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Abstract. The calculated Stark broadening parameters (width and shift) of argon spectral 
lines within a spectral series 3p5nd 3p54p (n = 4-7) have been analyzed. The Stark broad-
ening parameters have been calculated using the semi-classical impact theory of Sahal-
Bréchot within the perturbation formalism. The dependences of the Stark width and shift 
due to collisions with perturbers (electrons, protons and helium ions) versus effective 
quantum number have been presented. 

1. INTRODUCTION 

When reliable  data  do  not  exist,  the  knowledge  on regularities  and  systemat-
ic  trends  of   line   broadening parameters can be used for  quick  acquisition  of  
new  data especially when high accuracy of each particular value is not needed.  
Namely, with the suitable use of the knowledge  of  regularities  and systematic 
trends, we might use the existing experimental and theoretical values for the inter-
polation of new  data  needed in stellar spectroscopy. Such knowledge might be 
used as well for the critical evaluation of available published data needed for stel-
lar spectra modeling and analysis.  One must take into account however, that the 
validity of systematic trends and line broadening data is limited to  the plasma  
conditions  for   which   they   are   derrived   and extrapolations are of low accu-
racy. 

The aim of this paper is to investigate if regular behavior, enabling interpola-
tion of new data and critical evaluation of published values, exists within the spec-
tral series of 3p54p 2[5/2]3

-3p5nd 2[7/2]˚4, n= 5-7, of neutral argon. Moreover,  the 
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transition  3p54p 2[5/2]3
-3p55d’ 2[7/2]˚4 is included in analysis in order to examine 

the systematic trend when transitions belonging to the different spectral series 
within the same transition array are included. For this Ar I 737.2 nm line, calcula-
tions of Stark broadening parameters were performed here as well. 

2. THEORY 

The Stark broadening parameters have been calculated using Sahal-Bréchot theory 
within the semi-classical perturbation formalism (Sahal-Bréchot, 1969ab), where 
the full width (W) at half maximum and the shift (d) of an isolated  line originating from 
the transition between the initial level i and the final level f is expressed as: 
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where i' and f' are perturbing levels, ne and v are the electron density and the velocity 
of perturbers respectively, and f(v) is the Maxwellian distribution of electron veloc-
ities.

The inelastic cross sections ii' (v) (respectively ff' (v)) can be expressed by an in-
tegration of the transition probability Pii' over the impact parameter :
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The elastic collision contribution to the width is given by: 
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The phase shifts p and q are due to the polarization and quadrupole potential re-
spectively. The cut-off parameters R1, R2, R3, the Debye cut-off Rd and the symme-
trization procedure are described in Sahal-Bréchot (1969ab). 

3. RESULTS 

The calculations were performed for particular lines within multiplets (spin-orbital 
interaction is included). The most appropriate j-L coupling scheme for argon atom 
has been used. The values of the energy levels have been taken from NIST cata-
logue (NIST, 2008). The oscillator strengths (j-L coupling) have been calculated 
within the Bates & Damgaard approximation. The calculations have been made for 
a set of temperatures (2.5 – 5.0) .104 K at a perturber (electrons, protons and he-
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lium ions) density of 1016 cm-3. The results for Ar I 522.1, 549.6 and 603.2 are 
given in Dimitrijevi  et al. (2007), where the calculations are oriented to laborato-
ry plasma. The examined perturbers there are electrons, argon ions and protons. 

In this work we present the calculated Stark broadening parameters for Ar I 
737.2 nm spectral line. In Table 1 wavelengths of the studied argon lines, the cor-
responding transitions in j-L coupling, the perturbing levels i' and f', the energy val-
ues and the effective quantum number of the initial level are presented. 

Table 1. Basic data on the considered Ar I spectral lines.  Here  denotes wave-
length, i and f are initial and final level of the transition (within the frame of j-L
coupling), i' and f' are the corresponding perturbing levels, Ei and Ef are the en-
ergy values and n* is the effective quantum number of the initial level. 

nm
Transition

(i - f) 
i' levels f' levels Ei

cm-1
Ef

cm-1
n* 

522.1 3p57d – 3p54p 
2[7/2]˚4 - 

2[5/2]3

5f, 6f, 7f, 8f, 9f, 
5p, 6p, 7p, 8p, 9p

4s, 5s, 6s, 
3d, 4d, 5d, 6d 

124610 105463 6.62 

549.6 
3p56d – 3p54p 

2[7/2]˚ 4 - 
2[5/2]3

4f, 5f, 6f, 7f, 
4p, 5p, 6p, 7p 

4s, 5s, 6s, 
3d, 4d, 5d, 6d 

123653 105463 5.63 

603.2 
3p55d – 3p54p 

2[7/2]˚4 - 
2[5/2]3

4f, 5f, 6f, 7f, 
4p, 5p, 6p, 7p 

4s, 5s, 6s, 
3d, 4d, 5d, 6d 

122036 105463 4.65 

737.2 
3p55d' – 3p54p 

2[7/2]˚4 - 
2[5/2]3

4f, 5f, 6f, 
4p, 5p, 6p 

4s, 5s, 6s, 
3d, 4d, 5d, 6d 

119024 105463 3.68 

For the atmospheres of the main branch stars the total Stark width W and shift d are 
approximately: 

                                          Hepe WWWW 1.09.0                                        (6) 

                                            Hepe dddd 1.09.0                                          (7) 

where We, de denote the contribution of electron collisions in the total Stark width 
and shift, respectively, Wp, dp – the contribution of proton collisions and WHe+, d He+ - 
He+ ion collisions. 
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Figure 1: Electron impact width of 
Ar I 737.2 nm spectral line versus the 
temperature for the electron density 
1016 cm-3.

Figure 2: Electron impact shift of 
Ar I 737.2 nm spectral line versus 
the temperature for the electron den-
sity 1016 cm-3.
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Figure 3: Impact (due to proton col-
lisions) width of Ar I 737.2 nm spec-
tral line versus the temperature for 
the electron density 1016 cm-3.

Figure 4: Impact (due to proton col-
lisions) shift of Ar I 737.2 nm spec-
tral line versus the temperature for 
the electron density 1016 cm-3.



ON THE REGULARITIES OF STARK BROADENING  
PARAMETERS OF Ar I LINES WITHIN A SPECTRAL SERIES 

187 

Figure 5: Impact (due to helium ion 
collisions) width of Ar I 737.2 nm 
spectral line versus the temperature 
for the electron density 1016 cm-3.

Figure 6: Impact (due to helium ion 
collisions) shift of Ar I 737.2 nm 
spectral line versus the temperature 
for the electron density 1016 cm-3.

In Figs. 1-6 the obtained results  for  electron-, proton-, and helium ion-impact 
width and shift for Ar I 737.2 nm line are shown respectively as a function of tem-
perature.
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Figure 7: Electron impact widths of 
Ar I spectral lines within the spectral 
series versus effective quantum num-
ber of the initial energy level.

Figure 8: Electron impact shifts of 
Ar I spectral lines within the spec-
tral series versus effective quantum 
number of the initial energy level. 
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Figure 9: Impact (due to proton col-
lisions) widths of Ar I spectral lines 
within the spectral series versus ef-
fective quantum number of the initial 
energy level.

Figure 10: Impact (due to proton col-
lisions) shifts of Ar I spectral lines 
within the spectral series versus ef-
fective quantum number of the initial 
energy level. 

In Figs. 7-10 the electron-, and proton-impact full half widths and shifts for Ar 
I 3p54p 2[5/2]3

-3p5nd 2[7/2]˚4, n= 5-7 spectral lines,  together with the transition  
3p54p 2[5/2]3

-3p55d’ 2[7/2]˚4 , are presented as a function of the effective quantum 
number of the upper level of the transition for a temperature of 10 000 K and an 
electron density of 1016 cm-3. We can see a gradual change of Stark broadening 
parameters within the considered spectral series, enabling the interpolation of new 
data or critical evaluation of mutual consistency of existing data as in our previous 
analyses (see e.g. Dimitrijevi  and Sahal-Bréchot 1996).
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