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1. Foreword

The Spectral Line Shapes in Plasmas (SLSP) code comparison workshop series [1] has gained a
steady momentum, with four meetings organized thus far—in 2012, 2013, 2015, and 2017. A large
number of diverse problems have been analyzed, advancing understanding of the phenomena involved
and increasing accuracy of the models. Doubtlessly, this has significantly aided in improving theoretical
aspects of line-shape analysis—one of the most important tools for diagnostics of both laboratory and
space plasmas.

The first Special Issue of Atoms under this title was published in 2014 [2,3], covering selected
topics from the first two workshops. With the hope of establishing tradition, we decided to arrange for
the present Special Issue as a place for disseminating new results obtained in the course of the 3rd and
4th SLSP workshops.

2. New Codes and Algorithms

For a code comparison workshop, the appearance of new codes and algorithms is most welcome.
One of the newcomers is ZEST by Gilleron and Pain [4], a fast code for simulating Zeeman—-Stark
line-shape functions, which debuted at SLSP4. The code is based on the “standard theory” of line
broadening, but with the ion dynamics accounted according to the frequency-fluctuation model.

Lineshape data analysis is typically performed by varying a set of plasma parameters until the
calculated spectrum fits best the experimental one. This straightforward approach soon becomes
unmanageable in case of complex (multi-line, multi-species) spectra and/or a large number of free
parameters. This is where genetic algorithms shine. Indeed, Mossé et al. [5] show how a genetic
algorithm can be coupled with the PPP lineshape code, and use this method to analyze experimental
spectra of Balmer-$ and He 1 492.2-nm lines in a corona discharge. It is noteworthy to compare results
of this study with multi-code analyses of the Balmer-§ and He I 492.2-nm lines done separately by
Sheeba et al. in [6,7], respectively. In the latter, it is also shown that accounting for line broadening by
neutrals can be crucial for correct data interpretation.

Lineshape codes rarely calculate atomic data required for the line broadening themselves,
relying instead on external databases or atomic codes. Atomic structure of N-electron atoms
is often determined using the Hartree-Fock method, which typically involves solving a set of
integro-differential equations. In this volume, Gomez et al. [8] describe how this can be done using a
matrix method.
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3. Hydrogen-Like Transitions

Contrary to complex many-electron atoms, hydrogen or hydrogen-like ions are text-book examples
of quantum systems for which availability of highly accurate atomic data is not an issue. Nevertheless,
such systems do present unsolved-yet puzzles for lineshape calculations.

The asymmetry of hydrogen-like line profiles, observed at higher plasma densities, require going
beyond the widely used dipole linear Stark effect approximation, which also implies considering
quadrupole and higher-order multipole expansion terms. Demura [9] reviews the long, and at times
twisted, history of the developments in this area. It is notorious that, in spite of all the efforts, there are
still issues that are not viewed unanimously by the community.

The topic of discrete line merging and continuum lowering is of broad interest; it is also another
area where applicability of the linear-Stark-effect approximation may be questioned. The comparative
study of Alexiou et al. [10] shows how different models approach this problem.

The non-linear corrections are typically minor compared to the linewidths, which complicates the
measurements. The new data of the He II Paschen-a width and shift, presented by Stollberg et al. [11],
are compared to calculations, and the observed width—shift relation appears to be inconsistent with
the theoretical predictions. It is expected that further efforts—both on the experimental and theoretical
sides—will put an end to the controversy.

It is not uncommon to observe H-like transitions subject to both the plasma electric microfields
and the macroscopic magnetic field; perhaps the most familiar cases are tokamak devices and
atmospheres of white dwarfs. In a majority of the studies of lineshapes emitted from magnetized
plasmas, the influence of the magnetic field on the trajectories of the plasma particles is neglected,
however. Rosato et al. [12] illustrate the effect of the modified plasma-particle motion assuming an
ideal one-component plasma.

4. Isolated Lines

Stark broadening of the isolated lines usually requires considering many contributing
atomic states. By imposing an artificially simple atomic model (essentially, a two-level system),
the calculation cases of the two last workshops reduced this complexity, allowing for a more
straightforward comparison of various models at a deeper level. Such a comparison is presented
by Sahal-Bréchot et al. [13].

Although the chemical composition of the universe is largely dominated by hydrogen and helium,
it is the spectra of the rest of the Mendeleev’s table species that provide us with abundant information
on the stars and other space objects. However, the Stark broadening of only a minor part of all the lines
observed has been calculated. Dimitrijevi¢ and Chougule [14] continue filling the gaps by providing
Stark-broadening parameters of several Cr III transitions.

5. Conclusions

The topic of lineshape formation in plasma remains of high importance. It is a vibrant field, with
many new developments published regularly, but also with some old puzzles that still remain to be
solved. The results presented in this Special Issue represent only a part of the SLSP workshop outcomes,
with more studies expected to be published elsewhere. The next, fifth workshop is scheduled for
May 2019 in Vrdnik, Serbia [1].
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