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Stark widths of two O 11, twenty-four O 111, four O1v, and two O V spectral lines have been mea-
sured and compared with the experimental and theoretical data available. A linear pinch
discharge was used as the plasma source. The electron density in the range (1.30-2.20) X 102 m—3
was measured by single-wavelength laser interferometry using the visible A=632.8 nm transition
of a He-Ne laser. The electron temperature 42 500 K+10% was determined from the Boltzmann
slope of several O 111 spectral lines and from some O11-to-O 111 spectral line intensity ratios. For
O 111 spectral lines originating from the same type of transition, the Stark-width (w) dependence on
the upper-level ionization potential (I) was found to be of the form w = AI ~5, where 4 and B are
constants independent of the ionization potential I. Stark-width dependences on the emitter-core
net charge (z) and simultaneously on the upper-level ionization potential (I) were evaluated within
the framework of a semiempirical approach and found to be of the form w= A4’z%I ~". The estab-
lished overall trends were used to predict Stark widths of uninvestigated spectral lines originating
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from the given 3s-3p and 3p-3d transition arrays, with an accuracy better than +30%.

I. INTRODUCTION

Investigation of Stark broadening of multiply-ionized-
oxygen spectral lines is of great interest since the oxygen
spectra are present in fusion-plasma radiation. Several
prominent O II and O III spectra lines were experimental-
ly investigated by Platifa et al.! in z pinch plasma at an
electron density of 5.2 1022 m~3 and electron tempera-
ture of 25000 K. The aim of this work is (i) to supply
more Stark-broadening data of the above-mentioned O 11
and OIII spectral lines at higher electron density and
temperature and (ii) to present the first Stark-broadening
measurements of several other prominent O 111, O1v, and
OV spectral lines in a linear-pinch-plasma source. The
results obtained are compared with the available theoret-
ical values.?—¢

The majority of the investigated multiply-ionized-
oxygen spectral lines originate from the 3s-3p and 3p-3d
transition arrays. Therefore, it was possible to discuss
the Stark-width (w) dependence on the upper-level ion-
ization potential (/) and net charge (z) of the corre-
sponding emitter within these two transition arrays. It
has been found that within one stage of ionization the
dependence is of the form

w=C I, (1
where the constants C| and C, are independent of the
ionization potential I. The obtained dependence is simi-
lar to that previously noticed by us in the case of several
other elements.”°

This dependence has also general importance, S
in the case of multiplets, supermultiplets, the same tran-
sition within a homologous group of atoms or ions, and
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for the lines originating from the same transition (for ex-
ample, resonances'®!!) of all elements (neutrals or ions)
along the periods in the Periodic Table of elements. The
Stark-width dependence on the atomic-core charge z and
upper-level ionization potential I, among all investigated
stages of ionization, is of the form

w=C3zCSI—C“ , (2)

where C;, C,, and C; are constants independent of the
ionization potential I and net charge of the emitter rela-
tive to the electron undergoing transition (z =2, 3, 4,
and 5 for O11, O1II, O1V, and OV, respectively). Equa-
tion (1) is similar to the one previously obtained by us in
the case of several ionization stages of nitrogen.’ In or-
der to evaluate Eq. (1) and (2), one can use the procedure
described elsewhere!* within the framework of a sem-
iempirical approach.'> The established overall trends as
well as the trends obtained for Ol 3s-3p and 3p-3d
transition arrays were used to predict Stark-width values
not calculated so far. Similarly, from the obtained
overall trends it was possible to predict the Stark width
for O v1 381.315-nm spectral lines belonging to the 3s-3p
transition array. This is expected to be 0.009 nm for the
same electron density (102 m~3%) and temperature
(42 500 K) used in our experiments.

II. EXPERIMENTAL APPARATUS
AND PROCEDURE

The experimental Stark-width measurement in linear
pinch plasma is described in detail elsewhere.®® The gas
pressure of oxygen was 660 Pa, except in the case of the
measurement of OV spectral lines, when the pressure
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was 66 Pa. Plasma was created using a capacitor of 0.3
pF with stored energy of 17-34 J giving a maximum
current up to 11.6 kA with a period of 2.2 us.

Radiation from the linear pinch discharge was ob-
served end-on and recorded shot-by-shot using a system
of photomultipliers (RCA 1P28 or EMI 9789 QB) and
grating monochromator (Zeiss PGS-2, with a first-order
inverse linear dispersion of 0.735 nm/mm and a double-
pass dispersion of 0.367 nm/mm). The instrumental half
width at half maximum was 0.004 nm and 0.002 nm, re-
spectively. Another monochromator (Zeiss SPM-2) with
photomultiplier (RCA 1P28) was simultaneously used to
monitor the continuum radiation from the same part of
the plasma to check for reproducibility. The reproduci-
bility was within 6%. Special care was taken to mini-
mize the influence of self-absorption on the Stark-width
measurements. Optical depth was checked by measuring
line-intensity ratios within a multiplet and comparing
with the calculated ones taken from Wiese et al.' The
agreement was within +6%.

The spectral-line profiles obtained were of Voigt type
as the result of convolution of Stark profiles (Lorentzian)
and Doppler and instrumental profiles (Gaussian). van
der Waals and resonance broadening were found to be
negligible. To get the Lorentz component out of the ex-
perimentally obtained Voigt profiles, deconvolution was
performed by a standard procedure.!’

The electron temperature was determined from (i) the
Boltzmann slope of 11 OIII spectra lines originating
from six multiplets (331.83, 334.07, 326.10, 326.55,
326.73, 371.51, 396.16, 369,87, 369.54, 335.10, 336.24
nm with a corresponding upper-level energy interval of
9.3 eV) and (ii) intensity ratios of Om 273.33- and
371.28-nm spectral lines to all investigated O III spectral
lines. The accuracy of these temperature measurements
is £10%. The necessary atomic data are taken from
Wiese et al.'® The axial electron concentration
(1.59-2.18)x 10 m~3+7% was determined by single-
wavelength laser interferometry, using the visible transi-
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FIG. 1. Electron density and electron temperature decays.

tion of a He-Ne laser. The electron-density decay and
corresponding temperature profile are given in Fig. 1.

III. EXPERIMENTAL RESULTS
AND DISCUSSION

Experimentally determined Stark half widths at half
maximum (HWHM) (w,, ) of the investigated O 11, O 111,
O1v, and OV lines are given in Table I together with
different theoretical calculations,>~% other authors’ ex-
perimental data,’! and the main plasma parameters, i.e.,
electron density and electron temperature. Estimated er-
rors of experimental data given in Table I are as follows:
electron density, +7%; electron temperature, +10%;
spectral line HWHM, +15%. The agreement with
Griem’s theory? (wg) is within £15% for the majority
of investigated O 11 and O III spectral lines. The agree-
ment with modified semiempirical (w,,) and semiclassi-
cal (wgy ) theory (Refs. 3—6) is within factor of 1.80 and
1.60, respectively. Direct comparison with experimental
data of Platisa et al.! is not possible due to the difference
in electron temperature. The predicted values w,; (ob-
tained from the trend within one stage of ionization) and
w,, (obtained from the overall trend within several
stages of ionization) are also given in Table I. They
agree with our experimental results within £30%.

There are, to our knowledge, no other Stark-width ex-
perimental data available for further comparison.

IV. ANALYSIS OF REGULARITIES
AND SYSTEMATIC TRENDS

All O 11I spectra lines investigated here originate from
the 3s-3p or 3p-3d transition arrays. Therefore, it was
possible to examine whether their Stark-data satisfy the
relation given by Eq. (1). It has been found that Stark-
width data at electron temperature of 42 500 K and elec-
tron density of 10 m~3, within the 3s-3p and 3p-3d
transition arrays, satisfy the following relations:

w =3.566x 1031 —2 (3)

for the lines belonging to multiplets nos. 2—-5 (see Table
I) [2p3s-2p(2P°)3p transitions],

w=1.104x10"r 2 4)

for the lines belonging to multiplets nos. 22, 22 uv, 23,
and 24 [252p?3s-2s2p*(*P)3p transitions],

w =2.220% 10137 2 (5)

for the lines belonging to multiplets nos. 8, 10, 14, 15,
17, and 19 [2p3p -2p (*P°)3d transitions], and

w =4.086x10'%1 2 (6)

for the lines belonging to multiplets nos. 23 uv, 25, 26,
28, and 31 [252p23p-252p2(*P)3d transitions]. (The ion-
ization potential I has to be taken in eV in order to get
the Stark width w in angular-frequency units.)

The relations given by Eqgs. (3)-(6) are graphically
presented in Figs. 2(a)-2(d) (solid lines) together with
our experimental data, Griem’s® theoretical results, and



v

s

pa

~

pa

PURIC, DJENIZE, SRECKOVIC, PLATISA, AND LABAT

g

e €210 SS1°0 £P1°0 81°C &2 €5 THE
e o $S1°0 I€1°0 81°C STy 18°0¥¢€ (48]
e wro ¥S1°0 1€1°0 81°C STy LS OVE oded
q €6°0 080 79°0 LEOO 50 65T 1)
e ¥¥1°0 8L1°0 081 8¢°1 48! £€T0 81T STy ISTILE od¢ds
e $60°0 LIT°0 4 41) 81°C STy 9L°10¢ on
e ¥60°0 9110 ST1'0 81T STy ¥"00¢ A=A
q or'l 60 £L°0 7€0°0 (450] 65T
e 601°0 €€1°0 921°0 81T STy 74
q SI'l L6'0 9L°0 ££0°0 750 65T (8) pe(.d;) dC
e 601°0 €10 9210 81°C STy 01°9Z¢ oA -dgdg mo
(€2)
e £HE°0 L6T0 S67°0 81°C STY 11°80 d¢ds
((44)
e 9170 0L1'0 $L1O 81T STy 01°s€€ odsd
(17) de(d,), 975t
e ¥$T0 761°0 091 €51 (48! 681°0 81T STy L8'69€ ded -5¢,dTsT
(an g1)
e £L0°0 L60°0 9600 81°C STy 0SSt Siod
9)
e £01°0 LT1°0 LET €01 LETO 81°¢C STy 8€°867 d,-d,
(S)
e 1€€°0 16€°0 18€°0 81°C STy ¥T'65S di~d|
e $01°0 1210 091 8I'1 0€1°0 81°C STY £6'50¢
q 601 L1 780 8200 750 65T
e $01°0 ¥21°0 9¢'1 00'1 0z1'0 817 STy 1L+0€
e £21°0 8€1°0 LT1 €6°0 0€1°0 81°C STy LOYEE de(od,) T
e 0z1°0 9€1°0 SI'1 $8°0 811°0 81T TP €TIEE -sgdg mo
(€) de(d;), 9T
e SE1°0 6T'1 8b1°0 651 224 8T1LE oSy dy -s¢, 4T
(an 07) Sp(d¢), 4T
v 8L°0 7910 0g'1 00t £€°ELT d.S: -dg. dg 1116)
Y (wu _Q[)  (wu _Q]) “Fmy/"m  WOm/“m Sm/“m  (wu _o1) (W 01) (A ,01) (uru) ("ON) feure uot
Um 19 “m N I y13uspeaep Ppidnmp uonsuel], Ny

"Aj9Anoadsal ‘(g) pue (1) pue (9)—(¢) 'sbg 01 Juip1oooe sanfea pajorpaid are m pue “m -usa1d os[e a1e syIFusEAEM
pue ‘roquinu jo[dynu ‘armjeradwa) pue A}SUSp UOIIOIP YL “(9—7 "SJY) [eomIdwonwos pagIpow— “*m pur (9—7 "SJY) [OISSL[ONuAs payIpow— WOm (g ‘JoY) o1asfuoy pue 1aaf
-l £q pare[nofed pue (7 §oy) WoLH— Im :s3nsal [8d12103Y) 0] PAINSeau JO soney ‘(] JOY) BIEP SIOYINe 19y10 pue [eruswiadxe mo— “m S, NHMH N®S T FTIVL



501

STARK-BROADENING REGULARITIES OF PROMINENT .

IERLSIEIEN

oM SIYL
@ Pe(S7) ST
' ¢Iro 801°0 661 ve'y JAA 483 d,"d; -dgsg
(1 dg(S7) 5T
e 6870 197°0 6S°1 1294 (A1 od|"S| -SEST AQ
B 0s1°0 801°0 81°C STy 81'IvE @
€ 0Ss1°0 ¢01°0 81°C STy 9¢°0bt d;.d; pE(S))-d¢
€ ¥ero 0010 81°C STy L1°L0E (1)
L2 £C1o 001°0 81'C STy §€°90¢ od 7™ St dg(s,)-s¢ AIO
(1€)
B 6170 8¢T0 weTo 81'¢C STy 09°1¢¢ d¢.d;
(87)
€ €170 vL10 L91°0 81T STy 65°S¢EE d¢od
97
B 081°0 910 8610 81°C STy 08°80¢ d;.dg
(an €7) pPe(d,) 9Tt
® I71°0 ¥Z1°0 LITo 81'C STy §5°697 d.S¢ -dg, dzst
(61)
e 867°0 98¢0 §ee0 81°C STy 18°9T¢ od;~S)
(n
' L91°0 SITO0 £0t°0 81°C STy 91°96¢ oA~ d
A AEculo: (wu,_0o1) (wu ,_01) (W01 (M ,00) (wu) ("ON) feire uor
“m m “m N I psuspaey BN uonisueIL Ionug

‘(ponunuo)) '1414VL



502

PURIC, DJENIZE, SRECKOVIC, PLATISA, AND LABAT 37

— €\
g om 203s—20(%%)3p @ | Slom  2623s-252:4b)3p (b)
= | ()-mutt Q[ ()-mun 2 193 12
< w=336x10"1"%(29) 3 W=939x10"1 (*5’)
aoF
1.5:' 25"'
2 20
“’:"%'*_—_lg ‘5M
r s * 8 .
- 10+ T
[
O5-() (2) (3) (a) (6) 19uv) (21) (22) (23) (22w)
1l tl . i . 1 . v ’l . r y 1 l' 1 —_ T 1 - 1
0054 ~ 0056 0058 0060  i(ev') 0105 0110 o115 Hev')
— 2 =
gl om 2p3p-2p(P)3d (©) | Fo on 2524 3p-2s 25 ()3d (d)
= )-muit 12 156 Fo -mult -
= ( w=716x10 I (%’) :_;; w=5,37x101212'17(!%d)
ES
+
A 4 T T 20
10F . @ { 15
d +
10Fx
05 (g) (14%10) (15) (17 @) %) (26)28) (23w) (31)
1 A1 1 L 1 11 [ 1
0068 0070 0072 iy ) o T o2 22 Afey
e ) 8 20 022 e
3s-3p @) 3p-3d (f)
2 1- -
8o | w1160 1°%(ra) 8ol wAs27mad®O% (20
2N 2N
1 +
10°

T T

ol om ol ol

ov
1

olv

ol
)

162 T T T LA § rT181

1o

10 -~ T T
o 10" L)

-+

FIG. 2. (a)-(d) Stark HWHM (w) of the OIII spectral lines originating from different types of transition plotted against the in-
verse value of the upper-level ionization potential I. (e) and () Stark HWHM (w)/z? of the spectral lines originating from the
3s-3p and 3p-3d transition arrays of OII, OIII, O1V, and OV plotted against the inverse value of the upper-level ionization poten-
tial I. All data are normalized to electron density of 102> m~? and electron temperature T =42 500 K. O, experimental data (this
work); + , Griem’s theoretical results (Refs. 2 and 6); X, Dimitrijevi¢ and Konjevi¢ modified semiclassical (Refs. 3 and 6); ®, Dimi-

trijevi¢ and Konjevi¢ semiempirical results (Refs. 3 and 6).

the Dimitrijevi¢ and Konjevi¢3~® modified semiclassical
and semiempirical results. The agreement between the
obtained trends and corresponding experimental and
theoretical data is within +30% (except for the O1II
371.51- and 396.16-nm spectral lines). This is very satis-
factory since the experimental errors are within =15%
and theoretical uncertainty within +20%. In Egs.
(3)-(6) the exponent of ionization potential is equal to
2+22%.

Finally, we have found that the Stark-width simul-
taneous dependence on the net charge of corresponding
emitter core z and the upper-level ionization potential 1

is as follows:

w3, =1.16X 1011227 =083, -

w3, 34 =5.27x10"2%1 ~% (8)

as is shown in Figs. 2(e) and 2(f) (solid lines). In Fig. 2(e)
and 2(f) are also given the other authors’ theoretical?>~°
data. They all satisfy the relation given by Egs. (7) and
(8) within +30% (except for the O1r 371.51- and
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396.16-nm spectral lines).

Using relations given by Egs. (3)-(6), one can calcu-
late the Stark-width values of the lines not investigated
so far but belonging to the same type of transition array
within one ionization stage of oxygen (O 111). Using Eqgs.
(7) and (8), which relate Stark-width values of one partic-
ular transition array among different stages of ionization,
one can calculate the Stark widths of the lines not inves-
tigated so far but belonging to the given transition ar-
rays of O1I, O111, O1v, and O V1. The predicted values
(w,) are given in Table I [w,; according to Egs. (3)-(6)
and w), according to Egs. (7) and (8)]. For example, the
predicted value for the O vI 381.135-nm spectral line is
w,;=0.009 nm. The agreement between predicted
values and experimentally obtained ones is within
+30%, which is as good as the agreement between our
experimental results and different semiempirical and
semiclassical calculated values.

V. CONCLUSION

The experimentally obtained Stark-width data are in
very good agreement with available theoretical re-
sults?>~® and with previous experimental data' (after be-
ing corrected for the temperature differences). On the
basis of the available theoretical, obtained experimental,
and other authors’ experimental! data, it is possible to
conclude that Egs. (1) and (2) are fulfilled within +30%.
This is of great importance since they can be used for
very easy prediction of Stark-width data for a lot of
spectral lines belonging to the same transition array of
one particular stage of ionization or of several stages of
ionization, not when those lines have been investigated
experimentally or theoretically so far. The accuracy of
the predictions is of the same order as in the semiclassi-
cal’ or modified semiempirical and semiclassical® ¢ cal-
culations (within +30%).
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