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Stark-broadenin memng measurements of sin i enons o sing y ionized xenon
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TABLE I. Iron lines selected for temperature measurements and optical thickness checks of the plasma. Notations and numbers
in columns 1—6 are as in Ref. 14. R, is the calculated line-intensity ratio; R is the mean for seven experiments of the corresponding
measured ratio.

Multiplet (A) (crn ') (10 s ') Accuracy

Standard

deviation
R —R,

zG'-e H
(1165)

a'F-z D'
(15)

z 6'-e H

5410.91

5371.49
5405.77
5397.13
5383.37
5369.96

26 340
26479
25 900
53 353
58 874

3
9

13
11

0.49

0.0105
0.0109
0.002 59
0.59
0.48

jP+
B+i
8+ It

C+ i~

c+ I)

1.40

1.45

1.30

1.70

0.004

0.005

7%

20%

Gaussian and the Lorentzian contribution is unfolded
from the Voigt profile using the tables of Davies and
Vaughan. Observed

Xeric

line profiles are 1.4 to 15 times
larger than the thorium ones. The time of exposure was
adjusted from 5 to 50 ps, depending on the physical con-
ditions in the plasma, in order to have the electron density
as constant as possible during the time of exposure and an
acceptable signal-over-noise ratio.

The electron density X, is measured with an Ashby-
Jephcott interferometer' and checked by measuring the
A, =5451 A argon linewidth and line shift, " recorded
simultaneously with the A, =5419 and 5439 A XeII lines.
The 3.39-pm radiation of the He-Ne laser is used as the
interferometer source. The ratio K,X, jE~N ~

of the
specific refractivity of electrons and neon atoms is —28 at
3.39 pm for Ne=10' cm and for a pressure variation
of 1 bar at 10000 K; therefore, the neutral contribution to
the refractive index can be considered as negligible. Mea-
surement precision is better than 10% for the inter-
ferometric measurements and 30% for the electron densi-
ty determined by the argon line-shape data. ' The agree-
ment between the values provided by the two methods is
(8—20)%, depending on the experiments.

Filling pressures and compositions of the test gas are
measured by two capacitive gauges (MKS-Baratron). The
pressure in the shock-heated gas is measured with a
piezoelectric transducer (Kisler) with a 5% accuracy.
Temperatures are calculated using the Saha relation and
in the case when iron was added to the test gas, they are
calculated from the intensity ratio of the FeI 5369-A line

to that at 5371 A and the 5405-A line to that at 5410 A,
the transition probabilities of which are known with an
accuracy better than 15%.' In order to check the optical
thickness of the plasma, the 5405- and 5397-A lines (mul-
tiplet 15) and the 5483- and 5369-A FeI lines (multiplet
1146) are measured at various pressures in the same exper-
iment and in different experiments. Table I shows that
the intensity ratios of lines within a multiplet are constant
when emitter populations vary by a factor of 1.6, and are
in agreement with the calculated ones within the mutual
error bars. A carbon arc is also used in order to compare
lines and blackbody intensities at the same temperature
and wavelength. All Xeric and FeI lines of interest were
found to have an intensity below 8% of that of the black-
body at 8400 K.'

III. RESULTS

The measured full width at half maximum (FWHM) of
the XeII 5339-, 5372-, 5419-, and 5439-A lines have been
measured for 3—21 experiments, depending on the lines.
The unfolded linewidths are shown in Fig. 2. They are
corrected for Doppler broadening (0.032 A), while neutral
and resonance broadening are negligible. Linear regres-
sion for the

Xeric

5419-A line data shows a nonzero inter-
cept, but the 0.018-A residual width for N, =O is well
within the experimental error bars which include uncer-
tainties in the electron density, linewidth measurements
(including wing relative to background position), and un-
folding procedure.

0
TABLE II. Stark-broadening parameters of XeII visible lines. FWHM in A (denoted 8') are normalized to N, =10' cm

Present measurements ( 8'p) are at T= 8000 K; previous measurements 8'~ (Ref. 16) are at T = 10000 K; semiempirical calculations
8'„(Ref. 17) are for T=8000 and 10000 K.

Transition

6p D3/2 6d D7/2
6s P5/2 —6p P3/2
6s P3/p 6p P»2
6s P3/2 —6p D 5/2

6$ P3/2 6p S~ /2

'Blended lines

A, (A)

5339.33
5339.38
5372.39
5419.15
5438.96

Ek (cm-')

135 507 ji

111792 )

113672
113512
121 179

T=8000 K
8'p (A)

0.60+ 18%'

0.67+ 15'%f

0.90+ 10%
0.67+22%

T =10000 K
(A)

0.90+15%
1.07+ 15%

T=8000 K
W„(A)

0.87
0.89

T =10000 K
8'„(A)

0.98
1.00
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The Xeric Stark-broadening parameters at Ne=1O'
cm and T=SOOO K are shown in Table II and com-
pared with previous measurements' and semiempirical
calculations. ' Very good agreement is found for the Xe II
5419-A line with semiempirical calculations and previous
measurements. For the Xeric 5372-A line the agreement
with previous measurements is also very good; but the
disagreement with semiempiricajj calculations cannot be
explained by the atomic structure. The XeIj: 5419- and
5372-A lines both belong to the same kind of transition.
They share the same lower level and have upper levels
close together, and there is no perturbing level very close
to either of them. ' For the XeII 5339- and 5438-A
lines no prior experimental data are published.

IV. CONCLUSION

Present photoelectric measurements confirm previous
photographic findings. ' The fact that the Xell 5419-
and 5372-A linewidths do not behave as expected might
be due to a misclassification. The spectrum of xenon has
not been revised since Humphrey's work. ' Even if
present measurements help to clarify the situation regard-
ing the rare-gas Stark linewidth regularities, the authors
opinion is that other reliable measurements are needed,
especially for the Kr JJ 5s-5p transitions, in order to com-
plete the base of experimental data needed to demonstrate
quantitatively the dependence of Stark widths on atomic
structure.
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