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2PMF Podgorica, Cetinjski put b.b., Podgorica, Yugoslavia

(Received: June 20, 1994)

SUMMARY: Stark shift of four NII and seven OII spectral lines have been mea-
sured for the first time in the linear low pressure pulsed arc plasma and compared

with existing theoretical values.

1. INTRODUCTION '

- Stark broadening parameters of singly-ionized
atom spectral lines from the second period of the pe-
riodic system, have been reported 1n a number of pa-
pers (Fuhr and Lesage, 1993; and references therein).
The great number of these papers indicate the inter-
est for such data due to their applicability in study
of astrophysical and laboratory plasmas. However,
only four publications (Day and Griem, 1965; Berg
et al, 1967; Baker and Burgess, 1979 and Djenize
et al, 1992) have been devoted to the experimental
determination of the Stark shift of the singly ion-
1zed nitrogen (NII) spectral lines and only one paper
(Djenize et al, 1991) reported the experimental in-
vestigation of the OII spectral lines Stark shift.

- The aim of this paper 1s to provide some new
data on the Stark shift (d) of singly-ionized nitro-

gen and oxygen spectral lines, not measured before.

We have measured Stark shift of four NII and seven
OII spectral lines at 44 000 K and 34 000 K elec-

tron temperature, respectively. Our obtained data
were compared with existing calculated values based

on the semiclassical theory (for the three OII multi-
plets).

2. EXPERIMENT

The modified version of the linear low pres-
sure pulsed arc (Kobilarov et al, 1989) has been used
as a plasma source. A pulsed discharge driven In a
quartz discharge tube of 8 mm id. and has an ef-
fective plasma length of 18 cm between aluminum
electrodes. Holes, 2 mm in diameter, located ax-
iIsymmetrically at the center of electrodes facilitate
optical alignment and the laser interferometric mea-
surerments of electron density. The tube has end-on
quartz windows. The working gases were nitrogen
and oxygen at filling pressure of 70 Pa in both cases.
The capacitor bank of 8 uF was charged up to 5.2
kV. From the discharge current oscillograms the fol-
lowing values have been determined: period » = 30
us, decrement 6 = 6.2, resistance R = 0.52 {1, 1n-
ductance L = 2.1 uH and peak current I, = 8.4 kA,
same for both gases.
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Spectroscopic observations of isolated spectral
lines have been made end-on along the axis of the dis-
charge tube. The line profiles have been recorded on
a shot-by-shot basis using experimental setup system
described elsewhere (Djenize et al, 1992). We have

obtained a very good reproducibility (> 90%) of the

investigated spectral line radiation intensities.

~ The Stark shifts were measured relative to the
unshifted spectral lines emitted by the same plasma.

The unshifted spectral lines were observed at later
times during plasma decay and considerably lower
electron densities (Puri¢ and Konjevié, 1972), and
was corrected for the electron temperature decay
(Popovié et al, 1992). Stark shift data were deter-

mined with +0.002 nm errors at a given electron tem-

perature and density.
Parameters of the plasma were determined by

a standard diagnostic methods. The electron density
(N) has been measured using a single wavelength He-

Ne laser interferometer for the 632.8 nm transition

with an estimated error of + 8%. The electron tem-
perature (T) was found from the ratio of relative in-

tensities of NIII 393.4 nm and NII 383.8 nm spectral

lines in the case of the nitrogen plasma, and OIII
'396.1 nm and OII 391.2 nm spectral lines 1n the case
of the oxygen plasma, assuming existence of the LTE,

with an estimated error of + 12%. Atomic param-
eters required were taken from Wiese et al (1996).
Temporal evolutions of the N and T 1n the decay-

ing nitrogen and oxygen plasmas are graphically pre-
sented 1n Fig. 1.
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Fig. 1. Temporal evolutions of the electron density
(N) and temperature (T) in the decaying nitrogen

( — ) and oxygen ( - - = ) p]asmas_

Table 1 Measured Stark shift (d, ) values at given electron temperature (T) and density (N). The transition
arrays and multiplet numbers are, also, given. The positive shift is toward a red.

12

Emitter Transition Mult
NII 9p3s — 2p3p 3p0_3p
(5)
2p3p — 2p3d Sp-3DY
(20)
2s2p?3p — 2s2p?3d Spl_°p
_ _ (69)
Ol 2p23s — 2p23p 4p _ 4o
(1)
4P__4P0
(2)
2P_2D0
(5)
2p23s’ — 2p?3p’ 2D-2F0
(15)
2D_2P0
(17)
2p?3p — 2p?3d 250_2p
o (9)
2p23pf _ 2p23dl 2p0_.23
(36)

A T N dm
(nm) (10°K) (10%2m=3) (10~! nm)
460.15 4.4 6.0 0.052
462.11 4.4 6.0 0.022
478.82 4.4 6.0 0.017
532.09 4.4 6.0 0.0
464.91 3.4 4.6 0.039
436.69 3.4 4.6 —0.026
441.49 3.4 4.6 0.007
459.62 3.4 4.6 0.046
391.20 3.4 4.6 0.0
339.02 3.4 4.6 —-0.030
418.55 3.4 4.6 0.0
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3. RESULTS AND DISCUSSION

- The results of the measured Stark shift (dp,)

values at a given electron temperature and density
are given in the Table 1, together with transition
arrays and multiplet numbers.
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Fig. 2. Stark shifts d (10~! nm) vs the electron
temperature at 1 x 10%° m™2 electron density. G
and D are Griem’s (1974) and Dimitrijevié’s (1982)
calculated values based on the semiclassical theory.
¢ 1s our measured value.

- The measured values d,, are generally very
small, within experimental error (+0.002 nm) they
are close to zero. Measurable shifts were found only

for the NII 460.15 nm and OII 464.91 nm, 436.69

nm, 4599.62 nm and 339.03 nm spectral lines.

To the knowledge of the authors calculated
values of the Stark shift, for the investigated spec-
tral lines, exist only for the three multiplets from
the OII spectra. These were performed by Griem

(1974) and Dimitrijevi¢ (1982). The dependence on
electron temperature of theoretical G (Griem, 1974)
and D (Dimitrijevié¢, 1982) Stark shifts together with
our (e) experimental results at 1 x 10%% m~2 eleciron

density are presented in Fig. 2.

It 1s evident, that the various calculations, G
and D, provide different Stark shift sign for the Mult.
No. 1 and Mult. No. 2 in OII spectra. Qur dn

values agree well with Griem’s (1974) values in the
case of the Mult. No. 1 and with Dimitrijevié (1982)

values 1n the case of the Mult. No. 2. For the OIi
441.4 nm spectral line our d,, value 1s much smaller

In comparison to Griem’s value.
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EKCIIEPIMEHTAJIHU ITAPKOB [IOMEPAJ HEKVX CIIEKTPAJIHUX JINHUJA

3 CIIEKTPA NII 1 OII

M. llIhennanosuh?!:2, B. MunocasmseBrh!, C. BPeunxe! , M. I[Inatumal u J. JlaGat?

' dusuuku gaxyamem YHueepzumema y beozpady, I gpax 550, Beoepad, Jyezocaaeuja

2 [IM¢é Ilooeopuua, Llemumcku nym 0.0., ITooeopuua, Jyzocaasuja

YK 52—-355.3
OpueuHaaHu HayuHu pao

LHitapkoBo rnoMepawe 9eTUpH JIMHUjE U3 CIIEK-
Tpa NII n cexaM nuHUja U3 criektpa OII, no cama
GKCTIEPUMEHTAJIHO HE WUCTPAXUBAHUX, MEPEHO jE ¥

14

IUIa3MM JIMHEapHOT MMITYJICHOTI" JIYKa Ha HUCKOM IIpH-
TUCKY U YIIOpeleHO ca INocTojeNM TEOPHUJCKUM BpEX-
HOCTHMA.
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