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Width and shift of five prominent neutral neon spectral lines have been measured using a wall-stabilized arc.
Under the prevailing plasma conditions the broadening by neutral disturbers has to be taken into account
besides the Stark effect. This is achieved by application of a least-squares fitting routine, which allows the
separation of the two broadening effects. The data are compared to theoretical predictions and other measure-
ments.

PACS number~s!: 52.70.Kz, 32.70.Jz, 32.30.Jc

I. INTRODUCTION

Neon plays an important role in technical plasmas and is
of interest in gas discharge research. Nevertheless the num-
ber of available experimental data for the Stark-effect broad-
ening is quite limited. Moreover, recent measurements@1# in
the temperature region around 104 K showed inconsistencies
with theoretical widths obtained by Griem@2# and with ear-
lier experiments@3#. For this reason the Stark effect of some
prominent neon lines was measured in the present experi-
ment. A special emphasis has been laid on the shift of the
lines. In spite of the smallness of the shift of the neon lines
under investigation, plasma diagnostic utilizing shift data has
the advantage of being independent of the saturation effects.

II. EXPERIMENTAL SETUP

The spectra were obtained from the plasma of a wall-
stabilized arc running in neon. The arc had a diameter of
4 mm and was operated at currents between 25 and 80 A and
at atmospheric pressure. A 2 m Czerny-Turner monochro-
mator equipped with a 2400 lines/mm plane grating blazed at
5000 Å was used for the recording of the profiles. The shape
of the apparatus profile could be very well approximated by
a Gaussian profile. The widths of the monochromator slits
allowed an apparatus width of approximately 40 mÅ. A
Hamamatsu R 928 photomultiplier served as an optical de-
tector.

The detector was mounted right behind the exit slit of the
monochromator. Slit and detector could be moved as a unit
in the focal plane of the monochromator by a computer con-
trolled stepping motor, each step corresponding to 1.2 mÅ.
Therefore the grating did not have to be turned for the re-
cording of a spectrum.

Though being isolated by foam plastics, the monochro-
mator exhibits a temperature depending drift which slightly
changes the position of a spectral line in the focal plane of
the monochromator. As the expected shift of the examined
neon lines was of the same order as the drift of the mono-
chromator, an unshifted wavelength mark was necessary.
This was achieved by simultaneous recordings of the neon
spectral line emitted from a low pressure gas discharge,
which was superimposed on the plasma emission by a beam
splitter. In addition to the stepping motor that moved the slit
and the detector the computer controlled two choppers.

These choppers were situated between the beam splitter at
the one hand and the arc and the gas discharge at the other.
The choppers alternately opened and closed the optical way
from the two light sources to the entrance slit of the mono-
chromator. Thus it was possible to record the two spectral
lines of different origin in two separated channels: one for
the plasma line which was to be investigated and one for the
unshifted reference line~see Fig. 1!.

III. PLASMA DIAGNOSTICS AND DATA REDUCTION

The electron density was determined independently by a
two wavelength (l150.63 mm, l251.15 mm! Michelson
interferometer as described elsewhere@4#. The estimated er-
ror varied from 9% for the lowest electron density
Ne54.231015 cm23 to 4% for the highestNe522.931015

cm23.
Using a least-squares fitting routine@5# the position and

width of the spectral lines were determined. As shown in
Fig. 1, the Stark-effect broadened neon profiles are approxi-
mated very well by the Voigt profiles. The optical depth was

FIG. 1. Spectrum of the neutral neon spectral line at 5852 Å at
an electron density of 1.3631016 cm23. Top: the line emitted from
the plasma arc~with fitted Voigt profile!. Bottom: the line emitted
from the low pressure gas discharge.
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found to be negligible. After subtraction of the apparatus
width the Gaussian part of the half width was used to calcu-
late the temperature of heavy particles, which lies between
4000 and 10 400 K. Even at the highest electron densities
obtained at our experimental conditions no LTE is estab-
lished @6#. Therefore the heavy particle temperature differs
from the temperature of the electrons. The latter one was
obtained from the plasma calculations@7#.

The Lorentzian part of the width is due to pressure broad-
ening. At higher electron densities the interaction of the ra-
diating atom with the charged particles is the dominating
effect. But using Dalton’s law and the temperatures obtained
as described above, one can show that the number of neutral
particles per volume surpasses the electron density by more
than two orders of magnitude, if the electron density falls
below 131016 cm23. This leads to a perceptible influence
of the neutral particles: if one assumes a linear dependence
of the Lorentzian half width on the electron density corre-
sponding to the quadratic Stark effect, the obtained Lorentz-

ian half width at vanishing electron density is not equal to
zero ~see Fig. 2!. Therefore the self-broadening of the neon
spectral lines has to be taken into account. Both, Stark effect
and self-broadening depend linearly on the number densities
of the disturbing electrons and atoms, respectively. As the
number of neutral neon atoms decreases with increasing
electron density, both effects can be separated in the follow-
ing way. Neglecting the natural linewidth and the tempera-
ture dependence of the two effects, one gets the total Lo-
rentzian widthwL at an arc currentI

wL~ I !5mSNe~ I !1mEN0~ I !, ~1!

with mS andmE being the constants of Stark effect and self-
broadening, which are to be determined.Ne is the electron
density,N0 the number density of neutral disturbers. In order
to determine the constantsmS andmE , one has to minimize
the square sum of the difference between measured total
Lorentzian widthL and predicted widthwL

FIG. 2. Full Lorentzian width at half maxi-
mum of the neon spectral line at 6678 Å versus
electron density. The dashed line indicates the
Lorentzian width due to neutral broadening,
while the influence of Stark broadening is given
by the solid line.

FIG. 3. Shift of the neon spectral line at 6678
Å versus electron density. The dashed line indi-
cates a linear fit.
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one gets from Eqs.~3! and ~4! the desired result
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In a similar way the shift due to the Stark effect and van der
Waals effect can be calculated. In this case besides the two
constants a further quantity has to be taken into account. The
low pressure discharge is situated at another location than the
arc. This leads to a slightly different entrance angle of the
light emitted from the two sources entering the monochro-
mator, producing a small offset of the spectra in the focal
plane of the monochromator. This offset is of the order of
5 mÅ and is also observed, if two low pressure discharges
are monitored. Therefore the offset cannot be contributed to
the van der Waals effect. As the experimental setup is de-
signed for the investigations of the broadening by charged
particles, the results of self-broadening have to be seen as
corrections to the Stark broadening and are therefore not
listed as results in this work.

IV. RESULTS AND DISCUSSION

Typical results of the full Lorentzian width at half maxi-
mum and shift as obtained by the least-squares fitting routine
are shown in Figs. 2 and 3. One recognizes a very good
reproducibility of the position and the width of the line. The
shift is approximated very well by a linear fit, whereas the
half width is influenced by the neutral particle effects in a
much more obvious way. As described above, the Lorentzian
width at the vanishing electron density exceeds the expected
value of the natural linewidth as a result of self-broadening.
Using Eqs.~5! and ~6! for the width and a similar approach
for the shift of the line, the Stark effect is separated from the
neutral disturber effects. The results of these calculations are
shown in Table I and compared with the data of other au-
thors.

In general, the agreement of width and shift given in this
work with the theoretical values of Griem@2# and with the
experimental data of Miller, Roig, and Moo-Young@8# and
Nubbemeyer, Stuck, and Wende@3# is very good. The widths
given by Puric´, Ćuk, and Rathore@1# for an electron tem-
perature ofTe5104 K exceed the results of this and other
works by a factor of 1.5 to 2.7. As stated in@1#, self-
absorption might be responsible for this problem. This thesis
is supported by the remarkably good agreement of the mea-
sured shifts given by Puric´, Ćuk, and Rathore and ours.
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5852 54 29 this work
56 @3#

94 23 @1#
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