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R. Fedosejevs and M. C. Richardson

Division of Physics, National Research Council of Canada, Ottawa, Ontario, Canada

(Received 21 April 1975)

Two-dimensional distributions of the electron density within plasmas produced by 1-nsec-duration high-
intensity (> 10'* W/cm?) CO, laser pulses on solid polyethylene targets have been obtained with the aid of
microscopic holographic interferometry. Short 700-psec pulses, derived from a synchronized ruby laser,
were used to illuminate the interferometric system, which had a spatial resolution of ~ 10 p.

PACS numbers: 52.70.K, 52.50.J, 42.40.K

The study of plasmas created by short-duration high-
intensity CO, laser pulses is now of considerable inter-
est, primarily because of their possible incorporation
into schemes designed to induce supercompression of
spherical microtargets. In such studies, a precise
knowledge, both spatially and temporally, of the elec-
tron density distribution in the plasma is implicit to the
understanding of the interaction process and the sub-
sequent development of the plasma. Subnanosecond
measurements of the electron density within plasmas
created by high-intensity ruby or neodymium glass
lasers have been made using a variety of interferomet-
ric techniques. '™ However, although interferometric
studies have already been made of plasmas produced
in glasses and from solid targets by focused CO, laser
pulses of several hundred nanoseconds duration, =9 no
such studies have so far been reported of plasmas
created by ultrashort CO, laser pulses.

In this letter we wish to describe the measurements
made of the electron density profile of plasmas pro-
duced by 1-nsec-duration 10. 6-u laser pulses, of ener-
gy up to 3.6 J, focused onto solid polyethylene targets
with intensities in the focal region of up to 5x10'* W/
cm?. These were obtained with the aid of a microscopic
holographic interferometric system, having a spatial
resolution of ~10 u, illuminated with 700-psec-duration
0.694-u laser pulses. Analysis of the interferograms
has lead to the production of two-dimensional profiles
of the electron density within the plasma, with peak
values greater than 10'° cm™ being recorded. In addi-
tion, the technique, which permitted the measurement of
electron densities as low as 3x10'" cm™, provided a
sensitive method of detection of cold low-density plasma,
produced by low -intensity laser radiation incident on
the target prior to the laser pulse.

The experiments were made using a high~-power short-
pulse CO, laser described earlier.'? This system, com-
prising of a uv-preionized actively mode-locked oscil-
lator, ! an electro-optic pulse isolation unit, and sever-
al stages of uv-preionized amplifiers, is capable of
producing diffraction-limited 1-nsec-duration laser
pulses of energy up to 30 J. The laser output was fo-
cused in a vacuum of 10~ Torr onto solid CH, plane
targets by a NaCl lens of 40-cm focal length. The mea-
sured focal spot size on the target was ~100 pu.

The holographic interferometric system is shown
schematically in Fig. 1. An actively @-switched ruby
laser, producing 35-nsec-duration pulses, was synchro-
nized to the generation of the mode-locked CO, laser
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pulse train. This pulse train consisted primarily of four
or five pulses of high intensity, and invariably, the
second pulse was selected.!® In synchronism with the
isolation of the single mode-locked CO, laser pulse, a
short 700-psec -duration 0. 694-u pulse was cut out of
the smooth long ruby laser pulse by means of an ultra-
fast Pockels cell shutter, }? activated by a spark gap
pulse generator triggered by the CO, laser. The short
0.694-u pulse then passed through a spatial filter-beam
expansion element comprising a 100-4 pinhole situated
between two lenses of focal length 10 and 20 ¢cm. Syn-
chronization between the two short laser pulses could
be adjusted in increments of less than 1 nsec by varia-
tion of the cable length between the laser-triggered
spark gap and the Pockels cell. The illuminating 0.694-
i pulse, which had an energy of ~200 uJ, was equally
divided into two beams, one passing through the plasma
region and a second, acting as a reference beam, fol-
lowing an equidistant path before being incident on the
holographic plate (Agfa Geavert 10E75) at an angle of
10°. The phase disturbance of the illuminating beam in
the plasma region was imaged on to the holographic
plate with a magnification of 6 with a simple lens of
focal length of 7.6 cm. The phase difference was re-
corded on the holographic plate by firing the ruby laser
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FIG. 1. Schematic of experimental arrangement for subnano-
second microscopic holographic interferometry of the CO,
laser plasma,
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FIG. 2. (@) Interferogram produced 2.5 nsec after the production of a plasma by a 0.3-J 1-nsec-duration CO, laser pulse. (b}
Two-dimensional electron density profile of the plasma, produced by a 0.4-J 1-nsec-duration 10, 6~ pulse, 2.5 nsec after its
production,

a second time without the CO, laser, and a set of con- A typical interferogram, obtained 2.1 nsec after the
stant background fringes was imposed on the interfero- production of a plasma by a 1-nsec CO, pulse of 0.3 J
grams by reorientation of one of the reference beam energy, is shown in Fig. 2(a). It can be seen that the
mirrors by 10" rad between these two shots. Repro- plasma has expanded several hundred microns from the
duction of the holograms, with any desired magnifica- target, indicating initial expansion velocities in the
tion, was made with a similar optical system illuminat- backward direction in excess of 107 cm/sec. Two-di-
ed with a He-Ne laser. The spatial resolution of this mensional profiles of the electron density were obtained
interferometric system, as recorded with test pattern from these interferograms with the aid of numerical
objects, and from spatial features in the plasma, was Abel inversion, "!* assuming both negligible fringe

~10 p. Synchronism between the probing of the plasma shift produced by ion and neutral components and axial
and its creation was measured by means of photodetec- symmetry of the plasma about the laser beam axis.
tors monitoring both laser pulses, and also with the aid Figure 2(b) shows the resultant electron distribution

of a streak camera which recorded the temporal devel- obtained for the case of a plasma produced by a 0.4-J

opment of the plasma calibrated with a small sample of

the iliuminating ruby laser light.
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FIG. 3. fa) Interferogram obtained of the plasma existent 22 nsec before incidence of a 3.6-J CO, laser pulse on the target. () In-
terferogram obtained 2.5 nsec after incidence of the 3.6-J, 1-nsec~duration CO, laser pulse on target. (c) Two-dimensional elec-
tron density distribution of the plasma derived from (b).

116 Appl. Phys. Lett., Vol. 27, No. 3, 1 August 1975 R. Fedosejevs and M.C. Richardson 116

Downloaded 31 Oct 2003 to 132.170.162.242. Redistribution subject to AIP license or copyright, see http://ojps.aip.org/aplo/aplcr.jsp



pulse, 2.5 nsec after its production. It is seen that
minimum values of the electron density of 4. 5x10'? ¢m™®
are recorded within 20 u from the target surface. Data
inaccuracies arising from inversion resolution lead to
estimated errors of 20% in the computed values of the
electron density in the sharp central peak, and errors
of +8% in the outer regions of the distribution. Also the
sensitivity of length calibration gives rise to an addi-
tional error of +15% in the absolute value of the electron
density.

When CO, laser pulses of considerably greater energy
were incident on the target, radial structure in the
interferograms was in general observed. This is illus-
trated in Fig. 3(b) which shows the interferogram ob-
tained 2. 6 nsec after the incidence of a 3. 6-J CO; pulse
on the target. As can be seen there is a distinct, ap-
proximately axially symmetric, radial modulation of
the fringes. This manifests itself in the two-dimension-
al electron density distribution, Fig. 3(c), as a conical
zone of anomalously high electron density emanating
from the focal region at the target. The cause of this
structure is probably difficult to identify definitively.
Although the power density in the focal region (5x10'
W/cm?) is well above the threshold for the onset of
predicted anomalous absorption processes, the effects
of possible nonuniformities in the laser beam distribu-
tion cannot be ignored. In addition, interferograms
made of the focal region before the incidence of CO,
laser pulses of this energy indicated the existence at
the target surface of some plasma produced by ampli-
fied coherent noise. This primarily results from leak-
age through the pulse isolation unit of small fractions
(< 1%) of the mode-locked laser pulse prior to the select-
ed pulse. This is incident on the target 25 nsec before
the high-energy pulse, and an example of the plasma it
produces is shown in the interferogram of Fig. 3(a).
This interferogram was obtained 2. 8 nsec after the
production of the plasma by the amplified prepulse, that
is 22. 2 nsec before the incidence of the high-energy
laser pulse. It can be seen that plasmas with electron
densities approaching 10'® cm™ may be produced by
this prepulse, although interferograms produced im-
mediately prior to the incidence of the high-energy
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pulse indicate that the prepulse plasma density has de-
cayed to values of ~10'® cm™®. Nonetheless, the effect
of this plasma in the vicinity of the target at the time
of incidence of the high-energy CO, laser pulse must
be considered.

Thus, in addition to providing some initial measure-
ments of the electron density distribution in plasmas
produced by high-intensity short-duration CO, laser
pulses, the study also indicates the potentialities of
short-duration high-spatial-resolution interferometry
as a sensitive means of diagnosing the effects produced
on target by low-power prepulse laser radiation.

The authors wish to acknowledge many helpful dis-
cussions with Dr. R. Serov, and the continued technical
support of P. Burtyn, K. Leopold, and W.J. Orr.

*A summary of this work was first presented at the 7th Na-
tional Conference on Lasers and Non-Linear Optics, Tashkent,
Tashkent, USSR, 1974,
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