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electron scattering.
In previous reconnection experiments anoma-

lous resistivity has been observed and claimed
to be responsible for current disruptions. " "
However, there the resistivity is calculated only
from one component of the fields, i.e., the paral-
lel induced electric field -A, and current density
J„. Ignoring space charge fields and three-di-
mensional effects must lead to erroneous conclu-
sions.
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The dielectronic satellite spectral lines, on the long-wavelength side of the hydrogenic
Si XI V Lyman-0. 'line, have been observed in the space-resolved spectra from laser-im-
ploded glass microballoons. In the electron density range 1&& 10~ to 2&& 10 3 cm 3, the
intensities of the Si xIII 2s2p 3P-1s2s 'S and 2p 'P-ls2p P satellite lines increase with
density in agreement with numerical modeling. These satellite lines are a promising
density diagnostio for the imploded glass plasma.

PACS numbers: 52.70.-m, 32.30.Bj, 32.80.Dz

The implosion core regions of laser-irradiated
glass microballoons are intense sources of x-ray
line radiation from highly charged ions. The hy-
drogenic resonance lines from the imploded shell
and the gas fill have been used to measure the
plasma parameters that are important for laser
fusion. ' ' There has been interest in using di-
electronic satellite lines for the diagnosis of the
core plasma. ' " Advantages of this diagnostic
technique are that the satellite lines are less sus-
ceptible to opacity effects, and the plasma param-

eters are obtained from the relative intensities of
closely spaced spectral lines.

Time-resolved x-ray spectroscopy" indicates
that dielectronic satellite radiation is emitted on-
ly briefly from the hottest plasma region, where-
as resonance radiation persists for a longer peri-
od of time in the cooler recombining plasma.
Thus the satellite radiation is more characteris-
tic of the hot, dense core region and is less af-
fected by time averaging.

In this paper, we report the analysis of the di-
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electronic satellite lines on the long-wavelength
side of the SiXIV Lyman-e line. The Lyman-n
and satellite intensity distributions are obtained
from the space-resolved x-ray spectra from a
series of two-beam laser implosions at the Ruth-
erford Laboratory. Et is shown thai the intensi-
ties of the 2s2p 'P-1s2s'8 and 2p''P-1s2p 'P sat-
ellite lines increase with plasma density in agree-
ment with numerical modeling. This work estab-
lishes the utility of these satellite lines for meas-
uring the density of the silicate-glass plasma of
imploded microballoons. The corresponding ar-
gon satellite lines, which have also been observed
to be quite intense in the core regions of argon-
filled microballoons, should be useful for meas-
uring the density of the gas fill.

The parameters for four representative laser
shots are shown in Table I. The diameter of the
imploded silicon plasma is determined from the
spatial extent of the Si XIV and SiXIIl recombina-
tion continua. The electron temperature is cal-
culated from the slopes of these recombination
continua, and the electron density is determined
from the Stark broadening of the Si XIV Lyman
series lines, corrected for opacity. ' The param-
eter NR, the density of the hydrogenic Si XIV
ground state multiplied by the optical path length,
is obtained from the optically thick Si XIV Lyman-
n line.

The silicon Lyman-e and satellite spectra from
the ablation and implosion core plasmas of shot
328 are shown in Fig. 1. The intensities of the
2s2p'P-1s2s'S and 2ps 3P-ls2p 'P satellite lines,
relative to the intensity of the 2P''D, -1s2P 'P,
satellite line, are stronger in the implosion core
plasma (electron density 1.1 x 10"cm ', electron
temperature 400 eV) than in the ablation plasma
(1&& 10" cm ', 500 eV). The four core satellite
spectra are shown in Fig. 2, where the intensities
of the triplet satellite lines increase with elec-
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FIG. 1. Densitometer tracings of the silicon Lyman-
Q. and satellite lines from (a) the ablation plasma and
(b) the implosion core plasma of shot 328. The den-
sitometer tracings, as indicated on the photograph of
the spectrum, are along line ~ through the ablation
region and BB through the core region.

TABLE I. Parameters for the four shots.

Laser
Shot power

number ~ (TW)

Shell Shell
diameter thickness

EIu m) (p, m)

Gas Silicon implosion plasma
fill D T~ N~ NR

(bar) (pm) (eV) (cm ') (cm 2)

323
322
328
209

0.17
0.15'
0.34
0.22

50
50
67
66

0.59
0.60
0.71
0.75

10 DT 34
10 DT 25
0.4 Ar 22
0.3 Ar 22

580
500
400
430

2x 10"
6x 1022

1.1x 10
].4x 102'

1.8x ]0&8

1.7x 10&8

8.8x 10"
1.6x 10"

The shot numbers, appearing in the table and in Fig. 2, refer to the Rutherford
Laboratory system of designating laser shots.
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FIG. 3. Calculated relative satellite intensities
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I I I I I I I Ii 2P' 'P populations by collisional recombination
(upper four curves in Fig. 4).

Extension of this diagnostic technique to higher
electron densities should be possible with use of
the satellite lines of high-Z impurities in the
glass plasma. These spectral lines, together
with the corresponding argon satellite lines, are
promising measures of electron densities greater
than 10" cm '.
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FIG. 4. The calculated intensities of the Si xrrI
2s2p 3P-ls2s 3S and 2p 3P-ls2p 3P satellite lines, with
wavelengths (Ref 14) .6.2432 to 6.2545 A, relative to
the intensity of the 2P ~ ~D& —1s2P ~P& satellite line at
6.2637 A. The dotted curve is for an electron tempera-
ture of 400 eV and an optically thin Lyman-o' line. The
upper four curves (see legend in Fig. 2) are calculated
by using the parameters of the glass plasma listed in
Table I.

radiation, but since the temporal variations of
the plasma parameters are unknown, the frequen-
cy-dependent-escape-factor approximation is
adequate for the present analysis.

The calculated intensities of the Si XIII 2s2p'P-
1s2s'S and 2P' 'P-1 s2P 'P satellite lines, relative
to the intensity of the 2P"D,-ls2P 'P, satellite
line, are shown in Fig. 4 as functions of electron
density. For electron density less than 10" cm ',
the 2l 2l' levels are populated by dielectronic re-
combination, and the intensity ratio is constant
and equal to 0.5. As the electron density increas-
es, the 2s2p 'P and 2P''P levels are populated by
electron collisional excitation from the singlet
doubly excited levels, and the intensity ratio in-
creases to the value 2.7 in the limit of statistical
occupation of the 2l2l' levels (dotted curve in
Fig. 4). The increase in the hydrogenic n = 2 pop-
ulation due to reabsorption of the Lyman-0. radi-
ation results in enhancement of the 2s2P'I' and
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