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Abstract 

Stark widths and shifts for eight lines of ‘Il I, arising from the np 2Py/z, 3/z 
(n = 7-9) and 7s levels have been calculated using semiempirical for- 
mulas, and compared with those obtained by other authors. 

1. Introduction 

Stark parameters of spectral lines are necessary for solving 
astrophysical problems that need to accomplish laboratory 
plasma diagnostics and to verify the broadening of spectral 
lines. Quite a large number of articles have been published 
that use different theoretical approximations to calculate 
these parameters and to study their dependence on the 
nuclear charge number, effective ionization potential, atomic 
polarizability or principal quantum number, [l-41, but very 
few papers have calculated and studied these parameters 
specifically for TlI, and there is barely any data on these 
parameters. 
In this paper we present Stark widths and shifts calcu- 

lated for eight lines of T1 I using Griem’s semiclassical calcu- 
lations, [SI, for different electron densities and plasma 
temperatures; for most of these lines there is no data in the 
bibliography. Moore’s tables [6] have been used to obtain 
the level energies; Fig. 1 displays a partial scheme of the 
thallium atom energy levels. 

The values obtained in this paper have been compared 
with the values of other authors, [7] and [SI, and are in 
good agreement. Lakicevic, [7], obtained the Stark param- 
eter values of the resonance line of 3775.7 81 (air), 7s + 6p, 
for an electron density of 1017cm-3 and an electron tem- 
perature of 20 x 103K. The measurement made by Couris 
et al. [8, 91 of the Stark shift for the line at 6551.781 
obtained in a plasma with an electron density of 
0.004 x l O l ’ ~ m - ~  and an electron temperature of 6000K, 
is the first Stark broadening experimental data measured for 
this line. 

2. Theory 

In 1968 Griem [SI, suggested a simple semiempirical impact 
approximation based on Barangers original formulation 
[lo], together with the use of an effective Gaunt-factor 
approximation proposed by Seaton [ll], and Van Rege- 
morter [12]. The Stark line width can be calculated from 

- 
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the following semiempirical formula : 

x C I (i’ I I i> I’ QJXi‘ i )  + I ( f’ I r I f >  I’ Qo(xfff)I (1) 
i’f’ 

and the shifts can be calculated from a formula similar to 
eq. (1): 

The Stark parameters calculated by these formulas are 
given in units of frequency; E ,  is the Hydrogen ionization 
energy, N e  is the electron density, m is the electron mass, k is 
the Boltzmann constant, a, is the Bohr radius, T the elec- 
tron temperature, E = 3/2kT the energy of the perturbing 
electron, and Q, and Qs. are the effective Gaunt-factors for 
widths and shifts respectively, which are slowly varying 
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Fig. I. Partial diagram of energy levels of the thallium atom. 
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Table I. Parameters of Stark broadening of lines of Tallium [ N e  = 0.004 x lo i7  cm-3  and 1 x I O i 7  ~ m - ~ ] ' .  

Data of bibliography Data of this paper 
Temperature 
( x 103 K) 44 4.4 dlm MA) 

44 
vacuum Transition 

13016.8 

11516.0 

6715.6 

6551.7 

5585.5 

5519.4 

3775.7 

5350.5 

7p 2P!/, + 7s 2Slj2 

7p zP:/z + 7s 2sl/z 

8p zp:/, + 7s 

8p zP:/z + 7s 2s1/, 

9p zPy/z + 7s zsl/z 

9p ZP& + 7s 2s1/, 

7s 'S1/, + 6p 'Pyjz 

6 
10 
15 
20 

6 
10 
15 
20 

6 
10 
15 
20 

6 
10 
15 
20 

6 
10 
15 
20 

6 
10 
15 
20 

6 
10 
15 
20 

6 
10 
15 
20 

0.0067-16.7 
0.0058-14.5 
0.0056-13.9 
0.0055-13.7 

0.0092-23.0 
0.0091-22.9 
0.0086-21.5 
0.0085-21.2 

0.0084-2 1 .O 
0.008 7-21.8 
0.0084-21.1 
0.0082-19.3 

0.024-46.8 
0.018-45.0 
0.019-47.2 
0.018-45.3 

0.023 -58.2 
0.023-57.8 
0.023-58.8 
0.022-54.6 

0.050-124.9 
0.045-112.3 
0.042-104.9 
0.041-103.5 

2.1 x 10-4-0.53 
1.6 x 10-~-0.44 
1.3 x 10-4-0.33 
1.2 x 10-4-0.30 

4.9 x 10-~-1.22 
3.8 x 10-4-0.44 
3.1 x 10-4-0.79 
2.9 x 1OV4-0.73 

0.0010-2.4 
0.0015-3.6 
0.0019-4.7 
0.0018-4.5 

0.0059-14.9 
0.0061-15.3 
0.0056-14.0 
0.0056- 14.0 

0.0059-14.6 
0.0060-15.0 
0.0051-12.7 
0.0045-10.7 

0.021-40.0 
0.013-33.0 
0.011-26.7 
0.010-25.4 

0.014-35.2 
0.010-26.1 
0.010-25.5 
0.0086-21.4 

0.037-91.7 
0.029-72.7 
0.024-60.7 
0.021-5 1.6 

1.2 x 10-4-0.31 
1.1 x 10-4-0.26 
1.0 x 10-4-0.20 
0.7 x 10-4-0.17 

2.2 x 10-4-0.55 
1.9 x 10-4-0.47 
1.8 x 10-4-0.47 
1.7 x 10-4-0.43 

0.15-0.14 
0.26-0.25 
0.34-0.34 
0.33-0.33 

0.64-0.65 
0.67-0.67 
0.65-0.65 
0.66-0.66 

0.70-0.69 
0.69-0.69 
0.61-0.60 
0.55-0.55 

0.87-0.85 
0.72-0.73 
0.56-0.56 
0.56-0.56 

0.61-0.60 
0.44-0.45 
0.4 3 - 0.4 3 
0.39-0.39 

0.74-0.73 
0.64-0.65 

0.51-0.50 
0.57-0.58 

0.57-0.58 
0.60-0.59 
0.59-0.60 
0.58-0.57 

0.45-0.45 
0.50-0.50 
0.58-0.59 
0.59-0.59 

0.025- 
(Couris et al., 1988) 

- 0.29 -0.155 
(Lekicevic, 1983) (Lekcevic, 1983) 

In each cell with the data of this paper or of the bibliography are two values, as for example 0.0067-16.7 in the h t  cell of fourth column, MA); it 
means that MA) = 0.067 when N e  = 0.004 x 1017 cm-j, and MA) = 16.7 when N e  = 1 x 1017 

functions of xiti = E/AEiri, where AEi.i is the energy differ- 
ence between perturbing level i' and perturbed level i ; the 
indices i and f denote the initial (upper) and final (lower) 
levels of the transition, respectively; these factors had been 

(i' I r I i )  is the atomic dipole matrix element connecting 
the inelastic colli- 

sion. The matrix elements in eqs (1) and.(2) were calculated 
using a semiempirical relativistic one-electron central-field 
model potential; the equation for the dipole length 

o3 

calculated by Griem, [5 ] .  pnl(r)rpn,l,(r) dr 

the initial ( i )  and final ( i f )  atomic states was used to calculate the transition integrals. 

Fig. 2. Stark widths us. principal quantum number in two series of TI I. 4 : 
np 'P& + 7s 'Sllz; : np +,,, + 7s zsl/, . 

Fig. 3. Stark shifts us. principal quantum number in two series of Tl I. 4 : 
np2P!&, + 7s *SI/,; 0 : npZPl/, + 7s zsl/, . 
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The radial wave functions P&) were obtained by numeri- 
cal integration of the radial Schrodinger equation including 
three terms in the Hamiltonian [13], 

where CI is the fine structure constant, E is the eigenvalue of 
the Schrodinger equation, I and s are orbital and spin 
angular-momentum operators and V a semiempirical poten- 
tial given by Green et al. [14], that includes core polariza- 
tion effects [lS], and include the finite size of the nucleus. 

The core polarization potential, 
I “2 

is included in the one-electron Hamiltonian of each valence 
electron. The static dipole polarizability of TlI is set to the 
value (39.33a.u.) calculated by Fraga et al. [16], and r ,  is 
equated to the mean (2.38 a.u.) of the outermost (nlj) orbital 
of the unpolarized parent ion. The matrix element is cor- 
rected for core polarization by replacing the dipole moment 
operator of the valence electron by 

D(r) = r[1 - ap(r2 + r$-3’2]. 

To incorporate the finite size of the nucleus, the potential 
term is given for 

where R ,  is the radius of the nucleus [17]. 

3. Results and discussion 

The values of the Stark parameters, width w and shift d, 
calculated in this paper, are displayed in Table I, expressed 
in 8, wavelength units to permit comparison with the values 
given by other authors. The parameters have been calcu- 
lated in the electron temperature range (6-20) x 103K and 
electron densities of0.004 x 1017cm-3 and 1 x 1017cm-3. 

The semiem irical values of o(8,) are shown in the fourth 

tient values are in the sixth column. Each cell of these 
columns contains four pairs of values; each pair corre- 
sponds to a different temperature, and the values of each 
pair are the parameters calculated for the values of the elec- 
tron density, 0.004 x l O l ’ ~ m - ~  and 1 x 1017cm-3 respec- 
tively. The table also includes the few values found in the 
bibliography for these parameters [7, 81, and as may be 

column, the d( 8: ) values in the fifth column and the d / o  quo- 

seen, extremely similar to those calculated in this paper; 
these values are shown in the table in accordance with the 
criteria applied to those obtained in this paper. 

Equations (1) and (2), used in the calculations, explain dif- 
ferent dependencies of the Stark parameter values calculated 
on the different variables used, such as for example that for 
given values of Ne and T, . The value of the parameters grow 
regularly with the principal quantum number in the spectral 
series np 2P:,2 --f 7s 2S1,2 and np 2P1!2 + 7s ’S,!, . This is to 
be expected since in this way the initial level is higher and 
therefore the energy difference between the perturbed levels 
is lower; these variations are shown in Figs 2 and 3. 

This type of dependence has also been studied and veri- 
fied in other spectral series of different atomic species, [l-41. 
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