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Introduction: Atomic structure of the Cr Il ion

Location of Chromium in the Periodic Table
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Fundamental configuration of Cr Il
[Ar] 3d°

Singly ionized chromium Cr 1l 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 Il ion
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Introduction: Atomic structure of the Cr Il ion

3d'4p x°F,, E =74436.10cm™

3d'4p  y'F,, E =70584.39cm™
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Stark broadening of spectral lines in plasma: N

Plasma constituents - 6

Emitter

@ O Electron
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Stark broadening of spectral lines in plasma:

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

Line broadening

Spectral Line Broadening in Plasma

= Natural width
= Doppler width
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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 = /V{V [ZO’,’/; +ZO’f’f‘| } + Wy
i’ f’ av

where N is the electron density, oj/; the inelastic cross sections for
collisional transitions, {.},, is the average over the electron
velocity v distribution and W, 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) ZO’;//(V) + Z O'f/f(V) + O¢f
i'#i fr#f

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

1 Ro
ZO'J/J(V): §R12+/R 271',0de P_U/(p7 V)
J'#i ! J'

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

2 Ro 2
Ol = 2TR5 + / 2wpdpsin©d + o,
Ry
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., Dimitrijevi¢, 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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SE approach

Stark broadening of spectral lines in plasma

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

8t h2 / 2m\'? E E
W=N——|—"—] — R3. R%:g | ——
3 m2 (ﬂkT) \/§ Z ’Ig(AE,'/,')_'_; ffg <AEf/f)

i/

where E = 3kT /2 is the energy of the perturbing electron,

AEy; = |Ey — Ej| is the energy difference between levels j/ and j,
Rjz,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 - 12

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

W = N87r B2 <7T2k_mT>1/2 \/lg [R,i,iHE (ﬁ)

2 ~ E 2 - E
+le,lf+1g <AE/f le+1 + R’fvlf_lg (AElf,lf 1)
3an 3kTny

+Z( )An¢0g< i72E,; +Z (Rff’)An;ﬁOg( EH>
E= 3kT/2 is the energy of the perturbing eIectron, AEy; = |Ey — Ej| is the
energy difference between levels j' and j, I-?jz,j is the square of the coordinate
operator matrix element, g(x) =7 — & 4 g(x) and g(x) are the Gaunt factor
functions for width.
Dimitrijevi¢, M. S., and Konjevi¢, 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 Il spectral lines:

Precedent calculations (Dimitrijevi¢ et al. 2007 & Simic¢ et al. 2013)
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Dimitrijevi¢, M. 5., et al. "The influence of Stark broadening on Cr Il Simig, Z., M. S. Dimitrijevi¢, and S. Sahal "Stark broadening

spectral line shapes in stellar atmospheres." Astronomy & of resonant Cr Il 3d5-3d44p spectral lines in hot stellar atmospheres."
Astrophysics 469.2 (2007): 681-686. Monthly Notices of the Royal Astronomical Society 432.3 (2013):
2247-2251.
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Stark broadening of Cr Il spectral lines:

Recent experimental work (Aguilera et al. 2014)

Table 1. Stark widths (FWHM) w (pm) and shifts  (pm) at electron density 10'7 cm™> of Cr spectral lines, compared to experimental
and theoretical values reported in the literature. The temperature range is 12 00016 300 K. The relative error of w is 15 per cent. The
relative error of d is 11 per cent, with a minimum absolute error of 0.1 pm.

Experimental Theoretical
No.  Transition Multiplet A(A) w d w? & wlwe & &
1 3d>-3d*CDMp a®S—z%P" 2055596 3.7 14 3.42 —0.0402
2061575 3.4 14 342 —0.0402

2 3dCD)Ms3d*CDMp  a®D-zSF 2835629 5.0 0.1
2843249 5.1 0.0

2849.837 5.1 —0.1
2855670 5.0
2860.934 5.0 —02
2862.571 4.7
3 a®Dz%P" 2766531 44 —01 10.0
2762.589 4.5 10.0
2757720 47 —0.1 10.0
2751.864 4.8 —0.1 10.0
2750727 5.1 —01 10.0
2748980 5.0 10.0
2743641 5.1 10.0
4 a®D-z*P" 2672826 54 —02

2712303 59 02

2653578 53 —0.1
5 a’D-zD"  2691.040 43 03 102

2671.803 4.6 02 102

2668707 4.6 0.1 102

2666020 4.8 03 102

2678.789 5.0 102
6 a’Dz*F 2534333 53
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Stark broadening of Cr Il spectral lines:

Recent experimental work (Aguilera et al. 2014)

7 a*D-z%P" 3368041 91  —02 29.7 -9.52
3422732 85 2.7 -952
3342576 87 —02 29.7 —9.52
3421202 89 297 —9.52
8 a*D-z*F 3132053 72 34 -10 278 —9.06
3124973 74 26 —-12 278 —9.06
3120359 75 26 —11 278 —9.06
3118646 7.6 278 —9.06
3147220 75 278 —9.06
3128.692 71 278 —-9.06
9 2870432 65 223 ~7.06
2880863 6.9 23 ~7.06
10 3d*CDMs-3d*CEyp 2107944 4.1
11 3d°-3d*CDMp 3180.693 107 10.8 197
3209.176 109 10.8 197
12 3d>-3d*CHMp 2297.169 4.7 16
214721 50 15
13 3d5-3d*CDyp 3360291 121 108 0392
14 3d3-3d4@a’P)ap 2397748 59 16
15 3d*CPMs-3d*(a Pyp 2935132 6.6
2930847 66  —0.1
2976709 60  —0.1
2961.721 6.2 -02
16 3d°-3d*('ap 2121257 47
17 3d*CHpEs-3d*CH)Mp 297189 7.1
2979736 70 —04
2989.190 68
18 a*H-zT 2840013 54 0.1
2851354 56
19 a*Hy*GT 2693528 49 02
20 3d'CHMs-3d*CGMp  a*Hy*H' 2584107 40
21 3d'CPMs-3d*a’PHp  a*Fy*D’ 2966038 55 02
3003.911 62
2 3d'CPMs3d'@Fdp  a'Fz*GT 2936933 72 0.0
2 a*FxD" 2727254 55
24 3dCGMs3dCHMp  bUGz*HT 3295423 79 04

nes in a plasma



Stark broadening of Cr Il spectral lines:

Recent experimental work (Aguilera et al. 2014)

Experimental Theoretical

No.  Transition Multiplet 1 (A) w d o wt o wb we A&

25 3d*CG)as-3d(aFydp 3122596 6.3 0.1

26 3d*CGMs-3d*CGMp 2800758 6.4

27 2792151 54 00
2785692 5.7

28 3d*CH)4s-3d*CH)dp 3050.130 7.5 1.0
3040924 8.0

29 3d*CH)4s-3d*(a *Fydp 2832452 62 09

30 3d‘CPMs-3d4(a SPup 3291763 9.2

3172070 7.8 0.1

32 3d*CP)4s-3d*(a *F)dp 3152213 72 —02

33 3d4CPds-3d4(a Fip 3183326 85
34 3028124 77
35 3d°-3d*CHyp 3041720 9.2
36 3d5-3d4('Ddp 2575788 5.7
37 3d5-3d*(a'GMp 7.8
38 3d°-3d*(‘Dap 6.2
39 3d°-3d*(a'D)p 2215065 53
40 3d“CDMs-3d*CDMp 2838778 55 02
41 3d*CGMs-3d*CGup 3107.563 7.9
2 2927.083 6.9
43 3da'GMs-3d*a 'G)dp 2774430 6.3 13
44 3d-3d*aFMp 3306955 78 00
45 3d*CDMs-3d*CDMp bD-w’F 2941957 6.6 0.7

“Rathore et al. (1984). Temperature 13 700 K.
“Dimitrijevié et al. (2007). Data interpolated to a temperature of 14 000 K.
“Simié et al. (2013). Data interpolated to a temperature of 14 000 K.
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Stark broadening of Cr Il spectral lines:

Present calculations

Crll: 4s a’D - 4p Z'F°

-0.5
1=3127.92 A
-1.0 1
-1.5
log[W(A)] = 1.56305 - 0.74906log[T(K)] + 0.03043(log[T(K)])*
ﬁ_z'o 7] Aguilera et al. Experimental values (2014)
=
8254 W(MSE) = 1.4 W(Ag)
W(Ag) = 260 W(D)
3.0
log[W(A)] = 0.33379 - 1.48039l0g[T(K)] + 0.12909(log[T(K)])*
-3.5
-4.0 T T T
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36 38 40 42 44 46 48 50 52
log[T(K)]
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Stark broadening of Cr Il spectral lines:

Present calculations

0.8+ Crll: 4s b*P - 4p y*D°
1=2942.89 A
-0.94
log[W(A)] = 2.00848 - 1.00029l0g[T(K)] + 0.06125(Iog[T(K)])*
-1.04
— Aguilera et al. Experimental values (2014)
T 111
S (15 %)
D
O -1.24
1.3
-1.4 4
_15 T T T T 1

36 38 40 42 44 46 48 50
log[T(K)]
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Conclusion -
19

In this work, we calculate the spectral line widths of some Cr
Il lines at an electron density of 10! 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 Dimitrijevi¢ et al.
(2007), Simic et al. (2013) and Aguilera et al. (2014) values.

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



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



Thank you for your attention

afelalad Cpuald | <

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



Thank you for your attention

afelalad Cpuald | <

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



Thank you for your attention

afelalad Cpuald | <

Hvala na paznji

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



