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Stark widths (W) and shifts (d) of 3 doubly ionized oxygen (O Il) spectral lines (326.085 nm,
326.532 nm and 326.720 nm) in the 3p3D-3d 3F° transition have been measured in the optically thin
helium-oxygen plasma created in a linear, low-pressure, pulsed arc discharge at a 26 000 K electron
temperature and 1.1 - 102 m~3 electron density. Our Stark shifts are the first measured data at an
electron temperature smaller than 30 000 K. No theoretical W and d data exist in this O II transition.
Our W and d values are compared with the existing experimental data. On the basis of the found
agreement among the experimental W and d values at a 26 000 K electron temperature we have
evaluated their dependence on the electron temperature ranged between 10 000 K and 50 000 K.
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1. Introduction

Doubly ionized oxygen (O IlI) spectral lines are
important in astrophysical plasma diagnostics [1-3].
In plasmas with electron densities (N) higher than
1021 m—3, when Stark broadening begins to play an
important role in the line shape and line center position
[4-6], knowledge of the Stark FWHM (Full-Width at
Half of the Maximal intensity W) and shift (d) are im-
portant in plasma diagnostics. A number of experimen-
tal studies has been dedicated to this topic [7-12]. To
the knowledge of the authors, no theoretical W and d
data exist for the 3p ®D-3d 3F° transition [6].

The aim of this paper is to present measured Stark
FWHM (W) and shift (dm) values of three O 111 spec-
tral lines (326.085 nm, 326.532 nm and 326.720 nm)
in the 3p *D—3d 3F° transition at 26 000 K electron
temperature and 1.1-102% m~2 electron density. Our
dm values are the first data obtained at an electron tem-
perature smaller than 30 000 K.

2. The Experiment

A linear, low pressure, pulsed arc has been used as
optically thin plasma source. A pulsed discharge was
created in a pyrex discharge tube of 5 mm inner diam-
eter and 14 cm plasma length. The working gas was a
helium-oxygen mixture (1:1.1) at a 266 Pa filling pres-
sure in the flowing regime. The capacitor of 14 uF was
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Fig. 1. Part of the recorded O Il spectrum with the O 11 spec-
tral lines used in the Saha-equation.

charged up to 1.5 kV. The spectral line profile record-
ing procedure and the experimental set-up system are
described in [13—-18]. The averaged photomultiplier
signal (five shots in the same spectral range) was digi-
tized, using an oscilloscope, interfaced to a computer.
The recorded O 111 line profiles are shown in Figure 1.

Great care was taken to minimize the influence of
self-absorption on the line intensity determinations.
Using a technique described in [19], the absence of
self-absorption was checked in the case of the inves-
tigated O I11 spectral lines.
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Table 1. Measured Stark FWHM (W) and shifts (dm) given
at 26000 K electron temperature and 1.1-102 m—3 elec-
tron density with estimated accuracies. Atomic data are taken
from [22]. Negative shift is toward blue.

Multiplet A [ W
=3 (nm) (pm) (pm)
3p °D-3d 3F°
1-2 326.720 —34405 145+1.4
2-3 326.085 —2.9+05 152+1.6
3-4 326.532 —3.2405 151415
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Fig. 2. Temporal evolutions of the electron temperature (T)
and electron density (N).

The electron temperature was determined from the
ratio of the relative intensities (Saha-equation) of the
O 11 (326.085 nm, 326.532 nm and 326.720 nm) and
O 11 (327.086 nm and 327.343 nm) spectral lines with
an estimated error of +8%, assuming the existence of
the Local Thermodynamical Equilibrium (LTE), ac-
cording to the criterion from [20, 21]. The necessary
atomic data were taken from [22]. The electron tem-
perature decay is presented in Figure 2.

The electron density was measured using a well-
known single laser interferometry technique [23] for
the 632.8 nm He-Ne laser wavelength with an esti-
mated error of 6% . The electron density decay is
also presented in Figure 2.

The measured profiles were of the Voigt type due to
the convolutions of the Lorentzian Stark and Gaussian
profiles caused by Doppler and instrumental broaden-
ing. For the electron density and temperature in our
experiment the Lorentzian fraction was dominant. The
van der Waals [4] and resonance [4] broadening were
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Fig. 3. Measured Stark FWHM a) and shift b) dependence on

the electron temperature (T) at 1023 m~3 electron density.
Filled circles represent our new experimental data with esti-
mated accuracies. Other authors results are given with sym-
bols: O, [9]; A, [7]; O, [8]; O, [12] and 7, [11]. The dashed
line represents our estimated W and d values obtained by (2)
and (3), respectively. (1) is the mean wavelength in the mul-
tiplet.

estimated to be by more than one order of magni-
tude smaller than the Stark, Doppler and instrumen-
tal broadening. The standard deconvolution procedure
[24] was applied, using the least squares algorithm. An
accurate estimation of the spectrum base line is given
in [25]. The Stark widths were measured up to +10%
erroratagiven Nand T.

The Stark shifts were measured relative to the un-
shifted spectral lines emitted by the same plasma using
a method established and applied first in [26]. With this
method, the Stark shift of a spectral line is measured
by evaluating the position of the spectral line center
(Xc) recorded at different electron densities during the
plasma decay. In principle, the method requires record-
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ing the spectral line profile at a higher electron density
(N1), resulting in an appreciable shift, and later, when
the electron concentration has dropped to a value (N>),
lower by at least an order of magnitude. The difference
of the line center positions in these two cases is AXc,
so that the shift d; at the higher electron density Ny is

d1 = N1AXc /(N2 — Nyp). 1)

The Stark shift was obtained with 0.5 pm accuracy.

3. Results and Discussion

Our measured Wi, and dp, data are given in Table 1
at a 26000 K electron temperature and 1.1-1023 m~3
electron density. To compare existing Stark FWHM
and shift values for different wavelengths in the same
transition, measured at different electron temperatures
(between 26 000 K and 46 000 K), we have graphically
presented in Figs. 3a and 3b available experimental re-
sults together with the theoretically founded [4] depen-
dence W(T) ~ T2,

We have calibrated our plot to follow experimen-
tally obtained data in the vicinity of 26 000 K electron
temperature because most transitions are investigated
at temperatures close to 26 000 K, showing relatively
low scattering of the Stark FWHM data. The specific
form of the function is found to be

W(pm) = 2.25-10°[T (K)]"%2-N(10%m~3). (2)

By inspection of Fig. 3a one can conclude that the
Stark FWHM measured at 46000 K in [9] signifi-
cantly deviates from the proposed dependence. Fig-
ure 3b shows available data of the Stark shift together
with a plot of the function

d(pm) = —4.62-102[T(K)]"*2-N(10%m~3), (3)

obtained in a similar way. Equations (2) and (3) corre-
spond to 102% m~3 electron density.

4, Conclusion

We have measured Stark widths and shifts of three
lines (326.085 nm, 326.532 nm and 326.720 nm) be-
longing to the 3p3D—3d3F° transition of the O Il
spectrum. For the Stark width we have found rea-
sonable agreement with previously published data ob-
tained in different plasma sources at temperatures close
to the 26 000 K. We have found that the theoretically
founded [4] dependence W(T) ~ T ~%/2 closely resem-
bles experimental W and d data. This equation en-
ables an accurate determination of the O 11l W and d
data for electron temperatures between 10000 K and
50000 K at a 102> m~3 electron density within 15%
uncertainties.

This work is part of the project (Ol 1228) “Deter-
mination of atomic parameters on the basis of spec-
tral line profiles” supported by the Ministry of Sci-
ence, Technologies and Development of the Republic
of Serbia.

[1] Y.I. Izotov and T.X. Thuan, Astrophys.J. 602, 200
(2004).

[2] G.A. Doschek and U. Feldman, Astrophys. J. 600,
1061 (2004).

[3] A. Szentgyorgyi, J. Raymond, J. Franco, E. Villaver,
and L. Lopez-Martin, Astrophys. J. 594, 874 (2003).

[4] H.R. Griem, Spectral Line Broadening by Plasmas,
Academic Press, New York 1974.

[5]1 N. Konjevi¢, Phys. Reports 316, 339 (1999).

[6] N. Konjevi¢, A. Lesage, J.R. Fuhr, and W. L. Wiese,
J. Phys. Chem. Ref. Data 31, 819 (2002).

[7]1 M. PlatiSa, M. V. Popovi¢, and N. Konjevi¢, Astron.
Astrophys. 45, 325 (1975).

[8] J.Puri¢, S. DjeniZe, A. Sretkovi¢, M. PlatiSa, and J. La-
bat, Phys. Rev. A 37, 498 (1988).

[9] B. Blagojevi¢, M.V. Popovi¢, and N. Konjevit,
J. Quant. Spec. Radiat. Transfer 67, 9 (2000).

[10] A. Sretkovi¢, M. S. Dimitrijevi¢, and S. DjeniZe, As-

tron. Astrophys. 371, 354 (2001).

[11] J. Puri¢, S.Djenize, A. Sretkovic et al., Proc. of the
XIV SPIG, p. 345, Sarajevo, Yugoslavia 1988.

[12] S. Djenize, S. Bukvi¢, A. Sreckovi¢, and S. Kalezic,
Astron. Astrophys. 406, 759 (2003).

[13] S. DjeniZe, A. Sretkovit, J. Labat, and M. PlatiSa,
Z. Phys. D 21, 295 (1991).

[14] S. Djenize, A. Sreckovi¢, and J. Labat, Astron. Astro-
phys. 253, 632 (1992).

[15] A. Sretkovi¢, S. Djenize, and S. Bukvi¢, Physica
Scripta 53, 54 (1996).

[16] S. DjeniZe, A. Sretkovi€, and S. Bukvi¢, Eur. Phys. J.
D 20, 11 (2002).

[17] A. Sreckovit, V. Drin€i¢, S. Bukvit, and S. DjeniZe,
Physica Scripta 63, 306 (2001).

[18] A. Sretkovit, S. DjeniZe, and S. Bukvi¢, Physica
Scripta 65, 359 (2002).

[19] S. Djenize and S. Bukvit, Astron. Astrophys. 365, 252
(2001).



794 S. Bukvit et al. - Experimental Stark Widths and Shifts in the 3p3D-3d 3F° O I Transition

[20] H.R. Griem, Plasma Spectroscopy, McGraw Hill Inc.,
New York 1964.

[21] R. Rompe and M. Steenbeck, Ergebnisse der Plasma-
physik und der Gaselektronik, Band 1, Akademie Ver-
lag, Berlin 1967.

[22] NIST - Atomic Spectra Data Base Lines -
http://physics.nist.gov (2004).

[23] D.E.T.F. Aschby, D.F. Jephcott, A. Malein, and F. A.
Raynor, Appl. Phys. 36, 29 (1965).

[24] J.1. Davies and J. M. Vaughan, Astrophys. J. 137, 1302
(1963).

[25] Dj. Spasojevi¢, S. Bukvi¢, S. Milo3evi¢, and H.E.
Stanley, Phys. Rev. E 54, 2531 (1996).

[26] J. Puri¢ and N. Konjevi¢, Z. Physik 249, 440 (1972).



