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Abstract. Using a semiclassical perturbation method, we have calculated electron−, proton−, and ionized helium−impact line
widths and shifts for 52 Be III multiplets as a function of temperature and perturber density. Electron temperatures are 10 000 K;
20 000 K; 50 000 K; 100 000 K; 200 000 K and 300 000 K and perturber densities are from 1011 cm−3 up to 1021 cm−3. The
obtained results have been used for discussion of regularities and systematic trends along spectral series.
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1. Introduction

The astrophysical importance of light element ions line pro-
file study is obvious, since such lines are present in stellar
atmospheres. Such results are of interest e.g. for numerical
modeling of stellar atmospheres or abundance determinations.
The Be III Stark broadening parameters are additionally in-
teresting for problems correlated with nucleogenesis, mix-
ing between atmospheres and the interior, stellar structure
and evolution (see e.g. Boesgaard 1988), and opacity calcula-
tions (Seaton 1988). Moreover, Stark broadening parameters of
Be III lines are of interest for the investigation and diagnostic of
laboratory and laser-produced plasma, as well as for the consid-
eration of regularities and systematic trends. First experimen-
tal investigations of Be III plasma spectral line shapes, have
been made by Fraenkel et al. (1968) who investigated high en-
ergy satellites in Be III spectrum and Malvezi et al. (1975) who
investigated high-density laser-produced Be plasma. Rosznayi
(1977) performed a theoretical study of Be III lines Stark
broadening for a high density plasma with kT = 21 eV,
and atom density 1019−1021 cm−3. In Dimitrijević & Konjević
(1981) and Dimitrijević (1988a,b) Stark widths of Be III lines
have been calculated within the semiempirical method (Griem
1968), the modified semiempirical method (Dimitrijević &
Konjević 1980), the symplified semiclassical method (Griem
1974, Eq. (526)) and its modification (Dimitrijević & Konjević
1980). In Dimitrijević & Sahal-Bréchot (1996a,b) Stark
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broadening parameters of 12 Be III spectral lines have
been obtained within the semiclassical perturbation ap-
proach (Sahal−Bréchot 1969a, b; see also Sahal–Bréchot 1974,
1991; Fleurier et al. 1977; Dimitrijević & Sahal–Bréchot
1984; Dimitrijević et al. 1991; Dimitrijević & Sahal–Bréchot
1995a,b). However, the recently published analysis of the spec-
trum and term system of Be III (Jupén et al. 2001) enables the
calculation of Stark broadening parameters for 52 additional
multiplets, with the standard accuracy. The aim of this work is
to determine this additional parameters in order to extend the
set of available Stark broadening data.

Obtained data are also of interest for investigations of reg-
ularities and systematic trends and have been used here for the
investigations of such trends along spectral series. Results of
such investigations are of interest for acquisition of new data
by interpolation and for critical evaluation of existing experi-
mental and theoretical data. Moreover, the obtained results are
of interest for the investigation of regularities along the helium
isoelectronic sequence since besides the results for Be III ob-
tained here and in Dimitrijević & Sahal-Bréchot (1996a,b), the
results for Li II (Dimitrijević & Sahal-Bréchot 1996c), C V
(Dimitrijević & Sahal-Bréchot 1996d), O VII (Dimitrijević &
Sahal–Bréchot 1998a), Na X (Dimitrijević & Sahal–Bréchot
1998b) and Si XIII (Dimitrijević & Sahal–Bréchot 1998c),
have been published also.

This paper is the twenty third of a series devoted to the
calculation of Stark broadening parameters of spectral lines of
multicharged ions (see Dimitrijević & Sahal–Bréchot 1998b
and references therein, Dimitrijević & Sahal–Bréchot 1988a,d;
1999), as the continuation of our previous research. A review
of obtained results is given e.g. in Dimitrijević (1996).
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2. Results and discussion

The semiclassical perturbation formalism used here, has been
reviewed briefly e.g. in Dimitrijević & Sahal–Bréchot (1995a,
1996c). Energy levels for Be III have been taken in Jupén et al.
(2001). 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.

The results for 52 Be III multiplets, for Stark broadening
due to electron−, proton−, and ionized helium−impacts are
shown in Table 1 (accessible only in electronic form) for per-
turber densities 1011 cm−3–1021 cm−3 and temperatures from
10 000 up to 300 000 K. Stark broadening parameters for den-
sities lower than for tabulated values, are linear with per-
turber density. We also specify a parameter C (Dimitrijević &
Sahal−Bréchot 1984), which gives an estimate for the maxi-
mum perturber density for which the line may be treated as
isolated, when it is divided by the corresponding full width
at half maximum. For each value given in Table 1 the col-
lision volume (V) multiplied by the perturber density (N) is
much less than one and the impact approximation is valid
(Sahal−Bréchot 1969a,b). 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 broad-
ening contribution may be estimated by using quasistatic ap-
proach (Sahal−Bréchot 1991 or Griem 1974). In the region be-
tween where neither of these two approximations is valid, a
unified type theory should be used. For example in Barnard
et al. (1974), a simple analytical formula for such a case is
given. The accuracy of the results obtained decreases when
broadening by ion interactions becomes important.

In Figs. 1 and 2 the electron-impact full half widths and
shifts for Be III nfs1S-nip1Po lines as a function of ni for dif-
ferent nf , for T = 50 000 K at Ne = 1017 cm−3 is shown. Here,
ni is the principal quantum number of initial (upper), and nf of
the final (lower) level of the considered transition. We can see
gradual change of Stark broadening parameters within partic-
ular nfs1S-nip1Po spectral series, permitting the interpolation
of new data or critical evaluation of mutual consistency of ex-
isting data as in our previous analyses (see e.g. Dimitrijević
& Sahal−Bréchot 1996c). Exceptions of such behaviour have
been analysed e.g. in Tankosić et al. (2001). As an addition to
previous analyses (e.g. Dimitrijević & Sahal−Bréchot 1996c),
where only one Li II 2s3S-np3Po series have been analysed in
Figs. 1–2 are considered all calculated transitions belonging to
different Be III nfs1S-nip1Po series. One can be seen that dif-
ferences between corresponding members with the same ini-
tial (upper) level of different spectral series are not large and
increase gradually with the increase of the principal quantum
number of the final (lower) level. Consequently, rough estima-
tion of the mutual consistency of existing data or of an ap-
proximate value for a member of a different spectral series is
possible in considered case on the basis of considered regular-
ities if the upper (initial) level of the investigated transition is
the same as for members of other spectral series with known
Stark broadening parameters. Such regular behaviour of Stark
broadening parameters within considered spectral series is the
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Fig. 1. Electron-impact full half widths (in angular frequency units)
for Be III nf s1S-nip1Po lines as a function of ni for different nf , for T =
50 000 K at Ne = 1017 cm−3. Here, ni is the principal quantum number
of initial (upper), and nf of the final (lower) level of the considered
transition.
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Fig. 2. As in Fig. 1 but for electron-impact shift.

consequence of the gradual change of the energy separations
between the initial (upper) level and the principal perturbing
levels, shown in Fig. 3. It is of interest to determine experi-
mentally Stark broadening parameters for several members of
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Fig. 3. Energy separations between the upper level nip1Po and the prin-
cipal perturbing levels for Be III nf s1S-nip1Po lines. Here, ni is the
principal quantum number of initial (upper), and nf of the final (lower)
level of the considered transition.

a Be III spectral series in order to test experimentally the pos-
sibilities of established regularities within spectral series for
prediction of new data and checking the reliability and mutual
consistency of existing ones.
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