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We report measured Stark widths and shifts of the neutral helium lines 3889 and 5876 A in
hydrogen-helium, pure helium, and argon-helium plasmas. A pulsed low-pressure arc is used as a
plasma source. Electron densities of (2—10) X 10'® cm ~?® are measured by laser interferometry, elec-
tron temperatures in the range from 31000 to 42000 K are determined from the intensity ratio of
O 11 impurity lines, and the gas temperature is determined from the Doppler component of the O 11
line profile. Experimental Stark widths and shifts are compared with theoretical results obtained
from three sets of semiclassical calculations of Stark-broadening parameters using quasistatic and
ion-dynamic treatment of the ions. Inclusion of ion dynamics in the calculation of widths and shifts
considerably improves the agreement between theory and experiments. The results of the compar-
ison show a constant systematic discrepancy between three semiclassical calculations and the exper-
iment. These results suggest the possibility of plasma-electron-density diagnostics with a precision

in the range 3-5 %.

I. INTRODUCTION

The influence of ion dynamics on the shape and shift of
Stark-broadened Hel lines has been the subject of
numerous experimental and theoretical studies, most of
them primarily related to the lines with forbidden com-
ponents. However, only three papers' 3 deal with exper-
imental investigations of Stark-broadening parameters of
isolated HeT lines trying to assess the importance of ion
motion to the linewidth and shift. In the first experimen-
tal attempt, Morris and Cooper' studied shifts of three
isolated Hel lines in the plasma of a helium jet, where
they detected only small deviations from quasistatic be-
havior. In a detailed study of the line shapes and shifts of
12 Hel lines in a wall-stabilized helium arc plasma, Kel-
leher? has found the experimental widths and shifts to be
“reasonably consistent with calculations based on the
unified theory* for ion perturbers.” In both these pa-
pers"? the dependence of ion dynamics on the helium-
atom-perturbing-ion reduced mass was not investigated;
therefore, one could only test the validity of the theory
through the consistency with the experiment.

In another experiment,® the widths and shifts of the
3889- and 5876-A Hel lines were measured in a plasma
dominated by proton ion perturbers where one has the
largest ion motion effect. Although some preliminary re-
sults were reported, quantitative conclusions about the
importance of ion dynamics in the linewidth and shift
evaluation were not drawn. This was due to the lack of a
reliable method for line self-absorption testing and
correction in a linear, helium pulsed plasma discharge.
This correction is very important in line-shape measure-
ments, e.g., see Ref. 5.

Here we report results of Stark-width and -shift mea-
surements of the He1 3889- and 5876-A lines in a pulsed
plasma source filled with a hydrogen-helium, pure heli-
um, or argon-helium mixture. In this way we could study
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the broadening and shift of these two Hel lines for
different emitter—perturbing-ion reduced-mass combina-
tions. To perform this study we applied a new technique
to check, and if necessary to correct, for self-absorption
of the Hel lines in our pulsed low-pressure discharge.
The experimental results for these lines are compared
with theoretical results obtained using static- and
dynamic-ion approximations. The results of this compar-
ison will be used to test the applicability of unified
theory* in cases when ion motion is important. Simul-
taneously, several theoretical calculations of Hel line
Stark widths and shifts will be tested. This is of impor-
tance for further development of the theory and for
high-precision plasma diagnostics.

II. THEORY

A. Widths

Quasistatic treatment of ions. The full width at half
maximum (FWHM) of Hel lines, wg,,, at electron density
N, is calculated from the following equation:®

Wopa =2w,(1+gay )N, X 10716 (1)
where

g =1.75(1—0.75R) , (2)

R=py/pp=(N'?/T,, (3)
and

ay=aN}*x1074 . 4)

In the above equations w, and a are the electron-impact
half-half-width and ion-broadening parameters, respec-
tively, at N, =1X10'"® cm ™3, p, is the mean inter-ion dis-
tance, and pp, is the Debye length.
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Dynamic treatment of ions. Here, we follow the unified
adiabatic theory, independently developed by Griem® and
by Barnard, Cooper, and Smith (BCS).* If strong col-
lisions do not overlap in time, the theory is valid for the
whole range of ion broadening, from quasistatic to im-
pact broadening. The relative importance of dynamical
ion broadening is contained in the parameter

o :wepo/( Urel ) ’
where

po=(47N,) "3,

1/2
8kT
(V)= £ , (5)
T
2mc
W, :we“XZ— X 108

Here {v,,) is the mean relative velocity of the radiator
and the ion perturber, which have a reduced mass u;; w,
is the electron-impact half-half-width expressed in fre-
quency units. w, and A are in angstroms. Equation (5)
may also be written?

0.0806w —_—
U=Te"NEZ/3\/;L/Tg , 6)
where w, is the electron half-half-width in angstroms at
N,=10'" cm~? and pu is the atom-ion perturber reduced
mass in amu. The condition of validity for the ion-
dynamics correction is expressed by

B=a¥’o<1. M

The physical meaning of this condition is that all strong
electron and ion collisions are separated in time, which
was satisfied for our experimental conditions.

From the results of BCS,* Kelleher? derived a simple
parametric expression for the evaluation of the total
half-width w,,, for dynamic ions of isolated lines when
ion dynamics contributes to the linewidth,
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Wayn =2w,(1+gayW;)N, X 10716, (8)
where
1.36 1.36 ’
__'.__3_1/3’ B< .
g
g

From the comparison of Egs. (1) and (8) it follows that
Wgyn =Wy, When W;=1.
B. Shifts

Quasistatic treatment of ions. One can calculate the
shift at the peak of the line d,, from®

d o =[d, +2.00ay(1—0.75R)w, N, X 1071
or )
dgay =(d, +2.00a g ,w, )N, X 10" 16

where g, =g /1.75 and d, is the electron-impact shift at
N,=10"%cm 3.
The shift at the half-width of the line is given by?

dgar, , =(d, £3.2ay8 W, N, X 10716, (10)

The signs of the ion quadratic contribution to the
width in Egs. (9) and (10) are the same as that of d,, the
electron shift. That is, for helium lines the sign is always
such that it increases the magnitude of the shift.

Dynamic treatment of ions. Analogous to Eq. (8), we
derived for widths from the results of BCS (Ref. 4) ex-
pressions for evaluation of shifts at the peak of the line

d 4y =(d,+2.00ayg,D;w,)N, X107, (11)

and at the half-width of the line
ddynl/ZZ(dei3.20(1Nngjwe )Nexlo—lé , (12)
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FIG. 1. Schematic diagram of the experimental setup.
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where
2.3587 V3 —3al/°R

D;= 2g,
1, B=1.

» B<1
(12

For D; =1, dgy, =d gy, O dsmtl/z:ddy"l/z'

There are certain restrictions on the applicability of
Egs. (1) and (9)=(11) and they are®

8.99X 10 2N}eT~1/2<0.8
0.05<ay <0.5 .

For large values of ay, the forbidden component be-
gins to overlap significantly and the linear Stark effect be-
comes important. Other considerations, such as Debye
shielding affecting the line shapes, widths, and shifts are
covered in Ref. 6.

For the evaluation of He 1 Stark widths and shifts from
Egs. (1), (8), (10), and (12) we used w,, d,, and a at
N,=10" cm ™3 from Benett and Griem®’ and Bassalo
et al.® Dimitrijevi¢ and Sahal-Bréchot® reported only
He1 electron-impact half-half-widths and shifts which,
as the authors’® suggested, we used with their w, and d,
values a from Ref. 6.

III. EXPERIMENT

A. Plasma source and experimental procedure

A low-pressure pulsed arc is used as a plasma source
(see Fig. 1). It consists of a low inductance discharge
capacitor having a peak voltage rating of 25 kV and ca-
pacitance of 5 uF. The pulsed arc is fired at 15 kV by an
ignitron and the ringing frequency of the whole circuit,
including discharge vessel, is 12 us. The discharge tube is
made of Pyrex glass with 13.5 mm internal diameter.
The distance between the end electrodes is 28 cm. For
the measurements of the optical depth of spectral lines,
an additional aluminum electrode with a thin surround-
ing sleeve of iron is located inside the discharge tube.
The iron sleeve is the electrode which can be moved from
the outside by means of a magnet. When observing spec-
tra the central hole in this movable electrode is blocked.
In this way it is possible to vary the plasma length and,
accordingly, the absorption conditions of the plasma lay-
er under investigation without changing the electrical im-
pedance of the circuit. This technique has been used re-
cently by Radtke and Giinter!® to study the Balmer spec-
trum of hydrogen in the plasma of a flashlamp.

Holes of 1.8 mm diameter are located at the center of
all three electrodes to facilitate optical alignment and to
perform laser interferometric measurements of the elec-
tron density. During the experiment a continuous flow of
pure He, or He:H, (40:60 mol %) or He:Ar (30:70 mol %)
mixtures is maintained at a pressure of 133 Pa (1 torr).

The light from the pulsed arc is observed end-on on a
shot-to-shot basis with a 1-m monochromator (inverse
linear dispersion 4.2 A/mm) equipped with photomulti-
plier tube. This instrument, with 12-um slits, has a mea-
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FIG. 2. Experimental profiles of the He 1 5876-A line record-
ed with two plasma lengths at N,=9.8X 10 cm™3 (upper
profile) and 7,=42000 K and the derived profile for the opti-
cally thin case.

sured instrumental half-width of 0.06 A. The discharge is
imaged onto the entrance slit of the monochromator by
means of a concave mirror, see Fig. 1. The diaphragm
placed in front of the concave mirror ensures that light
comes only from the central 1.5 mm of the plasma about
the arc axis. The contribution of instrumental, Doppler,
and van der Waals broadening to the He I line-shape mea-
surements for our experimental conditions is found to be
negligible.

Our main concern with the Hel line-shape measure-
ments was the possible distortion arising from self-
absorption. In order to determine the optical thickness
of the investigated lines we recorded line profiles from
two plasma lengths by positioning the movable electrode.
From these recordings we determined k, / where k, is the
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FIG. 3. Two experimental profiles of the He 1 3889-A line ob-
tained at the maximum electron density of 9.8X10'® cm™*
(upper profile) and at 6.1X 10'® cm™3; w is the half-width and d
is the shift at the half-width.
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TABLE 1. Ratios of measured w,, and calculated widths using static- w, and dynamic-ion approximation wgy,. Data for the
theoretical calculations are taken from Benett and Griem (BG) (Refs. 6 and 7), Bassalo et al. (BCW) (Ref. 8), and Dimitrijevi¢ and
Sahal-Bréchot (DSB) (Ref. 9); u is the helium-atom— (emitter) perturbing-ion reduced mass, for the helium-hydrogen mixture, equal
to 0.80; X is the average value.

}" Ne X 1016 Te Tg uim W /wsta! W /wdyn

(A) p (cm~?) (K) (K) (A) BG BCW DSB  BG BCW  DSB
3889 0.80 9.80+0.50 42000 42000 2.50%+0.15 0.94 1.10 1.16 0.87 1.01 1.06
6.10+0.50 36 000 36 000 1.51+0.12 0.92 1.08 1.14 0.85 0.97 1.04
2.00 3.50+0.25 35500 31000 0.87+0.08 0.94 1.10 1.17 0.88 1.01 1.08
1.90+0.25 32000 27000 0.46+0.05 0.93 1.08 1.16 0.86 0.98 1.06
3.64 8.50+0.50 35000 35000 1.98+0.15 0.86 1.00 1.07 0.84 0.96 1.03
5.40+0.50 31000 31000 1.24+0.10 0.86 1.00 1.07 0.83 0.95 1.02

X
0.91 1.06 1.13 0.85 0.98 1.05
5876 0.80 9.80+0.50 42000 42000 3.95+0.20 1.00 1.36 1.20 0.91 1.19 1.09
6.10+0.50 36 000 36 000 2.45+0.15 1.01 1.37 1.21 0.91 1.19 1.08
3.64 8.50+0.50 35000 35000 3.18+0.18 0.93 1.26 1.12 0.89 1.17 1.06
5.40+0.50 31000 31000 2.00+0.15 0.93 1.25 1.12 0.88 1.15 1.05

X
0.97 1.31 1.16 0.90 1.17 1.07

spectral line absorption coefficient and / is the plasma
length along the direction of observation. Since k,!/ was
not large (k,/ <0.31 for the most self-absorbed analyzed
profile) it was possible to recover the line profile (see the
example in Fig. 2) for the optically thin case (see, e.g.,
Ref. 11). The only exception was the strong 5876-A line
in pure helium whose profile was so distorted by self-
absorption that the optically thin profile could not be
recovered. Corrections for fine-structure splitting were
found to be negligible under our conditions (see Fig. 1 in
Ref. 2).

For line-shift measurements we used the plasma radia-

tion at the late times of plasma decay as a source of the
less-shifted line profile.!?> Thus to measure the line shift it
is necessary to analyze oscilloscope traces obtained from
the photomultiplier-monochromator system at various
wavelengths and at various times of the decay. An exam-
ple of these measurements is in Flcg 3, where two experi-
mental profiles of Hel 5876 A at electron density
N,=9.8X10'" cm™3 and 10 us later at N,=6.1x10'®
cm 3 are given. From Fig. 3 it is possible to determine
the line shift, and in the same way all reported measure-
ments are performed. Here one should note that the re-
ported shifts are measured at the half-width of both line

TABLE II. Same as for Table I but for the shifts.

A N, X 10 T, T, d, d, /dya d,/dgyn

(A) p (em Y (K) (K) (A) BG BCW DSB  BG BCW  DSB

3889 0.80  9.80+0.50 42000 42000 0.300)+0.02(5) 120 160 142 083 099 091
6.10£0.50 36000 36000

200  3.50+025 35500 31000 0.110)£0.01(5 110 147 121 077 092  0.83
1.90+0.25 32000 27000

3.64 850050 35000 35000 0.19(0)£0.01(8) 089 117 100 077 095 084
5.40+0.50 31000 31000

X

106 141 121 079 095 086

5876 0.80  9.80+0.50 42000 42000  —028(0)+0.02(5) 163 083 257 072 049  0.89
6.10£0.50 36000 36000

3.64 850050 35000 35000  —0.17(0+0.01(8) 126 059 189 076 043 095
540£0.50 31000 31000

|

1.44 0.71 2.23 0.74 0.46 0.92
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TABLE III. Same as for Table I but for the He1 Stark widths taken from the paper by Kelleher (Ref. 2); X is the average value,

while & is the standard deviation.

A W /wstax W, /wdyn
(A) Transition BG BCW DSB BG BCW DSB
7281 21p°-31s 0.96 1.10 1.26 0.89 1.00 1.14
5016 2's-31p° 1.02 1.08 1.20 0.93 0.98 1.08
6678 2'P°-3'D 1.13 1.24 1.31 0.98 1.06 1.12
7065 2°p°-338 0.90 1.02 1.15 0.82 0.91 1.03
3889 235-3%p° 0.92 1.07 1.18 0.85 0.97 1.08
5876 23p°-3°D 1.01 1.30 1.19 0.92 1.15 1.07
5048 2'p°-4'S 0.93 1.06 1.26 0.90 1.02 1.21
3965 2's-4'p° 0.92 0.99 1.15 0.92 0.99 1.15
4713 23p°-438 0.93 1.07 1.28 0.89 1.01 1.20
3188 235-4°p° 0.94 1.07 1.23 0.92 1.04 1.19
4121 23p°-538 0.91 0.92 1.31 0.91 0.92 1.29
2945 238-53%p° 0.90 1.01 1.18 0.90 1.01 1.18
X
0.96 1.08 1.23 0.90 1.01 1.14
8
+0.02 +0.03 +0.02 +0.01 +0.02 +0.02

Experimental conditions: N,=1.03X10' cm3,

T,=20900 K, T,=15800 K

profiles. Furthermore, all fittings of experimental points
at the line profile were performed with the aid of a com-
puter.

B. Plasma diagnostics

A helium-neon laser interferometer at 6328 A with a
plane external mirror was used to determine the axial
electron density. The electron temperature was deter-
mined from the relative intensity of two Ol impurity
lines at 4366.9 and 4369.3 A with transition probabilities
taken from Ref. 13. The gas temperature is estimated

from the Gaussian part of the experimental profile of the
O11 4369.3-A line.

IV. EXPERIMENTAL RESULTS
AND DISCUSSION

The experimental results for Stark widths w,, and
Stark shifts d,, of the Hel lines are given together with
estimated errors in Tables I and II, respectively. In these
tables the corresponding electron densities, electron tem-
peratures, and gas temperatures are also given. Estimat-

TABLE 1V. Same as for Table III but for the He 1 Stark shifts taken from the paper by Kelleher (Ref. 2).

Z" dm /dstat dm /ddyn
(A) Transition BG BCW DSB BG BCW DSB
7281 2'p°-3's 1.11 1.19 1.03 0.86 0.90 0.83
5016 2's-3'p° 1.03 0.95 1.21 0.70 0.66 0.79
6678 2'p°-3'D 1.10 1.36 1.24 0.68 0.76 0.75
7065 23p°-338 1.15 1.22 1.08 0.88 0.92 0.86
3889 235-3°%p° 1.22 1.61 1.27 0.79 0.94 0.85
5876 23p°-33D 1.51 0.75 2.69 0.68 0.47 0.90
5048 2'P°-4'S 1.09 1.18 1.09 0.96 1.02 0.96
3965 2'S-4'p° 0.84 0.83 1.17 0.84 0.83 1.17
4713 23p°_438 1.10 1.17 1.05 0.93 0.97 0.90
3188 235-43p° 1.11 1.17 1.20 0.94 0.96 0.99
4121 23p°-538 0.99 0.92 1.05 0.99 0.92 0.99
2945 23§-5°%p° 1.00 1.19 1.24 1.00 1.19 1.24
X
1.10 1.13 1.28 0.85 0.88 0.94
5
+0.05 +0.07 +0.13 +0.03 +0.05 +0.04

Experimental conditions:

N,=1.03X10" cm 3,

T,=20900 K, T,=15800 K
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FIG. 4. Ratios of measured w,, over theoretical w; widths of
He1 3889-A line vs the dynamic-ion broadening parameter W,
of Eq. (8'). Experimental results are compared with theoretical
data evaluated from Eq. (1), quasistatic, and Eq. (8), dynamic
treatment of ions using electron-impact half-width w,, and ion-
broadenings parameter a: (a) from Benett and Griem (Ref. 6),
(b) from Bassalo et al. (Ref. 8), and (c) from Dimitrijevi¢ and
Sahal-Bréchot (Ref. 9); here a is taken from Ref. 6. Ratios
w,, /wy are denoted in the following way. Open symbols denote
static ions, closed symbols denote dynamic ions. X, @(,Kelleher
(Ref. 2); A\, A, Wulff (Ref. 14); O, ¥, Berg ez al. (Ref. 15); O, M,
Soltwisch and Kusch (Ref. 16); O,®, this experiment. The
dashed curve in (a) is a best-fit line.

ed errors ranging from 8-12 % for the electron density
are derived from uncertainties in the plasma length mea-
surement (by far the largest error) and in the determina-
tion of interference fringes. The estimated error in the
measurements of the electron temperature 7, is +8%.
This is derived from the uncertainty in the line intensity
measurements. The gas temperature T, is found, within
the limits of experimental error of =15%, equal to elec-
tron temperature, i.e., T,=T,. The only exception with
T,#T, is the discharge in pure helium, see Tables I and
IIL

The experimental results for w,, and d,, in Tables I
and II are compared with the theoretical data wg,, and

a’sml/2 calculated from Egs. (1) and (10) using the data of
Benett and Griem,*’ Bassalo et al.,® and Dimitrijevié
and Sahal-Bréchot,’ denoted in Tables I and II as BG,
BCW, and DSB, respectively. The experimental data w,,

W 58764 (b)

10 15 20 W, 25

FIG. 5. Same as in Fig. 4 but for the He 1 5876-A line.
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dm and d,, are also compared with theoretical results with
dr ion dynamics taken in account, where wg,, and ddyn”2
121 are calculated from Egs. (8) and (12). The required data
- w,, d,, and a are taken from Ref. 6 (BG), Ref. 8 (BCW),
0k and Ref. 9 (DSB). It is important to note here that all
N theoretically calculated widths and shifts are corrected
08 for the Debye shielding effect in a way described in Ref.
hidn 6. Furthermore, in the evaluation of ion-dynamic effects
- we made an important assumption concerning the type of
06+ ions present in the plasma. Namely, due to the large
. | . . | . differences in ionization potentials in the hydrogen-
10 15 20 25 30 35 helium and in argon-helium mixtures, we assumed that
dm
dr
15
13+
1
09
1 1 1 1 1 1
10 15 2.0 25 30 35 D;
dm 5876 A (b)
dr L
08| °
dm| X
dy r °
r 06+ .
131 |
B + i
B 04} ° l
mr
L 1 1 | | 1 Il
10 1.5 20 25 30 35 D;
09
-
07+
L 1 L L L 1 gﬂl 5876 A (c)
10 15 20 25 30 35 D T X
26 o

FIG. 6. Ratios of measured d,, over theoretical shifts for the
3889-A line vs dynamic-ion-broadening parameter D, of Eq.
(12'). Experimental results are compared with theoretical data 18
evaluated from Eq. (10), quasistatic, and from Eq. (12), dynamic,
treatment of ions using electron-impact half-half-widths w,,

shifts d,, and ion-broadening parameter a: (a) from Benett and 14 |-

Griem (Ref. 6), (b) from Bassalo et al. (Ref. 8), and (c¢) from -

Dimitrijevi¢ and Sahal-Bréchot (Ref. 9) (here « is taken from 10k . .

Ref. 6). Ratios d,, /d are denoted in the following way. Open o d t
symbols denote static ions, closed symbols denote dynamic ions. 1 1 1 1 L 1

X X Kelleher (Ref. 2); O, 4, Berg et al. (Ref. 15); A, A, Morris 10 15 20 25 30 35 Db

and Cooper (Ref. 1); O,®, this experiment. The dashed curve is R
a best-fit line. FIG. 7. Same as in Fig. 6 but for the He1 5876-A line.
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TABLE V. Ratios of the measured widths w,, and shifts d,, of He1 3889- and 5876-A lines to the
theoretical results, w, derived from Figs. 4-7 for W; and D;=1. BG, BCW, and DSB denote ratios
with theoretical results using data from Benett and Griem (Refs. 6 and 7), Bassalo et al. (Ref. 8), and
Dimitrijevi¢ and Sahal-Bréchot (Ref. 9), respectively.

3889 A 5876 A
Half-width Shift Half-width Shift
BG 0.85+0.03 0.79+0.04 0.90+0.02 0.72+0.04
BCW 0.98+0.03 0.95+0.04 1.1740.02 0.46+0.03
DSB 1.05+0.03 0.86+0.05 1.07+0.02 0.91+0.04

only HT or Ar™ ions are present in the plasma.

Since we shall also use experimental data from Ref. 2
for comparison, we have calculated the corresponding
theoretical widths and shifts in the way described for our
data in the preceding paragraph. Ratios of experimental®
and theoretical results are given in Tables III and IV.
Here one should state that all theoretical data marked
with BG in Table III are identical with those calculated
by Kelleher.? This is also the case with the BG theoreti-
cal results with the static-ion treatment of shifts in Table
IV. In the columns for dynamic-ion treatment under BG,
theoretical shifts at the half-width are compared with
corresponding shifts reported in Ref. 2.

In order to be able to compare the experimental results
measured at different plasma conditions (various N,, T,,
and T,) we have plotted in Figs. 4-7 the ratios of mea-
sured over theoretical results versus the dynamic-ion
broadening parameter W; from Eq. (8') and D; from Eq.
(12") for widths and shifts, respectively. In these figures
other precision data,1*7 16 with estimated uncertainties
smaller than +30% in critical reviews,'”!® are included
also. However, in the analysis of Figs. 4—7 we have used
only the recent experiment by Kelleher’ and our data
from Tables I and II. These two sets of data are the most
accurate; the estimated total errors in the width and shift
measurements are in the range from 15-20 %. Thus data
from Refs. 1 and 14-16 placed in rectangles in Figs. 4—-6
are not included in the determination of the best-fit
straight lines drawn through the experimental points.
The curve through the data corrected for ion motion
effects (horizontal line) is drawn through the value of the
average ratio. This line is very close (within 2%) to the
best-fit curve, see Figs. 4(a) and 6(a). This indicates that
the correction for ion-dynamic can be properly evaluated
using BCS (Ref. 4) in a large range of dynamic-ion
broadening parameters. For determining the best-fit line
through the ratios of measured and quasistatic theoretical
data in Figs. 4-7, we assumed only that this curve start-
ed at Wj =1or Dj =1, where both approximations, quasi-
static and dynamic, must give equal theoretical width or
shift.

Although the estimated experimental error bars in
Figs. 4-7 are very large, the scatter of data from Tables
I-IV does not exceed +3% in the worst case, suggesting
that the estimation of accuracies for both experiments
may have been too conservative. Furthermore, from
Figs. 4—7 one can determine the accuracy of data of three
theoretical calculations® ° used for the evaluation of

Stark widths and shifts and these results are summarized
in Table V. The ratios in Table V can be used for two
purposes: first, for the further refinement of the theory,
because neutral helium has a well-known and reliable set
of energy levels which is of crucial importance; second,
knowing the ratios in Table V, we can use any of the
three theoretical approaches® ™ in conjunction with one’s
measurement of widths, and/or shifts, for high-precision
plasma diagnostics. On the basis of the experimental
scatter in Figs. 4—7 we believe that the plasma electron
density, in the electron temperature range 21 000-42 000
K, can be determained from the width and shift of the Hel
3889- and 5876-A lines with a precision of 3-5 %, which
is equal to or better than from the Hj line." The es-
timated uncertainties in Figs. 4—7 are estimated from the
spectroscopic and electron density measurements.

V. CONCLUSIONS

In this paper we present results of the measurement of
Stark widths and shifts of Hel 3889- and 5876-A lines.
Shapes and shifts of these lines were measured in
hydrogen-helium, pure helium, and argon-helium plas-
mas of a pulsed low-pressure arc in the electron-density
range of 1.9-9.8X10'® cm ™3 and an electron tempera-
ture range of 31000-42000 K. In order to obtain Hel
line profiles for the optically thin case, we have intro-
duced a new technique for the measurement of optical
thickness in the plasma of long pulsed arcs.

Experimental results are compared with the data from
semiclassical calculations by Benett and Griem,*’ Bas-
salo et al.,® and Dimitrijevi¢ and Sahal-Bréchot,’ using
quasistatic® and ion-dynamic* approximations. Here we
derived a simple analytical expression, similar to the one
derived by Kelleher? for widths, Eq. (8), which very close-
ly approximates the dynamic-ion contribution to the
shift, Egs. (11) and (12), of the unified theory.4

Comparisons of our results and those from Ref. 2 in
Figs. 4-7 clearly indicate that the BCS theory* correctly
describes the dynamic contribution of ions to the Stark
width and shift. From Figs. 4-7 we derived ratios of
measured to theoretical widths and shifts (see Table V)
for three sets of semiclassical calculations.®”° Data from
Table V can be used as a guide for the further develop-
ment of the theory and for high-precision plasma diag-
nostics in the electron temperature range 21 000-42 000
K. We estimate that by measuring widths and/or shifts
of He1 3889- and 5876-A lines and using any of the semi-
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classical calculations,®™® corrected by the respective

values in Table V, one can determine plasma electron
density with a precision of 35%. It is possible that this
also represents the absolute accuracy in this temperature

3879

and density range, because two independent experiments
with completely different diagnostic techniques agree to
within this 3-5 % range. However, further confirmation
is needed.

*Permanent address: Institute of Physics, Faculty of Natural
Sciences, 21000 Novi Sad, Yugoslavia.
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