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AcTpaxuBare yTuuaja atToMCKU CydapHUX NpoLeca Ha CrekTpe actpodusnyke,
OOHOCHO reo-kocmuyke nnasme y 2015/16 roognHm ogsuja ce y npasumma:

1. EkcnepumeHTanHo nctpaxmeame rnpoctmparwa VLF Tanaca y Tanacosogy 3emrba-
JOHOChepa KOHTUHYUpPaHUM MeperweM amnnutyde n @asa y oncery 10-30kHz y3
AbsPAL n AWESOME cuctem, 4nme ce npatmo ytmuaj CyH4eBe akTUBHOCTU U
aTMOMEPCKNX ENEKTPUYHNX NPaXXH-EHa Y OBOM TariacoBoay.

2. YTnuaj lWtapkoBor wunpera Ha crnekTpe Tonnnx 3sesna knace A n b, bennx
naTys/baka 1 HOBOOTKPUBEHE Krlace YribOBOAOHUYHUX NaTyrbaka, npu 4emy cy
ogpehueBaHn napamMeTpu OBe BPCTe LWMPEH-A, a pedynTtatn ynase y FP7 npojekart
VAMDC n 6a3y nogataka STARK-B.

3. YTuuaj HeenacTtn4HuxX npotleca Ha aTtoM-Pnabepros atom cygapuma Ha KUHETUKY
cnabo joHnsoBaHe nnasme CyHua v 6benux natyrbaka.

4. VcTtpaxxneaHa je nHTepakumja namehy BMCOKO eHepreTckmx enektpoHa ca CyHua u
MehynnaHeTapHe nnasme Kpo3 Kojy ce NpocTupy no nmHujama cuna CyH4eBor
MarHeTHor nosrba, y3 nomoh nocmatpamwa ca catenuta “Wind” n “STEREQO”.
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ABSTRACT

Stark broadening parameters for 157 multiplets of helium-like boron (B1v) have been cal-
culated using the impact semiclassical perturbation formalism. Obtained results have been
used to investigate the regularities within spectral series. An example of the influence of Stark
broadening on B 1v lines in DO white dwartfs is given.

Key words: atomic data—atomic processes — line: formation.

1 INTRODUCTION

The study presents Stark broadening parameters (widths and shifts)
of B 1v spectral lines calculated using the impact semiclassical per-
turbation formalism (Sahal-Bréchot 1969a,b). B1v is a helium-like
ion and such ions are rather commonly used for the diagnosis (Kolk,
Konig & Kunze 1986) of laboratory (Doyle & Schwob 1982; Boiko
etal. 1983; Killne, Killne & Pradhan 1983) and astrophysical plas-
mas (McKenzie & Landecker 1982).

In astrophysics, Stark broadening data for various atomic and
ionic lines (since we do not know a priori the chemical composi-
tion of a star) are of particular interest, especially for white dwarfs,
where this line-broadening mechanism is usually the principal one
(Popovi¢, Dimitrijevi¢ & Tankosi¢ 1999a; Tankosi¢, Popovié &
Dimitrijevi¢ 2003; Milovanovié¢ et al. 2004; Simié et al. 2006;
Hamdi et al. 2008; Dimitrijevi¢ et al. 2011; Dufour et al. 2011;
Larbi-Terzi et al. 2012; Simié, Dimitrijevi¢ & Sahal-Bréchot 2013;
Simi¢, Dimitrijevi¢ & Popovié 2014). This broadening mechanism
may be of interest and for the main-sequence stars, especially for
A type and late B type (Lanz, Dimitrijevi¢ & Artru 1988; Popovié,
Dimitrijevi¢ & Ryabchikova 1999b; Popovi¢ et al. 1999a,2001a;
Popovi¢, Milovanovi¢ & Dimitrijevié 2001b; Dimitrijevi¢ et al.
2003b,a, 2004, 2005; Tankosié et al. 2003; Milovanovi¢ et al. 2004;
Simié et al. 2005a,b, 2013, 2014; Simi¢, Dimitrijevi¢ & Kovacevié
2009).

‘We note as well the increasing astrophysical importance of Stark
broadening data for various atoms and ions of trace elements, with-
out an astrophysical meaning before the development of satellite-

* E-mail: mdimitrijevic@aob.rs (MSD); zsimic@aob.rs (ZS); sylvie.sahal-
brechot@obspm.fr (SS-B)

borne telescopes, which now are providing high-resolution spectra
of earlier inaccessible quality. Well-resolved line profiles for many
white dwarfs, where Stark broadening is important, have been and
will be provided, for example, by the Space Telescope Imaging
Spectrograph, Cosmic Origins Spectrograph and Goddard High
Resolution Spectrograph (GHRS), Far Ultraviolet Spectroscopy Ex-
plorer, the International Ultraviolet Explorer, and others.

Data on boron lines, including Stark broadening, are of interest in
astrophysics, but also for example for laboratory (Blagojevic et al.
1999), fusion (Iglesias et al. 1998), and laser-produced (Nicolosi
et al. 1978) plasma investigations, as well as for laser research and
development (Wang et al. 1992). In astrophysics, the light elements
lithium, beryllium, and boron are of great interest for two sets of
reasons, which might be categorized as cosmological and related to
stellar structure (Duncan et al. 1998). A general trend in nature is
that the abundance of the elements versus the mass number draws a
globally decreasing curve (Vangioni-Flam & Cassé 1999; Vangioni-
Flam, Cassé & Audouze 2000). However, the rare and fragile light
nuclei, lithium, beryllium, and boron are not generated in the normal
course of stellar nucleosynthesis (except "Li, in the galactic disc)
and are, in fact, destroyed in stellar interiors. The standard big bang
nucleosynthesis theory is not effective to explain the generation of
°Li, *Be, 1B, and "'B (Delbourgo-Salvador & Vangioni-Flam 1993;
Schramm 1993; Thomas et al. 1993), what is reflected in the low
abundance of these simple species. Consequently, the origin and
evolution of boron are of particular interest and the corresponding
Stark broadening data are needed (Tankosié et al. 2003).

The importance of light element abundance for the giant-branch
evolution is underlined in Duncan et al. (1998). The stellar structure
interest steems from the fact that Li, Be, and B undergo nuclear re-
actions at relatively low temperatures, approximately 2.5, 3.5, and
5 x 10® K at densities similar to those in the Sun. Since these
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Influence of Rydberg atom-atom collisional and

(n-n’)-mixing processes on optical properties of
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Abstract. Here, we will consider the influence of the (n-n')-mixing processes during atom
Rydberg-atom collision processes on the intensity of chemi-ionization process. We will take into
account H(1s) + H*(n) and He(1s?) 4 He*(n,]) collisional systems, where the principal quantum
number n >> 1. The corresponding calculations of the chemi-ionization rate coefficients are
performed for the temperature region characteristic for the solar and DB white dwarf
atmosphere.

1. Introduction and the theoretical remarks

The processes with participation of the Rydberg atoms are still important in the investigation
of different stellar atmospheres as well as in the laboratory experiments [1, 2, 3, 4, 5, 6]. The
main aim of this paper is the consideration of two kinds of atomic collision processes involving
Rydberg atoms which simultaneously occur in the stellar atmospheres and the influence of one
on the other. We will analyze the processes of chemi-ionization: in the hydrogen case

H*(n,l) + H(1s) - H(ls) + HT 4+ & (1a)
H*(n,l) + H(1s) - H} +¢& (1b)
and in the helium case
He*(n, 1) + He(1s?) — He(1s%) + Het(1s) + & (2a)
He*(n, 1) + He(1s?) — Hef + & (2b)

where the principal quantum number n >> 1, and the orbital quantum number ! changes in the
interval from 0 to n — 1. Here, we also study the (n-n}-mixing processes:

H*(n,1) + H(1s) — H(Ls) + H*(n', 1), (3)

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
B B of this work must maintain attribution to the author(s) and the title of the wotk, journal citation and DOL
Published under licence by IOP Publishing Ltd 1




bpoj noxTopaHara 3a 7/
nepuona 2011-2015.
roguHa:

Bbpoj ucrpaxkuBada 6

KOjH CY JOKTOPHpPa/IH
y nepuony 2011-2015.:

Iparana Tankocuh

Jenena KoBaueBuh

Coma BupgojeBuh
bpanukuia lllypian

AnekcaHgpa HuHa

Mwuxawnno MaptuHosuh 7/7 2016roanHa



pebpHO je3epo



hupunuua | latinica | English

2016-2017

MUHHCTapCTBO NPOCBeTE,
HayKe | TEXHONOLIKOT pa3Boja

bunatepanHa capaawa ca PpaHUyCKOM

Evidencioni broj Naslov projekt Srpski Bisaknlinshiiic Francuski Francuska
projekta aslov projekta predlagaé P Ml predlagac institucija

451-03-39/2016/09/15 |UsavrSavanje tacnosti Laboratorija

spektroskopsko PlIM, UMR

dijagnostickih modela __ (Bsbonomeka ] 7345 Aix-
e Zoran Simi¢  |opservatorija, Joél Rosato Marseille

magnetno fuzionu Beograd Université
plazmu /CNRS




Eur. Phys. J. D (2017) 71: 68
DOIL: 10.1140/epjd /e2017-70737-2

THE EUROPEAN
PHYSICAL JOURNAL D

E.-.S

Line shapes in turbulent plasmas*

Roland Stamm?! 2, Ibtissem Hannachi®
Mohammed Koubiti®, Joél Rosato®, Ya

1 PIIM, UMR 7345 Aix-Marseille Uni

Mutia Meireni!, Hubert Capes!, Laurence Godbert-Mouret!,
nick Marandet®, Milan Dimitrijevi¢3, and Zoran Simié3

rsité/ CNRS, Centre de Saint-Jéréme, 13397 Marseille Cedex 20, France

2 PRIMALAB, Faculty of material sciences, University of Batna 1, 5 Av. Chahid Boukhlouf, 05000 Batna, Algeria

3 Astronomical Observatory, Volgina 7, 11060 Belgrade, Serbia

Received 25 November 2016 / Received in final form 7 February 2017

Published online 21 March 2017 —

© EDP Sciences, Societa Italiana di Fisica, Springer-Verlag 2017

Abstract. The fluctuations and oscillations observed in turbulent plasmas may affect the line shapes emit-
ted by atoms and ions. We investigate several plasma conditions for which a spectroscopic signature of
plasma. turbulence can be observed. Starting from the simple model of microturbulence for Doppler profile,
we examine how information on turbulent fluctuations is obtained in astrophysics and magnetic fusion
plasmas. We recall the potential of a formalism which expresses the measured line shape in function of
the probability density function of the fluctuating plasma parameters. New calculations of hydrogen dipole

autocorrelation functions and line shapes are presented for plasmas affected by

irong Langmuir turbulence

and nonlinear wave collapse. We propose a model using a sequence of envelope solitons for the electric field
created by the wave packets and felt by the emitters, and show that the line shape may be dominated by

the effect of strong Langmuir turbulence.

1 Introduction

In a stable (non-turbulent) plasma, the random micro-
scopic fluctuations result in reproducible observable ef-
fects, such as line shapes. In an unstable plasma, further
microscopic fluctuations and oscillations are possible and
may also result in observable effects or “signatures”, for in-
stance on line shapes with the appearance of satellites [1].

Plasma turbulence i

bilities have permit ed a significant development of fluc-
tuations and oscillations. Many different instabilities exist
in a plasma, each one leading to a specific turbulent pro-
cess and requiring a particular approach. In this work we
will review only turbulent plasmas which may be investi-
gated by observing the line shapes emitted by atoms and
ions in the plasma. If line broadening is dominated by
Doppler effect, the line shape reflects the velocity distri-
bution of the emitters along the line of sight. In a plasma
at equilibrium, it

sight, the line shape may no longer corre-
spond to a Gaussian velocity distribution at the emitter
temperature. The study of line shapes may then provide
valuable information on the nature of turbulence, and this
has been used in astrophysical and laboratory plasmas.

* Contribution to the Topical Issue “Physics of Tonized Gases
(SPIG 2016)”, edited by Goran Poparic, Bratislav Obradovic,
Dragana Maric and Aleksandar Milosavljevic.

® e-mail: roland. stamm@univ-amu.fr

In denser plasmas, the broadening of line shapes is often
dominated by Stark effect. Turbulent fluctuations on the
line of sight can modify the me d Stark profile, which
can be expressed in function of statistical properties of
the fluctuating plasma parameters. Another cause of Stark
profile changes is the presence of turbulent waves in the
plasma. Such waves can also modify different parts of the
line shape. We will present a line shape model suited to
the case of nonlinear wave packet collapse, a phenomenon
appearing in plasmas submitted to an nal source of
energy, such as a beam of charged part: The nonlin-
ear coupling of Langmuir, ion sound and electromagnetic
we changes the structural and radiative properties of
the plasma. Wave packets concentr in regions of low
densities, and evolve to shorter scales and higher intensi-
ties. We have proposed a line shape model for calculating
the effect of wave packet collapse on a hydrogen emitter.

2 Doppler broadening

Doppler broadening results from the Doppler frequency
shift Av = vgv/c observed in a reference frame where the
emitter moves with a velocity v along the line of sight, and
1 is the emission frequency in the emitter frame of refer-
ence. This expression is valid for velocities v much smaller
than the light velocity ¢ (non-relati Doppler effect).
If one observes a set of atoms moving in a plasma, the
Doppler profile reflects the distribution of velocity pro-
jections along the line of sight. For a thermal velocity
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