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Measurements of electron density and x-ray emission have been made on a C VII plas-
ma, generated by a 9 &&10 -W-cm CQ2 laser beam. A density cavity and x-ray fi].amen-
tation are observed. The relevance of these results to theories of resonance absorption,
soliton formation, self-modulation, and filamentation of laser light is noted.

The interaction of an intense electromagnetic
field with the critical-density layer in a nonuni-
form plasma is a problem of topical interest in
laser-heating and -compression experiments.
Microwave experiments in a tenuous plasma. '
have demonstrated resonant enhancement of elec-
tric fields at this layer, and a density cavity,
or caviton, was observed for times of order
10'(~~,) '. Relativistic computer simulations of
such intera, ctions have been undertaken" and the
importance of resonance absorption, its relation
to self-generated magnetic fields' and second-
harmonic generation, ' its enhancement at sharp
gradients near the critical surface, self-consis-
tent modifications to the density profile, ' and the
inQuence of density scale length on parametric in-
stability thresholds' have been widely discussed.
The relationship between these instabilities, self-
modulation and filamentation instabilities, ' and

soliton formation' "have been active areas of
related research. This paper describes the first
observation of a density caviton in a laser pro-
duced plasma; a preliminary description of the
technique has been presented elsewhere. "

Measurements were made on plasma generated
by an unpolarized 1.5-GW CO, laser pulse fo-
cused onto plane carbon targets at an intensity of
9x 10"W cm ', with a 50-nsec (full width at half-
maximum) pulse duration and an energy of 75 J."
A holographic interferometer'4 was used to mea-
sure f n, dl, using a ruby oscillator which gener-
ated 100-MV, 10-nsec pulses to probe the plas-
ma at 90' to the CO, -laser axis. The interfero-
grams were recorded on Agfa 10K 75 plates 25
nsec after initiation of the CO, -laser pulse; the
object resolution was 40 p. m. Line densities de-
duced from fringe shifts were converted to radial
density profiles by Abel inversion (Fig. 1). Mea, —
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FIG. 1. Radial density profiles at t =25 nsec.
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surements were accurate to + 10/g at peak densi-
ty, and proportionately greater elsewhere. Each
density measurement was made on a freshly irra-
diated target; microscopic examination showed
depth and diameter of cratering less than 30 and
-1000 p, m, respectively.

Indirect measurements of electron density"
were made from x-ray pinhole photographs. A
25- p, m pinhole, covered by a transmission filter,
was located 2.75 cm from the plasma and the x-
ray image, magnified 1.5&&, was recorded on SCV
film with a resolution of 40 p, m. Aluminum foils
of 1.13, 0.846, and 0.564 mg cm 'were used
as filters. Film density was converted to inten-
sity using an SC7 calibration. " The resulting in-
tensity profiles were converted to energy emitted
per unit volume per steradian (Fig. 2) by Abel
inversion, after correcting for magnification and
acceptance angle. Two views of the plasma are
shown in Fig. 3.

In Fig. 1 density cavitation, and in Figs. 2 and
3 filamentation of the x-ray intensity, are appar-
ent. Preliminary measurements of the laser-
driven density caviton have already been report-
ed." Comparison of the axial variation of x-ray
emissivity and electron density shows the plas-
ma expansion to be isothermal between 50 p, m
and 1 mm from the target, since the x-ray in-
tensity is seen to be only dependent on density
squared (c.f. Fig. 4). The cavity seen in x-ray
emission close to the target surface is qualita-

tively similar to the density cavity inferred from
interferometry (Fig. 4). Fine structure is ob-
served in the x-ray photographs, as filaments of- 100 p. m diam extending several millimeters
along the laser axis [c.f. Fig. 3(a)]. Measure-
ments by the foil-ratio technique show the elec-
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FIG. 8. X-ray pinhole photographs, taken with 0.564
mg cm of Al filter, with the geometries indicated.

FIG. 2. Time-integrated radial x-ray emissivity pro-
files, after transmission through 0.564 mg cm ~ of Al
filter.
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tion is accompanied by a reduction of electron
density due to ponderomotive forces in the region
of the electric field maxima and is unstable to
perturbations, undergoing longitudinal collapse. "

It is concluded that the observation of a caviton
near the critical layer, localized heating of plas-
ma in this region, and an empirical absorption
greater than classical are consistent with reso-
nance absorption of the laser radiation. It should
be stressed that in the present experiment a high-
ly developed level of plasma turbulence is expect-
ed theoretically. Under such conditions quasilin-
ear analytic theories are illustrative rather than
quantitative in nature, End multidimensional sim-
ulation "experiments" require the extensive use
of computers. Further experiments are planned
to resolve the dominant physical interactions.
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