PHYSICAL REVIEW A

VOLUME 35, NUMBER 3

Stark widths and shifts of neutral neon spectral lines

J. Purié¢ and M. Cuk
Department of Physics and Meteorology, Faculty of Natural Sciences and Mathematics,
University of Beograd, P.O. Box 550, 11001 Beograd, Yugoslavia

B. A. Rathore
Government Degree College, Bagh Azad, A.K., Pakistan
(Received 8 July 1986)

The neon spectrum is of considerable laser-physics interest, yet few measurements of its spectral
line broadening and shift parameters have been performed. In this investigation the Stark widths
and shifts of twenty Nel lines originating from several multiplets were measured as functions of
electron density and temperature in the ranges (0.15—1.40)x 102 m~2 and (1—2.5) X10* K, respec-
tively. The light source was the plasma of an electromagnetically driven “T tube” operating in a
mixture of neon and argon in the ratio 2:5 in order to avoid self-absorption. The electron density
was measured by single-wavelength laser interferometry using the visible A=632.8 nm transition of
a He-Ne laser, and the electron temperature from the Boltzmann slope of several ArII spectral lines
with estimated errors of +7% and +10%, respectively. The obtained measured Stark widths (w)
and shifts (d) with estimated errors of +15% are compared with the existing experimental and
theoretical data. All together, Stark widths and shifts data are used to demonstrate the nature of
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Stark broadening and shift dependence on the upper-level ionization potential of the corresponding

line in a transition array.

I. INTRODUCTION

Several papers deal with the experimental determination
of Stark broadening and shift parameters of neutral-neon
spectral lines.!~* In all cases the comparison was done
with Griem’s theoretical results.” It was found that the
agreement between the obtained experimental results and
theory is within +15% and between the various experi-
ments within £20%. The aim of this work is to supply
more experimental data by a systematic measurement of
the Stark widths and shifts of twenty spectral lines in rel-
atively large ranges of electron temperature and density.

A majority of the investigated spectral lines originates
from the following transition array: 3s-3p. Therefore, it
was possible to discuss the Stark width and shift depen-
dence on the upper-level ionization potential of the corre-
sponding line proposed by Purié, Cuk, and Lakicevi¢.57
The obtained trends using Griem’s theoretical data and
present results are in a very good accordance with the ex-
pected functional dependence of the form

w=a, ", (1)

d =a21“b2 ) (2)
where a;, by, a,, and b, are coefficients independent of
the ionization potential I.

II. EXPERIMENT

An electromagnetic shock T tube was used as a plasma
source during the course of this experiment. The experi-
mental apparatus used was described elsewhere”® and
only a few details are given here for the sake of complete-
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ness. The working gas was a mixture of neon and argon
in the ratio 2:5 in order to avoid self-absorption. The ex-
periment was carried out at 66.7 Pa gas pressure and the
discharge was driven by a 7.5-uF condenser bank charged
to 15 kV. All observations were done at the position of 12
mm from the reflector and 15 cm from the electrodes.
Special care was paid to minimize the influence of self-
absorption on the Stark width measurement. The optical
depth was checked by measuring line-intensity ratios
within a multiplet. Measured values were compared with
calculated ratios (according to JI coupling) of the prod-
ucts of the spontaneous-transition probabilities and the
corresponding statistical weights of their upper levels.
These ratios were found to be the same up to +10%
within each multiplet. The reproducibility of the plasma
was controlled continuously during the course of the ex-
periment by measuring the intensity of continuum radia-
tion at a chosen wavelength (A is less than the blue wing
of 632.8-nm Nel line) and was found to be within +10%.

The electron temperature was determined from the
Boltzmann slope of several ArlIl spectral lines with es-
timated errors up to +10%. Five temperatures (10000,
12000, 16000, 20000, and 25000 K) were chosen during
the plasma decay and at those instants spectral lines were
analyzed. The electron densities were determined by
single-wavelength laser interferometry using the visible
transition of a He-Ne laser with 7% precision. For the
given conditions the electron density was in the range of
(0.15—1.40) % 10> m—3. The light from the shock tube
was observed by a photomultiplier (EMI 9659B) grating
spectrograph (Zeiss PGS-2, inverse linear dispersion in
first order 0.735 nm/mm) system whose output was
displayed on a double-beam oscilloscope and photo-
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FIG. 1. Schematic diagram of the apparatus.

graphed for analysis (Fig. 1). Another monochromator
system (Zeiss SPM-1) with photomultiplier was used
simultaneously to monitor the continuum radiation from
the same part of the plasma to check the reproductibility.
The scanning of the spectral lines was done by a shot-by-
shot technique advancing the exit slit photomultiplier
combination in small wavelength steps. Shifts were mea-
sured relative to unshifted lines emitted by the same plas-
ma observed at a later time at lower electron densities dur-
ing the decay.’ A majority of the obtained spectral-line
profiles were of the Voigt type as the convolution of the
dispersion Stark profile and the Gaussian profile due to
instrumental and Doppler broadening. In this work, due
to the special experimental conditions, only instrumental

and Doppler broadening were considered as competing

fractions in comparison with the Stark broadening in the
total line width. van der Waals and resonance broadening
were ignored. To get the dispersion component of the
profile from the obtained experimental profile, i.e., Voigt
profile, deconvolution was performed by the standard pro-
cedure.'?

III. RESULTS AND DISCUSSION

Stark widths for all the investigated neutral-neon spec-
tral lines are determined in nm units and normalized to
102 m~3 electron density. The measured Stark half
width at half maximum (HWHM) w,, (nm) are presented
in Table I together with theoretical and experimental
values of Stark HWHM of other authors at different elec-
tron temperatures. The linear dependence of Stark
HWHM on electron concentration of Nel spectral lines of
multiplets (1, 1’, 3, 3°, 5, 6, 6’, and 12) is found. For the
sake of better comparison, theoretical values of Stark
HWHM have to be renormalized to the corresponding
electron concentrations and same temperature when
presented graphically. Measured HWHM are generally in
good agreement with the calculated ones® within the ex-
perimental error of the order of +15%. The best agree-
ment is obtained at 20000 K which is as expected since
the corresponding electron density is maximum (1.4 x 102
m™3), i.e., Stark HWHM are determined more correctly
(with less error). In some cases larger disagreement at the

later time exists (up to 30%), when the electron concentra-
tion is about six times less than the maximum value. The
disagreement can be due to the error in measuring elec-
tron concentration, and self-absorption may also be the
cause for this disagreement. In general, measured values
of Stark widths in this work are higher than the theoreti-
cally predicted values® and experimental results!? at lower
temperatures. The greatest disagreement between mea-
sured values and theoretical values of Griem® is for multi-
plet no. 6 where measured values are smaller than the
theoretical values. Similarly, measured values are less
than theoretical values for multiplet no. 3 and for the Nel
748.89-nm line. Disagreement within one multiplet Stark
width data is due to differences in upper-level excitation
energies and can be explained on the basis of Stark width
dependence on the upper-level ionization potential. A
weak temperature dependence of Stark widths of investi-
gated multiplets has been found as predicted by theory.

In this work Stark shifts of neutral-neon spectral lines
are determined more correctly than Stark HWHM; as in
the case of shifts, there is not other disturbing factor, ex-
cept a small dependence of shifts on electron temperature.
Almost all the studied spectral lines have shown consider-
able positive shifts. The shifts of all measured neutral-
neon spectral lines were determined by the method which
is clearly illustrated by Fig. 2. In the figure two line pro-
files of NelI 594.48-nm line at the maximum electron con-
centration 1.4Xx 102 m~3 (relatively shifted) and 40 us
later at an electron concentration less than 0.01X 103
m 3 (relatively unshifted) are shown. From Fig. 2 the rel-
ative shift between the maxima of the two line profiles

' can easily be determined in wavelength units. In a similar

way shifts of all above-mentioned neutral-neon spectral
lines were determined. All the obtained values of Stark
shifts normalized to 102> m~3 electron concentration and
averaged by the least-square method are presented in
Table II, together with theoretical prediction® and previ-
ously published experimental data.’ A linear dependence
of the Stark shifts on electron concentration is found for
all Nel spectral lines of multiplets (1, 1’, 3, 3', 5/, 6, 6/,
and 12) as demanded by the theory. For the sake of better
comparison, theoretically calculated values have to be re-

‘normalized to the corresponding electron concentration

when they are presented graphically as in the case of
Stark HWHM.

Ne 1, Mult.No I, 594.48nm
N=1.40x10"m?
T=25000K

W=0.024nm
d,=0.017nm

e o
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FIG. 2. Two Nel 594.48-nm line profiles at N =1.40% 10%
m~ (@) and N=0.01x10* m—3 (0).
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Measured shift values are, generally, in good agreement
with the calculated ones,’ within the experimental error of
+15% and theoretical uncertainty of +10%. The best
agreement is obtained at 20000 K, which is expected,
since the corresponding electron concentration is max-
imum, i.e., Stark shifts are determined more correctly
(with less error). The lines 614.31 nm (mult. no. 1) and
540.00 nm (mult. no. 3) show a considerable disagreement
in shift values from the mean value within the corre-
sponding multiplet. The reason for this disagreement is
due to the difference of excitation energies in upper ener-
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gy levels within the same multiplet. For this reason it
would be necessary to calculate their shifts separately.
Highest disagreement between measured and theoretical
values is found for the multiplet no. 6, NeI 585.25-nm
line. The theoretically predicted strong dependence of the
shift on temperature is not justified for this line of the
sixth multiplet. A good agreement between the present
measurements and previously measured? values has been
found. A weak temperature dependence of shifts of mul-
tiplets (1, 1', 3, 3, 5, 6, 6', and 12) are found, as in the
case of Stark HWHM.
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FIG. 3. Stark width (a) and shift (b) vs inverse value of upper-level ionization potential I for 3s-3p transition array.
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1IV. STARK WIDTH AND SHIFT DEPENDENCE
ON THE UPPER-LEVEL IONIZATION POTENTIAL

Using the Stark width and shift data of the lines ori-
ginating from the transition array 3s-3p, Figs. 3(a) and
3(b) are constructed. In these figures Stark widths (w) and
shifts (d) in angular frequency units are given as functions
of the inverse value of the upper-level ionization potential
(I) of the corresponding line.- From these figures it is evi-
dent that in a log-log scale w and d are linear functions of
1/1 with correlation factors better than 0.70. Namely, w
and d can be expressed as

w=2.28x 10121 =29 rad /s

(3)
d=2.46X 101262 rad /s

if I is given in eV which is in accordance with Egs. (1)
and (2). This can be regarded as very satisfactory since
the trend obtained using Griem’s’ theoretical data is in
very good agreement with the one obtained using our ex-
perimental data and the experimental data of the other au-
thors.'2 As far as the difference in Stark broadening and
shift parameters within a particular multiplet is concerned
it is clear that comparison has to be done in angular fre-
quency units instead of in nm units. If then there is
disagreement it can be explained due to a difference in the
upper-level energy in the energy spectrum of the corre-
sponding emitter, i.e., using the Stark parameters’ depen-
dence on the upper-level ionization potential.

V. CONCLUSION

On the basis of the above considerations it is possible to
conclude the following.

(a) Our experimental data for the majority of the inves-
tigated lines are in very good agreement both with
Griem’s theoretical results,’ and with experimental results
of other authors!? taking into account the experimental
error of +15% and the uncertainity of theoretical results
of £+10%.

(b) The corresponding disagreements, where they exist,
can be explained on the basis on the established Stark pa-
rameters’ dependence on the upper-level ionization poten-
tial of the particular line.

(c) The Stark broadening and shift dependence on the
upper-level ionization potential is of fundamental impor-
tance and can be used as a criterion for the correctness of
experimental determinations and theoretical calculations
of Stark parameters, and for theoretical predictions of the
Stark parameters of a line not investigated so far but ori-
ginating from the given transition.
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