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Background/Objectives: Laser has a prominent place in pharmaceutical industry, 
especially in the marking of solid dosage forms (SDFs). To combat falsified 
medicines, this study evaluates QR code marking on the surface of tablets as 
a supplement to serialization on packaging, using an ultrafast laser to achieve 
industrially relevant marking speeds while preserving the functional integrity of 

 
®

2
TiO2

®). QR codes were ablated 
on the tablet surface using various laser parameters (e.g., pulse energy and 

coding, which may be economically feasible for pharmaceutical companies. 

for with an appropriate coating thickness to enable the desired release properties. 

consideration of formulation and laser processing conditions before application, 

H. Shammout, B. Hopp, T. Smausz, J. Bohus, O. Jójárt, Laczkovich, M. Cseh, 
J. Kopniczky, B. Tari, R. Saker, K. Kristó, T. Sovány, and K. Ludasi

Laser-based QR code marking on  

— a step toward safer medicines
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Background/Objectives: With the increasing incidence of drug counterfeiting and the 

e.g., tablets, has attracted considerable interest in the current research and development 

as it eliminates the need for organic solvents and enables the generation of precise 

photosensitive drugs in the irradiated dosage forms. Therefore, the aim of the present 
2) and its various 

3
(Fe3O4

® Brown, which contains 
TiO2

exposure to daylight was applied. The properties and photostability of these formulations 
were evaluated using several analytical methods (i.e., surface profilometry, Raman 

2, 
3O4, and Opadry®

ablation depths and morphological changes depending on the coating and laser type. 

spectral overlap between key nifedipine degradation markers and excipient signals in the 

the applied experimental conditions, Ti:Sa laser treatment was associated with the lowest 

demonstrated the most consistent photoprotective performance against the majority of 
the tested laser types, while Fe3O4
prolonged sunlight exposure and Nd:YAG laser irradiation.

H. Shammout, B. Hopp, J. Kopniczky, T. Smausz, B. Sipos, K. Kristó, J. Bohus, 

Investigation of the photoprotective 

laser-marking of pharmaceutical tablets
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Over 400 W average power, 
sub-two-cycle, carrier-envelope 
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2 and Si, we achieved a compressed pulse duration of 

 
 

Single-cycle mid-infrared pulses with 

in solid-state media
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energetic ultrashort laser pulses in thin dielectric media. Our approach applies an 

drastically. We also provide experimental validation to support our simulations. 

L. Lehotai, Sz. Tóth, I. Seres, V. Pajer, J. Csontos, 

Spatially and temporally 
resolved simulation of 
high-energy post-compression 
in thin dielectric plates
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and high harmonics.

R. S. Nagymihály, R. Maksimienka, Y. Pertot, Ch. Alexandridi, D. Armier, 
V. Pajer, L. Lehotai, N. Csernus-Lukács, J. Bohus, O. Roy, F. Falcoz, E. Gontier, 

Ultrahigh contrast petawatt laser 
with a mJ-class femtosecond 
parametric seeder for 
high repetition rate experiments



8

ELI ALPS

>>>>>>

LaSo, UFS

Imre Seres
Barnabás Gilicze 
Szabolcs Hack
Attila Czirják
Zsolt Kovács
Zsolt Bengery
Tamás Bartyik
Rajaram Shrestha 
Levente Ábrók
Péter Jójárt
Ádám Börzsönyi
Katalin Varjú
Gábor Szabó
Zoltán Várallyay

Optics Letters 
51 (2026 17, 4813-4816

2/helium gas mixtures. 
2 pressure broadens the spectrum and induces a Raman 

2 pressures, significantly decreasing loss. 

enhances spectral width, extends the Raman shift, and improves transmitted 
power by facilitating spatial cooling. This binary molecular/noble gas approach 

I. Seres, B. Gilicze, Sz. Hack, A. Czirják, Zs. Kovács, Zs. Bengery, T. Bartyik, 

Helium-enhanced spectral broadening 
in CO2
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Journal of Physics: 
Photonics 8 (2026)  01LT01

We demonstrate the characterization of the complete polarization state 

optics used in the polarimeter — meaning the extinction ratios and 
phase shift — were determined simultaneously. The results serve as 

ionizing radiation.

LaSo, SeSo

>>>

Combined, table-top 
extreme-ultraviolet ellipsometry 
and polarimetry for studying  
ultrafast processes in matter
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time domain solution. This scalable method is able to provide very 
high accuracy even in 3D, but with improved locality, similar to the 
pseudospectral analytical methods without relying on transformation 

of the method in various benchmarks, including laser propagation 
in vacuum and in underdense plasma. We also simulated electron 
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High-order exponential solver method 
for particle-in-cell simulations
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ionization. The simulations revealed complex bubble dynamics, including 
initial formation, disruption, destruction, and bubble merging, strongly 

end of the plateau plasma density region extended the acceleration 

boosting continuous electron injection. This mechanism produced a 

peak energy of 
y of 7 mrad, and a longitudinal 

rms beam size of 
evolution demonstrated that exploiting nonlinear bubble evolution and 

SeSo
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acceleration as a way towards 
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the complexity of the acceleration process increases, leading 
to the identification of new mechanisms and hybrid schemes.  

ion species and on the effect of pulse duration. We show that 
 

on the carbon ions.

SeSo

>>>

Carbon ion acceleration in 
multi-component gas jets
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method for generating bright, ultrashort pulses in the extreme ultraviolet 
range. Several investigations show that dense relativistic electron mirrors 

exceeding incoherent scattering by over several orders of magnitude. 

attosecond pulses enhancing both the intensity and temporal 

Simulations reveal that tuning parameters like timing delay enables 
control over the amplitude, duration, and bandwidth of the resulting 
attosecond Thomson backscattering pulse. Together, these advances 
meet key experimental challenges and pave the way for compact, tunable 
sources of isolated attosecond pulses for probing ultrafast phenomena.

SeSo

>>>

Single attosecond extreme ultraviolet 
pulse source via light-wave-controlled 

Thomson backscattering scheme
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facilitates impact ionization, resulting in a carrier density increase from  
 cm  cm  and a corresponding conductivity enhancement 

a theoretical analysis, lead to a complete suppression of both toroidal 

scattering power drops by more than two orders of magnitude near 

consistently tunable toroidal resonances. These findings underscore 
 

engineering provides an additional and powerful pathway to enhance 

SeSo

>>>

Impact ionization mediated terahertz 
nonlinearity of toroidal resonance
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2

2, caused by  

multiphoton and Keldysh tunnel ionization models.
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Broadband GaP contact-grating 
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neglecting the crucial macroscopic aspect of light propagation 

in nonlinear media, and how this affects the nonlinear signals and 

cause decoherence, which limits the propagation length, degrades 
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generation media driven by bright 
squeezed vacuum light
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Journal of Physical Chemistry C  
130 (2026) 3, 1225-1235

provide new insights into the kinetics and mechanism of nanoparticle 

decay of the transient absorption signal from reference gold 

of the particle growth. Following excitation with femtosecond pulses, the 
acoustic vibrations of the particles produced periodic oscillations in the 
transient absorption signal. The decay traces at the selected wavelengths 

increasing size. We demonstrate that the formation of monodisperse 

 

primary size of the monodisperse gold nanoparticles increased in the  

the last phase of the synthesis.

LaSo, UFS

>>>

Monitoring gold nanoparticle 
formation by in situ transient 
absorption spectroscopy
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Micromachines 
17 (2026) 2, 214

transformer cores owing to their outstanding soft magnetic properties. 

the cutting of Fe  amorphous alloy ribbons is reported 

morphological and chemical composition changes to the machined edge 

which is much less than for continuous laser machining. Therefore, the 
proposed method is indeed a valuable 

LaSo, UFS, Eng

>>>

Machining of Fe-based 
amorphous alloy ribbons with 
sub-50 femtosecond laser pulses
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The development of composites with embedded gold nanoparticles 

including enhanced mechanical, physical, and thermal characteristics. 

cytotoxicity evaluated for potential medical applications such as drug 
delivery, biosensing, and imaging. The composite was prepared using 
a newly developed in situ method, ensuring mostly uniform dispersion 

assay were employed to evaluate the structural, mechanical, thermal and 

 

exhibit low cytotoxicity, making them suitable for a wide range of 
potential applications.

UFS

>>>

Gold nanoparticle-embedded 

structural, optical, mechanical, 
and cytotoxicity assessment
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The development of composites with embedded gold nanoparticles 

including enhanced mechanical, physical, and thermal characteristics. 

cytotoxicity evaluated for potential medical applications such as drug 
delivery, biosensing, and imaging. The composite was prepared using 
a newly developed in situ method, ensuring mostly uniform dispersion 

assay were employed to evaluate the structural, mechanical, thermal and 

 

exhibit low cytotoxicity, making them suitable for a wide range of 
potential applications.

UFS

>>>

Ultrafast electron intervalley scattering 
and hole dynamics in amorphous and 
crystalline Ge
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Radiation therapy is routinely utilized in cancer treatment, often in 
combination with chemotherapy, but is limited by collateral damage to 
healthy tissues and radioresistance of some tumors Radiosensitizing 
agents can enhance tumor cell susceptibility to ionizing radiation, 

2
locally amplify the impact of ionizing radiation on cancer cells, augment 

species (ROS), induce DNA damage, and ultimately lead to cell death. 

a relaxed state and render the DNA more accessible to genotoxic stress. 
2

massively reduced mitochondrial membrane potential, and increased 

2

 

multimodal approach can target radioresistant cancer cells, while not 

growth for an improved therapeutic outcome. >>>

Multimodal radiosensitization by 
hafnium oxide nanoparticles and 

UFS
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22 (2026) 31, e09142

2D halide perovskites are promising materials for optoelectronics due 

Synthesis conditions, particularly thermal annealing, play a critical role 

vibrations and defect states. The impact of structural reorganization in 
2 4) 

 

a direct link between thermal processing and structural dynamics. 

in oscillator strength (OS), calculated by integrating the real part of the 

spectroscopy shows longer carrier lifetimes ( >>>

Structural reorganization drives 
exciton relaxation pathways in 
layered 2D Ruddlesden–Popper (RP) 
perovskite BA2PbI4

UFS
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chemical stability, structural flexibility, and high absorbance ability 

geometrical, electronic, and optical properties of pure, dissolved, and 

2 2 O), 
2 2 3

2

), were also investigated. The evaluated energy gap 

>>>

Tuning the optoelectronic and 
photovoltaic properties of natural 
chlorophyll dye molecules via solvent 

UFS
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2D materials has been intensively studied to optimize their 
 

cyclohexane (B2N2 2

The underlying energetics has been disclosed by density functional 
theory calculations. The expectation that a precursor with all three 
elements in its ring would facilitate the formation of atomically 

 

to 
 

(iii) surplus B atoms were alloyed into graphene forming a 2D boron 

 

presence of boron carbides should also be considered when studying 

structure by momentum microscopy.

>>>

The synthesis of boron-, carbon-, 
and nitrogen-containing 2D materials 

UFS
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Nikolett Oláh
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by the organic spacer cation, governs the relaxation of hot carriers. 

lattice rigidity define the balance between polaronic screening and 

coupling, favoring polaron formation and delayed carrier cooling. 

distortions, stabilizes coherent phonons, and accelerates thermalization, 
while thiopheneethylammonium represents intermediate behavior. The 

carrier dynamics, revealing that soft lattices stabilize polarons, whereas 

phonon relaxation pathways. This structural picture operates alongside 

within the conduction manifold, which provides an additional relaxation 
pathway, indicating that lattice rigidity and electronic coupling are 
intrinsically coupled rather than acting independently. These insights 
provide molecular design principles for tailoring carrier relaxation, guiding 

harnessing of hot carriers.

>>>

 
hot carrier cooling dynamics in 
low-dimensional perovskites
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We investigate the dynamics of a charged particle interacting with 

The framework enables the calculation of position expectation values 

While the corrections to the position expectation value are weak and 

duration laser pulse is also analyzed as a multimode example. Our results 

>>>

Wave packet motion in a quantized 
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functional theory. Through systematic variation of proton kinetic energy 
and impact site on the molecular surface, the resulting scattering, proton 
capture, and bond dissociation pathways are analyzed. The simulations 
reveal a strong dependence of reaction outcomes on both incident energy 
and collision geometry, with the interplay between electronic and nuclear 
degrees of freedom highlighted as governing molecular fragmentation 
and reaction mechanisms. These findings provide insight into the 

>>>

Low-energy proton impact dynamics 
 

kinetic energy and incident site

UFS

Attila Czirják
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for both the spectral amplitude and phase, including also subtle features 

>>>

Chirp- and CEP-dependence of HHG 
spectra simulated by an upgraded 
one-dimensional atomic model potential
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We have investigated theoretically the formation of photoelectron 
holograms in the momentum distribution of the continuum electrons 

 
a clear holographic interference pattern was hindered by other secondary 
processes like the temporal interference or the presence of electron 

for the creation of the continuum wave packet, while a second longer 
laser pulse is used to drive the dynamics of the continuum wave packet. 

optimal delay value how the photoelectron hologram can be shaped by 
varying the wavelength and intensity of the drive pulse.

UFS

>>>

Photoelectron holography 
in a pump-drive setup
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systems can be induced by laser light, even in diatomic molecules. The 

three singlet electronic states [X X ), A A), and B

the ultrafast molecular dynamics, we study the combined effects of 

nuclei together with the situation when the electronic angular momentum 
projected onto the diatomic axis couples with the angular momentum 
of the nuclei. We then calculate key dynamical observables such as 

distributions of the photofragments within and above the linear regime. 

angular distributions, the inclusion of electronic spin and orbital angular 

schemes in the small ejection angle region.

UFS

>>>

Light-induced nonadiabatic  
photodissociation of the NaH molecule 
including electron-rotation coupling
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plasmonic cavity modes has emerged as a promising platform for 

optical cavities and plasmonic resonators in particular are inherently 
lossy systems characterized by finite photon lifetimes. Accurate 
theoretical descriptions of molecular dynamics under strong coupling 

we compare three theoretical approaches for modeling dissipative 

the two lowest electronic energy states of the Na2 molecule coupled 

population and the mean photon number. Our results demonstrate 

only within a limited range of conditions. Furthermore, we show that 
 

coupling and gives rise to pronounced nonadiabatic dynamics 

the importance of both dissipation and rotational degrees of freedom 
for a realistic description of molecular dynamics in strongly coupled 

UFS

>>>

Light-induced nonadiabatic 
dissipative quantum dynamics 
of the Na2 molecule
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inhomogeneous energy distribution renders them unsuitable for 

is turned into an advantage: upon irradiation with the entire beam  

a material response library, enabling systematic analysis based on 

methodology for determining optical and morphological thresholds, 

As a proof of concept, copper was irradiated by a stationary beam from 
 

probe was correlated with the energy distribution of the processing 

darkening were examined through constructing a surface morphology 
 

 

granularity and structural order.

LaSo, Eng
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Large area materials processing 
via unfocused beams 
of high-energy femtosecond lasers
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parallel, spatially encoded experiments performed under strictly 
identical conditions across a wide energy range in a single step, enabling 

collected data points below, at, and above the threshold inherently allows 

2,  

induced surface responses, with potential applications in material design, 
surface engineering, and optical damage studies.

>>>

Surface nanoprocessing 
with unfocused beams 

A tool to produce surface 
characteristics libraries
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involves nonlinear evolution of the laser envelope, which leads to large 

electrons. Better understanding of the laser pulse evolution is crucial 
for the correct interpretation of the experimental results, especially in 
the highly relativistic regime. We developed a simple numerical tool, 

modeling sheds light on the asymmetric wakefield generation and 

>>>

Asymmetric self-injection of electrons 

localized laser redshifting

LaSo, SeSo, Eng



35

ELI ALPS

T. Tarjányi, B. Szabó, L. Vásárhelyi, T. Nagy, F. Farkas, and A. Nagy

Nagy Tibor

Dentistry Journal 
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restorative dentistry for investigating stress distribution in teeth and dental 

for mechanical simulation. Static loading conditions were applied to both sound 

distributions were evaluated to characterize stress concentration patterns. 

concentrations than vertical loading, particularly in the anterior and posterior 
crown regions. While overall stress distributions were comparable between sound 

contribute to improved understanding and optimization of restorative materials 
and treatment strategies. >>>

Development of micro-CT-based 
anatomically accurate tooth model 

of composite restorations

Eng


