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It is suggested that the 12.8-A feature in the spectra from compressed neon-fi11ed mi-
croballoons, previously identified as the second-order silicon Lyman-o. line, is actually
a blend of neon dielectronic satellite lines. The relative intensities of these satellite
lines, some of which are strong functions of electron density, agree with a numerical
model of collisional mixing of the Ne &x 2l2l' doubly excited levels.

The neon Lyman-series spectral lines have
been used to diagnose the laser-compressed core
region of neon-filled microballoons. ' ' Stark
broadening of the L8 and L& lines indicates that
electron densities in the range 2 &10" to 9&10"
cm ' have been achieved. Typical electron tem-
peratures, determined from line ratios and from
the slope of the neon recombination continuum,
are 300 to 400 eV. These plasma conditions have
been achieved using various neon-seeding ratios
and using Nd-glass and CO, laser irradiation.

A spectral feature at 12.3 A, on the long-wave-
length side of the neon L line, has been previous-
ly identified as the second-order silicon L
line. "4 In this paper, evidence is presented
that suggests that the 12.3-A feature in the com-
pressed-core spectra is actually a blend of neon
dielectronic satellite lines. The relative intensi-
ties of these satellite lines agree with a numeri-
cal model for electron collisional mixing of the
Ne IX 2l2l' doubly excited levels. The relative
intensities of some of the satellite lines are cal-
culated to be strong functions of electron density
in the range 10" to 10"cm '. This is the first
identification of density-sensitive dielectronic
satellite lines in compressed-core spectra, and
the first validation of a numerical satellite inten-
sity model at supercritical densities.

The identification of the density-sensitive satel-
lite lines in the compressed-core spectra permits
the application of a density diagnostic technique"
based on the ratios of optically thin satellite lines.
This technique has the potential of providing ac-
curate values of electron density at extremely
high pellet densities where Stark broadening, be-
cause of reabsorption and overlapping of the high-
er Lyman-series lines, becomes difficult to util-
ize.

For the following reasons, it is unlikely that
0

the 12.3-A feature in the compressed-core spec-
tra is the second-order silicon L line:

(1) The spectral feature is centered at wave-
length~' 12.32 +.01 A. This is inconsistent with

the measured' second-order Si XIV L doublet
wavelengths 12.360 and 12.372 + 0.002 A.

(2) As the neon fill pressure is increased from
2 to 32 atm, "the intensities of the neon Lyman-
series lines increase relative to the sodium reso-
nance lines and to the second-order Si XIII 1s'-
1s3p line. The intensity of the 12.3-A feature in-
creases along with the neon lines.

(3) The widths of the 12.3-A feature and the
nearby neon lines are comparable and are much
greater than the width of the second-order SiXIII
1s3p line. '

(4) In space-resolved spectra from microbal-
lons irradiated with a CO, laser, the 12.3-A fea-
ture is absent in the glass-shell spectrum. '

(5) In two published core spectra, "the 12.3-A
feature appears to be resolved into two lines.
These two lines cannot be accounted for on the
basis of Lyman-o. doublet splitting (12 mA in
second order) or reabsorption at the line center.
These effects would not be observable with the
estimated' instrumental and source broadening
(22 mA full width).

Let us now consider the possibility that the
0

12.3-A feature in the compressed-core spectra
is a blend of neon dielectronic satellite lines.
These spectral lines result from the radiative de-
cay of doubly excited levels. Two electrons oc-
cupy excited states, and the doubly excited levels
are above the ionization limit on the energy-level
diagram. The doubly excited levels may spon-
taneously autoionize, producing an unexcited ion
of the next-higher ionization stage and a free
electron. The doubly excited levels are normally
populated by dieleetronic recombination, the
process inverse to autoionization, in which an
electron is captured into an excited level and
another electron is simultaneously excited.

The 2l 2l' doubly excited levels of NeIX are
shown in Fig. 1. At low electron densities, these
levels are primarily populated by dielectronic
recombination and depopulated by autoionization
and radiative decay. The satellite line intensities
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FIQ. 1. The 2l2l' doubly excited levels of Ne I& and
the wavelengths (L) of the most intense radiative tran-
sitions. A complete list of radiative transitions is giv-
en in Table I.

where g,. is the statistical weigh-t of the level, I',.
is the autoionization rate, A, , is the radiative
decay rate, and A, , is the wavelength. As shown
in Table I, the 12.355-A satellite line is the
most intense. "

As the electron density increases, the doubly
excited levels are mixed by electron collisional
transitions. " This is particularly important for
the 2p"& levels with small autoionization rates.
The satellite lines originating on these levels are
therefore strong functions of density. At still
higher electron densities, three-body recombina-
tion from the excited hydrogenic levels, the
process inverse to electron collisional ioniza-

TABLE I. The 2l2E' satellite transitions (Ref. 10) of Ne Ix, where A. is the ra-
diative decay rate, I is the autoionization rate, and q is the relative intensity
defined in Eq. (1) and normalized to the 12.855-A. transition.
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Stark broadening may prevent resolution of neon
satellite lines. This problem can be overcome
by using seed ions with higher atomic number Z.
The Stark width" of the I. line is proportional
to Z ", whereas the separation between the
satellite lines" is proportional to Z ".
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cussions with R. C. Elton. This work was com-
pleted while the author was a National Research
Council of Canada Resident Research Associate.
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Saturation and Stark Splitting of Resonant Transitions in Strong Chaotic Fields
of Arbitrary Bandwidth
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We report the solution of the problem of saturation and ac Stark splitting of a resonant
transition in a strong chaotic field of arbitrary bandwidth. We present results for double
optical resonance and resonance fluorescence and compare them to those obtained for a
phase-diffusion field.

The role of field fluctuations and of the asso-
ciated bandwidth in the resonant interaction of in-
tense radiation with matter has been an extreme-
ly active subject in the last three years or so.
A number of interesting results' ' have been ob-
tained under the assumption of a bandwidth due
entirely to the fluctuations of the phase (phase
diffusion) of the field, whose amplitude is as-
sumed to be constant. The phase-diffusion model
is, of course, adequate for the interpretation of
experiments with well-stabilized cw lasers, no-
tably those used in recent experiments on reso-
nance fluorescence' "under intense fields.
There is, however, another class of experiments—such as multiphoton experiments, "'"for ex-
ample perf ormed with considerably stronger,
multimode, pulsed lasers whose amplitude under-

goes substantial fluctuations, often comparable
to, if not stronger than, those of a chaotic field.
We have therefore a more general and far more
significant problem: How does an intense, sto-
chastically fluctuating fiel& zith both amplitude
and phase fluctuations- —affect the saturation and
the associated Stark splitting of a resonant transi-
tionP It also is a far more difficult problem that
had thus far eluded solution, although some of its
aspects have been investigated. "" In this I.et-
ter, we report the solution of the problem for a
chaotic field and present results on saturation,
resonance fluorescence, and double optical reso-
nance.

The essential mathematical problem, which can
be formulated in more than one way, basically re-
quires the solution of the equations of motion of
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