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Chemically Peculiar Stars and White Dwarfs
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Ultravioletni spektar zvezde yx Lupi dobijen sa GHRS i sa IUE
satelitom (Leckrone at al, 1993), gde je rezolucija spektra dobijenog

pomocu GHRS jednaka 0.0023nm, maksimalni odnos signal Sum je 95 (Brandt et al, 1999);
puna linija, posmatrani GHRS spektar; isprekidana linija, sintetizovani spektar
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Theoretical Method - MSE Dimitrijevic&Konjevié, 1980

The simplified modified semiempirical method [12], formulated for Stark broadening of isolated spectral
lines of singly and multiply charged ions in plasma is convenient for Rh |l lines. According to [12], full
width at half intensity maximum is:

AN 1.1 n; 2
Wemee = Conat ﬁ {nq — E) z ( 2;;‘) [ﬂ-?kg — i.ﬁ;l — I[_l‘-: — 1} {21:]

where A is wavelength in [m], N perturber density in [m™"], T temperature in [K] and const =
221577 = 107" m*K'/? give us full width at half intensity of maximum w.,,... in [m]. Here, k = i, f
and i is for initial atomic energy level of the considered spectral line and f for final. Here, with £
denoted residual charges if ion. For neutral Z = 1, and for singly ionized Z = 2, for doubly ionized
Z = 3 etc. Effective principal quantum number denoted with n; ., where I, (k = i, f) represent orbital
angular momentum guantum number.




In the case of the Stark shift for ions, there are two different formula. If we neglect transitions with
An = 0, where n denotes main principal number by summing all allowed transitions we get the
following shift formula:
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if exist all levels we can find shift by next formula:
Alem)N(em™) 1.1, 9
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recent considered metals and transitions
The shape of the spectral line is conditioned by natural

broadening, Doppler and collision broadening.
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ABSTRACT

The slectron-impact broadening parameters of ion lines are of intarest for a number of problems in
asirophysical, laboratory, and technological plasma investigations. Singly ionized Iridium lines are
confirmed their presance in stellar spectra of the chemically peculiar stars. Our calculations are
performed using the modified semiempirical method of Dimitrijevic and Konjevic, Stark widths for
301 Ir |l spectral lines are presented. From the calculated list of lines, the 21 strongest lines from
the iridium spectrum are selected with high value of intensity = 3000 to demonstrate importance
of the Stark broadening mechanism for different types of stars. The analysis of the electron-impact
7 effact on spectral line shapes are performed and obtained Stark and Doppler withds are compared.
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Fig. 5. From the observed spectrum of y Lupi presented in [9], the fitting procedure is used
to extracted the Ir Il 2152.7 A line parameters assuming the Voigt line profile. The solid line

presents experimental observation spectra, while the long dashed line is the overall fit, and
short dash line is the sought line fit.
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ABSTRACT

Cwer the last few years. many of the available data from modern experimental techniques and
sophisticated theorefical methods have become even more important to stellar spectroscopy.
Coviously, the shape of the speciral line is condifioned by natural broadening., Doppler and
collision broadening. In this paper, we hawe consideraed the Stark broadening as a dominant farm
of collision broadening of the spectral lines of singly ionized rhodium. Here. Stark broadening
parameters widths and shifts have been calculated for 31 Rh |l fransitions using the simplified
modified semiempirical method of Dimitrijevic and Konjevit. We analyzed our results for Stark
shifts and compared these obiained values for the whole set of calculated transitions. Also, Stark
widths were analyzed on an appropriate model of the atmosphere of chemically peculiar stars.
type A,
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31 Rh Il lines, widths and shifts
Pertuber density 1022 m3
Temperature range 10000-300000 K
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On the Stark broadening of the Re II spectral lines
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Abstract

Stark broadening parameters - full widths at half maximum (FWHM) and shifis for 11 Re 11 lines have been calculated. The plasma paramesers
used wene electron density of 10/ em=" and wemperature from 5000 K to 80000 K. Calculations were perfermed using the simplified modified
semicmpirical (SMSE} approach and compared with calculations by Cowley’s approximative Stark broadening formula ar 10000 K, usefull in
spectrum synthesis. The results have also been considered in the atmosphere model of A type star and for DB white dwarfs.

022 COSPAR. Published by Elsevier Lid All rights reserved.
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1. Introduction

Stark broadening data (widths and shifis) for the transiton
metals are of particular interest for the plasma spectroscopy m
astrophysics. A large number of these elements” lines have been
identified in stellar spectra of chemically peculiar (CP) stars. In
general. abundances of CP stars largely exceed the abundances
in the solar system, and the understanding of these overabun-
dances requires a large amount of atomic data.

Singly wnized rhenium lines have been observed in many
CP stars, such as Hr 465 {Bidelman et al. 1995). HgMn star
Lupi {Wahlgren et al, 1997) HD 65949 (Cowley et al., 2010,
the uranjum-rich metal-poor star C85 31082-001 (Sigueira
Melloetal. 2003, the A1 Vm Sirius 1Cowley etal. 2006 and
the hot Am star HR3383 (Wahlgrenetal. 2021). Iny Lup, rhe-
nium appears o be several orders of magnitude less abundant
than the apparent surficial abundances of the slightly heavier
elements like P, Ag, Hg and TL(Wahlgren et al., 1997). The

"Correspardding author: Eomail: esimic@aobrs Tel: +381-0011-2419-
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current search for rhenium in the spectrum of x Lupi is a con-
tinuatiom of the attempl to descrbe the photosphenc elemen-
tal abundances pattern in sharp-lined CP star comprehensively
(Leckrone et al. 19961 The star HD 65949 (Cowley et al.
20100 provides some excellent examples of species rarely iden-
tified in stellar spectra. For example. the Re 1l spectrum 1s well
developed. with 17 lines between 3731 and 4904 A atiributed
w it m part or wholly, Classifications and oscillator strengths
are lucking for o number of these lines. The spectrum of Os 11
is well identified with 14 lines. These two elements have neigh-
boring atomic numbers in the periodic able (75 for thenium
and 76 for osmium).

There 15 a need for accurate abundance determinations of
heavy neutron-capture elements to understand the role of the s
(slow) and r (rapid) processes in the buildup of heavy nuclei
(nucleosynthesis) (Palmen et al. 2006} Due o the large nu-
clear magnetic moment of theniwm, the Re I lines m stellar
spectra are usually broadened by hyperfine structure (HFS) and
hence their oscillator strengths are parceled among various HFS
compuonents { Wahlgren et al. 1997}

Rhenium 15 the last stable element o be discovered in the
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Re Il in A type stars and
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Fig. 2. Thermal Doppler and Stark widths for Re 1T spectral lines 6s a’S3 - 6p

Y (22149 A) and 6s 2°Py - 6p y'PY (3191.1 A) in A type stars, using an
aImT:Jsphem model with T.pp = 10000 K and log g = 4.5 | Kuruces, 1979 as a
function of Rosseland optical depth.

DB white dwarfs

Fig. 3. Thermal Doppler and Stark widths for Re II spectral lines 6s a’ 8, -
6p z'P4 (22149 A) and 6s a°P; - 6p y°P; (3191.1 A) in DB white dwarfs
almmphem model with T.pp = 15000 K and log g = & 1Kuruczs 1979) as a
function of optical depth.




Transitions of interest for MolV - analysis

4Do 8lines

4d2 (3F) 5s 4F - 5p 4Fo 10lines total 25 (18 of interest)
4Go 7lines distances in term are big
2Do 3

4d2 (3F) 5s 2F - 5p 2Fo 4, total 9
2Go 2

Number of transitions 27




Mo IV line 1886 in two models
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Thank you!
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