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We performed an experiment dedicated to study the interaction of a double-spot laser beam with alu-
minum foils and with foam-aluminum layered targets. The experiment was performed using the Prague
PALS iodine laser working at 0.44 pm wavelength and irradiance of a few 10" W/cm?. Shock breakouts
for pure Al and for foam-Al targets have been recorded using time-resolved self-emission diagnostics
and compared to results from numerical simulations. In the case of foam layered targets, we observed
a spatial redistribution of the pressure and collision between two shocks originating from two spots.
We also observed a significant delay of shock breakout in the shots with foam.
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1. Introduction

Extreme states of matter are of interest to many
branches of science. In recent years, the creation of
samples with pressures of the order of tens megabar
or more in laboratory conditions using laser-driven
shock has become a standard tool in high-pressure
physics [1].

Nevertheless, many phenomena still need to be
studied, including shock dynamics in structured tar-
gets (micro- and nanostructured media) or dynam-
ics of shock compression with multiple laser drivers.
In this context, we have carried out an experiment
to investigate the behavior and interaction of two
shocks created inside a target by splitting the laser
beam in two parts using a prism.

2. Experiment and simulations

The experiment was realized using the Prague
Asterix Laser System (PALS) iodine laser [2]. The
laser has wavelength of 0.44 pm (the third harmonic
of iodine laser) and is Gaussian in time with a full
width at half maximum (FWHM) of about 300 ps.
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In our experiment, the energy was ranging between
50 and 120 J and no phase plate was used in or-
der to get smaller focal spots and higher intensi-
ties. By splitting the laser beam in two equal parts
with a prism, we could obtain two focal spots with
a diameter of about 70 pm (FWHM) separated by
about 200 pm, thus producing two different inter-
action points from which two laser-driven shocks
originated.

The targets used in the experiment were either
simple Al foils (10 pm thick) or double-layer targets
made of CHy foam (50 pm thick, on the laser side)
and Al (10 pm thick, on rear side). Here we consider
the experiment with the foam density of 50 mg/cc.

As diagnostics, we used shock chronometry, i.e.,
we recorded and time-resolved the self-emission
from the target rear side, allowing to measure
the shock breakout time. A photographic objective
was employed to image the target rear side onto
a streak camera (Hamamatsu C7700) with an S-1
photocathode. A red RG60 filter before the streak
camera cut out any 3w light. A time fiducial was
obtained by sending a small fraction of the incoming
laser beam to the streak camera slit with an optical
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fiber. This was used to check the time of arrival of
the laser beam on the target front side. A blue fil-
ter before the vacuum interaction chamber cut out
w and 2w light. The interaction target front side
was monitored by an X-ray streak camera (Kentech
Low Magnification X-ray streak camera, by Ken-
tech Instruments Ltd.) coupled to a 1024 x 1024
pixel 8-bit CCD. The X-ray streak was vertically
positioned above the target.

Simulations of laser shock compression were car-
ried out using the radiative hydrocode MULTTI |3]
in 1D and 2D, with multigroup radiation trans-
port coupled to Lagrangian hydrodynamics based
on a fully implicit numerical scheme. We assumed
LTE conditions. Equations of state were taken
from SESAME [4] or calculated by MPQEOS [5].
The opacities were derived from [6, 7] or from
a model implemented in the code SNOP [8-10].

3. Results and discussion

Experimental time-resolved images of rear-side
self-emission obtained with the streak camera are
shown in Fig. 1. Time flows from top to bottom.
The signal on the upper left side of the image is
the time fiducial indicating the arrival of the laser
pulse on the front side of the target. The fiducial
signal was installed using an optical fiber and tested
on a series of calibration shots without a target.
In the streak camera images, the fiducial arrives
practically simultaneously to the main laser beam.
However, in these shots, a set of filters was used

Fig. 1. Time-resolved images of the target rear-
side self-emission obtained with the streak camera
(a) shot #30142, £ = 5 J, simple Al target, (b)
shot #30141, E = 115 J, simple Al target, (c) shot
#30147, E = 50 J, Al + foam 50 mg/cc; (d) shot
#30148, E = 115 J, Al + foam 50 mg/cc.

609

Fig. 2. X-ray streak-camera images for: (a) shot
30151, £ =250 J, Al + foam 50 mg/cc with embed-
ded Au nanoparticles; (b) shot 30147, F =250 J, Al
+ foam 50 mg/cc.

to reduce the energy of the main laser beam inci-
dent on the visible streak camera. They introduced
a delay in the fiducial of 180 ps relative to the main
beam. Therefore, the laser beam arives in reality
180 ps before what is shown by the fiducial signal.

Figure 2 shows X-ray streak images for
three shots. The X-ray streak camera, coupled
to a pin-hole for space resolution, was looking at
the target front side almost at 90° with respect to
the arrival of the laser beam.

Laser shots performed during the experiment
are summarized in Table I. In each streak-images
(Fig. 2), we observe two separated breakouts origi-
nating from the two focal spots. The time is given
relative to the middle of fiducial (taking into ac-
count the correction due to glass filters).

Table I gives the difference between the arrival of
the laser on the target front and the shock breakout
time. A negative time of shock arrival means that
the shock breakout takes place before the maximum
intensity arrives on the target on the front side (here
we used as references the maximum of the fiducial
and the half-rise time of the shock breakout signal).
The delay was corrected for 180 ps related to fidu-
cial calibration, as mentioned earlier. The time at
which the luminosity in the central region begins to
rise is also presented in the table for the shots where
this is clear.

Our data show a significant delay of shock break-
out in the shots with foam. We can also observe that
the size of the shock breakout signal for the foam-Al
targets is larger than that observed for the pure Al
targets. These data are easily explained as a con-
sequence of the increased target thickness. This
implies that more time is needed for the shock to
breakout on the target rear side and that 2D effects
become bigger implying a significant lateral expan-
sion of the shock front.
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TABLE I

Time difference between shock breakout at the target rear and the arrival of laser beam on the target front. We
report the shock breakout time (measured at half of rise) for the left A5, arous and the right Atheous SPOt as
well as the time Atcent. lumin. at which the luminosity in the central region begins to increase.

Shot # 30141 30142 30147 30148
Foam 50 mg/cc Foam 50 mg/cc
Target Al 10 pm Al 10 pm 50 pm 50 pm
+ Al 10 pm + Al 10 pm
Bae 1] 115 50 50 115
(on target)
Total filter thickness
2.0 3.9 3.9 2.0
used before the laser beam [cm]
A orous [DS] -20 0 165 320
A coout [PS] 20 0 215 320
Atcent. lumin. [PS] - - ~ 610 570
Laser intensity on the target
(including 40% filter losses) 3.0 1.3 1.3 3.0
[x10'® W /cm?|
Simulation intensity 075 0.55 0.95 0.085
of laser [x10'® W/cm?|

Experimental data were compared to the re-
sults from numerical simulations performed with
MULTI 1D. In the first step, we just simu-
lated one focal spot to reproduce a single shock
breakout. = A significant difference was found
since to reproduce the experimental shock break-
out time, we needed to use an intensity of
(0.55 +0.75) x 10> W /cm? instead of the real in-
tensity on the target (1.3 + 3) x 10*® W /cm?. Such
a discrepancy was observed in previous experiments
and was explained mainly as a consequence of
the preheating induced by the hot electrons pro-
duced at such large laser intensities [10, 11]. Pre-
heating causes a significant expansion of the tar-
get rear side resulting in a delayed shock break-
out and in an apparent reduction of shock veloc-
ity. Then the “apparent” pressure is lower, implying
that a lower laser intensity is sufficient to generate
it. This type of results was correctly reproduced
by hydro-simulations, using the code CHIC which
self-consistently took into account the generation
of hot electrons as a consequence of parametric in-
stabilities, their propagation in the target and en-
ergy deposition and the consequent effects on hy-
drodynamics [11]. In this work, we did not follow
such an innovative approach because we did not try
to reproduce all details of experimental results but
rather we studied relative changes occurring when
the laser or target parameters were changed.

Our experimental results show that in the pres-
ence of the foam, the shock breakout time seems
to increase rather than decrease when the pulse en-
ergy is increased (see Table I). This effect is indeed
due to the preheating of the target by hot electrons,
as considered in [10], because larger energies mean
larger preheating effects due to hot electrons.

Another observed effect is the appearance of
a bright region between the two spots for the shots
with foams (see Fig. 1c, d) which is also present in
the X-ray streak-camera image (see Fig. 2b). Such
a bright region is not observed in the case of targets
without the foam ablator (see Fig. 1a, b, Fig. 2a).

In order to qualitatively explain this phe-
nomenon, we used 2D simulations. For simulat-
ing the experiment with a 2D code, we needed
to assume axial symmetry. Therefore, each focal
spot became a ‘ring” and we simulated the hydro-
dynamics produced by two concentric focal spots
in the form of rings, observing what happens in
the intermediate region. The results of these
2D-simulations for the simple and layered targets
are presented in Fig. 3.

The impedance of aluminum is much higher
than the impedance of foam and consequently af-
ter the reflection of the shock from the foam-metal
interface, two shocks with the same pressure are
generated: one of them is transmitted into the alu-
minum layer and the other is reflected back into
the foam [12, 13]. The reflected shocks continue to
compress the foam-base and collide in the center
producing a “long-living” central region with higher
pressure. We can clearly see it in Fig. 4 which shows
the spatial profiles of pressure (up) and tempera-
ture (low) for two times: (a) 550 ps, and (b) 650 ps.
While after the breakout the rarefaction waves have
already lowered the pressure and temperature in
the main spots, the center formed as a result of
the interaction of direct and reflected shocks in
the metal-foam region remains compressed and hot.

It is also interesting to compare our results to
the dynamics of shocks generated by a “double-
spot” (same geometry, size and laser intensity) when
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Fig. 3. Temperature of the rear side obtained in
2D MULTI simulation for: (a) 10 pum Al target
with no foam, (b) target with 10 pm Al4 50 mg/cc
foam. Laser pulse with Gaussian time profile, dura-
tion 300 ps (FWHM), wavelength 0.44 pm, and in-
tensity 5.5x 10'* W /cm? (corresponding to the sim-
ulation laser intensity to have the breakdown time
detected for the shot #30142, pure aluminum tar-
get, total energy 50 J). The artificial fiducial corre-
sponding to the arrival of the main beam is shown
on the right side.
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Fig. 4. Spatial shape of pressure (top) and tem-
perature (bottom) for ¢ = 0.55 ns (left) and
0.65 ns (right). The laser consisted of two rings
(flattop, 100 pm wide, 150 pm distance), with
a Gaussian time profile, a pulse duration of 300 ps
(FWHM), wavelength of 0.44 um and intensity of
5.5 x 10** W /cm? for the foam-Al target.

a gas jet is placed before the Al target [14, 15].
With the gas jet, the gas layer before Al is under-
critical and the laser beam gets smoothed by ioniza-
tion effects as it propagates through it. Therefore,
the laser directly interacting at the front Al sur-
face was already smoothed in a single spot. Conse-
quently, the “collision” present in foam-layered tar-
gets was not observable in the gas jet experiment.

4. Conclusion

Our results indicate a significant delay in shock
breakdown when the foam layer is present in the tar-
get. Also, the breakdown time on the laser pulse
energy seems to increase when the laser energy in-
creases. This unexpected behavior is likely due to
the preheating of the target induced by hot elec-
trons. Finally, we observed the collision between
the two shocks produced by each focal spot, gener-
ating larger pressures in the collision region. Such
pressure cumulation and redistribution can be in-
teresting for applications in high energy density
physics.
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