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ABSTRACT
Using a semiclassical perturbation approach with the impact approximation, Stark widths for
singly charged argon (Ar II) spectral lines have been calculated. Energy levels and oscillator
strengths needed for this calculation have been determined using the Hartree–Fock method
with relativistic corrections. Our Stark widths are compared with experimental results for
178 spectral lines. Our results may be of interest not only for laboratory plasma, lasers and
technological plasmas but also for white dwarfs and A- and B-type stars.

Key words: atomic data – atomic processes – line: formation.

1 IN T RO D U C T I O N

Stark broadening is an important broadening mechanism in both
laboratory and astrophysical plasmas. Stark broadening parameters
(width and shift) are needed in opacity calculations, stellar atmo-
sphere modelling and the determination of the abundance of chemi-
cal elements. Stark broadening is one of the methods used in plasma
characterization. For example, this method is used by Qian et al.
(2010) in the determination of electron density in an atmospheric
argon plasma. Dimitrijević & Csillag (2006) used Stark broaden-
ing of the Ar II 476.5 nm spectral line to explain the single-mode
operation of the He–Ar II 476.5 nm laser.

The influence of Stark broadening in stellar atmospheres of
A-type and B-type stars is studied in several papers (Popović et al.
2001; Simić et al. 2005, 2009). Based on the atmosphere models
in Wesemael (1981), Hamdi et al. (2008) and Dimitrijević et al.
(2015) studied the influence of Stark broadening in DO white dwarf
atmospheres for the spectral lines of Si VI and Xe VIII, respectively.
It was found that Stark broadening is dominant in comparison with
thermal Doppler broadening, especially for atmospheres with a high
surface gravity. In Hamdi et al. (2014, 2017), the importance of Stark
broadening is investigated for subdwarf B stars using Ar II and Ar III

spectral lines. This study is based on plane-parallel line-blanketed
model atmospheres (Jeffery, Woolf & Pollacco 2001).

� E-mail: Rafik.Hamdi@istls.rnu.tn

A number of Ar II spectral lines were observed by Lanz et al.
(2008) in the optical spectra of early B-type stars. In Lanz et al.
(2008), 11 Ar II spectral lines were analysed and argon abundance
was determined from best fits between the observed and synthetic
spectra. Besides B-type stars, Ar II spectral lines are also used in
the determination of argon abundance in subdwarf B stars (Heber
& Edelmann 2004; Blanchette et al. 2008; Naslim et al. 2012).

Djurović et al. (2013) reported 126 experimental Stark widths for
Ar II spectral lines in the spectral range from 265 to 405 nm. For a
number of transitions given in Djurović et al. (2013), there is no
other experimental or theoretical results for comparison. Pellerin,
Musiol & Chapelle (1997) and Aparicio et al. (1998) also give a
large number of widths. For some transitions, there is a large dif-
ference between the different experimental results. Dimitrijević &
Truong-Bach (1986) carried out semiclassical perturbation (SCP)
calculations of the Stark broadening parameters of Ar II spectral
lines. The energy levels were taken from Bashkin & Stoner (1975)
and oscillator strengths were calculated using a scaled Thomas–
Fermi model (Stewart & Rotenberg 1965). Dimitrijević & Csillag
(2006) performed SCP calculations of the Stark width for two mul-
tiplets (476.5 and 480.6 nm) using energy levels from Bashkin &
Stoner (1975) and oscillator strengths calculated using the Bates &
Damgaard method. A sophisticated SCP calculation of Stark broad-
ening parameters for a large number of spectral lines of Ar II would
be useful in improving the investigation of this broadening mecha-
nism. Such calculations are also of interest for checking theory and
experiments.
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In this paper, we have determined Stark widths for 300 spectral
lines of Ar II. The impact SCP approach (Sahal-Bréchot 1969a,b)
and a set of atomic data calculated using the Hartree–Fock method
with relativistic corrections (HFR) (Cowan 1981) have been used.
Results are given for collisions with electrons, protons, and singly
charged helium and singly charged argon ions. In this work, we
are interested in transitions of the type: 3d–4p, 4s–4p, 4p–4d and
4p–5s. To check the accuracy of our results, we compared our Stark
widths with experimental results for 178 spectral lines. We have
also investigated the temperature dependence of the Stark widths.
In Hamdi et al. (2017), we have compared our Stark widths with
the experimental results for 34 transitions belonging to the 3d–4p
transition array. In previous works (Hamdi et al. 2011, 2013, 2014),
the same method was used and we determined Stark broadening
parameters for 114 spectral lines of Pb IV and 14 spectral lines of
Ar III.

The present paper is organized as follow. In Section 2, an outline
of the impact SCP theory is given. In Section 3, we compare our
results with experimental and other theoretical results. In Section 4,
our Stark widths are compared with previous SCP calculations and
in Section 5, our large-scale calculations are presented.

2 THE IMPACT SEMICLASSICAL
P E RTU R BATI O N M E T H O D

A detailed description of this formalism with all the innova-
tions is given in Sahal-Bréchot (1969a,b, 1974, 1991), Fleurier,
Sahal-Bréchot & Chapelle (1977), Dimitrijević, Sahal-Bréchot &
Bommier (1991), Dimitrijević & Sahal-Bréchot (1996) and Sahal-
Bréchot, Dimitrijević & Ben Nessib (2014). The profile F(ω) is
Lorentzian for isolated lines:

F (ω) = w/π

(ω − ωif − d)2 + w2
(1)

where d is the shift and

ωif = Ei − Ef

�
.

i and f denote the initial and final states and Ei and Ef their corre-
sponding energies.

The total width at half-maximum (W = 2w) (in angular fre-
quency units) of an electron-impact broadened spectral line can be
expressed as

W = N

∫
vf (v) dv

⎛
⎝∑

i′ �=i

σii′ (v) +
∑
f ′ �=f

σff ′ (v) + σel

⎞
⎠ , (2)

where N is the electron density, f(υ) is the Maxwellian velocity
distribution function for electrons and ρ is the impact parameter
of the incoming electron. i′ (respectively, f′) denotes the perturbing
levels of the initial state i (respectively, final state f). The inelastic
cross-section σii′ (υ) (respectively, σff ′ (υ)) can be expressed by an
integral over the impact parameter ρ of the transition probability
Pii′ (ρ, υ) (respectively, Pff ′ (ρ, υ)) as

∑
i′ �=i

σii′ (υ) = 1

2
πR2

1 +
∫ RD

R1

2πρ dρ
∑
i′ �=i

Pii′ (ρ, υ). (3)

The elastic cross-section is given by

σel = 2πR2
2 +

∫ RD

R2

2πρ dρ sin2 δ + σr ,

δ =
(
ϕ2

p + ϕ2
q

) 1
2
. (4)

The phase shifts ϕp and ϕq due, respectively, to the polarization
potential (r−4) and to the quadrupolar potential (r−3), are given in
section 3 of chapter 2 in Sahal-Bréchot (1969a). RD is the Debye
radius. All the cut-offs R1, R2 and R3 are described in section 1 of
chapter 3 in Sahal-Bréchot (1969b). σ r is the contribution of the
Feshbach resonance (Fleurier et al. 1977).

The formulae for the ion-impact widths are analogous to equa-
tions (2) and (3), without the Feshbach resonance contribution to the
width. For electrons, hyperbolic paths due to the attractive Coulomb
force are used, while for perturbing ions, the hyperbolic paths are
different since the force is repulsive.

The main input parameters used in the SCP calculation of Stark
broadening parameters are energy levels and oscillator strengths.
The set of atomic data needed for the semiclassical method is rel-
atively large. When the set of atomic data for an atom or ion is
not complete, the SCP method cannot be applied in an adequate
way. In this case, one can use a modified semi-empirical formula
(Dimitrijević & Konjević 1980) since this method needs less atomic
data.

In our present calculations, energy levels and oscillator strengths
are from the HFR approach using the Cowan code (Cowan 1981).
We use an atomic model including 24 configurations: 3s2 3p5; 3s2

3p4 nl (nl = 4p, 4f, 5p, 5f, 6p, 6f, 6h, 7p, 7f and 7h) (odd parity)
and 3s 3p6; 3s2 3p4 n′l′ (n′l′ = 3d, 4s, 4d, 5s, 5d, 5g, 6s, 6d, 6g, 7s,
7d and 7g) (even parity). We use an ab initio procedure.

To introduce a correction to the widths due to the difference
between calculated and experimental wavelengths, we have used
equation (8) of Hamdi et al. (2013).

3 STA R K W I D T H S

In Table 1, we compare our Stark widths with the experimental
results of Djeniže et al. (1989), Dzierzega & Musiol (1994), Pellerin
et al. (1997), Aparicio et al. (1998), Iglesias et al. (2006), Djurović
et al. (2013) and Gajo et al. (2013). In this way, our results are
compared with all the experimental results published since 1989. In
Table 1, our Stark widths are compared also with results in Griem
(1974).

The plasma source used in the different experiments was a low-
pressure pulsed arc in Aparicio et al. (1998), Djurović et al. (2013)
and Djeniže et al. (1989); a wall stabilized arc in Dzierzega &
Musiol (1994), Pellerin et al. (1997) and Gajo et al. (2013); and a
laser plasma in Iglesias et al. (2006). For the electron temperature
measurements, the Boltzmann plot technique was used by Dzierzega
& Musiol (1994), Aparicio et al. (1998), Djurović et al. (2013) and
Gajo et al. (2013). Pellerin et al. (1997) used the Larenz–Fowler–
Milne method, a Olsen–Richter graph and the relative intensities of
two Ar II lines. Djeniže et al. (1989) used a Boltzmann plot of Ar II

lines and the ratio of Ar III to Ar II lines. In Iglesias et al. (2006),
besides the ratio of He II to He I line intensities, the Stark broadening
of He II and He I were also used. To measure the electron density,
laser interferometry at 6328 Å was used by Aparicio et al. (1998),
Djurović et al. (2013) and Djeniže et al. (1989). Dzierzega & Musiol
(1994) used the H β Stark width and continuum intensity. Pellerin
et al. (1997) used plasma composition data and the Stark width of
the Ar I 6965.43 Å line. In Iglesias et al. (2006), the Stark widths
of He I and He II spectral lines were used. Gajo et al. (2013) used
the Stark width of the H β spectral line. In Aparicio et al. (1998),
Stark widths are given for a normalized electron density but not for
a specified temperature. In Iglesias et al. (2006), Stark widths are
measured for a high temperature (T = 43 000 K) compared to the
other experiments and for three values of electron density.
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Table 1. Our electron-impact Stark widths (FWHM) (We) and ion impact Stark width (Wi) calculated using the SCP approach with the impact approximation
(Sahal-Bréchot 1969a,b) compared with experimental Stark widths (Wm) and the Stark width of Griem (1974), WG. Transitions, wavelengths, electron
temperature (T) and electron density (Ne) are also given. Ref.: a: Djeniže et al. (1989), b: Dzierzega & Musiol (1994), c: Pellerin et al. (1997), d: Aparicio et al.
(1998), e: Iglesias et al. (2006), f: Djurović et al. (2013) and g: Gajo et al. (2013). All wavelengths are taken from the NIST data base (Kramida et al. 2015).

Transition Transition λ T Ne Wm We Wi Wm/W WG Acc. Ref.
array (Å) (103 K) (1017 cm−3) (pm) (pm) (pm) (pm)

(3P) 3d– 2F5/2–2Fo
7/2 4904.75 22.0 1.00 36.9 47.0 9.14 0.66 B c

(1D) 4p
18.4–26.5 1.00 38.9 49.9–44.3 8.93–9.31 0.65–0.73 B+ d

2F7/2–2Fo
7/2 4682.28 22.0 1.00 29.2 43.8 8.25 0.56 C+ c

2F7/2–2Fo
5/2 4710.82 22.0 1.00 31.9 44.4 8.42 0.60 B c

2F5/2–2Do
5/2 4300.65 22.0 1.00 39.2 37.4 7.9 0.87 B c

18.4–25.6 1.00 46.4 39.8–35.1 7.72–8.01 0.98–1.08 B+ d
2D5/2–2Fo

7/2 5141.78 18.4–26.5 1.00 33.2 55.3–49.3 9.88–10.3 0.51–0.56 B+ d
2D3/2–2Fo

5/2 5017.16 18.4–26.5 1.00 43.7 54.2–48.1 9.35–9.79 0.69–0.75 B d
2D5/2–2Fo

5/2 5176.23 18.4–26.5 1.00 44.8 55.9–49.9 9.99–10.4 0.68–0.74 B+ d
2D5/2–2Do

5/2 4481.81 10.88 2.03 78.0 108 – 0.72 B+ b
11.52 1.79 47.7 93.5 – 0.51 B+ b
13.03 1.10 33.0 54.6 8.65 0.52 A b
13.88 1.39 42.8 67.3 11.0 0.55 B+ b
22.0 1.00 37.3 40.9 8.56 0.75 B c

2D3/2–2Do
5/2 4362.07 18.4–26.5 1.00 33.3 42.6–37.6 7.93–8.22 0.66–0.73 B+ d

2D5/2–2Do
3/2 4490.98 22.0 1.00 39.5 45.6 8.69 0.73 B c

18.4–26.5 1.00 38.2 48.4–43.0 8.50–8.84 0.67–0.74 B+ d
2P3/2–2Po

3/2 3766.12 18.4–26.5 1.00 101.4 38.8–34.4 6.14–6.45 2.25–2.48 B+ d
2P1/2–2Po

3/2 3634.81 22.0 1.00 49.09 34.12 5.94 1.22 C f
2P3/2–2Do

5/2 3605.88 22.0 1.00 25.50 24.1 5.49 0.86 C f
2D3/2–2Po

1/2 4474.76 22.0 1.00 109.7 64.6 9.43 1.48 B c
18.4–26.5 1.00 128.6 68.0–61.1 9.10–9.62 1.67–1.82 B+ d

2D3/2–2Po
3/2 4598.76 18.4–26.5 1.00 83.8 63.8–56.5 9.16–9.68 1.15–1.27 B+ d

2F5/2–2Po
3/2 4530.55 18.4–26.5 1.00 76.8 61.0–54.1 8.90–9.42 1.10–1.21 B+ d

(3P) 4s– 4P5/2–4Po
5/2 4806.02 10.88 2.03 48.4 104.9 7.62 0.43 83.4 B+ b

(3P) 4p
11.52 1.79 44.0 90.3 6.85 0.45 71.0 B+ b
12.2 0.74 15.7 36.6 2.91 0.40 29.1 A b

13.03 1.10 23.2 52.9 4.37 0.41 42.2 A b
13.88 1.39 30.5 65.2 5.57 0.43 52.6 B+ b
22.0 1.00 32.3 39.5 4.37 0.74 34.4 B c

17.0–26.7 1.00 28.8 43.9–37.3 4.18–4.51 0.60–0.69 35.6–33.9 B+ d
13.4 1.3 40.0 61.8 5.18 0.59 51.1 B+ g
14.2 1.6 50.0 74.3 6.42 0.62 61.9 B+ g

4P3/2–4Po
3/2 4933.21 22.0 1.00 32.2 42.9 4.71 0.68 36.6 B c

18.1–24.4 1.00 32.5 46.9–41.3 4.57–4.88 0.63–0.70 37.4–36.1 B+ d
13.4 1.30 50.0 68.8 5.6 0.67 53.3 B+ g
14.2 1.60 55.0 82.7 6.94 0.61 64.5 B+ g

4P1/2–4Po
1/2 4972.16 22.0 1.00 34.9 43.8 4.79 0.72 37.1 B c

16.5–23.2 1.00 29.5 48.9–42.7 4.55–4.84 0.55–0.62 38.3–36.9 B+ d
4P5/2–4Po

3/2 4735.90 13.4 1.30 39 61.4 4.18 0.59 49.3 B+ g
14.2 1.60 50 73.7 5.27 0.63 59.7 B+ g

4P3/2–4Po
1/2 4847.81 10.88 2.03 54.5 111 7.98 0.46 83.8 B+ b

11.52 1.79 46.1 95.5 7.18 0.45 72.0 B+ b
12.20 0.74 22.2 38.7 3.05 0.53 29.2 A b
13.03 1.10 30.3 56.0 4.57 0.50 42.7 A b
13.88 1.39 36.6 68.9 5.83 0.49 52.3 B + b
22.0 1.00 33.8 41.3 4.57 0.74 35.2 B c

17.0–26.7 1.00 29.6 45.8–38.9 4.38–4.72 0.59–0.68 36.1–34.4 B+ d
43.0 4.50 110 157 22.4 0.61 137 B e
43.0 7.20 170 252 35.7 0.59 220 B e
43.0 9.00 290 315 44.5 0.80 274 B e
13.4 1.3 45.0 65.4 5.41 0.64 51.5 B+ g
14.2 1.6 56.0 68.8 5.89 0.75 62.5 B+ g

4P3/2–4Po
5/2 5009.33 22.0 1.00 34.5 43.9 4.77 0.71 37.5 B c

16.5–23.2 1.00 28.7 49.4–43.0 4.52–4.81 0.53–0.60 42.2–37.3 B+ d
13.4 1.30 54.0 69.9 5.65 0.71 55.2 B+ g
14.2 1.60 61.0 83.9 7.00 0.67 66.9 B+ g
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Table 1 – continued

Transition Transition λ T Ne Wm We Wi Wm/W WG Acc. Ref.
array (Å) (103 K) (1017 cm−3) (pm) (pm) (pm) (pm)

4P1/2–4Po
3/2 5062.04 22.0 1.00 40.3 45.5 4.96 0.80 38.4 B c

16.5–23.2 1.00 32.4 51.3–44.6 4.70–5.00 0.58–0.65 40.0–38.1 B+ d
13.4 1.30 55.0 72.8 5.82 0.70 56.4 B+ g
14.2 1.60 63.0 87.3 7.28 0.67 68.4 B+ g

4P5/2–4Do
7/2 4348.06 22.0 1.00 29.2 33.6 3.84 0.78 28.9 B c

20.9–31.8 1.00 23.9 34.3–30.4 3.80–4.05 0.63–0.70 29.1–27.2 B+ d
43.0 4.50 190 129 18.7 1.29 111 B e
43.0 7.20 260 206 29.8 1.10 177 B e
43.0 9.00 350 259 37.2 1.18 222 B e

4P3/2–4Do
5/2 4426.00 10.88 2.03 54.6 97.0 7.08 0.52 73.8 B+ b

11.52 1.79 47.5 83.9 6.37 0.53 61.7 B+ b
12.20 0.74 19.3 33.9 2.71 0.53 25.1 A b
13.03 1.10 29.4 49.1 4.04 0.55 36.3 A b
13.88 1.39 34.0 60.4 5.15 0.52 44.7 B+ b
22.0 1.00 30.5 36.2 4.06 0.76 29.9 B c

4P1/2–4Do
3/2 4430.19 22.0 1.00 28.4 36.0 4.11 0.71 29.6 B c

4P5/2–4Do
5/2 4266.53 22.0 1.00 32.0 32.9 3.76 0.87 27.8 B c

18.4–26.5 1.00 25.2 35.2–31.2 3.66–3.89 0.65–0.72 28.3–27.1 B+ d
4P3/2–4Do

3/2 4331.20 22.0 1.00 33.8 34.2 3.94 0.87 28.6 B c
43.0 4.50 180 131 19.1 1.20 109 B e
43.0 7.20 220 209 30.5 0.92 175 B e
43.0 9.00 300 261 38.0 1.00 219 B e

4P1/2–4Do
1/2 4379.67 10.88 2.09 45.7 101 7.31 0.42 72.5 B+ b

11.52 1.79 42.9 84.5 6.39 0.47 60.4 B+ b
12.20 0.74 18.6 34.1 2.71 0.51 24.5 A b
13.03 1.10 28.4 49.3 4.06 0.53 35.5 A b
13.88 1.39 42.9 60.6 5.17 0.65 43.8 B+ b
22.0 1.00 31.6 36.0 4.05 0.79 29.5 B+ c

4P5/2–4Do
3/2 4178.36 22.0 1.00 32.0 31.1 3.66 0.92 26.7 B c

4P3/2–4Do
1/2 4282.90 22.0 1.00 25.2 34.1 3.89 0.66 28.0 B c

18.4–26.5 1.00 20.0 36.9–32.3 3.77–4.00 0.49–0.55 28.6–27.4 B+ d
4P5/2–2Do

5/2 4082.39 18.4–26.5 1.00 33.8 34.7–30.8 3.50–3.70 0.88–0.98 B+ d
4P3/2–2Do

3/2 4112.82 22.0 1.00 22.1 34.8 3.78 0.57 B c
4P3/2–2Do

5/2 4228.16 22.0 1.00 29.9 35.7 3.86 0.76 B c
18.4–26.5 1.00 33.1 38.4–33.9 3.75–3.98 0.79–0.87 C+ d

4P5/2–2Do
3/2 3974.76 22.0 1.00 22.91 31.6 3.53 0.65 C f

4P5/2–2Po
3/2 3845.40 22.0 1.00 21.53 27.6 3.26 0.70 B f

4P3/2–2Po
3/2 3974.48 22.0 1.00 22.42 30.3 3.65 0.66 B f

4P5/2–4So
3/2 3729.31 22.0 1.00 22.9 25.0 3.19 0.81 B c

22.0 1.00 16.62 25.0 3.19 0.59 C f
11.88 2.03 38.1 67.8 5.61 0.52 B+ b
11.52 1.79 31.0 58.3 5.03 0.49 B+ b
12.20 0.74 16.6 23.6 2.14 0.65 A b
13.03 1.10 19.0 34.0 3.19 0.51 A b
13.88 1.39 22.2 41.8 4.08 0.48 B+ b

4P3/2–4So
3/2 3850.58 10.88 2.03 48.6 74.2 5.96 0.61 B+ b

11.52 1.79 32.8 63.7 5.34 0.48 B+ b
12.20 0.74 18.6 25.7 2.27 0.66 A b
13.03 1.10 20.2 37.0 3.40 0.50 A b
13.88 1.39 26.8 45.5 4.33 0.54 A b
22.0 1.00 23.5 27.0 3.39 0.77 B c

18.4–26.5 1.00 25.7 29.1–25.3 3.29–3.48 0.79–0.89 A d
22.0 1.00 17.12 27.0 3.39 0.57 C f

4P1/2–4So
3/2 3928.62 26.0 1.76 34.0 46.6 6.35 0.64 B a

10.88 2.03 50.4 77.5 6.19 0.60 B+ b
11.52 1.79 31.8 66.6 5.55 0.44 B+ b
12.20 0.74 18.0 26.9 2.36 0.62 A b
13.03 1.10 24.4 38.7 3.53 0.60 A b
22.0 1.00 23.3 28.2 3.52 0.73 B c

18.4–26.5 1.00 33.6 30.4–26.4 3.34–3.63 1.00–1.12 B+ d
22.0 1.00 17.82 28.2 3.52 0.56 C f
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Table 1 – continued

Transition Transition λ T Ne Wm We Wi Wm/W WG Acc. Ref.
array (Å) (103 K) (1017 cm−3) (pm) (pm) (pm) (pm)

2P3/2–4Do
5/2 5145.31 22.0 1.00 41.5 48.4 5.39 0.77 B c

18.4–26.5 1.00 22.3 51.9–46.0 5.34–5.66 0.40–0.43 B+ d
2P3/2–2Do

5/2 4879.86 10.88 2.03 72.8 124 10.78 0.54 B+ b
11.52 1.79 58.7 108 8.07 0.51 B+ b
12.20 0.74 23.4 43.4 3.42 0.50 B+ b
13.03 1.10 37.0 62.8 5.13 0.54 A b
13.88 1.39 45.4 77.2 6.54 0.54 B+ b
13.4 1.3 56.0 73.2 6.08 0.71 B+ g
14.2 1.6 70.0 88.1 7.55 0.73 B+ g

2P1/2–2Do
3/2 4965.08 10.88 2.03 76.4 134 9.56 0.53 B+ b

11.52 1.79 58.7 116 8.59 0.47 B+ b
12.2 0.74 28.5 46.6 3.68 0.57 A b
13.03 1.10 36.6 67.4 5.47 0.50 A b
13.88 1.39 47.2 82.9 6.98 0.53 B+ b

16.5–23.2 1.00 39.0 55.7–48.8 5.22–5.52 0.64–0.72 B+ d
13.4 1.3 60.0 78.8 6.48 0.70 B+ g
14.2 1.6 71.0 94.6 8.04 0.69 B+ g

2P3/2–2Do
3/2 4726.87 10.88 2.03 74.1 122 8.72 0.57 B+ b

11.52 1.79 59.4 106 7.84 0.52 B+ b
12.20 0.74 18.4 42.6 3.33 0.40 B+ b
13.03 1.10 35.6 61.6 5.00 0.53 B+ b
22.0 1.00 39.3 45.4 5.00 0.78 B c
13.4 1.3 55 72.0 5.91 0.70 B+ g
14.2 1.6 63 86.5 7.34 0.67 B+ g

2P3/2–2Po
3/2 4545.05 10.88 2.03 61.4 104 8.40 0.55 B+ b

11.52 1.79 50.4 89.6 7.50 0.52 B+ b
12.20 0.74 25.2 36.2 3.18 0.64 A b
13.03 1.10 32.0 52.3 4.77 0.56 A b
13.88 1.39 39.6 64.5 6.08 0.56 A b
22.0 1.00 36.2 38.8 4.77 0.83 B c

2P1/2–2Po
1/2 4889.04 22.0 1.00 38.6 45.0 5.54 0.76 B c

2P3/2–2Po
1/2 4657.90 10.88 2.03 58.7 109 8.76 0.50 B+ b

11.52 1.79 46.4 94.0 7.87 0.46 B+ b
12.20 0.74 23.6 37.9 3.34 0.57 A b
13.03 1.10 34.2 54.9 5.00 0.57 A b
13.88 1.39 40.4 67.6 6.38 0.55 B+ b
22.0 1.00 37.0 40.7 5.00 0.81 B c

17.0–26.7 1.00 32.8 45.0–38.3 4.78–5.14 0.66–0.76 B+ d
13.4 1.3 49 64.2 5.93 0.70 B+ g
14.2 1.6 58 77 7.37 0.69 B+ g

2P1/2–2Po
3/2 4764.86 10.88 2.03 75.0 114 9.19 0.61 B+ b

11.52 1.79 49.6 98.4 8.26 0.47 B+ b
12.20 0.74 22.6 39.7 3.50 0.52 A b
13.03 1.10 34.6 57.4 5.25 0.55 A b
13.88 1.39 42.6 70.7 6.70 0.55 B+ b
22.0 1.00 38.4 42.7 5.21 0.80 B c

17.0–26.7 1.00 34.0 47.1–40.1 5.02–5.40 0.65–0.75 B+ d
43.0 4.50 160 162 24.4 0.86 B e
43.0 7.20 200 260 40.5 0.67 B e
43.0 9.00 240 326 – 0.74 B e
13.4 1.30 58 66.6 6.23 0.80 B+ g
14.2 1.60 64 80.6 7.73 0.72 B+ g

2P3/2–4So
3/2 4383.75 18.4–26.5 1.00 41.3 37.0–32.6 4.28 - 4.52 1.00–1.11 B+ d

2P3/2–2So
1/2 4375.95 22.0 1.00 24.4 36.8 4.46 0.59 C+ c

2P1/2–2So
1/2 4579.35 10.88 2.03 68.8 105 8.61 0.61 B+ b

11.52 1.79 48.7 92.8 7.62 0.48 B+ b
12.20 0.74 18.4 38.4 3.21 0.44 B+ b
13.88 1.39 32.2 72.1 5.97 0.41 B+ b
22.0 1.00 36.3 40.1 4.91 0.81 B c

16.5–23.2 1.00 32.2 44.3–39.5 4.77–5.04 0.66–0.72 B+ d
13.40 1.30 47 62.1 5.82 0.69 B+ g
14.20 1.60 53 74.8 7.23 0.65 B+ g
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Table 1 – continued

Transition Transition λ T Ne Wm We Wi Wm/W WG Acc. Ref.
array (Å) (103 K) (1017 cm−3) (pm) (pm) (pm) (pm)

(3P) 4s– 2P3/2–2Do
5/2 2844.13 26.0 1.76 25.8 33.4 5.99 0.65 B a

(1D) 4p
22.0 1.00 16.73 20.1 3.34 0.71 C f

2P3/2–2Do
3/2 2847.82 22.0 1.00 13.8 19.8 3.28 0.60 C+ c

2P1/2–2Do
3/2 2932.59 22.0 1.00 20.67 21.0 3.48 0.84 C f

2P1/2–2Po
1/2 2979.05 22.0 1.00 25.2 29.7 3.93 0.75 C+ c

22.0 1.00 59.17 29.7 3.93 1.76 A f
2P3/2–2Po

1/2 2891.61 22.0 1.00 23.6 27.9 3.69 0.75 C+ c
22.0 1.00 54.24 27.9 3.69 1.72 A f

2P1/2–2Po
3/2 3033.51 26.0 1.76 32.0 45.8 6.97 0.61 B a

22.0 1.00 21.2 27.5 3.90 0.68 B c
22.0 1.00 35.18 27.5 3.90 1.12 A f

2P3/2–2Po
3/2 2942.89 26.0 1.76 34.4 43.1 6.60 0.69 B a

22.0 1.00 20.2 25.8 3.66 0.69 C+ c
22.0 1.00 33.48 25.8 3.66 1.14 B f

(1D) 4s– 2D5/2–2Fo
7/2 4609.57 10.88 2.03 49.1 113 13.3 0.39 B+ b

(1D) 4p
11.52 1.79 46.6 99.8 11.9 0.42 B+ b
12.20 0.74 21.4 41.3 5.04 0.46 A b
13.03 1.10 26.9 61.4 7.43 0.39 A b
13.88 1.39 36.2 77.6 9.32 0.42 B+ b
22.0 1.00 34.0 42.6 7.67 0.68 B c

17.0–26.7 1.00 30.2 47.0–40.1 7.39–7.83 0.56–0.63 B+ d
13.4 1.30 56.0 66.7 9.16 0.74 B+ g
14.2 1.60 62.0 80.3 11.3 0.68 B+ g

2D3/2–2Fo
5/2 4589.90 10.88 2.03 53.3 110 13.2 0.43 B+ b

11.52 1.79 45.9 96.6 11.7 0.42 B+ b
12.20 0.74 25.9 39.9 4.98 0.58 A b
13.03 1.10 32.4 59.3 7.33 0.49 A b
13.88 1.39 39.0 75.0 9.20 0.46 B+ b
22.0 1.00 35.0 40.9 7.58 0.72 B+ c

16.5–23.2 1.00 29.8 45.8–40.6 7.25–7.63 0.56–0.62 B d
2D5/2–2Fo

5/2 4637.23 22.0 1.00 36.5 43.0 7.70 0.72 B c
18.4–26.5 1.00 36.6 45.9–40.6 7.52–7.86 0.69–0.76 B d

2D5/2–2Po
3/2 4277.53 26.0 1.76 85.2 85.86 13.9 0.85 B a

22.0 1.00 72.1 51.7 7.74 1.21 B c
2D3/2–2Po

3/2 4237.22 18.4–26.5 1.00 57.9 53.3–47.0 7.38–7.82 0.95–1.06 B+ d
2D3/2–2Do

3/2 4042.89 22.0 1.00 27.7 36.8 6.62 0.64 B c
18.4–26.5 1.00 41.4 39.2–34.6 6.47–6.72 0.91–1.00 B+ d

22.0 1.00 29.27 36.8 6.62 0.68 C f
2D5/2–2Do

3/2 4079.57 18.4–26.5 1.00 42.9 40.8–36.0 6.60–6.87 0.91–1.00 B+ c
2D3/2–2Do

5/2 4035.46 22.0 1.00 29.1 33.3 6.61 0.73 B c
18.4–26.5 1.00 36.7 35.6–31.2 6.46–6.72 0.85–0.97 B+ d

22.0 1.00 31.73 33.3 6.61 0.80 B f
(3P) 4p– 4Po

3/2–4D5/2 3514.39 22.0 1.00 46.0 43.9 6.48 0.91 C+ c
(3P) 4d

22.0 1.00 49.93 43.9 6.48 0.99 B f
4Po

1/2–4D3/2 3535.32 22.0 1.00 52.0 45.2 6.62 1.00 C+ c
22.0 1.00 48.52 45.2 6.62 0.94 A f

4Po
5/2–4D5/2 3476.75 26.0 1.76 62.4 73.5 11.3 0.74 B a

22.0 1.00 35.4 42.8 6.32 0.72 C+ c
22.0 1.00 46.18 42.8 6.32 0.94 C f

4Po
1/2–4D1/2 3509.78 22.0 1.00 38.0 45.0 6.57 0.74 C+ c

22.0 1.00 46.82 45.0 6.57 0.91 A f
4Po

5/2–4D3/2 3454.09 22.0 1.00 45.9 43.1 6.29 0.93 B f
4Po

5/2–4P5/2 3139.02 22.0 1.00 35.6 40.5 6.15 0.76 45.6 C+ c
22.0 1.00 45.27 40.5 6.15 0.97 45.6 B f

4Po
3/2–4P3/2 3212.52 22.0 1.00 36.6 43.0 6.34 0.74 47.5 C+ c

22.0 1.00 48.91 43.0 6.34 0.99 47.5 A f
4Po

1/2–4P1/2 3281.71 22.0 1.00 41.8 46.3 6.67 0.79 49.8 C+ c
22.0 1.00 51.30 46.3 6.67 0.97 49.8 A f
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Table 1 – continued

Transition Transition λ T Ne Wm We Wi Wm/W WG Acc. Ref.
array (Å) (103 K) (1017 cm−3) (pm) (pm) (pm) (pm)

4Po
5/2–4P3/2 3181.04 22.0 1.00 35.0 42.0 6.22 0.73 47.3 C+ c

22.0 1.00 53.21 42.0 6.22 1.10 47.3 A f
4Po

3/2–4P1/2 3243.69 22.0 1.00 36.8 45.4 6.51 0.71 48.4 C+ c
22.0 1.00 47.32 45.4 6.51 0.91 48.4 B f

4Po
1/2–4P3/2 3249.80 26.0 1.76 66.4 77.1 – 0.86 85.1 B a

22.0 1.00 36.6 43.8 6.51 0.73 48.8 B c
22.0 1.00 48.54 43.8 6.51 0.96 48.8 B f

4Po
3/2–4P5/2 3169.67 26.0 1.76 66.4 71.2 – 0.93 81.0 B a

22.0 1.00 35.6 41.5 6.28 0.76 46.2 B c
22.0 1.00 44.25 41.5 6.28 0.93 46.2 B f

4Po
5/2–4F3/2 3194.23 22.0 1.00 48.27 40.6 6.07 1.03 A f

4Po
5/2–4F5/2 3221.63 22.0 1.00 39.54 41.6 6.14 0.83 C f

4Po
3/2–4F3/2 3225.97 22.0 1.00 42.51 41.6 6.20 0.89 B f

4Po
1/2–4F3/2 3263.57 22.0 1.00 48.80 42.4 6.35 1.00 A f

4Do
7/2–4D7/2 3780.84 26.0 1.76 81.6 87.6 13.4 0.81 96.0 B a

22.0 1.00 57.7 52.3 7.54 0.96 55.5 B c
18.4–26.5 1.00 75.4 53.0–49.7 7.33–7.70 1.26–1.31 56.3–54.6 B+ d

22.0 1.00 51.12 52.3 7.54 0.85 55.5 B f
4Do

5/2–4D5/2 3826.81 22.0 1.00 67.7 53.5 7.79 1.11 56.9 B c
18.4–26.5 1.00 64.3 55.4–52.0 7.57–7.97 1.02–1.07 57.4–55.9 B+ d

22.0 1.00 53.78 53.5 7.79 0.88 56.9 A f
4Do

3/2–4D3/2 3872.14 22.0 1.00 53.5 55.2 8.02 0.85 58.2 B c
18.4–26.5 1.00 76.7 57.2–53.7 7.85–8.21 1.18–1.24 59.0–57.2 B+ d

4Do
1/2–4D1/2 3880.33 18.4–26.5 1.00 53.5 58.7–54.8 8.01–8.28 0.80–0.85 59.4–57.5 B+ d

22.0 1.00 50.36 56.5 8.14 0.78 45.3 B f
4Do

7/2–4D5/2 3763.50 18.4–26.5 1.00 56.2 53.02–49.7 7.27–7.68 0.93–0.98 55.6–56.2 B+ d
22.0 1.00 55.23 51.13 7.49 0.94 56.9 A f

4Do
5/2–4D3/2 3799.38 22.0 1.00 48.5 53.7 7.74 0.79 56.4 B c

18.4–26.5 1.00 56.9 55.8–52.3 7.59–7.91 0.90–0.95 56.9–55.2 B+ d
22.0 1.00 54.97 53.7 7.74 0.89 56.4 A f

4Do
3/2–4D1/2 3841.52 22.0 1.00 44.4 54.9 8.03 0.71 57.7 B c

18.4–26.5 1.00 48.1 56.8–53.3 7.76–8.37 0.75–0.78 58.0–64.1 B+ d
22.0 1.00 48.23 54.9 8.03 0.77 57.7 A f

4Do
5/2–4D7/2 3844.73 22.0 1.00 20.0 53.7 7.82 0.33 57.1 C+ c

22.0 1.00 59.14 53.7 7.82 0.96 57.1 B f
4Do

3/2–4D5/2 3900.63 18.4–26.5 1.00 52.2 56.7–53.2 7.76–8.37 0.81–0.85 59.3–52.5 B+ d
22.0 1.00 55.47 54.81 8.07 0.88 56.6 B f

4Do
1/2–4D3/2 3911.58 18.4–26.5 1.00 47.8 59.1–55.3 8.05–8.41 0.72–075 60.5–58.3 B+ d

22.0 1.00 51.42 56.9 8.22 0.79 57.1 A f
4Do

7/2–4F9/2 3588.44 26.0 1.76 88.2 91.0 – 0.97 B a
11.52 1.79 84.2 115 – 0.73 B+ b
13.03 1.10 54.0 71.6 – 0.75 A b
13.88 1.39 64.2 82.4 – 0.78 B+ b
22.0 1.00 59.6 53.0 7.43 0.99 B c

4Do
5/2–4F7/2 3576.62 26.0 1.76 104.2 91.5 – 1.14 C+ a

22.0 1.00 62.3 53.3 7.59 1.02 B c
18.4–26.5 1.00 118.0 55.0–51.9 7.45–7.74 1.89–1.98 C+ d

4Do
3/2–4F5/2 3582.35 22.0 1.00 65.6 52.5 7.72 1.09 B c

4Do
1/2–4F3/2 3581.61 22.0 1.00 51.3 52.5 7.74 0.85 B c

4Do
5/2–4F5/2 3519.99 22.0 1.00 55.67 51.1 7.43 0.95 B f

4Do
3/2–4F3/2 3548.51 22.0 1.00 54.27 51.1 7.59 0.92 C f

4Do
1/2–4P3/2 3565.03 26.0 1.76 100.4 92.7 – 1.08 B a

22.0 1.00 57.0 54.2 7.92 0.92 C+ c
4Do

7/2–4P5/2 3370.91 22.0 1.00 54.76 47.6 7.14 1.00 A f
4Do

5/2–4P5/2 3421.61 22.0 1.00 58.28 49.5 7.39 1.02 A f
4Do

3/2–2F5/2 3397.90 22.0 1.00 60.57 55.1 8.06 0.96 A f
4Do

5/2–2F7/2 3430.42 22.0 1.00 63.28 57.4 7.99 0.97 A f
4Do

5/2–2D5/2 2865.84 22.0 1.00 69.64 66.5 – 1.05 A f
2Do

5/2–4D3/2 3958.38 22.0 1.00 12.0 60.6 8.44 0.17 C+ c
22.0 1.00 62.43 60.6 8.44 0.90 A f

2Do
5/2–4D5/2 3988.16 22.0 1.00 58.0 60.5 8.52 0.84 B c
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Table 1 – continued

Transition Transition λ T Ne Wm We Wi Wm/W WG Acc. Ref.
array (Å) (103 K) (1017 cm−3) (pm) (pm) (pm) (pm)

18.4–26.5 1.00 68.2 62.7–58.7 8.34–8.72 0.96–1.01 B+ d
22.0 1.00 59.38 60.5 8.52 0.86 B f

2Do
3/2–4D1/2 4031.38 22.0 1.00 57.66 64.4 8.98 0.79 C f

2Do
3/2–2D3/2 3000.44 22.0 1.00 88.0 73.5 – 1.20 C+ c

2Do
5/2–2D5/2 2955.39 22.0 1.00 69.6 72.0 – 0.97 C+ c

22.0 1.00 79.10 72.0 – 1.10 A f
2Do

3/2–2D5/2 3014.48 22.0 1.00 69.8 75.2 – 0.93 C+ c
22.0 1.00 83.62 75.2 – 1.11 A f

2Do
5/2–2F7/2 3559.51 22.0 1.00 67.7 63.8 8.65 0.93 67.0 B c

2Do
5/2–2F5/2 3464.13 26.0 1.76 100.4 102 – 0.98 111.6 B a

22.0 1.00 58.5 59.5 8.38 0.86 64.3 C+ c
22.0 1.00 64.07 59.5 8.38 0.94 64.3 B f

2Do
3/2–2F5/2 3545.60 22.0 1.00 66.67 62.7 6.66 0.96 64.1 C f

2Do
3/2–2P1/2 3273.32 22.0 1.00 78.0 70.61 – 1.10 C+ c

22.0 1.00 90.79 70.61 – 1.28 A f
2Do

3/2–2P3/2 3204.32 22.0 1.00 104.18 73.1 – 1.42 A f
2Po

3/2–2F5/2 3655.28 22.0 1.00 63.0 63.7 9.34 0.86 C+ c
18.4–26.5 1.00 85.5 65.5–62.1 9.07–9.49 1.15–1.19 B+ d

22.0 1.00 67.72 63.7 9.34 0.93 C f
2Po

1/2–2P1/2 3307.23 26.0 1.76 132.6 118 – 1.12 221 B a
22.0 1.00 93.07 68.5 – 1.36 124.1 A f

2Po
1/2–2P3/2 3236.81 22.0 1.00 75.6 72.3 – 1.05 120 C+ c

22.0 1.00 93.27 72.3 – 1.29 120 A f
2Po

3/2–2P1/2 3366.58 22.0 1.00 94.78 70.9 – 1.34 A f
2Po

3/2–2D5/2 3093.40 22.0 1.00 69.7 77.5 – 0.90 C+ c
22.0 1.00 88.77 77.5 – 1.15 A f

2Po
1/2–2D3/2 3028.91 22.0 1.00 77.92 73.1 – 1.07 B f

4So
3/2–4F3/2 3952.73 22.0 1.00 58.9 62.6 9.56 0.82 C+ c

18.4–26.5 1.00 69.8 64.6–60.7 9.36–9.77 0.94–0.99 B+ d
22.0 1.00 70.09 62.6 9.56 0.97 A f

4So
3/2–4P5/2 3868.53 26.0 1.76 115.4 106 – 1.09 121.5 B a

22.0 1.00 78.7 61.8 9.59 1.10 69.6 B c
18.4–26.5 1.00 72.6 63.8–59.9 9.38–9.77 0.99–1.04 70.5–69.1 B d

22.0 1.00 69.45 61.8 9.59 0.97 69.6 B f
4So

3/2–4P3/2 3932.55 22.0 1.00 80.4 64.2 9.38 1.09 71.8 B c
18.4–26.5 1.00 85.7 66.6–62.4 9.53–9.96 1.13–1.18 72.6–71.4 B+ d

22.0 1.00 72.00 64.2 9.38 0.98 71.8 B f
4So

3/2–4P1/2 3979.36 22.0 1.00 79.5 68.6 10.06 1.01 73.6 B c
18.4–26.5 1.00 83.6 70.7–66.6 9.66–10.17 1.04–1.09 74.6–72.7 B+ d

2So
1/2–2P3/2 3388.53 26.0 1.76 134.2 137 – 0.98 B a

2So
1/2–2D3/2 3161.37 22.0 1.00 74.66 80.4 – 0.93 B f

(3P) 4p– 2Po
3/2–2P3/2 2544.68 22.0 1.00 42.6 71.7 – 0.59 C+ c

(1D) 4d
(1D) 4p– 2Do

5/2–2D5/2 5216.81 18.4–26.5 1.00 252.7 240–224 – 1.05–1.13 A d
(3P) 4d

2Do
5/2–2P3/2 5812.76 18.4–26.5 1.00 291.1 260–241 – 1.12–1.21 B+ d

(1D) 4p– 2Fo
7/2–2G9/2 3561.03 22.0 1.00 63.9 64.2 – 1.00 B c

(1D) 4d
22.0 1.00 57.43 64.2 – 0.89 C f

2Fo
7/2–2F7/2 3376.44 26.0 1.76 117.4 158 – 0.74 B a

22.0 1.00 66.8 92.6 – 0.72 C+ c
22.0 1.00 83.92 92.6 – 0.91 A f

2Fo
5/2–2F5/2 3350.92 22.0 1.00 59.1 95.6 – 0.62 B c

22.0 1.00 67.96 95.6 – 0.71 A f
2Fo

7/2–2F5/2 3365.52 22.0 1.00 66.49 95.8 – 0.70 A f
2Fo

5/2–2D5/2 3414.46 22.0 1.00 67.05 101 – 0.66 B f
2Po

3/2–2P3/2 3660.44 18.4–26.5 1.00 123.6 164–155 – 0.75–0.80 B+ d
22.0 1.00 115.78 159 – 0.73 A f

2Po
3/2–2P1/2 3671.00 22.0 1.00 110.39 158 – 0.70 C f

2Po
1/2–2P1/2 3754.05 22.0 1.00 122.39 166 – 0.74 A f

2Po
3/2–2D5/2 3639.83 22.0 1.00 21.6 124 – 0.174 B c
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Table 1 – continued

Transition Transition λ T Ne Wm We Wi Wm/W WG Acc. Ref.
array (Å) (103 K) (1017 cm−3) (pm) (pm) (pm) (pm)

22.0 1.00 110.33 124 – 0.89 A f
2Po

1/2–2D3/2 3680.06 22.0 1.00 142.41 121 – 1.18 B f
2Po

3/2–2S1/2 3026.75 22.0 1.00 110.85 128 – 0.87 A f
2Po

1/2–2S1/2 3082.98 22.0 1.00 119.74 134 – 0.89 B f
2Do

5/2–2P3/2 3825.67 22.0 1.00 105.4 168 – 0.63 C+ c
22.0 1.00 100.13 168 – 0.60 C f

2Do
3/2–2P3/2 3819.02 18.4–26.5 1.00 136.1 173–162 – 0.79–0.84 B+ d

22.0 1.00 95.29 167 – 0.57 B f
2Do

3/2–2P1/2 3830.52 22.0 1.00 113.88 163 – 0.70 C f
2Do

5/2–2D5/2 3803.17 26.0 1.76 69.0 217 – 0.32 C a
22.0 1.00 100.7 126 – 0.80 B c

18.4–26.5 1.00 113.4 130–124 – 0.87–0.91 B d
22.0 1.00 108.62 126 – 0.86 B f

2Do
3/2–2D5/2 3796.59 18.4–26.5 1.00 100.0 132–125 – 0.76–0.80 B+ d

22.0 1.00 101.68 128 – 0.79 B f
2Do

5/2–2F7/2 3737.89 26.0 1.76 145.6 196 – 0.74 B a
22.0 1.00 101.2 115 – 0.88 B c

18.4–26.5 1.00 112.6 118–111 – 0.95–1.01 A d
22.0 1.00 91.44 115 – 0.80 B f

2Do
3/2–2F5/2 3718.21 22.0 1.00 96.1 121 – 0.79 B c

18.4–26.5 1.00 93.2 124–117 – 0.75–0.80 B+ d
22.0 1.00 84.72 121 – 0.70 B f

2Do
5/2–2F5/2 3724.52 18.4–26.5 1.00 114.4 123–115 – 0.93–0.99 B+ d

(3P) 4p– 4Po
5/2–4P5/2 3765.27 18.4–26.5 1.00 74.2 59.3–55.0 4.67–5.18 1.16–1.23 67.5–66.25 B+ d

(3P) 5s
22.0 1.00 62.63 56.9 4.91 1.01 63.9 B f

4Po
3/2–4P3/2 3720.43 22.0 1.00 61.6 56.5 4.85 1.00 65.5 C+ c

18.4–26.5 1.00 84.2 58.9–54.4 4.60–5.08 1.32–1.41 65.8–64.8 B+ d
22.0 1.00 63.67 56.5 4.85 1.04 65.5 C f

4Po
3/2–4P1/2 3622.14 22.0 1.00 66.2 54.1 4.58 1.12 62.5 B c

18.4–26.5 1.00 80.2 56.5–52.2 4.35–4.79 1.32–1.41 62.7–61.7 B+ d
22.0 1.00 68.4 54.1 4.58 1.17 62.5 A f

4Po
3/2–4P5/2 3809.46 22.0 1.00 74.6 58.6 5.05 1.17 69.1 B c

18.4–26.5 1.00 75.3 61.0–56.6 4.80–5.30 1.14–1.22 69.1–67.8 B+ d
22.0 1.00 68.70 58.6 5.05 1.08 69.1 A f

4Po
1/2–4P3/2 3770.52 18.4–26.5 1.00 76.7 60.4–55.8 4.74–5.23 1.18–1.26 67.9–66.7 B+ d

22.0 1.00 68.64 57.9 4.98 1.09 64.1 B f
4Po

1/2–4P1/2 3669.60 22.0 1.00 62.74 55.3 4.71 1.05 60.9 B f
4Po

5/2–4P3/2 3678.27 22.0 1.00 67.08 55.1 4.73 1.12 61.5 B f
4Po

1/2–2P3/2 3650.89 22.0 1.00 69.48 53.5 4.54 1.20 A f
4Do

3/2–4P1/2 4033.81 22.0 1.00 83.0 68.2 5.87 1.12 B c
18.4–26.5 1.00 88.4 71.2–65.8 5.58–6.14 1.15–1.23 B+ d

22.0 1.00 89.75 68.2 5.87 1.21 B f
4Do

5/2–4P5/2 4179.30 18.4–26.5 1.00 86.4 75.9–70.5 5.99–6.57 1.06–1.12 B+ d
4Do

3/2–4P3/2 4156.08 18.4–26.5 1.00 83.3 74.7–69.0 5.88–6.49 1.03–1.10 B+ d
4Do

3/2–2P3/2 4011.21 18.4–26.5 1.00 90.5 67.8–62.9 5.27–5.83 1.24–1.32 B+ d
22.0 1.00 82.16 65.1 5.25 1.17 B f

2Do
3/2–2P3/2 4218.66 22.0 1.00 84.9 75.8 6.42 1.03 88.4 B c

18.4–26.5 1.00 90.3 79.1–73.0 6.10–6.71 1.06–1.13 88.6–87.7 A d
2Po

3/2–2P1/2 4222.64 22.0 1.00 82.0 73.4 6.43 1.03 B c
18.4–26.5 1.00 90.3 76.3–70.9 6.16–6.80 1.10–1.16 A d

2Po
1/2–2P3/2 4275.16 22.0 1.00 60.8 73.2 6.51 0.76 B c

4So
3/2–4P5/2 4865.91 18.4–26.5 1.00 128.5 101–93.3 8.21–9.02 1.17–1.26 B+ d

4So
3/2–2P3/2 4535.49 18.4–26.5 1.00 106.2 85.1–76.6 6.97–7.66 1.15–1.26 B+ d

(3P) 4p– 2Po
1/2–2D3/2 2764.65 22.0 1.00 34.37 29.6 2.75 1.06 B f

(1D) 5s
(1D) 4p– 2Fo

7/2–2D5/2 3946.10 22.0 1.00 91.8 68.1 7.04 1.22 B c
(1D) 5s

18.4–26.5 1.00 81.1 71.3–65.2 6.84–7.29 1.04–1.12 B+ d
22.0 1.00 74.86 68.1 7.04 1.00 B f

2Fo
5/2–2D3/2 3925.72 26.0 1.76 145.4 107 12.5 1.21 B a
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Table 1 – continued

Transition Transition λ T Ne Wm We Wi Wm/W WG Acc. Ref.
array (Å) (103 K) (1017 cm−3) (pm) (pm) (pm) (pm)

22.0 1.00 78.5 63.4 6.90 1.17 B c
18.4–26.5 1.00 94.1 66.5–60.7 6.69–7.17 1.29–1.39 B+ d

22.0 1.00 74.73 63.4 6.90 1.06 B f
2Fo

5/2–2D5/2 3926.05 22.0 1.00 68.65 63.7 6.94 0.97 C f
(1S) 4s– 2S1/2–2Do

3/2 4217.43 22.0 1.00 73.4 91.3 – 0.80 C+ c
(3P) 5p

18.4–26.5 1.00 100.8 93.0–89.5 – 1.08–1.13 B+ d
2S1/2–4Do

3/2 4385.06 18.4–26.5 1.00 96.9 93.6–89.0 – 1.03–1.09 B+ d
2S1/2–4So

3/2 4189.65 18.4–26.5 1.00 104.1 85.9–82.0 – 1.21–1.27 B+ d
(1D) 3d– 2G9/2–2Fo

7/2 6114.92 22.0 1.00 55.1 64.7 14.5 0.70 B c
(1D) 4p

18.4–26.5 1.00 34.7 68.9–60.84 14.1–14.6 0.42–0.46 B+ d
2G7/2–2Fo

7/2 6123.36 22.0 1.00 57.4 64.9 14.6 0.72 B c
2G7/2–2Fo

5/2 6172.29 18.4–26.5 1.00 47.7 71.8–63.9 14.3–14.9 0.55–0.61 B+ d

In the first five columns of Table 1, we give the transition array,
transition, wavelength, electron temperature (T) and electron den-
sity (Ne). In column 6 of Table 1, we show the experimental Stark
widths (Wm). In columns 7 and 8, we present our electron-impact
Stark widths (We) and ion impact Stark widths (Wi) calculated using
the SCP approach as described in Section 2. Ionic perturbers are
Ar+ ions. The ratios (Wm/W) between the experimental and our cal-
culated Stark widths are shown in column 9, where W = We + Wi is
the total width. In column 10, we present the Stark widths of Griem
(1974). The accuracies of the experimental results are presented in
column 11. We use code letters from critical reviews of Konjević
et al. (2002), which indicate the following:

(i) A = uncertainties within 15 per cent
(ii) B+ = uncertainties within 23 per cent
(iii) B = uncertainties within 30 per cent
(iv) C+ = uncertainties within 40 per cent
(v) C = uncertainties within 50 per cent
(vi) D = uncertainties larger than 50 per cent

Finally, in the last column of Table 1, a label for each set of
experimental results is given.

For each value in Table 1, the collision volume (V) multiplied by
the perturber density is much less than 1 and the impact approxi-
mation is valid. If the impact approximation is not valid, the values
of the width are not given. For example, for the transition (3P) 4p
4Po

1/2–(3P) 4d 4P3/2 (λ = 3249.80 Å), we do not give the value of
the ion impact Stark width when we compare with Djeniže et al.
(1989).

We found that our Stark widths agree well with the experimental
results for the (3P) 3d–(3P) 4p transitions (Hamdi et al. 2017). For
example, the average agreement with Aparicio et al. (1998), Igle-
sias et al. (2006) and Djurović et al. (2013) is about 20 per cent. In
Fig. 1, we present our electron-impact Stark width as a function of
temperature for the interval from 5000 to 60 000 K along with the
experimental values of Pellerin et al. (1997), Aparicio et al. (1998)
and Iglesias et al. (2006) for the transition (3P) 3d 4D5/2–(3P) 4p
4Do

5/2 (λ= 3968.36 Å). All experimental results are normalized to an
electron density of 1017 cm−3. Fig. 1 shows that our Stark widths are
close to the result of Pellerin et al. (1997) and the results of Iglesias
et al. (2006) measured at the electron densities 4.50 × 1017 cm−3

and 9.00 × 1017 cm−3. These last two results give the same value

Figure 1. Electron-impact (Stark) FWHM obtained using the SCP ap-
proach (Sahal-Bréchot 1969a,b) for the (3P) 3d 4D5/2–(3P) 4p 4Do

5/2

(λ = 3968.36 Å) spectral line as a function of electron temperature compared
with experimental results. The electron density is 1017 cm−3.

after normalization. Fig. 1 shows also that our electron-impact Stark
widths underestimate the value of Aparicio et al. (1998) and over-
estimate the value of Iglesias et al. (2006) measured at the electron
densities 7.20 × 1017 cm−3.

For the (3P) 3d–(1D) 4p transition array, the agreement with ex-
periments is worse than for the (3P) 3d–(3P) 4p transitions. The
average difference with Pellerin et al. (1997) is 44 per cent. Com-
pared with Aparicio et al. (1998), the difference does not exceed
44 per cent for eight transitions. For three transitions, the agreement
is poor. The best agreement with Aparicio et al. (1998) is for the
transition 2F5/2–2Do

5/2 (λ = 4300.65 Å) for which the ratio Wm/W
varies from 0.98 to 1.08 in the temperature interval from 18 400 to
26 500 K. The largest difference with Aparicio et al. (1998) is for
the transition 2P3/2–2Po

3/2 (λ = 3766.12 Å) for which our width is
two orders of magnitude lower than the experimental result. Com-
pared with Djurović et al. (2013), we find very good agreement
(which does not exceed 22 per cent). On one hand, for the transition
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Figure 2. Same as Fig. 1 but for the (3P) 4s 4P3/2–(3P) 4p 4Po
1/2

(λ = 4847.81 Å) spectral line.

2D5/2–2Do
5/2 (λ = 4481.81 Å), our widths are two orders of magni-

tude greater than the experimental results of Dzierzega & Musiol
(1994). On the other hand, the agreement is good with Pellerin et al.
(1997) (Wm/W = 0.75).

For the (3P) 4s–(3P) 4p transition array, we found an average dif-
ference with Pellerin et al. (1997) of 30 per cent. Better agreement is
found for the transition 4P5/2–4Do

3/2 (Wm/W = 0.92). The largest dif-
ference is 75 per cent, which was obtained for the transition 4P3/2–
2Do

3/2 (λ = 4112.82 Å). Compared with Aparicio et al. (1998), the
average difference is about 40 per cent. All the values of Aparicio
et al. (1998) are measured with uncertainties within 23 per cent. The
largest disagreement with Aparicio et al. (1998) is for the 2P3/2–
4Do

5/2 (λ = 5145.31 Å) spectral line. In fact, for this line, the ratio
Wm/W varies from 0.40 to 0.43 in the temperature interval from 18
400 to 26 500 K. Note for this line that the ratio Wm/W is 0.77 when
we compare with Pellerin et al. (1997). Comparing with Gajo et al.
(2013), we found the average of Wm/W was 0.70. All our values
overestimate the experimental widths of Gajo et al. (2013). Our re-
sults agree with the widths of Iglesias et al. (2006) within 25 per cent
on average. The largest disagreement (Wm/W = 0.59) was for the
transition 4P3/2–4Po

1/2 (λ = 4847.81 Å) for the width measured at the
electron density 7.20 × 1017 cm−3. However, for the width measured
at the electron density 9.00 × 1017 cm−3, the ratio Wm/W is 0.80.
Our widths do not agree with Dzierzega & Musiol (1994) for all tran-
sitions in the (3P) 4s–(3P) 4p transition array. In fact, our widths are
two orders of magnitude greater than the results of Dzierzega & Mu-
siol (1994). Our results agree with Griem (1974) within 25 per cent
on average. In Fig. 2, we present our electron-impact Stark width
as a function of temperature for the interval from 5000 to 60 000 K
along with the experimental values of Dzierzega & Musiol (1994),
Pellerin et al. (1997), Aparicio et al. (1998), Iglesias et al. (2006)
and Gajo et al. (2013) for the transition (3P) 4s 4P3/2–(3P) 4p 4Po

1/2

(λ = 4847.81 Å). As we can see in Fig. 2, our results overesti-
mate all the experimental results. The value of Iglesias et al. (2006)
measured at the electron density 9.00 × 1017 cm−3 is the closest to
our width.

For the (3P) 4s–(1D) 4p transition array, our widths agree with
Pellerin et al. (1997) within 47 per cent on average and with Djeniže
et al. (1989) within 54 per cent. Good agreement was found when
we compare with Djurović et al. (2013) except for two transitions:

Figure 3. Same as Fig. 1 but for the (3P) 4p 4Do
7/2–(3P) 4d 4D7/2

(λ = 3780.84 Å) spectral line.

2P1/2–2Po
1/2 (λ = 2979.05 Å) and 2P3/2–2Po

1/2 (λ = 2891.61 Å), for
which the ratio Wm/W is 1.76 and 1.72, respectively. For the same
lines, the ratio Wm/W is 0.75 when we compare with Pellerin et al.
(1997).

For the (1D) 4s–(1D) 4p transition array, the agreement with
Pellerin et al. (1997) is 39 per cent on average and 28 per cent with
Aparicio et al. (1998). The largest disagreement was with Dzierzega
& Musiol (1994).

For the (3P) 4p–(3P) 4d transition array, very good agreement was
found with Djurović et al. (2013). In fact, the difference between
our widths and those of Djurović et al. (2013) does not exceed
34 per cent except for one transition: 2Do

3/2–2P3/2 (λ = 3204.32 Å),
for which the ratio Wm/W is 1.42. Note that we have not taken into
account the ion-impact Stark width for this line because the impact
approximation is not valid. Our results agree with Pellerin et al.
(1997) within 20 per cent on average. A very large disagreement
with the results of Pellerin et al. (1997) was found for the transitions
4Do

5/2–4D7/2 (λ = 3844.73 Å) and 2Do
5/2–4D3/2 (λ = 3958.38 Å), for

which the ratio Wm/W is 0.33 and 0.17, respectively. Note that for
the 4Do

5/2–4D7/2 transition, our Stark width agrees very well with
Djurović et al. (2013) (Wm/W = 0.96) and that the width measured
by Djurović et al. (2013) is larger than that of Pellerin et al. (1997)
by a factor of 3. For the 2Do

5/2–4D3/2 transition also, very good
agreement is found with Djurović et al. (2013) (Wm/W = 0.90),
whereas the ratio between the two experimental results is greater
than 5. This large disagreement between the experimental results
is explained in Djurović et al. (2013) by the self-absorption effect.
Our Stark width agrees well with Aparicio et al. (1998) (about
15 per cent on average). There is only one exception, for the tran-
sition 4Do

5/2–4F7/2 (λ = 3576.62 Å). In fact, for this transition, the
ratio Wm/W varies from 1.89 to 1.98 in the temperature interval
from 18 400 to 26 500 K. However, for the same transition, there
is very good agreement with Pellerin et al. (1997) (Wm/W = 1.02)
and with Djeniže et al. (1989) also (Wm/W = 1.14). Comparing
with Djeniže et al. (1989), we find also good agreement (12 per cent
on average). In Fig. 3, we show the temperature dependence of our
electron-impact Stark width along with the experimental results for
the (3P) 4p 4Do

7/2–(3P) 4d 4D7/2 (λ = 3780.84 Å) spectral line. Fig. 3
shows that our width is close to the experimental results of Pellerin
et al. (1997), Djurović et al. (2013) and Djeniže et al. (1989). Fig. 3
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Figure 4. Temperature dependence of Ar II Stark widths due to collisions
with positive ions (Ar+) for an electron density of 1017 cm−3. Solid line:
(3P) 3d 4D7/2–(3P) 4p 4Do

7/2 (λ = 4013.86 Å) spectral line. Dashed line:

(3P) 4s 4P3/2–(3P) 4p 4Po
1/2 (λ = 4847.81 Å) spectral line. Dotted line: (3P)

4p 4Do
7/2–(3P) 4d 4D7/2 (λ = 3780.84 Å) spectral line.

shows also that the result of Aparicio et al. (1998) is higher than
our width by about 47 per cent.

For the (1D) 4p–(1D) 4d transition array, we do not give the Stark
width (Wi) due to the impacts with positive ions because the impact
approximation is not valid. The difference between our electron-
impact Stark widths and the results of Aparicio et al. (1998) does
not exceed 30 per cent. Our electron-impact Stark widths agree with
the results of Djurović et al. (2013) within 31 per cent on average.
Comparing with Pellerin et al. (1997), our results are in good agree-
ment (better than 25 per cent) for four transitions. For three transi-
tions, the difference is between 39 per cent and 61 per cent. For the
transition 2Po

3/2–2D5/2 (λ = 3639.83 Å), we obtain a very large dis-
agreement with Pellerin et al. (1997) (Wm/W = 0.17). On the other
hand, our Stark width agrees very well with Djurović et al. (2013)
(Wm/W = 0.89) for this transition. The large difference between
the experimental results (factor of 5) is also explained in Djurović
et al. (2013) by the self-absorption effect. Our results are compared
with Djeniže et al. (1989) for three spectral lines. For two spec-
tral lines, the agreement with Djeniže et al. (1989) is acceptable
(Wm/W = 0.74) but for the transition (1D) 4p 2Do

5/2–(1D) 4d 2D5/2

(λ = 3803.17 Å), the value measured by Djeniže et al. (1989) is
lower than our width by a factor of 3. The value in Djeniže et al.
(1989) for this line is also very small compared with the results
of Pellerin et al. (1997), Aparicio et al. (1998) and Djurović et al.
(2013).

For the (3P) 4p–(3P) 5s, (3P) 4p–(1D) 5s, (1D) 4p–(1D) 5s and
(1S) 4s–(3P) 5p transition arrays, our Stark widths agree well with
all the experimental results and with the theoretical results of
Griem (1974). In Fig. 4, we present the temperature dependence
of Ar II Stark widths due to collisions with positive ions (Ar+) for
an electron density of 1017 cm−3 for three spectral lines: (3P) 3d
4D7/2–(3P) 4p 4Do

7/2 (λ = 4013.86 Å), (3P) 4s 4P3/2–(3P) 4p 4Po
1/2

(λ = 4847.81 Å) and (3P) 4p 4Do
7/2–(3P) 4d 4D7/2 (λ = 3780.84 Å).

Unlike the electron-impact Stark width, Fig. 4 shows that the Stark
width due to collisions with positive ions increases when the tem-
perature increases. This is because the Coulomb repulsion decreases
when the temperature increases.

Table 2. Our electron-impact Stark widths (We) compared with the results
of Dimitrijević & Truong-Bach (1986) and Dimitrijević & Csillag (2006)
(WD). We is calculated with the SCP approach (Sahal-Bréchot 1969a,b)
and a set of atomic data determined using the Cowan code (Cowan 1981).
WD is calculated with the SCP approach (Sahal-Bréchot 1969a,b), energy
levels from Bashkin & Stoner (1975) and oscillator strengths calculated
using the Bates & Damgaard method in Dimitrijević & Csillag (2006) and
a scaled Thomas–Fermi model (Stewart & Rotenberg 1965) in Dimitrijević
& Truong-Bach (1986). References: a Dimitrijević & Csillag (2006) and b
Dimitrijević & Truong-Bach (1986).

Transition T Ne We WD Reference
(K) (cm−3) (pm) (pm)

(3P) 4s 2P1/2–(3P) 4p 2Po
3/2 1000 1014 0.178 0.193 a

λ = 4764.86 Å 2000 1014 0.119 0.132
5000 1014 0.0785 0.0859

10000 1014 0.0583 0.0633
20000 1014 0.0442 0.0474
50000 1014 0.0352 0.0368

(3P) 4s 4P5/2–(3P) 4p 4Po
5/2 1000 1014 0.165 0.147 a

λ = 4806.02 Å 2000 1014 0.107 0.110
5000 1014 0.0705 0.0728

10000 1014 0.0538 0.0544
20000 1014 0.0410 0.0410
50000 1014 0.0327 0.0317

(3P) 4s 2P3/2–(1D) 4p 2Po
1/2 5000 1017 48.1 37.5 b

λ = 2891.61 Å 10000 1017 36.7 30.0
20000 1017 28.8 24.3
30000 1017 25.6 21.9
40000 1017 23.8 20.7

(3P) 4s 2P3/2–(1D) 4p 2Po
3/2 5000 1017 46.6 38.8 b

λ = 2942.89 Å 10000 1017 34.9 30.2
20000 1017 26.8 24.0
30000 1017 23.4 21.5
40000 1017 21.7 20.3

(3P) 4s 2P1/2–(1D) 4p 2Po
1/2 5000 1017 51.0 39.7 b

λ = 2979.05 Å 10000 1017 38.9 31.7
20000 1017 30.5 25.8
30000 1017 27.0 23.3
40000 1017 25.2 22.1

(3P) 4s 2P1/2–(1D) 4p 2Po
3/2 5000 1017 49.4 41.1 b

λ = 3033.51 Å 10000 1017 37.0 32.0
20000 1017 28.4 25.5
30000 1017 24.8 22.9
40000 1017 22.9 21.6

(3P) 4p 2Po
3/2–(3P) 4d 2P1/2 5000 1017 99.4 118 b

λ = 3366.58 Å 10000 1017 81.6 95.6
20000 1017 71.7 79.9
30000 1017 67.5 72.5
40000 1017 64.9 67.9

(3P) 4p 2Po
1/2–(3P) 4d 2P1/2 5000 1017 95.6 114 b

λ = 3307.23 Å 10000 1017 78.8 92.3
20000 1017 69.3 77.1
30000 1017 65.7 70.0
40000 1017 63.4 65.6

(3P) 4p 2Po
3/2–(3P) 4d 2P3/2 5000 1017 104 148 b

λ = 3293.64 Å 10000 1017 87.1 121
20000 1017 76.3 99.9
30000 1017 71.6 89.9
40000 1017 68.5 83.4

(3P) 4p 2Po
1/2–(3P) 4d 2P3/2 5000 1017 100 143 b

λ = 3236.81 Å 10000 1017 84.5 117
20000 1017 74.1 96.6
30000 1017 68.8 86.9
40000 1017 65.9 80.7

(3P) 4p 2Do
3/2–(3P) 4d 2P1/2 5000 1017 98.7 107 b
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Table 2 – continued

Transition T Ne We WD Reference
(K) (cm−3) (pm) (pm)

λ = 3273.32 Å 10000 1017 81.7 89.2
20000 1017 71.8 75.6
30000 1017 67.6 68.9
40000 1017 65.1 64.6

(3P) 4p 2Do
3/2–(3P) 4d 2D3/2 5000 1017 102 74.9 b

λ = 3000.44 Å 10000 1017 86.1 60.1
20000 1017 74.6 51.3
30000 1017 69.8 47.7
40000 1017 66.7 45.5

(3P) 4p 2Do
5/2–(3P) 4d 2D5/2 5000 1017 103 66.0 b

λ = 2955.39 Å 10000 1017 85.5 57.2
20000 1017 73.3 50.5
30000 1017 68.4 47.3
40000 1017 65.2 45.4

(3P) 4p 2Do
3/2–(3P) 4d 2D5/2 5000 1017 108 69.5 b

λ = 3014.48 Å 10000 1017 89.6 59.5
20000 1017 76.5 52.5
30000 1017 71.2 48.8
40000 1017 67.9 46.7

4 C O M PA R I S O N W I T H PR E V I O U S
SEMICLASSICAL PERTURBATION
C A L C U L ATI O N S

Dimitrijević & Truong-Bach (1986) calculated the Stark broadening
parameters for 13 Ar II transitions belonging to the 4p–4d transition
array. The calculations were carried out using the SCP approach,
energy levels were taken from Bashkin & Stoner (1975) and oscilla-
tor strengths were calculated using a scaled Thomas–Fermi model
(Stewart & Rotenberg 1965). To investigate the role of the Stark
broadening mechanism on the mode structure of He–Ar gas lasers,
Dimitrijević & Csillag (2006) calculated Stark broadening parame-
ters for the (3P) 4s 4P–(3P) 4p 4Po multiplet using a SCP approach.
The energy levels were taken from Bashkin & Stoner (1975) and

the oscillator strength was calculated using the Bates & Damgaard
method.

In Table 2, we present our electron-impact Stark widths (We) com-
pared with the results of Dimitrijević & Truong-Bach (1986) and
Dimitrijević & Csillag (2006). The difference between our electron-
impact Stark widths and the values of Dimitrijević & Csillag (2006)
does not exceed 12 per cent. Compared with Dimitrijević & Truong-
Bach (1986), the difference does not exceed 30 per cent, except for
two transitions for which the difference is about 40 per cent.

5 L A R G E - S C A L E C A L C U L AT I O N S

Our large-scale calculations of Stark widths using the SCP ap-
proach (Sahal-Bréchot 1969a,b) and Cowan code (Cowan 1981)
for atomic data are presented in Table 3. Only a sample of the
results is provided to show the content of the additional data and
their form. The complete results obtained for 300 spectral Ar II lines
are given as additional data in electronic form in the online jour-
nal. The calculations have been made for a perturber density of
1017 cm−3 and for temperatures from 5000 to 60 000 K. Stark full
widths at half intensity maximum (FWHM) are given for electron-,
proton-, singly charged helium- and singly charged argon impact
broadening. Since our results are obtained using calculated en-
ergy levels, a correction to the widths due to the difference be-
tween the calculated and observed wavelengths is introduced us-
ing equation (8) of Hamdi et al. (2013). All wavelengths given
in Table 3 are taken from the National Institute of Standards and
Technology (NIST).

In Table 3, we also specify a parameter C (Dimitrijević & Sahal-
Bréchot 1984), which gives an estimate for the maximal perturber
density for which the line may be treated as isolated when it is
divided by the corresponding FWHM. For each value given in
Table 3, the collision volume V multiplied by the perturber den-
sity N is much smaller than 1 and the impact approximation is valid
(Sahal-Bréchot 1969a,b). For NV > 0.5, the impact approximation
breaks down and thus, the values are not given. For 0.1 < NV ≤ 0.5,

Table 3. Electron, proton and singly-charged argon-impact Stark widths for Ar II lines calculated using the SCP
approach (Sahal-Bréchot 1969a,b) and atomic data calculated using the Cowan code (Cowan 1981) for a perturber
density of 1017 cm−3 and temperatures of 5000 to 60 000 K. The wavelength of the transitions (in Å) and parameter
C (Dimitrijević & Sahal-Bréchot 1984) are also given. This parameter when divided with the corresponding Stark
width gives an estimate for the maximal perturber density for which the line may be treated as isolated. We is the
electron-impact full Stark width at half-maximum. WH+ is the proton-impact full Stark width at half-maximum.
WHe+ is the singly charged helium-impact full Stark width at half-maximum. WAr+ is the singly charged argon-
impact full Stark width at half-maximum. For cells with an asterisk, the impact approximation reaches its limit of
validity (0.1 < NV ≤ 0.5). Empty cells mean that the impact approximation is not valid. This table is available in
its entirety for 300 Ar II spectral lines in machine-readable form in the online journal as additional data. A portion
is shown here to illustrate its form and content.

Transition Temperature We (Å) WH+ (Å) WHe+ (Å) WAr+ (Å)

(1D) 4s 2D5/2–(1D) 4p 2Fo
7/2 5000 0.761 0.375E-01 0.461E-01 0.556E-01*

4609.57 Å 10000 0.575 0.545E-01 0.612E-01 0.666E-01*
C = 0.13E+21 20000 0.441 0.652E-01 0.700E-01 0.758E-01*

30000 0.388 0.703E-01 0.748E-01 0.790E-01*
40000 0.359 0.738E-01 0.778E-01 0.805E-01*
60000 0.327 0.785E-01 0.803E-01 0.822E-01

(3P) 4p 4Po
1/2–(3P) 4d 4P3/2 5000 0.701 0.381E-01 0.438E-01* –

3249.80 Å 10000. 0.541 0.557E-01 0.555E-01* –
C = 0.21E+20 20000. 0.446 0.676E-01 0.659E-01* 0.647E-01*

30000 0.419 0.743E-01 0.707E-01 0.671E-01*
40000 0.404 0.803E-01 0.750E-01 0.690E-01*
60000 0.387 0.866E-01 0.792E-01 0.719E-01*
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the impact approximation reaches the limit of validity and values
are marked with an asterisk.

All the Stark widths presented in Table 3 will be in-
serted into the STARK-B data base (Sahal-Bréchot et al. 2015,
http://stark-b.obspm.fr/), which contains widths and shifts of
isolated lines of neutral and ionized elements due to electron and ion
impact. It is devoted to modelling and spectroscopic diagnostics of
stellar atmospheres and envelopes, laboratory and fusion plasmas,
laser equipment and technological plasmas. STARK-B is a node
of the Virtual Atomic and Molecular Data Center (Dubernet et al.
2016, http://www.vamdc.org/).

6 C O N C L U S I O N S

Using atomic data from the Cowan code (Cowan 1981) and the im-
pact SCP approach, we have calculated Stark widths for 300 spectral
lines of singly charged argon. The comparison of our widths with
experimental and theoretical values in the literature shows that our
results are generally in good agreement for most spectral lines.
The best agreement was with Djurović et al. (2013) and the worst
agreement was with Dzierzega & Musiol (1994). For a number of
spectral lines, our results agree with some authors and not with oth-
ers. The comparison between experimental and theoretical results
suggests that both theories and experiments can be improved. Our
Stark widths may be of interest for modelling and investigations
of A-type and B-type stars and also subdwarfs, since Ar II spectral
lines are observed in these kinds of stars. Our results may also be
of interest for laser physics and diagnostics of laboratory plasmas.
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2015, MNRAS, 454, 1736
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Advances Space Res., 54, 1223

Hamdi R., Ben Nessib N., Sahal-Bréchot S., Dimitrijević M. S., 2017,
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Table 3. Electron, proton and singly-charged argon-impact Stark
widths for Ar II lines calculated using the SCP approach (Sahal-
Bréchot 1969a,b) and atomic data calculated using the Cowan code
(Cowan 1981) for a perturber density of 1017 cm−3 and temperatures
of 5000 to 60 000 K.
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