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Abstract. — Using a semiclassical approach, we have calculated electron-, proton-, and ionized helium-impact line
widths and shifts for 69 C IV multiplets of large principal quantum number. This comprehensive set of data has been
used for the investigation of Stark broadening parameter regularities within spectral series.

Key words: lines: profile — atomic and molecular data.

1. Introduction.

We have recently calculated Stark broadening data for 39
C IV multiplets (Dimitrijevié & Sahal-Bréchot 1991ab),
persuaded that we had provided data for practically all
C IV lines important for stellar research. Qur tables how-
ever are not sufficiently complete for the investigation of
PG 1159 stars (Werner et al. 1991; Werner & Heber 1991).
The PG 1159 stars are not hydrogen deficient pre-white
dwarfs with effective temperature 100,000 - 140,000 K and
peculiar chemical composition. Carbon and helium are the
dominant constituents (C/He = 0.5) (Werner et al. 1991).
Due to the high surface gravity (log ¢ = 7) Stark broa-
dening is an important line broadening mechanism and
Stark broadening data are needed for NLTE model at-
mosphere analysis (Werner et al. 1991) and other stel-
lar plasma investigations (see e.g. Dimitrijevi¢ 1989 or
Krsljanin & Dimitrijevié 1992). In this class of stars a
number of large principal quantum number C IV lines not
included in our previous analysis were observed recently
(Werner et al. 1991; Werner & Heber 1991). Moreover,
Stark broadening data in the far and extreme ultraviolet,
for lines originating from transitions between energy levels
with large principal quantum number and low lying levels
will become important for astrophysics in the near future.
The Extreme Ultraviolet Explorer (EUVE) mission will
provide the all sky survey in the A = 70 — 700 A range
by four EUV telescopes in Earth orbit (Bowyer & Malina
1990). Moreover, the primary goal of the Far Ultravio-
let Spectroscopy Explorer (FUSE) mission which is being
developed by NASA is to obtain high resolution spectra

with unprecedented sensitivity in the wavelength range
912 - 1250 A (Soneborn 1991). Consequently, one of the
principal aims of this paper is to complement available
C IV Stark broadening data with the lines of large prin-
cipal quantum number.

This paper is the sixth of a series devoted to the
calculation of Stark broadening parameters of spectral
lines of multicharged ions. The first five were concerned
with C IV, Si IV, O VI, N V Sc III and Ti IV lines
(Dimitrijevié et al. 1991a-d, Dimitrijevié¢ & Sahal-Brechot
1992a-c). By using the semiclassical-perturbation formal-
ism (Sahal-Bréchot 1969ab), we have calculated electron-,
proton-, and ionized helium-impact line widths and shifts
for 69 C IV multiplets of large principal quantum num-
ber. A summary of the formalism is given in Dimitrijevié
& Sahal-Bréchot (1991a). Here, we present and discuss
the results for C IV multiplets of large principal quantum
number, along with a discussion of the Stark broadening
parameter regularities within spectral series.

2. Results and discussion.

Energy levels for C IV lines have been taken from Bashkin
& Stoner (1975). Oscillator strengths have been calculated
by using the method of Bates & Damgaard (1949) and
the tables of Oertel & Shomo (1968). For higher levels,
the method described by Van Regemorter et al. (1979)
has been used.

In addition to electron-impact full halfwidths and
shifts, Stark-broadening parameters due to proton-, and
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ionized helium- impacts have been calculated. At high
temperatures helium is ionized twice; yet the Stark broa-
dening parameters due to doubly charged helium have
not been provided, because they are smaller than previ-
ous one: the increase of the Coulomb repulsion entails a
decrease of the line width. Besides, owing to the neutrality
plasma condition, the electron density is twice larger than
the corresponding doubly charged helium density due to
the fact that helium is twice ionized and thus the relative
contribution of the electron impact broadening is more
important. Consequently, the influence of other multiply
charged ions on the line broadening parameters is much
smaller.

Our results for C IV multiplets of large principal quan-
tum number are shown in Table 1, for perturber densities
1013 —10'8 cm~3 and temperatures T = 20,000 — 200,000
K. In table 2 Stark broadening parameters are presented
for far UV C IV multiplets for temperatures T' = 20,000 —
200,000 K and only for a perturber density of 10%cm=3,
since these lines are not so important for model atmo-
sphere analysis in comparison with previous ones. How-
ever, data for other densities may be provided by authors
upon request. We also specify a parameter ¢ (Dimitrijevié
& Sahal-Bréchot 1984), which gives an estimate for the
maximum perturber density for which the line may be
treated as isolated when it is divided by the correspond-
ing electron-impact full width at half maximum. For each
value given in Tables 1 and 2, the collision volume (V)
multiplied by the perturber density (N) is much less than
one and the impact approximation is valid (Sahal-Bréchot
1969ab). Values for NV > 0.5 are not given and values
for 0.1 < NV < 0.5 are denoted by an asterisk. When
the impact approximation is not valid, the ion broaden-
ing contribution may be estimated by using quasistatic
estimations (Sahal-Bréchot 1991 and Griem 1974). The
accuracy of the results obtained decreases when broaden-
ing by ion interactions becomes important.

In Figures 1-4, the electron and proton full halfwidths
and shifts within the 2p2P° — ns®S series are reported.
By inspecting the energy separation between the upper
level and the principal perturbing levels (see the Grotrian
diagrams in Bashkin & Stoner 1975), we find that this
separation decreases gradually within a spectral series.
We obtain therefore, a gradual change of the Stark widths
as in the case analysed in Dimitrijevié et al. (1991a)
when the upper level was a p level. In Figures 5 and
6 the case of C IV np?P° — 9s2S transitions, i.e. the case
when the upper level does not change is presented. We
can see that particularly for shifts the changes of Stark
broadening parameters are relatively small, permitting the
interpolation of new data or critical evaluation of mutual
consistency of existing data.

M.S. Dimitrijevi¢ and S. Sahal-Bréchot
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FIGURE 1. Electron-impact full half-widths (in angular fre-
quency units) for the C IV 2p2P° — ns2S lines as a function
of n for T' = 20,000 K (O); 100,000 K () and 200,000 K (A) at
Ne =103 cm™3.
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FIGURE 2. As in Fig. 1 but for the electron - impact shift.
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FIGURE 3. As in Fig. 1 but for the proton - impact full
halfwidth.
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FIGURE 4. As in Fig. 1 but for the proton - impact shift.

FIGURE 5. As in Fig. 1 but for the C IV np?P° — 9s%S electron
- impact width.

8-
74
6-
~~ 54
[07]
-
C 44
O
0 34 &—H\A\A\A
“—
[@)]
[
S 4
o
8
WO 77 7T T T 7 3
n of the lower level

FIGURE 6. As in Fig. 1 but for the C IV np?P° — 9528 electron
- impact shift.
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