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Introduction: Atomic structure of the Cr II ion

Fundamental configuration of Cr II

[Ar] 3d5

Singly ionized chromium Cr II Singly ionized chromium is
important for technology applications.

It is also important for investigation in plasma physics, fusion
research and plasma technologies.
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Introduction: Atomic structure of the Cr II ion

A. Almodlej, N. Alwadie, N. Ben Nessib and M. Dimitrijević | Stark broadening of some Cr II spectral lines in a plasma



6

Stark broadening of spectral lines in plasma:
Plasma constituents
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Stark broadening of spectral lines in plasma:
Line profile-width and shift of a spectral line

A. Almodlej, N. Alwadie, N. Ben Nessib and M. Dimitrijević | Stark broadening of some Cr II spectral lines in a plasma



8

Stark broadening of spectral lines in plasma:
Line broadening
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Stark broadening of spectral lines in plasma:
General expression for the width of an isolated ion line

According to the impact approximation (Baranger, 1958), the full
half-width (FWHM) of an isolated ion line is given by:

W = N
{

v
[∑

i ′
σi ′i +

∑
f ′
σf ′f

]}
av

+ Wel

where N is the electron density, σj′j the inelastic cross sections for
collisional transitions, {.}av is the average over the electron
velocity v distribution and Wel is the line width induced by elastic
collisions.
Baranger, Michel. "General impact theory of pressure broadening." Physical
Review 112.3 (1958): 855.
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Stark broadening of spectral lines in plasma:
SCP approach

According to the semiclassical perturbation approach (SSB 1969 and SSB et al. 2014):

W = N
∫

vf (v)

∑
i ′ 6=i

σi ′i(v) +
∑
f ′ 6=f

σf ′f (v) + σel


where f (v) is the Maxwellian velocity distribution function for electrons,

∑
j′ 6=j

σj′j(v) = 1
2R2

1 +
∫ RD

R1
2πρdρ

∑
j′j

Pjj′(ρ, v)

is the inelastic cross section and the elastic cross section is given by:

σel = 2πR2
2 +

∫ RD

R2
2πρdρ sin2 δ + σr

Sahal-Bréchot, S. "Impact theory of the broadening and shift of spectral lines due to electrons and ions in a
plasma." Astronomy and Astrophysics 1 (1969): 91 and 2 (1969): 322.

Sahal-Bréchot, S., Dimitrijević, M. and Ben Nessib, N. "Widths and shifts of isolated lines of neutral and ionized

atoms perturbed by collisions with electrons and ions." Atoms 2.2 (2014): 225-252.
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Stark broadening of spectral lines in plasma:
SE approach

According to the semiempirical approach (Griem, 1968), the full
half-width (FWHM) of an isolated ion line is given by:

W = N 8π
3

~2

m2

( 2m
πkT

)1/2 π√
3

[∑
i ′

R2
i ′ig

( E
∆Ei ′i

)
+
∑
f ′

R2
f ′f g

( E
∆Ef ′f

)]

where E = 3kT/2 is the energy of the perturbing electron,
∆Ej′j =

∣∣Ej′ − Ej
∣∣ is the energy difference between levels j ′ and j ,

R2
j′j is the square of the coordinate operator matrix element and

g(x) the Gaunt factor function for width.
Griem, Hans R. "Semiempirical formulas for the electron-impact widths and
shifts of isolated ion lines in plasmas." Physical Review 165.1 (1968): 258.
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Stark broadening of spectral lines in plasma:
MSE approach

According to the modified semiempirical approach (Dimitrijević and Konjević,
1980), the full half-width (FWHM) of an isolated ion line is given by:

W = N 8π
3

~2

m2

(
2m
πkT

)1/2
π√
3

[
R2
li ,li+1g̃

(
E

∆Eli ,li+1

)
+R2

li ,li−1g̃
(

E
∆Eli ,li−1

)
+R2

lf ,lf +1g̃
(

E
∆Elf ,lf +1

)
+ R2

lf ,lf−1g̃
(

E
∆Elf ,lf −1

)
+
∑
i ′

(
R2
ii ′
)

∆n 6=0 g
(

3kTn3
i

4Z2EH

)
+
∑
f ′

(
R2
ff ′
)

∆n 6=0 g
(

3kTn3
f

4Z2EH

)
E = 3kT/2 is the energy of the perturbing electron, ∆Ej′j = |Ej′ − Ej | is the
energy difference between levels j ′ and j, R2

j′j is the square of the coordinate
operator matrix element, g̃(x) = 7− 1.1

Z + g(x) and g(x) are the Gaunt factor
functions for width.
Dimitrijević, M. S., and Konjević, N. "Stark widths of doubly-and triply-ionized atom lines." Journal of

Quantitative Spectroscopy and Radiative Transfer 24 (1980): 451-459.
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Stark broadening of Cr II spectral lines:
Precedent calculations (Dimitrijević et al. 2007 & Simić et al. 2013)
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Stark broadening of Cr II spectral lines:
Recent experimental work (Aguilera et al. 2014)
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Stark broadening of Cr II spectral lines:
Recent experimental work (Aguilera et al. 2014)
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Stark broadening of Cr II spectral lines:
Recent experimental work (Aguilera et al. 2014)
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Stark broadening of Cr II spectral lines:
Present calculations
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(W
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Stark broadening of Cr II spectral lines:
Present calculations
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Conclusion

In this work, we calculate the spectral line widths of some Cr
II lines at an electron density of 1017 cm−3 and electron
temperatures from 5000 K to 80000K using the modified
semi-empirical (MSE) approach. The needed atomic data

are taken from NIST database.
The obtained widths are compared to Dimitrijević et al.

(2007), Simić et al. (2013) and Aguilera et al. (2014) values.
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