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SCIENTIFIC RATIONALE

Spectroscopy is a powerful tool for the analysis of radiation from different
plasmas in astronomy, laboratory, fusion research, atmospheric research and
industry. Efficacy theoretical analysis, synthesis and modelling of stellar spectra as
well as the spectra from other plasma sources, depends on atomic data and their
sources. In particular, for the modeling of stellar atmospheres and opacity
calculations a large number of atomic data is needed, since we do not know a priori
the chemical composition of a stellar atmosphere. Consequently, the development
of databases with atomic data and astoinformatics is important for stellar
spectroscopy.

The Conference is planned as an opportunity to consider above mentioned
aspects of spectroscopic research on plenary sessions and then to work on the
special mini-projects, which will result in common papers to be published in
international astronomical journals after the Conference.

Venue

Hotel "President", Pali¢, Serbia
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On the Stark broadening parameters of Fe XXV spectral
lines for the investigation of neutron stars

Milan S. Dimitrijevi¢"?, Magdalena D. Christova® and
Sylvie Sahal-Bréchot’

! dstronomical Observatory, Volgina 7, 11060 Belgrade, Serbia
E-mail: mdimitrijevic@ipb.ac.rs
’LERMA, Observatoire de Paris, Université PSL, CNRS, Sorbonne Université,
5 Place Jules Janssen, 92190 Meudon, France
IDepartment of Applied Physics, Technical University-Sofia, 1000 Sofia, Bulgaria

Broadening of spectral lines by collisions with charged particles or Stark
broadening is significant for many important astrophysical quantities as for
example modelling of stellar plasma, analysis and synthesis of spectral lines, it
enters in the calculations of absorption coefficient, opacity, radiative transfer,
abundance determination, acceleration of gravity etc. Stark broadening is the most
important pressure broadening mechanism of spectral lines in the conditions of
neutron star atmospheres and their envirionment.

However, when Stark broadening parameters of Fe XXV lines are needed for
neutron star investigations, they are calculated very approximately, and without
taking into account the magnetic field (see e.g. Paerels 1997, Madej 1989,
Majczyna et al. 2005, Suleimanov et al. 2014). Usually very simple formula of
Cowley (1971) or approximate formula from Griem (1974) book (cf. Chap. IV 6)
are used.

In this contribution we calculated widths and shifts of Fe XXV spectral lines
broadened by collisions with important charged constituents of neutron star
atmospheres, electrons, protons and Fe XXVII ions. Calculations have been
performed for a grid of temperatures and electron densities for plasma conditions
of interest for neutron star atmospheres and their environments. Since such results
are also of interest for Virtual Observatories we will prepare them additionaly for
implementation in STARK-B database (Sahal-Brechot, et al. 2015), which is also a
part of Virtual Atomic and Molecular Data Center - VAMDC (Dubernet et al.
2010).
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Recovering the fundamental plane of elliptical galaxies in the
framework of nonlocal gravity model

Vesna Borka Jovanovic’l, Dusko Borkal, Salvatore Capozziello2 and
Predrag Jovanovi¢®

'Department of Theoretical Physics and Condensed Matter Physics (020),
Vinca Institute of Nuclear Sciences - National Institute of the Republic of Serbia,
University of Belgrade, P.O. Box 522, 11001 Belgrade, Serbia
E-mail: vborka@vin.bg.ac.rs
ZDipartimento di Fisica "E. Pancini", Universita di Napoli "Federico 11",
Compl. Univ. di Monte S. Angelo, Edificio 6, Via Cinthia, I-80126, Napoli, Italy
3 Astronomical Observatory, Volgina 7, P.O. Box 74, 11060 Belgrade, Serbia

In this study we recovered fundamental plane (FP) of elliptical galaxies in the
framework of nonlocal gravity without using dark matter hypothesis. Also, we
investigated the relation between the parameters of the FP equation and the
parameters of nonlocal gravity model. We compared theoretical predictions for
circular velocity in nonlocal gravity with the corresponding values from a large
sample of observed elliptical galaxies. From this sample, we use surface
brightnesses, effective radius and velocity dispersion in our investigation. We show
that nonlocal modified gravity can reproduce the stellar dynamics in elliptical
galaxies and that it fits the observations very well.
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Spectral index distribution of FR I and FR II radio lobes:
Case study of 4C 11.71 and 4C 14.11

Vesna Borka Jovanovi¢', Dusko Borka', Arsenije Arsenié¢' and
Predrag Jovanovi¢’

"Department of Theoretical Physics and Condensed Matter Physics (020),
Vinca Institute of Nuclear Sciences - National Institute of the Republic of Serbia,
University of Belgrade, P.O. Box 522, 11001 Belgrade, Serbia
E-mail: vborka@vin.bg.ac.rs
?Astronomical Observatory, Volgina 7, P.O. Box 74, 11060 Belgrade, Serbia

The goal of this paper is to investigate the spectral index distribution of radio
Active Galactic Nuclei (AGNs). We focused on the distribution of spectral indices
over the lobes, as well as in their hotspots. For this purpose, we used the
observations at several frequencies in radio domain, taken from the sky surveys.
Particularly, we used Leahy's Atlas of radio-emitting Double Radiosources
Associated with Galactic Nuclei (DRAGNSs), Jodrell Bank Centre for Astrophysics
in Manchester, and radio range surveys form Max-Planck-Institute for
Radioastronomy in Bonn. We investigated an example of Fanaroff-Riley Class I
(FR I) and an example of Fanaroff-Riley Class II (FR II) source. We found that the
non-thermal (synchrotron) radiation dominates over the areas of the lobes.
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Electron-metal atom vapor cross sections
maintained within BEAM database

B. P. Marinkovi¢"", D. Sevi¢', S. Ivanovi¢', N. Uskokovié¢', S. D. Tosi¢',
M. S. Rabasovi¢' and B. Predojevié

!Institute of Physics Belgrade, University of Belgrade, Pregrevica 118,
11080 Belgrade, Serbia
"E-mail: bratislav.marinkovic@jipbh.ac.rs
’Faculty of Science, University of Banja Luka, Mladena Stojanovica 2,
78000 Banja Luka, Republic of Srpska, Bosnia and Herzegovina

Belgrade Electron-Atom/Molecule (BEAM) database [http://servo.aob.rs/emol]
has been created in order to curate cross sections for electron interactions with
atomic and molecular particles and with the aim to be a part (node) of other portals,
as well as to fulfil a broader task of maintaining A/M data in a comprehensive way.
It became an integral part of two portals: RADAM (Radiation Damage) database
[1] and VAMDC (Virtual Atomic and Molecular data Centre) [2,3]. A significant
number of entries within BEAM belongs to electron cross sections for metal vapor
atoms. Elastic cross sections (Mg, Hg, Ag, Yt, Bi, Rb, Pb, Sb, Cd) and excitation
cross sections (Mg, Hg, Ag, Yt, Na, Ca, Bi) have been compiled from the
published refereed sources. Data entries within BEAMD follow IAEA
classification scheme for processes [4] and use their standards for labelling of
atomic states according Pyvalem as a Python package [5].

References
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Polarization in broad spectral lines of active galaxies:
perspectives

L. C. Popovié¢

Astronomical Observatory, Volgina 7, 11060 Belgrade, Serbia
E-mail: lpopovic@aob.rs

The polarization in the broad emission lines of active galactic nuclei (AGNs) is
connected with light scatter on the dust which is in the form of dusty torus. This
equatorial scattering in combination with Keplerina motion of the line emission
gas can be used for the black hole mass measurements (see Afanasiev & Popovic
2015), but also for investigation of the geometry of broad line region (BLR). Here
we give a short overview of the perspective to use the polarization in the broad
emission lines for investigation of the central part of AGNSs.

References
Afanasiev, V. L., & Popovi¢, L. C. (2015). Polarization in lines—a new method for

measuring black hole masses in active galaxies. The Astrophysical Journal
Letters, 800(2), L35.
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Excitation of silver atoms from the ground S state to the first
excited P state by electron impact

S. D. Tosi¢", D. Sevi¢ and B. P. Marinkovi¢

Institute of Physics Belgrade, University of Belgrade, Pregrevica 118, 11080
Belgrade, Serbia
"E-mail: seka@ipb.ac.rs

Silver is extensively employed in various scientific, technological and practical
applications [1-3]. In our previous papers we reported results (differential DCSs
and integrated ICSs cross sections) of combined experimental and theoretical study
of excitation of the silver atom from the ground 4d'°5s’S state to the first combined
resonant 4d 105p 2P1 1.3 state (fine-structure doublet with total angular momenta of J
=15 and 3/2 and energies of 3.664 and 3.778 eV, respectively) [4, 5]. Recently, we
published results for electron impact excitation of the 4d’5s* *D;), (4.304 V) and
4d"6s* ?S;, (5.276 eV) states [6]. Since McNamara et al. in their relativistic
convergent close coupling (RCCC) computation [7] raised queries about the
validity of our DCSs for resonant excitation, we have reanalyzed the earlier
experimental DCS data. We have found that DCSs at 20 and 40 eV need to be
renormalized due to incorrectly splicing our very forward-angular distributions
onto our middle and backward-angular distributions. The new appropriate
renormalization factor were applied and here we present new experimental DCSs
results and the comparison with calculated relativistic distorted wave (RDW) and
nonrelativistic atomic optical potential model data.
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Integrated cross sections for electron impact excitation of
atomic silver

S. D. Tosi¢", D. Sevi¢ and B. P. Marinkovi¢

Institute of Physics Belgrade, University of Belgrade, Pregrevica 118, 11080
Belgrade, Serbia
"E-mail: seka@ipb.ac.rs

Here we present integrated (integral Q;, momentum transfer Qy;, and viscosity
Qv) cross sections (ICSs) for electron-impact excitation of the (4d'°5s) *S;, —
(4d'5p) P23, (4d'%5s) Sy, — (4d°5s% ) *Dsp, and (4d'"5s) Sy, — (4d'%6s) %S,
transitions in atomic silver at impact energies E, from 10 to 100 eV.

ICSs for all states were derived from the corresponding differential cross
sections DCSs at each Ey. We extrapolated our experimental DCSs to 0° (using the
measured results at small scattering angles for resonant transition [1] and
corresponding theory for other two states [2]) and 180° (using the RDW
calculations for the given energy [2,3]), performed an interpolation, and then
undertake the appropriate integration. The new renormalized experimental DCSs
for resonant excitation at 20eV and 40 eV were used (see abstract Excitation of
silver atoms from the ground S state to the first excited P state by electron impact
by S. D. Tosi¢ et al.).

References

[1] S. D. Tosié, V. Pejéev, D. Sevi¢, R.P. McEachran, A.D. Stauffer and B.P.
Marinkovi¢, Nucl. Instrum. Methods B 279, 53 (2012).

[2] B. P. Marinkovié¢, S. D. Tosi¢, D. Sevi¢, R. P. McEachran, F. Blanco, G. Garcia
and M. J. Brunger, Phys. Rev. A 104, 022808 (2021).

[3] S. D. Togi¢, V. Pejéev, D. Sevié, R. P. McEachran, A. D. Stauffer and B. P.
Marinkovi¢, Phys. Rev. A 91, 052703 (2015).
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Analysis of laser initiated electric discharge spark in
atmosphere: clustering classification method

Dragutin Sevic', Maja S. Rabasovic and Bratislav P. Marinkovic

Institute of Physics Belgrade, University of Belgrade, Serbia
"E-mail:sevic@ipb.ac.rs

Time resolved analysis of spectra of laser initiated electric discharge spark in
atmosphere is presented here. Spectral images of optical emission of atmospheric
plasma are obtained by a streak camera. Machine learning (ML) techniques are
used more and more for analysis of LIBS data [1-6]. Here, large set of measured
spectra are classified using Principal component analysis and clustering algorithms.
For machine learning approach to data analysis we use Solo software package
(Version 8.8, Eigenvector Research Inc, USA) [7].
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Data needed for low ionosphere modeling:
new results and models

Vladimir Sre¢kovié', Desanka Suli¢’, Veljko Vujéi¢’, Ognyan Kounchev®,
Darko Jevremovi¢®, Jelena Barovi¢'® and Gordana Jovanovié®

!Institute of Physics Belgrade, University of Belgrade, Pregrevica 118,
11080 Belgrade, Serbia
E-mail: viada@ipb.ac.rs

Faculty of Ecology and Environmental Protection, University Union —

Nikola Tesla, 11000 Belgrade, Serbia
E-mail: dsulic@unionnikolatesla.edu.rs
3 Astronomical Observatory, Volgina 7, 11060 Belgrade, Serbia
E-mail: veljko@aob.rs
Institute of Mathematics and Informatics, Bulgarian Academy of Sciences, Sofia,
Bulgaria
University of Montenegro, Podgorica, Montenegro

Intense radiation can generate additional ionization in the Earth’s atmosphere
and affect its structure. These types of solar radiation and activity create sudden
ionospheric disturbances (SIDs), affect electronic equipment on the ground along
with signals from space, and potentially induce various natural disasters. Focus of
this work is on the study of SIDs using very low frequency (VLF) radio signals in
order to predict the impact of intense radiation on Earth and analyze ionosphere
plasmas and its parameters. All data are recorded by VLF BEL stations [1] and the
model computation is used to obtain the daytime atmosphere parameters induced
by this extreme radiation [2]. We present an empirical model of the D-region
plasma density and simple approximative formula for electron density.
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Analysis of lower ionospheric response and electron density altitude profile
variations in lower ionosphere induced by high-energy events during daytime and
during nighttime was carried out. Sudden events induced changes in ionosphere
and consequently electron density height profile. All data are recorded by BEL
radio stations system and the model computation is used to obtain the atmospheric
parameters induced by these perturbations. According to perturbed conditions,
variation of estimated parameters, sharpness and reflection height differ for
analyzed cases. The data and results are useful for Earth observation,
telecommunication and other applications in modern society.
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In this paper, we investigate the chemi-ionization processes in atom-Rydberg
atom collisions. The rate coefficients for chemi-ionization processes collisions are
presented for a wide region of temperatures and principal quantum numbers. The
data for the rate coefficients are very useful for the improvement of modelling and
analysis of different layers of weakly ionized plasmas in atmospheres of various
stars where these and other chemi-ionization processes could be important and
could change the optical characteristics (see e.g. [1,2] and reference therein). Also,
the results are of interest in spectroscopy of low temperature laboratory plasma.
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Observed galactic cosmic rays intensity can be subjected to transient decrease,
called Forbush decreases, which can be driven by solar activity and shockwaves in
Heliosphere with solar origin, in terms of flares and coronal mass ejections (Miteva
et al., 2018 [1]). By combining in-situ measurements, using space borne
instruments, of solar energetic particles with ground-based observations we
investigate the relationship between solar activity indices, as well as event-
integrated spectra of solar energetic particles (Belov et al, 2021 [2]) with intensity
measurements of cosmic rays during these strong transient decreases. We present
cross-correlation studies ( Veselinovi¢ et al, 2021 [3]) using data from the
SOHO/ERNE measurements at 19 energy thresholds between 1.6 and 90 MeV/n,
neutron monitors and solar observatories collected during strongest Forbush
decreases over last two solar cycles.
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Solar hydrogen Lj alpha photons are the dominant source of ionization in the
upper ionospheric D-region during quiet conditions. In this paper, we present a new
procedure for modeling the parameters of a quiet D-region at different periods of
the day, year, and solar cycle. This procedure requires monitoring of the D-region
by two very low/low frequency (VLF/LF) signals emitted and recorded by
relatively closely located transmitters and receivers. We provide analytical
expressions for Wait's parameters over the part of Europe included within the
location of the transmitted signals (Sardinia, Italy, for the ICV signal) and (Lower
Saxony, Germany for the DHO signal) and the receiver in Belgrade, Serbia. The
developed model enables the determination of the influence of the number of
sunspots and days in the year on the midday ionospheric parameters. Their
variations during a daytime period are calculated based on data related to the
amplitude and phase of one VLF/LF signal recorded by one receiver.
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Incident X radiation from Sun, especially in soft X-ray spectral range (0.1-0.8
nm), in Earth's lower ionosphere leads to abrupt changes in local plasma
environment, causing amplitude and phase delay perturbations of Very Low
Frequency (VLF) radio signals transmitting within Earth-ionosphere waveguide,
that come across transient electron density encasements. Amplitude and phase
delay perturbations induced by moderate and relatively strong Solar flares occurred
during daytime were monitored on VLF radio signals transmitted from Maine
(44.63N, 67.28W) USA and Skelton (54.88N, 3.28W) UK, simultaneously
received in Serbia and Hungary, by narrowband VLF receivers. For analysis of
Solar X-ray radiation, data form GOES satellite mission were used. VLF data from
second half of 23" Solar cycle were analyzed for insight of possible path-related
pattern structures in amplitude and phase delay of VLF data, as observed on
recordings from spatially closely positioned signal traces along their Great Circle
Paths (GCPs). Main results are presented in this paper.
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X-ray radiation from Sun in range 0.1-0.8 nm during Solar flare events induce
remarkable transient enhancements in D-region electron density height profile,
forcing Very Low Frequency (VLF) radio signals to undergo perturbations, causing
amplitude and phase delay to distort from their regular unperturbed values and
common behavior. This makes VLF radio signals (3-30 kHz) efficient and widely
used tool for probing of lower ionosphere ionization within D-region (50-90 km).
D-region electron density enhancements, induced by several X-ray Solar flares that
occurred in second half of 23™ Solar cycle were estimated, based on narrowband
recordings of GQD and NAA VLF signals transmitted from Maine (44.63N,
67.28W) USA and Skelton (54.88N, 3.28W) UK and simultaneously received in
Serbia and Hungary. Solar X-ray data were obtained from GOES satellite database.
According to observed flare induced amplitude and phase delay perturbations of
analyzed VLF signals, D-region electron density height profiles were calculated
throughout entire duration of analyzed flare events, by utilization of Long Wave
Propagation Capability (LWPC) numeric routine code for modeling VLF
subionospheric propagation. Main results are presented in this paper.
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The so called "excessive line broadening" is a well-established effect in the
spectrum from low pressure hydrogen plasma [1]. This phenomenon is explained
by the so-called Field Acceleration Model (FAM), see for instance [2]. According
to FAM, three types of hydrogen ions, H', H," and H;', are accelerated in the
electric field and then undergo charge exchange reactions with H, molecule.
Thereby, fast atoms are created, typically with kinetic energies of several hundreds
of eV, with velocities in the electric field direction. Due to the Doppler shift in
emission, the spectral lines are seen as very broad with a distinctive shape which
depends on field direction. Experimental investigations were performed in a
number of papers, see the references in [1] and [3]. Monte Carlo model was also
applied for production and transport of fast H atoms in low pressure plasma [4].
The incidence of fast H atoms was shown to be important for astrophysical plasma
e.g. [5]. Moreover, similar effect was also detected in nitrogen plasma, although
less pronounced [6]. In this presentation, the excessive Doppler broadening is
examined in a low-pressure discharge for three lines of Balmer series. The fast
atoms reached velocities up to 500 km/s. In addition, the same experiment is
conducted in nitrogen and oxygen, and excessive broadening was detected using
high-resolution spectrometer.
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Astrophysical application of Stark broadening theory were intensively
developed in the last hundred years. For example, Verweij (1936) among the others
pointed out the importance of Stark broadening influence on spectral line shape
even in the core of Balmer lines measured in the spectrum of the objects with log g
> 5, e.g. white dwarfs. Since then, many of scientific investigation has been done to
prove significance of taking Stark width into consideration during spectral analysis
of white dwarfs, even if the other elements have been investigated instead of
hydrogen, where Stark broadening has affected more on wings than on the core of
the spectral line. We propose here simple curve fitting method for experimental
determination of Stark width in the example of Ly a line in the spectrum of Sirius
B, which is one of the earliest identified white dwarfs. After comparison of our
synthefic line with measured one, model of the white dwarf atmosphere is used for
determination of atmospheric depth which, according to our assumptions,
considered spectral line comes from.
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Lightning is one of the most spectacular natural phenomena and definitely one
of the most dramatic. In the chain of processes leading to lightning, the electron
scattering from the gas molecules, transport and thermalization of the electrons, are
fundamental processes, followed by large-scale charge separation which results in
the build-up of a strong electric field. Lightning is not just associated with our
planet. It has been observed on the various planets of the solar system. While the
appearance of lightning on Venus and eventually in dust storms on Mars are still
open issues, we have clear evidences of lightning on Jupiter, Saturn, Uranus and
Neptune [1].

It is well-documented, that lightning discharges produce electromagnetic pulses
(EMP), due to the rapid current pulse, as well as a quasi-electrostatic (QE) field
due to the removal of charge from the thundercloud. When the QE field exceeds
the breakdown threshold in the mesosphere of our planet, the sprite discharges can
be initiated, while the EMP field similarly leads to heating, ionization and optical
emissions often referred to as elves [2].

In this work, we study the properties of electron transport in gaseous mixtures
that mirror planetary atmospheres. Calculations have been performed over a range
of the applied electric fields using a numerical solution of the Boltzmann equation
[3]. The following influences of specific physical processes on electron kinetics are
identified: (i) for Earth's atmosphere the effects of 3-body attachment are studied,
(i1) for Venusian atmosphere the effects of the gas temperature are examined, and
(ii1) for gas giants, the influence of planetary magnetic field is investigated.
Calculations of electron transport properties have also been performed in radio-
frequency electric and magnetic fields. The calculated transport coefficients are
then used as input in fluid models of various orders for streamer discharges [4].
Values of streamer velocity, ionization level behind the front and average
electronic energies are calculated for various gas mixtures relevant to planetary
atmospheres.
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X-ray Solar flare signatures on two VLF signals
through seasons
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X-ray radiation from Solar flare bursts highly affects subionospheric
propagation of Very Low Frequency (VLF) (3-30 kHz) radio signals, transmitting
in altitude range of lower ionospheric D-region (50-90 km). Caused deviations in
signals' amplitude and phase delay from their regular values can be used for
reconstruction of ionospheric plasma features. Amplitude and phase delay of VLF
radio signals emitted from USA on frequency 24 kHz and UK on 22.1 kHz, and
received in Belgrade (Serbia) by The Absolute Phase and Amplitude Logger
(AbsPAL) recording system at the Institute of Physic (44.85N, 20.38W), were
surveyed for signatures of isolated Solar flare events of moderate intensity (C and
M class) through different seasons during the second half of the 23™ Solar cycle.
Solar flux data were taken from GOES satellite database. Numerical simulations of
related perturbations forced by inspected Solar flare events were performed using
Long Wave Propagation Capability (LWPC) software. Main results are presented
in this paper.
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Abstract

Solar electromagnetic energy of wavelength range 0.1-0.8 nm, emitted during
occurrence of Solar flare events and often called soft X-ray radiation, penetrates
deep into the Earth’s atmosphere, where causes abrupt and intense changes of
ionized medium within altitude range 50-90 km that corresponds to lower
Ionosphere. D-region is used by Very Low Frequency (VLF) radio signals for their
transmission, so their propagation parameters are highly sensitive to related sudden
environmental plasma changes due to incident Solar flare energy. Effects of Solar
flare events of moderate intensity of C and M class were analyzed on VLF data
recorded by narrowband recording system located in Belgrade, Serbia, at the
Institute of Physic (44.85N, 20.38W). Time span for analysis encompasses VLF
data registered during the second half of the 23" Solar cycle, mainly in period from
2004 to 2008. Solar flare signature analysis had focus on VLF signals of relatively
short paths and included GQD/22.1 kHz, DHO/23.4 kHz, HWU/18.3 kHz and
ICV/20.27 kHz signals, emitted from European military transmitters located in UK,
Germany, France and Italy, respectively, and registered in Belgrade during
inspected time period. Time evolution of flare induced series of perturbations, with
accompanying related propagation parameters’ deviations from their regulars, was
inspected in detail. For lower lonospheric plasma environment modeling, Long
Wave Propagation Capability (LWPC) software, both for regular and perturbed
ionization states, was applied. Main results are presented in this paper.

Key words: Solar flare, VLF signal, lower lonosphere, perturbation, density
change, D-region.
Introduction

Sudden outbursts of electromagnetic energy emitted from Sun within
wavelength range 0.1-0.8 nm (soft X-ray radiation) abruptly change properties of

ionized medium originating in sunlit Earth’s atmosphere, at lonospheric D-region
altitudes 50-90 km [1]. Sublonospheric propagation of Very Low Frequency (VLF)
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radio signals (3-30 kHz) is highly sensitive to sudden environmental plasma
changes in lower Ionosphere induced by incident Solar flare energy. VLF signals
globally transmitting with stable propagation (e.g. [2-4]) are commonly used as the
tool for remote sensing of the lower lonosphere, for vast range of forcing agents of
extraterrestrial and terrestrial origin. Variety of different aspects is covered in
numerous manuscripts (review of relatively recent results is summarized in e.g. [5]
and references therein). In this paper, VLF technique is used for analysis of effects
of X-ray Solar flares of moderate intensity on the lower Ionosphere, based on VLF
signal propagation.

VLF data used in this research were taken from database of VLF radio signals
of The Absolute Phase and Amplitude Logger (AbsPAL) narrowband receiving
system, operating at the Institute of Physics in Belgrade (44.85N, 20.38W), Serbia.
Research focus was VLF signals of relatively short Great Circle Paths (GCPs)
under influence of Solar flare radiation of moderate intensity in soft X-range. Solar
flare events, from the second half of 23rd Solar cycle and their signatures on VLF
signals were examined, with aim to determine lower Ionospheric plasma
characteristics affected by C and M class Solar flares, as deduced from VLF data
registered in Belgrade.

For modeling purposes of lower Ilonospheric conditions, before, under
perturbations induced by Solar flare events and after that influence, procedure for
simulation of sublonospheric propagation of VLF signals incorporated within Long
Wave Propagation Capability (LWPC) [6] software was used. The outline of
LWPC software is propagation of VLF signals in stratified medium implying
exponential conductivity increase with height within incorporated Ionospheric
model, with propagation of VLF signals described by hop wave theory (e.g. [7, 8])
and Earth-lonosphere waveguide with its upper boundary defined by the lower
edge of the Ionosphere and its lower boundary defined by Earth’s surface based
upon real globally measured values of electro-conductivity. Propagation model [9]
is defined by the electron density Ne (m™) within the waveguide at the altitude z
(km), as described by parameter pairs denoted reflecting edge sharpness p (km™) of
the lower Ionospheric boundary and reflecting height H' (km). Wait's theory
defines Ne (m™) through relation designed for daytime Ionospheric conditions as:

Ne(z, H', B) = 1.43 - 10"} - ¢ 157" ¢ 019, (D)

As the output, program gives calculated amplitude and phase delay based on
propagation simulation of defined VLF signal along chosen path, taking into
account the whole range of parameters as background data (such as signal
frequency, bearing angle, receiver and transmitter locations, observed date and
time, solar zenith angle, geomagnetic dip, electro-conductivity of lower waveguide
boundary etc). Proposed model within LWPC software package, in case of daytime
unperturbed regular lonospheric conditions, takes (B, H") parameter pair defined as
(0.3, 74), but for modeling purposes it is necessary manually to input into the
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software wanted parameter pairs (B, H') in order to model just segment of the path
or the whole path entirely, depending of conducted calculations’ complexity.

Analysis and results

Belgrade AbsPAL station works in fully operational mode since 2004, although
there are also some registrations during the last trimester of 2003. During inspected
period, several VLF signals were registered: NAA/24.0 kHz emitted from USA,
GQD/22.1 kHz from UK, NWC/19.8 kHz from Australia, DHO/23.4 kHz from
Germany, ICV/20.27 kHz from Italy, HWU/18.3 kHz from France and also from
some other transmitters, but the latter in short time segments and usually not with
good data quality. In general, long GCP NAA/24.0 kHz and NWC/19.8 kHz
signals (about 6.5 Mm and near 12 Mm, respectively), and short GCP GQD/22.1
kHz signal (near 2 Mm), were registered continually and usually with good quality
data. Among other short GCP signals, there were often alterations, but mostly were
registered HWU/18.3 kHz (near 1.5 Mm), DHO/23.4 kHz signals (1.3 Mm) and
ICV/20.27 kHz (near 1 Mm). VLF signals registered by Belgrade AbsPAL receiver
during period 2004-2009 are given in Fig. 1. Characteristics of VLF transmitters

N

8

Latitude (°)
&

-2 0 20 40E
Longitude (°)

Fig. 1. VLF signals (in red) registered in Belgrade (star) by AbsPAL receiver in
period 2004-2009
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Table 1. VLF transmitters (Tx) and VLF signals registered in Belgrade during
analyzed period

VLF signal . T, power GCP
(kHz) T, location (kW) (km)
NAA/24.0 Maine, USA (44.63N; 67.28W) 1000 6547
GQD/22.1 Skelton, UK (54.72N; 2.88W) 300 1982
NWC/19.8 H. E. Holt, Australia (27.2S; 114.98E) | 1000 11975
DHO/23 4 Rhauderfehn, Germany (53.08N; 200 1301
7.62E)
Isola di Tavolara, Italy (NATO)
ICV/20.27 (40.92N: 9.73E) 20 970
HWU/18.3 lllgzrgy, France (NATO) (46.71N; 400 1493

and Great Circle Path (GCP) length of VLF signals registered in Belgrade during
the analyzed period are given in Table 1.

Analysis was conducted for short path VLF signals, with GQD signal depicted
in detail. Examples of monitored Solar flare signatures on GQD signal, during two
very active days and some representative examples of recorded VLF perturbations,
induced by Solar flare events of moderate intensity within period of interest, are
given in Fig. 2. Detailed analysis of GQD signal amplitude and phase delay
perturbations induced by selected C and M class flare events, from period
December 2005 — July 2006 (Table 2 and Fig. 3) was carried out, with
corresponding propagation parameters’ modeling procedure conducted throughout
the entire time evolution of inducing X-ray Solar irradiances, implemented by
utilization of Long Wave Propagation Capability (LWPC) numeric routine code for
modeling VLF sublonospheric propagation. GQD signal amplitude and phase delay
perturbation, induced by shown flare events, differ in patterns between one another,
due to diurnal and seasonal propagation factors and also due to different time
evolution of selected flares, but in general have oscillatory character, which is
characteristic feature for this signal as registered in Belgrade [10, 11]. Sluggishness
of the Ionosphere [12, 13] in analyzed cases is of absolute amount up to 2 min, for
main signal extremum, both in case of amplitude (D_A) and phase delay (D _P)
[12, 14].
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Table 2. Flare events of moderate intensity which effects were inspected on
analyzed GQD/22.1 kHz signal

oo | B e | e DA | pp ] T
vy) (UT) class | (Wm*) | (min) | (min) 9y) ay ;rglmde
07-04-06 | 08:03 C9.7 ?()7*‘6‘ : | ) 08-04-06 | regular
06-07-06 | 08:36 M2.5 25% : | 5 05-07-06 | regular
06-12-06 | 12:58 C4.8 41128% : | 1 08-12-06 | perturbed
07-09-05 | 12:44 C9.6 ?()6’% : ) 0 08-09-05 | perturbed

Regular (Aeg, Preg) and perturbed (Agpare, Prare) VLF data were directly obtained
from VLF recordings, by reading these values from registered GQD signals in
Belgrade. Difference between measured perturbed and regular values (AA and AP)
was calculated by simple subtraction of regular from perturbed values, i.e. as
AA=Agare— Areg and AP=Pg,— Prep). All these data were used as an input data, for
conducted modeling procedure by means of LWPC program, when defining input
parameter pairs (B, H') in REXP subroutine. Modeling of lower lonospheric
properties under influence of selected moderate flare events was designed in that
manner, primarily to get modeled pair of values (AA,, and AP,,), but also modeled
values of amplitude (A, both regular and perturbed) and phase delay (P, both
regular and perturbed), as close as possible to real measured data red from
registered signals. In this way, simulated signal propagation conditions, both in
unperturbed state and under influence of flare, can be considered to appropriately
depict real propagation in Earth-ionsphere waveguide. Modeling procedure itself
consists of numerous trial and error iterations applied until desired accuracy of
output results (AA,,, AP, A and Pp,) is achieved (here, within 10-20%). Based on
the modeled parameters (, H') obtained from simulations as final best fitting pair,
electron density height profile is calculated using relation (1).

On one hand, modeling either can be performed for some chosen characteristic
moments during the influence of Solar X-radiation, depending on signal's
perturbation pattern features and complexity, or for entire time evolution of Solar
flare event and on the other hand, modeled values of electron density within
altitude range corresponding to sunlit D-region either can be calculated for some
chosen heights, or throughout the entire altitude range. In case of VLF signals of
short GCPs, when entirely sunlit, propagation within entire waveguide can be
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described with single pair of (B, H'), depicting average conditions along signal
trace during modeling. In this paper, modeling was performed for entire time
interval during the influence of chosen flare events onto the GQD signal and for the
entire altitude range of heights from 50 to 90 km. For the sake of visibility, only
characteristic moments (marked with arrows in Fig. 3) and corresponding electron
density variations (Fig. 4) are presented here, with some chosen parameters listed
in Table 3 (e.g. Ne (60 and 85 km) (m™)).
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Fig. 2. GQD signal amplitude and phase delay perturbations (lower and middle
panels — solid lines) induced by Solar flare events of moderate intensity (X-ray
irradiance - upper panels): a) during very active periods on 12 July, 2005 (quiet
day 08™ July, 2005 — dashed lines) and b) 14™ August, 2004 (quiet day 10™ August,
2004), and by ¢) M1.1 Solar flare occurred at 13:06UT on 12" July, 2005 (quiet
day 08™ July, 2005), d) M5.4 and M3.0 Solar flares occurred at 08:48UT and
12:08UT respectively on 13™ July, 2004 (quiet day 08™ July, 2005), ¢) M2.5 Solar
flare occurred at 08:36UT on 06™ July, 2006 on the left (quiet day 05™ July, 2006)
and f) M1.11 Solar flare occurred at 13:48Ut on 09" June, 2007 on the right (quiet
day 10™ June, 2007); signal extrema are indicated by arrows and time UT.
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Fig. 3. Variation of GQD signal forced by Solar flares of moderate intensity (red
thin solid lines) from 2005-2006: a) C9.7 (08:03UT) flare event occurred on 07"
April, 2006, b) M2.5 (08:36UT) on 06™ July, 2006, c) C4.8 (12:58UT) on 06"
December, 2006 and d) C9.6 (12:44UT) on 07" September, 2005; perturbed signal
amplitude and phase delay — blue and green thick solid lines, respectively; regular
signal amplitude and phase delay — blue dashed and green dotted lines; signal
extrema indicated by black arrows and time UT, while flare event in red.
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Fig. 4. Electron density height profile variations within D-region, corresponding to
induced Ionosation changes under considered Solar flare events of moderate
intensity: a) C9.7 (08:03UT) flare event occurred on 07" April, 2006, b) M2.5
(08:36UT) on 06™ July, 2006, ¢) C4.8 (12:58UT) on 06™ December, 2006 and d)
C9.6 (12:44UT) on 07" September, 2005; preflare lonospheric state is indicated in
red, state that corresponds to Ix,. irradiance is given in blue and posltflare state in
pink; for striking signal extrema indicated by black arrows accompanied signal
state and parameter pairs (B, H') are shown.

Electron densities estimated by similar modeling procedure at height 74 km
(Table 3), although conducted for several moments during time evolution of
analyzed flare events is presented in [15] with electron density height profiles
modeled for preflare, flare and postflare GQD signal states. Also, some additional
information on Ne (m) at D-region boundaries at altitudes 50 and 90 km for
preflare, flare and postflare GQD signal states, with some lonospheric plasma
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behavior comparisons in case of long NAA path, as registered by Belgrade
AbsPAL VLF receiver during considered flare events, can be found in [16]. In
present research, modeling procedure was conducted for entire time evolution of
considered Solar flare events, with electron density height profile variations
estimated within entire altitude range that corresponds to lower Ionosphere D-
region (50-90 km).

Table 3. Parameters characterizing GQD/22.1 kHz signal propagation conditions
under influence of considered X-ray Solar flare events of moderate intensity

flare date
(dd-mm- | time | signal | AA | AP | B | H' Ne
yy) | (UT)| state |(dB)| (o) |(km™)|(km) (m™)
timeUT 74 km [15]] 60 km | 85km

07:59 preflare -0.89[2.52 [0.33 [72.5 [3.54-10° [2.85-10" .57-10°
08:01 [Prax  F1.72[7.68 [0.395 [70.5 8.61-10° [2.79-10 1.27-10"
08:02 flare  |-2.62}4.93 0.45 69 [R2.05-10° [3.07-107 5.56-10"
07-04-06 08:04 Apai  1.981-1.69 [0.335 71 [5.90-10° 4.43-10” 4.52-10°
08:03UT  (08:05 [Ppin -1.991-1.78 [0.335 71 [5.90-10° 14.43-10" 4.52-10°
C9.7 08:12 A2 -2.34[3.09 (0.394 [70 [1.04-10° [3.43-10" 1.53-10"
08:32 [Amme  1.7116.28 10.395 [70.5 8.61-10° [2.79-10 [1.27-10"
08:43 Ay -1.554.48 (037 [71 16.56:10° [3.01-107 [7.37-10°
10:20 postflare F0.53[2.31  [0.325 [72.5 3.52:10° [3.04-10" 2.41-10°
08:17 [preflare 0.04 [-3.44 [0.28 |75 [1.63-10° [2.65-107 6.82-10°
08:22 Prax  -0.72/0.11 [0.32 72 4.10-10° [3.79-10" 2.66-10°
06-07-06 08:24 A1 1.541-6.46 0.395 69 [1.56:10° [5.04-10" 2.31-10"
08:36UT  (08:34 [Puin 0.76 +20.340.46 [65.5 [1.08-10" [1.41-10° [3.26-10""
M2.5 08:37 flare  [1.0 |-20.25/0.455 65.5 [1.03-10"° [1.44-10° 2.96-10"
09:20 Ao -1.111-6.54 0.335 [70 [8.25-10° 16.19-107 [6.32-10°
09:43 Apae -0.791-0.99 0.32 72 4.10-10° [3.79-10" 2.66-10°
10:00 [postflare[-0.79}-0.44 0.32 [72 4.10-10° [3.79-10” 2.66-10°
06-12-06 [12:53 ppreflare (0.8 [7.44 (0.425 72 [5.06-10° [1.08-:10" [1.04-10"
12:58UT [12:59 flare  [0.06 [26.71 [0.53 [70 [1.80-10° [8.81-10°[1.18-10"
C4.8 13:09 Amax  |1.09 [15.41 [0.49 [70.8 [1.04-10° [8.88-10° 4.36-10"
13:40 postflare-0.33(5.51 10.355 [72.8 [3.31:10° [1.88-107 [3.16-10°
07-09-05 [12:30 jpreflare [0.29 2.09 (0.355 [71 [5.90-10° [4.43-10" 4.52-10°
12:44UT [12:46 flare  [2.32 |-13.33/0.385 66.5 3.88-10° [1.44-10° |5.14-10"
C9.6 14:00 [postflare(0.19 [1.36 [0.325 [72  4.14-10° [3.57-107 2.84-10°
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Discussion and conclusions

Propagation model based on Wait's parameters and LWPC calculations can be
used for VLF signal subionospheric propagation simulations both for unperturbed
conditions [14, 17-19] and perturbed conditions due to Solar flare events.
Complexity of D-region response to incident X-ray radiation from Sun and
variation of Solar flare events’ characteristics themselves, is the reason that issue
has been treated from many and diverse aspects primarily regarding flare peak
irradiance in perturbed state (e.g. [20, 21]), relaxation period (e.g. [22, 23]),
different flare classes (e.g. [10, 11, 14-16, 24-29]) and on the other hand mid- (e.g.
[30-38]), low-latitude ionopsphere (e.g. [39-41]) etc. In this paper, utilization of
LWPC code routine was applied to selected VLF data from second half of the 23™
Solar cycle, mainly from 2004 to 2008, with goal to inspect Solar flare signatures
on VLF signals of relatively short paths, emitted from European military
transmitters towards Belgrade AbsPAL receiver station.

In case of GQD/21.1 kHz signal, series of perturbations forced by Solar flare
events were thoroughly reviewed and inspected in detail throughout entire time
evolution of flare influence. Few chosen events are presented in this paper, with
corresponding propagation parameters’ variations related to soft X-ray Solar
irradiance. The Earth-ionosphere waveguide was modeled during the entire
duration of analyzed flare events’ influence on the lower lonosphere. Results
obtained from LWPC software through conducted modeling procedure are in good
agreement with real VLF signal measurements. It can be concluded that modeled
averaged waveguide states realistically depict real states of the ionospheric plasma
environments held in certain time periods along GQD signal path, as perturbed by
these flare events, but also in unperturbed preflare and recovered postflare states.

Determining of ionospheric parameters by different methods introduces errors
of about one order of magnitude (factor 10) and also, deviations in determining
electron concentrations using different models vary for different altitudes.
Comparison of results presented here, with published results of other researchers
from Belgrade VLF group in first place, and with some other mid-latitude case
studies, shows that in case of perturbed flare state related to Ix, electron density
ratios are within one order of magnitude compared to values given in [11, 14],
while in case of unperturbed flare state electron density ratios are smaller than
those given [23]. Electron densities at 74 km altitude are realistic and in line with
results given in [14, 21, 34, 35, 43], and electron density height profiles are
realistic. Determining ionospheric parameters and electron density height
distribution by sophisticated numerical techniques can give more precise results
(e.g. [40, 33, 14; 44, 45]), nevertheless, applied Wait theory and LWPC software
provide satisfactory modeling results for the purposes of qualitative analysis such
as conducted in this paper.
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The influence of solar Lyo and X radiation on the
ionospheric D-region: the importance of determination of the
quiet ionosphere parameters

Aleksandra Nina

Institute of Physics Belgrade, University of Belgrade, Pregrevica 118,
11080 Belgrade, Serbia

Solar radiation plays a very important role in photo-ionization processes in the
ionospheric D-region. In the quiet conditions, hydrogen Lyo photons are the
dominant source in the production of free electrons in the upper D-region, while
the increase of X-ray flux during solar X-ray flares can cause very intense plasma
disturbances of this atmospheric layer. In this paper, we present modelling of the
quiet D-region electron density using the Quiet lonospheric D-region (QionDR)
model that incorporates variations in the influence of the Lya photons during
different periods of a solar cycle, year, and daytime. This model also allows more
precise modeling of the perturbed D-region parameters during the influence of
solar X-ray flares. Namely, a very important influence in this modeling has the
determination of the quiet ionosphere parameters before perturbation. This study is
based on D-region observations by very low / low frequency (VLF/LF) signals. In
the presented analyse, we use the data recorded by the receiver located in Belgrade,
Serbia, and related to the VLF signals emitted by the DHO and ICV transmitters
from Germany and Italy, respectively.
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Phoenix spectra for determination of the fundamental stellar
parameters

D. Jevremovi¢', M. Malovié?, V. Vujéiél, D. Nikezi¢® and D. Topalovic’3

! Astronomical Observatory, Volgina 7, 11060 Belgrade, Serbia
’Innovation Centre of Faculty of Technology and Metallurgy,
University of Belgrade, Serbia
Vinca Institute of Nuclear Sciences - National Institute of the Republic
of Serbia, University of Belgrade, P.O. Box 522, 11001 Belgrade, Serbia

We present a set of calculated spectra for stellar atmospheres. Temperature is
varied from 2500-10000K, log g from 0.5 to 5.5, z from 0.5 to 2.5 and alpha
enhancment -0.2 to +0.8. Our aim is to use these spectra as the basis for the
principal component analysis and determination of the fundamental stellar
parameters.
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Demonstration of the EARLINET Capacity to Provide Near
Real Time Data

Zoran Miji¢

Institute of Physics Belgrade, University of Belgrade, Pregrevica 118, 11080
Belgrade, Serbia

The European Aerosol Research Lidar Network, EARLINET, was established
in 2000 with the goal of creating a quantitative, comprehensive, and statistically
significant database for the horizontal, vertical, and temporal distribution of
aerosols on a continental scale [1]. EARLINET is part of ACTRIS (Aerosols,
Clouds and Trace gases Research Infrastructure) a pan-European initiative
consolidating actions amongst European partners producing high-quality
observations of atmospheric aerosols, clouds and trace gases. Aerosol lidars with
their high temporal and vertical resolution, provide reliable information on the
atmospheric structure, its dynamics, and its optical properties. The Belgrade lidar
station [2] participated in the several campaigns providing vertical aerosol profiles
measurements which were submitted and processed by the Single Calculus Chain
(SCC) in the near-real time (NRT). The SCC is a tool for the automatic analysis of
aerosol lidar measurements developed within EARLINET network [3,4]. The main
aim of SCC is to provide a data processing chain that allows all EARLINET
stations to retrieve, in a fully automatic way, the aerosol backscatter and extinction
profiles together with other aerosol products. Beyond the scientific goals of this
campaign, the actions organized by EARLINET/ACTRIS (NRT delivery of the
data and fast analysis of the data products) proved that aerosol lidars are useful for
providing information not only for climatological purposes, but also in emergency
situations [5].
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Usage of High-Resolution Satellite Products in
Atmospheric modeling

Zoran Miji¢

Institute of Physics Belgrade, University of Belgrade, Pregrevica 118,
11080 Belgrade, Serbia

Aerosol optical depth (AOD) is one of the most important aerosol products
retrieved from satellite measurements, and represent the attenuation of solar
radiation caused by aerosols. The direct radiative effect due to aerosol-radiation
interactions is the change in radiative flux caused by the combined scattering and
absorption of radiation by anthropogenic and natural aerosols. Due to their short
lifetime and the large variability in space and time atmospheric aerosols are
considered one of the major uncertainties in climate forcing and atmospheric
processes [1]. The relationship between AOD (integration of the aerosol extinction
coefficient from the Earth’s surface to the top of the atmosphere) and surface
aerosol concentrations depends on various factors: aerosol type and its chemical
composition, vertical distribution, spatial and temporal variability. In this study the
potential of Level 2 AOD data at 0.55 um based on measurements by Moderate
Resolution Imaging Spectroradiometer (MODIS) aboard Terra (MODO04) and Aqua
(MYDO04) platforms for PM modeling will be discussed [2]. In addition, recently
lunched ESA Acolus mission products intended for assimilation in Numerical
Weather Prediction (NWP) models in Near-Real-Time together with its optical
products will be introduced.
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Tracking and Processing Real-Time Astronomical Transients

Veljko Vuj¢i¢ and Darko Jevremovié

Astronomical Observatory, Volgina 7, 11060 Belgrade, Serbia

Running and upcoming big astronomical surveys offer immediate data access in
a sense that a significant astronomical event can be processed in (near) real-time.
Events are most frequently organized in data streams and may have a
heterogeneous structure, and there is also legacy data which can be cross-matched.
We review different "brokers", software tools for analyzing real time astronomical
data streams.
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Investigation and modeling of the free-electron density and
temperature during the formation of laser-induced
breakdown of plasma in air at various laser parameters

H. Delibasi¢ Markovi¢', V. Petrovi¢, I. Petrovi¢® and S. Togié®

"Faculty of Science, University of Kragujevac, Serbia
?Academy of Professional Studies Sumadija, Department in Kragujevac, Serbia
I Institute of Physics Belgrade, University of Belgrade, Belgrade, Serbia

The free-electron density equation and two temperature coupled equations
during laser-induced ablation of air at atmospheric pressure are solved. In doing so,
calculations were carried out to determine the comparative contribution of the
mechanisms responsible for electron gain and losses in LIB of air. The solutions
are initially obtained for the energy sources with a Gaussian distribution to describe
the contribution of different pulse-width regimes. More general results provided in
this study maintain the appealing aspects of other approximate solutions and reduce
them under the respective conditions. Obtained results agree well with the
numerical and experimental observations reported in the literature.
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Atomic structure of the doubly ionized titanium Ti III ion
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'Department of physics, Science College, Benha University, Benha, Egypt
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Department of physics, Faculty of Science of Bizerte, University of Carthage,
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*Physics Department, Faculty of Science, Alexandria University, Alexandria, Egypt
’Department of Physics and Astronomy, College of Sciences, King Saud University,
PO Box 2455, Riyadh 11451, Saudi Arabia
SAstronomical Observatory, Volgina 7, 11060 Belgrade 38, Serbia
’Sorbonne Université, Observatoire de Paris, Université PSL, CNRS, LERMA,
F-92190 Meudon, France

In this work, we calculated ab initio and semi-empirically energy levels,

lifetimes, oscillator strengths and transition probabilities of the doubly ionized
titanium by two methods: the first one is by adapting the wave-functions using the
Hartree-Fock and the configuration interaction methods, and the second one is by
adapting potential using the Thomas-Fermi-Dirac-Amaldi (TFDA) method.
Atomic structure codes are adapted to give the lifetimes of the considered energy
levels by inversing the sum of the dipole transition probabilities. The calculated
atomic structure parameters of the Ti III ion are compared with NIST database and
with other available data.
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Stark broadening parameters of the singly ionized sulfur
S Il ion
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*Physics Department, Faculty of Science, Alexandria University, Alexandria, Egypt
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"Astronomical Observatory, Volgina 7, 11060 Belgrade 38, Serbia

In this work, we are interested by the calculation of Stark broadening widths of
several singly ionized sulfur S II spectral lines by two methods:

For the first method, we used the semi-classical theory. In this formalism, Stark
broadening of isolated lines are calculated in the impact approximation; semi-
classical formulae were provided, including both dipole and quadrupole terms in
the expression of electrostatic interaction between the optical electron and the
perturber.

The theoretical values of Stark widths are calculated using energy levels and
oscillator strengths of S II from the COWAN, AUTOSTRUCTURE and CIV3
atomic structure codes and from NIST database.

For the second method, we used the modified semi-empirical (MSE) formalism
Dimitrijevi¢ et al. (1980).

We compared the calculated Stark parameters with available data from the
literature.
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