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Abstract

“Stark” broadening theories and calculations have been extensively developed for about 50 years and can now be applied to many
needs, especially for accurate spectroscopic diagnostics and modeling. This requires the knowledge of numerous collisional line profiles.
Nowadays, the access to such data via an online database becomes essential. STARK-B is a collaborative project between the Astrono-
mical Observatory of Belgrade and the Laboratoire d’Étude du Rayonnement et de la matière en Astrophysique (LERMA). It is a
database of calculated widths and shifts of isolated lines of atoms and ions due to electron and ion collisions (impacts). It is devoted
to modeling and spectroscopic diagnostics of stellar atmospheres and envelopes, laboratory plasmas, laser equipments and technological
plasmas. Hence, the domain of temperatures and densities covered by the tables is wide and depends on the ionization degree of the
considered ion. STARK-B has been fully opened since September 2008 and is in free access.

The first stage of development was ended in autumn 2012, since all the existing data calculated with the impact semiclassical-pertur-
bation method and code by Sahal-Bréchot, Dimitrijević and coworkers have now been implemented. We are now beginning the second
stage of the development of STARK-B. The state of advancement of the database and our program of development are presented here,
together with its context within VAMDC. VAMDC (Virtual Atomic and Molecular Data Center) is an international consortium which
has built a secure, documented, flexible interoperable platform e-science permitting an automated exchange of atomic and molecular
data.
� 2013 COSPAR. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Broadening of spectral lines due to perturbation of emit-
ting or absorbing atoms, ions, or molecules, by their inter-
actions with the surrounding particles in a plasma or gas is
called pressure broadening. If perturbers are charged parti-
cles, electrons or ions, such broadening mechanism is called
Stark broadening. Data on Stark broadening are of interest
for plasma diagnostic and modeling, as well as for spectra

analysis and synthesis in many domains for research of dif-
ferent kinds of plasma in laboratory, inertial fusion inves-
tigations, for lasers and laser produced plasmas and
especially in astrophysics, since thanks to space missions,
large space observatories like Hubble, Chandra, Spitzer,
Lyman, and to ground-based telescopes of the ten meters
class, spectra with very high resolution could be obtained
from X to radio wavelength ranges.

In stellar astronomy, Stark broadening data are of par-
ticular importance for white dwarfs, where Stark broaden-
ing is the dominant collisional line broadening mechanism
(Popović et al., 1999b; Tankosić et al., 2003; Simić et al.,
2006; Hamdi et al., 2008; Simić et al., 2009; Dimitrijević
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et al., 2011; Dufour et al., 2011; Larbi-Terzi and Sahal-Bré-
chot, 2012). Such data are also of significance for interpre-
tation, analysis and synthesis of A and B type star spectra
(see e.g. Lanz et al., 1988; Popović et al., 2001a,b, 1999a,b;
Tankosić et al., 2003; Simić et al., 2005; Sahal-Bréchot
et al., 2010). Modern codes for stellar atmosphere model-
ing, like e.g. PHOENIX (Baron et al., 1998; Hauschildt
et al., 1999; Short et al., 1999) require the knowledge of
atomic data for as much as possible transitions, especially
for trace elements, so that the access to such atomic data,
including Stark broadening ones, via online databases
becomes very important.

The database STARK-B (Sahal-Bréchot et al., 2013),
which contains Stark broadening parameters, namely cal-
culated line widths and shifts of isolated lines of atoms
and ions due to collisions with electrons, protons and dif-
ferent ions, first of all ionized helium as the most important
after electrons and protons for stellar atmospheres, is not
useful only for modeling and spectroscopic diagnostics of
stellar atmospheres and envelopes, but also for laboratory
plasmas, inertial fusion plasma, laser equipments and
technological plasmas. This is a common project where
participants are from the Paris Observatory and the Astro-
nomical Observatory of Belgrade. The database STARK-B
has been opened online since September 2008, and is in free
access. The objective of the first phase of database develop-
ment, was to implement all the existing data calculated
with the impact semiclassical-perturbation method and
code by Sahal-Bréchot, Dimitrijević and coworkers. We
are now working on the second stage and the state of
advancement of the database STARK-B will be presented
here, as well as our program of development. We note also
that STARK-B enters in Virtual Atomic and Molecular
Data Center – VAMDC (Dubernet et al., 2010; Rixon
et al., 2010), a secure, documented, flexible, interoperable
platform based on e-science, which permits an optimized
search and exchange of atomic and molecular data. The
relation between STARK-B database and VAMDC was
discussed in Sahal-Bréchot et al. (2012).

2. STARK-B database

Within the impact-complete collision-isolated line
approximation, the profile of an isolated spectral line is
the Lorentz one, characterized by a width at half maximum
of intensity and a shift, so called Stark broadening param-
eters, depending on temperature T and density N of per-
turbers. For not too high densities, due to the impact
approximation, widths and shifts are linearly proportional
to the density of perturbers. But at high densities, due to
the Debye screening effect which decreases the width and
the shift, and which for such conditions can become signif-
icant, the dependence of Stark broadening parameters as a
function of perturber density may decline from the linear
one. This is taken into account in majority of our calcula-
tions, so that for many of atoms and ions the Stark broad-

ening parameters for a grid of perturber densities are
implemented in STARK-B.

In the first stage of STARK-B development, we imple-
mented in STARK-B Stark broadening parameters deter-
mined with the semiclassical-perturbation method (SCP)
developed by Sahal-Bréchot (1969a,b) and updated in fur-
ther papers by Sahal-Bréchot (1974) for more complex
atoms, by Fleurier et al. (1977) for inclusion of Feshbach
resonances in elastic cross-sections for the line widths for
ion emitters, and by Mahmoudi et al. (2008) for the partic-
ular cases of very complex atoms. The numerical codes
have been also updated by Dimitrijević and Sahal-Bréchot
(1984) and in further papers. The accuracy is about 20% for
the widths of simpler spectra but is worse for the shifts and
very complex spectra, particularly when configuration mix-
ing is present in description of energy levels. The results of
Stark broadening parameters determination performed by
Dimitrijević, Sahal-Bréchot, and co-workers using the
semiclassical-perturbation method are contained in more
than 130 publications and now have been implemented in
the STARK-B database.

STARK-B is devoted for modeling and spectroscopic
diagnostics of various plasmas in astrophysics, laboratory
physics, technology and other topics, so that the range of
temperatures and densities in the tables is wide and vary
with the ionization degree of the considered ion. The tem-
peratures in tables vary from several thousands Kelvins for
neutral atoms to several millions for highly charged ions.
Also the perturber densities vary from 1012 cm�3 to several
1022 cm�3. The presentation of data, in particular the defi-
nition of configurations, terms and atomic energy levels is
in accordance with the VAMDC standards, in order to
allow interoperability with other atomic databases included
in the Virtual Atomic and Molecular Data Center. We note
also that the wavelengths in STARK-B are usually calcu-
lated from the energy levels that are used as input data
for the determination of Stark broadening parameters.
Consequently, the tabulated wavelengths are most often
different from the measured ones, especially if the used
energy levels are theoretically calculated. For the identifica-
tion of the lines, the configurations, terms and levels are
included in tables as well as the multiplet number from
NIST database (Kramida et al., 2012).

If one opens the homepage, proposed menus are “Intro-
duction”, “Data Description”, “Access to the Data”,
“Updates” and “Contact”. In “Introduction” methods of
Stark broadening parameter calculations and different
approximations which are adopted are briefly explained.
“Data Description” describes the data which are tabulated.
“Access to the Data” provides a graphical interface
enabling to the visitor to click on the needed element in
the Mendeleev periodic table and then on the correspond-
ing ionization degree. For elements in yellow cells, which
symbols are additionally enhanced by boldface, Stark
broadening data exist in the database, and for other cells,
which have the color a little bit lighter than the
background, there is no data. After choosing the needed
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