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SUMMARY: Stark widths of a 425.94 nm Arl spectral line have been measured

in two different plasma sources with up to 3.8 X 1032 m~3 electron density and
16200 K electron temperature. The obtained data have been compared to the

existing experimental and theoretical values.

1. INTRODUCTION

~ A number of experimental and theoretical pa-
pers have dealt with Stark broadening of Arl spectral
lines (see e.g. Fuhr and Lesage, 1993: and references
therein). Stark widths of Arl lines are important be-
cause of their use in diagnostics of the astrophysical
and laboratorical plasmas (Griem, 1974). The exist-
ing experimental results of the Stark FWHM (full-
width at half intensity maximum) Sw for the 425.94
‘nm Arl spectral lines are obtained for the electron
temperature up to 14000 K (Gericke, 1961; Powell,
1972; Bues et al, 1969; Musielok et al, 1976; Jones
et al,-1986). They show fluctuations in comparison
" to the only theoretical predictions, by Griem (1974).

Besides the results of Musielok et al (1976), all other

~ experimental data are lower than the calculated val-
ues based on the semiclassical approaches.

~_'The aim of this work is to extend the observa-
tio of the Stark width (w) values of the 425.9 nm

spectral line (4¢’ [%]o - bp’ [%-], transition) up to

16200 K electron temperature in the electron den-
sity range: (1.4 - 3.8) x 10?2 m~3.

2. APPARATUS

Two different plasma sources with the same
argon-helium mixture (72% + 28%) have been used
as a working gas.

Apparatus A

The plasma was created in the Pyrex discha-
rge tube described by Skuljan (1993) and DjeniZe et
al. (1994). The plasma was generated by a pulse
discharge of a 0.3 uF condenser, charged up to 10
kV. The continuous glow discharge was simultane-
ously driven, in order to ensure a good shot-to-shot
plasma reproducibility between water-cooled copper

electrodes at the current of 50 mA and filling pres-
sure of 270 Pa. Auxiliary ring shaped electrodes were
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positioned at the optical axis 8 cm apart, and they
were used to drive the pulse discharge (see Fig. 1
in DjeniZe et al, 1994). The plasma source con-

sists of a Pyrex discharge tube of § mm id. and
effective plasma length of 8 cm The electric prop-
erties of the pulse discharge were measured by Ro-
gowski coil, and the following values were found: dis-

charge current maximum ([, )=4.0 kA, discharge pe-
riod (7)=5.0 us, decrement (6)=2.3 and circuit self-
-inductance (L)=1.7 uH.

Apparalus B

The modified version of the linear low pressure
pulsed arc (Kobilarov et al, 1989) has been used as
a plasma source. A pulsed discharge, driven in a

discharge tube of 8 mm id., has an effective plasma

length of 22 cm between aluminum electrodes. Two
holes, 2 mm in diameter, located axisymmetrically at
the center of electrodes facilitate optical alignment

and laser interferometric measurements of electron
density. The capacitor bank of 8 uF was charged up

to 2.0 kV at the 270 Pa filling pressure. From the
discharge current oscillograms the following values
have been determined I,,=3.4 kA, r=27 us, 6=10
and L=2.2. uH.

3. EXPERIMENT

Spectroscopic observations of the spectral li-
nes have been made end-on along the axis ofP both dis-
charge tubes. The line profiles have been recorded on
a shot-by-shot basis using experimental setup system

described elsewhere (DjeniZe et al, 1991). We have

obtained good plasma reproducibility (controled

through continuum radiation; >96%) and satisfac-
Eory %A)rl line radiation intensity reproducibility
~90%).

x Great care was taken to minimize the influ-
‘ence of self-absorption on Stark width determination.

‘This is the reason why argon was diluted with helium
(72% Ar and 28% He).

The measured profiles were of the Voigt type.
A standard deconvolution procedure was used (Da-

vies and Vaughan, 1963). Van der Waals and res-

onance broadening were estimated to be smaller by
more than an order of magnitude in comparison to
Stark, Doppler and instrumental broadening. The

Stark width values were obtained with +£15% error.
' The parameters of the plasmas were deter-

mined by standard diagnostics methods. The elec-
tron density (V) has been measured by a single wave-
length He-Ne laser interferometer for the 632.8 nm
transition with an estimated error of +8%. In cases
A and B, we found peak values of 3.8 x 103? m~3
and 2.6 x 10?2 m~3, respectively. The electron tem-
perature (T') was derived from the ratio of relative
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intensities of of Arll and Arl spectral lines, assum-
ingI the existence of the LTE. These were: 500.9 nm
Arll and 695.5 nm Arl lines in the case A, and 426.6

nm Arll and 425.9 nm Arl lines in the case B. Peak
values of 13000 K and 16200 K were found with a
+13% error. The required atomic parameters were

taken from Wiese et al (1969).

4. RESULTS

The results of measured Stark FWHM (w,

- values) of the Arl 425.94 nm spectral line at the
given T and N are given in Table 1,

N
=

Table 1.

T
_L[10°

“A ] 1.30 | 3. 0.97 0.82
B | 1.62 2.6 0.68 0.81
B | 150 1.4 031 | 070

5. DISCUSSION

Calculations of total Stark FWHM were per-
formed by using Eq. (226) from Griem (1974). The

broadening parameters i.e. w, and a, evaluated us-
ing semiclassical approach, were also taken from Gri-

em (1974). Ratios of the measured (w,,) to the cal-

culated total Stark width (w;s) values at the actual

plasma parameters are also presented in Table 1.
Our experimental values are lower than theoretical

predictions. The average w,,/w;s value (three mea-
surements) is 0.78.

The dependence on electron temperature of
theoretical Stark widths (w;s) together with exper-

imental values of other authors and our results is
presented graphically in Fig. 1 at the electron densi-

ties obtained in various experiments. In case of elec-
tron concentrations of (0.8-1.4) x 1022 m~3, when
the lonic contribution to the total width is small, it
18 possible to normalize Stark FWHM values at the

electron concentracion of 1 x 1022 m—3, We did this
with the experimental values of Bues (1969), Powell

(1966) and our data at N=1.4 x 10~%% m-3,

It 1s evident that the existing experimental
data lie under the Griem’s values, except for Mu-

sielok’s (1976) values at 2.6 x 1032 m~3 electron

density. The average ratio wy,/w;; (eight measure-
ments) is 0.78. Our new experimental results confirm

the difference between the existing experimental and

theoretical results. Griem’s calculations for this line
provide, on the average, 28% higher FWHM values

In comparison to all values.
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Fig. 1 Stark FWHM values vs. temperature (Tz
- at various experimental electron densities (N in 102
- m~Y). o, this work; 0, Gericke (1961); A, Powell
(1966); A, Bues et al (1969); m, Musielok et al (1976);
o, Jones et al (1986) and — , Griem (1974).
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MEPEHE UITAPKOBE HIMPHUHE CIIEKTPAJIHE JIMHUIJE 425.94 nm U3 CIIEKTPA Arl

Jb. Cxynan!, B. Munocasmesnh?, A. Cpehxosuh? u C. Perione?

1 Acmporomcka oncepeamopuja, Boaeuna 7, 11050 Beoepad, Jytocaasuja
3 Pusuuxu gaxyrmem Yrueepsumema y Beoepady, II. gax 368, Jyeocaasuja

YIK §2-355.3
Oputurasrhu HayuHu pao

lliTapKope MUpMHE CTIEKTpatHe NUHUje 42594 m~3 K enexTpoHcKe TeMnepaType 16200 K. IloGu jeHu
nm u3 criekTpa Arl MepeHe ¢y y ABeMa PasIMIUTHM  PE3YJITATH CY YTIOpeeHH ca IocTojehMM EKCIICPHMCH-

f1a3MaMa eJIeKTPOHCKE KOHICHTpaluje 1o 3.8 x 1022  TaJHMM U TCOPHJCKMM MogalumMa.
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