions for industrially relevant
and interdisciplinary research.
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Correlative Spectroscopy and Microscopy Analysis of Micre
and Nanoplastics and Their Effects on Cells and Tissues
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Current human risk assessment for mictand nanoplastics (MNPs) particles requires
comprehensive data on the relevant phygsiemical properties of MNPs that lead to ingestion and
inhalation toxicity. To correlate particle properties with toxicity assagsestablished measurement
protocols for the visualization, characterization, and quantification of MNPs both separately and within
complex biological matrices. These workflows involved correlative spectroscopy, microscopy, and
biomedical investigationsncluding Raman, optical, fluorescence, and electron techniques, among
others. Representative MNP materials, such as PS, PVC, LDPE, PET, and TPU, were used to assess the
toxicity effects on human Ca8 lung cells, podocytes (kidney cells), as well as ao tissues from
mice and zebrafishes exposed to MNPs. Raman spectroscopy (spontaneous and stimulated) was applied
to unambiguously distinguish between MNP particles and the biological background of cells and tissues
based on their specific chemical fingent. The Raman results were complemented by-hegblution
imaging using scanning electron microscopy (SEM) and fluorescence for stained MNPs, mostly
combined at the same regions of interest employing precise and automatic relocalization technologies
from Horiba, such as Naf®lobal Positioning System (nanoGPS) and Particle Finder [1]. In addition
to the chemical composition, our correlative experimental approach supported by customized machine
learning algorithms, enabled us to automatically detertieenumber, shape, size, morphology, and
clustering of particles inside and on top of the cells and tissues in a statistically relevant manner. The
MNP descriptors mentioned above, along with other descriptors like surface charge and reactivity,
phospholifid interaction, dissolution rate, molecular weight, molecular mobility, and crystallinity, were
correlated to various biomedical tests including cytotoxicity, interle8kievels, inflammatory and
macrophage responses, and gut microbiome alterationsadt faund that MNPs can increase
proinflammatory cytokines and disrupt the gut microbiome, reducing microbial diversity and shifting
bacterial populations towards pirtflammatory and potentially pathogenic species [2].

Fluorescence (481nm) Stimulated Raman PS (1009 cm™) Stimulated Raman PS (3069 cm™) Stimulated Raman Tissue (1667 cm™)

Fig. 1. Correlative fluorescence and Raman measurements on a zebrafish sample with 50 nm PS particles in blue.

[1] G. Sarau, M. Yarbakht, B. OBmann, L. Kling, J. Ast, F. Volinhals, J. MuBlleri | e , M. Schiffer, S. Christian
and Fingerprinting Spectroscopy of Mierand Nanoplastics and Their Effects on Human Kidney Cells Using NanoGPS aiote Part
Finder, 0 H®423B220®Wp adout

[2] V. Kopatz, U. Resch, K. Draganiet al.,fi Po | y s t y f amdh manoplastics aggravates colitis in a mouse mioddfects on
biodistribution, macrophage pol ar i6z9942026p n , and gut microbiome, 0 |
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Thin Film Batteries Prepared by Physical Vapour Deposition (PVD)
Methods
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Thin film solid-state Liion batteries (TFSSBs) represent a promising advancement for next
generation energy storage devices. Their reduced dimensions, higher power density, and rapid
charge/discharge rates make them attractive [1]. A critical compon€RE&BSs is the solid electrolyte
(SE). Currently, LiPON is a popular choice as thin film SE due to its wide electrochemical window,
high electronic resistivity together with sufficiently high ionic conductivity. Conversely, its amorphous
character inhibitdigh-temperature fabrication of TFSSBs heterostructures due to the risk of LiPON
crystallization, thus limiting the material range of potential electaddetrolyte parings.

In this study, we evaluate the applicability of lithium germanium phosphate Gl
xPxOs, LGPO) as a thin film Lion conductor fabricated by pulsed laser deposition (PLD) for use as a
SE. LGPO films demonstrate acceptable ionic conductivity {-8l6m), comparable to the LGPO bulk
and also amorphous LiPON films [2]. Notably, the conductivity of LGPO films remains consistent
across various deposition temperatures, providing a wide deposition temperature range suitable for the
fabrication of the ddee [2]. We have investigated the conductivity of LGPO films using in situ
impedance spectroscopy, allowing us to study the films immediately after growth inside the vacuum
chamber in a controlled atmosphere of our interest (Arahd Q) without air exposure. Furthermore,
we have investigated the structural, morphological, and electrochemical propertigBi£d:ki(LTO)
and LiMn,O4 (LMO) as anode and cathode, respectively, grown cddfied SrTi@substrates buffered
with a thin conducting layer as a current collector to provide an improved matching of the lattice
parameters and thereby reduce interfacial strain.

Our investigation of crystalline LGPO thin films grown at 380as solidstate oxide electrolytes
has demonstrated a high ionic conductivity (up t§ 3@m) at room temperature (RT), showing their
applicability in TFSSBs. In addition, we have observed an acceptable ionic conductivity (up to 10
S/cm) for amorphous LGPO thin films grown at RT. The LTO and LMO electrode layers are shown to
grow epitaxially and can be cycled in liquid cells at high C rates (100C for LMO and 400C for LTO)
with impressive cyclability (5000 cycles at 50C) due to thairstengineering with the thin interlayer.

First examples of thin film batteries will also be shown.

AcknowledgementsThe authors acknowledge financial support from the Paul Scherrer Institute and the Swiss National
Science Foundation (SNSF) through the project scheme (204103) and Ambizione scheme (216196).

1] K. V. Kravchyk, F. B@i&khkven Andysis ofV/AlSoktStata Batterids withkGrar net Sol i ACSEl ectr ol y
Energy Lett6(6), 22022207 (2021).

[2] S.D. Lacey, E. Gilardi, E. Mdiller, C. Merckling, G. Saédt r ons, C. Botell a, R. B antegratibneof , D. Per
Li4TisOs2 Crystalline Films on Silicon Toward HigRat e Per f or ma n c e ACS iAfgphMaten InterfacBgb(t)j 1636 s , 0 .
1544 (2023).

-36


mailto:thomas.lippert@psi.ch

[-09

Anodic Memristors: A New Generation of Nanoscale Devices
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Valve metals will always be in the focus of electrochemical community due their anodization
particularities at the nm scale. Their anodic oxides have shown promising qualities as memristive
elements, in which the resistance state of a device can be sWiiehgeen two or more levels by
externally applied electrical fields. This impacts the conductive pathways formation, which is mediated
by oxygen vacancies and/or cations, and theirfelivated movement inside the oxide. Oxides of Hf,

Nb, Ta, Ti and Ware most relevant for such applications and are easily produced anodically lowering
the device cost [1, 2]. The conductive pathway can be a direct one, as in filamentary switching of hafnia,
or an interfacial type mediated by crystalline inclusions in@xisuch as titania [3,4]. Figure 1 shows
examples from both. Memristor fabrication by anodization is an underestimated topic with great
industrial implementation potential.

Fig. 1 Filamentary and interfacial memristive switching features in anodic oxides.

A combinatorial route is applied for obtaining new memristive materials. Atomic mixture
deposition (by cesputtering) and wedgigpe thickness gradient deposition (by sequential sputtering)
are used for obtaining binary metallic material libraries. Upadiation, mixed oxide combinatorial
libraries are obtained. Enhanced memristive properties are reported when the material contains regions
with different oxidation states. The applied anodic oxidation route directly results in a vertical
compositional grdient, no additional processing step being necessary.-Mstdatormetal structures
are systematically screened as a function of their composition. Memristive electrical testing in a high
throughput approach reveals the best mixture of oxides for iragrdevices.

AcknowledgementsThis research was funded in whole or in part by the State of Upper Austria through the Linz Institute of
Technology (project COMSENS, LPD2312-SEE111).

[1] 1. Zrinski, C. C. Mardare, El . Jinga et -Depéndent Midiitaton Dfr Redisfive Switching in Anoditafniap
Nanomateriald1(3), 666 (2021).

[2) I Zrinski,C.C.Mardare,El . Ji nga et al ., APhosphate i nc ApppSBurf.&¢i548149093n anodi c
(2021).

81 E. At anasova, A. Greul , A. W. Hassel, M. Santamaria and A. [
classification angbroperties) Mat. Adv.7(3), 13571377 (2026).

4 E. Atanasova, A. Greul , [ M. Ghi ti u, N. Scarisoreanued A. W. H e

Defect Engineering in Titania A33pe0oD8832026Nr i stors, o Adv. Mater . |
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Advanced Monitoring of Air Non-Thermal Plasma Sources:
Key Applications
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Atmospheric pressure plasma sources are widely studied in laboratories and applied in industry
across materials science, life sciences, and environmental scie@lc€Operall, atmospheric pressure
plasma (APP) sources offer key technological advantages, as their versatility in integrating with
complex devices, compatibility with standard or ssmandard electrical excitation methods, and
effective operation at atmospheric or aatmospheric pressures. Additional benefits include the absence
of ion ething processes, high collisionality paired with a low Debye length, low ionization degrees, and
gas temperatures close to room temperature. Furthermore, APPs enable pulsed chemistry while
generating a high density of reactive species per unit volume.

In many studies, plasma diagnostic setups monitor electrical, optical, or spectroscopic data from
the plasma source. For instance, applied voltage and discharge current reveals the plasma's operating
regime, while emission or absorption spectroscopy iflestexcited atomic and molecular species
within the plasma volume and can be used to estimate specific plasma temperatures. Advanced
techniques like mass spectrometry or kégieed imaging provide supplementary insights intephase
composition or propgation dynamics, over short periods of time. Nevertheless, -tealinique
diagnostics of atmospheric pressure plasma sources over multiple operation cycles and the impact of
discharge variability on effects in materials, life, and environmental sciemmesnr rarely discussed.

In this paper, we describe and discuss a novel approach for advanced monitoring ofteérman
plasma sources interacting with liquids. This involves collecting large amount of electrical, optical, and
temperature data over extended operation timesibeed with gagphase diagnostics and liquid
analysis. All data are used to assess discharge variability and identify operational windows that ensure
consistent effects across many plasma source operation cycles. By adjustimgltaigl excitation
paraméers, along with gas feed, liquid target or geometric features, the characteristics of atmospheric
pressure plasma sources can be precisely controlled to meet the growing demands of applications in
materials science, life sciences, and environmental stienc

[1] J. Winter, R. Brandenburg, and-R.. Wel t mann, At mospheric pressure plasma jets:
Plasma Sources Sci. Techn®(6), 064001 (2015).
[2] H. Kakiuchi, H. Ohmi, apnedsurKlovt ¥ mpet akerefipt mesmphprbocesses for

Sci. Technol. A32(3),030801(2014).

B8] G. Y. Par k, S. J. Park,pMesXur &hmpliasmd <dur c €At fmors plhieomedi cal
Technol.21(4), 043001 (2012).

[4] F.Bilea, M. Gacci?/ aquer o, M. Ma g utmesmal plasma as envie@imentalfighdlyotethnology for agriculture: A
review and r oadma pi36), 428486 (R024).Re v . Pl ant Sci.

51 L. . Leti, | C. Gerber, | . -tMh ehramad la pelta samha , 0 m Tsheee dvbosd unhoart pohr oyl cedy
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[6] R.Brandenburg, H. Barankova,L.Bardos al .-pa8Bdadmpaol l uti on of exhausts: principle
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Appl. Sci.7(8), 812 (2017).
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Rareearthdoped materials are key enabling materials for a wide range of photonic applications,
including solidstate lasers, wavelength converters, magopt@al components, scintillators and
luminescent phosphors. In particular, fluottiype hosts sth as Cakand Bak have attracted sustained
interest for visible and ne#mfrared photonics, due to their low multiphonon relaxation rates and high
optical quality, which enable efficient emission and amplification processes, or magtietd
propertiesTm?®* is a very interesting doping cation because of its electronic configuration, which allows
several optical emi ssi ons a t-doped SuorglersjnglelcryQalsaren a n d
promising for the realization of ey@afe laser, remote sensing of atmospheric species suchsas CH
infrared countemeasurements or for medicine purposes.

Tb3*-doped single crystals are attractive materials for green photonic applications due to their low
phonon energy, high optical transparency, and efficiefitmission.

CaFk, and Bak single crystals doped with different Th&oncentrations (1, 5, and 10 mol%) and
differentTmkcont ent (0.1, 1 and 5 mol %)-3]and sygemgticatywn by
investigated in order to clarify the concentratilependent spectroscopic behaviour of rare earth ions
in a fluorite hostWe focused on the influence of dopant concentration on optical absorption and UV
VIS luminescence behavior.

Effective partitions coefficients of rare earth dopant in{Gade Bak, which are of high importance
for adjusting initial dopant content in the growth load in order to obtain as much as possible the final
content of dopant in agrown crystal, were calculated by two methods:-IMg® coupled with LIBS and
by optical absorptio spectroscopy.

Chemical characterizatidras shown that single crystals exhibit a highly homogenous [Tm] content
distribution throughout the whole boule volume, but optical absorption measurements have displayed
the presence of both Pfrand Tn?* cations. The simultaneous presence of these cations is assumed to
be likely due to the carbon environment and synproportionation partial reaction efvhich leads to
Tm-mixedvalencydoped Caksingle crystals since Tihcan enter easily in the Cafatrix because
no charge compensation is needed.

The results provide a consistent and detailed picture of the radiative behaviour of Tb and Tm ions
in a fluoritetype host in the visible spectral range and clarify the role of concenttjmendent effects
on their optical performance.

AcknowledgementsThis work was supported by a grant of the Ministry of Education and Research, Romania, CCCDI
UEFISCDI, project number PIW-P6-6.1-CoEx20240154, within PNCDI IV.
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19(4), 801 (2026).
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The transition of hybrid laser setups from a functional demonstration in the laboratory towards a
stable deployment in various fields of applications result in stringent engineering challenges. For
example, the use of lasers in space and aviation recgtabgity vs. thermal vacuum, mechanical
vibration, and radiation loads, resulting in significant engineering effort to maintain theo sz
functionality over the anticipated time of service.

Fig. 1. (left) Narrowband 532 nm, 100 mW laser for the Raman instrument of EXOMA#RBL) GHz entangled photon source
for satellitebased quantum communication.

Potential approaches, such as reducing the degrees and ranges for the alignment of discrete
components, stable and durable bonding technologies, and/ or full or partial monolithic integration have
to be considered and are illustrated in the contributicedb@n two space application examples. The
first one is the miniaturized 532 nm, 100 mW (in fiber) narttamd laser for the laser induced
breakdown Raman spectroscopy instrument of the EXOMARS mission that aims to find traces of life
on the surface of pfd Mars, and that poses the additional requirements of polfreeidevices and
systems for planetary protection. Second example is ageghrmant entangled photon source, that
emits entangled photons in theb@nd, and in a GHz regime for an efficidink with >200 bit final
secure key rate per pass of a LEO satellite quantum key distribution mission. Both hybrighlizsdr
sources were realized as either flight models (FM) or Engineering Qualification Models (EQM),
surpassing stringent qualificati@luring environmental testing.

AcknowledgementsThe EXOMARS laser was funded by Spanish space agency INTA, the GHz entangled photon source was
devel oped within the QUDICE AQuantum devices and s
that has received funding fr ope researeh afduinnovatenan Uni o
programme under grant agreement No 101082596.
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laser and mechanical considerations of its assembly progestsyuments3(2), 25 (2019).

[2] E. Beckert, GA . Mel o Luna, N. Pavlovic, F. Kr a z e ;suitéble, amdlihybtidrentamdled and R.
photon source for satelifea s ed QKD, 01393 Quanium Sdmipufing, Communication, and Simulation VI, 1391901 (5
March 2026).
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Low-temperature plasma has evolved from a tool in materials processing to a vplatitiien
enabling complex interactions with liquids and biological systems. In particular, plagnassystems
provide a unique environment where nonequilibrium chemistry drives the formation of chemically rich
solutions with emerging biological functialities.

At the Center for Lowlemperature Plasma Sciences, Nagoya University, we have been developing
an interdisciplinary framework that connects plasma physics, solution chemistry, and life science.
Plasma irradiation of biologically relevant liquids inducesamy reactive oxygen and nitrogen species
but also complex reaction pathways involving organic molecules, leading to the formation of previously
uncharacterized compounds. These pladman chemical transformations are closely linked to
selective biologgal effects, particularly in cancer cells.

To elucidate the underlying mechanisms, we have combined advanced analytical techniques with
systemdevel biological analyses, revealing how plasimduced chemical complexity can influence
intracellular signalling pathways and metabolic regulation.

In parallel, recent work at our Center has expanded the scope of plasma applications to soft
materials, particularly plasmaeated polymers such as chitosan. Plasma processing enables
modification of polymer structures and crosslinking behavior, leadirthd formation of functional
hydrogels with tunable physicochemical properties. These developments highlight the versatility of
plasmadriven chemistry not only in liquid systems but also in polymeric materials, opening new
possibilities for biomedical @hbioengineering applications.

By integrating plasma science across liquids, polymers, and biological systems, we are beginning
to establish a unified understanding of how plagmoaced reactions can be harnessed to design
functional materials and control biological responses.

In parallel with these fundamental investigations, translational research toward clinical applications
has progressed, including preclinical validation and estdge human studies. These efforts
demonstrate the feasibility of plasraativated solutionssaa novel class of therapeutic agents.

A major challenge moving forward is to achieve predictive control over plastnaed reactions
across different states of matteEyuids and polymerby linking microscopic reaction pathways to
macroscopic functionality. Establishing such design prinsipl#i enable the rational development of
plasmabased systems tailored to specific biomedical and agricultural applications. This approach may
ultimately establish plasmenabled life science as a new interdisciplinary frontier.

AcknowledgementsThis work was partly supported by a GrantAid for Scientific Research (A) (No. 24H00202) from the
Ministry of Education, Culture, Sports, Science and Technology of Japan, as well as the joint usage /
research program of the Center for Lovemperature Rlsma Science, Nagoya University, and the
PlasmaBio Consortium.
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The plasmdreated, i.e. reactive oxygen and nitrogen species (RONS) enriched liquids, hydrosols
and hydrogels have been long tested in several applications in the field of medicine (wound
healing/disinfection or cancer therapy) and agriculture (seed nmgjniiecontamination, fertilizer).
Combining RONS with nanoparticles (NPs) it is expected to enhance the efficiency of-pleatad
liquid based methods.

Plasmaactivated NP colloids can be achieved through two different approaches) plas(na
treatment of NP colloid [1] andi) laser ablation in plasmaeated liquid [2]. By using the plasma
treated liquid for laser ablation different ionic environments [3] can be provided for the NP formation,
which influences the particle formation and their morphological and optical pespédrtie presentation
focuses on two main topics) the characteristics of an atmospheric pressure surfage microwave
discharge used for plasma treatment of liquids [4,5] anthée design of a laser ablation in liquid system
allowing efficient NP production [2].

The surfacavave microwave discharge is generated with the help of a surfatron wave launcher in
a few mm diameter dielectric tube and is sustained by the swkagetravelling on the dielectric and
plasma column boundary. At atmospheric pressure, wherplasma plume exits into the free air, the
boundary conditions become variable. The surfatron is designed to launch the wave in the (0,0) mode,
which results in a plasma column filling the central part of the discharge tube. However, during operation
thefilamentation of the discharge can occur. The random appearance, the moving and collapsing of the
filaments can be observed at ithsinflaence lofdhe vafiadble pr es
boundary conditions on the discharge characteristics, such as temperature and electroniidi¢hsity, (
effect of the operation conditions on the stability of the plasma column and the filamentation of the
discharge, andii{) the interaction of the plasma plume with the liquid surface and the deposition of
reactive species into the batch and flowing liquids.

The NP colloids are prepared by laser ablation of solid surfaces in liquid, i.e. by laser ablation in
liquid (LAL) method. The method relies on a high intensity pulsed laser, in the present case a ns 1064
nm Nd:YAG laser. Several system geometries, wharotdir the energy deposition and allows the
guiding of laser beam through or outside of ablated material can be designed. The presentation will
discuss the design of a system, which makes possible a very efficient NP production, i.e. high
concentration in &ry short ablation time, in the case of metals with different structural and physical
properties.

[l K. Kutasi, N. Krstulovil, A. Jurov, K. Salamon, -atvatRlogesvi | and
by Cu ions) Plasma Sources Sci. Techng(4), 045015 (2021).
2 K Kutasi, L. P ®t edepositau deaciive spdcied aksjstedfisyhthesis ofi aolloidabxithe nanostructures,). Phys.

D-Appl. Phys57(31), 315201 (2024). )
[3] K. Kutasi,L.BencsZ. Téth S . Mi log@hel rol e of met ailedredctive oxygen andl ritpoges spécieointo of | on
the plasma activated liquidsPlasma Process. Poly2((3), 2200143 (2023).

[4 K Kutasi, D. Popovil, N. Krstulovil -adiwhtedwaterklialswfgwewemicrowafeTuni ng t |
discharge and a kHz plasma, jéflasma Sources Sci. Techr28(9), 095010 (2019).
5] K Kutasi, C. N°el, T. Bpawemratmodpleeripaessdre darfacelve microwave dischafe imcantact with

batch and flowing liquid$,J. Phys. BAppl. Phys.59(1), 015208 (2026).
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Rethinking the design and fabrication of magnetic materials is essential for enabling sustainable
technologies. Mangandséinc (MnZn) ferrites are key candidates for high frequency, epeffigient
devices, yet challenges remain in reconciling performascalability, and sustainability. Here, we
propose a unified, laselriven approach to MnZn ferrites across multiple length scales, from bulk to
thin films and nanoparticles, where laser matter interaction serves as a central enabling tool.
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Fig. 1. Schematic diagram of the pulsed laser ablation in liquids (PLAL) technique, and real images of the experimental process.

We first revisit bulk Mr 7sZno 2504 as a reference system, establishing controlled relationships
between composition, microstructure, and magnetic behaviour. This framework is extended to thin
films, where lasebased processing enables tailored crystallographic orientation and anisotoogjnt
controlled growth conditions. At the nanoscale, pulsed laser ablation in liquids (PLAL) emerges as a
green, singlestep synthesis route for higturity, surfactanfree nanoparticles with tunable size and
magnetic properties, as shown in Fig. 1.Bigging bulk, thin films, and nanoparticles within a single
laserenabled strategy, this work outlines a coherent pathway for designing nanomagnetic materials. It
highlights a vision in which fabrication, functionality, and sustainability are intringilsaked, opening
routes toward energgfficient electronics and advanced magnetic devices.
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partnership between France and Iraq; and (iii) the funding provided by the Institut Marseille Imaging to
Raphaél Coquard fonis master internship at LP3.
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The development of commercially viable fusion energy is entering a new phase, driven by the
convergence of advanced plasma concepts, enabling technologies, andspat@ténvestment. This
talk presents the strategy and recent progress of ENN Groupdtosaizing compact, cosfffective
fusion based on protdhoron (p 11B) reactions. Unlike conventional deuteritntium approaches,ip
1B fusion offers the prospect of aneutronic operation, reduced radioactive burden, and direct energy
conversion, butaquires significantly higher plasma performance.

ENNb6s approach combines spherical torus confi
schemes to enhance reactivity and confinement. Experimental results from tHgOEXd EXL-50U
devices demonstrate megampelass discharges, higekmperature hyaigen boron plasmas, and non
inductive current drive, providing a strong foundation for rgeeration devices [1]. The upcoming
EHL-2 experiment is designed to access regimes relevarit ¥ purn [2].

A key element of this program is the integration of artificial intelligence fortie® plasma
control and operation, enabling rapid optimization and improved stability. Together, these advances
define a roadmap toward a compact fusion demonstratiopa@tedtial commercialization in the next
decade.

[1] Y. Shi, Y. Wang, B. Liu, X. Song, S. Song, X. Jiang, D. Guo, D. Luo, X. Gu, T. Sun, X. Huang, Z. Li, L. Dong, X. Wang, B. Yin
Wang, W. Liu, H. Zhao, H. Xie, L. Yong, D. Qi, B. Xing, J. Ding, C. Wu, L. Li, H. Zhang, Y. Yang, X. Zhao, E. Yang, W. Luo, P
Zhou, L. Han, Q. Zhou, H. Wang, J. Dong, B. YuanKYM. Peng, M. Liuandthe EX6 0 t e a m, i Ov-®0mesgarehw o f E XL
progr ess, 0658)u082004 (2625)s i o n

[2] Y. Liang, H. Xie, Y. Shi, X. Gu, X. Jiang, L. Dong, X. Wang, D. Yang, W. Liu, T. Sun, Y. Wang, Z. Li, J. Cai, X. Song, M5Tan
Yang, H. Zhao, J. Dong, ¥. M. Peng, S. Song, Z. Chen, Y. Li, B. Liu, D. Luo, Y. Yang, M. Liuand the2HL T e a m, pfOver vi ew
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Laser scanning is one of the key techniques for a range of imaging applications that include
confocal microscopy (CM) and optical coherence tomography (OCT) [1]. This presentation focuses on
our contributions and egoing work on galvanometeand MEMSbasd scanning for OCT. Thus, for
galvanometer scanners (GSs), [#}e following aspects are discusséfl: The three most common
scanning regimegsinusoidal, sawtooth and triangular) wetedied experimentally with regard to their
parameters (theoretical duty cycle, scan frequency and amplitude); the triangular function was
demonstrated to be the best in providing artefiet images in OCT [3]ii) A mathematical model for
sawtooth and triangulascanningwas obtained, demonstrating for the first time the GS saturation with
the theoretical duty cycle, validating the results through OCT imaging, and extractingfrtiiamb to
properly exploit GSs for OC]; (iii) The optimal function of G provide the highest duty cycle)
was demonstrated to be linear plus parabolic [5], not linear plus sinusoidal, as previously considered in
the literature [6].

For MEMS, the above results in GSs have been exploited in achtbeifigst distortionfree reat
time OCT imaging (without pegirocessing) with a MEM®8ased probe, with prehaped input signals,
demonstrated for GIDCM [7]. It must be pointed out that previous work on MEBESed scanning
probes (light weight, with lower cost than commercial ones) have requiregnoesissing of images
that made reaime OCT impossible [8]Further on,2D GSs and MEMS have been studied and
optimized raster scanning algorithms were developed [9]. Finally, perspectives of the field in terms of
other scanning systems and modalities are discussed.

AcknowledgementsThis work is supported by the European UniddextGenerationEU, through the National Recovery and
Resilience Plan (PNRR) of Romania, Component 9, Investment 4, under the Important Project of
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implemented by the Polytechnic University of Timisoara in collaboration with Aumovio Technologies
Romania (formerly Continental Automotive Romania). The content of this material does not necessarily
represent the official positioof the European Union or of the Government of Romania
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Nature has evolved highly efficient strategies over millions of years to optimize functional
performance, inspiring the development of artificial materials and surfaces designed to achieve specific
properties for practical applications. Ultrafast las@mnie of the potent tools used to createibgpired,
biomimetic as well as bisourced surfaces for targeted applications: i.e. liquid transport [1], optics [2,3],
biomedical [4] and vision correction [5] are discussed as examples of functions and iapplicat
Appropriate choice of laser parameter and processing conditions, such as laser pulse duration,
wavelength, polarization, burst etc, is key to biomimicry.

YA
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Fig. 1. Natureinspired multifunction surface: arvieflection (left), and water repellent (right).

As a first example, Greta oto (a dragonfly species from Central/South America) is presented as a
model for biomimetic surface design, inspiring the development of optical windows with antireflective
and selfcleaning properties [6]. Such functionalitiese amchieved through densely packed
micro/nanostructures, which can be fabricated using ultrafast laser patterning, as shown in Fig.1. The
text emphasizes the broad applicability of these techniques in biomedical and ophthalmological fields,
where ultrafaslasers enable both research and clinical innovations. It also highlights the importance of
process scalability and automatidinrough technologies such as beam shaping, fast optics, and robotics
- to translate laboratory results into economically viabtistrial applications [7,8].
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One of the best uses of advanced technologies is improving human health. For helping the bench
to-bedside dream dfanslationalhealing (by moving lab advances into the clinic) become a reality, we
develop biophotonic approaches that, while technologically sophisticated, allow deployment into a
clinical setting [1]. Our focus area is where light, an exceptional investigativii@sid patient meet
[3], and improvements that yield better outcomes by addressing obstacles preventing the timely clinical
adoption of laboratorpased advances, not the least of which is the difficulty of studying very small
entities (molecules, orgartes, cells)within the human body, especially quantitatively, dynamically,
and preferably intrinsically (without contrast agentdhw and where we lookecomes critically
important, especially if one targetas one should early diagnosis; for this, new tools and strategies
are needed. The fact that today we can image dust on Mars better than we can image inside a human
patient in our best hospitaleauld provide a lot of motivation, for both technologists and physicians.

We proposed and implemented a multimode [4, 5], mesoscopic [6] approach to biomedical optical
imaging at all levels of biological organization, featuring lasers and hyperspectral imaging originally
developed for satellite reconnaissance, and optimizedddier, more quantitative and reproducible
detection of abnormalities. Our work on cari¢¢(especially skin cancers [8, 9]) focused on generating
maps of lesions within the body-[3 optical biopsy by inferential topology), while in neuro [10] we
focused on primary events by higheed imaging [11], and on the very early detection of Alzbeaind s
Disease [12] using the eye (retina) as a window to the brain. A tighter-sgraporal coupling between
optical diagnosis and interventionthéranostick is a desirable goal [13] that we achieved by
hyperspectral imaging leading to interpreted mape wivotissue guiding pixespecificlasersurgery
[14]. Addressing major areas of unmet need in the clinic with these new approaches could yield
important improvements in disease management, and illustrative applications were chosen to emphasize
the new technologies and strategies needed towachie desired imaging performance, and their
physics/engineering underpinnings. Thoughts [15] about better ways for academia, the clinical and the
corporate world to work together for innovative ligi#sed solutions and their addressing major disease
[16] will be outlined, highlighting the role of international collaborations.
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Precise control of nanopatrticle properties is key for tumor theranostics. We proposecaopiatal
strategy to build multifunctional nanoprobes with programmable imaging and th&igpyt) Using
ZnFesxO4, we show that low Zn content (d#e2604) enhances magnetic response, while higher
doping broadens optical absorption [1,2].04fe.s0, combines nanoscale stiffness and magnetic
responsiveness, promoting cellular uptake and force transmission under rotating fields; stiffer probes
induce greater cytoskeletal remodeling, making mechanical stiffness critical for maggehanical
therapy. 1s broadband absorption enables duade MRI/PAI: T-weighted MRI and PA imaging at
808 nm, plus deefissue photothermal ablation at 1064 r8h [

This platform achieves magneteechanical/photothermal synergy against tripgdgative breast
cancer. Photothermal therapy damages primary tumors, while mageet@nical stimulation disrupts
cytoskeleton and suppresses metastasis via EMT reversaljXdhografts, combined treatment yields
nearcomplete regression, reduced lung metastasis, and prolonged suljvigt¢nding this strategy,
Garich Prussian blue nanoparticles disrupt iron homeostasis and mTOR/MAPK pathways for tumor
suppression with multimodal imaging [5]; Ydoped Prussian blue reprograms metabolism via mTOR
inhibition and AMPK activation [6]. Tha) metal doping broadly enables hanomedicines that modulate
oncogenic metabolic pathways.

Overall, this work links composition, structgoeoperty, imaging, and synergistic therapy into a
coherent framework, highlighting singt®mponent nanoplatforms for precision cancer theranostics.

A4

Fig. 1. Metaldoped functional nanoprobes for multimodal diagnosis and therapeutic application.
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Advancing Atmospheric Pressure Plasma Surface Engineering
for Environmental and Catalytic Applications

Fiorenza FANELLI
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In recent years, loemperature atmospheric pressure plasmas (APPs) have attracted growing
attention in surface engineering-3]1. Their unique features have enabled the development of a broad
range of processes that can significantly advance the ratiesi@n of emerging functional materials,
opening new prospects in environmental protection and remediation, as well as in a wide variety of
catalytic applications

In this contribution, an overview of our recent progress in surface engineering using low
temperature APPs will be presented with special focus on materials for environmental applications and
catalysis. The developed plasma processes will be classifiedwot main research directions: one
addressing the modulation of surface wettability, and the other focusing on the preparation of supported
catalysts.

First, we will discuss the preparation of superhydrophobic/superoleophiliecgfigrolyurethane
(PU) foams that can be used as selective absorbents for oil/water separation [4]. The proposed APP
process involves the etching/nanotexturing of the foanasesfand the subsequent overcoating with a
low-surface energy hydrocarbon thin film, which ultimately leads to simultaneous superhydrophobic
and superoleophilic wetting properties. The plasreated foams exhibit promising performances in
terms of oil absrption capacity, separation selectivity and recyclability. We will then present our latest
results on the design of surfaces for water condensation applications. In particular, it will be shown that
APP deposition allows the preparation of hydrophobic smgerhydrophobic thin films on metal
surfaces, promoting different water condensation regimes, such as dropwise condensation and jumping
droplet condensation, which are of interest for many environmental and eakigy applications.

Second, we will present the aeresskisted APP deposition of THOontaining hanocomposite
thin films [3,5]. This approach enables the immobilization of photocatalytie f@oparticles (NPs)
onto macroporous supports for potential applications in water treatment [5]. Finally, we will report our
recent results on the plasrdeven exsolution of Ni nanoparticles from a perovskite oxide [6]. Plasma
exsolution is carried ouhiless than 15 min at room temperature and atmospheric pressure, using both
inert gases and hydrogeontaining mixtures. Plasrexsolved NPs show competitive performance in
various catalytic processes of environmental and energy relevance.
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Catalytic Plasma Coatings for Remediation Challenges
within the Planetary Boundaries Framework

PaulaNAVASCUES, Dirk HEGEMANN
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The latest Planetary Health Check indicates that seven out of nine Planetary Boundaries have been
breached [ 1]. This raises serious concerns abou
approach integral challenges rather than separate issutss Iregard, for example, antimicrobial
resistance (AMR) should also be considered a key indicator of ecological stress, and not only through a
self-limited clinical conceptualization [2]. Moreover, water scarcity and pollution are urgent concerns
that futher destabilize coupled Earth systems. Within this context, reactive oxygen species (ROS)

provide a sustainable radical chemistry route f¢
from water and oxygen molecules by catalytic materials wittimiuse of harsh reagents. Advances in
nanotechnology are enabling ROS based approaches

water treatment applications [4].

Thin film systems combining catalytic metal oxides and plasma polymers offer a flexible strategy
for controlled production and release of ROS. Lmwssure plasma deposition techniques such as
magnetron sputtering are green approaches for efficiently fabricate these catalytically active systems.
The appropriate coupling of semiconductors enables activation by visible light and reduces charge
carrierrecombination, allowing catalytic ROS generation from water and oxygen molecules even in the
absence of illumination. Plasma polymerization of organosilicon monomers is then applied to introduce
ultrathin, nanoporous plaskapolymer coatings that impart additional functionality. Functionalizing
catalytic plasma coatings with ultrathin plasma polymer films enables accurate control over ROS
delivery. By tuning the thickness of the hanoporous functional layers, it is possibfputate the dose
of released ROS and selectively influence the conversion of superoxide into singlet oxygen. ROS
production is evaluated using fluorescence spectroscopy with complementary analytical methods [5].

Although metaloxide catalysts initially show strong performance, their activity diminishes during
use and storage. Plasma surface treatment, both at low and atmospheric pressure, provides an effective
method to recover high catalytic activity: species generated inldsea reestablish the appropriate
surface oxidation states and reopen porous nanostructures, thereby regenerating active sites for ROS
formation. These catalytic systems are assessed for different challenges such as antiviral and
antibacterial applicatiorss well as degradation of emerging contaminants in water.
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High-entropy alloys (HEAs) are renowned for their superior mechanical properties, which
outperform those of traditional transition metal alloys. HEA disulfides form a 2D gratikemeaterial
that exists in the form of th2H hexagonal polymorph, which is a semiconductor with promising
electrocatalytic activity [1]. We demonstrate that reactive HiPIMS is an attractive technigue for growing
VNbMoTaW disulfide at temperatures not exceeding 500°C. In our work, thin films weositbep
under an argon mass flow rate of 20 sccm, together with a mass flow rai® @riding from 0 sccm
to 20 sccm. The equimolar composition of V, Nb, Mo, Ta and W was used as a sputtering source with
an unbalanced magnetron of di amet er-350IHzkeepingP| MS p
the average power 200 W. The putset i me was set on 100 e€s. The wor
1.3-2.1 Pa depending on the mass flow rate £3.H he timeresolved ion flux on the substrate during
the deposition process was measured by the Sobolewski probe. The thin films prepasSdni@ssi
flow rate higher than 10 sccm demonstrated a crystalline phasé o3, with corresponding peaks
at 2d = 14A, 33A and 58A that can be attributed
showed the broad peaks around 180'@nd 270 cm corresponding to vibrational and eofplane
modes of the disulphide of individual metals. The nanocrystalline morphology of the deposited films
was confirmed by SEM photographs. In addition, EDAX demonstrated th:8 anbiss flow rate of at
least 5 sccm is sufficient for the correct HEAS composition to be produced. Depending ¢8 thadd
flow rate, the ion flux on the substrate either peaks immediately after the HIPIMS pulse (pure Ar gas),
or a secondary peak appears near the beginning of the pulse whesstimag$ flow rate is nonzero
(see Fig. 1).
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Fig. 1. Time-resolved ion flux on the substrate for different mass flow rates®f H
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Lowemperature plasmas offer unique opportunit]
and functionalization of a devgauni cl e db r maitme rpil aalssmat herl
preci sesuprifaascrea i nt eractionspl ®&amaresedr ghotwbbhusd
surface engineering ofasadwinhemostamnget uorfe s ¢ a ribnocnl

mesoporous carbons, 2D/ 3D hybrid architectures.

A central aspect of this work idqsuurfheeundeéees st
governing nucleati on, gt ewmh maeechahgstdbopli ngy. e
situ and operando diagnodt,i ccsh ecnonehail ne da nwdi teH eecxt rsi
correlations are established between plasma par .
Particular attention is devoted to the role of r
i nrtfeace formation in determining the properties

The devel eepnegd neleasemda materi als are investigate
including energy storage and conveosai bmtdeviess
mi crogenerator s, as wel |l ags ,s eanrsd ngmerl it f g rtmesg h n
to extreme environments and astrophysical proces
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Delivering a multikW laser beam over ranges from hundreds of meters to one kilometer onto a
moving target requires retime closedoop control [1] of wavefront distortions and beam pointing. In
this work, we present a softwairethe-loop [2] simulatiorframework for the adaptiveptics [3] control
loop. Such an environment allows us to validate the control software code and tune the control
parameterand also evaluate design choices for both the adapitres system and the beatalivery
system.
The bearndelivery system uses a reflective telescope composed of tvaxigfparabolic mirrors,
where the focal distance is adjusted by a small axial displacement of the exit mirror along the common
axis of the paraboloids. The control system uses selasaito generate commands for the-fasering
mirror and the deformable mirror, placed along the beam path to correct pointing error and pre
compensate aberrations induced by atmospheric turbulence, as well as for the translation stage that
moves the exi parabolic mirror. The adaptivaptics system relies on the wavefr@@nsor
measurements of a return beacon from the target. The sent beacon beam propagates toward the target
coaxial to the main beam but is considerably larger in diameter, ensuringathal it is diffusely
reflected by the target even when the system line of sight is not perfectly aligned with the target direction.
We derive a firsbrder analytical model of the receiving path using an augmentetlarssfer
matrix formalism [4], extending the standard ABCD approach to account faxisfipropagation. We
then use this model to fit the optical design realized usptgStudio [5]. The resulting parametrization
can be used in the simulation as a mathematical function that relates the parameters of the beam in the
wavefrontsensor pupil to the parameters of the beam entering the system. Propagation through the
atmosphee toward and from the target is modeled using a-stdji Fourier beam propagation method
[6].
We present the first results obtained with the softviithie-loop simulation, such as evaluating
the sensitivity of system performance (energy delivered on target/Strehl ratio) to the quality of the exit
pupil wdeformable mirrorwavefront sensor relay conjugatiothe ratio of beam size to deformable
mirror activeaperture size, the modal reconstruction and calibration choicesaatpigsition delay,
atmospheric turbulence and thermal blooming effects, and thetégstngmirror control law. These
results are intended to guide both optical systems design improvements and control software
optimization.
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Large-Area Pulsed Laser Deposition Growth of Transparent
Conductive Al-Doped ZnO Thin Films
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Florin ANDREL, loan-Mihail GHITIU?, Stefan ANTOHE?
and Nicu Doinel SCARISOREANU

INational Institute for Laser, Plasma and Radiation Physics, Magurele 077125, Romania
2Faculty of Physics, University of Bucharest, 405 Atomistilor Street, Magdif&&25 Romania
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This study focuses on the development of indiuee transparent conductive oxides (TCOs) based
on aluminumdoped zinc oxide (AZO) on lareggrea (4inch) silicon (Si) wafer using an industrstale
pulsed laser deposition (PLD) system at a substrate tatape of 330 °C. The purpose of the study
was to obtain AZO layers over a large area with low electrical resistivity and high optical transmission
across the visible (VIS) spectrum by varying the substrate temperature and deposition pressure. The
morpholaical and structural properties of the AZO layers were obtained by using different
characterization methods such as SEM, AFM, XRD andTERI. Moreover, the electrical properties
were analyzed using Hall measurements, showing a low electrical resisti8i88of 1Y c¢cm, a hi gh
carrier concentration (n) of 1.05 x2@m?, and a charge carrier mobility of 17.9 ¥¥hs, at room
temperature. Additionally, optical characterization conducted through spectroscopic ellipsometry (SE)
measurements showed that the laaigea AZO sample exhibits an increased optical transparency in the
VIS range with a neazero extinction oefficient (k) and a wide bandgap of 3.75 eV. Therefore, AZO
thin films prepared on largarea Si wafer fulfill the requirements for use as transparent conductive
electrodes.

AcknowledgementsThis work was supported by a grant from the Ministry of Education and Research, Romania,- CCCDI
UEFISCDI, project number PIN/-P7-7.1-PED-20242303, within PNCDI IV. Part of this work was
performed using C400 PHOTOPLASMAT facilities acquired within the PBGR016 IN2
FOTOPLASMAT project.

-56


mailto:elena.bancu@inflpr.ro

0-03
3D Printed Carbon Materials: Fabrication Challenges and Applications

Jérémy DRUON?3 Quentin BAUERLIN2 Arnaud SPANGENBER&, Camélia GHIMBEUY23
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2Université de Strasbourg, France
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Carbon materials are undoubtedly the most versatile materials owing to their tuneable properties
and large pallet of possible applications. Their morphology, porosity, structure, and surface
functionalities can be adjusted to satisfy applications including:leaning, sensors, catalysis and
energy storage. In most applications, carbon cannot be integrated as a powder and often requires
customized shaping, either by the fabrication of monoliths (limited to specific precursors) or by
employing polymeric biders. However, the use of binders generally leads to 2D shaped materials, can
block porosity and contribute as deaxh s s t hat decrease the materi al &
issues, 3D printing techniques emerged in the recent years as attractivesiethtatain various shapes
of carbon materials [1]. Light assisted 3D printing approaches such as DLP (digital light processing)
allow to obtain carbon structures using lapgrayer printing of polymeric photoresist, followed by
pyrolysis in inert atmgshere. Yet, most of commercial resins are derived from petrochemical sources,
and the resulting carbon objects lack of structural resolution and mechanical stability. To address this
inconvenient, a bisourced resin was developed in this work, which d#drto increase the-geld
after pyrolysis and to obtain robust carbon objects (Fig. 1) with tuned graphitisation degree, suitable for
battery applications [2]. The integration of different templates in this resin induced the formation of
hierarchical magdrials, with various ratios of micro/meso/macro pores. These materials were shaped in
electrode form and evaluated as electrodes in supercapacitors. The results highlighted that specific
capacitance and retention strongly correlate to the porous featdrekeatronic conductivity properties.
Nevertheless, we proposed a novel and complementary printing technique to DLP, i.e., volumetric
additive manufacturing (VAM) to reduce significantly the fabrication time and defects in the materials.
The combination bVAM technique with specific stabilization protocols and fast pyrolysis allowed to
obtain in a very short time carbon materials with complex design.

Fig. 1.3D printed polymer (left) and carbon (middle) structures, along with numeric microscopic zoom on carbon (right).
AcknowledgementsWe acknowledge the financial support of this work by Université de {Adsaee (UHA) and Réseau sur
|l e Stockage El ectr ochi mi(ANR&0-LABX-7600)Enddechnicabsuppd®S2 E) ne
throughFrance 2030 program (Maltight 4.0 ANR21-EXES0012) and IS2M platforms.

[1] P. Blyweert, V. Nicolas, V. Fierro, A. Celzar@BD printing of carborbased materials: A revieaCarbon183(15), 449485 (2021)
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SemtIndustrial Level Manufacturing Process
of Chemoresistive Gas Sensing Devices
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National Institute for Laser, Plasma and Radiation Physics, C400 Department, Magurele 077125, Romania
Corresponding authomihai.zamfir@inflpr.ro

The Internet of Things (loT) is a relativejypung concept and has emerged as a response to the
continuous increase in demand for automation and efficiency of certain technologies [1]. Living in our
present society, it is easy to notice that almost every electronic device, but not limited to, can be
connected to a network, based on the type of communication technology, and have remote control
capability. This has enabled the emergence of concepts like Smart Cities, Smart Agriculture, Smart
Healthcare and others. At the core of all these concepts ithié integration of sensors for detection
and monitoring, depending on the field of applications, and the facile transmission and interpretation of
i nformati on. Therefor e, thereds a continuous i n:¢
and caabilities, while decreasing weight and dimensions with an emphasis on also reducing the cost.
In that regard we present here a complete technological process of manufacturing sensing devices,
developed on the facilities of C400 Fotoplasmat INFLPR. Thes $tevolve processing of simple oxides
such as ZnO, CeQTiO;, on | arge area substrates (from 40
lithography and Ebeam evaporation, resulting in fabrication of tens up to few hundreds of devices,
depending on the architecture. The optimization and reproducibility of the praxeesefined through
various types of analysis, and the device performances are validated through detection measurements of
various types of gases in terms of time of response and recovery time, which are better or comparable
with previous reports baseah similar materials. Furthermore, these devices are easily integrated in a
complete and/or autonomous gas sensor in collaboration with our economical partners.

AcknowledgementsThi s wor k was financed by project Pl atformbt NaWwior
SMIS 304244, program NUCLELAPLAS VII 30N/2023, Ministry of Education and Research,
Romania, and was performed using the facilities of (4BOTOPLASMATNFLPR.

[1] S Jeddou, LDiez, A Baina, N Abdellah, R Agiiero,iA Review of the Internet of Things (IoT) Landscape: Technologies, Applications,
and Open Challenges]. Electr. Comput. End., 66575782026)
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Application of Plasma Chill Spray Technology for Inactivation
of Escherichia ColiBiofilms on Stainless Steel Surfaces
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Conventional chemical sanitizers are commonly used but may leave harmful residues, raise
environmental concerns, and contribute to antimicrobial resistance [1]. Péasiveted water (PAW)
has emerged as a nthrermal alternative capable of disruptingfbios through reactive oxygen and
nitrogen species (RONS) that penetrate the extracellular polymeric substances matrix, thereby reducing
microbial viability [2]. This study hypothesized that a hkygiessure plasma chill spray generated from
PAW would enhace biofilm inactivation through combined oxidative, cold, and mechanical stresses.

The objective was to evaluate its efficacy agaistherichia colbiofilms on stainless steel surfaces.

Biofilms of E. coliAW1.7 andE. coli8-77 were developed on stainless steel surfaces. PAW was
generated by treating 150 mL of distilled water for 20 minutes using a bubble spark discharge plasma
reactor integrated with a vortex tube cooling s
plasmaforming gas at a flow rate of 2 litres per minute. Biofibmated surfaces were subjected to
sequential treatments combining plasma chill spray and distilled water spray at different temperatures.
PAW and spray characteristics, including pH, oxwltreduction potential (ORP), electrical
conductivity, and RONS concentrations, were measured along with antimicrobial efficacy.

Lower PAW generation temperatures enhanced the stability and accumulation of RONS, including
H O, O , and NO . The resulting PAW and pl asma
conductivity, indicating strong antimicrobial potential. Plastil spray treatments reducdsl coli
biofilms to below detection limits (>6.12 log CFU/cm?), likely due to the combined effects of oxidative,
cold, and mechanical stresses. Air, as the plgamducing gas, showed higher antimicrobial efficacy
than CO . Additi onal laghievedat lgnerdempeRatDidsSvittyrédeckddesergw e r e
input, highlighting the importance of temperature in optimizing plasma efficiency.
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Figure 1. Antimicrobial efficacy of plasma chill spray treatments.
a-c indicate statistically significant differences among treatments (p < 0.05).
A: Utilizing ice inside the water container and covering the container with amatsr mixture during PAW generation;
B: Covering the water container with an-water mixture during PAW generation; C: PAW generation under ambient conditions.

Plasma chill spray treatments demonstrate strong potential as a sustainablefrexsialternative
for decontaminating foedontact surfaces. Further research is needed to validate its performance under
industrial conditions.

Acknowledgements: This work was supported by the Beef Cattle Research Council (BCRC), Natural Sciences and Engineering
Research Council of Canada (NSERC), and Agriculture andPapd Canada.
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LaxNdyGd;Y wScCixy-z-w(BO3)s-LGYSB:Nd, a New HighPerformance
Near-Infrared Laser Crystal

Lucian GHEORGHEAIlin BROASCA, Madalin GRECULEASA, Flavius VOICU,
Stefania HAU, Cristina GHEORGHE, Gabriela CROITORU

National Institute for Laser, Plasma and Radiation Physics, Laboratory of-Stdieé Quantum Electronics, Magurele, 077125, Romania
Corresponding autholucian.gheorghe@inflpr.ro

Incongruent melting LdNdyGd.Y wSCixy-w(BO3)s - LGYSB:Nd crystals with different Y
concentrations (w = 0.15, 0.05, and 0.025) have been grown for the first time by the Czochralski method.
For all crystals, the N doping concentration in the starting melt composition was chosen to be 5 at.%
(y = 0.05). Due to the peritectic nature oilNd,Gd,Y wSGx.y-zw(BOs)a compounds, which follow the
stoichiometric composition (x +y + z + w = 1), a scandium deficiency (Sc < 3) is required in the starting
melt composition to facilitate Czochralski growth of trigonal (space gR8p LGYSB:Ndtype
crystals. To fulfill this requirement, the scandium content in the starting compositions was set to 2.75 (4
-X-Yy-z-w=2.75). Considering the growth of INdyGd;Sax.y-2(BOs)s - LGSB:Nd type crystals [1],
the optimal content of La in the starting melts was also fixed to x = 0.628. Consequently, the starting
melt compositions were established as @0 422Y 0.1No.0s5G.75(BOs)s - LGYSB:Nd_1,
Lao.62d50h.522Y 0.0dN00.0sSG.74BO3)s - LGYSB:Nd_2, and L&edG547Y0.029Nd0.0sSC.75BO3)s -
LGYSB:Nd_3, respectively. The grown crystals shared the same optimal growth parameters, namely a
pulling rate of 2 mm/h and a rotation rate of 8 rpm. In these conditions, the LGYSB:Nd_3 crystal exhibits
superior optical quality in terms of the numbervidible defects. The LGYSB:Nd_3 laser operated at
the emission wavelength of 1062 nm with very high slope efficiencids, 6f0.74 (Fig. 1a) andsa=
0.64 (Fig. 1b) in quasCW and CW regimes, respectively, thus demonstrating its outstanding properties
to generate efficient laser emission in the NIR range.
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Fig. 1.Laser pulse energy ,kersus absorbed energy of the pump pulgg(&), and output power, R versus absorbed pump poweysP
(b) for LGYSB:Nd_3 crystal. T = transmission of output coupling mirrors and t = thickness of laser active medium.
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Growth and Characterization of Bifunctional Nd:LGSB Crystals
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Currently, lasers find extensive applications in various fields, so extensive research has been
conducted on the development of new laser crystals. Many researches are focused on the development
of new bifunctional laser and nonlinear optical (NLO) crystal on improving existing ones based on
new concepts. Very recently, our group has developed Czochgatskin LaGd/Nd,Scx.y-2(BOs)a
(Nd:LGSB) bifunctional crystals [1], as very promising active media for the construction of highly
efficient lasers in the nedmfrared (NIR) domain, as well as compact visible (VIS) lasers based on self
frequency doubling (SFD) processeBifunctional Nd:LGSB crystals with incongruent melting and
different concentrations of Ntidopant ions were grown by the Czochralski method. Thgr@asn
crystals have excellent quality, characterized by high transparency and the absence of visible defects.
All the grown crystals present a hexagonal transversal section characterssagisfgrown huntite
type crystals and are shownFhig. 1.

LGSB:Nd (3.5 at.%) LGSB:Nd (4.6 at.%)

s = &
T —
Nl E N - ejez

gy, AT
Iiji T ’ T T T //////H;{/lu, 1‘0{ l\“\‘“&‘z“\w

Fig. 1. The Photos of Czochralsigrown Nd:LGSBtype crystals.

The spectroscopic investigations of the Nd:LGSB crystals revealed tfiaioNsl substitute only
La** cations in the LGSB crystal matrix, as well as their high potential to generate efficient laser
emi ssion in the NIR domain at ~1.06 em. The | as:¢
nm were evaluated for each Mdping concentration using unded crystal samples with different
crystallographic orientations, suchasut, c-cut, andSFD-cut. In terms of slope efficiency, thecat
4.6 at. % Nd: LGSB has per mi tst @68, while theoopticalofopticalt he  hi
ef fici en evy0.68a ligh Absodbeddpump powerst2.14 W. The NIR emission of tleecut
Nd:LGSB crystal was randomly polarized, while heut 4.6 at% Nd:LGSB crystal delivered a linearly
pol arized output beam with s 0868 Imthegdse 8RDcut A5 er s |
at % Nd:LGSB crystal sample, slightly lower slope and optical pt i ¢ a | ed=fOb6cance nci es
do= 0.52) were reached, and increased output powers of ~2 W were obtained. The laser emission
performances at ~531 nm in SFD configuration under CW regime of both 2.3 at.% and 3.5 at.%
Nd:LGSB crystals were also investigated. The ditmdgreen conversion &fiency improved
significantly from 0.17% in the case of 2.3 at.% Nd:LGSB crystal to 1.44% (of about 8.5 times increase)
in the case of 3.5 at.% Nd:LGSB crystal, highlighting the importance of optimizing Nd doping
concentration and crystal length for enbed SFD performance.
AcknowledgementsThis work was supported by a grant of the Ministry of Education and Research, Romania, €CCDI
UEFISCDI, project number PIW-P6-6.1-CoEx20240154, within PNCDI IV, and program NUCLEU
LAPLAS VII 30N/2023.
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On the Stability of Passive Films on Dental Titanium Under Harsh
Chemical and Physical Conditions
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Titanium is the gold standard for implant materials in dental applicationmdtive film protects
the material against aggressive intra oral environments including salts, acidic conditions, elevated
temperature and even hydrogen peroxide produced from inflammatory processes. This study explores
the stability of the passive film dfi under two different special conditions. TH&i4d the use of mouth

rinsing solutions MRS. The'2is more extreme; it investjates
the behavior when a new explantation technique is applied u
a a high frequency voltage to loosen a defective implant pric
removal.

In part one of the study various MRS were used as electrol
and were compared to an artificial saliva the-catbed
FusayamaVeyer solution with different pH. MRS often mak
use of hypochloric acid and this is in principal an aggres:
agent. A novel lectrochemical cell was designed to mimic tl
oral environment including a temperature control & G
simulating the conditions at the entrance of the body that is
mouth. Standard procedures for corrosion testing w
employed using open circuit potential measuremel
electrochemical impedance speesaopy, cyclic voltammetry
to determine corrosio potential and corrosion curren
Moreover, electr&chemical noise measurements we
performed to characterize this passive material. In the sec

part of the study the Ti implant screws were treated by i\

electrotome i.e. a high frequency voltage getoeraThe
potential drop at the highest resistance in the nuatiale-bone

system causes a significant heating at the surface of the implant. For both parts inductively coupled
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plasma optical emission spectroscopy HCBS) was used as an additional way to quantify dissolution

rate Ti.

A dental Ti implant is intended to be a once in a life tgokition which sets the requirements for

its performance very high. The quantification of the chemical dissolution of Ti was performed under

harsh conditions. It is evident that all tested samples display an elevated Ti content after the treatment,

with results ranging from 4.9 to 5dg L. While the Ti levels are clearly raised these results still suggest

a minor Ti exposure during the treatment. The concentrations found are on the lower end of Ti
concentrations typically found in drinking water and are below the latest WHO report cahediitme

Ti exposure declares no adverse effects up to exposuregkaf1body weight per day. Furthermore,

the estimated Ti exposure by commonly administered medications in humans was found to be 1.71 mg

per day.

AcknowledgementsThis work was supported by the Austrian Research Promotion Agency (FFG) within the COMET Project

APBENSO (Project No. 915477)
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Gyrokinetic Validation Framework for Statistical Test-Particle
Transport Models
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Turbulent transport in magnetized fusion plasmas is often modeled using reduced statistical
approaches, such as tpsirticle methods, which trade physical detail for computational speed.
However, the assumptions underlying these models (spectral reptEsenthomogeneity, stationarity,
and mixing) have rarely been tested againstfirstciples simulations.

We present a gyrokinetic validation framework built around the GENE code [1,2] to assess the
T3ST statistical tegparticle model [3]. The workflow covers simulation setup across relevant parameter
regimes, convergence checks, and extraction of turbutkagrostics, such as spectra, transport fluxes,
and spatiotemporal correlations, in forms directly comparable to reduced model outputs. This enables
both quantitative benchmarking of transport predictions and systematic testing of the statistical
assumptias underlying T3ST.

AcknowledgementsThis work has been carried out within the framework of the EUROfusion Consortium, funded by the
European Union via the Euratom Research and Training Programme (Grant Agreement No 101052200
- EUROfusion). Views and opinions expressed are however those afithor(s) only and do not
necessarily reflect those of the European Union or the European Commission. Neither the European
Union nor the European Commission can be held responsible for them. This work was also supported by
a grant of the Ministry of Edation and Research, Romania, CNCSEFISCDI, project number PN
IV-P2-2.1-TE-20231102, within PNCDI IV and by the Romanian National Core Program LAPLAS
Vllcontract no. 30N/2023.
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GENE" J. Comput. Phy£30(18), 70537071(2011).

[3] D.I Palade, and L.M. Pomarjanschi3ST code: turbulent transport in tokamaks via stochastic trajectdviesl. Fusion65(8), 086007
(2025).
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The ability to detect single photons is essential for both quantum optics and quantum technologies.
The rapid development of quantum communications and photonic computing has increased the demand
for low-cost, reliable singkphoton detectors [1]. Howevecommerciallyavailable detectors are
expensive (in excess of 04000) and without inte
widespread adoption of useful technologies, such as quantum cryptography, quantum imaging and
guantum sensing.

Here we describe a lowost, singlephoton detection architecture based on-théshelf
components. The system uses a Geigede avalanche photodiode (APD) biased by a compact, high
voltage boost converter (12V DC to 130V DC) and stabilised throughvpafiiéering to mitigate
switching noise. We develop a custom actiuenching circuit controlled by a leeost ARM-based
microcontroller. Using the Programmable Input/Output (PIO) of the microcontroller we implement
photon counting and coincidence detestwithout expensive FPGBased hardware.

MCU with
______ 1 programmable
\ SPAD 1 =N = F

| Reversebias | Highspeed | | | 'Coincidence! ™ — — — — —
APD comparator ] 1 logic ! 4_! |
I
Quenchlng r
m % Quencmng 4_ 77777 |
logic '
-4

Unquenched L
APD signal

Passive
Lowpass Filter

I

\\\\ Voltage Booster «—— Y TE

132V RMS Power Supply
sawtooth

ERANAN

132V Clean 5V Peak

Fig.1. Single-Photon Avalanche Detector (SPAD) and coincidence logic pipeline with corresponding waveform.

Our opensource design [2] integrates photon detection and coincidence logic into a single unit
(Fig.1). The prototype costs | esupplytnbise ondétdctoro. We
performance and show that appropriate filtering enablsespperation despite the use of {owst
components.

The initial results demonstrate that ceffective implementations provide a viable alternative for
accessible quantum optics experiments and educational quantum communication demonstrators. Future
work will include a complete characterisation of detectédficiency, timing jitter and longerm
stability.

[1] M. D. Eisaman, J. Fan, A. Migdall, and S. V. Polyakov, "Invited review article: Spigieon sources and detectoiR&v. Sci. Instrum.
82(7), 071101(2011).
[2] Custom SPAD, GitHub repository, https://github.com/ifindev/custom_spad, accessed April 2026.
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The passive optical limiting is a nonlinear optical process in which the optical transmission
of a material decreases when the incident laser intensity is higher than a threshold-Shlue [1
It is used to protect the eyes and sensitive optical and ogti@gle devices from lasenduced
damage. The optical limiting is of considerable importance with the continuous development
of increasingly powerful lasers.

We present our recent results of an experimental study on absorptive nonlinear optical
properties of deoxyribonucleic acid (DNA) biopolymer functionalized with spirulina natural
dye, as solutions in butanol, and, for comparison, on the same propertiesiaf Solutions
with spirulina only. The linear absorbance spectra of the investigated samples have been
recorded by UltravioléWVisible-NearInfrared (U\V-VIS-NIR) spectroscopy.

Their optical limiting functionality is experimentally demonstrated by the Intessdén
method at the wavelength of 1550 nm using ultrashort (~120 fs) laser pulses. Important
parameters of the optical limiting, as the nonlinear absorption coefflci@nd the saturation
intensity, lsa; are determined in the investigated materials by processing the experimental
curves of the nonlinear absorbance. The results of our experimental investigation reveal a
significant absorptive nonlinear optical response of spirulina and its potential tioalop
limiting. The beneficial effect of the DNA biopolymer on the nonlinear absorption in the
investigated compounds, resulting in the enhancement of their optical limiting potential, is
demonstrated.

Our study shows that the DNETMA-spirulina compound is a promising material for
passive optical limiting in the nearfrared domain.

AcknowledgementsThis research was supported by the National Authority for Research in the framework of the program
NUCLEU-LAPLAS VII 30N/2023, Ministry of Education and Research, Romania.
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Incongruent melting Ndloped LaYySaxy(BOs)s crystals were grown for the first time by the
Czochralski method. The starting melt composition was optimized to reduce the defects in the grown
crystal. The composition of the begpiality grown crystal was measured to be
Lag 783N do.0308Y 0.35385C 823 BOs)a. The Powder Xay Diffraction revealed a trigonal single phase
(space grouR32. The spectroscopic properties ofNibns were investigated at room temperature and
at 10 K. Laser experiments demonstrate mwi#tvelength emission at 0.9 um, 1.06 um, and 1.3 um in
Nd:LYSB crystal, with slope efficiencies comparable to Nd:YAG and vanadate lasers, while offering
the additimal advantage of intrinsic nonlinear optical properties for secand thirdharmonic
generationThe laser emission performance in the free generationregisag=at 1. 06 em i s pr e
in Fig. 1 under laser diode pumping at 808 and 880 nm, respectively.

| I b | I E I LI I

-
o

LLILE LI S e B B S B B S B N

Ap= 808 nm
O T7=0.01, n,= 0.60 1= 0.60
O T=0.05, 0.72 =

©

/A T=0.10,  0.69

H (o]

Laser pulse energy, Ep (mJ)
N

|
0 2 4 6 8 10 12 14
Absorbed pump pulse energy, E_ . (mJ)

-
[o)]

Fig. 1.Laser pulse energy {Fat 1.06 um obtained from the Nd:LYSB crystal under pumping at 808 nm and 880 nm. Insets show the near
field beam profiles (2D intensity maps) at the indicated operating points. T denotes the output coupler mirror (OCM3itrarzrhie6
um. Solid lines represent fits to the experimental data.

Laser pulses with a maximum energy of 9.2 mJ were obtained under 808 nm pumping using an
output coupler mirror (OCM) with 5% transmission. The opttcabptical efficiency and the slope
efficiency, defined with respect to the absorbed pump pulse ertesgy were determined to ha =
0.70 anddsa= 0.72, respectivelynder 880 nm pumping, the slope efficiency increasedd.te 0.82,
approaching the theoretical limit due to the reduced quantum defect.

AcknowledgementsThis work was supported by the Ministry of Education and Research, Romania, CQEBISCDI,
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Met astatic cancer cells are suffering extreme

mi grati on t hr ou g hereinppopdse timedatiricatign afSE artificialpere networks in
polymeric materials to mimic the natiue vivo constrictive environment cancer cells interact with. By
applying two photon polymerization (TPP) we were able to generate-layétied, woodpildike,

scaffolds made of parallel and perpendicular lines with tunablelineer dimensions (Fig. 1(a)) to

further develop pore networks with controlled dimensions. A Nanoscribe Photonic Professional system
equipped with a nednfrared laser beam of pulse duration of 100 fs and repetition rate of 80MHz was
used to induce polymerization in SU8, a biocompatildgative photoresist. The scaffolds were then

used to evaluate the invasive capacity of melanoma cancer cells by immunofluorescence microscopy
(Fig. 1(b)). An extended area of penetrating filopodia inside the scaffolds was observed with the increase
ofporedi mensions from 0.7 to 1.6 &m. Further, f ocal
was applied, but much stronger in the absence of the coating. A larger spreading area and a higher mean
migration velocity were found for melanoma cells growncotagencoated scaffolds, corresponding

to a more aggressive cell invasive behajlgr

Fig. 1.(a) 3D scaffolds with tunable pore dimensions (NS) made by two photon polymerization are used to d)ahmteehavior of
melanoma cancer cells when interacting with microrrsiteed constrictive spaces

The scaffolds the quantification immunoassaying protocols were further applied to evaluate the
behavior of melanoma cancer cells at interaction with porous structures. After exposure to either
continuous or pulsed-xay radiation, melanoma cancer cellsasiwe capacity inside porous scaffolds
was found decreasing with irradiation dose. In addition, spreading area was found more compact for
cells exposed to continuousrdys radiation as compared with pulseday for the same cumulative
dose.

Acknowl edgdméerst gesearch was supported by -ROs2024u_tle0 oFr oAteocnt
No. 10/ 2024; We acknowledge the suppoit of Nati o
CETAL at | NFLPR.
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The systemic administration of photosensitizers presents limitations regarding biodistribution and
cutaneous photosensitivity. Targeted delivagycrosslinked hydrogels offers a mechanism to localize
photosensitizing agents within the tumour microenvironment. This work details the synthesis-and real
time monitoring of hydrogel matrices loaded with motexafin lutetium (MLu), a texapbgsad near
infrared photosensitizer, for localized photodynamic therapy (PDT) in breast cancer models.

Hydrogels containing gelatin methacrylate (GelMa), poly(ethylene glycol) diacrylate (PEGDa),
GelMaPEGDa hybrids, and polycaprolacteREGDa (PCEPEGDa) were synthesized.
Photopolymerization was initiated using a 355 nm Nd:YAG pulsed laser and the piadtwiirigacure
2959. Crosslinking kinetics were monitored in reade through transmitted energy measurements and
laserinduced fluorescence (LIF), utilizing specific emission peaks to quantify compound consumption
and matrix gelation. The photophysicatoperties of MLu were evaluated under nigdirared
excitation. Singlet oxygen generation was quantifieddirect 1270 nm phosphorescence detection,
establishing the singlet oxygen quantum yield against a Rose Bengal reference standard. Hydrogel
properties were characterized through swelling thermodynamics, Attenuated Total Reflection Fourier
Transform Infrard (ATR-FTIR) spectroscopy, ard vitro MLu release kinetics in phosphéateffered
saline.

The singlet oxygen quantum yield of MLu was measured at 0.65, demonstrating conversion
efficiency via a Type Il photodynamic mechanism. Reak LIF monitoring indicated that the
fluorescence intensity of the Irgacure peak decreased continuously wighana$slinking matrices,
corresponding to photoinitiator consumption during network propagation. Transmitted energy
measurements confirmed miesoale phase separation and structural changes, identifying the gelation
threshold. ATRFTIR spectroscopy veréd the positional stability of specific amide bands, indicating
that MLu integration maintained the crosslinking density of the networks. Physical characterization
demonstrated that PEGDa networks exhibited the highest swelling ratios, while GelMa éxhibite
lowest. The hybrid GelMa (5%) + PEGDa (5%) formulation demonstrated the highest difusion
controlled release of MLu, whereas the PREGDa (10%) copolymer restricted water penetration,
yielding the lowest release rate.

The implementation of regime LIF and transmitted energy diagnostics facilitated the controlled
synthesis of photosensitizEraded hydrogels. Based on structural stability, swelling thermodynamics,
and defined MLu release profiles, three formulati@@Ma (10%), PEGDa (10%), and the hybrid
GelMa (5%3}PEGDa (5%)were selected as delivery platforms for subsequent in vitro evaluation in
targeted breast cancer therapy.

AcknowledgementsThis work was supported by a grant of tdénistry of Education and Research, RomanNCS-
UEFISCDI, project number PIN-P2-2.1-TE-20231059, within PNCDI IV.
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Despite its practical advantages as a portable, fast technique for elemental analysis of a variety of
matrices, Lasemduced Breakdown Spectroscopy (LIBS) still suffers from relatively low sensitivity,
limiting its usefulness to concentrations in the omfeparts per million. Several sigrtensification
methods have been proposed, involvingltiple laser pulses, additional electrical discharges, and
various sample preparation and preprocessing strategies [1,2]. While providing good performance in
laboratory settings, these can be challenging in the field. Acting on thesidsstrate couplg, on the
other hand, has the potential to be a highly efficientfiglchpatible strategy.d'this end, we present
two substratenodification methods for the fabrication of sensing platforms either functionalized or
texturized with nanostructures, and their effect on the intensification of LIBS signals of deposited fluids.
The first is based orhé generation of Lasénduced Periodic Surface Structures (LIPSS), the second
involves the functionalization of substrates with nefletal nanoparticles. We will discuss the results
that we obtained with liquid matrices relevant to biomedical analyg®gical fluids from patients
and healthy controls) and environmental monitoring (aqueous solutions of heavy metals) for the signal
intensification of several metallic traces. As an example, calibration lines of #lti@ined with glass
slides functionalized with Ag nanoplates are reported in Figure 1, and show a decrease of almost one
order of magnitude of the limit of detection (LOD) of the analyte of interest, thus confirming the
remarkable potential of this expex@ntal approach for trace element analysis.

6 A
Iob,cissonm = 1.00 + 8.00 * Concpy,, R? = 0.94406, LOD = 3.1 ppb
A

= AgNPs
4+ Ct 692 nm
A Ct880nm

Iob,cis920m = 1.06 + 6.25 * Concpy, R? = 0.97525, LOD = 3.7 ppb

Ipp agups = 1.00 + 0.11 * Concpy,, R? = 0.9437, LOD = 26.5 ppb

0.0 0.1 0.2 0.3 0.4 0.5
Concentration of PbCl, solution (ppm)

Normalized emission intensity Pb | 405.76 nm (a.u.)

Fig. 1.Pb calibration lines and corresponding limit of detection (LOD) with classicataisipNELIBS (black line and squares) and
substrates functionalized with Ag nanoplates-(gTs) having plasmon resonance wavelength maxima at 692 nm (green line asjl circle
and at 880 nm (blue line and triangles).

[1] G. GalbacsiiA critical review of recent progress in analytical lasetuced breakdown spectroscapnal. Bioanal Chem 407, 7537
(2015).

[2] S.C. Jantzi, V. MotteRos, F. Trichard, Y. Markushin, N. Melikechi, A. De GiacormMi8ample treatment and preparation for laser
induced breakdown spectroscap$pectrochimActa B115 52 (2016)
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Nanostructured materials have a wide range of applications from medical to industrial, and from
sorption to particle acceleration processes. With the increase of the volume ratio, nanostructure
dominant properties tend to be more related with the morph@log surface related properties rather
than the bulk ones. A new cuttiggige surface morphology related application of nanowire layers is
particle acceleration by highower laser irradiation. In recent years, HRbwer lasers acceleration,
both from ga target or thin metallic targets, become a real competitor of the classic particle accelerators,
while nanostructured targets have already proved their contribution in improving electron extraction
efficiency. For now, hanoporous materials being easibchaaper to be produced, have started to show
their efficiency enhancement potential, while crystalline materials and aligned nanostructure layers are
just starting to be tested.

In the present paper, we start exploring the possibility of using singdtal nanowire on thick
crystalineandnomet al | i ¢ substrates as 6targetsd for | as
ZnO nanowire by PLD/VLS technique and performmgrphology optimisation by controlling growing
parameters In Fig.1 is an example on the temperature influence.

| Temperature increase

Fig. 1. SEM images of ZnO nanowires grown on quartz at different temperatures

We further performed simulation on light absorption and electron transport and scattering through
such thick (and nometallic) targets. Furthermore, experimental data were obtained from electron
beams accelerators in order to understanding electronrsgatteg and absorption b
substrates. Presented results and discussed focussing focus on the laser extracted charge and generated
electromagnetic fields, in correlation with the target properties.

AcknowledgementsWe acknowledge funds from the Ministry of Education and Research, Romania / Institute of Atomic
Physics, through EERO 30/2024, EL-RO 30/2025 support of the National Interest Infrastructure
facility IO0SIN - CETAL at INFLPR and Program contract No. 39/20Romanian National Core
Program LAPLAS VIl contract No. 30N/2023.
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The advancement of ulttaw-density targets manufacturing has emerged as a significant research
direction, due to their proven potential to enhance the energy coupling {pdigdr laser experiments,
particularly those focused on particle acceleratiahradiation generation. In recent years, considerable
attention has been devoted to optimizing [aglisma coupling to achieve higher acceleration
efficiencies. In this context, we report on the experimental development and characterization of
structuredultra-low density carbon (ULEC) targets fabricated via Pulsed Laser Deposition (PLD) on
thin aluminum (Al) foil substrates. These targets exhibit densities on the order of a few tens of mg/cm
specifically tailored to improve laser energy absorption through volumetric interaction mechanisms.

A detailed experimental investigation of the lasaget interaction was carried out at the R
facility using a femtosecond pulsed laser system operating at millijoule energy levels and intensities
around 18 W/cn¥, in vacuum conditions. The plasma plume dynamics from 4@Lén Al foils was
analyzed and compared to that obtained from bare Al foil targets. We performed a comparative analysis
using an ultrefast ICCD camera and Langmuir probe measurements to detdimaitimeof-flight of
the emitted ions. The results showed a notably distinct behavior in plume expansion and kinetic energy
profiles between the structured and simple Al foil targets.

Complementary radiativhydrodynamic simulations were performed using the FLASH code to
model the temporal evolution of the laseduced plasma. The simulations revealed that, while bare
aluminum foils exhibited surfadecalized heating and limited plunexpansion, the ULEBC targets
facilitated volumetric energy absorption, resulting in a more uniform heating profile and exjikesion
plasma dynamics. Preliminary tests performed at the 1 Fdéds level with an Al 1.5m+10mm C
foam target showed the detection of a proton beam of 27.8 MeV, significantly higher than the values
obtained using bare Al foils. This work highlights the potential of engineered-CliBrgets to
significantly enhance lasgslasma coupling and obtaiigih energy proton beams.

Acknowledgement&his research received funding from ERO 15 (DELISM), E-RO 19(HighProtonPLas) project PTE
41/2025, Nucleu contract PN 23 21 01 05, phase 5, and NU&PULAS VII 30N/2023Ministry of
Education and Research, Romania.
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Laserdriven plasma accelerators (LPA) enable the generation ofralatvistic electron beams
over centimetescale distances via the nonlinear laser Wakefield acceleration (LWFA) regime,
providing a compact source of higimergy Bremsstrahlung gammadiation. Such sources are of
increasing interest for industrial radiography and-destructive testing (NDT), particularly for dense
and extended objects where miteV photon energies are required.

We report on the design, implementation, and experimental validation of-stiget lasedriven
gamma irradiation station at the E4 interaction area where we use the 100 TW output beamline of HPLS
at ELI-NP. Laser pulses with energies around 2 J aratidas in the tens of femtoseconds were focused
to a spot size of 21 em 1 24 e&m, reaching peak
interaction with supersonic gas jets of Argon and HeliNitrogen mixtures at plasma densities df (3
6x10tcm j) enabled stable electron acceleration
electron spectra with maximum energies up to 220 MeV and bunch charges of (311 + 29) pC.

The accelerated electron beams were converted into gamma radiation through Bremsstrahlung
emission in a 2 mm thick Aluminum target. The resulting photon beams exhibit sufficient flux and
penetration capability for industrial imaging, achieving spatialluéisos on the order of 0.1 mm/px
under current experimental conditions.

Furthermore, we present the first experimental evidence of the dependence of electron bunch charge
density on laser pulse duration within this parameter regime, highlighting the role of pulse shaping in
charge injection and beam loading processes. Thegkg@rovide a quantitative basis for optimizing
laserdriven gamma sources and represent a significant step toward scalablegpliifiorirate
systems for industrial inspection applications [1].

AcknowledgementsThis work was funded by the PN 23210105 contract funded by the Ministry of Education and Research,
Romania, by the Extreme Light Infrastructure Nuclear Physics Phase Il, a projficenced by the
Romanian Government and the European Union through thepan Regional Development Fund and
the Competitiveness Operational Programme (No. 1/07.07.2016, COP, ID 1334). We also acknowledge
funds fromMinistry of Education and Research, Romahiastitute of Atomic Physics (IFA), through
ELI-RO-40/2024 project and support of National Interest Infrastructure Facility IGSLUN
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Modern petawattlass laser systems have demonstrated significant potential in the development of
compact electron accelerators [1], with the energies up to GeV [2]. Recent experiments conducted at the
CETAL-PW facility have revealed a strong dependenceladtron energy on both laser intensity and
target density [2]. Notably, relatively small variations in laser power (on the order of 20%) can induce
changes of up to 50% in the mean energy of guasioenergetic electron beams.

In addition, strong oscillations of electromagnetic fields in kgeduced plasmas lead to the
emission of terahertz (THz) radiation, which can be utilized simultaneously with the accelerated electron
beams [3]. Secondary THz radiation may be employashtmnce beam quality by reducing electron
energy spread. Furthermore, the combined use ofihtghsity THz radiation and relativistic electron
beams enables novel radiation sources, such asaditedt Xray generation resulting from electron
deceleratn in THzirradiated targets.

A comprehensive understanding of the physical mechanisms governing electron acceleration and
THz emission in laséplasma interactions require advanced numerical simulations. Such simulations
provide insight into plasma dynamics, including current distiding (Fig. 1) and nedield effects,
which are not directly accessible experimentally. In this work, we investigate laser interaction with a
gas jet target using numerical simulations and compare the results with experimental data. The
simulations were grformed using the EPOCH PIC code [4], while the experiments were carried out at
the CETAL-PW facility.
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Fig. 1 Curent distribution in a gas jet plasma irradiated by high intensity laser pulse.
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Coherent Beam Combination (CBC) offers a promising approach for increasing the output of
ultrashort, higkpower laser pulses, beyond the limits imposed by nonlinear effects, ajzivalge
thresholds and aperture constraints in sioglannel CPA laser systems [1].

This work presents the development of a tidgebrture CBC platform designed to coherently
combine two TWclass fs pulses at TEWALAS Laser System, INFLPR. Chirped laser pulses of 1.5 mJ
energy from the TEWALAS FrofiEnd were amplified up to 18 mJ in two parallgb&@ss Ti:sapphire
amplifiers and compressed to ~35 fs in a common compressor. Measured agslifigas consistent
with the FrantzNodvik modelling and analysis [2].

Efficient CBC requires precise control of phase and temporal overlap, as even Fastimnithg
jitter degrades the iphase combination of femtosecond laser pulses. Phase stabilization was achieved
using a quadratureignal interferometric detector, whigdmploys a CW laser diode whose beam
propagates along the same optical path as laser pulses, but with a tiny tilt angle. The ABCD matrix
formalism[3] was used to calculate the spatial separation between the CW and pulsed laser beams after
propagation through the two beam expanders and the common compressor. Jones formalism [4] was
used to describe the detector output electric sigfidie. quadrature sin/cos electrical signals are
processed by an analog stage that generates the codes associated with the interference fringes [5]. These
codes are then delivered to an FRGa#sed (FieldProgrammable Gate Array) digital stage for optical
pathcorrection The tiledaperture CBC configuration relies on overlapping the pulsed beams in the
far-field plane of a focusing element. A CCD camera was placed in the focusing plane-afl fotd
length lens, where the interference pattern of the two beams wiasdyastabilized using an electronic
feedback that drives a piezoelectric actuator able to adjust the optical path 2¢thm resolution.
Preliminary measurements show a stability offf@id interference patterns corresponding to sub 100
nm RMS path variationsnd as much as 90% combining efficiency, approaching theoretical predictions
for our CBC setup [1] (Fig.1).

a) )

200 400 600
Coordinate (ym)

Fig. 1. Interference patterns correspondingtogimas e c omb i naadb)antb ha @& co@mpi nati on (gl =
¢) Comparison of coherently combineddser pulses intensity with the single channel laser pulse intensity.
Currently, our work is directed towards the improvement of phase control accuracy and
development of a laser system for automatiphase combination of fs laser pulses.

AcknowledgementsFor this research, we acknowledge funds from-BO 20/2024 project and National Interest
Infrastructure Facility IOSIN CETAL, at INFLPR.
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Complex high entr-opgl mditegi hi gh (&eEMsdpyYy all oys
and nitrides (HENsgontinue to deliver breakthrough performance across diverse applications. Their
mul ti principal el ement ¢ h e mi dsanal ywpacesnand ftupable ac c e
functionalities within a single multielement sys
produced by magnetron sputtering, pulsed laser deposition (PLD) offers distinct advantages: its
i nherently noneremal | ndtruamuen, f aoinl tthat es t he f or ma
stoichiometries, and the exploration of new material families derived from establishetements.

In this work, we demonstrate the fabrication
controllable stoichiometry using PLD across a broad processing window. Depositions were performed
in inert (Ar) and reactive (00 Pa,N s)u basttmoastpeh etreensp,
800 AC, and variable laser fluences. These paranm
di stribution and gas phase chemistry of the expe
plasma during gwth, we employed complementary in situ diagnodtsspace resol ved ¢
emi ssion spectroscopy and-which gnhbéed the identificatod of @l ect r
deposition geometry that minimizes gas phase oxi

Comprehensive post deposition characterizati or
and microwave absorption measurements. An optimization framework was then established to correlate
processing conditions with resulting film properties. Our resultsvstinat precise control over ion
dynamics enables deliberate tuning of microstructure, yielding amorphous, nanocrystalline, and
mi xed phase architectures, as wel | as a wide ran
from smooth, compact lay®to rough, granular nanostructures. The microwave response of the coatings
was strongly dependent on the deposition environment, producing metallic, reflective films in Ar;
semi transparent films in N ; a n d udy highlighgs ther an s p a
potenti al of architected multilayer metallic/cert
electromagnetic properties for advanced microwave absorption technologies.

AcknowledgementsThis work was financed by project NATO SPS G6153, program NUQIARIAS VIl 30N/2023
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Tungsten oxides (WO ) thin films with porous
deposition (PLD) at room temperature and high gas pressure. Under these conditions, the material
extracted from target agglomerates in plasma forming aggregates mihsions ranging from a few
thousandnfit o a | mo % The thimféms formed through deposition of these aggregates presents
porous morphologies, as the low kinetic energy of the deposited particles and the low substrate
temperature does not allow the reorganization of the deposited material.

The aggregation of material in plasma was modeled using a Diffusion Limited Aggregation (DLA)
model. The morphological properties of the particles obtained on the samples produced with a low
number of laser pulses were used to parametrize our model. a&tisticl and geometrical
characteristics of the real particles and the modeled aggregates were studied, and the results were used
to improve the model.

The growth of WO thin films was model ed t hr
constructed using DLA model. Modeled morphologies present similar features with experimental results
and allow a better understanding of the growth mechanism of pitrioufim.

a)

Figure 1. a) An aggregate modeled using DLA. b) The modeled films composed of 1250 aggrégate
different dimensions.

AcknowledgementsThis work was supported by a grant of the Ministry of Education and Research, Rero&htsSCDI,
project number PNV-P7-7.1-PED-20241292 (ELCHROM), within PNCDI IV.
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Decoding ElectronCF Interactions in Plasma Processing

Jonathan REIDRyan BROOK, Dmitrii SHALASHILIN, Dimitrios KONTZIAMPASIS

University of Leeds, Leeds, United Kingdom
Corresponding authormawcl0950@leeds.ac.ukbrook@qguantemol.conb.Shalashilin@leeds.ac.yk.Kontziampasis@leeds.ac.uk

CF is a widely wused f 1l uor oc a-impastudissociatiopdftaes ma pr
parent molecule governs the production of reactive fluezor@aining species. Despite extensive
experimental study of electrompact ionization and dissacit i on i n CF a predi

framework for electromriven fragmentation remains limited.

With an initial focus on the lowest electronically excited triplet states, which are expected to play
a dominant role in electreimpactinduced dissociation, the first stage establishes a consistent set of
el ectron CF c ol | i sriugeimglabal plasma nodels. tEllectionpmct exaitationa b | e f
cross sections are explored using established scattering frameworks, including the Quantemol platform.
Where appropriate, seraimpirical calculations are used to benchmark total ionization behawibr
ensure consistency across the dataset.

Building on this foundation, this work investigates exciéetl at e di ssoci ati on dy
beginning from the lowest triplet state. Nonadiabatic exestate dynamics simulations are used to
resolve fragmentation pathways, branching ratios, and cfiesistic dissociation timescales leading to
neutr al CF and F pr-gpeciiccexcitation Brgss seaiond Wwith tripkite st at e
dissociation dynamics, this approach provides a route towards predicting eresuhebd dissociation
cross sctions from first principles.

The proposed framework bridges microscopic elettrmwiecule interaction physics and
macroscopic plasma chemistry modelling. The resulting €esson dataset and mechanistic insight
i mprove the representation of &nhB contributeste a moreat i on
grounded understanding of fluorocarbon plasma processing.

[1] ™. Zi -gkowski, A. Vik§sgr, M. L. Mayes, C. B e n @ngpact dissociaBon ofLendv ay ,
me t h a.ilCeem®hys)137(22), 22A510(2012).
2] M. Dogan, W. Wolff, D. M. Mootheril, T. Pfeifer, anrdvisibng Dor n, AE

CF and CHF wi th an i mpr.ChemGhem Rhgse2T(19)n1605%1@07V2 (2025 hod, 0 Phy s
[3] D.V.Makhov, G. Armstrong, HH. Chuang, H. Ambalampitiya, K. Lemishko, S. Mohr, A. Nelson, J. Tennyson, and D. V. Shalashilin,
AiDi ssociation of hydrofl uor ocar bo Rhyswhdmdettl5(E) 34@484112024p | ect r on i mp
[4] R.Brook, O.Bramley, D. V. Makhov, A. Nelson, G. Armstrong, J. Yong, E. Saunders, J. de Viggiani, J. Tennyson, and&hiirSha
ARul es of triplet state electron impact neutral dadphlkoecroeimddeeln, d n
J. Vac. Sci. Technol. A3(4), 043003 (2025).
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Ther mal and Chemical Choking in Puls
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Nontt her mal plasma dissociation of CO can sel e
excitation and dissociation, but the most efficient vibrational pathway is sensitive to gas héafing, V
relaxation, and reactant depletion. Under confinedposssure operation, these effects promote thermal
and chemical choking, ' imiting conversion and p
dissociation using a pulsed magnetoplasmadynamic (MPD) jet atrMax&nt pressures (0.5 Torr)

[1]. The dizharge produces peak currents of ~12.5 kA and a Loferde-accelerated supersonic jet
sustaining two electron popul ations: a fast gr ot
gr oup 1i6EV) feedingdvibrational excitation [2,3]. Tweactor volumes were compared: a

confined 4.56 L chamber and an expanded 110 L reservoir.

Confined reactor (V) Expanded reactor (V,z.) Two bottlenecks, one solution

i VTgaVsT Xco, | i Tas | Xco, high [ chemical choking

-
Supersonic CO, depletion
-

expansion Direct channel

limited

— [2] Thermal choking

s
VT relaxation
-
Vibrational channel

suppressed

®

Dilution

i

Vibrational
energy retained

EEDF unchanged (high E/N) EEDF unchanged (high E/N)
83-136eVperCO, —»  11.98 eV per CO,

7-11x lower

| Volumetric expansion mitigates both mechanisms >

Fig.1.Schematic representation of CO di ssoci at i o nolime conditiegnsi[pler soni ¢ M

In the confined reactor, conversion saturated rapidly, consistent with-stthaed heating and
progressive CO d e p | - ¢hernad anokingTshpereseing thevabraioaal dhamrzely s
and chemical choking limiting the direct channehct on dfferent molecular substrates [1]. The
expanded volume mitigates both simultaneously: the jet develops freely, avoiding reflemt&d
heating and maintaining high CO availability.
eV/ CO a-ta 7-13 x impravement over the confined case and ~2.7x more efficient than the
MOXIE electrolyzer on Mars. Volumetric expansion thus provides a passive, cditag/scaling
principle for CO conversion under native Marti a

AcknowledgementsThis research was supported by the Ministry of Education and Research, Romania, under Romanian
National Core Program, NUCLEWAPLAS Vlicontract no. 30N/2023
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Disruptions are a potential showstopper on the route to developing a tomakak fusion reactor. Since
their consequences can be more severe the larger the devices, in the next generation of machines they
will have to be carefully managed from the beginningmdration. On the other hand, in new devices,
the diagnostic coverage is typically limited and there will be no opportunity to collect many examples
for the training of traditional machine learning classifiers. It is therefore important to developgreedict
that can ideally operate satisfactorily without training and with minimal diagnostic information. During
the last years several approaches based on the identification of dynamical changes in the time series
corresponding to routinely available diagnossignals (locked mode, plasma current) have been
developed. Recently, robust evidence of strong variation in the multifractal spectrum of magnetic
fluctuations in the discharge phases preceding disruptions has been obtained and used to develop a new
disruption prediction method. Close to disruptions the structure of the multifractal spectra becomes
characteristic of a cascade process. This specific signature allows a significant reduction of the false

alarm rate. In addition to good statistical perfornemadhe warning times are sufficient not only for
mitigation but also for the prevention of most disruptive events. The method is compatible with a real

time implementation. It has been validated on a large dataset of discharges at JET including experiment
belonging to the last DT campaigns.
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Figure 1- Typical multifractal spectrum of the locked mode signal during the normal behaviour of a discharge (left) and close to the
disruption (right).

AcknowledgementsThis work has been carried out within the framework of the EUROfusion Consortium, funded by the
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necessarily reflect those of the European Union or the European Commission. Neither the European
Union nor the European Commission can be held responsible for them. On of the authors (TC)

acknowledges the support from program NUECLLAPLAS VII 30N/2023, Ministry of Education and
Research, Romania.
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Part of the inner wall of the ITER project is designed to be built from tungstesd materials due
to its properties to handle high fluxes of charged particles, neutrons, and extreme temperatures. Even if
the fusion plasma is magnetically confined, figetopes such as deuterium and tritium are incorporated
in the plasmdacing materials. The retention of hydrogen isotopes leads to high concern regarding safety
and materi al 6s e-sitgmatheds for hydgogen iSotopes relbage, are renubiee to
the extreme conditions in the divertor part of the fusion reactor, cooling gases such as Ne pldrér, N
added. The study of the release of hydrogen isotopes from tusiigsted materials in the presence of
cooling gases is of great interest.

Tungsten layers with deuterium inclusions were obtained during RF magsptrtiaring
discharge in Ar/and Ne/D) gaseous mixtures in order to investigate the release of hydrogen isotopes
using a lasebased method [2,3]. Morphological and structural analyses were performed to evaluate the
influence of the type of discharge gaseous mixtures on layer depositionynthesizing plasma was
characterized by optical emission spectroscopy, Langmuir probe, and RFEA probe.

Deuterium was released from tungstiruterium layers by their ablation and desorption using a
laser with pulse duration of 10 ns. The morphological changes induced by the laser impact on the
samples were investigated by scanning electron microscopyeldased species during lasample
interaction were monitored via quadrupole mass spectrometer. The amount of D released by laser
induced ablation and desorption was compared with the total D inventory measured by thermal
desorption spectroscopy to estimthe efficiency of the lasérased method for the release of hydrogen
isotopes. The total amount of D released from the layers obtained in pladtha was higher than in
Ar/D; plasma. In the laser induced ablation regime the efficiency of D release decreases from 100 %,
for the samples obtained in Ar/[plasma, to 2 % for those obtained in Ngfdasma. In the laser
desorption regime, the efficiency of D release decreases from 8 %, for the samples obtaineg in Ar/D
plasma, to 0.5 % for those obtained in Ngglasma.

AcknowledgementsThis work was financed by program NUCLEWBPLAS VII 30N/2023, Ministry of Education and
Research, Romania.
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Predicti

ng turbulent transport in magnetically
maj or chal
t

a |l enge because no simple relationshi
fields and he resul telnagt itam nBrpajrdc tlcervye | Met ATchde (I
decades ago [1, 2], provides an approximate stati
turbulent transport with qualitative success. Ho
l imit its accuracy

Here we investigate these |imitations from a m
DTM at the | evel of subensembles. This analysis
captured by the standeaerdorfigimulodtidoscamrgaalkcaeisf.i
on these observations, we propose a heuristic re
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Nanostructured surfaces have wide applications ranging from solar cells and sensors to particle
accelerator targets, where understanding and controlling the nanostructure shape is crucial. In our paper
ZnO nanowires were obtained by Pulsed Laser DepogRibB) in VaporLiquid-Solid (VLS) growth
conditions, at 650°CAt low temperatures, the {10 side facets are energetically favored, and
equilibrium geometry at higher temperatures leads to a rounding effect. mharsler to assess the
rounding effect, samples were annealed at 600, 700 and 800 12@@W_for varying time durations
(20 minutes and 3 hoursJEM investigations have shown melted nanowires at 1200°C, far below the
bulk melting point of ZnO (1975°C). Quantitative analysis of this data was made possible by recent
advances in computer vision techniques. We generated a synthetic dataset and tvéaskBormer
[1] style model with a custom regression head. W
an interpolation factor between ideally hexagonal and ideally cylindrical nanowire geometry. Using said
model, we were able to approximalis factor for various SEM images captured of both unannealed
and annealed samples of ZnO nanowires (Fig. 1).
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Figure 1: The theoretical fit of model to data with temperatueep e ndent U

We furthermore hypothesized an equation describing the changes in morphology during annealing
G(T, §=lo+[leg(T) G&] [T e (1)
whernies Gt he initial geome tgisthetenfperdturdependentequililriand e d s
geometry which get s Afheniussyldchaaasterigtibtiméscate mescriting thes  t h
kinetics of t he &%sl.nTdis algws the éstintattod of aasiousUphysically

meaningful parameters for the morphology change, like an activation energy of 0.95 + 0.36 eV or a
characteristic timescale of 6 minutes at 800°C but 38 minutes at 600°C.

a
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This work presents a calibrated Eb@sed scanning thermal microscopy (SThM) method for
quantitative thermal conductivity measurements at the nanoscale, with particular applicability to low
conductivity materials. The approach is based on a st&tatly fomulation derived as the zero
frequency limit of existing AC models, enabling a simplified experimental implementation without the
need for lockin detection or frequenegomain analysis. The method combines an analytical heat
transfer model with an experantal calibration procedure based on reference substrates and the
intersection method, allowing the determination of pfeheple contact parameters. A systematic
sensitivity analysis is performed to evaluate the influence of key parameters, includieggsistivity,
cantilever thermal conductivity, and heat losses to the environment. The results show that, despite
parameter correlation, the extracted thermal conductivity remains stable within a few percent over a
wide range of parameter values, demaistg the robustness of the method. The approach is validated
on multiple reference substrates and applied to thin films with thicknesses down to tens of nanometers.
Measurement accuracy withiii 5% is obtained for materials with thermal conductivity ie tange of
02 W m 1T K T. The analysis also highlights the
conductivities, where the probe response becomes dominated by the thermal contact resistance.
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The Pennes bioheat equation remains the most widely used framework for modelling heat transfer
in biological tissues during thermal exposure, o0
and incorporating energy exchange between blood #easd|surrounding tissue. Although numerous
numerical approaches have been proposed and exact solutions exist for specific geometries and
boundary conditions, analytical formulations of the bioheat equation are far less common. In this work,
we develop adlly analytical threedimensional modeimplemented in MATHEMATICA and validated
through COMSOL simulation® characterize lasénduced heat transfer in biological tissues under a
range of therapeutic conditions.

The study introduces three major advancements to the conventional bioheat framework: (a) a non
Fourier extension of the Pennes equation that explicitly incorporates thermal relaxation time; (b) the
integration of Dirac delta functions and the telegraptagqgn to represent localized point source heating
of diseased tissue; and (c) the derivation of closed form analytical solutions for both the classical
(Fourier based) and improved (non Fourier) formulations. Particular attention is given to the réationsh
between the relaxation time parameter in the telegraph equation and the thermal relaxation time used in
bi oheat model | i ng. Based on these consideration
identified for exposure durations ranging from0.0s t o 120 s.

The generalized model developed here provides a more realistic description of heat exchange
between tissue and blood flow by accounting for-aniform temperature distributions and finite speed
thermal propagation. The strong agreement between the aaBMATHEMATICA solutions and the
numerical COMSOL simulations confirms the robustness of the proposed approach. Overall, this work
advances the theoretical foundations of ldseyed medical treatments and thermal therapies, offering
a refined predictivéool for optimizing clinical protocols and improving therapeutic outcomes.
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Starting from the quantum model of the hydrogen atom, we calculate and tabulate the peaks of
Humphreyamultiplet in finestructure approximationfg¢approximation) [1,2]. We determine the
spectral line peaks of this multiplet (Fig.1) using a mMaximumLocalisatiorspectralModel which is
based on some several spectroscopic and statistical hypothd§eByatatistical analysis of the NIST
and ACE data, we evaluate the parameters of the regression curves for the multiplegnfienmto
PfundandHumphreyspectral series. Furthermore, an algorithm for the quantum spectral reconstruction
of multiplets infs-approximation for anynspectral series of His provided,n being the order of the
spectral series. A plot representation is used to give a statistical global view of the first six setflies of H
spectrum. The results confirm the measurements provided of the solar data from ACE mission [5].

Hu -alpha-multiplet estimation in fs-model

Fig 1. Plot ofa Humphreys multiplet in finestructure approximation i/,l) space
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Laserinduced forward transfer (LIFT) is a powerful technique for the precise deposition -of thin
film materials, but the eadgtage dynamics that govern flyer launch, sheeke formation, and
material preservation are still not fully understood, espgdiathe case of polymers. In this work, we
combine timeresolved sideview shadowgraphy with hydrodynamic simulations to investigate the LIFT
of aluminum (Al) and polyisobutylene (PIB) films propelled by triazene polymer (TP) sacrificial layers
under nansecond UV laser irradiation.

Al flyers are first used as a reference system to validate the hydrodynamic model against established
experimental behavior, allowing a quantitative analysis of flyer postitoe evolution and shoelwave
propagation in both air and vacuum. We then exthrdstudy to polymer transfer using donor stacks
composed of 150 nm TP and 60 nm PIB, irradiated at laser fluences of 200, 350, and 600 mJ/cm?2,

The shadowgraphy experiments reveal a clear evolution of the transfer process with increasing
fluence, from weak and barely detectable launch at low fluence, to efficient and coherent flyer ejection
at intermediate fluence, and finally to overdriven cdodi at high fluence where excessive heating
leads to material loss and reduced flyer integrity. The simulations capture the main experimental trends,
including the coupled ejection of the TP and PIB layers and the progressive degradation of flyer quality
with increasing fluence. Comparison between metal and polymer systems further highlights the
importance of sacrificialayer thickness, energy deposition, and shiigkr interaction in determining
the outcome of the transfer process.

Overall, the combined experimental and modeling approach provides new insight into the transfer
window required for intact polymer pixel deposition and demonstrates that hydrodynamic simulations
are a valuable tool for interpreting timesolved LIFT exp@éments. These findings are relevant for the
optimization of lasebased patterning and polymer microfabrication technologies.
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Regolith contamination poses a major challenge for-bungtion Lunar and Martian missions,
significantly degrading the performance of optical, photovoltaic and theroméiol systems [1].
Conventional evaluation methods are generally limited to stai@pd postexposure imaging, thereby
overlooking the transient physical mechanisms governing particle detachment. In this work, a eomputer
vision-based methodology is presented for the quantitative analysis of regolith removal induced by a
pulsed electmo beam under vacuum conditions [2]. Higipeed recordings acquired at 50 fps were
processed using an automated imagalysis pipeline combining fldield correction, adaptive
thresholding, bearartifact suppression and morphological filtering. More thigB00 frames were
analysed for three regolith simulants deposited on glass substratesAJ$8C MarslA, and LHS
1D.

Frameby-frame analysis [3] demonstrates that similar endpoint cleaning efficiencies can conceal
fundamentally different removal dynamics. 38& exhibits stochastic mutburst behaviour associated
with intense localized luminous structures, while thetdarsimulant undergoes rapid and continuous
removal with minimal optical emission. In contrast, L-HiB produces fragmentatiedriven ejection
characterized by bright particle streaks and highly directional trajectories (Fig. 1).

a) JSC-1A b) JSC Mars-1A ¢) LHS-1D

Fig.1. Regolith ejection dynamics under electron beam exposure

The proposed framework transforms qualitative visual observations into quantitative kinetic
datasets suitable for statistical analysis and madbamaingassisted diagnostics [4]. The results
demonstrate that transient optical dynamics provide critibgkipal insights inaccessible through
conventional endpoint measurements alone, offering a promising diagnostic approach for future
autonomous dushitigation systems in space environments.

AcknowledgementsThis work was supported by The European Space Agency and National Institute for Laser, Plasma and
Radiation Physics, Contract number 4000144170, Programme Discovery and by the N\UBPEAS
VII 30N/2023, Ministry of Education and Research, Romania.

1] M. Gai er, AThe Effects of Lunar Dust on-2200%¥4A368y2005e ms During the
[21 D. TicoH, A. Scurtu, J. D. Williams, L. Scott, E. Tusterina s , D. S
pl asma by the tor gqueRexE10g2),02321@R20%RY).on beam, 0 Phys
[3] N.Udrea, M.L. Mitu, A. Scurtu, D. Ticos, C.M. Ticos, "Chaotic Oscillations of Vertically Aligned Microrods in a Plasmh, StiezE
Trans. Plasma S&i1(3), 835846 (2023).
[4] M.L. Mitu, D. TicoH, NM. TudcoeH,, (AMBasScpredietian pbnagropditicieglynamics in externally
driven stronglyc ou p | ed d u Machy. Leprh.:&Ssi.meckndl), 045009 (2025).

-92


mailto:nicoleta.udrea@inflpr.ro

P-13

High-Energy Pulsed Electron Bearrinduced Phase Transitions
in a PlasmalLevitated Crystalline Dust Cluster

Beatrice PARASCHIV2 Dorina TICOS, Nicoleta UDREA, Maria L. MITUY, Adrian SCURTU,
Catalin M. TICOS?

INational Institute for Laser, Plasma and Radiation Physics, 077125, Magurele, Romania
2Engineering and Applications of Lasers and Accelerators Doctoral School (SDIALA), National Universityof Science and Jechnolog
Politehnica of Bucharest, 313060W42Ramanid | ndependenWwei St.
SExtreme Light Infrastructurdluclear Physics (EENP), Horia Hulubei National Institute for Physics and Nuclear Engineering @RHY,
Mtgurele 077125, Romani a
Corresponding authobeatrice.paraschiv@inflpr.ro

Dust clusters with crystalline ordering in complex plasmas can undergo phase transitions under
external perturbationfl,?]. In this study, we investigate the melting of a crystalline dust cluster
composed of micrometesized plastic particles suspended in a radiofrequency argon plasma and
irradiated with a pulsed electron beam in tiié®keV energy range. Higpeed imagingombined
with Voronoi analysis, pair correlation functions g(r), and particle tracking velocimetry (PTV) was used
to characterize the structural and dynamical evolution of the system.
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The results show that the electron beam energy controls the melting dynamit$0AeY, the
cluster undergoes gradual disordering accompanied by crystal rotation and -liexdbehavior,
indicating a continuous transition. At higher energiesl4keV), rapid destabilization, chaotic particle
motion, and abrupt loss of crystalline order reveal a sharp transition, with melting times decreasing from
0.6sto0.1s.

These findings demonstrate the ability of electron beam irradiation to control phase transitions in
complex plasma crystals, with potential relevance for astrophysics, semiconductor processing, and
fusion research.
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We implemented unsupervised machine learning to study strongly coupled dusty plasmas with an
emphasis on the dynamics of small plasma crystals rotated as a result of irradiation with a pulsed electron
beam. By applying a combination of clustering algorighisuch as Kneans, DBSCAN, and
Hierarchical clustering, along with statistical analysis, we classify the trajectories of microparticles in
dust crystals levitated in the sheath of a rdoeguency plasma [1]. This approach enables the
identification of dyxamic patterns and facilitates predictions based on initial conditions and system
parameters. We trained the clustering algorithms to predict dust trajectories, identifying the most likely
ones based on the hierarchical relationships between them andhitngetfe and Davié8ouldin
scoresThe integration of thesggorithmsand metrics enabled a robust and multidimensional analysis
of micropatrticle trajectories, contributing to a deeper understanding of their dynamics in strongly
coupled plasmas and paving the way for future experimental and theoretical investigations. For each
method, energy level and cluster configuration, we idextifihe top five best predictions based on their
MSE scores, which quantify the precision of the predicted trajectories compared to the real trajectories.
We performed a comparative evaluation of the clustering methods based on two performance metrics:
MSE and Euclidean distance. Hierarchical clustering consistently surpassed bu#ars and
DBSCAN in trajectory prediction accuracy, achieving lower MSE and Euclidean Distance across both
energy levels. Our study demonstrates the power of combining dataeswigh experimental plasma
physics to address challenges in manipulating levitated dust crystals [2]. The predictive model not only
enhances our ability to control dust dynamics in strouoglypled plasmas but also serves as a versatile
tool for future research in dusty plasma systems.

AcknowledgementsThis research was supported psogram NUCLEULAPLAS VIl 30N/2023, Ministry of Education and
ResearchRomania.We acknowledge the support of National Interest Infrastructure facility IOSIN
CETAL at INFLPR. C.M.T. acknowledges funding from IFA contract-REDN9, Project
AHIi ghProtonPLasbo.

J D. Wil liams, L. Scott, E. Tlistermma s D.

[1] D. Ti coH, A. Sc tu, .
t g u eRew E,108@®@), 0232 ¢2021)on beam, 0 Phys
co

plasma by the
2] M. L. Mitu, D.
driven stronglyc oup | ed

i
d u Macl. Leprh.:a8Ssi.mMeackndét), 045009 (2025).

-9 4

Sa

‘H, N. Udr ea, -bBased @redictiont ofimicropantidle dgnamidd in externallp 'H, 7 Ma c


mailto:maria.mitu@inflpr.ro

P-15

Towards ML -Stabilized Coherent Beam Combining using Singi&hot
Complex Characterization of Ultrashort Laser Beam Pulses

Razvan UNGUREANU, Cecilia OANCA-2 Ana DINCAM Alexandru MIHALCEAL3,
Mihai SERBANESCU, Gabriel COJOCARW?®, Constantin DIPLASE Sandel SIMION,
Razvan DABU

INational Institute for Laser, Plasma and Radiation Physics, CETAL Department, Magurele 077125, Romania

Doctoral School of Physics, University of Bucharest, Facul

3Doctoral School of Electronics, Telecommunications and Information Technology, National University of Science and Technology
POLITEHNICA Bucharest, Bucharest 061071, Romania
“Faculty of Electronics, Telecommunications and Information Technology, National University of Science and Technology AORITEHN
Bucharest, Bucharest 061071, Romania
SExtreme Light Infrastructure (EENP), Horia Hulubei National Institute for Physics and Nuclear Engineering @RHY, Magurele
077125, Romania
Corresponding authorazvan.ungureanu@inflpr.ro

A promising technique for significantly scaling the peak power of -ultiense laser facilities,
while overcoming limiting factors such as the damage threshold or nonlinear phase accumulation in the
chirped pulse amplification (CPA) technique [1], is mitsthe output beanof a femtosecond laser
source (FRONJEND) and further amplify the pulses separately in identical rpalsis amplifiers and,
after compression, temporally and spatially overlap teerthat the resulting intensity scales with the
number of channels. Subsequently, enabling independentstagté amplification chains [2].

Such is the case for the experimental setup implemented within the TEWALAS Laser Facility [3],
where two parallel beams of amplified ultrashort IR pulses are overlapped spatially in the focal plane of
a lens and also temporally by equalizing the optictigpaith a mobile delay line. Accomplishing time
delay control with precision down to a few percent of the laser wavelength, required for coherent beam
combining (CBC) [4,5], the electric fields of the separately amplified pulses in each independerit channe
add coherently under a common envelope, producing an intensity peak higher than the sum of individual
pulses [6]. However, the CBC efficiency may fall significantly below its theoretical maximum [6] due
to fluctuations in each amplification channel, dddion to the strict requirements on delay tioentrol
and spatial overlap.

We present experimental results correlating ¢hathot fluctuations in pulse energy, spectral
profile, beampointing, and wavefront with CBC efficiency. Efficiency is calculated from the spatial
interference profile measured with a CCD camera at thédeasplane, while the time delay between
the two amplification channels is actively controlled within a closed loop, as shown in [7]. These
statistical results are useful for the development of machine learning algorithms predicting the amount
of controlin laser parameters on each amplification channel that has to be accounted for in designing
the hardware architecture of the CBC system control.
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The Thin Film Compression (TFC) techniquedlwas implemented at 0.2 PW laser system (28
fs, 10 Hz, 800 nm) to induce spectral broadening of the initial pulse viplsese modulation in 3 mm
thick fused silica plates. Dispersion was subsequently casapehusing a pair of chirped mirrors prior
to focusing and pulse characterization. Experiments were carried out at input pulse energies of 1 J, 3 J,
and 5 J to assess both the performance and scalability of theopgstession scheme. A comprehensive
diagnostic suite was employed, including spectral measurements, spectral phase retriexataria D
focal spot intensity imaging, and spatial phase characterization using a wavefront sensor. Through
optimization of the secongthird-, and fourthorder dispesion of the input pulse, an equivalent FWHM
spectral bandwidth of 120 hm was achieved. Preliminary spectral phase reconstruction indicates pulse
durations on the order of ~8 fs at the focal plane within the interaction chamber (see Fig. 1). In parallel,
dedicated efforts focused on improving spatial phase control and focal intensity characterization
following postcompression (f/4 OAP focusing), enabling stable and reliable operation for relativistic
laser plasma experiments. Efficient focusing of thealitoadband beam was demonstrated through the
implementation of an additional deformable mirror.
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Figure 1. Experimental results retrieved inside the interaction chamber for 3 J input energy after dispersion compensation

In conclusion, this proedf-concept study shows that precise control of the spectral broadening
process, combined with the generation of ~8 fs pulses and optimized beam focusing, yielddéda 2.5
enhancement in peak intensity relative to the referennégewation. These results support further
development of advanced laser systems [4, 5] and pave the way for novel particle acceleration schemes

[6].
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The generation of ultrantense Terahertz radiatidoy laserplasma interaction has emerged as a
primary route towarslachievingGiant ElectreMagnetic Pulses(GEMP) dfv/m level [1]. While the
laser parameters are criticahgular distribution of emitted THz radiationthe PWregime remainsf
high importance anithsufficiently explored2,3]. In this work, we presentsiudyGEMP of generation
from athin foil target of Aluminum irradiated by a Petawelthisdaser.Our setup consists of a petawatt
laser with a power varying between (100TMYW) and a wavelength of 800 nm; a thin foil of thickness
1.5 em with radius of focal spot odrticldiBcelgfRC)( Fi g.
EPOCH code [4]. The intensity GEMP was estimated by measuring alternative elauotxgnetic field
in far field area The spectral distribution of th@ EMP radiation was evaluated using fast Fourier
transform. Were especially focused on the THz spectre range and effectuate a more detailed study of
secondary THz radiation. We also estimated the energy distribution of the accelerated electrons and

electron pwe duration. Our results indicate improvement in collimations of the Giant EMatgoetic
pulse with increase in laser power
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Fig. 1. Scheme of the numerical experiment.
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Laser scanners are employed in a wide range of applications [1,2], from commercial (in printing or
barcode scanning) to industrial (in optical metrology or particle instantaneous velocity (PIV)
measurements) and higimd (for example in optical coherencenibgraphy (OCT) [3,4]), but also in
remote sensing. The most common scanning systems are galvanbasei@i[4,5], with rotational
polygonal mirrors [3,6,7], and with Risley prisms [8,9]. Each one of them has certain advantages and
disadvantages that makémem suitable for a certain application or another, as pointed out in the first
part of this presentation. However, all these devices are characterized by a spread of the (reflected or
refracted) laser beams over the fiefdview (FOV).

This study approaches a different, much less utilized type of scanning head, with rotational
refractive polygons (RPs). Their advantage is that the refracted laser beam always emerges parallel to
the incident one, in contrast to all other optomechanisel lscanners. Therefore, an-Bdsed scanner
may not require (sometimes expensive) objective lens (includihgte ones). To take advantage of
this aspect, regular RPs with an even number of facets are considered, including square, hexagonal, and
octagoml prisms. The aim of this work has been to perform experimentally-paukimeter analyses of
the characteristics of RPased scanners: scanning function and velocity, limit rotational angles, FOV,
and duty cycle. A disadvantage of RPs is dispersiontainre refractive element of the device, therefore
this aspect must be considered, as well. Vignetting of the beam at the beginning and end of the scan of
a facet is another issue. The study considers the constructive parameters of regular RPs: number of
facets, apothem, refraction index, and eccentricity of the incident beam from the rotational pivot of the
polygon. A validation of the theory we have developed is made using this experimental study. Finally,

a comparison is made between RPs and the comateampmeterand polygon mirreibased scanners.
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Coherent beam combination (CBC) in a parallel configuration is an important method to reach
ultra-high intensity in low repetition rate PMlass femtosecond laser pulses, while overcoming
constraints such amdesirable nonlinear effects, damage thresholds and restricted dimensions of optical
components throughout a chirped pulse amplificatiotadgrsystem.

The low repetition rate, 0:10 Hz, of highpower laser systems presents an additional difficulty, as
it does not provide a sufficiently broad frequency bandwidth to enable effective optical path difference
control forCBC. To overcome this, a continuous wave (CW) laser diogetating in a feedback loop
with a much broader frequency bandwidtaligned to propagate along the same optical path as the
pulsed laser beam# enables sub hundretdn resolution path difference control, required for an
efficient CBC of Ti:Sapphire CPA f&ser pulses.

A purely interferometric detection and control method, based 888anmCW laser diode is
employed. It isbased on the generation of quadrature electrical signals for phase error detection and
correction through redlme monitoring of interferengeatterns [2]This type of detector is very robust
and capable of resolvinglanometesscaleoptical path differencesallowing sub femtosecontbvel
timing jitter control. The electronic control system consistseferalanalogue processing stages and
one digital processing circuitnplemented ira fieldprogrammable gate array (FPGA). A dedicated
software has been developed to process the quadrature signals and analyze the phase measurements
whose raw form is wrapped, making the apparent evolution of the optical path difference discontinuous,
osdllating betweer? &/ 4202 nm (Fig. 1a). By applying a dedicated unwrapping routine, the script
reconstructs the continuous phase trajectory and exposes the true drift and fluctuations (Fig. 1b). This
processing step, which is essential for retrieving the real optical pathediée and for accurately
assessing interferometric stability, will be detailed in the poster presentation.
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Fig. 1. Variation of optical path in time a) detected before implementing the software and b) after implementing the software
The experimental interferometric setup for the parallel coherent beam combination of two amplified
femtosecond pulses of a Ti:Sapphire laser system in the focal plane of a lens, has been implemented and
the automatic electronic control loop has been aegtdzarhe control system drives a translation stage
with a piezoelectric actuator that actively compensates phase differences between the two parallel
channels. Preliminary results indicate sub hundmredRMS optical path fluctuations and ongoing
improvemets aim to further increase the accuracy of phase detection arithredéedback control.
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The metrology stage was developed to test the accuracy of the CAS system in centroiding
measurements of stars and laser links on a SWIR CMOS sensor. The system consists of two stepper
motor stages for coarse positioning and a fine positioning stage witbmeserlevel precision,
monitored using a-axis Zygo ZMl interferometer system [1].

An error budget analysis was performed for the interferometer system configuration, considering
contributions from cosine error [2], laser wavelength stability, electronics, and environmental effects
[3], cyclic interferometric errors [4].

The dominant sources of uncertainty arise from the refractive index variations due to pressure and
temperature [3], while the remaining error sources contribute significantly less to the total uncertainty.

The interferometric error sources and their modeling are based on established methods in
displacement interferometry [2], while cyclic error analysis and compensation follow established
approaches in interferometer metrologysj4

The tot al measurement uncertainty is estimat eq
two orders of magnitude |l ess than the CAS syste
metrology system meets the accuracy requirements, with envirtalnedfiects representing the main
limitation.
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The study of the incorporation, retention, and release of hydrogen isotopes by optical emission
spectroscopy is frequently used in the field of nuclear fusion materials resedfdbgder induced ablation
of a layer is produced by focusing a laser paiséhe sample and locally generation of a mjgesma. The
accuracy in the detection of the elements contained in the sample for the elucidation of the plasma dynamics
could be improved by synchronizing the acquisition of the plasma optical emissitna spttthe laser
pulse ignition.

In this context, it was developed a command electronic system for the controtafitckgd 10 ns
laser source operating in standard conditionskitzlrepetition rate witl350 pJ pulse energy add + 3
nspulse duration. The new system allows the variation of the laser repetition rate between 10 Hz to 10
kHz, implementation of a burst regime from 1 to 990 pulses and control the laser energy from 3.5 to 350
uJ. Supplementary, th@-switchedlaser electronic system can command or can by synchronized with
the starting of an Andor spectrometer for acquisition of optical emission spectra in ns to ms range.

The laser control system has been involved in the recording of the emission spectra provided by
the plasma produced in the BorDeuterium layers. The optical emission spectra recorded after plasma
ignition in BoronDeuterium layers at various temporaleintals starting from 100 ns to 10 ms will be
also presented.
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Molybdenum disulfide (Mog is a highly promising twalimensional (2D) nanomaterial widely
used in photonics, particularly for the development of new sensors. Its unique electronic, optical, and
mechanical properties, including a tunable bandgap, a high stofgokume ratio andexcellent
mechanical flexibility, render it superior to traditional silicon for many specialized sensing applications
[1-4]. Consequently, MaSis particularly valuable for producing a new class of detection devices
characterized by high sensitivity, rapid response, and low manufacturing costs.

This study investigates Ma#in films grown by pulsed laser deposition (PLD) on substrates with
distinct structural and optical characteristics, including alumina with Au electredat, Guartz, and
ultra-flat quartzcoated glass. Using compacted powder targets and adjustingiriteem of pulses
allowed us to generate ultthin films with wellcontrolled features. The resulting samples were
examined using UWis spectroscopy, SEM, XRD, ellipsometry, nonlinear optical measurements, and
gassensoforiented tests to correlate morpbgy and structure with optical response and functional
potential.

It should be noted that Me®xhibits significant nonlinear optical properties, features that enable
the development of advanced photonic devices. We report very recent preliminary results obtained in
the investigation of the thirdrder optical nonlinearity of the MoS2 film usinget-Scan method at a
wavelength of 532 nm.

The obtained results suggest that the investigated, Ma®erial can be used in sensing and
nonlinear photonics.

AcknowledgementsThis work was financed by project 19PCE/2025-IWNP1-PCE20231902 and program NUCLEU
LAPLAS VIl 30N/2023, Ministry of Education and Research, Romania.
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It has been known from the early days of hgiwer lasemmatter interaction studies that optical
mirrors could be damaged when the laser fluence is above a certain value, usually known as the Laser
induced damage threshold (LIDT). The first measuremetseoLIDT values were based on optical
observation of the surface damage induced during laser irradiation. One of the first observation was that
the LIDT values decrease with the increased number of pulses on the same location, asymptotically
reaching a alue that was defined as the endurance limit. For the fluence corresponding to the endurance
limit there will be no damage regardless of the number of pulses in the same location. The optical
methods for the evaluation of this endurance limit are very ¢tiomsuming, requiring extremely high

number of laser pulses of the order oM(Secondly, since the LIDT values have a statistic behaviour,
there is no prior information that a particular mirror will exhibit a lower or a higher value, usually
depending on its manufacturing.

We recently developed new ways to estimate the LIDT value of an optical coating based on
electrical measurements. Langmuir probes (LP) have been long used to characterize the laser plasma for
deposition processes such as Pulsed Laser Deposition (PLD)qieehAn LP collects the charges
emitted by the surface as an effect of laser irradiation. By recording the amount of charge emitted by a
surface versus the laser fluence used for irradiation a plot having two regions was obtained. For low
laser fluenceghe amount of emitted charge increases very slowly up to a certain particular value. Once
that value has been reached, for any other higher values the amount of the emitted charge greatly
increases. Comparison with optical methods for LIDT determinatiowesth that this fluence is very
similar to the endurance limit one.

Once electrical charges are emitted from the surface as an effect of laser irradiation, that surface
becomes charged. A compensating charge, equal to the amount of the emitted charge will be drawn from
the environment to reach neutrality. If one measuresbmpensating charge then this will be equal to
the emitted one. Now, if one plots instead of the emitted charge the compensated charge versus the laser
fluence, the plot will look identical to that for the emitted charge described above and theoimflecti
point between the two different regions will define the value of the LIDT fluence. The measurement of
the compensating charge has several advantages versus the LP measurement. First, this measurement
integrates all the charges that were emitted by ti@enrradiated surface, whereas the LP measurement
was limited to the charge emitted in a small solid angle that was defined by the area of the probe and
the distance from the laser irradiated area. Secondly, the LP measurements should be performed in a
high vacuum atmosphere, whereas the compensating charge measurement could be performed in much
higher pressures. Examples of the LIDT measurements on thin Al and Ag thin films will be presented
to illustrates the advantage of these electrical based methooisiparison with the optical based ones.
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The LGSB crystal was developed and reported in 2016 as a promising second order nonlinear
crystal similar to YAB, envisaging efficient frequency doubling conversion and emission in green
spectral regiofl]. In 2019, the first 1.06 em | aser emi
doped with Nd‘ions, with laser operation under continuous wave, gQ#gj Q-switch or moddocking
regimes[2]. By now, highly efficient infrared lasing was demonstrated for Nd:LGSB crystal under
indirect diode end pumping at conventional 807 nm wavelggHj. In this work, the advantages of
using direct or ifband CW or quasCW 880 nm pumping, are evaluated, for the Nd:LGSB crystal. The
results achieved for the Nd:LGSB laser with similar resonator configuration and pumping geometry,
however for different puping wavelengths (for direct 880 nmas indirect 807 nmpumping) are
compared (Fig. 1). The enhancements in both opiicaptical and slope efficiencies by using direct
pumping, instead of indirect pumping, raised the interest for developing efficesn gelffrequency
doubling Nd:LGSB lasers operating under direct pumping condisijpn
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Fig. 1.Laser pulse energy vs absorbed pump pulse energy of Nd:LGSB laser und€\Wyasinping at 880 nm vs 807 nm.

Figure 1 presents a comparison of the laser pulse energy delivered by the Nd:LGSB laser under
direct vs indirect pumping for various output coupling conditions. At low OCM transmission of T= 1%,
the direct pumping leads to 12% increase of the laser sf@ipeercy, while for optimum coupling
condition (OCM with T= 5%) an increase of 9% of the laser slope efficiency is obtained with 880 nm

pumping.
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Mode-locking with a SESAM (Semiconductor Saturable Absorber Mirror) of Nd:LGSB laser,
operating at 1.06m under the pump at Orfin into the*Fs;; level, was previously reportéd]. In this
paper, the subject of self motleking for a directly into théFs, level pumped Nd:LGSB laser is
addressed, for the first time to our knowledgesv@tch-modelocking operation is demonstrated for the
Nd:LGSB crystal positioned in a specially designed long Z type cavity, without the insertion of
additional intracavity les modulators (Fig. 1). The laser tendency for continuous -+ockimg
operation and its stabilization is studied for several output coupling mirror (OC) conditions.

fi=40mm  1,=100 mm

' HRM D R,= 350 mm

880 nm Nd:LGSB
Diode e i Residual 880 nm pump

oc

1062 nm LASER E

R;= 100 mm

& 100 pm, NA 0.22

Fig. 1.The Nd:LGSB selmode locked laser sefp. HRM: highly reflective mirror, ID: diaphragm, OC: output coupler.
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Fig. 2. The average power of the directly pumped Nd:LGSB laser vs absorbed pump power, for several OC conditions. Inset shows the
oscilloscope frame containing the selbdelocked train of pulses, at 20% transmission (T) of the OC and 2.25 W absorbed pump power
level.

As shown in Fig. 2 the lasing threshold of Nd:LGSB laser starts below 100 mW for OC of low
transmission, T= 2.4% and increases up to ~0.75 W for high T= 20%. A decrease from 2.13 W output
power (at 3.94 W absorbed pump power, achieved for OC of T= 5%) tddvintd W output power (for
2.25 W absorbed pump power and OC of T= 20%) was observed. The increase of the lasing threshold
could favour oscillation at fundamental mode instead at higher order modes, which is mandatory for
modelocking, however with theidadvantage of lowering the average power. Prospects for further
average power upcaling and clean modecking operation by solely exploiting the salbnlinearities
of Nd:LGSB laser are discussed.
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Transparent ceramics have emerged as promising laser media, offering optical properties
comparable to those of their singlgystal counterparts, with the added benefits of lower cost, faster
production, and easier fabrication of laigEale multilayer strctures.Furthermoreceramic materials
are superior to single crystals for creating composite structures because they allow for more flexible
obtaining methods. This technology enables complex configurations, like multilayer structures, which
improve thermal management anduee heat gradients during laser operatie8][1n this work, twe
layer xat.% Y.Osly-at.% Yb:Y20s3 (x=0, 3, 5; y= 3, 5, 8) transparent composite ceramics, as well as
threelayer ceramics with a graded doping profile ofMbns, were obtained by solitate reaction and
multi-step sintering method. The phase structure, microstructure, optical properties, and laser
performance of the resulting ceramic samples were investigated.

Baty ] ) 1
- = v.03%% vo:v:0, v:0/{5%5% vb:v,0, ¥20./835% vb:v;0,
V/Sat.il kY
3at.9% Y/ - % v6:Y;05 3at.5% VE/2385 vbov.0, sat.% YE/B3E% viv,0,
< L 2
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Yb:Y,0, powder i (

)
Jip 3
p
¥
Second layer Third laver 3 3at.% Yb/5at.% vt‘/sa:-'s Yb:Y:0;
)

Fig. 1 (a)Schematic illustration of the sequential uniaxial dry pressing process of,0pc¥mposite ceramic green
bodies.(b) Representation of Yb: )0; composite ceramic samplé€s) Photo of multilayer Yb: ¥Os; transparent
composite ceramics.

Sequential uniaxial dry pressing method at the pressure P=5 MPa [Fig. 1(a)] was used to produce
two- and thredayer ceramic green bodies [Fig. 1(b)], followed by cold isostatic pressing at 410 MPa
for 5 min. The photographs of the sintered YbOYcomposite ceramics are shown in Fig. 1(c). Phase
identification by XRD showed that all sintered composite ceramics have the same cubic structure of
Y 203 without any impurities. The microstructure investigated by SEM shows good homogeneity for all
composite ceramic sampl es, with an average gr ai
were performed to analyze the diffusion of Yb ions around th&cbinterfaces of the ceramic samples.
Using fibercoupled diode laser pumping at 971 nm operated in -gqoaginuous mode, laser emission
at 1.03 em was obtained from al/l i-atve0x/5rat ed c
at.% Yb:Y,Os ceramic sample efficiently emitted laser pulses with an engrgyl B5 mJ for 11.6 mJ
absorbed energy of the pumping pulse; the slope efficiency wasdb8ning composite laser media
with well-defined doping of active ions, chosen such to ensure a specific profile of the absorbed pump
radiation, is the objective of our future studies.

Firstlayer

(al
(b)
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Single crystals of Cdfloped with 1% E¥ ions and cedoped with 10% and 20%%Yions, denoted
as Cdiz 1% Er, x% Y (x = 10, 20), with a partially disordered structure, were grown using the Bridgman
technique in a vacuum furnace under a fluorine atmosphere [Adok\grsion emissions in both visible
and infrared regions of Erions, excited at 973 nm and 1550 nm (Fig.1ac) were measured across a
temperature range of 1i»/5 K. Multimodal optical temperature sensing studies based on the
luminescence intensity ratio (LIR) employed thermally coupled levels (TCHs)A*Ss2) and® 132
(Peak/Peak), as well as nothermally coupled levels (NTCLsYH112*Fo2). The highest relative
thermal sensitivity (Sr) values were observed from e 4/*Ss2) levels at 175 K, with Sr = 3.54% K
(Fig.1b) for t he k¥%50EWM)andlS96.5% KEig.3dsfdr theé 1%(Eg-20%
Y ¢ r yes=t9a3Inm)( Fsom NTCLSM11/4*Fer), the maximum Sr was 2.7% Kat 150 K in the 1%
Er, 20 % Yx=d55¢ rsnd. dHus, thesdegree of disorder in £dBo Er, x% Y (x = 10, 20)
single crystals, caused by*ion content, significantly impacts their temperatgsemsing optical
properties. Depending on the excitation wavelength, the exceptional sensing capabilities of multimodal
optical temperature sensing based on £&F, Y crystals underscore their strong potential for-low
temperature sensing applications.

1%Er, 10%Y:CdF,
I 1550 nm

B

150 200 20 W0 30 40 40 %0 50

a) 2 om) b) TK)

1%Er, 20%Y:CdF,
=973 nm

20 2 M0 30 40 40

Fig. 1 Temperature dependence emission spectra of 1Er, 10Y under 1550 nm excitation (a) and 1Er, 20Y under 973 nn{cxcitation
samples and the€IE chromaticity diagram as insefthe S andS, curves, together with temperature uncertainffas insets (b, d).
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Novel greeremitting x at.% Er: SrLaGafSLO) ceramic phosphors (x=1, 2, 3, 4, 5 at.%) have
been successfully synthesized by the conventional -stdig reaction method using highrity
(099. 99 %) commercially av g iLe@blEn®;, amd GaOp glewd er s
upconversion (UC) emission spectra ot'Eons were recorded under two excitation wavelengths (973
and 1550 nm). Two important parameters, correlated color temperature (CCT) and color purity (CRI),
were calculated from the luminescence spectra, resulting in the highest values of CCT (between 5000
and 6000 K) and CRI (ranging from 90 to 97.4). The temperature dependence (in the r&28eK)5
of Er¥* emission in the visible and infrared domains was investigated using the luminescence
thermometry (LIR) method for the thermally coupled levéls,, and*Ss, (TCLs) of EF* and non
thermally coupled levelH11, and*Fo2 (NTCLS) of EE* ions under both excitation wavelengths. With
increasing temperature, the energy gap between the barycefiterafnd*Ss, levels decreases from

@E = 6'6brcm=1 t oforpEs, suggésting thatrbetween the thermal coupling becomes
stronger with the increase of Er concentration (Fig. 1a). The calculated?iR. (*Ss2) of all Er
concentrations function of temperature is shown

gradually both with temperature and with the concentration of Er ions.

The highest Sr values were achieved for the 1 % Er: SLO sample, with Sr = 1.3&8860 K
from TCLs fH1174%Ss2) U ned=e973 nen (Fig.1 c). Under the 1550 nm excitation wavelength, the
peak value of S= 1.09 % K! at 300 K was observed from TCLs for the 1 % Er: SLO sample, along
with S = 0.98 % K! at 575 K from NTCLs for the 3Er: SLO sample. In the infrared domain, the
maximum Sr value for 1 % Er: SLO was recorded,at @88 % K' at 75 K.
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Fig. 1. The energy gap between the barycentédfnf,and*Sslevels (a). Luminescence intensity ratio of TCH81(//*Ss1)
function of temperature with inset 14 cycling test)
as a function of temperature (c).

The results indicate that Er: SrLaGaghosphors possess the potential to function as optical
temperature sensors and can be utilized in white-&gfitting diode devices
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The SrLaGa®(SLO) is one of the members of the olivine ABZ@mily with a stable tetragonal
structure, low phonon energy, and a bandgap of about 3.81 eV, which can provide a low symmetry
coordination environment for RE ions, facilitating the enhancement of their characteristic luminescence
[1]. The ABCQ family crystallizes in the BNiF, tetragonal structure with a space groupgshmm
Having a complex and disordered lattice field, formed by the random distributio?r ah8r_&" ions,
which causes a large inhomogeneous broadening of the absorption and emission spectra, we might
expect that the SrLaGa®rystal may also be a potential laser material. However, research-@ardre
doped SLO laser crystals is still limited [2,3]. The spectroscopic data*bddpred SLO have not, to
our knowledge, been presented in detail. In this work, we present the estatiedbsorption (ESA) in
visible (500i 800 nm) from thé'@3 level in the upconversion phosphor Er:SLO with low concentration
(1% at. Er) The ceramic phosphors have been successfully synthesized by the conventiostdtsolid
reaction method using highur i ty (099.99%) commerci alsllgOs,avail al
Er.0s, and Ga0s [4]. At this low concentration, excited state absorption is the dominant upconversion
process. Two pumprobe experiments were performed: one of them used a laser at 973 nm to populate
the two lowest excited level§@s; and* @, hof Er*; the other used a laser at 1550 nm to populate only
*@s.u The transitions corresponding to various spectral lines are identified and discussed. The
luminescence lifetimes of Er excited levels are also measured and discussed. The data will be used to
estimate the upconversion luminescence efficiency of erdiggped materials as potential laser media.
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Ahighgual ity CdF

singl.g 3Or ymotl al%) miaxneld dwipteld Qvd R

grown by the Bridgman technique. This material is very interesting for applications such as
upconversion emission due to the intrinsically low phonon energy of(@84cmt), which effectively
suppresses multiphonon relaxation, favoring radiative transitions and efficient upconversion. The
lifetimes of the longedived excited levels*(132 and“l112) of EF* are investigated in this material.
These levels represent population reservoirs that feed the upcomearstting levels by excitedtate

absorption processes.

For the measurement of the lifetime*tf,», luminescence decay curves were recorded at 980 nm
(transition*l112 Y “l15) after pulsed laser excitation at 522 nm (transitie Y 2Hi1/).

—T T 7 T T T T T T T

973 nm ——— |
1550 nm ——
GSA

400 450 500

600 650 700 750 800 850

A (nm)

Fig. 1. Excitedstate and groundtate absorption (GSA) spectra of Er:g@@F,. The pump wavelengths are indicated by plot legend.

Excitedstate absorption spectra were then used for the estimation of the populations of the first
two excited states of Er For pumping at 973 nm, the populations’le$. and“l11> were a ratio of
17.9%, respectively 82.1% of the total population of the excited levels. For pumping at 1550 nm, the
two ratios were 53.1% and, respectively, 46.9%. Using these values, a simple mathematical model
enabled us to estimate the lifetime*af, and the branching ratio of transitiéiay, Y “l13» The cross
sections of the main groursliate and excitedtate absorption processes are found in the process.

The influence of the multiphonon processes on the luminescence lifetime¥ tdvets is also

discussed.

The results highly recommend the crystalline material Er: Ca:fFed upconversion emission
and also as laser medium for the transition aroumoh 31112 Y “*l137).
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In this work, we report on the optical properties of europloped SrTiQ@, synthesized in situ via
the solgel method as nanopowders and sintered ceramic bulks by heat treatment in vacuum. The
structure and morphology of theiSrEuTiO3 (x = 0.020.07) nanopowders and ceramics, in relation
to the europium concentration, were characterized-bgypowder diffraction, field emission scanning
electron microscopy, and transmission electron microscopy. The optical propertieprepazd
materials were also investigated. These analyses demonstrated that a temperature of 1425 °C in a
vacuum of 104Pa and a plateau of 4 hours are the optimal sintering conditions:f@rERKTiO3
ceramics. E¥ doped SrTi@ ceramics exhibit visible red photoluminescence characteristics. The
emission of SITIQEW* phosphor with different amount of Euexcited by 395 nm and 465 nm light,
was studied. The emission spectra exhibit characteristic luminescenc®dm’F (j = 0, 1, 2, 3, 4)
intra-4f shell Ed* ion transitions. The most intense transitions®@&gY “F1 (591 nm) for pumping at
395 nm and®Do Y “F. (615 nm) at 465 nm. The corresponding coordinates CIE for thdofed
SrTiOs samples were calculated from the emission spectra obtained at 395 nm and 465 nm excitation
wavelengths. This study demonstrates that the original protocol of materials engineering used is a simple
and efficient method for manufacturing novel nanophospivihbsenhanced reddistrange emission.
The asobtained results indicated that the-gel synthesis combined with the sintering process in a
vacuum at an appropriate temperature, plateau, could be a novel way to fabricate materials based on
strontium titanate with reasonable optical properties.

0.010+ X at.%Eu:SrTiO,
Aem= 615 cm

TFp 5L

Fo— 'Ly

CT(0*-Eu®)

0.005 4

Intensity (a.u.)

Fig. 1. Excitation spectra of SrTigkamples doped with Eu

The spectra show three main peaks due to the transition of the activatord9rr(u the ground
state’Fo to the excited state; a broad excitation band is observed in the spectra. Peaks are observed at
~420 nm (FoY 5Le), 465 nm (Fo Y °D2), 525 nm (Fo Y °Dy).
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In recent years, oxide materials doped with +eagth (RES) have attracted significant attention
because they can be excited with infrared and ultraviolet light to produce red, green, and blue emissions
[173]. Luminescent oxides are phosphors that poskigeer physical and chemical stability than
traditional luminescent materials based on sulfur and phosphorus. They are also interesting because they
can be synthesized with legost methods, and most of them are not toxic [4].

The present work focuses on the synthesis and spectroscopic characterizatialtopé&ESrTiQ
ceramics, obtained by the sptl method, from stoichiometric quantities of high purity alkoxides. As a
result of the thermal treatment, solid ceramic samples were obtained.

To establish the phase composition, the crystallinity of the precursors, and purity of the final
powders and related ceramics, room temperature (R@yXdiffraction (XRD) measurements were
performed. A HITACHI S2600N scanning electron microscope (SEMpleal with energpdispersive
X-ray spectroscopy (EDX) analyzed the ceramic samples' microstructure and chemical composition.
The grain size of the ceramics was determined as the mean intercept length by taking into account
measurements dp60 grains and was 80nm.

The narrow bands in the luminescent spectrum &f Bre sensitive to the crystallographic site
symmetry occupied by Etions. The electric dipole transitioDo Y ’F, is allowed when Eii is
located at a nooentrosymmetric crystallographic site, while 8 Y “F; magnetic dipole transition
comes from Eu ions in sites with inversion symmetry. Usually, the luminescence intensity ratio of
*DoY "2 to °Do Y “F4, also called the asymmetry ratio, is considered a probe to detect the inversion
symmetry around Etiions in the host [29]. The luminescence properties of the perovskites are
improved by increasing the europium concentration.

AcknowledgementsThis work was supported by CNC®EFISCDI, project number PNI-P1-1.1-TE-2021-:1624 within
PNCDI Il and program NUCLELLAPLAS VII 30N/2023by Ministry of Education and Research,
Romania,
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Anovelrede mi tti ng phosphor bDa&aped omi Bh TEUD i (OBITO)
- 10 %)concentrations was synthesized via a Highperature solidtate method [1]. The structural
and optical -gopedBTEOwere syssematitallyihvegtigateetay diffraction confirmed
the formation of a singlphase crystalline material. Theniinescence measurements under blue
e X ci t at463mm) sifoaed intense red emission corresponding tBthe 'F transitions
ions, indicating efficient energy transfer from
beyond which concentration quenching occurs, has been determined.

M

T

T - T T
500 550 600 650 700
Wavelength (nm)

Fig. 1.Luminescence spectrum of BTO:Eu (10 at.%) excited at 463 nm. Insets: ceramic pellet under ambient light (left) and red
luminescence under bldight excitation (right).

The obtained materials exhibit strong emission intensity, good thermal stability, and tunable
luminescence. Chromaticity analysis confirms their suitability foremditting components in white
LED applications. In addition, the optimized phosphor showsmial for photonic and optical device
applications.

Acknowledgements:This work was financed by program NUCLEWPLAS VII 30N/2023, Ministry of Education and
Research, Romania.
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Inhomogeneous line broadening in ragathdoped sesquioxide transparent ceramics was
observed and reported in the scientific literature. The phenomenon is attributed to the influence of the
sintering additives (ions 8d1] or Zr** [2] ions) on the host crystalline matrix.

Fig. 1 illustrates the inhomogeneous line broadening in Er:La;@eYor the luminescence
spectrum of transitiofFe2 Y “l1s2recorded at room temperature. The nartzamd pumping at 489 nm
and, respectively, 493 nm yields different profiles of the luminescence lines, thus putting into evidence
the existence of various subpopulations of'Ewns that are differently excited by the two pump
wavelengths. The spectral lines are also different from those obtained using broadband pumping at 973
nm that excites all Ef subpopulations almost evenly.

2 O B B I B B N I A R B
973 nm ; ] i : o ' il :
1.8 |- 489 nm ——
493 nm ——
1.6 [ :
1.4
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Fig. 1.Luminescence on Ertransition*Fo, Y “l1s5 obtained with three different pump wavelengths in ERytransparent ceramic at room
temperature. The pump wavelength 973 nm comes from abaideé laser source; the other two wavelengths are from a nbendviaser
source. The vertical dotted lines indicate wavelengths of superposing peaks.
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645 650

In this work the influence of the sintering additives*land Zf* on the spectral linewidths of laser
ions EF* and Nd* doped in transparent,®; ceramics is investigated.

Selective narrovband pumping at low temperatures (10 K) is used for putting into evidence the
inhomogeneous line broadening on various luminescence transitiong*afifddE?* and for separating
the spectral contributions of the various luminescent centers-Jateel luminescence spectra are used
for the investigation of the enerdgsansfer timescale in Ery0a.
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The effect of cerium on the radiation response of optical fiber sensors was studied using both long
period gratings (LPG) and fiber Bragg gratings (FBG) [1]. Two similar doped fibers were compared,
one containing cerium and one without cerium [2]. The $asnwere irradiated using electrbeam
and gamma sources [3], and their spectral response was monitored through changes in attenuation and
resonance wavelength.

For both LPG and FBG sensors, the fibers containing cerium showed a larger raddciimed
attenuation than the &eee fibers. This suggests that cerium increases thedtsted response of the
fiber under ionizing radiation. The wavelength shifts avgenerally comparable, indicating that the
main influence of cerium is observed in attenuation rather than in a clearly enhanced spectral shift.

Ce-containing LPGs were also tested in a clinicalay accelerator. Detectable spectral changes
were observed for accumulated doses between 0.5 Gy and 5 Gy. In a sepadbsdigkperiment, at
accumulated doses around and above 100 Gy, the waveldrfitiwas found to depend on the
accelerating potential. For the same dose reported in water, lower accelerating potential produced a
larger wavelength shift.

The results indicate that cerium increases radidatidnced attenuation in doped optical fibers,
while quantitative use of these sensors for dosimetry requires calibration with respect to radiation source,
beam energy, and fiber compaosition.
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This work presents a coupled thermgdraulic analysis and optimization of a wateoled plate
designed for a higpower fiber laser diode. The system dissipates a total thermal load of 3.6 kW (24
diode lasers, 150 W per diode) and is intended for iniegran a standard tBich rack configuration.

The primary design objective is to minimize the temperatureumtfiormity of the diodes, targeting a
thermal spread below 1°C, while maintaining the total pressure drop under 1 bar. The cooling plate
consistof two aluminum plates joined via friction stir welding, with internal channels machined in the
thicker plate. Two main configurations were investigated: straight parallel channels (7 mm and 3 mm
depth) and an optimized geometry incorporating distribpiearrays. The simulations were performed

in steadystate using COMSOL Multiphysics, coupling Laminar Flow and Heat Transfer in Solids and
Fluids modules.

Surface: Temperature (degC)

200 26

— X

20

Fig. 1. Temperature distribution for optimized configuration showing ~1°C uniformity.

Results show that reducing channel depth from 7 mm to 3 mm increases flow velocity and improves
convective heat transfer, reducing the maximum temperature from approximately 38°C to 36°C. Further
enhancement is achieved by introducing-noiform pin distibutions along the flow direction, which
locally disturb the boundary layer and increase the heat transfer coefficient. The optimized configuration
achieves a maximum temperature of ~26.7°C and a thermal spread close to 1°C across all diodes.

Hydraulic analysis indicates a total pressure drop of approximately 0.39 bar, well below the
imposed constraint, with a corresponding hydraulic power below 10 W. Thermal resistance analysis
confirms that convective resistance dominates the heat tranafar ahile the influence of the indium
interface layer remains secondary. The study demonstrates that a carefully tailored channel topology
combined with localized pibased enhancement provides an effective solution forumghrmity
cooling in highpower laser diode systems used for fiber lasers pumping.
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Hydrogen gas is increasingly used across various industrial and energy applications, including fuel
cells, chemical production, and semiconductor manufacturing [1]. Despite its growing importance,
hydrogen poses significant safety hazards due to its Wéghnfability, low ignition energy, and
colorless, odorless nature, which makes early and sensitive detection critical [2].

In this study, we report the development of a fibptic surface plasmon resonance {EPR)
sensor for realime hydrogen monitoring. The sensor design integrates a pallddiaad recognition
layer onto the golatoated fiber surface, exploiting palladisnstrong affinity for hydrogen [3]. When
hydrogen is absorbed by the palladium nanostructures, it alters the local refractive index at the metal
dielectric interface, resulting in detectable shifts in the SPR resonance wavelength. Experimental results
denpnstrate that the FSPR sensor exhibits rapid response times, selectivity for hydrogen, and very
low detection limits, while its compact, Fdtegrated design not only facilitates easy deployment but
also enables continuous, rdémhe monitoring of hydrogn in remote or hartb-access environments.

This FOSPR sensor provides a promising tool for industrial safety, environmental monitoring, and
process control, offering a sensitive, labvele, and realime solution for hydrogen detection.
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The development of gas sensors with high selectivity to hydroggnigHbecoming a central
research priority due to the growing use efld a clean energy carrier and the associated safety concerns
(e.g. low ignition energy, high diffusivity), as reported in specialised literature calling for reliable
detection at low concentrations and in complex gas environmef8k (ithin this framewrk,
aluminium doped zinc oxide (AZO) emerges as a relevant rorigéd candidate, as its defauediated
conductivity and the abundance of active adsorption sites sustain the sarfiredled interactions that
govern the response to hydrogen [1,4].

In this work,AZO and AbOs/AZO multilayer coatings were deposited by pulsed laser deposition
(PLD) in order to obtain functional oxide architectures suitable for gas sensing applications. The thin
films were grown onto alumina substrates with agaterned Au electrode, as wedl@n Si and quartz,
allowing the application of complementary physawmical and functional analyses on the resulting
coatings. The samples were examined by scanning electron microscopy (SeyiiKraction (XRD)
techniques and Xay photoelectron gEtroscopy (XPS) to assess their morphology, crystallinity and
surface chemistry, including the oxidation states. FurtherMIB/spectrometry provided insight into
optical behavior and barghp characteristics, while photoluminescence revealed the -delfated
features of the coatings. Hydrogen sensing measurements complemented the evaluation and showed the
architecturedependent differences in response and stability, which become more evident under heated
operation, when surface processes activate@ropeérature enhance the sensing response.

Together, these results outline how controlled layering of AZQA@/AZO coatings influence
their interaction with kland highlight the potential of PL-Eabricated metabxide heterostructures for
selective gas sensing applications.
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Zinc oxide (ZnO) nanostructures have attracted considerable attention in gas sensing applications
due to their wide band gap, high electron mobility, chemical stability, and strong surface reactivity.
Among the various morphologies, ZnO nanopatrticles, mas) and nanoflowers exhibit distinct
structural and surface characteristics that significantly influence gas sensing performance. This study
investigates the role of synthesis rautand the resulted morphology with respect to the gas response.
ZnO-based nanostructures with different morphologies (hanopatrticles, nanorods, and nanoflowers) were
synthesized using a wehemical method followed by thermal treatment, enabling a comyarati
evaluation of how structural variations influence the gas sensing performance of the resulting materials
[1,2].

The obtained materials were characterized through structural, compositional, and morphological
analyses. XRD confirmed the crystalline structure and phase purity of ZnO, while SEM revealed a
specific morphology and size distribution of the nanostructut@shamdepends on synthesis route.
Surface chemical composition and defect states were investigated by XPS, and photoluminescence
spectroscopy provided information on optical properties and deflated emissions.

Gas sensing measurements were performed to evaluate the influence of morphology on sensor
performance, with particular focus on hydrogen (
sensitivity, response time, and selectivity toward target gas. réhults indicate that nanoflower
structures exhibit enhanced sensitivity due to their porous architecture and increased active surface area,
while nanorods provide improved charge transport properties [3]. Understanding the relationship
between ZnO morpiogy and sensing behavior is essential for optimizing sensor design and improving
H gas detection performance.

This work highlights the importance of morpholeggntrolled ZnGbased nanostructures in
advancing higfperformance gas sensors and provides insights for the rational design of nanomaterials
in environmental monitoring and industrial safety applications.
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development of advanced monitoring devices capable of multipurpose detection [1]. Thanks to their
high sensitivity and scalability, metal oxide based chemstiesi sensors emerge as promising
candidates for loveost environmental monitoring 42. In this study, Zinc Oxide (ZnO) was the
material of choice to serve as the active sensing layer. Thus, ZnO thin films were synthesized using a
largearea Pulsed LaseDeposition (PLD) system. The resulting films were structurally and
morphologically characterized throughray diffraction (XRD), Ellipsometry, and Scanning Electron
Microscopy (SEM)X-ray diffraction (XRD) analyses revealed the presence of characteristic zinc oxide
peaks, indicating a hexagonal wurtzite crystal structure. A preferential growth was observed in the [100]
and [101] crystalline directions, suggesting a columnar polydlipetadevelopment of the film.
Subsequently, gas sensing measurements were performed in presence of various compounds,(NOx, CO
C:HsOH, and GHgO) at operating temperatures ranging from 25°C to 200°C. It was revealed that the
ZnO chemoresistive device presented a selective response (~23) towards ethanol at the operating
temperature of 150°C, thus presenting an improved performance when compaesdit®in the
literature of pristine ZnO thin films. Dynamic response curves were performed in the presenge of NO
and CQin order to analyse the sensors performance to repeated gas exposure. The ZnO based devices
exhibited a stable baseline and rapid response/recovery times starting with the operating temperature of
150°C towards both gases. However, as it is usually ere@ahivith many chemoresistive sensors, the
samples exhibited poor selectivity, showing similar responses to the two analytes that underwent testing
for the dynamic curves [5]. This study looks to reveal the selectivity that pristine ZnO presents and no
limits of detection have been determined as of yet. Testing different concentrations of gas is part of next
step in determining the efficacy of the obtained chemoresistive zinc-bagia gas sensors.
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Airborne pollutants have become a serious environmental and human health problem [1]. The
increased frequency of accidental explosions caused by leakage has led to significant interest in the
detection of explosive gas concentrations [2]. A wide variegeokors are currently available for the
detection of explosive hydrocarbon gases, offering high selectivity, sensitivity, and reproducibility, as
well as the capacity for rapid monitoring at concentrations below the lower explosive limit. However,
the regiirement for integrated heaters remains a significant constraint. Eliminating these issues would
substantially enhance the cadfectiveness and power efficiency of chemiresistive sensors by enabling
reliable roomtemperature operation.

In this study, a chemiresistive gas sensor based on a magnesium phthalocyanine and carbon
nanoparticles (MgPc:C) coating was deposited on an alumina substrate witkpaitpneed gold
electrode. The coating was obtained by erapting a solution based bfgPc and C mixed in THF
(tetrahydrofuran). The morphological and structural properties of the deposited film were investigated
using Scanning Electron Microscopy (SEM) andray Diffraction (XRD) techniques. -xay
Photoelectron Spectroscopy (XPS) and Bwddispersive Xray Spectroscopy (EDXS) were further
used to evaluate the elemental composition of the MgPc: C thin film. The resulting chemiresistive
sensors were investigated for their ability to detect various inflammatory gasdsitgéhe, methane,
propane, and GPL), which proved sensitive to concentrations as low as 10 ppm at room temperature.
The main sensor parameters (i.e., sensitivity, Lower Limit of Detection (LOD), response, and recovery
time) were determined according t@ timvestigated gases. Fig. 1 shows the response of the sensor to a
range of butane concentration betweenlppm in synthetic air, expressed as relative electrical
resistance in percentage as a function of time.
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Fig. 1. Sensorgram illustrating the dynamic response of the sensor to varying concentratigHg,efiin the 10 ppm range
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Ammonia (NH3) is a gas that, at high levels, threatens human health, making its detection essential.
In this context, conductive polymers used as sensing material have proven advantageous for gas
detection due to their generally high sensitivity and gbittoperate at room temperature. This study
presents the fabrication and characterization of a chemiresistive NH3 sensor based on polyaniline
(PANI) coatings. PANi thin films were synthesized on alumina substrates with interdigitated gold
electrodes usinthe chemical oxidation method and further exposed to electron beam irradiation (EBI)
with doses ranging between 50 and 150 kGy. Structural and chemical modifications induced by EBI
were analyzed using SEM, FTRTR, XPS and Raman Spectroscopy technigiiee.dose of 150 kGy
was identified as an irradiation threshold that induced a significant modification of the chemical
structure of PANI, with influence on the sensor performances in terms of selectivity and sensitivity to
NH3. Gas testing measurementsauacted in a controlled gas chamber showed thatteeBted sensors
exhibited enhanced sensitivity and selectivity toward NH3, achieving a limit of detection as low as 2.82
ppm across a range af 100 ppm.
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Fig. 1. Ammonia sensitivity of PANbased gas sensors after irradiation with different doses.

These findings highlight the potential of electron beaodified conducting polymers in
developing nexgeneration gas sensors for critical environmental, health, and safety monitoring.
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Reduced graphene oxide (rGO) has emerged as a highly promising material for gas sensing
applications due to its high surface area, tunable electrical conductivity, and abundant defect sites that
facilitate gas adsorption [1]. Among various synthesis matHader reduction of graphene oxide (GO)
offers a rapid, maskee, and chemicdtee approach to fabricate rGO with controlled morphology and
electrical properties [2].

In this work, we review and discuss recent advances in the development-oéthssrd graphene
oxide (LrGO) gas sensors. Moreover, LrGO sensors were fabricated and evaluatedskmsgas
performance toward ammonia (Mt room temperature. The structural and chemical changes induced
by laser irradiation were characterized using scanning electron microscopy (SEM)-@yd X
photoelectron spectroscopy (XPEJectrical measurements showed that LrGO sensors exhibited
enhanced conductivity compared to pristine GO. Gas sensing tests demonstrated a strong
response to NEj with rapid response and recovery times.

Overall, laser reduction represents a versatile and scalable technique for engineerng high
performance graphedmsed gas sensors [3]. Future work should focus on improving selectivity through
functionalization, enhancing environmental stability, andgratng LrGO sensors into portable and
smart sensing systems.
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The growing demand for eddendly, multifunctional sensor technologies has driven extensive
research into leafiee ABQ; perovskites, such as Barium Strontium Titanate (BST), Barium Calcium
Zirconate Titanate (BCTZ), and Bismuth Ferrite (BigeQhis study focuses on the development of
highly sensitive Surface Acoustic Wave (SAW) sensors based on epitaxial ;RBEO) thin films.

The BFO layers were grown on SrEi(111) substrates utilizing Pulsed Laser Deposition (PLD). The
research evaluates the material's cEgssitivity capabilities for detecting Volatile Organic Compounds
(VOCs), ethanol, noxious gases (COx, NOx), humidity, and temperature variations tricdgr s
controlled mass flow conditions. To optimize the device response, a systematic thadpesdent

study was conducted. The structural epitaxy and phase purity were confirmeeragaD¥ffraction
(XRD), while Scanning Electron Microscopy (SEM) dirergyDispersive Xray Spectroscopy (EDX)
validated the surface morphology and tafgefilm stoichiometry. Spectroscopic ellipsometry was
employed to accurately extract the optical constants specifically the refractiveniaaheixextinction
coefficientk alongside film thickness. For functional device characterization, Gold (Au) Interdigital
Transducers (IDTs) incorporating a Chromium (Cr) adhesion layer were patterned onto the BFO surface
via successive thermal evaporation. The electromechanical couptidggasnduced resonance
frequency shifts were accurately recorded utilizing a wideband signal amplifier coupled with a high
resolution pendulum frequency counter. The results demonstrate the viability of optimized epitaxial
BFO architectures for advargenvironmental monitoring systeifig, [2].
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I'n this study, Ti O nanoparticles were synthes
(Ti Cl ) vapors and synthetic air as precursor s,
synthesis parameters, including gas composition, gaw filates, and reaction pressure, were
systematically varied in order to investigate their influence on particle formation mechanisms,
morphology, and surface properties. The morptioctural properties of the obtained nanopowders
were investigated usingnergydispersive Xray spectroscopy (EDX), xay diffraction (XRD),
transmission electron microscopy (TEM);rXy photoelectron spectroscopy (XPS), and Bruriauer
Emmeti Teller (BET) surface area analysis. The results reveal that, while only minor phasensri
from anatasécrystallite size: 1122.2 nm)toward rutile(crystallite size: 1i724.3 nm)are observed, the
synthesis parameters have a strong impact on nanoparticle morphology and surface characteristics. In
particular, the specific surface area shows a significant variation, increasing from 61 m2/g to 129 m3/g
depending on the synthesis cdiwhs, indicating substantial changes in particle size and aggregation
behavior. The maximum surface area (129 m2/g) approaches the upper rangegddi gase Ti O
highlighting laser pyrolysis as a scalable method for -pigtity nanopowders. The presestudy
demonstrates that careful control of synthesis parameters in laser pyrolysis provides an effective route
for tailoring the morphology and surface proper
exhibit promising potential for applications ¢éhemiresistive gas sensors, where high surface area and
enhanced surface reactivity are essential for improved sensing performance.
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Polyoxometalates (POMs) are a versatile class of metaden clusters with tunable redox
properties, high charge density, and strong affinity for organic species, making them promising materials
for chemical sensing in liquid environments [1]. In this kyowe report the synthesis, structural
characterization, and application of novel P@Mctionalized optical fiber surface plasmon resonance
(FO-SPR) sensors for the detection of organic pollutants, with a focus on phenolic compounds and
cationic dyes in gueous media.

Three POM compounds wer e successfully Sy
(C H N) (C . H . N) [ VW . @) ], and Na-. [V
substituted tungsten oxide clusters with varying sizes and charge distrihutioabling diverse
interaction mechanisms with target analytes. Complementary physicochemical characterization using
SEM, XPS, and XRD is underway to elucidate morphology, surface chemistry, and structural stability.

For sensing applications, thin films of the synthesized POMs were immobilized ontoogdédi
optical fibers (FO) to fabricate surface plasmon resonbased sensors. The sensing mechanism is
based on changes in the local refractive index induced bypdidspand chargéransfer interactions
between the POM layer and organic pollutants. Experimental results demonstrate that the sensors exhibit
clear and reversible SPR responses upon exposure to model phenolic compounds and cationic dyes (e.g.,
methyleneblue), with sensitivity dependent on POM composition and structure.

The developed POWNunctionalized FEGSPR sensors exhibit good repeatability and potential
selectivity toward organic pollutants in water, highlighting their applicability for environmental
monitoring. These findings demonstrate that integrating structutalgred POMs with FESPR
sensors provides a promising strategy for developing sensitiveflabedensors for rediime detection
of hazardous organic contaminants in aqueous systems.
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In the larger context of global plastic pollution, the widespread contamination of environment by
micro-/nanoplastics (MNPs) has become a major concern. It is acknowledged as one of the three major
challenges facing humanity, along with biodiversity load global climate changg]. Therefore,
effective removal or accelerated degradation solutions for MNPs are critical for minimizing their long
term environmental impact.

This study investigates the potential of engineered photodegradation using a pulsed Nd:YAG laser
(&= = 266 nm, 10 Hz, 9 ns pulse duration) t o mi
configurations were evaluated using polystyrene (PS) and petlggtrmethacrylate) (PMMA) particles
(0.1 100 pm) suspended in water, under constant stirring (600 rpm). Results revealed that the third
configuration, achieving energy densities of 182%J/cm2, significantly accelerated photodegradation
compared to thdower-density setups (0.020.036 J/cm?). SEM and DLS confirmed substantial
morphological transformations. Spectroscopic analyses (LIFVI8/and FTIR) further validated the
formation of photoproducts and irradiatidependent molecular modificationsboth polymer types.

These findings show that customized ladgven setups may effectively induce the structural collapse
and chemical breakdown of MNPs, providing a scalable solution for remediating contaminated aquatic
environments.
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Heavy metal pollution in soil endangers food safety and human health [1]. This study presents a
nondestructive detection method for different heavy metals like C(®Pper sulfate) and Zn (zinc)
and in soil, studied by THz spectroscopy. THz spectrum it is located between the microwave and infrared
region of the electromagnetic spectrum. We have tried to establish the content of the heavy metal by the
absorption codicients at the selected frequency point. The samples were prepared at different
concentrations in ppm (parts per millions).

The samples spectra were acquired with the-TBS spectroscopy kit (from Ekspla) which emits
in the frequency range of 0il4 THz. They are obtained by the ratio of the reference and samples
spectra.ln the experiment, The THz spectrum of soil was collected by transmission mode of THz
spectrometer. Also, knowing the transmission, we have calculated the absorbaite tasssmission
spectra of the samples were acquired many times to mediate them.

The results proved that THz spectroscopy has good qualitative and quantitative detection ability
for soils contaminated with heavy metals which could bring new opportunities for detection of pollutants
in soil.
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Characterizing nomniform, transient electromagnetic phenomena require sensing capabilities that
offer high temporal precision alongside spatial data. Unlike traditional scanning probe techniques which
are limited by their sequential data acquisitions tkiudyutilizes the magnetoptical effect in a
ThsGas012 (TGG) crystal to achieve reéime, high resolution mapping of dynamic magnetic flux
density.

Fig. 1.
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The magnetic environment used to test the functionality of this method was created using a pulsed
highc ur rent source that unloads onto a 6custom sh;
magneteoptical crystal, to obtain a temporarily tragrsi and anisotropic magnetic field distribution. In
order to simultaneously capture both the spatial and temporal aspects of the magnetic field, without
relying on an expensive equipment like an uhigh frame rate camera, we used two ordinary detectors:

a CCD camera and photodiode to capture the change in the laser beam -Sdpeoe Python libraries

were usedo develop camera communication protocols, as well as image acquisition and manipulation
routines. Developed software performs automated image processing, including region of interest
detection and exposure optimization, as well as computes the magtietd response pixdby-pixel

to obtain the spatial magnetic field distribution. The results are visualizsed) 2D and 3D
representationsy combiningthe photodiodesignal(Fig.1a)with the camera signal (Fig.1b) in order to

obtain a complete spattemporal deconvolution of the magnetic field. Presented method has been

tested and calibrated in the ranges#0.9T,gi vi ng a spati al 2anedastenparal i on o
resolution of about 6 ns.

AcknowledgementsThis work was financed by projed|-RO 30/2024, EL-RO 30/2025, support of the National Interest
Infrastructure facility IOSIN- CETAL at INFLPR and Program contract No. 39/2034d program
NUCLEU-LAPLAS VII 30N/2023Institute of Atomic Physicdinistry of Education and Research,
Romania.
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In the field of modern radiation detection, modermay imaging demands a continuous balance
between maximizing spatial resolution and minimizing radiation exposure. Scintillator screens play a
pivotal role in this domain by converting incident ionizirgdiation into visible light, which is
subsequently captured by digital photodetector arrays. Among various luminescent materials, Cesium
lodide (Csl) has emerged as an attractive choice due to its high light yield, favorable atomic rddmber (
and excellent matching with the spectral sensitivity of conventional sibesed sensors. However,
traditional thirfilm or columnar Csl screens suffer from intrinsic lateral light scattering, which
significantly degrades the spatial resolution. To overcome this limitation and advance bolibsew
medical diagnostics and higinergy industrial nowestructive testing, structuring the ddiator into
isolated, micrescale pixels is essentidtify.1]. This work presents the development, microfabrication
and performance optimization of an innovative, Joust pixelatedCsl scintillator integrated into a
micro-structured silicon matrix.

2 e

Fig. 1. SEM micrographs of Si micropores. Fig. 2. SEM micrographs of Si micropores filled by the drof
casting method.

Silicon (Si) substrates were micigiructured to define pixel arrays with nominal lateral dimensions
of 100 x 100 um?2 separated by ulthan isolating walls of 8 um, uniformly distributed over an active
area of 5 x 5 cm2. Due to the highly hygroscopic natur€gif the commercial raw powder was
subjected to a thermal dehydration process at 100°C to eliminate absorbed environmental moisture. To
ensure proper filling, the dried material was ‘welled in an acetone medium using a planetary ball
mill. Filling the micro-cavities was done through two distinct methods: a repetitive-achsing
technique utilizing a supersaturated solution of@sépowder dissolved in an ethandiktilled water
solvent mixture Fig. 2] and an alternative partial thermal melting technique performed directly inside
the micracavities.

The structured samples were exposed to a-@ighigy Xray flux generated at a tube voltage of
130 kV, a beam current of 3 mA and a signal integration time of 500 ms. Under ionizing radiation, the
samples successfully demonstrated distinct visible seitmdifi emissions, validating the functional
mechanics of the matrix, which establishes a clear path toward manufacturirgclaiigdhomogeneous
flat-panel screens for lotose medical radiography and hipérformance industrial inspection.

AcknowledgementsThi s wor k was founded through the APl atforma NaWw
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Organic lightemitting transistors (OLETS) represent a promising class of optoelectronic devices
that merge light generation with transistor functionality in a single architecture. In this work, we report
on OLETSs based on organic semiconductors integveitbchanostructured substrates to enhance charge
transport and light outcoupling. The active organic layers and the gate electrode are deposited-by Matrix
Assisted Pulsed Laser Evaporation (MAPLE), enabling gentle processing. The dielectric layers is
fabricated by spircoating, offering a smooth, conformal film compatible with the nanostructures and
suitable forlowv ol t age operati on. The dielectric interfa
periodic network of nano sitesisydepositeccon diffenent substchiés, c ur a |
whose structural parameters can be tuned through the processing conditions. The nanostructured
substrates are realized by Nanoimprint Lithography, providingdaedihed periodic relief patterns that
are presemd throughout the subsequent dielectric and MAPLE deposition steps. Nanoimprint
lithography (NIL) technique is a nonconventional nanopatterning method used to produce structures
from microto nanoscale assuring higher resolution beyond the limits ofdiffraction [1,2]. A large
variety of substrates, including the flexible ones can be patterned using NIL.

Fig. 1. (a) ITO/PES substrat®illar nanostructures. (b) Flexible nanostructured OLET structure.

We investigate the influence of substrate nanostructuring and layer fabrication conditions on the
optical, morphological and electrical characteristics of the resulting OLETs. The obtained results
demonstrate that combining MAPLdeposited organic semicametors, spircoated dielectrics and
nanoimprinted substrates can be obtained sohsmonpatible OLETS, highlighting a versatile route
toward advanced organic optoelectronic devices.

AcknowledgementsThi s wor k was f i naPB2I1eTH-20B831626¢ Mioijtre af EducBtidn and/Research,
Romania.
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Today, flexible electronics are designed into a wide range of commercial products [1]. The
development of such foldable and stretchable devices requires flexible plastic substrates and compatible
materials. Lightweight in thin film form, organic semiconthus emerge as promising candidates for
flexible electronic area. Hence, flexible organic photovoltaic (OPV) cells have been widely studied in
order to be integrated as power supply into wearable electronics. Therefore, tremendous efforts were
made to impove the OPV performances by the optimization of the active layer, transparent conductive
electrode (TCE) and device architecture [2]. THieative light manipulation using patterned surface is
an interesting strategy in OPV, which can lead ter@mancement of tHeght harvesting in the organic
photoactive layer [3]Thus, in the presestudy,patterned polyethylene terephthalate (PET) substrates
with two different structures: (i) pillars (~300 nm height, ~400 nm diameter and ~1100 periodicity) and
(ii) pyramids (~940 nm height, ~2 em diameter an
(ITO) films by pulsed laser deposition (PLD). The laser deposition was also carried out on flat PET and
glass substrates in order to highlight the influence of the periodic patterns on the properties of the
obtained ITO films. The laser fluence (1.2 J#an1.3 J/cr) was varied for obtaining electrodes with
adequate optical and electrical properties. The ITO films deposited on rigid, flexible flat and flexible
patterned substrates were investigated from morphological, optical, and electrical point of view. The
morphdogical analysis proves that the ITO films retain the pattern of the PET substrate after PLD
deposition. The electrical investigations show & films deposited on patterned PET revadbw
electrical resistivity(5.5x10* Y ¢ Jn Also, an improvement in the Hall mobility (23@r?/Vs) is
acquired in the case of the patterned (pyramids) ITO layers. The outcome of this work emphasizes the
potential of the patterned ITO films in the field of the flexible optoelectronic devices.

AcknowledgementsThis work was supported by a grant of the Ministry of Education and Research, Romania,
CCCDIUEFISCDI, project number PIW-P7-7.1-PED-20240 8 84 and pr oj ec-2l-number F
TE-20231626, within PNCDI IV.

[1] D. Corzo, G. TostadBlazquezandD. Baran fiFlexible Electronics: Status, Challenges and OpporturitiesF rEteatron.1, 594003

(2020).
2] Y. Sun, Y. Kan, K. Gao, B. Tang, Y. Li ,,0 Ai%hah), BWE0L@02)ani ¢ Sol ar
B8] W. Wang, L. Qi, ALight mdnanpgructre drrays fortplotogaialysis, photovel@icspandoptaelectronic

and optical devices Ad v . F u29(25), 1807R7&20&9). .

144


mailto:marcela.socol@infim.ro

P-57

Development of Broadband Dielectric Mirrors Based
on HfO2 and ZrO> Coatings

StefanAndrei IRIMICIUCY?, Jiri BULIR?, Gabriel BLEOTU-3, Doina CRACIUN,
Petronela GARGI Sergii CHERTOPALOQY, Sasa YEHIA- ALEXES3, Daniel URSESCE Jan LANCOR,
Valentin CRACIUN-®

INational Institute for Laser, Plasma and Radiation Physics, Magurele 077125, Romania
2Institute of Physics of the Czech Academy of Sciences, Na Slovance 1999/2, Prague, Czech Republic
SExtreme Light InfrastructurdNuclear Physics (EENP), 30 Reactorului &et Magurele 077125, Romania
Corresponding authostefan.irimiciuc@inflpr.ro

Ultra-intense laser systems have become indispensable instruments for frontier science, enabling
breakthroughs in nuclear physics, particle acceleration, anefieighguantum electrodynamics. The
Extreme Light Infrastructuré Nuclear Physics (EEN P ) hosts the worl dds mo:c
operating at wup to 10 PW, vyet their performance
optical components exposed to ultrashort, hiigansity pulses. The durability of mirrors and dielectric
coatings under femtosecond irradiation is a critical bottleneck for advancing esigétrexperiments.

In this work, we demonstrate the fabrication of broadband dielectric coatings based.cam#ifO
ZrO; with tunable stoichiometry, produced using pulsed laser deposition and magnetron sputtering.
Depositions were conducted in pure &mospheres for PLD and in mixed As/@mospheres for
sputtering, across a wide parameter space to achieve precise stoichiometric control via oxygen partial
pressure. Additional deposition parameters were systematically adjusted to modulate the energy
distribution and gaphase chemistry of the expanding oxide or metallic plasmas. To understand plasma
evolution during growth, we employed in situ diagnostics, including spesmdved optical emission
spectroscopy and ICCD fasamera imaging.

Comprehensive posteposition characterization was performed using AFM, SEM, XRD, XPS, and
LIDT measurements. An optimization strategy was established to correlate processing conditions with
the resulting film properties. Our results show that fine control over depositiditions enables tuning
of microstructure and optical performance. We further propose paths to enhance LIDT by introducing
selected metallic interlayers that promote higfality interfaces. Overall, this study outlines effective
approaches for engineering broadband dielectric mirrors with controllable and improveddased
damage thresholds.

AcknowledgementsThis work was financed by project ELI004/2025, program NUGILRBLAS VII 30N/2023, Ministry of
Education and Research, Romania.
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This study focuses on the fabrication of van.
deposition (PLD) on-sapphire (Al O ) and met al substrates. VO
targeting infrared (1 R) sknennfotits revergilipld megtsulatoro n s . V
transition (MIT) near 68 °C. The MIT enables a substantial change in IR emissivity.

Here, the VO deposition by PLD is performed wu
2.2110 | mbar, a substrate temperature of 500 AC
working at a fluence of 3 J/cm2. The Mi€lated emissivitymodulation is assessed via spectroscopic
ellipsometry and IR thermography, while the ABCD matrix method was employed to optimize film
thickness for enhanced stealth performance.

Structural and morphological characterization demonstrates that the pulsed laser deposition
parameters are crucial for obtaining phpse r e VO . At r egaydiffractom(XRD) at ur e,
confirms the monoclinic (M1) phase. The XRD results are alsoroosdi by and Raman spectroscopy.

Atomic force microscopy (AFM) and scanning electron microscopy (SEM) reveal uniform grain
morphology with a roemeansquare (RMS) roughness below 10 nm, which helps minimize optical

losses. The resulting films show a shistif’ (hysteresis width < 8 °C) and a tunable emissivity variation

(U > 01164 iemm trleeng8& ), consi stent with an abrupt

OQur findings show the potential of VO for dyn
on integrating VO |l ayers into active devices fo

AcknowledgementsThese results are funded by the Ministry of Education and Research, Romania, UEFISCDI, project
number PNIV-P7-7.1-PED-20241371 (TWIST), within PNCDI IV and program NUCLEBPLAS VI
30N/2023, Ministry of Education and Research, Romania.
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Vanadium dioxide (VO ) and vanadium pentoxi de
properties. VO is known for its temperature in
while V O exhibits semicondwiHetrieng VOnd aalde &/t 100 c
thin films by pulsed laser deposition (PLD) and rafeguency (RF) assisted PLD, using a metallic
vanadium target (ArF excimer laser,taiget b st r at e di stance 4.5 c¢cm). Our
the PLD paramets (e.g.: oxygen pressure, substrate temperature, laser fluence, and RF power), we can
selectively obtain either pure VO or pure V O
onto Platinum coated Sili cotness.ubAsds rarn eexaardp lce ,axp
are obtained at an oxygen pressure of 2.2110 |
3 J/c¢cmj, and RF power of 25 W. Whereas V O f orn
anoxygenpressuef 2. 2110 | mbar and under higher RF pow

Morphological analyses by atomic force microscopy (AFM) and scanning electron microscopy
( SEM) reveall distinct differences between the t
compact granul ar mor phol ogy wish1ltr 6onhmmean ssaguah
approximately 3 nm on Pt/ Si substrate. I n contra
and a different surface texture, consistent with its layered orthorhombic structure. Structural
characteri zatacotni obny (XX RDdy cdoinfffirr ms t he monocl ini
(020) reflections, while V O exhibits addition
di fferentiates the phasesDI¥®D, 223playd €haramtil
shows distinct V=0 stretching vibrations.

Spectroscopic ellipsometry is used to extract the complex dielectric functions of both functional

oxides. VO exhibits a strong optical contrast u
proven by significant changes of the ellipsometticcal es (qQ and o) , while V
transition. For infrared stealth applications,
emi ssi vity, which is particularly wvalwuable for

formed byPLD under higher RF power and can serve as ddew/ spacer layer in Fabiiyerot cavity
structures for infrared stealth. The complementary use of AFM, SEM, XRD, Raman, and ellipsometry
proves essential for validating phase purity in functional oxidefithis.

AcknowledgementsThese results are funded by the Ministry of Education and Research, Romania, UEFISCDI, project
number PNV-P7-7.1-PED-20241371, within PNCDI IV and program NUCLELAPLAS VI
30N/2023, Ministry of Education and Research, Romania.
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Angular anisotropy in plumes produced by lasers and pulsed electrons plays a decisive role in the
transfer of the material from the target to the substrate during film growth, but its impact on film
composition remains insufficiently quantified, partichjain the case of pulsed electron beam
deposition (PED). Barium strontium titanate (BST) thin films are widely used as tunable dielectric,
electrical, and ferroelectric properties depending on the barium/strontium ratio, which requires the
control of the hin film composition [1]. In this work, BST thin films were grown at 0.01 mbar pressure
in argon background gas by PED at room temperature [2], based on the model used for PLD and
presented in r eafphrearede h[o3d ]d.e r A wilsnenimoan the targeetdthed i st ar
substrate at all angles was employed. The angular thickness and composition profiles of these films were
determined from Rutherford backscattering spectrometry (RBS) measurements at different substrate
angular positions as arfation of applied fluence. These film profiles have forwsindped peaks with
measurable thicknesses of up te3I} for the major axis and similar shapes for all fluences. The cation
angular distributions lead to systematic deviations from target stoietip at large angles, with heavier
elements of the film exhibiting narrower emission profiles. These findings demonstrate that plume
anisotropy is a key factor in the nraniform composition of PEfyrown complex oxide thin films and
highlight the need ta@ontrol the plume dynamics when designing materials for oxide electronics
applications.

Acknowledgementst on beam experi ments have been performed at 3. MV
National Institute for Research & Development in Physics and Nuclear EngineeringHF)idnd were
supported by the Romanian Governmental Programme through thed\ata | Programme @Al nst
Obiective Speciale de Interes Nawional o (1 OSIN). L
MN, DD, FG acknowledge the program NUCLEWPLAS VII 30N/2023, Ministry of Education and
Research, Romania.

[1] J.P.Goud, A. Kumar, K. Sandeep, S. Ramakanth, P. Ghoshal, K.C.JRaable Microwave Device Fabrication on L&@mperature
Crystallized BasSrsTiOz Thin Films by an Alternating Deposition and Laser Annealing Procésty. Elect Mater. 7(3), 2000905

(2021).

[2] D. Dobri n, . Burducea, D. lancu, C. Burducea, F. Ghanr endi , M.
deposition of B&5nTiO;, 0 Ap p | .657S169757 (2028)c i .

[8] A.OjedaG-P, C. W. Schneider, M. Dobeli, T. Lippert, A. Wok@ukn, AAngul

MnOs, 0 App!| .3365160156.(201S)c i .

-1438


mailto:daniela.dobrin@inflpr.ro

P-61

Functional Oxide Heterostructures: Structure-Property Correlations and
Interface-Driven Phenomena

loan M. GHITIU2 Elena I. BANCU2 Mihai ZAMFIR?, Alexandru DAN, Floriana CRACIUNS,
Nicu D. SCARISOREANB

IFaculty of Physics, University of Bucharest, Magu@1&125 Romania
2National Institute for Laser, Plasma and Radiation Physics, C400 Photoplasmat, Magurele 077125, Romania
SCNRISM, Istituto di Struttura Della Materia, Area Della Ricerca di Tor Vergata, Via del Fosso del Cavaliere, 100 Rome, Italy

Corresponding authoioan.ghitiu@inflpr.ro

The investigation of functional oxide heterostructures has revealed a wide range of emergent
phenomena driven by interface structure, strain, and defect chemistry. Among these, the formation of
conductive states at buried interfaces in nominally insulandes remains of particular interest, both
fundamentally and for deviesriented applications. However, accessing such deeply buried
functionalities and correlating them with structural features remains experimentally challenging.

. : - : Ve 10" pre—rrr
L PO,) (Pa) 1 I —
1x1 2
x10 1 e Calculated with 2DEG
=5 ot e oo JJ‘IT"'Q’}'““. DO OO
13 4, R R R R R AR R

60 Interdigital
electrodes |

i-i’n eiae e e .’

=)
>

8x10°®

R; (/sq.)
Capacitance (nF)

4x10° |

0 100 200 300 400 300 350 400 450 500 550
T (K) T(K)

Fig. 1.Electrical measurements and device structure diagrams for the investigation of the metallic interface.

In this work, we explore structurproperty correlations in epitaxial oxide heterostructures through
a combination of electrical probing and advance
systems, we demonstrate that a conductive interface ddariidied indirectly via inplane capacitance
measurements using surface interdigital electrodes. The observed response is consistent with the
modelling results for the presence of a buried conductive layer and is further supported by direct
transport messur ement s . | mportantly, this behavior is ¢
substrates, highlighting the emergence of interfacial conductivity without conventional surface
preparation.

By systematically varying growth conditions, particularly the oxygen pressure, we show that the
interfacial electronic properties are strongly influenced by defect formation and interface structure. The
results suggest a combined role of oxygen vacarintesface quality, and local atomic rearrangements
in enabling the formation of the conductive state. Complementary scanning transmission electron
microscopy analyses provide insight into the structural and chemical characteristics governing these
effects.Beyond this case study, the same experimental framework can be extended to other oxide
heterostructures, where strain engineering and multilayer architectures are used to tailor functional
responses such as polarization and interfacial coupling. Thieagpenables a unified perspective on
how structural distortions, defects, and interfaces govern emergent properties in complex oxide systems.

AcknowledgementsThis work was financed BYEFISCDI, through the PNII-P4-PCE-2021-1906 PCE97/2022 project
Ministry of Education and Research, Romariad performed using C400 Photoplasmat facility
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Transition metal compounds in general and nitrides in particular have attracted great interest from
the scientific community over the years due to their remarkable properties in terms of mechanical
properties, chemical stability and high melting pointnéme just a few. By far, Ti compounds have
received the most attention due to a combination of ease of production, low cost and versatility of their
properties, while the other transition elements have received limited attention. Tantalum is one of these
elements that received limited attention. Most studies related to tantalum are connected to application
of tantalum nitride (TaN) in the field of semiconductor industry due to its outstanding properties such
as low temperature [1] and voltage coefficientre$istivity [2], high thermal stability and barrier
capabilities in electronic interconnection [3]. On the other hand, its high melting point and high
microhardness values recommend TaN as a possible candidate for tribological application.

In this paper TaN films with various nitrogen contents, intended for use as hard coatings, were
deposited by Magnetron Sputtering (DCMS) method and HRiglver Impulse Magnetron Sputtering
(HIPIMS). The study was performed to assess the correlations beteleeant deposition parameters
(in particular nitrogen flow rate) and physical and mechanical properties of the films.

Structural and chemical characterizations were performed-kay Xiffraction (XRD) and Glow
Discharge Optical Emission Spectrometry (GDOES), respectively. The morphology of the films was
characterized by Scanning Electron Microscopy (SEM), while mecHamizerties were evaluated by
microhardness measurements and wear resistance investigations usirgaipmntribometer. The
thickness of the deposited layers was in the rangebof 3¢ m. XRD measurements in
of Ta and TaN phases for the coatings with high microhardness values. It was found that the hardness
of the films increases with nitrogen content, with a highest value corresponding to a nitrogen content of
~20 at.% while the size of the crystalline grains decreaggsficantly. As far it concerns the
microhardness, a value of 2500 HV0.025 was measured for the film with 20 at.% nitrogen content.

AcknowledgementsThis work was financed by project 95PED (RNP7-7.1-PED-20241580), Ministry of Education and
Research, Romania.
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Carbonmetal composite coatings were synthesized via direct current (DC) magnetron sputtering
using an Inconel 600 target (25 cm diameter) operated at 500 V and 1 kW. Simultaneously, a high
density graphite target was sputtered using Higlver Impulse MagnetrdBputtering (HiPIMS), with
a pulse repetition frequency of 900 Hz, a pulse width of 65 us (5.9% duty cycle), and an average power
of 6 kW. Substrate biasing was achieved using a separate DC power supply delivering 1 kW [1].

The deposited films were systematically characterized in terms of morphology, composition,
microstructure, surface chemistry, thickness, microhardness, and tribological behavior. Comparative
analysis reveals that carbon incorporation is essential foraimeafion of a mechanically stable
tribological layer. Furthermore, the controlled addition of oxygen significantly enhances coating
performance by promoting the development of a mixed metalide microstructure.

This structural evolution leads to a marked increase in hardness, from 0.84 GPa to 1.59 GPa,
improved adhesion, and a substantial reduction in friction and wear. The enhanced tribological response
is attributed to the formation of chromium@ind nickelbasel oxide phases, which act as solid lubricants
and protective barriers during sliding contact.

These results demonstrate that the tribological properties of Nitased coatings can be effectively
tailored through oxygen incorporatidfig 1 presents the coefficient of friction behavior.

0e

Load: 05N
6 mm saphire ball
1 2 mm sliding radius

Stainless steel

/ NICIFeC+O2

Sliding distance (m)

Fig. 1. Coefficient of friction behavior of the prepared layers: 0.5N load, 6 m sapphire ball, 15 mm/s sliding speed.

I n particular, the Ni CrFeC+O0 system exhibits
and minimal wear, defining a promising parameter window forflastion, dry-sliding applications.
Such coatings are especially suitable for environmentsendenventional lubrication is impractical,
including hightemperature systems, vacuum conditions, and components requiring extended service
life with minimal maintenance.

Acknowledgement&his work was supported tige Ministry of Education and Research, Roman#eFISCDI, Grants No.
13PTE/2025and Grant No.37 PTE/2025
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The rapid evolution of nanotechnology has necessitated the development of advanced surfaces with
precise wetting properties for applications in hanobiotechnology, electronics, and microfluidics [1].

This study presents an innovative, flexible, and -effgtctive method for the fabrication of
superhydrophobic metallic molds using nanosecond laser ablation. A nanosecond pulsed Nd:YAG laser
=355 nm, U=6 ns, f =10 Hz,) whsaesnployedias employedrtoe r g y
functionalize aluminum alloy surfacdaspired by biomimetic structures such as lotus leaf, the proposed
system generates hierarchical surface morphologies capable of sustaining stabl8&dssistates
with water contact angles exceeding 150°.

These lasepatterned metallic surfaces function as Higlelity "fingerprints" for the replication
of micro- and nanostructures onto flexible polymeric substrates, including polydimethylsiloxane
(PDMS) and polyethylene terephthalate (PET). The resytiohgmeric substrates retain the essential
functional attributes of the metallic molds, offering extreme water repellencylsalfing capabilities,
and enhanced resistance to-fisaling and corrosion.

By integrating nanoscale characterization technigqusesch as Scanning Electron Microscopy
(SEM), X-ray Photoelectron Spectroscopy (XPS), and profilomethe study demonstrates that the
resulting polymeric substrates fully retain the essential functional attributes of the metallic molds.

This method represents a reliable and efficient alternative to conventional lithographic techniques,
offering a practical solution to current industrial challenges, such as high production costs and limited
scalability in the fabrication of functionalizgmblymer surfaces.

AcknowledgementsThis work was financed by project 43TE/2025,-IMNP2-2.1-TE-20231686 and program NUCLEU
LAPLAS VIl 30N/2023, Ministry of Education and Research, Romania.
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In conventional plasmonic systems, strong optical behavior is typically associated with significant
metal loadings required to sustain collective electron oscillations. Here, we demonstrate that comparable
optical effects can emerge in the complete abs@fgelasmonic excitation at sytercent metal
loadings. This is achieved through a microwave plasymehronized caaporization process that
enforces synchronized vaporization of dafgell metallic wire precursors (Pb sheath with Au cores),
ensuring simlianeous vaporization of all components. The process operates viaetiskliondriven
plasmédmaterial feedback mechanism under strongly-aguilibrium conditions, enabling atordlievel
mixing, in situ oxidation, and rapid quenching. As a result, fiiga(~35 nm) PbO and PLiGwu
nanocomposites are f or meeéPhbO noatix embeddirigmgptal cldstera cr y
encapsulated by a thin amorphoug'Rtzh (PbQ-like) surface layer.

Despite sutpercent metal content, the nanocomposites exhibit pronounced.-daptaident
optical behavior, including band gap shifts and distinct color changes, in the absence of localized surface
plasmon resonance features, placing the system in-plasimonic regime.

These findings demonstrate that strong optical responses can originate from huaviace
electronic interactions rather than plasmonic excitation. Microwave plagntdronized co
vaporization thus establishes a scalable route to plagmenligandfree, and interfacdominated
optical behavior in metabxide nanocomposites

AcknowledgementsThis work was financed by program NUCLEWBPLAS VIl 30N/2023, Ministry of Educatiand
Research, Romania.
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Common beanRhaseolus vulgari.) and related legume crops such as such as chickpea, lentil,
pea and cowpea, are essential sources of plant protein, carbohydrates, minerals, and dietary fibre, but
their production and storage are frequently affected by insect pests. In the fielt{qust can impair
plant growth, reduce seed vyield, and compromise seed quality, while during storage, insects such as
bruchids and other sedeeding pests may cause substantial postharvest losses by consuming the
cotyledons, reducing seed weight, lowmergermination capacity, and contaminating the stored product
with frass and insect residues [1]. In this context, plasma treatment of infested seeds or stored products
may represent an environmentally friendly and resfdee alternative to conventionahemical pest
control methods, contributing to safer storage, improved seed quality preservation, and reduced
postharvest losses [2,3].

The present study examines the effectiveness of atmosyinesisure plasma treatment applied to
common bean seeds infested with the bean wéeaihthoscelides obtect(®rder Coleoptera, Family
Chrysomelidae). The experiments have been performed by using a linear DBD plasma jet of 10 cm
width and 2 mm length generated at 13.56 MHz using an RF power of 50 W in flowing Argon as the
main gas (3000 5000 sccm), and injeadein several cases with a small amount of oxygen (1%). The
treatment involved the exposure of 50 g of bean seeds infested with 30 bean weevils to the plasma in a
semienclosed configuration that keeps the insects, while exposing them to the plasma emtironm
during a scanning procedure. Thus, direct plasma exposure occurred only when the DBD source passed
over the seddnsect mixture, corresponding to 14.25% of the total treatment time, whereas exposure to
plasmagenerated reactive species occurred coantisly throughout the experiment. Total treatment
time was chosen in the rangé 35 min. The insect mortality results showed complete extinction of
weevils in all experiments after 10 days of evaluation. However, the rate of mortality depended on the
treament duration: the 3 min treatment reached 90% mortality after 9 days, whereas the 15 min
treatment achieved the same mortality level after only 4 days. The addition of oxygen during treatment
is also increasing significantly the mortality rate.

AcknowledgementsThe study was performed under the project ADER 2.1.7, Ministry of Agriculture and Rural Development,
Romania. The INFLPR authors acknowledge the program NUGLARLAS VIl 30N/2023, Ministry of
Education and Research, Romania.
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This work reports on the fabrication and characterization of complex oxide heterostructures
(AZO/ITawQ/ Ta O |/ MAZO) désir@d for integration into solglate electrochromic devices,
using pulsed laser deposition (PLD). Two distinct heterostructure configurations were developed,
di ffering in the morphology of the actouwe WO
architectures.

The heterostructure containing nanostructur e
temperature of 500 °C, exhibited dense, uniform, andadtkered multilayers (fig. 1a). Cressctional
SEM analysis revealed sharp and continuous interfaces withackscor delamination, indicating
excellent structural integrity. X ay di ffraction confirmed the prese
and TaO (cubic) phases, with average crystallite sizes df181Bm and low lattice strain (<2%),
suggesting good crtalinity and controlled growth.

o 65000
a) b)
Fig. 1. SEM crosssectional images of the heterostructures incorporéépganostructuredlense WQ
layer and(b) mesoporous WQayer

The second heterostructure (fig. 1b), incorpor
3D morphology with columnar, micrstalagmitelike features and significantly increased surface
roughness (~1 pm). Although the clear stratification of theeufgyers was reduced due to the highly
porous morphology, the structure remained mechanically stable and free of cracks. Structural analysis
revealed smaller WO crystallite sizes (~5 nm)
porosity strogly influences crystallinity. This mesoporous architecture is particularly promising for
electrochromic applications due to its enhanced surface area and potential for improved ion transport.

These results demonstrate that precise control of PLD parameters enables tuning of heterostructure
morphology and properties, with dense nanostructured films ensuring mechanical robustness, while
mesoporous structures provide functional advantages fdragboomic performance.

AcknowledgementsThis work was supported by a grant of Mimistry of Education and Research, RomanldEFISCDI,
project number PNV-P7-7.1-PED-2024-1292 (ELCHROM), within PNCDI IV.
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This study investigates the influence of nanostructured tungsten trioxidg (M@ on the surface
properties of transparent electrodes used in organic photovoltaics, specifically indium tin oxide (ITO)
and fluorinedoped tin oxide (FTO). The aim is to improve their compatibility with the conductive
polymer PEDOT:PSS used as adiwhnsport layer (HTL).
We show that pulsed laser deposition (PLD) parameters, particularly the number of laser pulses,
influence surface architecture, wettability, and
The X-ray diffraction investigation reveals that thicker layers adopt a monoclinic structure. The
integration of PEDOT: PSS with nanostructured WO
PEDOT:PSS acidity, creating interfacial conditions that Haeen associated in the literature with
improved device stability and performance.
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a) b)
Fig. 1. Optical transmittance and absorbance of the nanostructurediMi® (600 laser pulsesblue dots and 6000 laser pulses re
dots) on(a) FTO/Glass substrate (green doth); ITO/Glass substrate (green dots)

Optical measur ements show that thicker WO fil
infrared regions while maintaining high transmittance in the visible range (fig.1).
Additionally, t he surface mor phol ogy of t he

hydrophilicity, reducing the water contact angle and enabling uniform PEDOT:PSS deposition without
changing HTL thickness.

The nanostructured WO film acts as an intertf
important parameter for organic photovoltaic cells and other optoelectronic devices requiring stable
interfaces and efficient charge transport. These insightsilwatet to the optimization of transparent
electrodes for enhanced efficiency in organic photovoltaic applications.

AcknowledgementsThis work was supported by a grant of Mimistry of Education and Research, RomanldeEFISCDI,
project number PNV-P7-7.1-PED-2024-1292 (ELCHROM), within PNCDI IV.
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Proton exchange membranes remain centr al to t
driving ongoing efforts to design materials with improved hydration, stability, and ionic transport. The
limitations of pristinePFSA Membraneparticularly its reduced conductivity and structural relaxation
at elevated temperatures have motivated the incorporation of secondary materials to reinforce the
pol ymer net work and stabilize proton tragasport
membranes were developed by integrating organic resdrfonmlaldehyde (RF) hydrogels into a
perfluorosulfonated acid (PFSA) matrix to enhance water uptake, thermal stability, and proton
transport. The study investigates how uniformly distributedcRBters influence the structural and
functional characteristics of the host polymer. The composite membranes were obtained “gi&an in
solgel process within the membrane pores. The resin concentration was controlled by the time taken
for resorcinol ad formaldehyde to be impregnated using water or ethanol as solvents. The RF content
was controlled by adjusting the impregnation time of resorcinol and formaldehyde precursors in either
water or ethanol based sol ut itonssvere eMaoningdbusingo gi ¢ a
atomic force microscopy, UWi s spectroscopy, and Fourier transf
stability and degradation behaviour were assessed through thermogravimetric analysis, while proton
conductivity atol8@dACeumdéevecdhmutmi dity was measu
probe method.

The hybrid PFSARF membranes demonstrated significantly improved thermal resistance up to
46 AC higher than the pristine polymer and enh

particularly wunder | ow humi di ty pregoatiahisdlvena Ruel wh e n
cell testing of membraiie | ectr ode assemblies incorporating
excellent gas crossover suppression and strong e

humidity, achieving a 76% increase iower density compared to a reference assembly containing the
unmodified PFSA membrane.

AcknowledgementsThis work was partially financed byéa Ministry of Education and Research, RomaniaderELI-
RO/RDI/2024_039, EERO/RDI/2024_015, EERO/RDI/2024_019, PNV-P7-7.1-PED-20240796
Projects. and program NUCLEUAPLAS VIIi Contract No. 30N/2023.
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Boron and boro#based materials are utilized in multiple industries/application fields (dopant in
electronics, coatings with good mechanical properties and thermal stability, in nuclear fission for their
high neutron absorption cresection and also in §ion [1]. The boron coatings protect the tokamak
walls, reduce the impurity flux and improves plasma performance. Forgaagtation tokamaks
requiring improved life time of the W tiles, it is very important to develop and test new methods for
cover tungten with boron coatings.

In this work, we present the deposition of boron films by using two PECVDpsein vacuum: i)

a plasma jet (J) and ii) paraHplate electrode glow discharge (GD). For both plasma sources we used
RF power supply, Argon as main gas for discharge andatieo(BHs) as precursor gas. The boron
films were deposited on silicon and polished tungsten as substrate, for various deposition time.

We found smooth boron film at low Ar flow and very rough films with cracks films at high Ar
flows rate. For the GD case the growth rate wd@sn/min, while in the jet (J) case we have high
deposition rates (more than 40 times higher), by using the sameffdiborane (5 sccm). In the samples
deposited in the J configuration, we found in their composition metallic boron and oxide bonds type,
while in the GD samples we found mostly boron nitride bonds type. After increasing the temperatures
in the jet cofiguration (400700 C), we observed the formation nasiuctures spongike cauliflower
with many oxidized boron bonds in the film composition.

This work demonstrates our possibilities to obtain boron films by PECVD with high deposition
rates, exceeding conventional boronization by more than one order of magnitude. These findings (high
deposition rate and sponge structure) could be relevantdaptimization of boro#ibased deposition
techniques for tokamaks. The transition from conventional nanowedte boronization layers to
significantly thicker coatings is important for studies focused on erosion behaviour, impurity retention,
and walls lfetime.

AcknowledgementsThis work was financed by project 39/202,1-RO Program, ELHRO/RDI/2024_03%nd program
NUCLEU-LAPLAS VII 30N/2023, Ministry of Education and Research, Romania.
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Nanoparticles have been extensively used in advanced heat transfer systems due to their high
specific surface area and tunable physicochemical properties. Particularly, transition metal oxide
nanoparticles exhibit enhanced chemical stability and thermfarpence when dispersed in liquids,
making them promising candidates for ngeneration nanofluids. These systems are of interest for
energyrelated applications, where improved thermal conductivity and heat exchange efficiency are
critical.

This study focuses on the synthesis, by laser pyrolysis, of hybrid oxide nanoparticle aggregates
based on iron oxide combined with silica, with emphasis on systems containing structurally distinct Fe
based and Si(O,C) phases. The Fe and Si precursoriubedCQ laser pyrolysis experiments were
iron pentacarbonyl (Fe(Cg))and hexamethyldisiloxane (HDMSO), respectively. Three marpho
structural configurations were investigated: physically mixed aggregates, homogeneous mixed oxides,
and coreshell architectures. The most promising results were obtained for hybrid aggreghtes
distinct oxide phases.

These nanomaterials were obtained using laser pyrolysis, a highly versatile and controllable
technique capable of producing nanoparticles with narrow size distribution (from a few to tens of
nanometers) and high production rates, favourable conditiorabtaming nanofluids. The morpho
structural characterizations include TEM, SEBWAED, EDX, XRD. The resulting materials consist of
loosely packed NPs aggregates that have been stabilized with carboxymethyl cellulos®&l&CMC
agueous based suspensions andlysed for their stability (DLS) and thermal conductivity. These
findings highlight the potential of laser pyrolyslsrived hybrid nanomaterials used for obtaining
efficient nanofluid components for heat transfer applications.

AcknowledgementsThis work was financed by CCCPUEFISCDI, project number PIW-P6-6.1-CoEx20240154, within
PNCDI IV and Program LAPLAS VH contract no. 30N/2023Ministry of Education and Research,
Romania
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Benefiting from laser pyrolysis technique versatility we obtained first the composite nanopowders
that show the signature of both elemental silicon and silicon carbide phases with mean crystalline sizes
(from XRD) of 17.7 and 5.97 nm, respectively. Theutesl mixt stoichiometry was possible by using
an excess of silane over acetylene gas precursor, first gas playing also the laser energy transfer agent
role [1]. For the nanofluids preparation we first dissolved 4 g/l hydrophylizing anionic polyeleetrolyt
sodium carboxymethylcellulose (CMCNa, low viscosity type) in water using a rotabaation device
and an ultrasonic bath. Then a mixture of composite sHiamed nanopowder and natural
aluminosilicate clay short nanotubdg £Si-0Os(OH)s-2H,0 halloysite type, noted HNTS) [2] with 510
nm mean diameters and few micrometers/submicronic lengths were added to the polymer solution and
preliminary dispersed using domestic rotational twin blade mixer. The lightbgosyn suspension was
then transfered into a tronconical stainless steel recipient and further processed using a powerful
ultasonication horn (1000 W) during one hour with the elimination of the generated heat via an external
cool water bath. The suspensions up to 8 g/l total particleecrations (containing equal masses of
the two types of solids) were investigated by Dynamic Light Scattering (DLS) showing polydisperse
populations of hundreds of nanometers and few microns mean hydrodynamic sizes for lower
concentration, whereas forghiest one monodispersity accompanied by diminished mean diameter
appears probably due to abrasive role of Si/SiC NPs on HNTs in crowded environment under strong
ultrasonication. Also, considerable negative Zeta potential values were identified for éliidardue
to the presence of polyanionic CMCNa. They and also presented limited viscosity increase (under 20%)
versus pure water accompanied with a notable enhancing of thermal conductivity. Also, TEM images
from dry suspension deposit revealed a homogememixture of the silicobased different
nanoparticles with rounded shapes and also short tubules and their fragments, with polymer coatings.
Moreover, EDS mapping identified the main elements in suspensions: Si, C, Al, O and also Na from
ionic polymer.

AcknowledgementsThis work was financed by CCCBUEFISCDI, project number PINWV-P6-6.1-CoEx20240154, within
PNCDI IV and Program LAPLAS VH contract no. 30N/2023Ministry of Education and Research,
Romania
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Bioinstructive micre and nanotextured composite ceramic interfaces are redefining the role of
implant surfaces from passive boundaries to active regulators of tissue response. By combining the
mechanical robustness and chemical stability of ceramics with hierarchical micro/nanotopographies and
multifunctional hybrid compositions, these interfaces can direct the earliest biological events at the
biomateriai tissue interface.

In this study, zirconigolymer composites were developed into microstructured membranes for
periodontal applications. The membranes were characterized by contact angle and surface energy
measurements, as well as SEM, EDAX, and AFM analyses, to assess their wettability, mgrpholog
composition, and surface topography. Preliminary in vitro results showed no cytotoxic effects, although
the degradation profile varied depending on membrane composition.

Acknowledgements:  This work was financed by project 97PED/2025 and program NUGLERLAS VII 30N/2023,
Ministry of Education and Research, Romania.
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Magnetron sputtering discharges represent powerful techniques for synthesis of ceramic and
ceramiepolymer composite layers for biomedical applications [1, 2]. Among these materials, of large
interest are calcium phosphates and poly(metigthacrylate). A layers, such compounds are used in
orthopedical prothesis for improvement of their mechanical properties.

In this work, the incorporation of poly(methgiethacrylate) in layers containing calcium
phosphate has been performed by rddéquency (rf) magnetron sputtering technique. This process is
developed at two working powers of 50 and 150 W.

The spectral analysis of the plasma obtained in Ar gas reveals the excitation and ionization
processes encountered during the deposition processes. The intensities of the CadtdlicHines
and CaO, PO, POH, CO, CH; @olecular bands varies as function of the applied rf power. These
findings, in correlation with dissociation, excitation, and ionization energies of the atoms and molecules
from the plasma allow the establishment of the dissociation pattern of poly(imegthdcrylate).

The depositions at highest rf power modify substantially the chemical structure of the polymer,
polymer type and the layer morphologies. At 50 W the polymer molecular structure revealed by Fourier
Transform Infrared Spectroscopy remain unaltered for a @di°of 1.72. At 150 W the IR spectral
characteristic bands of the polymer are reduced and revealed only by peak fitting analysis, while the
Ca/P ratio increases up to 1.9 due to the formation of-¢atcium phosphate compounds. As the
working power icreases he surface morphologies evolve from grhke to wormtlike structuresThe
surface of the CaPMMA composite layer produced at 150 W is dominate€4y/C-H, C-OH/C-O-

C polymeric bonds due to plasma polymers formation as XPS studies show.

The relationship between the rf power, the plasma processes and the composite layer properties

will be presented and discussed.

AcknowledgementsThis research was supported by Ministry of Education and Research, Romania, National Core Program
NUCLEU-LAPLAS VII- contract no. 30N/2023.
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We report here the synthesis, by Pulsed Laser Deposition, of undoped and sdlgpéaing0.5 and
1 wt.%) calciumphosphate thin films obtained from abundant, renewable, anddetbovine bone
resources. The investigated structures, namely BioCaP, Bis€aB; and BioCaP:Sel, were
comparatively assessed from the mechanical, structural, morphological, compositional, wetting,
dissolutionresistance, and in vitro apatiterming perspectives.

Adhesion tests showed a clear mechanical benefit associated with Se, with the bonding strength
values of the Sdoped BioCaP films being approximately 1.5 times higher than those of BioCaP and
more than three times above the minimum threshold set by atitemal standards. Selenium also
lowered the coefficient of friction and improved scratch resistance, underscoring a consistent
strengthening effect.

X-ray Diffraction revealed thin, crystalline BioCaP layers dominated by hydroxyapatite (HA)
reflections. Fourier Transformed InfraRed (FTIR) spectroscopy displayed the characteristic phosphate
vibrations and indicated that Se acts as a structural modifikin the HA lattice. Surface imaging
showed rough, irregular films, build from spherical to ovoid aggregates with a broad size distribution.
Se increased particle size and density, pointing to a dopadiated change in growth during
deposition.

Wetting measurements captured a pronounced shift from the hydrophobic Ti controls (contact
angle, CA ~ 121°) to super superhydrophilic behaviour (CA < 5°) for thdoBed films.

In aqueous media, all BioCaP films followed the expected sequence of initial dissolution followed
by biomimetic CaP reprecipitation. Selenium accelerated apatite nucleation and growth, with
BioCaP:Se0.5 transforming most rapidly toward dense spherulicdaAfter 30 days in simulated
body fluid, BioCaP:Se0.5 developed a compact acicular network ofintedtonnected particles,
consistent with advanced biomimetic mineralization. FTIR band narrowing further supported the Se
driven acceleration of CaP rleation and improved phase ordering, highlighting the beneficial role of
Se in promoting biomineralization.

Beyond the performance imparted by Se doping, the use of bdeimed feedstock emphasizes
sustainability and cost effectiveness, positioning BioCaP:Se thin films as attractive, renewable
alternatives to synthetic HA for bom@plant applications.

AcknowledgementsGD, GPP, VG, and LD acknowledge support from the Ministry of Education and Research, Romania,
under Romanian National NUCLEU Program LAPLAS VI I
like to thank G.E. Stan for his helpful discussions regarding XRitses
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Surface modification of metallic implants usir
attention for orthopaedic and orthodontic applications due to its potential to enhance implant
functionality, including biomechanical performance, bioagtivt and | ong term cl inic

context, composite coatings represent a promising strategy, as they combine improved corrosion
resistance with superior biocompatibility, while fulfilling the stringent biological requirements for
implantable md i ¢ a | devices. Al l oy based bone i mplants
during the initial implant process. Following bone regeneration, their controlled degradation enables
them to effectively serve as temporary therapeutic replacements. q0entlg, a thorough
understanding of interfacial bonding within composite coatings, as well as their degradation behaviour
under physiological conditions, is essential for the development of reliable biofunctional implant
surfaces. The interfacial bondifgetween different layers within the composite coating and the
degradation behavior need to be thoroughly studied when developing biofunctional coatings for alloy
based implants.

In the present study, metallic surfaces-§Ail-4V, Co-Cr, or Mgalloys) were modified with

nanostructured oxide based coatings (e.g. ZnO) f
and microstructural analyses provided critical insight inethc oat i ngs 6 functi onal
bi osi mulated conditions. The biological perf or me
hFOB 1.19 cel/l | in vit® modal fonestdoprogenisot respohsie at the hibmglant

interface. The nanostructured coatings exhibited a significantly enhanced ability to support
osteobl ast related cellular responses, as eviden

ard spreading, as well as increased viability and proliferation. The combined cellular and
hemocompatibility findings highlight the beneficial interaction between nanostructured oxide surfaces
and bone forming <cell s, a k tegratiop. rOsearad, ghe isgperiore  f or
bi ocompatibility of the proposed | aser processed
to enhance the bioactivity of metallic implant surfaces and to contribute to the development of
next generabtlieonde viipcleasntf or bone related applicat
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Materials processing with picosecond laser pulses is an efficient tool for the fabrication of various
kinds of micre and nanostructurgand thus the creation of new functionalities [1]. In particudesed
induced periodic surface structures (LIPSSs) has proved the possibility of surface improvement for
metallic implants [2]. Surface functionalization of Titanium is often necessarymprove
osseointegrationn case of implants anchinimize bacterial invasiofor dental abutmentddere we
present the fabrication of LIPSSs on large sta6V4 surfaces by lasestexturing (hs<10 ps,a=532
nm, f=500 kH32, in a fast but contaminatiefinee approach, followed by morptohemical analyses by
SEM and sSNOM. To prove dudalunctionalization of the surfaces, the behavior of human
mesenchymal stem cells, primary human gingival epithelial cells, and gingivabl&btccells, in
response to lase¢extured samples is investigated. We show that LIPSSs are beneficial for improving
cells adhesion while minimizing the risk of bacterial infection. By inducing favorable cellular responses
in the hard and gingival tissudslPSS may contribute to faster biological sealing of the prosthetic
abutment area, following dental procedures.

Laser processing nano-IR
s-SNOM

s-SNOM.10 x 10 pm? [ Reflectivity.

mesenchymal stem cells gingival fibroblast cells " ‘gingival epithelial cells

100 pm

Fig. 1. (a) Largescale lasetexturing of TiAl6V4 surfacegb) ssSNOM images of LIPSSs (height, amplitude, pha&g).
Immunofluorescence images of hGEpi@h,hGFCs ande) hMSCs in contact with laser processed TiAl6V4. Proteins visualization: actin
(green), vinculin (red), nucleus (HoecHwte).
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Magnetic iron oxide nanopowders were synthesized via laser pyrolysis, utilizing ethylene,
isopropyl alcohol, and ethanol as sensitizers. In this process, energy from a contiaue y€WwW) CQ
laseB oper ating at a wavelength of 9.25 em is trans
molecules, inducing rapid thermal decomposition of the Fe{@por in an oxygen atmosphere.

The primary distinction between ethylene and alcdifasled sensitizers lies in the chemical purity
and dispersibility of the resulting nanopowders. XRD analysis revealed that switching to alcohols
reduced the crystallite size from i nm to 310 nm. Fuhermore, alcohol vapors yield more
hydrophilic nanoparticles, enhancing their dispersibility in aqgueous media for biomedical applications.
This was confirmed by DLS measurements in distilled water, which showed significantly smaller
aggregate sizes for aleolsensitized samples (43 nm for isopropanol and 88 nm for ethanol) compared
to ethylene (138 nm).

This improved dispersion is attributed to a drastic reduction in carbon content, which drops from
4% to 0.5% when alcohols are used. The lower carbon concentration allows the iron oxide surface to
interact more effectively with water molecules v@2H grops. Consequently, these nanoparticles are
easier to functionalize with biomolecules, such aPQ@PA, making them ideal candidates for
nanomedicine. Despite these structural differences, all three samples exhibited superparamagnetic
behavior with a saturath magnetization exceeding 60 emu/g.

AcknowledgementsThe work of A. Criveanu, |. Lungu, I. Morjan, L. Gavrila and F. Dumitrache was financed by program
NUCLEU-LAPLAS VIl 30N/2023, Ministry of Education and Research, Romania. The work of V. M.
Socoliuc was supported by ECO NEXUS project (PCIDIF/159/PCIDIFOP1/RSO1.1/PCIDIF_A1l).
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Ultra-small nanoparticles are promising materials with multiple useful applications, including
antimicrobial activity, and photocatalysis. In this work, we study the properties of silver (Ag) and nickel
(Ni) nanoparticles in different experimental systeiiitse nanoparticles were obtained by pulsed laser
ablation in liquid (PLAL) technique, using a N6AG laser working at 355nm, 532 nm and 1064 nm
wavelengths. Ultrapure water was used as liquid and different laser pulse humbers were fired onto pure
metallic targets (Ni, Ag) for achieving solutions with different concentrations of nanopatrticles. The
obtained nanoparticles were analyzed by scanning electron andebihtion transmission electron
microscopy (SEM, HRTEM) as well as Dynamic Light Scattering (B) techniques with
polydispersityindex of less than 0.7, indicating a narrow size distribution with cationic and anionic
character.

~~~~~~~~~~~

Count
o

Diameter (nm)

Fig. 1. Particle distribution and TEM characterization

Silver nanoparticles were tested for their ability to inhibit bacterial growth and biofilm formation.
Experiments were performed on Staphylococcus aureus and Escherichia coli. The results show that Ag
nanoparticles significantly reduce bacterial viabibityd prevent biofilm development, in agreement
with previous studies. Scanning electron microscopy (SEM) images revealed clear structural damage to
bacterial cells after treatment, while fluorescence microscopy confirmed metabolic inactivity of bacteria.
In addition, Ni nanoparticles showed electro photocatalytic activity under light exposure, indicating
possible applications in environmental remediation and energy production processes. Overall, this study
demonstrates that ultsmall metallic nanoparticlesan serve as multifunctional materials, combining
antimicrobial effects and photocatalytic properties, making them useful for a wide range of applications.

Acknowledgements: This work was performed using C400 PHOTOPLASMAT facilities.
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Wound healing is a complex biological process involving the coordinated action of keratinocytes
and fibroblasts, key cell types responsible feepihelialization and extracellular matrix remodeling.
Chronic wounds represent a persistent clinical chgdlerdriving the development of biomimetic
hydrogel dressings based on natural polymers that replicate extracellular matrix properties. Aloe vera
extract has attracted considerable scientific interest for itgpq@lderative, antinflammatory, and
cytopmotective effects on skin cells, including stimulation of fibroblast and keratinocyte proliferation
and modulation of wountiealing growth factors. However, standardized quantitative data defining the
optimal bioactive concentration range in dermeévantcell models remain scarce, limiting its rational
incorporation into advanced wouwadessing formulations. This study aimed to determine the non
cytotoxic concentration range of a standardized Aloe vera extract exertinggenmerative activity on
human eidermal keratinocytes (HaCaT) and murine fibroblasts (L929), seeded at 10,000 and 6,000
cells/cmz, respectively. Cells were treated 24 h-pdbEesion with extract concentrations ranging from
5t0 2000 pg/ml in seruraupplemented DMEM (HaCaT) or MEM (L9p®r 24 and 72 h. Cell viability
and proliferation were assessed by MTT reduction assay, cytomorphological changes {opptiase
microscopy, and membrane integrity by lactate dehydrogenase (LDH) release quantifidation.
results revealed a concentratidependent increase in metabolic activity, with peak values recorded for
bothcelllinesatd® 50 Og/ ml, most prominently at 72 h. Co)
with a moderate reduction in cell viability.h&secontrast microscopy confirmed preservation of
characteristic morphology across all conditions, with notably higher cell densities withini 080
png/ml range. LDH release remained low and comparable to untreated contrd@50nfy/ml (HaCaT)
and 51175 pg/ml (L929), indicating absence of significant membrane damage. These results
demonstrate that standardized Aloe vera extract exerts a aluddimedependent proegenerative
effect on dermal cell types, with an optimal bioactive window 280 pg/ml, supporting its rational
incorporation into biomimetic wourdressing formulations at biologically relevant doses.

AcknowledgementsThis work was financed by a grant from the Ministry of Education and Research, Romania, CNCS
UEFISCDI, project number PIN/-P2-2.1-TE-20230453, within PNCDI IV, as well as from the Ministry
of Education and Research, Romania, under the Romanian Natoral Program LAPLAS Ml
Contract no. 30N/2023.
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In the context of increasing antimicrobial resistance and the need for advanced dressings capable
of modulating the wound microenvironment, biomimetic materials based on natural biopolymers and
plant extracts represent a promising strategy for the manageracute and chronic wounds [1,2].

This study reports the development of biomimetic gélaxtran hydrogels loaded with standardized
Aloe vera extract and crosslinked by electbmam irradiation, designed for topical wotimehling
applications. Thedrmulations were prepared from gelatin, dextran, glycerol, and tannic acid as a natural
crosslinking agent, and processed using a linear electron accelerator at doses ranging from 12 to 28 kGy,
to simultaneously achieve thrdemensional network formatioand sterilization. Initially, systems
without chemical crosslinkers, with and without Aloe vera, were investigated; gel fraction and
equilibrium swelling degree indicated adequate network formation, yielding transparent, flexible
hydrogels with favorable dndling properties. Based on these findings, the synthesis strategy was
optimized by introducing tannic acid and glycerol, adjusting pH ®4), and defining irradiation dose
windows, resulting in homogeneous hydrogel films exhibiting gel fractions dixgce&0% and
equilibrium swelling degrees above 3000%, with high mechanical integrity suitable for clinical
manipulation. Physicehemical analysis highlighted the synergistic influence of polymer composition,
Aloe vera extract, and irradiation dose onsstink density, confirming the suitability of the optimized
formulations as biomimetic wound dressings capable of maintaining a moist, epggeaable
environment conducive to tissue regeneration

AcknowledgementsThis work was financed by a grant from the Ministry of Education and Research, Romania, CNCS
UEFISCDI, project number PIN/-P2-2.1-TE-20230453, within PNCDI 1V, as well as from the
Romanian Ministry of Education and Research under the Romanian NatioreP@gram NUCLEU
LAPLAS VIi Contract no. 30N/2023.
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The development of advanced wound dressings requires precise control over the deposition of
bioactive agents onto sensitive polymer templates. In this study, we investigate the functionalization of
electrospun cellulose acetate (CA) nanofibrous scaffolsisigu MatrixAssisted Pulsed Laser
Evaporation (MAPLE). To achieve a controlled coating of bioactive glass (BG) and ciprofloxacin (Cip),
we employed a KrF* excimer laser operating at 248 nm.

The laser processing was conducted at a fluence of 300 mJ/cmz?, utilizing a total of 100,000 pulses
to ensure a robust and homogeneous functional layer. This specific energy density was chosen to
facilitate the "soft" ablation of the frozen target, allowihg bioactive components to be transferred to
the substrate while maintaining their molecular integrity and the structural stability of the underlying
CA nanofibers. Morphological characterization by SEM of the uncoated scaffolds revealed a uniform
nanofor ous net wor k with fiber diameters ranging be

Postprocessing analysis confirmed the retention of this architecture, demonstrating that the
cumulative energy did not induce thermal degradation or melting of the -suate fibers. FTIR
spectroscopy verified the stoichiometric transfer of ciprofloxasith no detectable photodegradation
of the drugbés functional groups. Surface wettahb
hydrophilicity, which is essential for wound exudate management. In vitro results demonstrated that the
laserfunctiondized scaffolds exhibit low cytotoxicity and support cell viability, while the presence of
ciprofloxacin provides necessary antibacterial functionality. These findings highlight how the
optimization of lasematter interaction parameters in MAPLE can selyi engineer multifunctional
surfaces for nexgieneration wound dressings.

AcknowledgementsThe authors acknowledge the support of the Ministry of Education and Research, Romania,-CCCDI
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Cancer continues to be the second leading cause of death worldwide, highlighting the urgent need
for more effective and precisely targeted therapies. Limitations of conventional treatments such us
systemic toxicity, drug resistance, and limited efficdtgve driven interest in alternatives like
photodynamic therapy (PDT), which offers a more targeted and promising approach [1].

PDT is minimally invasive and has low toxicity but suffers from poor tissue penetration. To
overcome this, scintillating nanoparticles (NPs) were utilized to convert ionizing radiation, sueh as X
rays, into visible light, activating nearby photosensitizBiRs were synthesized by gl method and
conjugated with a porphyribased photosensitizer. To assess tH&I capabilities of our complexes,
we have examined the use of higbwer lasetinduced Bremsstrahlung radiation. The study employed
a 10 PW laer (D250 J energy before compressor, 25 fs pulse) with a gas jet target (98% helium and 2%
nitrogen) to produce relativistic electron beams [2], which were directed at a lead converter to generate
photon beams with an energy cutoffsgiveral GeV To assess the effects of laskiven radiation on
biological samples we used various cell lines, including both tumor and normal breast cells. These
samples were exposed to several radiation shots to achieve a relevant accumulated dose.

To evaluate the therapeutic potential of theNEScomplexes, cell viability, oxidative stress, and
genotoxicity were assessed 24 hours jaasitvation via XRay-PDT using a 3 Gy dose. A significant
increase in reactive oxygen species generation was elgteelectively in cancer cells, indicating their
heightened susceptibility to oxidative stress compared to normal breast cells. More®afPRT
treatment resulted in a strong inhibition of colony formation in breast cancer cells, while normal cells
were significantly less affected, confirming the selective-antior activity of nanocomplexes.

The results highlight the potential of higlower laser systems for radiobiology and oncology.
These methodologies provide a foundation for investigating radiobiological phenomena-highltra
dose rates, with promising applications in understandingeargaldging FLASH effects.
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Photodynamic therapy (PDT) is a clinically aprg
(PS) exposed at a certain |ight wavelength to g

cancer cell s Al t hough PBWTtioximimiymal tysitnVashas
shall ow tissue penetrati aemy Asnda eRlodl WthDvlo s{ Xd ®v e It d
as a new therapy approach which uses ionizing r a

I n this study, we report the syntXreagxscidmrd ct
|l umi nescent nanoparticles (NPs). NPs have been s

intoohd®sO matrices and were effectivelCe ampl cwed
doped; NPisO wer e s y n tgheel s i m&lokiv giitysicochenlical properties were
investigated using dynamic light scattering (DLS), -M\8 absorption, Fourietransform infrared
(FTIR) and fluorescence spectroscopy. Subsequently, the nanoparticles were loaded with theporphyrin
based PS and furtheharacterized using the same analytical techniques. DLS was used to determine
mean hydrodynamic diameter for NPs and-riRRBocomplexesUV-VIS and FTIR spectroscopy
confirmed the loading of PS ddPsand U\-VIS absorption spectroscopy enabled to determine the
concentration of both PS aidPs in the suspensions to be used in biological assays. Fluorescence
spectroscopy confirmed the compatibility between NPs and porphyrin by analyzing their excitation and
emission propertiesTo assess the-RDT potential of our complexes, a conventionatay source
operating at 45 kV and 800 €A was employed. Rad
biological evaluation of R8anocomplexes in both normal and tumoral cell modglscifically using
MCF-12A normal cells and MDAMB-231 triplenegative breast cancer cells. Biological investigations
performed to confirm the maintenance of cell viability included clonogenic and MTT assays [2,3].

Our research contributes to laying the foundation for a new generation of anticancer therapies,
integrating these fields to enable a more effective fight against cancer.
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Breast cancer remains one of the most prevalent malignancies affecting women worldwide,
underscoring the urgent need for more efficient therapeutic discovery stratédiesilico approaches
have emerged as powerful tools to accelerate both drug discovery and drug repurposing, enabling rapid
analysis of largescale chemical datasef® address this need, we developed OncoBreast, a platform
that integrates open resources on drug response across breast cancer cell lines with molecular descriptors
and chemical similarity methods. The key idea behind OncoBreast is that structurallycsmiteunds
tend to exhibit similar biological response patterns, making simibased prioritization a valuable
strategy for earhstage screening.

In this work, we present dn silico workflow that combines DepMap PRISM breast cancer-drug
response data with chemical structure information retrieved from ChENMBA]. Molecules were
standardized and converted into optimized 3D conformations, after which RDKit was employed to
compute a comprehensive molecular descriptor set encompassing 2D and 3D descriptors, fingerprint
based representations (ECFP4 and MACCS), andedtased descriptors (USR/USRCATS,6].
Similarity-based analysis was then used to compare query compounds against the curated reference
library, enabling the estimation of drugsponse trends across a panel of breast cancer cell lines (Fig.

1).

breasl

DepMap PRISM ﬂ‘ ChEMBL SMILES H 3D conformers

AUC data completion +UFF optimization\/=~"
I /

2D/3D 2D/3D
descriptors similarity

Fig. 1. The computational workflow of OncoBreast platform

This framework provides an interpretable approach for compound prioritization and suppostaggrly
drug repurposing studies in breast cancer.

AcknowledgementsThis research was funded by the Institute of Atomic Physics through the projects number ELI
RO/RDI/2024_022 and ELIRO/RDI/DEZ/DFG/ 2025_024 and the Ministry of Education and Research,
Romania by Program NUCLEUAPLAS VI contract No. 30 N/2023.
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Radium223 is an alph&mitting radiopharmaceutical utilized in targeted alpha therapy for
metastatic castratieresistant prostate cancer. Its higiear energy transfer alpha particles deposit
energy over short ranges ¢ eustdréd DdlAndoyblstramddoreaks ng hi
(DSBs). Because it is difficult to directly measure such complex, nancstetker DNA damage
experimentally, advanced Monte Carlo tratkucture simulations serve as a tool for quantifying DSB
yields and understandirgdphaparticle radiobiology.

The purpose of this work was to model the full 223Ra decay chain, which involves the emission of
four primary alpha particles with energies ranging from 5.78 to 7.53 MeV. Macroscopic energy
deposition and particle range profiles as a function of depthevataated across relevant media, such
as water, compact bone, and hydroxyapatite. At the microscopic level, DNA damage was simulated
within a cellular target using GearAPNA. To quantify lesions, a Densi§ased Spatial Clustering of
Applications with Ndse (DBSCAN) algorithm was implemented to spatially group breaks into complex
DSBs based on interaction distances and energy thresholds.

The Geant4 simulations captured the mpétak energy deposition profiles corresponding to the
distinct alpha emissions of the 223Ra cascade, with maximum penetration depths reaching

approximately 70 em in water. A t-coupleédeGeamtdOblA 0 s c o p i
model predicted a highly complex damage topology. These in silico predictions demonstrated excellent
agreement with experimental benchmar k dat-a, ti gt

H2AX and 53BP1 radiaticinduced damagytracks (foci) measured @&x vivoirradiated blood samples.

Geant4DNA provided a computational framework for simulating the physical track structure of
223Ra and its resulting microscopic DNA damage. By predicting the induction of clustered DSBs across
clinically relevant environments, this computational modelersffinsights into the underlying
radiobiological mechanisms of targeted alpha therapies, providing improved dosimetry planning and
therapeutic optimization.

Acknowledgement: This work was carried out under the contract PN 23.21.01.06 sponsored by the Ministry of Education
and Research, Romania.
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Transparent, mechanically compliant sensors integrated onto architectural glass are key
components for smart buildings, enabliimgsitu strain monitoring and early detection of structural
degradation without affecting daylight transmission.

In this work, we report the development of transparent piezoresistive coatings based on copper(l)
iodide (Cul) incorporated into an elastomeric polymer matrix, together withlas&tinduced
porosification as a strategy to tune both the optical and eteettwanical properties of the films.

Culi polymer composite coatings were first prepared using polydimethylsiloxane (PDMS) and
deposited on glass substrates by spin coating. Microstructural investigations reveal the formation of an
interconnected Cul network across micamd submicrometric tgth scales, providing a conductive
framework suitable for piezoresistive sensing.

To induce controlled porosity, a 355 nm Nd:YAG laser system deliveri8gn8 pulses was
employed. As expected from the weak linear absorption of pristine PDMS in thedible spectral
range, PDM$Sonly films show no measurable morphological modificatbhaser fluences of 0.0.3
J/icmz2. By contrast, PDM£ul composites exhibit localized optical scattering and whitening, indicative
of the onset of closedell microcavity formation. This porosification mechanism relies on Cul
nanoparticles acting as nanafe heat sources: their strong absorption at 355 nm generates rapid
photothermal heating, which leads to the formation of transient polyapar microbubbles. These
microbubbles expand into closedll pores and become stabilized as the surrounding PDMS
resolidifies.

Beyond applications in smagtass structural monitoring, this lasessisted porosification
approach can be extended to a broad range of functional composites, opening perspectives for
transparent and stretchable pressure or strain sensor arrays foi maohime interfaces and wearable
healthmonitoring technologies.

AcknowledgementsThis work was supported by a grant of the Ministry of Education and Research, Romania, CNCS/CCCDI
- UEFISCDI, project number ERANETIearSensTech, within PNCDI IV.
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Fibrotic tissue encapsulation of implants remains one of the most critical and frequent causes for
device failure. New honeycorlike microstructures were design to address multiple aspects of fibrotic
encapsulation (i.e. disruption in the fibroblasts'esibn, reduction in the macrophages' activation) by
providing geometric control of microstructures at specific scales. In this regard, microtextured
Polydimethylsiloxane (PDMS)h e x ag o n a | matrices with | ateral din
2 5 mternal length per unit, were obtained by replication using moulds obtained by a process of
excimer laser texturing assisted by a grayscale mask [1].

Scanning electron microscopy (SEM), as well as atomic force microscopy (AFM), contact angle
and surface free energy measurements were used for analysing the morphological features, respectively
the wettability of the PDMS substratés vitro analysis using CCRL070Sk fibroblasts and RAW 264.7
macrophages validated that silicone surface topography can be rationally engineered to modulate the
foreign body response and support the development of implant surfaces with reduced capsular
contractureisk.

This study demonstrates that surface topography can be rationally tailored to modulate macrophage
and fibroblast behaviour, inducing physiologically relevant cellular responses.

AcknowledgementsThis work was financed by project 97PED/2025 and program NUGLEBLAS VII 30N/2023, Ministry
of Education and Research, Romania.
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The systemic administration of chemotherapeutics is a clinical challenge that frequently requires
specialized delivery systems capable of maintaining a moist microenvironment and allowing the
controlled release of therapeutic compounds. Due to their adjagbhysicochemical characteristics
and the ability to deliver drugs over an extended period, polpased hydrogels have become
extremely promising options in this regard. Using biocompatible polymers such as
poly(vinylpyrrolidone), sodium carboxymetlogllulose, and poly(ethylene glycol), two hydrogel
formulations were developed through electron beam didgag. This led to the formation of highly
swollen networks, which were wedlited for the loading and controlled release of two distinct
chemotheapeutic drugs, doxorubicin aneflborouracil (5FU). The in vitro loading and release of both
drugs were investigated under various experimental conditions, and the release profiles were analyzed
using several kinetic models commonly applied in polybasred delivery systems, including the first
order model, KorsmeyePeppas, PeppaSahlin 1, MakoitiBanakar, and Weibull. Model selection
criteria (MSC), Akaike information criterion (AIC), and the coefficient of determination (R2) were used
to evaluate thenodel's performance. Firstder kinetics proved to be less relevant than the Korsmeyer
Peppas, Pepp&Sahlin 1, and MakoicBanakar models, as it provided only a secondary description of
the data, with consistently higher AIC values and lower MSC. Relegsenents were typical for
Fickian diffusion with only a minor contribution from polymer relaxation and erosion, showing
favorable information criteria and excellent correlations (R2 = 0.99). A biphasic release profile with an
initial burst phase and aflisionrc ont r ol I ed st age was further wvalid
and b < 1. Wound dressings require a high | ocal
generally show that the drug release from the investigated hydrogetaasifyricontrolled by diffusion.
Ongoing research extends this mathematical framework to the drug loading process, in an attempt to
provide an integrated description of drug transport in these systems.

AcknowledgementsThis work was financed by a grant from the Ministry of Education and Research, Romania, CNCS
UEFISCDI, project number PIN/-P2-2.1-TE-20230453, within PNCDI 1V, as well as from the
Romanian Ministry of Education and Research under the Romanian NatiomalReogram LAPLAS
VII-Contract no. 30N/2023.
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Cortisol is an important biomarker for stress detection, as it plays a key role in regulating the
circadian rhythm and the morning walip response [1]. Cortisol levels fluctuate throughout the day
and can rise sharply in stressful situations. Riea# maitoring of cortisol can enhance stress
management and reduce the risk of stretated diseases. Electrochemical sensors areswigdid for
measuring cortisol in biological fluids such as saliva [2] and sweat, enablingnvasive and
convenient monitang.

In this work, we present a novel electrochemical sensor for cortisol detection in sweat, based on
graphene doped with metal oxide nanopatrticles. The efficiency of the sensor design was validated using
density functional theory (DFT) simulations performeithwhe SIESTA software. We analyzed the
interaction of multilayer graphene (up to three layers) with induced metallic defects and cortisol
molecules, comparing binding energies and charge density distributions for different molecular
orientations (Fig. 1)The simulations indicate that the surface graphene layer undergoes geometrical
changes upon cortisol adsorption, which in turn reduces graphene conductivity.

Experimentally, the sensor prototype was fabricated via litigigd deposition on a titanium
substrate, with metal oxide nanoparticles (CubO
quality of deposition was verified using SEM, EDS, and Ramacroscopy, with an average
nanoparticle size of approximately 3 nm. Sensor performance was evaluated using cyclic voltammetry,

demonstrating a sensitivity of approximately 0.4 ng/L.

Fig. 1. Theelectron distribution in Cu doped graphene with captured cortisol molecule.

AcknowledgementsAuthors acknowledges NUCLBELAPLAS Vlicontract No. 30N/2023 within PNCDI IV, CN&S
UEFISCDIPNIV-P2-2.1-TE-20231102,PN-1V-P7-7.1-PED-2024079;
Maria Cuzminschiacknowledges PI23-21-01 01/2023. The authors acknowledge the support of
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We consider a unilamellar liposome filled with an aqueous solution of an osmotic solute. Due to
the osmosis process the lipid vesicle swells up to a maximum size, when a transbilayer pore suddenly
appears. The liposome deflates and returns to its iridial he swelling begins again and the liposome
begins a cyclical evolution. All the processes which contribute to the liposome relaxing and its coming
back to the initial size are described by three differential equations which can be integrated using
andytical or numerical methods {4]. After performing a number of cycles, the pulsatory liposome
stops. It can be assimilated to a biophysical engine. We will calculate the activity time of the pulsatory
liposome.

[1] D.PopescuA. G.Popescu,.Jrheor Biol. 254, 515519 (2008).

[2] D. Popescu, A. G. PopesdiRulsatory Liposome: A possible biotechnological device. In LiposeiResent AdvancesNew
Perspectives and Applications, IntechOpen Ed. Rajeev K. Tga8f. (2023).

[3] D. R.ConstantinD. PopescuRom. J.Phys.69,1-2 (2024)

[4] D.PopescuD. R.RadnefConstantin, Rom. Rep. Phy&l, 602 (2025).
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The interaction between two hanging droplets as they approach each other, without direct contact,
is a complex phenomenon that is not yet fully understood. Evaporation, thermal gradients, and surface
tension variations in the gas phase between the neighgbtiquid interfaces drive lonrgange
interactions, which are characterized by attractive and repulsive forces acting between the droplets
separated by a thin air layer [1,2]. Mass transfer and natural convection also play a role in sustaining
these intaactions, leading to the onset of interface instabilities [3].

This study investigates how these lenagge interactions can be used to generate and control
surface oscillations. Using an experimental setup with vertically aligned needles, théroptet
distance is precisely adjusted via a stepper motor. Thi®agprallows for the observation of droplet
behavior during approach and retraction cycles, ensuring that no physical contact occurs. The
experimental analysis is based on digital image processing using a custom algorithm developed in
Python, which enablesubpixel tracking of the interface.
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Fig. 1. Oscillation analysisa) a single droplet evaporating and reaching the critical volimnaistancedependent
oscillations during the approach and retraction of two droplets.

The results show that interface oscillations depend on bothdrdplet distance and volume. A
critical volume (Mi=3.8¢ L i¥ identified as a necessary condition for the onset of instability. At this
volume, droplets begin to oscillate at their resonance frequency (Fidt issghown that two droplets
near this critical volume start to oscillate as they approach each other, driven bymeajiaied
coupling. By varying the distance, these oscillations can be effectively controlled: the interaction
strengthens and the amptie increases during approach, while retraction causes the oscillation to stop
(Fig. 1b). This work provides a new perspective oncmmtact droplet coupling, contributing to a better
understanding of the loaginge interaction mechanism.
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and Romanian National NUCLEUAPLAS VI, project number 30N/282
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The Droplet Coalescence (DropCoal) device on the ISS [1] provides a unique platform to study
capillary bridge dynamics and wave propagatiothe absence of buoyandheory predicts that in the
inertiakcapillary regime the bridge neck radius growsGE2z £4# ZAZx ££ [2,3], where2 £z
¢2 2 ¥2 2 s the harmonignean effective radius2¢ 42 for equalsize pairs) andz £4&

T
MY /( for millimetric droplets, gravitsiree conditions are essential to obtain undeformed

spherical drops and clean capillatgsiven dynamics [4]. Eight configurations were studied, four equal
size pairs (D =25 mm) and four asymmetric pairs (size ratios uR.tal). Powetlaw fits yield a
universal exponent n = 0.49 £ 0.03, in excellent agreement with the theoretical value of 1/2, and
prefactor C = 1.0&.22. Normalising by¥z £gllapses all data onto the same universal curve regardless
of size ratio.

(a) t=3.00ms {b) t=3533ms

Fig. 1.3D OpenFOAM simulation (interlsoFoam isoAdvector VOF, 5+5 mm water droplets, conical needle, 50 pn{ahBsitge
growth phase at t = 3.00 ms, characteristinrglass shape of the merging dropl@iyLamb shape oscillation after detachment from
needles at t = 35.38s, smalliquid caps remain pinned at the conical needle rims.

Numerical simulations were carried out using the geometric Vehirfduid (isoAdvector) solver
within OpenFOAM (interlsoFoam), with PIMPLE presswedocity coupling andadaptive time
stepping (CoJ 0.5) on a structured hexahedral mesh with the real truogmet needle geometry

Qei ™otiol . A gridindependence study shows 100 overpredicts bridge radius by T035%
atU< 3 ms; 25 um recovers agreement within 0.2%=a8-5 ms. Simulations are initialised from the
experimentally measurgate-coalescence contour rather than an ideal sphere. Full 3D simul@igns
1) validate the axisymmetripproximation and reproduce Gibbs cora pinning at the needle rim.

AcknowledgementsThis work was financed by project AM-P7-7.1-PED-20241995 within PNCDI IV and program
NUCLEU-LAPLAS VII 30N/2023, Ministry of Education and Research, Romania. The authors gratefully
acknowledge the ESA for funding the DropCoal mission, supporting Weéogdenent and deployment of
the payload on the International Space Station.
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