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QWD9 Fig. 1. Experimental time trace of
intensity vs time, Lower trace is the pump which
is modulated. The modulation strength is 20%.
The Upper trace is the response of the ammonia
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QWD9 Fig. 2. Continuation of Fig. 1 show-
ing the restoration of chaos after the modulation
is turned off.

second threshold, and the modulation fre-
quency is restricted to near the fundamental
instability frequency. This means that the
mechanism is not a delayed bifurcation,- but
rather a form of chaotic resonance. This form
of control is the replacement of chaos by regu-
lar periodic pulsations. Shifting the pump
modulation frequency destroys one of the
stable periods, but allows a signal with a differ-
ent period to emerge if the pump modulation
frequency is shifted an appropriate small
amount. If shifted too far then control is lost.
Comparisons have been made with numerical
simulations and we have found the results are
in reasonable agreement.

Figure 1 is an experimental time trace which
shows before modulation the laser output is
chaotic. When the modulation is applied, there
is at first a non-periodic transient. Then the
trajectory in phase space settles on a limit cycle
created by the pump modulation, and results
in period-4 pulsations in the laser output. Fig-
ure 2 shows that when the modulation is re-
moved chaotic dynamics reasserts itself.

1. R Dykstra et al, Phys. Rev. E,, 57, 1,397
(1998)

2. R. Vilaseca et al., Phys. Rev. E., 54, 1,82
91996)

QwWD10

XUV spectroscopy of laser plasma from
molecular coated metal targets
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It was recently recognized that a structured
solid target can provide increased coupling of
intense laser pulses and produce a high-density

QWDI10 Fig. L.
setup.

Schematic of experimental

plasma medium that is suitable for a high-
intensity XUV source and for recombination
pumped soft X-ray lasers.’> Metal targets (tung-
sten, aluminum or carbon) covered by microme-
ter thick layers of metal-phthalocyanines® or
fullerenes are studied in this report. An in-
crease in XUV yield due to specific intracluster
processes that occur in an intense field will be
reported. Metal ions encaged at the center of
phthalocyanine molecules can produce effec-
tively multi-charge ions in the laser field due to
a high intramolecular electron density, free
electron effective formation and heating. Ef-
fects of cluster formation in high-temperature
plasma during its rapid expansion are under
detailed investigation. (An expansion velocity
about 10° cm/s has been observed.)

The experimental setup (Fig. 1) consists of a
vacuum monochromator enclosure, visible-
UV-monochromator, solid-state laser, target
chamber, and detection and data acquisition
system. Moderate power nanosecond and pi-
cosecond neodymium lasers are used to pro-
duce an incident intensity of 10! to 10'?
W/cm? on the targets. The vacuum mono-
chromator with a 1 m radius concave grating,
equipped with a differential vacuum pumping
system is used to obtain spectra in a region
from 40 to 300 nm with a resolution of less
than 0.05 nm. The rotatable cylindrical target
is mounted with its axis parallel to the mono-
chromator slit. The plasma expansion is char-
acterized with the help of a moving aperture in
front of the entrance slit.

The plasma electron density is measured by
fitting the observed spectral profiles to the
Stark broadening profile [Fig. 2(a)]. In par-
ticular, the AI** at 76.8 nm, AI** at 56 nm,
Al" at247.5and 263.2 nm, C** at 253 nm, C**
at 229.7 nm lines were analyzed. Collisional,
Doppler, and Stark broadening mechanisms
are taken into consideration. This measure-
ment technique permits us to determine the
electron density and temperature dependence
on distances from the target surface from
1 mm (e.g., for an aluminum plasma N, = 2.0
(%0.5) 10" cm™® and T, = 14 eV) up to
~5 mm (where N, = 10'” cm™?). The varia-
tion of N, as a function of distance follows
approximately a z~! law, so that a plume ex-
pansion model can be applied.

Electron temperature was measured by
comparing intensities of spectral line pairs, be-
longing to ions with a different degree of ion-
ization. Mechanisms responsible for the clus-
tered plasma ionization build-up and electron
heating will be discussed.

Preliminary experiments show that conver-
sion efficiencies for molecular coated targets
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QWDI10 Fig. 2. Spectral profiles of (a) the
237.3 nm Al line, the profile fit (width 0f 0.42 nm)
is a convolution of Stark (0.34 nm width) and
instrumental profiles, and (b) of the 69.95 nm Al
line with and without the Cu-phthalocyanine
coating.

are greater by a factor of 1.5-2 than those
measured from bulk solid metal targets [Fig.
2(a)]. Different types of molecular coatings are
currently being investigated.
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Nematic liquid crystals (LCs) have remarkable
peculiarity in laser beams: the same material
may totally change its response to laser radia-
tion owing to special preparation and/or the
geometry of irradiation. They may be used for
optical power limiting! and, on the other hand,
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