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In a recent paper Griem, Ralchencko, Bf@hys. Rev. B56, 7186 (1998] perform gquantum-mechanical
calculations of the line width of the B 2s-2p transition and find agreement with previous gquantum-
mechanical results. The quantum-mechanical widths are a facosmaller than those measured in a recent
experiment where the full width at half maximum for thenB2s-2p transition was measured in a plasma with
a measurecelectron temperature and density of 10 eV and1®'® cm 3. The quantum-mechanical results
also disagree with a nonperturbative semiclassical calculation. We will illustrate that Griem, Ralchencko, and
Bray are incorrect in stating that the experimental results are in error and that the semiclassical calculations are
inapplicable [S1063-651X%99)07311-0

PACS numbdps): 52.70.Kz, 32.70.Jz, 32.30.Jc, 32.60.

INTRODUCTION To address the criticism of the semiclassi(aC) theory
of Stark broadening, we present the most recent development
In the study of the Stark broadening of spectral lines emit{1], a nonperturbative SC calculatidNPSQ, since this re-
ted from charged emitters, the role of isolated lines is ofmoves many of the former deficiencies associated with pre-
great importance. The isolated lines are, by definition, avious SC calculations, providing a clear picture of the
purer study of the effects of the plasma collisional broadenmethod and its limitations. The NPSC does not include quan-
ing as the complicating effects of the overlapping line tran-tal effects, as the name implies, but does include the interac-
sitions are removed. This provides a great simplificationtions of the ions and electrons with the charged radiator. The
Moreover, when the spectral line arises from a transitiordipolar and quadrupolar terms are calculated rigorously
wherein the principle quantum number does not change, thehile an absolute bound on the monopole contributions as
so-calledAn=0 transitions, the width of the transition is due well as the entire nonsemiclassi¢aé., quantal contribution
largely to the electron collisional broadening and the quasiis determined. Here the nonsemiclassical contribution in-
static contributions are reduced greatly. These two considecludes collisions that penetrate the ion and those with large
ations make the study of these isolated transitions a criticale Broglie wavelength. Thus, we have a half width calcu-
test bed of the theoretical and calculational aspects of thited by the NPSCA\psc, that can be parametrized as
collisional broadening. Thus, one has the possibility of
studying a case that will potentially expose the problems in Anpsc=Asct b,
the calculations. Indeed, the same problems may exist in ] o ] )
cases other than the isolated line case, but the effects may Béere Asc is the contribution to the width due to all inter-
masked by the ion broadening, overlapping lines, and/or tha@ctions that are nonquantal angl is the bound on the con-
complexities of the level structure. tribution to the half width from all other interactions. The
For the reasons, the fact that the quantum-mechanical caNPSC method satisfies unitarity so that there is no need for
culations for isolated ion lines have not agreed with experi2n additional unitarity-based cutoff, requiring only a cutoff at
mental data has been of concéfi. Thus, when in a recent the point where the interactions become quantal.
paper by Griem, Ralchencko, and BrégRB) [2] it was Within the context of line broadening in the NPSC, where
confirmed by two new independent calculations that thedther processes such as quantal resonances are not included,
quantal approaches do not agree with a measurement of tige only source of error in the width calculation would arise
width of the Bl 2s-2p transition [3], there is definitely ~from the choice of the boundary where quantal effects come
cause for concern. In this comment we will show that GRBINtO play. This boundary is manifested in a velocity-
are incorrect in claiming both that the semiclassical calculadependent minimum impact parameter cutpffi,(v), given
tions are inapplicable and that the experimental data arBY

comprised by turbulence. 5
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Since this is a comment, we will restrict our discussionwheren is the principal quantum numbeay, is the Bohr
first to the points made in GRB concerning the semiclassicaladius,Z is the spectroscopic charge numbgris Planck’s
calculations and second to those concerning the experimentsonstant, andn is the electron mass. The choice made in the
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NPSC calculations are thattl=B=1, which is the value
used in all published literaturesee, for example, Grief]).
However, the assertion has been made by GRB that all SC [
calculations are inapplicable. First, in the NPSC calculations 1400
of the Bl 2s-2p [1] the contributions, was estimated to be i
half the upper bound; this half represents 17% of the total
width. Thus, the maximum would be an additional 17%,
which would increase the discrepancy between the quantum-
mechanical and NPSC full-width-at-half-maximum calcula- !
tions. On the other hand, this increase in the NPSC maintains 1000
the magnitude of the NPSC/experimental deviation at 8%. [
Thus, contrary to the comments in GRB, this brief discus-
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The NPSC cannot bound those contributions that are , . .
quantum-mechanical in nature; nevertheless, the two possi- /G - Comparison of the Thomson scattering signal to theo-
bilities that could cause error in the NPSC would not im_retlcal models. Observed Thomson scattering sigraty); theoret-

prove agreement with GRB. The first possibility is that thereIcal fitdue to a 10-ev plasm@ - - -); and, a 5-eV plasma with 5 eV
. g . of turbulent eddying{—).
are substantial quantal effects arising from impact param-

eters smaller than those defined by E#). However, the somehow samples the turbulent velocities as assumed in
quantal calculations show small contributions from this re-GRB, in addition to the thermal ones, a required 5 eV of
gion andsy, is consistent with theelative size of the contri- ~ Gaussian distribution of turbulence when sampled wilt
bution found in the quantal calculation. The second possibilreproduce the observed signal, as opposed to the erroneous
ity is that we have incorrectly chosen the limltand/orBin  suppositions of GRB. This is shown in Fig. 1, where we plot
Eq. (1) and this can be examined by increasing,. FOr  an example of an experimental Thomson scattering spectrum
example, if3 is increased to #, NPSC results in a width along with a fitted theoretical spectrum and a turbulence
that is still greater than the GRB calculation. Moreover, spectrum following the suppositions of GRB. The theoretical
since contributions fromp<pp,, can only increase the spectrum is calculated using the form factor after Evids
width, it is clear that the discrepancy would remain large. for multiple-ion-species plasmas. This form factor was de-
Finally, we point out that there is a large body of literaturerived from first principles in Ref6] and was experimentally
where the SC calculations have been proven to agree witherified in Ref.[7]. As can be seen, the theoretical spectrum
experimental data, but no such literature exists for theprovides an excellent fit fof,=T;=10 eV. On the other
quantum-mechanical calculations of line widths. To assuméand, the turbulence spectrum calculated after GRB and
that calculations performed using the guantum-mechanicayhich represents the convolution of a theoretical Thomson
methods are priori correct—without validation—while the scattering spectrum fof,=T;=5 eV with a Gaussian tur-
NPSC calculations, which are in agreement vaithavailable  pulence spectrum is clearly in disagreement with the ob-
experimental result§l] are incorrect is not a supportable served spectrum. We note that the symmetry of the observed
position. scattering signal militates against non-Gaussian components
in the signal, whether turbulent or not. Further, the Thomson
EXPERIMENT scattering spectrum is u;ed in it_s entirety to infer the ion and
electron temperatures, since a fit to the whole scattered spec-
To justify the correctness of their calculations of theiB tral profile is employed. Thus, it is the total shape of the ion
2s-2p line width, GRB invoke the argument that turbulence features that provides the information, not only its width.
from *“high-Reynolds-number flows” decays on long time  Third, we re-emphasize that the Thomson scattering sig-
scales. The characteristic times are then estimated from mal is absolutely calibrated with an intensity error-06%.
scale length, which also is the estimate of the eddy size anflhe measured Thomson scattering signal, see Fig. 1, is
the velocity difference. The important aspect here is not thavithin the expected value of the thermal plasma results. Any
details of this analysis, which is dubious when applied toturbulence would provide a signal level enhanced by orders
plasma(as opposed to neutral gas flgvbut the fact that on  of magnitude and this would be easily detectable. For this
several counts this analysis presented in GRB of the experreason small enhancements of the Thomson scattering signal
ments does not stand up to scrutiny. by turbulence would further increase the discrepancy be-
First, in GRB the characteristic length chosen is 1 cmitween the experimentally determined width and the quantal
This eddy size, according to GRB, must be smaller than thealculations. Thus, turbulence does not play a role in the
Thomson scattering volume for the eddies to contribute taneasured line widths.
the signal. In fact, this is incorrect, since the scattering vol- Fourth, the fact that it is necessary for GRB to require
ume in the experiment is bounded by 5@én. Thus, by the strong turbulence in order to compromise thei Bs-2p
arguments in GRB the Thomson signal is indicative of theresults makes it clear that turbulence does not play a role in
local temperature and density. the width. The fact is that this strong turbulence, where the
Second, one can show that even if the scattering signalrbulent energy is on the order of the kinetic energy, would
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have signatures in the spectral features of the line profiles dfible channels. However, what we exclu@ad boung are
other transitions. Since the plasma is collisional and weaklelectrons that can have various effects—such as quenching
coupled, with coupling parameters 6f0.05 for ions and the line by recombining—but no matter what their effect,
electrons, the ion-ion thermalization time, as well as the inihese either do not contribute to broadenifa example, by
verse ion plasma frequency, are on the order of 10 ps, whicAuenching or else contribute additively to the width. That is,
indicates that the possibility of long-lived hydrodynamic in- the inclusion of the additional effectsannot reduce the
stabilities, requiring an ion-ion relative drift would be Width. . _ . '
damped on these time scales. It is dubious that hydrody- Next, the assertions in GRB suggesting that turbulence is
namic instabilities can be supported in conditions of the gasthe reason the experiments are wrong does not stand up to

liner Z-pinch, which is magnetic-field free, collisional, and Scrutiny. The supporting information from other experi-
weakly coupled. ments, the absolute calibration of the Thomson scattering

signal, the agreement of the shape of the scattering signal
SUMMARY with the theoretical spectrum and the unrealistic possibility
of a plasma that would have macroscopic turbulence, which
The assertion in GRB that the semiclassical method ostarts at wavelengths of 1 cm as ascertained, would decay to
calculation is invalid for the width of the B 2s-2p transi-  the scale of fluctuations contributing to the Thomson scatter-
tion is not correct. The NPSC, in particular, provides a robusing signal, all indicate that the data is sound.
method by which to calculate arbitrary isolated line widths, That there is an important discrepancy we have no doubt.
since it provides both exact results and a bound on all nonThat the difficulty is with the experimental data we believe is
guantal contributions that are otherwise excluded. We emedoubtful. We firmly believe that the first step toward resolv-
phasize that strong collisions of a fundamentally quantal naing this discrepancy should come from a detailed comparison
ture, e.g., recombination, are not bounded by the SMetween the semiclassical and quantum-mechanical methods.
unitarity, since thes matrix used does not include these pos-One can be certain that there is error in the calculations.

[1] S. Alexiou, Phys. Rev. Lett75, 3406 (1999; Spectral Line [4] H. R. Griem, Spectral Line Broadening by Plasma&#éca-

Shapesedited by M. Zoppi and L. Ulivi, AIP Conf. Proc. No. demic, New York, 1974
386 (AIP Press, New York, 1997 [5] D. E. Evans, Plasma Phy%2, 573(1970.

[2] H. R. Griem, Yu. V. Ralchenko, and I. Bray, Phys. Re\b& [6] J. A. Fejer, Can. J. Phy89, 716 (1961).
7186(1998. [7] S. H. Glenzert al, Phys. Rev. Lett77, 1496(1996.

[3] S. H. Glenzer and H.-J. Kunze, Phys. Rev53 2225(1996.



