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Abstract. — We present here Stark widths and shifts for 20 Xe IT multiplets which are of interest for laboratory
plasma research as well as for the analysis of Hg — Mn stars spectra. For calculations the modified semiempirical
approach was used. The obtained results are compared with the available experimental data.
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1. Introduction

Stark broadening data are of interest for diagnostic and
modelling of laboratory and stellar plasma, investigation
of its physical properties and abundance determination.
Spectral lines of Xe II are present in spectra of hot (Hg
— Mn) stars, (see, e.g., Whitford 1962; Aller 1970; Heacox
1979; Dobrichev et al. 1990), where Stark broadening is
the main pressure broadening mechanism. On the basis of
analysis of the Xe II spectral lines one can conclude that
the abundance of Xe in Hg — Mn stars is about two times
larger than in the Sun (Heacox 1979). Stark broadening
of Xe II lines is important for laboratory plasma investi-
gation (see e.g. Konjevié¢ & Uzelac 1990) as well.

A number of experimental and theoretical papers con-
cerning Stark widths and shifts of Xe II lines have been
published (e.g. Lesage et al. 1981; Miller et al. 1981;
Richou et al. 1984; Nick & Helbig 1986; Pittman &
Konjevié¢ 1986; Vitel & Skowronek 1987; Manola et al.
1988; Lesage et al. 1989; Di Rocco 1990a, b; Konjevi¢
& Uzelac 1990; Bertuccelli et al. 1991; Mar et al. 1992;
Gigosos et al. 1994). We present here Stark broadening
data for 20 Xe IT multiplets. Due to the lack of reliable
atomic data for Xe II lines, it is not possible to apply a
semi-classical perturbation approach (Griem 1974; Sahal—-
Bréchot 1969a, b) in an adequate way, so the modified
semiempirical approach (Dimitrijevi¢ & Konjevié 1980;
Dimitrijevié¢ & Krsljanin 1986) will be used here.

Our results are compared with numerous available ex-
perimental data (Lesage et al. 1981; Miller et al. 1981;
Richou et al. 1984; Nick & Helbig 1986; Vitel & Skowronek
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1987; Manola et al. 1988; Lesage et al. 1989; Di Rocco
1990b; Konjevi¢ & Uzelac 1990; Bertuccelli et al. 1991;
Gigosos et al. 1994).

2. Results and discusion

Atomic energy levels for calculation have been taken from
Hansen & Persson (1987), where it is indicated that the
7K coupling scheme is the most appropriate for Xe II.
Consequently the jK coupling scheme was used for ma-
trix element calculation. An illustration of the influence
of the applied coupling scheme on the Stark width calcu-
lation is shown in Figs. 1-4. In these figures, Stark widths
for several Xe II lines (6s—6p transition), with jK and
LS coupling scheme for the matrix element calculations
are compared. As one can see from Figs. 1-4 the differ-
ences are relatively small in comparison with the accuracy
of the method (£50%). Moreover, the calculations within
7K coupling scheme are in slightly better agreement with
experimental data.

Our results for Stark widths and shifts of Xe II spectral
lines are presented in Table 1 (accessible only in electronic
form). The values obtained for temperatures from 5000 K
up to 50000 K and an electron density of 1022 m~3 are
compared (in Table 2 and in Figs. 1-4) with the avail-
able experimental data (Lesage et al. 1981; Miller et al.
1981; Richou et al. 1984; Nick & Helbig 1986; Vitel &
Skowronek 1987; Manola et al. 1988; Lesage et al. 1989;
Di Rocco 1990b; Konjevi¢ & Uzelac 1990; Bertuccelli et
al. 1991; Gigosos et al. 1994). Since we found that the ion
broadening contribution is about several per cent, only
the electron broadening contribution is given. As evident,
the calculated Stark widths give satisfactory agreement
with the experimental ones. From Table 2, it can be no-
ticed that for the 6s—6p transition a large disagreement
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Table 2. Comparison of measured (m) and theoretical (th) values for Stark widths (w) and shifts (d). Experimental results
W, dm are taken from: (1) — Nick & Helbig 1986, (2) — Di Rocco 1990b, (3) — Gigosos et al. 1994, (4) — Lesage et al. 1981, (5)
— Lesage et al. 1989, (6) — Miller et al. 1981, (7) — Bertuccelli et al. 1991, (8) — Richou et al. 1984, (9) — Vitel & Skowronek

1987, (10) — Konjevi¢ & Uzelac 1990, (11) — Manola et al. 1988, the electron density is 10%* m™3

| Transition [ A (nm) | T (1000 K) I Wm (nm) ‘ dpm (nm) | wm/wm 1 dm/dfh | Ref. |

(®P;)6s[2] — (PP,)6p[1] | 460.3 10.0 0.0436 - 1.1 (1)
10.0 0.00 - (2)

10.0 0.0683 1.7 (3)

11.0 0.081 2.0 (4)

11.0 0.065 1.6 (5)

11.2 0.084 2.1 (6)

14.5 0.0576 1.7 (7)

15.0 >-0.001 - (3)

421.56 10.0 -0.00178 0.2 (2)
14.5 0.0463 1.6 (M)

537.24 8.0 0.067 1.0 (8)
10.0 0.048 0.9 (1)

10.0 -0.00866 0.5 (2)

10.0 0.069 1.3 (3)

11.0 0.088 1.7 (4)

11.0 0.065 1.2 (5)

11.2 0.093 1.8 (6)

14.5 0.0588 1.3 (M)

15.0 >-0.001 - (3)

(3P,)6s[2] — (*P2)6p[2] | s529.2 10.0 0.0427 0.8 (1)
10.0 -0.031 1.6 (2)

10.0 0.0805 1.6 (3)

11.0 0.079 1.5 (5)

11.0 0.088 1.7 (4)

11.2 0.093 1.7 (6)

12.6 6.0411 | -0.00274 0.9 0.2 (9)

13.0 0.0591 1.2 (10)

13.9 0.039 -0.00488 0.9 0.3 (9)

14.8 0.045 -0.00651 1.1 0.4 (9)

15.0 -0.007 0.5 (3)

15.8 0.041 -0.00508 1.0 0.3 (9)

533.9 8.0 0.060 1.0 (8)
10.0 -0.0199 1.0 (2)

10.0 0.0679 1.3 (3)

11.0 0.064 1.2 (5)

13.0 0.0591 1.2 (10)
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Table 2. continued

Transituion l A (nm) ‘ T (1000 K) ‘ W (nm) | dm {(nm) ] wm/wth ’ i /den | Ref. |

13.4 0.0408 -0.00714 0.9 0.4 (9)

14.3 0.0388 -0.00597 0.9 0.4 (9)

14.8 0.0468 -0.00851 1.1 0.5 (9)

15.0 -0.008 0.5 (3)

15.8 0.0407 | -0.00678 1.0 0.4 (9)

597.6 10.0 0.0575 0.9 (1)
10.0 -0.0214 0.9 (2)

10.0 0.0791 1.2 (3)

14.5 0.070 1.3 (7)

15.0 -,009 0.5 (3)

(3P,)65[2] — (PP2)6p[3] | 4844 10.0 0.0367 0.8 (1)
10.0 0258 1.8* (2)

10.0 0.0826 1.8 (3)

11.0 0.072 1.5 (5)

11.0 0.081 1.8 (4)

11.2 0.086 1.9 (6)

12.5 0.0556 1.2 (10)

13.0 0.0536 1.1 (10)

13.4 0.0370 0.00 1.0 - 9)

14.3 0.0358 -0.00312 1.0 0.3 (9)

14.8 0.0383 0.00 1.0 - (9)

15.0 -0.003 0.3 (3)

15.8 0.0390 0.00 1.1 - (9)

489.0 10.0 -0.0622 4.3 (2)
10.0 0.0465 1.0 (3)

14.5 0.0469 1.2 (7)

15.0 -0.006 0.5 (3)

541.9 8.0 0.090 1.3 (8)
8.0 0.115 1.7 (11)

9.0 0.096 1.5 (11)

9.9 0.076 1.3 (11}

10.0 0.0556 1.0 (1)

10.0 -0.0029 0.2 (2)

10.0 0.0897 1.5 (3)

* The measured and the calculated values of Stark shift have different sign.
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Table 2. continued

Transition | A (nm) l T {1000 K) | Wy (nm) I dm (nm) I wm/wm | dm [din ] Ref. ;

11.0 0.062 1.1 (11)

11.0 0.081 1.4 (4)

11.2 0.095 1.7 (6)

12.1 0.065 1.2 (11)

12.5 0.0667 1.2 (10)

13.0 0.0682 1.3 (10)

13.4 0.0459 | -0.00102 1.0 0.1 (9)

13.7 0.070 14 (11)

14.3 0.0417 | -0.00139 0.9 0.1 (9)

14.5 0.062 1.3 (11)

14.8 0.0553 | -0.00213 1.2 0.1 (9)

15.0 -0.006 0.3 (3)

15.8 0.049 -0.0034 1.3 0.2 (9)

16.2 0.0527 1.2 (11)

(3P)6s[1] — (3P, )6p[0] | 543.89 8.0 0.067 0.9 (8)
10.0 0.0456 0.8 (1)

10.0 -0,0148 0.7 (2)

10.0 0.0608 1.0 (3)

11.0 0.054 0.9 (5)

14.5 0.0580 1.2 (7)

15.0 -0.007 0.4 (3)

465.2 10.0 0.0473 1.0 (1)

(3P )6s[1] — (3P,)6p[1] | 575.10 10.0 -0.0529 2.2 (2)
14.5 0.0749 1.3 (7)

(CP)6s[1] — (3Py)6p[2] | 492.15 10.0 -0.0533 2.7 (2)
10.0 0.0656 1.1 (3)

11.0 0.056 1.0 (5)

14.5 0.0557 1.3 (7)

15.0 -0.004 0.3 (3)

488.73 10.0 -0.0621 3.2 (2)

10.0 0.0623 1.2 (3)

14.5 0.0451 1.0 (7)

15.0 <-0.001 - (3)
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Table 2. continued

Transition nrn T (1000 K) | wyy, {nm) m (oI W/ Wia m/den | Ref.

| | A (o) | I | dom (om) [ wim/wen | dm/den | Ref. |
(*Py)6s[0] — (*Py)6p[1] | 488.35 10.0 0.0348 0.7 (1)
10.0 -0.0143 0.7 (2)
10.0 0.0542 1.0 (3)
14.5 0.0486 1.2 (7)
15.0 <-0.001 - (3)
519.14 10.0 0.0458 0.8 (1)
10.0 -6.0135 0.6 (2)
14.5 0.0529 1.1 (7)
(1D;)6s[2] — (* D2)6p[2] | 526.2 10.0 0.0618 1.1 (1)
10.0 -0.0277 1.7 (2)
10.0 0.0583 1.0 (3)
14.5 0.0554 1.3 (1)
15.0 >-0.001 - (3)
(3 P,)6p{2] — (3 P,)6d[2] | 418.01 11.0 0.116 2.0 (5)
(3P2)6p[2] — (*P2)6d[3] | 444.81 11.0 0.132 1.7 (5)
(3P2)6p[3] — (*P,)6d[3] | 458.55 10.0 0.1455 1.7 (3)
11.0 0.132 1.5 (5)
15.0 0.082 3.2 (3)
(3 P,)6p[3] — (*P,)6d[4] | 433.05 10.0 0.1916 2.8 (3)
11.0 0.132 1.8 (5)
15.0 0.068 3.4 (3)

between our theoretical Stark widths and experimental
data exists only with Lesage et al. (1981) and Miller et
al (1981). Here, the ratio of measured and our calcu-
lated Stark widths is Wexp/wen =2.1 respectively for A=
460.3 nm. Moreover, these experimental results are larger
than our calculated results from 70% to 100%. Since more
recent results exist from basically the same group (Richou
et al. 1984; Manola et al. 1988; Lesage et al. 1989) we will
exclude Lesage et al. (1981) and Miller et al. (1981) from
further considerations. Excluding these measurements, we
may conclude that our theoretical Stark width calcula-
tions are in good agreement with experimental data for
6s—6p transitions. It should be noticed that our results
are in excellent agreement with experimental data of Nick
& Helbig (1986) and Richou et al. (1984) which have the

highest accuracy among critically selected experimental
data for Xe II lines in Konjevié & Wiese (1990). Our
theoretical results are in excellent agreement as well with
the experimental values of Vitel & Skowronek (1987) and
Konjevié¢ & Uzelac (1990). The agreement with Manola et
al. (1988), Lesage et al. (1989), Bertuccelli et al. (1991)
and Gigosos et al. (1994) is also within the error bars of
theory and experiment. For 6p—6d transitions there ex-
ist only experimental data by Lesage et al. (1989) and
Gigosos et al. (1994). The ratio of measured and cal-
culated data varies between 1.5 and 2.8. Since all data
for 6p—6d transitions are obtained at temperatures of
10000 K and 11000 K, new measurements at different
temperatures are of interest. Experimental data being
within a narrower temperature range between 8000 K and
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Fig. 1. Stark full width (FWHM) for Xe II A = 543.8 nm
spectral line as a function of temperature, at an electron den-
sity of N = 10*®* m™3. The used notation is: (—) - present
results calculated within the jK coupling approximation,
(- — -) - present results within the LS coupling approxima-
tion. Experimental data: (+) — Lesage et al. 1981, (x) — Miller
et al. 1981, (A) — Richou et al. 1984, (A) — Nick & Helbig 1986,
(O) — Vitel & Skowronek 1987, () — Manola et al. 1988, (LJ)
— Lesage et al. 1989, (@) — Konjevi¢ & Uzelac 1990, (®) —
Bertuccelli et al. 1991, (*) — Gigosos et al. 1994
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Fig. 2. Same as in Fig. 1, but for line A = 541.9 nm
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Fig. 3. Same as in Fig. 1, but for line A = 484.4 nm

Fig. 4. Same as in Fig. 1, but for line A = 465.2 nm

16200 K, where the Stark widths decrease quickly, it is
important to provide experimental data for higher tem-
peratures in order to check the dependence on temper-
ature over a wider range. Without the data of Lesage
et al. (1981) and Miller et al. (1981) the average value
of the ratio of experimental and theoretical results is
Wexp/Wth = 1.29 + 0.07 the indicated error represents an
average quadratic error 6 calculated from

_ [ X AT
b= m(m — 1)

where A, is the difference between the i*? average ratio for
a line and the average ratio for all lines. If there are several
values at different temperature from the same reference for
the same line, before making an average ratio for the line,
these values have been averaged. For 6s—6p transitions
alone the average ratio, excluding the above mentioned
experiments, is 1.15+0.05.

For Xe II Stark shifts, we have only experimental data
of Vitel & Skowronek (1987), estimated by Konjevié¢ &
Wiese (1990) to be of low accuracy, data of Di Rocco
(1990b) and data of Gigosos et al. (1994). The typical
shifts are smaller by an order of magnitude than the
widths or around zero and the difference between the two
experiments is even one order of magnitude. The agree-
ment with our shift calculations is very poor and new reli-
able shift measurements are of interest. One should notice
also that the theoretical shifts are generally of lower ac-
curacy than widths, since for the shift contributions from
different perturbing terms have different signs. If shifts are
much smaller than widths, i.e. if contributions with both
signs are similar, the shift accuracy is much lower.
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