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Systematic comparison of commercial devices
for temporal characterization of few-cycle laser pulses
in the 500-1000 nm spectral range

@ V. Pajer, J. Bohus, A. Malakzadeh, L. Lehotai, M. Kalashnikov, I. Seres, B. Gilicze, B. Kiss,

A. Boérzsonyi, K. Varju, G. Szabd, and R. Nagymihaly

We compare multiple temporal pulse characterization techniques in three
different pulse duration regimes from 15 fs to sub-5 fs, as there are no
available standards yet for measuring such ultrashort pulses. To accomplish
this, a versatile post-compression platform was developed, where the
100 fs near infrared pulses were post-compressed to the sub-two-cycle
regime in a hybrid, three-stage configuration. After each stage, the duration
of the compressed pulse was measured with the d-scan, TIPTOE and SRSI
techniques and the retrieved temporal intensity profiles, spectrum and
spectral phases were compared. Spectral homogeneity was also measured
with an imaging spectrometer to understand the input coupling conditions
of the temporal measurements. Our findings suggest that the different
devices give similar results in terms of temporal intensity profile, however
they are extremely sensitive to alignment and to beam quality, especially in
the case of the shortest pulses. We address specific steps of measurement
procedures, which paves the way towards the standardization of pulse
characterization in the near future.
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Exploring valence-electron dynamics of xenon
through laser-induced electron diffraction

F. Liu, S. Skruszewicz, J. Spathe, Y. Zhang, S. Hell, B. Ying, G. G. Paulus, B. Kiss,
K. Murari, M. Khalil, E. Cormier, L. Guang Jiao, S. Fritzsche, and M. Kibel

Strong-field ionization can induce electron motion in both the continuum _

and valence shell of the parent ion. Here we report on a joint theoretical

and experimental investigation of laser-induced electron diffraction in Balint KISS
xenon. We explore the interplay of electron recollision with spin-orbit Krishna MURARI
dynamics in the valence shell of the xenon cation. On the theory side, Malin KHALIL
the electron-hole potentials for two different states are constructed, Eric CORMIER
andthe quantitative rescattering model is used to calculate the photoelectron

momentum distributions (PMDs) for high-order above-threshold ionization

of xenon. Measurements were carried out using 40-fs laser pulses with

a central wavelength of 3100 nm and a peak laser intensity of 6x10%* W/cm?.

The simulated PMDs describe well the features of the measured

angular distributions of photoelectrons. Our study reveals a theoretical

distinction between the electron signals resulting from rescattering

off them=0and |m|=1 hole states, particularly noting a distinct change along Phys. Rev. A

the backward scattering angles. However, to fully identify the contributions 110 (2024) 1, 013118
of the hole states, a more accurate agreement between theory and

experiment will be needed. ?\
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Fast neutron generation with few-cycle,
relativistic laser pulses at 1 Hz repetition rate

K. Osvay, P. K. Singh, P. Varmazyar, M. Flle, T. Gilinger, B. Kis, L. Lehotai, B. Nagy,
L. Stuhl, Z. Elekes, Z. Halasz, Z. Korkulu, I. Kuti, B. Bird, A. Fenyvesi, Zs. Filop, L.
Csedreki, Zs. Dombradi, A. Bembibre, J. Benlliure, J. Pefias, A. Borzsonyi, J. Csontos,

A. Farkas, A. Mohécsi, T. Somoskdi, G. Szabd, and Sz. Téth

Laser-driven deuterons generate neutrons with a mean energy of 2.5 MeV,
through the 2H(d,n) fusion reaction in a deuterated polyethylene (dPE)
tablet. The deuterium ions are accelerated by 12 fs, 21 mJ laser pulses
interacting with a 0.2 um thin dPE foil at a peak intensity of 1018 W/cm?.
The laser was operated at 1 Hz repetition rate in bursts of 75 shots.
The interaction was characterized and recorded for each laser shot. The ion
spectra were measured in the forward and backward directions by Thomson
ion spectrometers. Neutron events were detected by a time-of-flight (ToF)
system consisting of four plastic scintillators positioned at various angles
around the experimental chamber. The maximum cut-off energy of the
forward accelerated protons and deuterons was close to 1.4 MeV and 1 MeV,
while the mean values are 428+63 keV and 433+80 keV, respectively.
Analysis of ToF distributions from 3128 shots resulted in an average vyield
of 1142+59 neutrons per shot in the energy range of 1.5-4 MeV. The energy
distribution of forward-directed neutrons peaks between 3 and 3.5 MeV.
Angular dependence analysis showed a perpendicular minimum and
a maximum along the deuteron beam, consistent with the expected
distribution from the literature and our simulation results.
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A versatile 100 Hz laser system
with few-cycle and terawatt pulses
for applications

@ P Gaal, T. Gilinger, B. Nagyillés, R. Nagymihaly, I. Seres, A. Kovécs,
M. File, M. Karnok, P. Baldzs, T. Novak, A. P. Kovacs, and K. Osvay

We developed a versatile 100 Hz laser system based on negatively and positively
chirped pulse amplification. The few-cycle output provides pulses with 7.1 fs and
0.25 mJ, while the power output supports 26 fs pulses with 50 mJ. The energy
as well as the pulse duration stability of the system are below 1%, while the
pointing stability is within 25% of the diffraction-limited spot size. We also show
applications in high repetition rate target development and preparation for
a laser-generated X-ray source for industrial CT imaging.

+
+
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Few-cycle laser pulse characterization on-target
using high-harmonic generation from nano-scale solids
@® M. Awad, A. Manna, S. Hell, B. Ying, L. Abrok, Zs. Divéki, E. Cormier, B. Kiss, J. Bohmer,
C. Ronning, S. H. Han, A. George, A. Turchanin, A. Pfeiffer, and M. Kibel
We demonstrate high-harmonic generation for the time-domain observation

of the electric field (HHG-TOE) and use it to measure the waveform

of ultrashort mid-infrared (MIR) laser pulses interacting with ZnO thin-films Levente A,BROK
or WS2 monolayers. The working principle relies on perturbing HHG in solids Zsolt DIVEKI
with a weak replica of the pump pulse. We measure the duration of few-cycle Eric CORMIER
pulses at 3200 nm, in reasonable agreement with the results of established Balint KISS

pulse characterization techniques. Our method provides a straightforward
approach to accurately characterize femtosecond laser pulses used for HHG
experiments right at the point of interaction.

Optics Express
32 (2024) 2, 1325-1333
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Cryogenically cooled periodically poled
lithium niobate wafer stacks
for multi-cycle terahertz pulses

@® PJ. Dalton, C.T. Shaw, J. T. Bradbury, C. D. W. Mosley, A. Sharma, V. Gupta, J. Bohus, A. Gupta,
J-G. Son, J. A. Fllop, R. B. Appleby, G. Burt, S. P. Jamison, M. T. Hibberd, and D. M. Graham

We report on the generation of high-power narrow-bandwidth terahertz LaSo, SeSo

(THz) pulses by cryogenic cooling of hand-made periodically poled lithium
niobate (PPLN) wafer stacks. As a proof-of-concept, we cool stacks with up Ashutosh SHARMA

to 48 wafers down to 97K and achieve few-percent bandwidths at a center Vineet GUPTA
frequency of 0.39THz, with pulse energy up to 0.42mJ and average power of Janos BOHUS
21mW. Supported by modeling, we observe effective cooling of PPLN wafer Abhishek GUPTA
stacks that not only reduces terahertz absorption but critically maintains the Joon-Gon SON
micrometer-scale inter-wafer gaps for optimal terahertz transmission. Our Jézsef A. FULOP

results unlock the potential for scaling these large-area sources to greater
numbers of wafers to push both the energy and bandwidth beyond current
capability, opening up possibilities in areas such as terahertz-driven particle
acceleration, terahertz imaging, and control over material properties.

Applied Physics Letters
125 (2024) 14, 141101
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MIR laser CEP estimation
using machine learning concepts
in bulk high harmonic generation

@ B. Nagyillés, G. Nagy, B. Kiss, E. Cormier, P. Foldi, K. Varjd, S. Kahaly, M. Upadhyay Kahaly, and Zs.
Divéki

Monitoring the carrier-envelope phase (CEP) is of paramount importance for LaSo, SeSo

experiments involving few-cycle intense laser fields. Common measurement , .
techniques include f-2f interferometry or stereo-ATl setups. Here we Balazs NAGYILLES
demonstrate a new concept, both by simulations and by experiments, for Gergely N. NAGY

CEP estimation in the mid-infrared regime using machine learning (ML) Balint KISS
techniques that rely on the observation of the spectrum of high harmonic Eric CORMIER
generation (HHG) in bulk material. Once the ML model is trained, the method Péter FOLDI
provides a way for cheap and compact in-situ CEP tagging. This technique Katalin VARJU

can complement other CEP monitoring methods, can capture the complex Subhendu KAHALY

correlation between the CEP and the observable HHG spectra, and is readily

generalizable for any laser wavelengths. Mousumi UPADHYAY KAHALY

Zsolt DIVEKI

Optics Express
32 (2024) 26 46500-46510
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Quantum-optical analysis of high-order
harmonic generation in H," molecules

@® ) Rivera-Dean, P. Stammer, A. S. Maxwell, Th. Lamprou,
E. Pisanty, P. Tzallas, M. Lewenstein, and M. F. Ciappina

We presentacomprehensive theoretical investigation of high-order harmonic _

generation in H.* molecules within a quantum-optical framework. Our study

focuses on char;cterizing various quantum-optical and quantum-information Paraskevas TZALLAS
measures stemming from the correlations established between light
and matter. We demonstrate the emergence of entanglement between
electron and light states after the laser-matter interaction. We also identify
the possibility of obtaining nonclassical states of light in targeted frequency
modes by conditioning on specific electronic quantum states, which turn
out to be crucial in the generation of highly nonclassical entangled states
between distinct sets of harmonic modes. Our findings open up avenues for
studying strong-laser-field-driven interactions in molecular systems under
a fully quantum-mechanical framework.

Physical Review A
109 (2024) 033706
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Nonclassical states of light
after high-harmonic generation
in semiconductors:

A Bloch-based perspective

@® . Rivera-Dean, P. Stammer, A. S. Maxwell, Th. Lamprou, A. F. Ordéfiez,

E. Pisanty, P. Tzallas, M. Lewenstein, and M. F. Ciappina

+ + + +

High-harmonic generation (HHG) has emerged as a pivotal process in
strong-field physics, yielding extreme ultraviolet radiation and attosecond
pulses forawide range of applications. Furthermore, its emergent connection
with the field of quantum optics has revealed its potential for generating
nonclassical states of light. Here, we investigate the process of high-harmonic
generation in semiconductors under a quantum optical perspective while
using a Bloch-based solid-state description. Through the implementation of
guantum operations based on the measurement of high-order harmonics,
we demonstrate the generation of nonclassical light states similar to those
found when driving atomic systems. These states are characterized using
diverse quantum optical observables and quantum information measures,
showing the influence of electron dynamics on their properties. Additionally,
we analyze the dependence of their features on solid characteristics such
as the dephasing time and crystal orientation, while also assessing their
sensitivity to changes in driving field strength. This paper provides insights
into HHG in semiconductors and its potential for generating nonclassical

light sources.

-+
+

Paraskevas TZALLAS

Physical Review B
109 (2024) 035203
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Entanglement and squeezing of the optical
field modes in high harmonic generation

@ P Stammer, J. Rivera-Dean, A. S. Maxwell, Th. Lamprou, J. Argtello-Luengo,
P. Tzallas, M. F. Ciappina, and M. Lewenstein

Squeezed optical fields are a powerful resource for a variety of investigations _

in basic research and technology. However, the generation of intense

squeezed light is challenging. Here, we show that intense squeezed light Paraskevas TZALLAS
can be produced using strongly laser driven atoms and the so far unrelated
process of high harmonic generation. We demonstrate that when the
intensity of the driving field significantly depletes the ground state of the
atoms, leading to dipole moment correlations, the quantum state of the
driving field and the generated high harmonics are entangled and squeezed.
Furthermore, we analyze how the resulting quadrature squeezing of the
fundamental laser mode after the interaction can be controlled. The findings
open the way for the generation of high intensity squeezed light states for a
wide range of applications.

Phys. Rev. Lett.
132 (2024) 143603
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Squeezed states of light after high-order
harmonic generation in excited atomic systems

J. Rivera-Dean, H. B. Crispin, P. Stammer, Th. Lamprou, E. Pisanty,
M. Kriger, P. Tzallas, M. Lewenstein, and M. F. Ciappina

High-harmonic generation (HHG) has recently emerged as a promising
method for generating nonclassical states of light with frequencies spanning
from the infrared up to the extreme ultraviolet regime. In this work, we
theoretically investigate the generation of squeezed states of light through
HHG processes in atomic systems that were initially driven to their first excited
state. Our study reveals significant single-mode squeezing in both the driving
field and low-order harmonic modes. Additionally, we characterize two-mode
squeezing features in the generated states, both between fundamental and
harmonic modes, and among the harmonic modes themselves. Using these
correlations, we demonstrate the generation of optical Schrédinger kitten
states through heralding measurements, specifically via photon subtraction
in one of the modes influenced by two-mode squeezing.

11

Paraskevas TZALLAS

Phys. Rev. A
110 (2024) 6, 063118
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Wave packet dynamics and control
in excited states of molecular nitrogen

@ M. Fushitani, H. Fujise, A. Hishikawa, D. You, S. Saito, Y. Luo, K. Ueda, H. Ibrahim, F. Légaré, S. T. Pratt,
P. Eng-Johnsson, J. Mauritsson, A. Olofsson, J. Peschel, E. R. Simpson, P. A. Carpeggiani, D. Ertel,
P. K. Maroju, M. Moioli, G. Sansone, R. Shah, T. Csizmadia, M. Dumergue, H. N. Gopalakrishna,
S. Kuhn, C. Callegari, M. Danailov, A. Demidovich, L. Raimondi, M. Zangrando, G. De Ninno,
M. Di Fraia, L. Giannessi, O. Plekan, P. Rebernik Ribic, and K. C. Prince

Wave packet interferometry with vacuum ultraviolet light has been used to _

probe a complex region of the electronic spectrum of molecular nitrogen, ,
N,. Wave packets of Rydberg and valence states were excited by using double Tamas CSIZMADIA

pulses of vacuum ultraviolet (VUV), free-electron-laser (FEL) light. These Mathieu DUMERGUE
wave packets were composed of contributions from multiple electronic Harshitha N. GOPALAKRISHNA
states with a moderate principal quantum number (n ~ 4-9) and a range of Sergei KUHN

vibrational and rotational quantum numbers. The phase relationship of the
two FEL pulses varied in time, but as demonstrated previously, a shot-by-shot
analysis allows the spectra to be sorted according to the phase between the
two pulses. The wave packets were probed by angle-resolved photoionization
using an infrared pulse with a variable delay after the pair of excitation
pulses. The photoelectron branching fractions and angular distributions
display oscillations that depend on both the time delays and the relative

phases of the VUV pulses. The combination of frequency, time delay, and J. Chem. Phys.
phase selection provides significant control over the ionization process and 160 (2024) 104203
ultimately improves the ability to analyze and assign complex molecular

spectra. ?\
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Photoelectric charge from metallic filters:
An online XUV pulse energy diagnostics

@ M. Stanék, O. Hort, L. Jurkovi¢ova, M. Albrecht, O. Finke, B. Nagyillés,
T. Csizmadia, T. Grdsz, A. Kérmoczi, Zs. Divéki, and J. Nejdl

Extreme ultraviolet (XUV) radiation is a tool of choice for studying ultrafast _

processes and atomic physics. Most experiments employing sources of XUV , .
radiation, such as high harmonic generation (HHG) or x-ray lasers, benefit Bala%s NAGYILLES
from knowing the number of photons delivered to target in every single Tamas CSIZMADIA

shot, because of the possible shot-to-shot pulse fluctuation of the sources. Timea GROSZ
Nonetheless, many setups lack noninvasive XUV pulse energy diagnostics, Andor KORMOCZI
hindering the simultaneous measurement of pulse energy and utilization Zsolt DIVEKI

of the XUV beam for applications. We present an online XUV pulse energy
monitoring method based on the detection of photoelectric charge from
thin metallic foil filters transmitting the XUV beam, which can be easily
implemented at every pulsed XUV source that includes a high-pass filter
system in the form of metallic filters. Consequently, implementation of our
method is as straightforward as connecting the filter to an oscilloscope. In

the paper, we describe all the physics aspects of such measurement and Appl. Phys. Lett.
show the dependence of measured photoelectric charge on the incident 125 (2024) 091109
pulse energy. To prove the versatility of our approach, we performed this

measurement on two different high-flux HHG beamlines, taking consecutive ?\

shots at 1kHz. ! l
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Novel spectrometer designs
for laser-driven ion acceleration

@® A Morabito, K. Nelissen, M. Migliorati, and S. Ter-Avetisyan

We propose novel spectrometer designs that aim to enhance the measured _

spectral range of ions on a finite-sized detector. In contrast to the traditional .

devices that use a uniform magnetic field, in which the deflection of particles Antonia MORABITO
increases inversely proportional to their momentum, in a gradient magnetic Kwinten NELISSEN
field, the deflection of particles will decrease due to the reduction of the Sargis TER-AVETISYAN
magnetic field along their propagation. In this way, low-energy ions can

reach the detector because they are deflected less, compared to the uniform

field case. By utilizing a gradient magnetic field, the non-linear dispersion of

ions in a homogeneous magnetic field approaches nearly linear dispersion

behavior. Nonetheless, the dispersion of low-energy ions, using a dipole

field, remains unnecessarily high. In this article, we discuss the employed

methodology and present simulation results of the spectrometer with an

extended ion spectral range, focusing on the minimum detectable energy

(energy dynamic range) and energy resolution. Photonics
11 (2024) 7, 605
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Multi-GeV electron acceleration in wakefields
strongly driven by oversized laser spots

@® K Pdder, J.C. Wood, N.C. Lopes, J.M. Cole, S. Alatabi, M.P. Backhouse, P.S. Foster, A.J. Hughes,
Ch. Kamperidis, O. Kononenko, S.P.D. Mangles, C.A.J. Palmer, D. Rusby, A. Sahai, G. Sarri,
D.R. Symes, J.R. Warwick, and Z. Najmudin

Experiments were performed on laser wakefield acceleration in the highly _

nonlinear regime. With laser powers P<250 TW and using aninitial spot size larger .

than the matched spot size for guiding, we were able to accelerate electrons to Christos KAMPERIDIS
energies E__>2.5GeV, in fields exceeding 500 GVm™, with more than 80 pC of
charge at energies E>1 GeV. Three-dimensional particle-in-cell simulations show
that using an oversized spot delays injection, avoiding beam loss as the wakefield
undergoes length oscillation. This enables injected electrons to remain in the
regions of highest accelerating fields and leads to a doubling of energy gain as
compared to results from using half the focal length with the same laser.

Phys. Rev. Lett.
132 (2024) 195001
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Characterization of kHz repetition rate
laser-driven electron beams

by an inhomogeneous field

dipole magnet spectrometer

@® |.Zymak, M. Favetta, G. M. Grittani, C. M. Lazzarini, G. Tassielli, A.Grenfell, L. Goncalves,
S. Lorenz, V. Slukova, F. Vitha, R. Versaci, E. Chacon-Golcher, M. Nevrkla, J. Si¥ma, R. Antipenkov,
V. Sobr, W. Szuba, Th. Staufer, F. Griiner, L. Lapadula, E. Ranieri, M. Piombino, N. A. M. Hafz,

Ch. Kamperidis, D. Papp, S. Mondal, P. Bakule, and S. Bulanov

We demonstrate a method to characterize the beam energy, transverse profile,
charge, and dose of a pulsed electron beam generated by a 1 kHz TW laser-plasma
accelerator. The method is based on imaging with a scintillating screen in an
inhomogeneous, orthogonal magnetic field produced by a wide-gap magnetic
dipole. Numerical simulations were developed to reconstruct the electron
beam parameters accurately. The method has been experimentally verified
and calibrated using a medical LINAC. The energy measurement accuracy in the
6—20 MeV range is proven to be better than 10%. The radiation dose has been
calibrated by a water-equivalent phantom, RW3, showing a linear response of
the method within 2% in the 0.05-0.5 mGy/pulse range.

16

Christos KAMPERIDIS
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Sudipta MONDAL

Photonics
11 (2024) 12, 1208
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lon motion in strongly magnetized
cluster laser plasma

@® A A Andreey, K. Yu. Platonov, and Zs. Lécz

This paper investigates the interaction of high intensity, circularly polarized, short _

laser pulses with heavy cluster plasma through analytical modeling and numerical ,
simulations. The optimal parameters were found for the generation of several Zsolt LECZ
GigaGs quasi-stationary magnetic field by using the upgraded analytical model
and detailed 3D PIC simulations. It is confirmed that a field of such strength
slows down the thermal expansion of the cluster core in the direction transverse
to the laser beam axis, which can be used in nuclear physics. The generated
inward shocks produce ion core compression, which is relevant to nuclear
fusion. The electrostatic interaction between the rotating laser field, electrons
and ions leads to an ion spiral density distribution in the cluster’s transversal
plane, which is absent in a cluster irradiated by linearly polarized pulses with the
same parameters.

Plasma Phys. Control. Fusion
66 (2024) 125012
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Linearity of fast and highly sensitive LiTaO,
pyroelectric detectors in the terahertz range

@® A Sharma, V. Gupta, J-G. Son, A. Gupta, J. Bohus, J. A. Filop, and T. Gebert

In response to single-cycle THz pulses, we measured the linearity parameter _

of lithium tantalate pyroelectric detectors, over nearly three orders of
magnitude in pulse energy, up to 2 w. The response was linear up to 1 W Ashutosh SHARMA

pulse energy and 25 pJ/cm? energy flux, and sublinear at higher irradiations. Vineet GUPTA
This finding shows the importance of characterizing the detector response Joon-Gon SON
linearity for accurate THz metrology. The detectors had high sensitivity in Abhishek GUPTA
single-pulse detection mode up to 10 kHz repetition rate. Janos BOHUS

Jozsef A. FULOP

IEEE Transactions on
Terahertz Science and Technology
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Tunable ultrafast thermionic emission

from femtosecond-laser hot spot on a metal surface
by control of laser polarization and angle of
incidence: A numerical investigation

@® M. Upadhyay Kahaly, S. Madas, B. Mesits, and S. Kahaly

Ultrafast laser induced thermionic emission from metal surfaces has several m_

applications. Here, we investigate the role of laser polarization and angle .

of incidence on the ultrafast thermionic emission process from laser driven Mousumi UPADHYAY KAHALY
gold coated glass surface. The spatio-temporal evolution of electron and Saibabu MADAS
lattice temperatures are obtained using an improved three-dimensional (3D) Subhendu KAHALY
two-temperature model (TTM) which takes into account the 3D laser pulse

profile focused obliquely onto the surface. The associated thermionic

emission features are described through the modified Richardson-Dushman

equation, including dynamic space-charge effects and are included self-

consistently in our numerical approach. We show that temperature-dependent

reflectivity influences laser energy absorption. The resulting peak electron

temperature on the metal surface monotonically increases with the angle

of incidence for the P polarization, while for the S polarization it shows

the opposite trend. We observe that thermionic emission duration shows Applied Surface Science
a strong dependence on the angle of incidence and contrasting polarization 643 (2024) 158668
dependent behavior. The duration of the thermionic current shows strong

correlation to the intrinsic electron-lattice thermalization time, in a fluence ?\

regime well below the damage threshold of gold. The observations and insights

have important consequences in designing ultrafast thermionic emitters using a j/

metal based architecture.
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High-repetition-rate attosecond extreme ultraviolet
beamlines at ELI ALPS for studying ultrafast phenomena

@ M. Shirozhan, S. Mondal, T. Grész, B. Nagyillés, A. Nayak, N. Ahmed, I. Dey, S. Choudhary De Marco,

K. Nelissen, M. Kiss, L. Gulyas Oldal, T. Csizmadia, Z. Filus, M. De Marco, S. Madas, M. Upadhyay Kahaly,
D. Charalambidis, P. Tzallas, E. Appi, R. Weissenbilder, P. Eng-Johnsson, A. L'Huilier, Zs. Divéki, B. Major,

K. Varju, and S. Kahaly

Advancements in light engineering have led to the creation of pulsed laser
sources capable of delivering high-repetition-rate, high-power few-cycle laser
pulses across a wide spectral range, enabling exploration of many fascinating
nonlinear processes occurring in all states of matter. High-harmonic generation,
one such process, which converts the low-frequency photons of the driver laser
field into soft x-rays, has revolutionized atomic, molecular, and optical physics,
leading to progress in attosecond science and ultrafast optoelectronics. The
Extreme Light Infrastructure, Attosecond Light Pulse Source (ELI ALPS) facility
pioneers state-of-the-art tools for research in these areas. This paper outlines
the design rationale, capabilities, and applications of plasma- and gas-based
high-repetition-rate (1 kHz to 100 kHz) attosecond extreme ultraviolet (XUV)
beamlines developed at ELI ALPS, highlighting their potential for advancing
various research fields.
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Anisotropic below bandgap harmonic generation
in B-gallium oxide

@ M. Hussain, A. M. Antunes, G. Vaz, J. Alves, H. Pires, T. Imran, M. Peres, K. Lorenz, E. Villora,
K. Shimamura, S. Madas, M. Upadhyay Kahaly, S. Kahaly, G. Figueira, M. Fajardo, and G. Williams

Harmonic generation in wide bandgap semiconductors and dielectrics has m_

attracted a surge of interest as a compact solid-state light source and as a .

method of mapping the band structure of the material itself. Longer driving Saibabu MADAS
wavelengths can support longer electron trajectories and suppress interband Mousumi Upadhyay KAHALY
transitions, yielding spectra sensitive to crystal orientation and band shapes. Subhendu KAHALY

Here, we combine a long wavelength laser to drive harmonic generation in a
wide band-gap material with applications in photonics and power electronics,
beta-gallium oxide (B-Ga,0,). We generate harmonics up to the ninth order
(H9=3.7 eV) in air, with a = 3.0 um, 100 kHz, 40 fs mid-infrared (MIR) driving
laser in (100) and (010) oriented single crystals of B-Ga,O,. We observe
odd and even harmonics, spectral interference, and the strong anisotropic
response of both odd and even harmonics to the incident laser polarization.
Our results are explained in terms of the electronic structure and macroscopic
optical properties of -Ga,0,.

Optics Express
32 (2024) 26, 47296-47305
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Atomic ordered doping leads to enhanced sensitivity
of phosgene gas detection in graphene nanoribbon:
a quantum DFT approach

@® R.Deji, G. N. Nagy, B. C. Choudhary, R. K. Sharma, M. K. Kashyap, and M. Upadhyay Kahaly

We explore a novel sensor for detection of phosgene gas by graphene derivatives
such as pristine and doped graphene nanoribbons via first principles calculations. The
interaction of phosgene molecule with various edge and center doped configurations

of boron, phosphorus and boron-phosphorus co-doped armchair graphene nanoribbon _
(AGNR) and zigzag graphene nanoribbon (ZGNR) is investigated through density

functional theory (DFT). P-doped systems showcase chemisorption, displaying enhanced Deji RANI

sensitivity to phosgene detection as reflected by a more negative adsorption energy Gergely N. NAGY

values, accompanied by a prominent charge transfer due to the doping. Regardless .

of nanoribbon geometry, the binding energies of P-doped systems exhibit notable Mousumi UPADHYAY KAHALY

uniformity within the range of -8.01 eV to -8.49 eV, however the adsorption energies in
ZGNR are significantly lower than those observed in AGNR. Due to much higher(lower)
electron-donating (accepting) capacity of phosphorous(boron) atoms in comparison to
‘C’ atom, substitutional doping with ‘P or ‘B” atoms in AGNR has signifiant impact on
the structural, electronic and adsorption properties of the nanoribbons. We observe
that phosphorus doped configurations (edge/center) effectively interact with phosgene
molecule with higher adsorption that corresponds to the chemisorption phenomenon.
The strongest adsorption energy (-8.83 eV) is obtained for P doped configurations,
followed by that for B+P co-doped AGNR (-4.23 eV). These results suggest significantly . .
. Physica Scripta
stronger adsorption of phosgene gas on P doped AGNR than on any other systems
reported so far. Band structure analysis estimates that by phosphorus doping, changes in 99 (2024) 3, 035931
the band gap is significant and it also shows prominent changes in the band structures.
Isosurface electronic charge density plots identify that the transfer of charge takes place $\
from graphene system to phosgene molecule. Thus, significant variation in adsorption \
and electronic properties of P doped AGNR reveal that these geometries immensely j}
promote the detection of phosgene gas, and may be considered as promising chemical
sensor for phosgene removal.
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Magnetically reconfigurable toroidal metasurfaces

N. Acharyya, S. Mallick, S. Rane, M. Upadhyay Kahaly and D. R. Chowdhury

Harnessing electron spin within limited dimensions under applied magnetic
fields can lead to spin-assisted tunable light-matter interactions, which form
a crucial step in developing frequency-agile opto-spintronic structures toward
next generation photonic devices. For this purpose, spin-dependent magneto
transport phenomena derived from ferromagnetic (FM)/nonmagnetic (NM)
multilayer structures have recently emerged as a useful tool for dynamically
tailoring electromagnetic waves. With this pretext, five layers of aluminum
(Al)/nickel (Ni) based multilayer thin films in sub skin depth regime are
studied in terahertz domain under low-intensity (O to 30 mT) magnetic fields
while systematically varying the NM spacer layer (sandwiched between
the FM layers) from 8 to 18 nm. Such thin multi-layer films demonstrate
conductivity variations up to =40% for 30 mT of applied field. Utilizing
the same multilayer configurations, magnetic field induced tunability in
a metasurface design is investigated that simultaneously manifests toroidal,
dipolar, and other higher-order modes. Further, multipolar analysis reveals that
the nonradiative toroidal and radiative dipole modes can be enhanced by almost
56% and 183%, respectively, under 0-30 mT magnetic fields. Such magnetic
field-induced simultaneous control over radiative and non-radiative resonances
can be pivotal for next generation terahertz magnetophotonic devices.
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Advanced Optical Materials
12 (2024) 13, 2303045
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Novel Au/CuzNiSnS4 nano-heterostructure:
Synthesis, structure, heterojunction band offset and
alignment, and interfacial charge transfer dynamics

@® Y A Jadhay, G. K. Rahane, T. Goswami, K. Jagadish, K. Chordiya, A. Roy, T. Debnath, S. B. Jathar,
R. Devan, M. Upadhyay Kahaly, S. R. Rondiya, H. N. Ghosh, and N. Y. Dzade

Considering the importance of physics and chemistry at material interfaces, _

we have explored the coupling of multinary chalcogenide semiconductor .

Cu,NiSnS, nanoparticles (CNTS NPs) for the first time with the noble metal Kalyani C_HORDIYA
(Au) to form Au-CNTS nano-heterostructures (NHSs). The Au-CNTS NHSs is Mousumi UPADHYAY
synthesized by a simple facile hot injection method. Synergistic experimental KAHALY

and theoretical approaches are employed to characterize the structural,

optical, and electrical properties of the Au-CNTS NHSs. The absorption

spectra demonstrate enhanced and broadened optical absorption in the

ultraviolet—visible—near-infrared (UV-Vis—NIR) region, which is corroborated

by cyclic voltammetry (CV) readings. CV measurements show type Il staggered

band alignment, with a conduction band offset (CBO) of 0.21 and 0.23 eV

at the Au-CNTS/CdS and CNTS/CdS interface, respectively. Complementary
first-principlesdensity functional theory (DFT) calculations predict the formation

of a stable Au-CNTS NHSs, with the Au nanoparticle transferring its electrons to ACS Appl. Mater. Interfaces
the CNTS. Moreover, our interface analysis using ultrafast transient absorption 16 (2024) 17, 21746-21756
experiments demonstrate that the Au-CNTS NHSs facilitates efficient transport

and separation of photoexcited charge carriers when compared to pristine ?\

CNTS. The transient measurements further reveal a plasmonic electronic

transfer from the Au nanoparticle to CNTS. Our advanced analysis and j/

findings will prompt investigations into new functional materials and their
photo/electrocatalysis and optoelectronic device applications in the future.
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Silver nanoparticles incorporated

polydimethylsiloxane nanocomposite
film as hydrophobic infrared filters

-+
+

R.S. Calolsa, T. P. Sumangala, S. K. Kalpathy, T. Thomas, M. Upadhyay Kahaly, and A. Rahaman

Infrared (IR) filters and screens find application in energy-efficient buildings,
windows, and solar panels. Such filters benefit solar cells by preventing
efficiency losses caused by heating. Polymer-nanocomposite films are
good candidates for developing IR screens. Compared to prior research on
IR filters, we show how the addition of silver nanoparticles (AgNPs) canimprove
the material’s IR reflective nature while retaining high transmittance in the
visible region. Polydimethylsiloxane (PDMS) film with AgNPs (~100 um thick)
is made using the doctor blade technique. We observe no transparency
loss over the 0.005-0.02vol% loading of AgNPs in PDMS, indicating the
promising application of this transparent film. Furthermore, the distribution
of AgNPs is found to be uniform, ensuring consistency, and preventing
agglomeration. A contact angle of ~112° is observed for these films, which is
comparable to pristine PDMS film. Using a UV—Vis—NIR spectrophotometer,
greater than 7.66% weighted average reflectance is observed in the
near-infrared (NIR) region and above 91.5% transmittance in the visible region.
The precise role and influence of the functional group’s presence were revealed
by Fourier transform infrared (FTIR) spectroscopy. The thermal analysis (TGA)
of the films revealed thermal stability of up to 400 °C, which is comparable
to pristine PDMS. Overall, the synergistic combination of AgNPs and PDMS
produces a hydrophobic IR filter with enhanced optical characteristics and
thermal stability.

25

Mousumi UPADHYAY
KAHALY

Polymers for Advanced Technologies
35 (2024) 7, e6511
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Unravelling the environmental degradation
mechanism of perovskite thin films

@ NaliniV, G. N. Nagy, A. Rahaman, S. K. Kalpathy, T. Thomas, Sumangala T. P., and M. Upadhyay Kahaly

Despite having remarkable efficiency, solar cells made of metal halide perovskites — such as _

methylammonium lead iodide (MAPbl) — are detrimental because of their innate

instability. Since the precursor materials may have an impact on the degradation of Gergely N. NAGY
MAPbL,, the degradation needs to be studied at the precursor level. If they are not Mousumi UPADHYAY
chemically stable or contain components that are prone to degradation, these effects KAHALY

can be felt on the resulting perovskite. For comprehending the degradation cycle, aging
studies were conducted on precursors — methylammonium iodide (MAI) and lead
iodide (Pbl,) powders, as well as on MAPbI, thin films. We perform aging studies starting
from freshly synthesized samples over a span of 60 days on the precursors and over
a span of 21 days on MAPbI, thin films. The degradation pathways of the precursors and
MAPbI, are characterized by utilizing X-ray diffraction (XRD), FTIR spectroscopy, UV-Vis-NIR
spectroscopy and field emission scanning electron microscopy (FESEM). The aging studies
reveal that the synthesized organic precursors are unstable under ambient conditions
and that the hybridized valence states of MAPbI, exhibit higher sensitivity under ambient

conditions compared to that of their precursors. The material is observed to decompose Materials Advances
into Pbl, over the span of 21 days. We find that the structure of the MAI precursor degrades 5 (2024) 6426-6439
over time due to photooxidation-induced disintegration of the organic compound, while the

Pbl, precursor undergoes agglomeration while the structure is preserved. We explore the

origin of the observed degradation and identify that the hybridized orbitals between MAI ?\

and Pbl, initiate a sequence of chemical reactions responsible for this instability. Through ab

initio simulations, we identify H,0 as the atmospheric molecule most readily incorporated ij

in MAPbIL,, and this effect is corroborated by experimental observation of water-related
degradation in the samples. On the other hand, incorporation of O, is shown to cause the
most significant change to the electronic structure.
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Unravelling structural, optical, and band
alignment properties of mixed Pb—Sn metal-halide
quasi-2D Ruddlesden—Popper perovskites

@® S.S.Deshpande, N. G. Saykar, A. Mandal, S. Rahane, Y. A. Jadhay,
M. Upadhyay Kahaly, G. N. Nagy, A. Shinde, S. Suresh, and S. R. Rondiya

Lead-tin (Pb—Sn) mixed-halide perovskites show potential for single-junction and _

tandem solar cells due to their adjustable band gaps, flexible composition, and

superior environmental stability compared to three-dimensional (3D) perovskites. Mousumi UPADHYAY
However, they have lower power conversion efficiencies. Understanding band KAHALY
alignment and charge carrier dynamics is essential for enhancing photovoltaic Gergely N. NAGY

performance. In this view, herein we have prepared thin films of mixed Pb-Sn-based
two dimensional (2D) Ruddlesden-Popper (RP) perovskites BA,FA(Pb, Sn ) | using
a solution-based method. XRD study revealed the formation of orthorhombic
phases for pristine (BA,FA(Pb,_Sn ).I.) and mixed Pb-Sn perovskite thin films. UV-vis
analysis showed that different n = 2 and n = 3 phases are present in the pristine
sample. In contrast, Pb—Sn-doped samples showed no signature of other phases with
a prominent red-shift in the visible spectral region. Cyclic voltammetry showed
peaks for electron transfers at the band edges. Additionally, electrochemical and
optical band gap matching was observed, along with decreased peak intensity

due to less reactant and altered electrolyte-perovskite interface stability. Density Langmuir

functional theory (DFT) calculations revealed that the reduced band gap is due to the 40 (2024) 31, 16180-16189
alteration of electrostatic interactions and charge distribution within the lattice upon

Sn substitution. Low-temperature PL analysis provided insights into charge carrier

dynamics with Sn substitution and suggested the suppression of higher n phases and ?\

self-trapped excitons/carriers in mixed Pb-Sn quasi-2D RP perovskite thin films. This

study sheds light on the electron transfer phenomena between TiO, and SnO, layers ij

by estimating band offsets from valence band maximum (VBM) and conduction band
minimum (CBM), which is crucial for future applications in fabricating stable and
efficient 2D-Pb—Sn mixed perovskites for optoelectronic applications.
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Improved light harvesting with graphene/boron
nitride nano-heteroislands: a high-efficiency
photosensitizer design

® M. A Al-Seady, H. M. Abduljalil, H. H. Abed, M. A. Abdullsatar,
R. K. Mohammad, S. M. Hassan, O. J. Al-sareji, and M. Upadhyay Kahaly

Density function theory (DFT) and time-dependent density function theory _

(TD-DFT) are used to deduce the structural, electronic, and optical characteristics
of hexagonal boron nitride (h-BN), graphene/boron nitride (G/h-BN), and defected Mousumi UPADHYAY KAHALY
graphene/boron nitride (R-G/h-BN) nanostructures. Furthermore, parameters of

solar cell sensitizer devices, such as the free energy of electron injection (AGW)

and regeneration (AGREg‘), light harvesting efficiency (LHE), and open circuit voltage

(VOC) were computed. Structural calculations revealed the appearance of the

Stone-Wales defect when a carbon atom is removed from the center of

nanostructures, facilitating faster electron transfer between the nanostructures

and the electrolyte. TD-DFT results deduced a red shift in UV-Vis spectrum from

(A,,=213.84 nm) to (A =372.95 nm) when graphene structure was placed at

the center of h-BN nanostructure and to (A _ =525.12 nm) for the R-G/h-BN. The

photonic parameter results indicated that the proposed nanostructures exhibited

a high ability to inject an electron into the conduction band minimum of the TiO,

electrode (CBMTIO,). Moreover, the LHE results demonstrated that the G/h-BN Structural Chemistry

nanostructure exhibited a stronger response to incident light (LHE=92%) compared (2024)

to other nanostructures. Furthermore, exhibited (AGInj.=-6.646 eV) a more negative
energy compared to (AGReg=—O.315 eV). The G/h-BN and h-BN nanoislands have

suitable stability compared with natural organic, ruthenium, iridium, and platinum ?\

complex dyes. Thus, the investigated nanostructures especially h-BN and G/h-BN
hold promise for application in solar cell sensitizer devices.
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Interface-centric strategies in kesterite solar cells:
Addressing challenges, solutions, and future
directions for efficient solar-harvesting technologies

@® K Jagadish, G. K. Rahane, B. Sai Kumar, D. R. Borkar, K. Chordiya, S. R. Kavanagh, A. Roy,
T. Debnath, S. Kolekar, M. Upadhyay Kahaly, S. S. Mali, S. Pal, N. Gasparini, D. P. Dubal, and S. R. Rondiya

In this article, Sachin R. Rondiya and co-workers emphasize the crucial _

role of interfaces in kesterite solar cells, delving into interfacial structure, .

carrier loss pathways, and non-radiative recombination. It highlights recent Mousumi UPADHYAY KAHALY
advancements in interface engineering and sophisticated characterization
techniques, underscoring the need to address interfacial losses-pivotal for
refining charge transport and unlocking the full potential of next-generation
energy materials.

Small
20 (2024) 52, 2402048
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Engineering corrosion-resistant microstructures in
AZ31D magnesium alloy through friction stir processing

S. Patel, A. Rahaman, R. J. Immanuel, F. Khan, M. Upadhyay Kahaly, and A. M. Nafeena

In this study friction stir processing (FSP) was utilized to refine the
microstructure of thick AZ31D magnesium (Mg) alloy, followed by evaluation
of its microstructure and corrosion behavior in a NaCl environment. The
application of a tapered threaded pin profile resulted in enhanced material
mixing, significant grain refinement and reduced defect formation due to
minimal heat input and minimized thermal gradients across the stir zone
(SZ). The SZ, dominated by the pin profile, exhibited a fine, equiaxed, and
uniform grain structure throughout its thickness the average grain size
reduced from 13.8 um to 5.19 um after second pass of FSP confirmed
through field-emission scanning election microscopy (FE-SEM) analysis. This
structural refinement significantly enhanced the corrosion performance of
the FSPed alloys, as compared to the base material (BM), demonstrated
by electrochemical testing in 3.5% NaCl solution. The FSPed alloy surface
showed uniform corrosion behavior, instead of intergranular corrosion with
deep mud cracking patterns observed in the BM. This improved corrosion
resistance was due to the uniformity of the produced microstructure via FSP,
which reduced localised corrosion sites. These findings suggest that FSP is
a promising technique for improving the durability of Mg alloys in corrosive
environments, potentially benefiting applications in the automotive and
aerospace industries.
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Light-induced photodissociation
in the lowest three electronic states
of the NaH molecule

@® 0. Umaroy, A. Csehi, P. Badankd, G. J. Haldsz, and A. Vibdk

It has been known that electronic conical intersections in a molecular system _

can also be created by laser light even in diatomics. The direct consequence M .

- o Ny Agnes VIBOK
of these light-induced degeneracies is the appearance of a strong mixing
between the electronic and vibrational motions, which has a strong
fingerprint on the ultrafast nuclear dynamics. In the present work, pump
and probe numerical simulations are performed with the NaH molecule
involving the first three singlet electronic states (X*2*(X), AZ*(A) and B*(B))
and several light-induced degeneracies in the numerical description. To
demonstrate the impact of the multiple light-induced non-adiabatic effects
together with the molecular rotation on the dynamical properties of the
molecule, the dissociation probabilities, kinetic energy release spectra (KER)
and the angular distributions of the photofragments were calculated by
discussing the role of the permanent dipole moment as well.

Phys. Chem. Chem. Phys.
26 (2024) 7211-7223
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Classical and quantum light-induced
non-adiabaticity in molecular systems

@® Cs. Fabri, G.J. Haldsz, L. S. Cederbaum, and A. Vibdk

The exchange of energy between electronic and nuclear motion is the _

origin of non-adiabaticity and plays an important role in many molecular ; .
phenomena and processes. Conical intersections (Cls) of different electronic Agnes VIBOK
potential energy surfaces lead to the most singular non-adiabaticity and
have been intensely investigated. The coupling of light and matter induces
conical intersections, which are termed light-induced conical intersections
(LICIs). There are two kinds of LICls, those induced by classical (laser) light
and those by quantum light like that provided by a cavity. The present work
reviews the subject of LICls, discussing the achievements made so far.
Particular attention is paid to comparing classical and quantum LICls, their
similarities and differences and their relationship to naturally occurring Cls.
In contrast to natural Cls, the properties of which are dictated by nature, the
properties of their light-induced counterparts are controllable by choosing
the frequency and intensity (or coupling to the cavity) of the external light AVS Quantum Sci.
source. This opens the door to inducing and manipulating various kinds 6 (2024) 2, 023501
of non-adiabatic effects. Several examples of diatomic and polyatomic B\
|

molecules are presented covering both dynamics and spectroscopy. The
computational methods employed are discussed as well. To our opinion, the ! l

young field of LICIs and their impact shows much future potential.
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Impact of cavity on molecular ionization spectra

@® Cs. Fabri, G.J. Haldsz, L. S. Cederbaum, and A. Vibdk

lonization phenomena have been widely studied for decades. With the _

advent of c.awt'y t§chno|ogy, thg qyespon arises how quantum light affects Agnes VIBOK
molecular ionization. As the ionization spectrum is recorded from the
neutral ground state, it is usually possible to choose cavities which exert
negligible effect on the neutral ground state, but have significant impact
on the ion and the ionization spectrum. Particularly interesting are cases
where the ion exhibits conical intersections between close-lying electronic
states, which gives rise to substantial nonadiabatic effects. Assuming single-
molecule strong coupling, we demonstrate that vibrational modes irrelevant
in the absence of a cavity play a decisive role when the molecule is in the
cavity. Here, dynamical symmetry breaking is responsible for the ion-cavity
coupling and high symmetry enables control of the coupling via molecular
orientation relative to the cavity field polarization. Significant impact on the

spectrum by the cavity is found and shown to even substantially increase for J. Phys. Chem. Letters
less symmetric molecules. 15 (2024) 17, 4655-4661
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Coupling polyatomic molecules to lossy nanocavities:
Lindblad vs Schrodinger description

@ Cs. Fabri, A. G. Csaszar, G. J. Halasz, L. S. Cederbaum, and A. Vibdk

The use of cavities to impact molecular structure and dynamics has _

become popular. As cavities, in particular plasmonic nanocavities, are ; .
lossy and the lifetime of their modes can be very short, their lossy nature Agnes VIBOK
must be incorporated into the calculations. The Lindblad master equation
is commonly considered an appropriate tool to describe this lossy nature.
This approach requires the dynamics of the density operator and is thus
substantially more costly than approaches employing the Schrodinger
equation for the quantum wave function when several or many nuclear
degrees of freedom are involved. In this work, we compare numerically
the Lindblad and Schrédinger descriptions discussed in the literature for
a molecular example where the cavity is pumped by a laser. The laser and
cavity properties are varied over a range of parameters. It is found that the
Schrodinger description adequately describes the dynamics of the polaritons
and emission signal as long as the laser intensity is moderate and the pump J. Chem. Phys.
time is not much longer than the lifetime of the cavity mode. Otherwise, 160 (2024) 214308
it is demonstrated that the Schrodinger description gradually fails. We also B\
|

show that the failure of the Schrédinger description can often be remedied
by renormalizing the wave function at every step of time propagation. The ! l

results are discussed and analyzed.
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Competition of multiphoton ionization
pathways in lithium

@ B.Toth, A. Téth, and A. Csehi

We study the three-photon ionization of atomic lithium by intense, short _

light pulses, via numerically solving the time-dependent Schrodinger . .
equation. Two-photon Rabi oscillations are induced between the Attila TOTH
2s and 4s states, which are damped due to single-photon ionization to the
p continuum. Developing a minimal three-level model, we analyze the spectral
features of the Autler—Townes (AT) doublet that is formed upon the resonant
coupling with the laser pulse. Furthermore, we show that this 2s >—>4s > p
continuum pathway is the dominant process, if the duration of the laser pulse
exceeds a certain value. For shorter pulses, ionization through the 2p state
(2s 22p = 4d - f continuum) gradually becomes the dominant process,
provided that the pulse is strong enough to induce several Rabi floppings.
Here, we trace the competition of these ionization pathways by observing
the structural changes in the shape of the AT doublet.

J. Phys. B: At. Mol. Opt. Phys.
57 (2024) 055002
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Spectral evidence of vibronic Rabi oscillations in the
resonance-enhanced photodissociation of MgH*

@® D.Umarova, O. Umaroy, A. Toth, and A. Csehi

We study by real-time wave-packet simulations the sequential two-photon _

dissociation of the MgH+ molecule, under intense ultraviolet laser pulses of . .
narrow spectral width. By a resonant coupling, one-photon Rabi oscillations Attila TOTH
are generated between two vibrational levels of the molecule, belonging to
two different bound electronic states. These vibronic Rabi oscillations are
probed upon absorption of further photons from the same laser pulse, that
gradually promote the molecule to a dissociative electronic state. Calculating
the energy spectrum of the photofragments explicitly analytically, we
elucidate the physical origin of the main spectral features—such as the
splitting, shifting, asymmetry, and multipeak pattern—identified by accurate
numerical simulations. We find that the pronounced spectral intensity
modulations result from the interference of fragment amplitudes that are
generated during the distinct Rabi cycles in the upper and lower dynamically
dressed states, formed upon the resonant coupling with the laser pulse. Phys. Rev. A

These intensity modulations are sensitively influenced by the resonant and 110 (2024) 3, 033112
nonresonant Stark effects, and can be manipulated by the parameters of the B\

|

applied laser pulse. Our results contribute to the understanding and control
of ultrafast coherent phenomena via the energy spectrum of particles ! l

emitted during the dynamical process under investigation.
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Proposal for an electromagnetic mass
formula for the X17 particle

® s Varrd

Recent observations of anomalous angular correlations of electron—positron _

pairs in several nuclear reactions have indicated the existence of , ,
a hypothetical neutral boson of rest mass ~17 MeV/c?, called the X17 particle. Sandor VARRO
Similarly, one has interpreted an independent set of experiments on photon
pair spectra around the invariant mass ~38 MeV/c?, by assuming the existence
of the so-called E38 particle. In the present paper, we derive analytical mass
formulas for the X17 particle and the E38 particle, on the basis of quantum
electrodynamics. We shall use the exact solutions of the Dirac equation of
the joint system of a charged particle and plane waves of the quantized
electromagnetic radiation. When these solutions are applied to a proton,
they lead to dressed radiation quanta with a rest mass of 17.0087 MeV/c?,
which may be identified with the X17 vector bosons. A similar consideration,
applied to the udd quarks of the neutron, yields dressed quanta, whose mass
equals 37.9938 MeV/c?, corresponding to the E38 particle. These formulas, Universe
besides the Sommerfeld fine structure constant and the masses of the 10 (2024) 2, 86
nucleons, do not contain any adjustable parameters. The present analysis

also delivers the value 0.846299 fm for the proton radius. )Y\
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Parametric model for high-order
harmonic generation with quantized fields

o A. Gombkdts, S. Varro, B. G. Pusztai, I. Magashegyi, A. Czirjak, Sz. Hack, and P. Foldi

A quantum optical model for high-order harmonic generation is presented _

in which ‘both thg exciting field and .the high-order harmomc modes Attila CZIRJIAK
are quantized, while the target material appears only via parameters.
As a consequence, the model is independent of the excited material system to SzabOICE HACK
alarge extent and allows us to focus on the properties of the electromagnetic Péter FOLDI

fields. Technically, the Hamiltonian known for parametric down-conversion is

adopted, where photons in the nth harmonic mode are created during the

annihilation of n photons from the fundamental mode. In our treatment,

initially, the fundamental mode is in a coherent state corresponding to large

photon numbers, while the high-order harmonic modes are in vacuum state.

Due to the interaction, the latter modes get populated while the fundamental

one loses photons. Analytical approximations are presented for the time

evolution that are verified by numerically exact calculations. For multimode,

finite-bandwidth excitation, the time dependence of the high-order Phys. Rev. A
harmonic radiation is also given. 109 (2024) 5, 053717

Ry
2/

38



) eli

+
+

b g

+ + + +
+ o+

=

—

One-dimensional model potentials optimized for the
calculation of high-order-harmonic-generation spectra

@® K Sallai, Sz. Hack, Sz. Majoros, and A. Czirjak

Based on the favorable properties of previously used one-dimensional
(1D) atomic model potentials, we introduce an upgraded 1D atomic model
potential for the 1D simulation of the quantum dynamics of a single active
electron atom driven by a strong, linearly polarized near-infrared laser
pulse. By comparing numerical simulation results of typical strong-field
physics scenarios in 1D and 3D, we show that this upgraded 1D model
potential gives single-atom high-order-harmonic-generation spectra with
impressively increased accuracy for the most frequently used driving laser
pulse parameters.
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radiotherapy in the complex management

of metastatic melanoma

® Gy Kelemen, Zs. Egytd, A. Dobi, L. Varga, R. Kdszd, E. Borzasi, V. Paczona,
Z. \égvary, F. Borzak, E. Fodor, H. Ocsai, E. Baltas, J. Olah, and K. Hideghéty

Background/Aim: Targeted therapy and immunotherapy, with additional stereotactic
radiation therapy (SRT) have revolutionized the management of metastatic malignant
melanoma (mMMM). We aimed to analyze the effectiveness and safety of SRT and
determine its role in the complex management of mMM. Patients and Methods:
We treated 24 patients with solitary metastasis, 15 with oligometastatic disease and
one with multiple metastases. The primary endpoint was to investigate the possible
effect of stereotactic radiotherapy for metastatic lesions on patients’ survival taking
the systemic therapy into consideration. Results: The median overall survival (OS)
for the entire group was 30.07 months; 50% of them received immunotherapy,
32% received targeted therapy. Complete remission of the irradiated lesions was
observed in six patients, partial tumor response was achieved in 13, while stable
disease was detected in 10; tumor progression occurred in four cases. Compartmental
recurrence (recurrence in the brain in a not previously irradiated region) developed
in seven patients. OS was significantly longer in those with extracranial metastases
treated with stereotactic body radiotherapy in comparison to brain SRT. We found
a strong correlation between tumor response and mean OS (42.5 months after complete
or partial remission versus 11.8 months in those with stable or progressive disease).
No OS difference was observed according to the number of irradiated lesions or type
of systemic therapy before SRT (no therapy: 43.6 months, with therapy: 25.7 months).
Significant OS advantage was shown when immunotherapy was administered
post-SRT (mean OS: with immunotherapy: 39.6 months, no immunotherapy: 18.5 months).
Conclusion: In the case of oligometastatic MM, SRT can be used safely and with good
efficiency in addition to targeted therapy/anti-programmed cell death protein 1 therapy.
Improved survival warrants including SRT in the complex management of MMM, however,
further studies are needed for SRT optimization. 40
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Few-cycle surface plasmon polaritons
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K. Komatsu, Zs. Papa, T. Jauk, F. Bernecker, L. Téth, F. Lackner, W. E. Ernst,
H. Ditlbacher, J. R. Krenn, M. Ossiander, P. Dombi, and M. Schultze

Surface plasmon polaritons (SPPs) can confine and guide light in nanometer
volumes and are ideal tools for achieving electric field enhancement and the
construction of nanophotonic circuitry. The realization of the highest field
strengths and fastest switching requires confinement also in the temporal
domain. Here, we demonstrate a tapered plasmonic waveguide with an
optimized grating structure that supports few-cycle surface plasmon polaritons
with >70 THz bandwidth while achieving >50% light-field-to-plasmon coupling
efficiency. This enables us to observe the—to our knowledge—shortest
reported SPP wavepackets. Using time-resolved photoelectron microscopy
with suboptical-wavelength spatial and sub-10 fs temporal resolution, we
provide full spatiotemporal imaging of co- and counter-propagating few-cycle
SPP wavepackets along tapered plasmonic waveguides. By comparing their
propagation, we track the evolution of the laser-plasmon phase, which can be
controlled via the coupling conditions.
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Ultrafast surface plasmon probing of
interband and intraband hot electron
excitations

@ P Sandor, B. Lovasz, J. Budai, Zs. Papa, and P. Dombi

Upontheinteraction of light with metals, nonthermal electrons are generated
with intriguing transient behavior. Here, we present femtosecond hot
electron probing in a noveloptical pump/plasmon probe scheme. With this,
we probed ultrafast interband and intraband dynamics with 15 nm interface
selectivity, observing a two-component-decay of hot electron populations.
Results are in good agreement with a three-temperature model of the
metal; thus, we could attribute the fast (~100 fs) decay to the thermalization
of hot electrons and the slow (picosecond) decay to electron—lattice
thermalization. Moreover, we could modulate the transmission of our
plasmonic channel with ~40% depth, hinting at the possibility of ultrafast
information processing applications with plasmonic signals.
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Controlling plasmonic field enhancement
via the interference of orthogonal plasmonic modes

@ B.Béanhegyi, L. Téth, P. Dombi, J. Budai, V. Hanus, P. Racz, and Zs. Papa

Optical nanoantennas concentrate light into their local fields. The field _

concentration property is governed by the plasmonic resonances and L. oz
their interference. Here, we present a method for controllable local-field La’zar TOTH
interferences in the hot spot of nanorods and experimentally demonstrate Péter DOMBI
that the field enhancement can be tuned in a wide range. For this, we Judit BUDAI
design nanoparticles with given phase relations between their plasmonic Zsuzsanna PAPA
eigenmodes and at the same time tune the phase between the components

of the external field by changing its polarization state to achieve in-phase

excitation of the plasmon modes. Strong-field photoemission is applied

to probe the field enhancement property of the nanorods employing

femtosecond pulses of different polarization states. Our findings provide

a new degree of freedom in plasmonic resonance tuning and may inspire

diverse designs of local-field responses and expand the applications in

nanoscale sensing, spectroscopy, and dynamically tunable devices. Plasmonics (2024)
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Three-photon and four-photon absorption
in lithium niobate measured by the Z-scan
technique

@ | Benabdelghani, Gy. Téth, G. Krizsén, G. Bazso, Zs. Szaller, N. Mbithi, P. Rdcz, P. Dombi,
Gy. Polonyi, and J. Hebling

Open-aperture Z-scan measurements have been carried out to investigate _

the three-photon (3 PA) and four-photon absorption (4 PA) coefficients )

at 800 nm and 1030 nm wavelengths, respectively in congruent and Péter DOMBI
stoichiometric lithium niobate (cLN, sLN) with different concentrations of
Mg doping. The laser pulse duration at the two wavelengths were 40 and
190 fs. The peak intensity inside the crystals varied between approximately
110 and 550 GW/cm?. The 3 PA and 4 PA coefficients were evaluated using
a theoretical model and the results suggest that their minima are at or
around the Mg doping level corresponding to the threshold for suppressing
photo-refraction for both cLN and sLN. This result can be attributed to the
contribution of crystal defects to the 3 PA and 4 PA processes. Furthermore,
the 4 PA at 1030 nm exhibited greater nonlinear absorption than the 3 PA at
800 nm under the same intensity level. Possible reasons for this unexpected
behavior are discussed. Overall, comparing the 3 PA and 4 PA values of these Optics Express
crystals will enable for selection of the optimum composition of LN crystal for 32 (2024) 7030-7043
efficient THz generation and for other nonlinear optical processes requiring B\

|

high pump intensities.
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Nanoplasmonic photoelectron rescattering
in the multiphoton-induced emission regime

@ B.Banhegyi, G. Zs. Kiss, Zs. Papa, P. Sandor, L. Téth, L. Péter, P. Racz, and P. Dombi

In strong-field laser-matter interactions, energetic electrons can be created
by photoemission and a subsequent rescattering and can attain energy
as much as 10 times the ponderomotive potential (Up) of the laser field.
Here, we show that with the unique combination of infrared laser sources
(exploiting the quadratic scaling of Up) and plasmonic nanoemitters
(which enhance rescattering probability by orders of magnitude) ~10 Up
rescattered electrons can be observed in the multiphoton-induced regime.
Our experiments correspond well to a model based on the time dependent
Schrodinger equation and allowed us to reveal an unexpected aspect of
ultrafast electron dynamics in the multiphoton emission regime.
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Pt/MnO interface induced defects
for high reverse water gas shift activity

@® | Szenti, A. Efremova, J. Kiss, A. Sapi, L. Ovéri, Gy. Halasi, U. Haselmann,
Z. Zhang, J. Morales-Vidal, K. Baan, A. Kukovecz, N. Lédpez and Z. Kénya

The implementation of supported metal catalysts heavily relies on the _

synergistic interactions between metal nanoparticles and the material they L v sz
are dispersed on. It is clear that interfacial perimeter sites have outstanding LaszI6 OVARI
skills for turning catalytic reactions over, however, high activity and selectivity Gyula HALASI
of the designed interface-induced metal distortion can also obtain catalysts

for the most crucial industrial processes as evidenced in this paper. Herein,

the beneficial synergy established between designed Pt nanoparticles and

MnO in the course of the reverse water gas shift (RWGS) reaction resulted

in a Pt/MnO catalyst having =10 times higher activity compared to the

reference Pt/SBA-15 catalyst with >99% CO selectivity. Under activation, a

crystal assembly through the metallic Pt (110) and MnO evolved, where the

plane distance differences caused a mismatched-row structure in softer Pt

nanoparticles, which was identified by microscopic and surface-sensitive

spectroscopic characterizations combined with density functional theory Angew. Chem.Int. Ed.
simulations. The generated edge dislocations caused the Pt lattice expansion 63 (2024) 2023173
which led to the weakening of the Pt-CO bond. Even though MnO also

exhibited an adverse effect on Pt by lowering the number of exposed metal ?\

sites, rapid desorption of the linearly adsorbed CO species governed the

performance of the Pt/MnO in the RWGS. j/
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Hexagonal boron nitride on metal surfaces
as a support and template

L. Ovari, A. P. Farkas, K. Palotds, G. Vari, I. Szenti, A. Berkd, J. Kiss, and Z. Kénya

The synthesis and characterization of two dimensional materials are in the focus of
nanomaterial and surface science, heterogeneous catalytic and nanoelectronic research
laying the basis for various technological applications. Hexagonal boron nitride (h-BN)
is an important member of 3D and reduced dimensional materials. Atomically clean
sp2-hybridized 2D nano-layers can be grown on various metal supports by different
chemical and physical vapor deposition techniques. In case of a significant lattice
mismatch and a strong interaction at the h-BN/metal interface, a periodically undulating
monolayer- a so-called “moire structure” - is formed. In the present review, we address
some important characteristics of h-BN prepared on several metal surfaces, and we
focus on its application as a template for individual atoms, metal clusters and molecules.
Moreover, several experimental findings are collected about the features and applications
of monolayer h-BN nanosheets as supporting materials. We highlight the results of recent
surface science studies, which emphasize the unique role of h-BN including nanomeshes
in characteristic adsorption properties, stability and catalytic activity. The characterization
of few layer and defective h-BN involving their catalytic applications are also the subject
of the present review. We present a comprehensive overview on the electronic and
vibrational states of nanoparticles (covered by adsorbates, as well) monitored by surface
spectroscopy tools, e.g. XPS, ARPES, UPS, LEIS, AES, STS and HREELS. We also elaborate
on the structural and morphological information of h-BN nanoobjects obtained by
scanning probe microscopy (SPM). It is also highlighted that density functional theory
(DFT) is considered as a very important complementary technique contributing to
the better understanding of experimental results. Beside updated recollection of key
findings, we outline the present and future research directions of 2D materials and their
heterostructures including h-BN-based systems.
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Enhancing the dipole ring of hexagonal
boron nitride nanomesh by surface alloying

@® Gy Halasi, Cs. Vass, K. M. Yu, G. Vén, A. P. Farkas, K. Palotas, A. Berkd, J. Kiss,
Z. Kénya, M. Aeschlimann, B. Stadtmiiller, P. Dombi, and L. Ovari

Surface templating by electrostatic surface potentials is the least invasive _

way to design large-scale artificial nanostructures. However, generatin
v Bn ‘arge-sca . . : 8 8 Gyula HALASI
sufficiently large potential gradients remains challenging. Here, we lay

the groundwork for significantly enhancing local electrostatic fields by Csaba VASS
chemical modification of the surface. We consider the hexagonal boron Arnold P. FARKAS
nitride (h-BN) nanomesh on Rh(111), which already exhibits small surface Péter DOMBI
potential gradients between its pore and wire regions. Using photoemission Laszlé OVARI

spectroscopy, we show that adding Au atoms to the Rh(111) surface
layer leads to a local migration of Au atoms below the wire regions of the
nanomesh. This significantly increases the local work function difference
between the pore and wire regions that can be quantified experimentally
by the changes in the h-BN valence band structure. Using density functional
theory, we identify an electron transfer from Rh to Au as the microscopic

origin for the local enhancement of potential gradients within the h-BN npj 2D Materials and Applications
nanomesh. 8 (2024) 48
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Effect of single-crystal TiO_/perovskite
band alignhment on the kinetics
of electron extraction

@ X Chen, H. P. Pasanen, R. Khan, N. T. Tkachenko, Cs. Jandky, and G. F. Samu

The kinetics of electron extraction at the electron transfer layer/perovskite _

Lnterface strongly gﬁectsthg efficiency of a perovsklt.e~ solar cell. By combining Csaba JANAKY
ransient absorption and time-resolved photoluminescence spectroscopy,
the electron extraction process between FA_,.Cs, .Pb(l,..Br, ), and TiO, Gergely F. SAMU
single crystals with different orientations of (100), (110), and (111) were
probed from subpicosecond to several hundred nanoseconds. It was
revealed that the band alignment between the constituents influenced the
relative electron extraction process. TiO,(100) showed the fastest overall
and hot electron transfer, owing to the largest conduction band and Fermi
level offset compared to FA ,.Cs . Pb(l ..Br . ).. It was found that an early
electronaccumulationinthese systems can have aninfluence on the following
electron extraction on the several nanosecond time scale. Furthermore, the
existence of a potential barrier at the TiO,/perovskite interface was also

revealed by performing excitation fluence-dependent measurements. J. Phys. Chem. Lett.
15 (2024) 2057-2065
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Au-decorated Sb_Se, photocathodes
for solar-driven CO, reduction

J. M. Ch. M. Dela Cruz, A. Balog, P. S. Téth,
G. Bencsik, G. F. Samu, and Cs. Janaky

Photoelectrodes with FTO/Au/Sb,Se./TiO,/Au architecture were studied in _

photoelectrochemical CO, reduction reaction (PEC CO.RR). The preparation

is based on a simple spinzcoating technique, where naznorod-like structures Gergely F. S,AMU
were obtained for Sb,Se,, as confirmed by SEM images. A thin conformal Csaba JANAKY
layer of TiO, was coated on the Sb_Se_ nanorods via ALD, which acted as both

an electron transfer layer and a protective coating. Au nanoparticles were

deposited as co-catalysts via photo-assisted electrodeposition at different

applied potentials to control their growth and morphology. The use of such

architectures has not been explored in CO,RR yet. The photoelectrochemical

performance for CO,RR was investigated with different Au catalyst loadings.

A photocurrent density of ~7.5 mA cm-2 at -0.57 V vs. RHE for syngas

generation was achieved, with an average Faradaic efficiency of 25 + 6%

for CO and 63 + 12% for H,. The presented results point toward the use of

Sb,Se_-based photoelectrodes in solar CO, conversion applications. EES. Catalysis
2 (2024) 664-674
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Charge transfer kinetics in halide perovskites:
On the constraints of time-resolved spectroscopy
measurements

@ XChen, P.V. Kamat, Cs. Jandky, and G. F. Samu

Understanding photophysical processes in lead halide perovskites is an _

lrn;portant a§peFt of optimizing the per.formance 'of optoelectronic devmgs. Csaba JANAKY
e determination of exact charge carrier extraction rate constants remains
elusive, as there is a large and persistent discrepancy in the reported absolute Gergely F. SAMU
values. In this review, we concentrate on experimental procedures adopted
in the literature to obtain kinetic estimates of charge transfer processes
and limitations imposed by the spectroscopy technique employed. Time-
resolved techniques (e.g., transient absorption—reflection and time-resolved
photoluminescence spectroscopy) are commonly employed to probe charge
transfer at perovskite/transport layer interfaces. The variation in sample
preparation and measurement conditions can produce a wide dispersion of
the measured kinetic parameters. The selected time window and the kinetic
fitting model employed introduce additional uncertainty. We discuss here

evaluation strategies that rely on multiexponential fitting protocols (regular ACS Energy Lett.
or stretched) and show how the dispersion in the reported values for carrier 9 (2024) 6, 3187-3203
transfer rate constants can be resolved. B\

|
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Comparative study of different polymeric binders
in electrochemical CO reduction

N. V. Galbicsek, A. Kormanyos, G. F. Samu, M. M. Ayyub,
T. Kotnik, S. Kovacic, Cs. Janaky, and B. Endrédi

Electrochemical reduction of carbon monoxide offers a possible route to
produce valuable chemicals (such as acetate, ethanol or ethylene) from CO,
in two consecutive electrochemical reactions. Such deeply reduced products
are formed via the transfer of 4—6 electrons per CO molecule. Assuming
similar-sized CO, and CO electrolyzers, 2-3-times larger current densities are
required in the latter case to match the molar fluxes. Such high reaction rates
can be ensured by tailoring the structure of the gas diffusion electrodes.
Here, the structure of the cathode catalyst layer was systematically varied
using different polymeric binders to achieve high reaction rates. Simple
linear polymers, bearing the same backbone but different functional
groups were compared to highlight the role of different structural motifs.
The comparison was also extended to simple linear, partially fluorinated
polymers. Interestingly, in some cases similar results were obtained as
with the current state-of-the-art binders. Using different surface-wetting
characterization techniques, we show that the hydrophobicity of the catalyst
layer—provided by the binder—is a prerequisite for high-rate CO electrolysis.
The validity of this notion was demonstrated by performing CO electrolysis
experiments at high current density (1 A cm™) for several hours using PVDF
as the catalyst binder.
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in @ minimalplant photosystem Il supercomplex

H. L. Nguyen, T. N. Do, K. Zhong, P. Akhtar, T. L. C. Jansen,
J. Knoester, S. Caffarri, P. Lambrev, and H-S. Tan

Photosystem Il (PSIl) is an integral part of the photosynthesis machinery,
in which several light-harvesting complexes rely on inter-complex excitonic
energy transfer (EET) processes to channel energy to the reaction center.
In this paper, we report on a direct observation of the inter-complex EET
in a minimal PSIl supercomplex from plants, containing the trimeric
light-harvesting complex Il (LHCII), the monomeric light-harvesting complex
CP26, and the monomeric PSIl core complex. Using two-dimensional (2D)
electronic spectroscopy, we measure an inter-complex EET timescale of
50 picoseconds for excitations from the LHCII-CP26 peripheral antenna to
the PSll core. The 2D electronic spectra also reveal that the transfer timescale
is nearly constant over the pump spectrum of 600 to 700 nanometers.
Structure-based calculations reveal the contribution of each antenna
complex to the measured inter-complex EET time. These results provide a
step in elucidating the full inter-complex energy transfer network of the PSII
machinery.
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Temperature dependent carrier dynamics in
Ga-alloyed CdSe/ZnS core-shell qguantum dots

K. Sarosi, Ch. Tuinenga, G. F. Samu, K. Mogyordsi, J. Dudas, B. Téth,

P. Jojart, B. Gilicze, |. Seres, Zs. Bengery, Cs. Janaky, and V. Chikan

In this work, temperature dependent transient absorption spectroscopy
measurements are presented on gallium-alloyed CdSe/ZnS core—shell
nanoparticles between 30 and 130 °C. To our knowledge, temperature
dependent measurements in these systems have been reported only in
a few papers, although all processes related to carrier recombination are
affected by temperature. For these experiments, gallium-alloyed CdSe/ZnS
QD samples were used with nominal doping percentages of 2.5%, 7.5%, 15%.
The experimental results show that the transient absorption decay is faster
for the pristine CdSe/ZnS samples than in the gallium-alloyed samples at
all temperatures. It is assumed that Ga-alloying promotes the formation
of trions in the samples by introducing occupied impurity levels within the
bandgap of CdSe. The resulting Coulomb blockade will, in turn, prolong
the hot-electron relaxation process. By variation of the temperature, the
distribution of charge carriers in the different recombination channels can
be altered to accelerate recombination in the Ga-alloyed samples at higher
temperatures. These measurements demonstrated their usefulness for
observing the redistribution of charge carriers among different relaxation
pathways.
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Towards a 10'° n/s neutron source with kHz

repetition rate, few-cycle laser pulses

K. Osvay, L. Stuhl, P. Varmazyar, T. Gilinger, Z. Elekes, A. Fenyvesi, K. Hideghéty, R. E. Szabd,
M. Fiile, B. Bird, Z. Haldsz, Z. Korkulu, I. Kuti, R. Molndr, A. Ebert, R. Polanek, E. Buzas, B. Nagy,
P. K. Singh, S. Hussain, A. Bérzsényi, Zs. Fiilép, T. Tajima, G. Mourou, and G. Szabé

A project has been launched for the development of a laser-based neutron
source with the few-cycle lasers available at ELI ALPS. Here we show the first
experiments, when deuterons were accelerated from ultrathin deuterated foils
at 1 Hz repetition rate with the use of 12 fs, 21 mJ laser pulses. The energy spectra
of the accelerated deuterons were measured with Thomson ion spectrometers
both in forward and backward directions. The accelerated deuterons induced
2H+2H fusion reaction in a deuterated polyethylene disk. The resulting fast
neutrons were measured with a time-of-flight (ToF) detector system, within which
each detector consisted of a plastic scintillator and a photomultiplier, at four
different angles relative to the normal of the neutron converter disk. We found
good agreement with the simulated angular distribution and energy spectra.
Here, we also present preparations for the next phases when the repetition
rate is increased to 10 Hz. The developed flat liquid jet was demonstrated to
accelerate protons over 0.6 MeV cutoff energy with a stability better than 4%
for 15 min. We developed two further neutron measurement techniques: a
liquid scintillator, the ToF signal of which was evaluated with the pulse shape
discrimination method, and a bubble detector spectrometer calibrated against
a conventional PuBe source. One of the first upcoming applications is the
irradiation of zebrafish embryos with laser-generated ultrashort bunch neutrons.
As this experiment needs to be implemented in vacuum, the steps of careful
preparation and calibration measurements are also discussed.
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Femtosecond laser darkened copper surfaces:
Characterization for possible application
as laser beam blocker

B. Hopp, M. Sdmi, T. Gera, J. Budai, G. Ballai, L. Téth, J. Bohus, G. Gulyas, T. Szérényi and T. Smausz

This study focuses on the optical and mechanical properties of copper
surfaces darkened by femtosecond laser irradiation, with regard to their
applicability as laser beam blockers. Copper surfaces were processed with
a Ti-Sapphire laser (1 kHz repetition rate, ~100—-600 mJ/cm? fluence), while
scanning parameters were optimized for low reflectivity and processing
speed. A total reflectivity below 6 % was obtained for the 250-2500 nm
wavelength range. SEM imaging and ion beam etching showed submicron
period structures covered with high density nanoparticles, with a total
depth of ~3—4 um. Numerical reflectivity simulations suggest that besides
the structures, the formation of oxides also contributes to the observed
darkening. Thermal and mechanical stability, chemical resistance and
laser damage threshold were studied. Temperatures above 200 °C caused
surface degradation. Scratch tests showed that the nanostructured layers
could withstand ~60 MPa contact pressure. The surfaces could resist 48
h treatment with various acids at 103 M concentration. The laser damage
threshold for the applied femtosecond laser showed that the surface could
withstand the unfocused beam of most high-frequency femtosecond lasers.
The results indicate that laser darkened copper can be a promising candidate
for use in laser beam blockers.
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Electrochemical determination of carbofuran
residues using WS, modified electrodes

@® V.S Haritha, S. R. Sarath Kumar, and R. B. Rakhi

To meet the increasing demands for food production, the utilization of _

cost-effective pesticides like carbofuran (CB) becomes essential. CB poses ..

a significant risk to human health due to its high toxicity. Therefore, accurate Vijayakumar S. HARITHA
guantification of CB residue is essential for environmental safety and human
health. Electrochemical sensors have proven to be an outstanding choice
for the accurate detection and quantification of carbofuran residues. CB is
electrochemically inactive and was first hydrolyzed in an alkaline medium to
yield an anodically active phenolic derivative carbofuran phenol (CP). This
report details the development of a voltammetric sensor for the accurate
detection of CB residues utilizing the cyclic voltammetry technique and
the electrochemical reactions of CP at WS, nanosheet-modified electrodes
in phosphate buffer solution (PBS). The constructed sensor has displayed
a linear range of carbofuran detection from 10-90 uM, with a limit of

detection (LOD) of 0.38 uM and sensitivity of 0.303 pApM-cm2. Additionally, Chemistry Select

the developed sensor has been employed to monitor CB residues in real soil 9 (2024) 33, e202402500
and water samples and it shows a recovery greater than 95%. The developed

sensor enables the cost-effective monitoring of carbofuran in real samples. ?\
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