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SUMMARY: Using a semiclassical approach, we have calculated electron—, pro-
~ ton—, and ionized argon—impact line widths and shifts for 24 Rb I multiplets as a

- function of temperature for perturber dénsities 10!4 and 101°—10'%em

1. INTRODUCTION

a.ﬁd stellar spectra (see e.g. Merrill, 1945; Davis,

1947) and consequently their Stark broadening pa-

rameters are of interest to astrophysicists. Neutral
Rubidium Stark-broadening parameters are of inter-
est for laboratory plasma spectroscopy as well, and
have been investigated several times (Lakicevi¢ et al,
1975; Purié et al, 1977; Dimitrijéevi¢ and Konjevic,
1983). ' C R L

In order to provide reliable data for Rb I lines
broadened by collisions with charged perturbers in
stellar and laboratory plasmas, we have calculated
electron—, preton— (for stellar plasma research) and
ionized argon— (for laboratory plasma investigati-
ons) impact line widths and shifts for 24 Rb T mul-
tiplets, using the semiclassical—perturbation formal-

lsm (Sahal- Bréchot, -1‘§6§ab). The obtained results

o fdii'péfrturber“dmity of 101%cm™3, together with dis-

" Rubidium lines have been observed in Solar cussion, analysis and comparison with existing the-

oretical and experimental data will be published in

‘the principal article elsewhere (Dimitrjjevi¢, and Sa-

hal—-Bréchot,. 1993). Since data are not linear with
perturber density (N), due to the Debye screening
effect, we will present here the data for N =10'* and
10*6— 10'%cm=3.

2. RESULTS AND DISCUSSION

~ All details of the calculation proczdure has
heen described in Dimitrijevic and Sahal—Brechot
(1984) and will not be repeated here. Energy levels
for Be II lines have been taken from Moore (1971).
Oscillator strengths have been calculated using the

97



M. S. DIMITRIJEVIC, S. SAHAL—BRECHOT

Table 1. This table gives electron—, proton-—, and ionized—argon— impact broadening parameters for Rb 1

lines, for perturber densities 10'4 and 10!¢ — 10!® cm™? and temperatures from 2,500 K to, 50,000
K. Transitions and averag

-

ransitio: ed wavelengths for the multiplet (in A) are also given. By dividing c by the
electron—impact full halfwidth, we obtain an estimate for the maximum perturber density for which
the line may be treated .as i ted and tabulated data may be used. The asterisk identifies cases for

which the collision volume multiplied by the perturber density (the condition for validity of the impact
approximation) lies between 0.1 and 0.85. .

PERTURBER DENSITY= 0.1E+15 cm-3

PERTURBERS ARE:  ELECTRONS PROTONS IONIZED ARGON
TRANSITION  TCK)  WIDTH(A)  SHIFTCA)  WIDTH(A)  SHIFT(A)  WIDTH(A)  SHIFT(A)

4D - 8P >500. 0.708E-01 0.502E-01 0.203E-01 0.1256-01 *0.170E-01 *0.685E-02

9529 3 A 5000. O0.797E-01 0.569E-01 0.215E-01 0.144E-01 *0.175E-01 *0.804E-02

ce 0.39E+17 10000. O0.885E-01 0.564E-01 0.229€-01 0.164E-01 *0.181E-01 *0.928E-02
50000. 0.988E-01 0.450E-01 0.246E-01 0.186E-01  0.188E-01  0.106E-01

30000. 0.107 0.3756-01 0.257€-01 0.200E-01 0.192E-01  0.114E-01

50000. 0.116  '0.298E-01  0.273E-01 .0,218E-01 0.199€-01  0.125E-01

5P - 6D
6276.9 A

C= 0.23E+17

&S - 8P
10292.8 A

2500.
2000.
10000.

20000.

30000.
50000.

2500.
5000.

0.129€-01 .
0.149E-01

0.175E-01

. 0#2105‘01

0.249E-0‘|

0.822E-01

0.926E-01

0.856€-02
0.917€-02

0.863E-02

- 0,712E-02 -
- 0.615E-02
FQJ496E'621.:

0.650E-01

'0.582E-01

0.364€-02
- '0.3836-02

0.406E-02

- 0.4336-02

0.452€-02

0.47BE-02°

0.239e-01

0.252E-01

0.218¢-02
0.249E-02
0.282E-02

- 0.318E-02

0.341E-02

0.145E6-01
0.166E-01

*0,314E-02
0.321E-02
0_- 3295 - 02

. 0.340E-02
0.347E-02

10.357E-02

#0,202E-01

*0.207E-01

*0.122E-02
0.141E-02

 0.161E-02

0.182E-02
0.196E-02
0.214E-02

*0.793E-02

*0.931E-02

10000. 0.104 . o.agzg-p1i,fp.z¢ag-o1Jg0.1905-01 *(0.214E-01 *0.107€-01
20000. 0.117  0.501E-01 0.288£-01 0.2156-01 0.221E-01  0.123&-01
30000. 0.127 - 0.408¢-01 0.301E-01 0.231E-01 0.226E-01  0.132E-01

- 50000.

2500,
2000.

10000.

- | . .
. .
“ . - 0 *
4 d -‘#
' . .!
| | " d -we
' ¥ L
» . . r

0.138

0.126

0.151
0.186
0.238

412
- 6.09

0.331E-01

10.8056-01

0.767€-01
0.643E-01

0.434E-01

0.605

. 1.03

0.319€-01

0.341E-01

0.359e-01
0.381E-01
0.408E-01
0.425E-01

- 0.450€-01

10.252e-01

0.236E-01
0.268E-01
0.302E-01
0.324E-01

-0 . 126

;0*2345'01_

0.307E-01

0.317€-01
0.324E-01

0.334E-01

1.02

0.292€-01
0.299E-01

0.145E-01

0.116E-01
0. 134E-01
0.153E-01
0.173e-01

1 0.1872-01

-0.718E-01

-0.815€-01

5000.
10000. -

1.03
1.03
1.03

-0.921E-01
-0.106
_d.111p*¢_
-0.121

+0.166

-0.180
-0.193
-0.212

'8.58

1.3
12.9
14.4

C= 0.86E+19 0.863
0.775

0.795

1.03
1.03.
1.03

30000.
50000.

%0 470
*0,549
*0 632
0.720
0.776
0.850

’*1 ™ 17,

*1.20

*1.24
1.28
1.31
1.36

0.852
0.978
R LE
3,3?:
1.48

'1a33*
- 1.46
1f56
1.7
1.86

3.60
3.59
3.41
2.54
2.1
1.68

60 - 8P
86166.8 A
C= 0.32E+19

2500. 5.73

" %5000. = 6.96
10000. = '8.57
20000.  10.6
30000. -11;-;3"
50000. 12.9




PERTURBER DENSITY= 0.1E+15 cm-3

., PERTURBERS ARE:  ELECTRONS .
TRANSITION " T(K) ~ 'WIDTH(A) = SKIFT(A)

7S - 7P
64519.9 A
C= 0.34E+19

2500.
5000.
10000.

20000.

~ 30000.
- 50000.

7S - 8P
28267.4 A
C= 0.35E+18

P - 88
 84354.7T A
C= 0.57E+19

8s - 8P
C= 0.67E+19

PERTURBER
4D - 5P
 15156.1 A
C= 0.10E+21

4D - 6P
22636.0 A
C= 0.99E+20

- 2500.

5000.
10000.

20000.
~ 30000.
50000,

2500.

2000.

10000.
20000. -
30000.

50000.

2500.
5000.
10000.
20000.
30000.

50000.

1.05
1.26
1.59
2.08

2.39

2.71

) i "-'r-__ _';,.-. . A
0 .- m Ii: ”
e e, ¥ '
- . .-- -‘ 4 ) ‘-.'
FITI L b _'.‘-.
0‘.?7 m | |
. .
L]
o .
T, R
_r "
+id
B - w
'I'*- .

i_'q. RE |-'-I-_. - LN
. . :‘I v ] .;;-
" S : . .

-

R :1_ on, .

Yo p ' . - i - P
. : ﬁ - --i.::n: 5"
P

1.15

2.02
2.79

Sio8
633

10.8
13.4
16.9
22.0
24.9
27.7

- 0.664

0.620

0.547

0.430
0.376

© 0.310

0430
iﬁi O;i35;“
0,413
©0.310
- 0.239
0,198

' 0.919

0.917

posded

0.622
0.558
0.436

6.40

6.51
5.01
3.70
2.9

1.81

DENSITY= 0.1E+17 cm-3

2500.
5000.

10000.
20000.
30000.
'50000.

2500.
5000.
10000.

~ 20000.

4 - 7P
11756.1 A
C= 0.11E+20

30000.
50000.

5000.

10000.
20000.

30000.
50000.

0.367

0,403
0.479
10.616
0.722

- 0.872

b.29

4.91
5.51

v, 6-29
- 6.82
P

4.03
4.61
ﬂsi13

& oy

6.20
.82

- 0.122
0.150

0.149

| _;ﬁ;$‘3

§0%123

0,102

2.7‘
3.35

- 3.96
- 3.44
302
- 2.5T

2.60
3.9
3.9

3.00

2.70

219

- 0.232

.:'i;“EchiJRB][LJNEM;

~ PROTONS
© WIDTH(A)

0.350
0.360
0;373
0.390
0.401
0.417

O 0.176
0.186

0.197
6.211
0.220

0.577
0.589
0.604
0.622
0.636
0.655

- 3.17
. 3.30
Q?Si

- 0.122 .
i»501123
0.124
- 0.126
- 0.127
0,128

*1.31

.  *“__1. 39

1.47
1.56
1{62
1.7

--*1.,36
2 %] 46
o %*1.52
© 1,61

g'01166

&5 -
3,76

- %0762
- 0.903
- 1,05
“ 114
- 1.85

0.188
0:214

- 0.241
0,281

0.104
0.120
0.136
0.155
0.166
0.181

0.234
0.265
0.300
0.338
0.363
0.395

- 1.63
- .87
5??@#3

‘{2ﬁ41
- 2.59
~2.83

- 0.309E-01
"0.356E-01 *0.120
0.405E-01
f0i49‘5'013f;
0,539E-01

*0.620

*0.811
*0.973
- %1.07
- *1.19

%0.325
T;ﬁ0§329
0:333
2 0.338
0. 361

. ?2.86*';;
%291 .
 *2.9%
.Iﬂg'os
53?3'07
3,14

EﬂlS‘?

- *0.151
*0. 155
*0.159 .
D164
0,168
0,173

*0.551

-0.555

0.559
0.564
0,568

99557‘

*0.117

ﬁ;0-121¢
0.122

0.122
0.122

*1.26

*1.28
*1.32

. %0,902

-TONIZED ARGON
" SHIFTCA) - -MWIDTH(A). - SHIFT(A)

*0.933E-01

- 0.307

. 0.12¢
0.138
0.148
0.162

* 2'*01571£-01
. *0.670E-01
. *0_TT3E-01

0.882E-01
0.950E-01
0.104

*0. 132
. 0.151
0.172
'0.195
0.209
0.228

- 1,05

*1.21

1.38
1.48
1.63

*0.170E-01
*0.199E-01

- 0.230E-01
. 0.262:-01

' 0.283E-01
0.310E-01

%0581

*0.636
*0.707
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PERTURBER DENSITY= 0.1E+17 cm-3
PERTURBERS ARE:
 TRANSITION

w-
- 9529.3 A

C= 0.39€+19

58 - &P

4206.4 A
C= 0.34E+19

5§ - 7P
-3589.2 A

C= 0.11E+19

58 - 8

3350.2 A

C= 0.48E+18

5p - 5D

TT4.8 A
C= 0.65E+19

5P - 60
6276.9 A

C= 0.23E419

68 - 6P
27474 .6 A
C= 0.15E+21

12500.

10000.

T(K)

‘5000.

20000.
30000 8

50000.

-2500.

""SWOO.

-30000.
-50000.

~ 2500.
10000.

50000.

2500.

50000.

2500.

5000.
10000.
20000.
30000.
50000.

 ELECTRONS
~ WIDTH(A)

7.07
- 7.96
8.85
9.88
10.7
1.6

1,42

. 0.806

1.28

9,48
.75
fyﬁz 10
30000

2.3
2.52

-5 27

13.3

ﬂvo.asa

SHIFT(A)

.25
.18
.36
4.41

3.69

 WIDTHCA)

2.97

PROTONS

GME 01 . *0.495E-01

0.113

0.123
0.106
- 0.897E-01

0.837
0.297

8.277
0.240
0.205

0.526
0.641
0.548
0.463
0.372

1 91

0. 459

2,22
- 1.89
1.71

*(.523 - 01

0.549€-01

0.598E-01

0.626E-01

- #1.98
- v2.06

- 2.13

2.32
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SHIFT(A)

*0.216E-01
*0.266E-01
0.315€-01

*0.352

1 01

1ONIZED ARGON
~WIDTH(A)

- *0.483E-01
;39,5025 01

. *0.167
#0171

*0.176

et
%200

*2.02

SHIFT(A) |

*0.203E-01
*0,222€-01
*0.247E-01

*0.819E-01
*0.899€ - 01
*0.100

*0.650
*Q,709

*0,786



... STARK BROADENING PARAMETER TABLES FOR Rb I LINES

. PERTURBER DENSITY= 0.1E+17 cm-3

PERTURBERS ARE: - - ELECTRONS. -

TRANSITION

T(K)

68 - 7P 2500.
12940.3 A 5000.

C= 0.14E+20  10000.
20000.

30000.

50000.

6S - 8P 2500.
10292.8 A 5000.
C= 0.46E+19  10000.
' 20000.
30000.

50000.

6P - 8S - 2500.
18962.7 A 5000.
Cs 0.29E+20 10000.
20000.

30000.

50000.

&P - 6D 2500.

20344.9 A 5000.

C= 0.24E+20 10000.

20000.

50000.

PERTURBER DENSITY=

4D - 5P 2500.
15156.1 A 5000.

C= 0.10E+22 10000.
20000.
30000.
50000.
58 - 5p 2500.
7838.7 A 5000.
C= 0.41E+21 10000.
20000.
30000.
50000.
58 - 6P 2500.

4206.4 A 5000.
C= 0.34E+20 10000.
20000.
30000.
50000.

30000.

WIDTHCA)  SHIFT(A)
4.77 3.05
5.46 3.62
6.19 3.73
7.07 3.05
7.82 2.70
8.72 2.28
8.20 4.9
9.25 5.88
10.3 6.05
11.7 4.86
12.7 3.98
13.8 3.30
12.8 8.11
14 .4 9.96
16.9 10.3
19.9 8.52
'22.8 7.22
26.2 6.44
12.6 7.32
15.1 7.23
18.6 6.25
23.8 4.78
26.7 R PN ¥
29.3 - 3,20
0.1E+18 cm-3
3.67 1.17

- 4.03 1.47
4.78 1.47
6.16 1.42
7.22 1.23
8.72 1.02
0.722 0.422
0.782 0.517
0.877 0.527
1.09  0.457
7.26 0.377
1.54 0.297
1.41 0.819
1.62 1.04
1.82 1.17
2.06 1.17
2.22 1.03
2.48 0.884

*0.595
*0.625

PROTONS
WIDTH(A)

]*1-65
“.m7

*1.94

*1.15

1.26

1.28

0.323
0.333

0.349

0.358

SHIFT(A)

- %0,952
*1.14
*1.25
*1.39

*3.34
*3.73

2.3
*2,76
%3.03

*3.37

- 0.324
- 0.383
0,443
0.480
0.529

0.115
0.138
0.160
0.174
0.192

*0,361
*0.409

IONIZED ARGON

WIDTH(A)

*1.22

%0.319
*Q.322

SHIFT(A)

*0.246
*0.269

- %*0,883£-01

*0-9705'01
*0.108
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PERTURBER DENSITY= 0.1E+18 cm-3

PERTURBER SARE:
TRANSITION

58 - 7P 2500.

'3589.2 A - 5000.
C= 0.11E+20 10000.

20000.
30000.

5s - 8  2500.

3350.2 A 5000.
C= 0.48E+19 10000.
20000.

50000.

5P - 6§ 2500.

13556.7 A 5000.

C= 0.67E+21

5p - 78
7377.7 A
c=.0.845+20

- 20000.

30000.

50000.

5p - 85 2500.
6138.9 A '
C= 0.30€+20

5p - 5D 2500.
5000.
C= 0.656+20  10000.

20000 .
30000.

50000.

5p - 60  2500.
6276.9 A
C= 0.23E+20  10000.
20000.

50000.

5000.

_ ELECTRONS _
T(K)  WIDTHC(A) = SHIFT(A)

*3_66
.23
4. 72
5.26
5.68
6.23

*9.54

*10-7
12.0
13.1

14.1

6.89
7.92
8.89
- 10.3
1.2
12.9

7.48
8.59

9.28

12.6

*14.0

*16.4

17.1
19.1
21.0
23.8

6.19

6.94

8.06
9.77

12.1

*12.6
14.7

17.4
21.0
23.1

- 25.2

- *1.70

2.93
2.67
2.56
2.26
1.98

.66
*5.39

4.65
4.04
3.44

4.20

5.32
6.45

6.48
5,80

4.15
5.46
6.29
6.4k
'5.82
5.0%

*6.32
9,27
'9.99
'9.85
8.97
' 7.50

5.42
. z.88

3.89

3.20
2.83

*5.99
7.12
7.29
6.19
5.46

%.53

L“TE“REK3H;¥I s

PROTONS
WIDTHCAY

*1 .55
*1.75

- 2.61

- o*2.2
. %2.35

SHIFT(A)

*, 728

*1.06
*1,37

%247

L *1.45
%165 .

. IONIZED ARGON

WIDTHCA) - SHIFT(A)

- *1.57

*1.12
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PERTURBER DENSITY= O, 1E*19 Gm"3

PERTIRBERS ARE:  ELECTRONS
TRANSITION  T(K)  WIDTHCA)  SHIFT(A)
5 - 5P 2500.  7.17
7838.7 A 5000,  7.81
C= 0.41E+22 10000. 8.76
20000.  10.9
30000.  12.6
50000.  15.4
5§ - 6P 2500. *13.2 *4. 14
4206.4 A 5000. *16.0 *7.52
C= 0.34E+21 10000.  18.1 9.68

20000.  20.6 10 3
50000.  24.7 3.39

method of Bates and Damgaard (1949) and tables
of Oertel and Shomo (1968). For the transitions in-
cludin 5 higher atomic energy levels, the method de-
scribed by Van Regemorter et al. (1979) has been
used.

‘Our results are shown in Table 1 for perturber

densities 10'* and 10'° — 1018 cm~° and tempera-
tures of T = 2,500; 5,000; 10,000; 20,000; 30,000 and

50,000 K. We also spec1fy a parameter c (Dumtrl—- |

jevi¢ and Sahal—Bréchot, 1984) which gives an esti-

mate for the maximum perturber density for which
‘the line may be treated as isolated when it is di-

vided by the electron—impact full width at half max-
imum. The presented data, together with the data

published in the principal article (Dimitrijevié and

Sahal—Bréchot, 1993) enable a good interpolation

for densities when a departure from the linear be-

haviour with N exists.
For each value given in Table 1, the collision

volume (V) multiplied by the perturber density (N)

is much less than one and the impact approximation

Values for NV
> 0.5 are not given in Table 1; values for 0.1 < NV

is valid (Sahal—Bréchot, 1969 a :}

< 0.5 are denoted by an astensk When the impact

tngutlon may be estlma.ted by using quasxsta,i ic for-

mulae (cf. Sahal—Bréchot (1991) oz Griem (1974)).
The analysis of present results and . comparison

with available experimental and theoretlcal data is
given in Dlmltl'ljeVlc and Sahal — Bréchot (1992 b).

Acknawledgmenis — This work is a part of French-—

—Yugoslav collaboration through the roject ” L’elar-

gissement Stark des raies spectrales des plasmas as-
trophysiques et de laboratoire”. It is also a part of
the project ” Physics and dynaxmcs of celestial bod-

 WIDTH(A)

roximation is not valid, the ion broademng con-

TONIZED. ARGON-:
WIDTH(A) SHIFT(A)

SHIFTCA)

jes”, 8 é)ported by Ministry for Science and Technol-
ogy of Serbia
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YK 52-355.3
Hpemxobuo caonwmerme

Kopucrehn ceMHKJIacCH9aH IIpHIa3, H3paiyHa-  JOHMMa &pFoHa, 3a 24 mymmwcm HeyTpaJIHOI pyOu-
Te Cy IIMPHHE 1 TIOMEPa jU CIICKTPaJIHUX JIMHHja, Npo-  OHJyMa.  Peay - LM U TEMITIEpaType
Y3pOKOBaHH Cyfapuma ca CJICKTPOHMMA, NPOTOHHMA U M KOHIICHTpAaILK je ncprypﬁepa. |
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