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Comment on “Atomic spectral line-free parameter deconvolution procedure”

D. Nikolic, S. Djurovig Z. Mijatovic,* and R. Kobilarov
Institute of Physics, Faculty of Science, University of Novi Sad, Trg Dositeja Obradéy21000 Novi Sad, Yugoslavia
(Received 19 July 2001; revised manuscript received 22 November 2002; published 6 May 2003

Recently Milosavljevicand Popari¢Phys. Rev. B63, 036404(2001)] proposed a method for the deconvo-
lution of isolated asymmetric plasma broadened atofmeutra) spectral lines. The authors claim that their
method enables a complete plasma diagnostics by applying this deconvolution on a single experimental line
profile. In the present Comment the proposed deconvolution procedure and its application are reexamined.

DOI: 10.1103/PhysRevE.67.058401 PACS nunier52.25.Kn, 32.70.Jz

In a recent papefl] a plasma-broadened spectral line It is assumed in Ref.1] as well as in the Comment that the
deconvolution procedure has been proposed. The authprs experimental profile has the form given by Eg). Coming
claim that(1) complete plasma diagnostics can be achievedo our first point, the authors of Refl] claim that the
by fitting a single isolated nonhydrogenic line profile without method can extract information from both laboratory and
any additional measurement or prior knowledge/assumptionastrophysical plasmas. We should point out that this is not so
on the plasma conditions; arid) all broadening parameters simple, because laboratory plasmas are often much noisier
may be determined self-consistently and directly from thethan the test case they consider, and light from astrophysical
line profile with minimal assumptions and without prior sources is always distorted by other broadening mechanisms
knowledge of the plasma conditions. as well as radiative transfer.

In the present comment we show the following: Fac- We must also point out that even assuming no such other
tors not included in the modeling of Rdfl], such as noise, broadening mechanisms, the accuracy of the fitted param-
reabsorption, turbulence, ion dynamics, etc., may be imporeters may be questionable. In the examdg the Doppler
tant in practical applicationgii) Even in the absence of such accuracy is of very minor importance in the determination of
factors, not all parameters may be accurately obtainable bghe Stark broadening parameters, as Stark broadening domi-
the deconvolution(iii) In practice it is in general not at all nates. Thus, if one uses the fitt¥d; to obtain a Doppler
trivial to check the assumptions spelled out by the authors ofemperature, this will not be very accurate. Furthermore, if
Ref. [1] as method requirements, and this is a significanthis Doppler temperature is used as the electron temperature
practical difficulty in using the method. In particular, it is our T, in R (assuming all temperatures equtl determine the
firm conviction that complete plasma diagnostics from aelectron densityN,, N, may also involve a substantial er-
single line profile is not possible without extensive experi-ror. Such issues have been studied in the literature, for ex-
mental testing(iv) Some difficulties with the proposed nu- ample(within a different setting in Refs.[4] and[5]. Con-
merical procedure may be encountered. We also comment arersely, if Doppler broadening dominates, the accuracy in the
the test cases presented in Réfl. determination of Stark broadening parameters may be lim-

In the Comment, as in Ref1], only Stark and Doppler ited. Similarly, determiningN, from R or wg, may well de-
broadenings are considerédstrumental broadening may be pend on the relative importance on ion vs electron broaden-
included in the Doppler broadening, if it has a Gaussian proing. If ion broadening is important an® is accurately
file). As in Ref.[1], the Stark profile of an isolated nonhy- determined, then a knowledge of the temperature yields the

drogenic atomic line is described in Refg,3]: electron density, which in principle should match with e
and T, corresponding tavs, anddg, (Clearly R, wge, Wg
()= 1= Wg(B)dB 1 ae not independent as they all depend on density and tem-
ARX)= PRV

perature. As the authors of Refl] mention, it is only very
recently that we have seen some important theoretical break-
In EQ. (1), Xx=(N —Ag—dsg/Wse, Whereds, andwg, are the  throughs in the impact broadening of ion lines and reliable
electron impact shift and width, respectively. The electrictables of electron impact widths are not yet widely available
microfield distributionWg(8) depends oIR, the ratio of the [6,7]. This is presumably why they only us&ito determine
mean interionic distance to the Debye length, and the nom, in both examples given. However, for the A430.0-nm
malized field strengthB. A denotes the static ion broadening line, the ion broadening parameter is small and impact
parameter. The addition of Doppler broadening results, unddsroadening dominates, raising concerns as to the accuracy of
the common assumption of statistical independence of thR. It would be interesting to compah, and T, from various

mlo 1+ (x—AY3E2)2’

two broadening mechanisms, in a final proiegiven by best fitted parameter@n this casewg., being dominant,
should be the most accurately determined
e _ Another important issue is that in the example of the Ar
K(x)= G(x dy. 2
(x) f—m (x=y)Sly)dy @ 430.01-nm ling(Fig. 1 in Ref.[3]), N, was determined from

the H, linewidth andT, from the plasma composition data
[3]. This method ofT, determination implies the equality of
*Email address: mijat@uns.ns.ac.yu the electron and heavy partic{@r) temperatures. The very

1063-651X/2003/6(6)/0584012)/$20.00 67 058401-1 ©2003 The American Physical Society



COMMENTS PHYSICAL REVIEW E 67, 058401 (2003

same assumptiofl,.=T,, with T, the temperature of argon aK profile as in Figs. 1 and 2 of Refl1]. No explanation of
atoms, is used in Refl] to determineN, and T, from fitted  this point is given in Ref[1].

values ofWg andR via Eqs.(2.3) and(2.7). This is a further Finally, the authors of Ref[1] introduce an artificial
assumption that must be checked experimentally or else asveighing of the off-diagonal Jacobian elements. This does
sumed. Similarly, in Fig. 3 of Ref1] the same assumption not guarantee the positive-definiteness of the Jacobian matrix
T.=T, is used to determindl, andT.. This assumption is [8,9], and consequently the stability and reproducibility of
here probably justified, due to the relatively hijla. How-  the iterative procedure may become questionable. For more
ever, the fitting curve of Fig. 3 of Refl] does not resemble details, see Ref$10-12.
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