SPECTRAL STUDY OF HIGHLY iONIZ D NiLE CASES USED FOR DIAGNOSTIC
PURPOSES IN HIGH f1MRATURE PLASMAS.

J. Reyna Almaxﬁos(l) , M. Rainer. (1) , F. lmedioe(l) s M. Gallardo(l) ’

and A.C. Tr_.'queiros(z) .

(1) Centro de Investigaciones Opticas (CIQp),
C.C. 124, 1900 La I’latn, Argentina.

(2) Instituto de Ffsica, E(-Plasna, Univer:sidad Estadual de Campinas,
C.P. 6165, 13081 Campinas, SP, Braril.

We have studied the spectra of highly charged ions of argom,
krypton and xencn with few valence clectrans, in the 300-2100 A range using
a pulscd~discharge tube. In the spectral analysis we used isoelectronic
camparisons and atamic calculations. We found new enerqy lewels and classified
lines and, in the existing level values, the uncertainty has been oconsiderably
decreased.
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1. y\tmdmtim

In the thermonuclear-fusion experiments plasmas ! roduced by inert gases
Like ..rqon, krypton axd xenon are studied because they are present as impurities
in th- fusion machines.

The spectroscopic data of these highl ionized ndble gases, are employed
in fusion devices for plasma diagnosis s w L1 as for estimating the effect of
impurity ions in high temperature plasy s.

In particular, the spectra o' hic ly ionized atoms iscelectric with neu-
tral Na, Mg, Al, Cu, Zn, Gua, Ge and g have attracted mich interest in
reoen! years, and a great number of theoretical and experimental data were pu-
Hlishe 1t

we report here results about spectra of highly charged ions of argon,
Kryptcn and xenon.

2. Erperim:@nt

The light ource cmployed is a device adapted to the low VUV region’'. It
was made fram a 'yrex tube with ane end of the tube conected to a vacuam
spectrograph thr ugh a nyloan flange adaptor. The: othe. end his a glass window
for okserving th- disch.arge and alignment of the tube. The e ectroles, 29 am
part, werc made of tungysten covercd with indium. At one side of the tube
there is an inle! conected via a pressure reduction system to the bottles of
nable jases. A -ontinuous {low of gas was achieved this way during the
cxposures. The (jas pre:surc was measurcd by a thermocoauple vacuum gauge
lefore and . fter the exjosures. The prossure range was varied between 20 and
300 mlrr.

;s excita' ion wa: proluced by di:charging through the tube a bank f low
inductance capac tors varying between 2.5 and 100 nF and charged up to 19 kvV.

‘The arrent was alservd by wusing a Rogowski coil. It was a damped
sinuso.dal with - perixi of 2 ps having peak values between 1 and 1.5 KA.

dght radi: tion enitte | axial by was analyzed using a 3-m normal incidence
vacuum spectrogriiph witl: a ¢« ncave diffraction grating of 1200 lines/mm. The
plate “actor in the fir: order is 2.77 f\/mn Ilford Q-2 plates were used to
record the spectia. C, N, O, and knowh line:s of argon, krypton and Xe spectra
vere also recorded as internal wavelength standavds.

'To distinguish ammng different states of ionization, a rumber of experi-
rental parameters, e.qg., gas pressure, discharge voltac«, and :apacitance, were
varied.
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3. Result

Iscelectronic sequences and theos tic.l predictions of the energy levels
of the studied configurations have been use! in the analysis of the different
spectra of Xe, Kr, and Ar obtained betwen ot and 2100 A with the described
spectral source.

The theoretical predictions were btained Ly diagonalizing the energy
matrices with appropriate Hartree-Fock® ralus for the enerqgy parameters, and
using multiconfigurational Dirac-Fuck calculations®.

We abtained and studied spectra rclated with diagnostic purposes in high
temperature plasmas of Xe, {rom Xe V to X VIITI, Kr, framn Kr V to Kr VIII,
and Ar, fram Ar V to Ar VIII. New level values were determined for Kr VII
Ilref .| and Kr VIII [ref «]. In X V and Xo VIII the determination of new
level values and classiffied lines is in proxjress.

In Ar VI, lines ouserwvid are given in ‘fablc 1 where all of them are clas-
siffied in acoordance with the theoretical predictions of Fawccet?, and in the
rest, the uncertainty of the wavelength value has been decreased with respect
to previous experimental results using other kind of sources®’’,

TABIE 1 Wavelengths of Ar VI emission lines

MR) theory [ref 7] A(R) lperimental
This Work | Other Experiments
455.62 455,48 455.4 (a)
460.69 460.77 460.9 (a)
463.4 (a)
463.78 463.489 477.7 £ 0,15 (b)
470.92 470.94 470.7 (a)
502,38
502.52 502. 49 502.1 (a)
505.5 (a)
505.56 505.496 502.2 £ 0,2 (b)
545,7 545,53(*)
545.91 545,82(*)
553.6 (a)
553.83 553.86 574.05 * 0,3 (b)
582.91
583.10 543002 582.3 (a)
584,77 584.87 583.4 (a)
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TABIE 1 (cont.)

603.72 $:03,63(*)
603.87 103.82(*)
$03.9 (*)
614,22 413.87(*)
614.48 14,3 (%)
634.1 .33.85 633.4 (a)
759.99 '159.4 758.1 (a)
760.05 759.,90(*)
(*) New transitions
(a) Ref, .
(b) Ref. ¢
Aknowledgements

The financial é\pport of the Conscjo Nacional de Investigaciones Cientffi-

cas y Téonicas (OCONICET), the Camisifn de Investigaciones Cientfficas de la Pro-
vincia de Buenos Aires (CIC), Argentina, and the Conselho Nacional de Desenvol-
vimento Cientffico e Technologico ((NPg), Brasil, is gratefully aknowledged.

M. Gallaxrdo is OONICET resear:her, M. Raireri is CIC fellow, and J. Reyna

Almandos and F. liredice are 'IC res arciuwrsg,

References

1. B.C. Fawcett. J.Opt. Soc, Am. I’ 1, 125 (1984)

2, M. Gallardo ¢t al. App. Op. 28, 4513 (1989)

3. C. Froese Fischer. tan. J. Phy:. 41, 1895 (1963)

4. I.P. Grant et al. Ccmpu!, Phys. Commun. 21, 207 (1980)
5. A. Trigueiros et al. Ph.s. Leti. A 141, 135 (1989)

6. M. Gallardo ct al, App. dpt. 2, 5018 (1989)

7. B.', Fawcett. At. Nuta. ducl. hita ‘vables 28, 557 (1983)
8. I. lesteven~Vaiisse ot ai. Phy:. Scripta 38, 45 (1988)
9. E.l. Pinnington et al. "nys. Script. 39, 321 (1989)

b}



