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SUMMARY: Stark width and shift of the P, Hell (468.59 nm) spectarl line
have been measured in helium plasma. A linear low-pressure arc is used as a plasma
source. Measurements have been done at electron density in the range from 0.4 to

3.3 X 10%2 m™9 and at an electron temperature of 40 000 K. Measured Stark width
and shift are compared to some theoretical estimations combining electron-impact

and ion quadrupole effects. Our experimental data are in agreement with previous

measurements.

1. INTRODUCTION

- Stark width and shift of the P, Hell spec-
tral line are very important, because of their use in

plasma diagnostics. There are numerous studies of
the shift and width of P, Hell spectral line (Fuhr

and Lesage, 1993; and references therein), but their
measurements and interpretation have been a matter
of controversy (especialy Stark shift measurement).

- . Shifts to shorter (blue) wavelengths (Neiger
and Griem, 1976), longer (red) wavelengths (Pittman
et al, 1980; Pittman and Fleurier, 1982, 1986; Kobi-
larov et al, 1988; Gawron et al, 1989) or no shift at

all (Van Zandt et al, 1976) have been reported. More

recent experimental results, including our own, have
generally reported red shifts for the P, Hell lne,
although there are some differences in the shift mag-
nitude. '

Also, there is no general theory explaining the

shift of P, Hell line. The shift of this line has
often been primarily associated with the so-called

plasma-polarization shift (PPS). Berg et al (1962,

1966) first invoked PPS in an experiment to explain

the observed blue shifts. According to the PPS, an
lon emitter will attract an excess negative charge in
its surrounding plasma environment. A review of

theoretical estimates of the different sources of shift
(Fleurier and Gall, 1984) shows that the most proba-

ble cause of shift is electron collision effect, including
weak and strong collisions.

The aim of this work is to give a further check
of value and the sign of the shift (d) and to compare

the result with existing theoretical and previous mea-
sured values. We also have measured the P, Hell

FWHM (fullwidth at half intensity maximum) (w)
and compared it with previous measurements and
theories.
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In order to estimate Stark parameters of Hell
spectral line, we have used a special source of plasma
allowing combined glow and pulse discharge follow-

ing the idea of DjeniZe and Labat (1983).

2. EXPERIMENT

The plasma was created in a Pyrex discharge
tube represented in Figure 1.
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Fig. 1 Pyrex discharge tube with quartz windows,
water-cooled cooper glow discharge (C, A) and ring-
shape impulse (N1, N2) electrodes.

The tube had two quartz windows at both i1ts
ends. The effective plasma length was 80 mm, while
the inner diameter of linear part of discharge tube
was O mm. Spectroscopic observations of 1solated
spectral lines were made along the axis of the dis-
charge tube. By using this source it was possible to
get a reproducible and homogenous plasma.

The plasma was generated by a pulse discha-
rge of 80 uF condenser initially charged to 1.2 kV.
~ Auxiliary ring-shape nickel electrodes (N; and Nj)
~ were positioned at the optical axis, 80 mm from each
other. They were used to drive the pulse discharge.

- The electric properties of the pulse discharge
-were measured by Rogowski coil, and the following
values were found: discharge period 80 us, discharge
current maximum 7.1 kA, curcuit self inductance 1.8
uH and decrement 3.2.

The glow discharge was driven between water-

cooled ccpper electrodes (C and A) at the current of

7 mA. As a working gas we used the pure helium
at the pressure of 260 Pa. The electron density in
the positive column of the glow discharge was about

1 x 101"m~—3. It was obtained from the electric field
strength measured between N; and N» electrodes.

For this electron density the Stark broadening effect
1s negligible.

Parameters of the pulse plasma were deter-
mined by standard diagnostic methods. Electron

temperature (7') was determined from the ratio of

relative intensities of Hell 468.59 nm and Hel 388.89
nm spectral lines assuming existence of the LTE. The

- maximal value of the electron temperature was 40
000 K with +£15% error. Atomic parameters required
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were taken from Wiese et al(1966). It was found that
the electron temperature decayed slowly during the
first 40 us after the beginning of the discharge.

The electron density (N) was measured by a
single wavelength laser interferometry (Ashby et al,
1965), using the 632.8 nm He-Ne laser line. The
measured electron density values were (0.4 — 3.3)

x 1022 m~2. The maximal value of the electron den-
sity corresponds to 20 us after the beginning of the

discharge. The errors of these measurements are es-

timated to be within +10%. Temporal evolutions of

%\he f12" and N in the decaying plasma are given In
1g. 2.
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Fig. 2 Temporal evolution of the electron density
(N) and temperature (7') in decaying plasma.

For the spectroscopic study, a photomultiplier
(EMI 9789-QB) and a grating-spectrograph (Zeiss
PGS-2, inverse linear dispersion 0.73 nm/mm in the
first order) system were used. The photomultipher
signal was digitalized using HAMEG 205-2 oscillo-
scope interfaced to a computer.

Scanning of the line profile was done by us-

ing a shot-to-shot techique, which involved advanc-
ing the exit slit-photomultiplier combination in small

(0.0073 nm) wavelength steps (DjeniZe et al, 1991,

1992). The measured profiles were of Voigt type due

to the convolution of the Lorentzian Stark profile and
the Gaussian profiles caused by Doppler and 1nstru-
mental broadening. A standard deconvolution pro-
cedure was used, as described in Davies and Vaughan

(1963). The instrumental FWHM was 0.014 nm in
the first order.

3. RESULTS AND DISCUSSION

The profiles of the P, Hell line were observed
at times between 20 and 50 us after the beginning
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the discharge. Each profile was independently anal-
ysed. They have not shown any self-absorption. This
could be verified by comparing the widths at differ-

ent line intensity heights (3/4,1/2,1/4,1/8) with the
theoretical values of Griem (1964).
We have measured the Stark shift (d,,) rela-

tive to the unshifted lines emitted by the same pla-

Table I Mea,sured Stark shift d,,, and Stark widths
- wm at the given electron temperature T and density
L
0.18
0.17
0.17

sma. The line profile was observed at later times
during plasma decay, at considerably lower electron

densities (Puri¢ and Konjevi¢, 1972) and were cor-
rected for the electron temperature decay (Popovic et

al, 1992). The Stark shift value was determined with

an absolute error of £ 0.001 nm at the given electron
temperature and density. The results of measured

Stark shift value d,, and Stark widths w,, at the
given T and N are presented in the Table I

The results of our FWHM measurements and
comparisons with other experimental and theoretical

data are shown 1n Fig. 3.
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Flg 3 Stark FWHM (w) versus the electron density
(N). * — our present results.

This figure 1s an extension of a figure given
in Pittman and Fleurier (1986). It shows the predic-

tions based on the various theoretical calculations for
P, Hell (n=4 — n=3) line. Also illustrated are some

experimental results that were obtained during the
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past two decades by various authors Our measure-
ments agree well with some other data, and they are

between the theoretical calculations by Grlem and,
Shen (1961) and Kepple and Griem (1968). These

early calculations neglect both ion dynamics and the
so-called upper- loweer state interference term (Ga-
wron et al, 1988) whose effects tend to counteract
each other in determination of the spectral line

width.
QOur value of Stark shift and its comparison
with other experiments and theoretical data of Griem

(1983) are shown in Flg 4
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Fig. 4 Stark shift (d) versus the electron density
(N). * — our present results.

Our measurement is in good agreement with
results of Pittman and Fleurier (1986). The exper-

imental results of Hashimoto (1982) are also pre-
sented 1n this figure but a considerable disagreement
1s obvious.

4, CONCLUSION

We have measured Stark width and shift of the
P, Hell using the plasma of a linear pulse discharge

superlmposed to the glow discharge in the helium

over density range of 0.4 x 10?2 — 3.3 x 10?2 m™3
at a temperature 40 000 K. Our measurements of
Stark widths agree well with the results of Pittman

and Fleurier (1986) and with the theory of Griem

and Shen (1961). We have compared, also, our red

shift with the measurements of Pittman and Fleurier
(1986) and the calculations of Griem (1983). The

agreement between our measured d,, value and these
data is within the experimental uncertainties. Mea-

sured shifts of Hashimoto (1982) are almost four ti-

mes smaller than ours and results of Pittman and
Fleurier (1986).
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MEPEHA HITAPKOBA IIMPVNHA U IIOMEPAJ P, CIIEKTPAJIHE JINMHNJE N3 CIIEKTPA Hell

1
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OpuzeuHaaHu HAYUYHU pao

[litTapkoBy mmMpuHy U 1nioMepa] P, JHHHjE 10 3.3 x 10%2 m™2 U eeKTpPoOHCKe TeMIiepaType OX
(468.59 nm) u3 criektpa Hell Mepunu cMo y masmMu - 40 000 K. Mamepene BpenHocty lltapkose mwupuHe

xenujyma. Kao mspop rutasme KopumheH je MMHeapHM U ToMepaja yropeheHe cy ca TeopHjCKUM Ipensuby-

UMIIYJICHU JIYK Ha HUCKOM TIPUTHCKY. Mepewa cy HHMa Ha OCHOBY €JICKTPOH-CYyNapHOT M JOH-KBaIpy-

BpIIEHa Yy OICETY eJIEKTPOHCKe KOoHUeHTpauuje ox 0.4 mnoiHor edekra. Hamm eKCriepMMEHTANIHM MOJAIM Cce
- CJIaXy ca pe3yJiTaT¥Ma IPBOOUTHUX MeEpeHA.

19



