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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 
laser. Period 4 pulsations occurs after some initial 
transient behaviour. 
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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. 
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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 

QWDlO Fig. 1. Schematic of experimental 
setup. 

plasma medium that is suitable for a high- 
intensity XUV source and for recombination 
pumped soft X-ray Metal targets (tung- 
sten, aluminum or carbon) covered by microme- 
ter thick layers of metal-phthalocyanines3 or 
fullerenes are studied in this report. An in- 
crease in X W  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 IO6 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 l O I 3  
W/cmZ 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 A13+ at 76.8 nm, A12+ at 56 nm, 
Al+ at 247.5 and263.2 nm, C3+ at 253 nm, C2+ 
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 Ne = 2.0 
(50.5) 10" cmP3 and T, = 14 eV) up to 
-5 mm (where Ne 2 l O I 7  cm-'). The varia- 
tion of Ne as a function of distance follows 
approximately a z-I 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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QWDlO Fig. 2. Spectral profiles of (a) the 
237.3 nm Al line, the profile fit (width of 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 Dower limiting' and, on the other hand, . .  
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QWDll  Fig. 1. Changing of the far-field 
beam cross-section with increasing incident in- 
tensity at the output of a planar-nematic LC 
sample (5CB) with 125-pm pathlength (incident 
polarization is parallel to the LC director). 

for high-damage-threshold opticsZ and beam- 
quality sensors for high-power lasers.3 

In the course of investigating the optical- 
power-limiting properties and nonlinear 
refraction behavior of certain nematics at 
532-nm, 6-10-11s pulse duration, 2-10-Hz 
repetition rate, the following, unexpected phe- 
nomena were encountered. With increasing 
intensity of linearly polarized, focused laser 
radiation, the far-field pattern after the in- 
focus sample changed dramatically (we report 
here the results with 50-pm beam diameter). At 
first, one high-contrast, narrow diffraction 
ring appears on the beam as a result of spatial 
phase modulation. With increasing incident 
beam intensity, some scattering appears 
around the beam spot with a build-up time 
constant of the order of 0.5-1 second. When 
the energy increases still further, in place of the 
original bright spot an intensity minimum ap- 
pears, and all radiation scatters into wider 
angles from inside the sample (“dark spot”). 
This pattern is recoverable to the original beam 
spot by diminishing the incident intensity. 
This same pattern pertains to both “thick” (1- 
2-mm pathlength) and “thin” (25-125-~m 
pathlength) LC samples, in the isotropic state 
as well as for oriented layers. For the latter, 
however, for polarization parallel to the direc- 
tor orientation, a “dark spot” was observed at 
intensities one half of that for the case of 
isotropic-state samples or planar-aligned lay- 
ers with polarization of laser light perpendicu- 
lar to the director orientation. In addition, we 
observed (only for the case of parallel orienta- 
tion) an asymmetry in scattering. More light 
scattered into the direction perpendicular to 
the polarization of the incident laser light. 

Figure 1 shows changes of the far-field pat- 
tern with increasing intensity after beam pas- 
sage through a planar-aligned film of LC 5CB 
with director orientation parallel to the polar- 
ization of the laser light (in all depicted 
frames-vertical direction): (a) I < 0.3 GW/ 
cm2 (high-contrast, narrow diffraction ring); 
(b) I - 0.3 GW/cmz (some scatteringappears); 

QWDll Fig. 2. Far-field beam cross-sections 
with asymmetric scattering with increasing of in- 
cident intensity at the output of a planar-nematic 
sample of 5CB for the incident polarization par- 
allel to the director orientation: (a) I = 0.43 GW/ 
cm’; (b) I = 0.48 GW/cm2; (c) I = 0.58 GW/cmz, 
25-pm pathlength; (d) I = 0.77 GW/cmZ, 50-pm 
pathlength. 

(c) I - 0.35 GW/cm2 (black diffraction ring 
becomes wider (2-scan shows negative nonlin- 
earity); (d) I - 0.43 GW/cm2 (appearance of 
the asymmetry of much stronger scattering); 
(e) almost the whole spot became dark with 
some back scattering; (f) I - 0.6 GW/cm2 (one 
can see “dark spot” instead of a bright beam). 
Each frame represents a single pulse recorded 
by a digital video-camera as an image on a 
screen in the Z-scan-detector plane. We ob- 
served the characteristic buildup time of the 
development of asymmetric scattering as - 
0.3-1 sec (Figs. 2a, 2b) by recording everypulse 
during this phase onto magnetic tape and digi- 
tizing individual frames of interest afterwards. 

In addition, at higher intensities (- 0.7 
GW/cm2) asymmetric scattering developed 

a 

b 
Q w D l l  Fig. 3. Different types of the cross- 
structure in the far-field at the output of a planar- 
nematic sample for the incident polarization par- 
allel to the director orientation: (a) 5CB cell 
(25-pm pathlength); (b) 7CB and 5CB mixture 
(125-pm pathlength). 

into the elliptical ring pattern with the major 
ellipse axis oriented perpendicular to the inci- 
dent polarization (Figs. 2c, 2d). The number of 
elliptical rings increased with light intensity. 
This ring picture differs from that typically 
obtained from orientational self-focusing. In 
our case a ring pattern evolves under polariza- 
tion conditions for which, in principle, no ori- 
entational effects may occur (polarization of 
laser light is parallel to the director orienta- 
tion). 

At the highest employed intensity (I - 0.8 
GW/cm2), the ring pattern may developed 
into a cross structure. Figure 3, shows different 
versions of such cross structures, depending 
on specific laser-pulse or irradiation-geometry 
parameters. Each specific form is reproducible 
for a defined laser operational mode. Equally 
important, the polarization state of the far- 
field laser light depicted in Figure 3a,b remains 
the same as in the incident beam, in difference 
with cross patterns with the sample between 
crossedpolarizers, reported, e.g., in paper.4 Un- 
der CW-excitation of equivalent average 
power, we did not observe any of the above 
described effects. 

We explain such a complicated picture by 
the dichroism of two-photon absorption, two- 
photon-absorption-driven excited state ab- 
sorption, and subsequent heating of the LC 
material, coupled with the convective hydro- 
dynamic movement of the nematic fluid as a 
whole.5 and/or localized phase change of the 
nematic order into the isotropic state. Both 
these processes cause the realignment of the 
LC material and impart optical phase changes 
onto the beam. 

These results may be useful for creating in- 
tensity and beam-quality sensors3 for high- 
power lasers. 
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We have recently demonstrated a high repeti- 
tion rate gas jet, designed to eliminate the 


