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1. Introduction
Low density foam layers may be used $moothing of laser imprint by thermal conductivi
ty [1,2] or for suppressing of Rayleigfaylor instability [3]. They are also used in experi
ments [4] studying equatieof-state (EOS), and in astrophysics dedicated experirfents

The main goal of ouwork is to study energy transport through the-ewnsity porous
matter and to demonstrate a sufficient efficiency of thin foil acceleration together with
substantial smoothing effect of the lalensity foam absorber. The distinctive feature of
these expements succeeding to our previous work [6] is the laser pulse duration shorter

than the time needed for full homogenization of the foam containing relatively large pores.

2. Experimental setup
PALS iodine laser facility [7] provided 4Qs (FWHM) pulse wh the energy up to 60D
at the basic harmoni@; = 1.32um). The laser spot radius of normally incident beam on
targetplaced out of the best focugas R. = 150um. Laser irradiances were varied from
| = 10" W/cn? up tol = 10"° W/em?. No method of optial smoothing was used.
Most experiments were done with thick polystyrene feafrdensity 810 mg/cnt and
of typical pore diameteD,=50-70um. Other polystyrene foamand polyvinylalcohol
(PVA) foam of densityp = 5mg/cnt, and of pore diametdd, = 5 um were used. &2 pm
or 0.8um-thick aluminum foil was placed at the foam rear side in the majority of targets.
Plasma emission ix-ray region (photon energy 1.7keV) was observed by the
KENTECH low magnificationx-ray streak camera placed in a sidewidhe temporal
resolution was either 30 or P8 and spatial resolution of pdn was in the direction
normalto the target surfacgarget depth)Optical diagnostics was carried out by means of

3-frame interferometric system with automated image praegs$schnique [8].
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Fig. 1 X-ray streak record ahteraction of400ps iodine laserN=1.32um) pulse of energy
92J and beam radius 156n with 400um thick polystyrene foam of densigy= 9 mg/cn?
and pore diameter 3= 50— 70um, 2um-thick Al foil is placed athe targetear side.

3. Experimental results
Very weak images at th¥-ray streak camera sensitivity limit were recorded for the foam
targets. Typical record taken from lateral view is presented inLFifhe laser penetration
depth may be estated by the 5@um-thickness of the immediately heated layer. Later, heat
wave propagates into the foam material with velocifyapproximately~ 6x10° cm/s.
Though thex-ray signal lasts for abo@tns, thex-ray emitting zone covers only about one
half of the foam thickness and no emission near the Al foil at the target rear side is detected.
Consequently, the foil at the target rear side is supposed to be accelerated as a whole
without significant expansion and its velocity can be measured by optitahgr

Experimental sequences of 3 interferometric pictures taken in one laser shot are
presented in Fig2. While the rear side boundary of 40t thick polystyrene target with
2 um Al foil on the rear side is sharp with no signs ofdd@nsity plasma baid the target,
Al foil at the rear side of 10@m PVA foam is heated and its expansion is later observed.

The position of the point P (rear side opposite to the laser beam centre) is measured
with the precision ob— 10um. The speed of the accelerat&bfoil can be determined
from the difference in point P positions in different frames. The speed of accelerated foil
grows with the laser energy. Foil acceleration during the laser pulse is inferred fom100
thick PVA foam. For 40Qum thick polystyrenedams, the shock wave reaches the foil only

2-4 ns after the laser pulse, and the delay decreases with laser energy.

4. Computational ssmulations and analytical model

Simulations were performed in cylindrical geometry by -thimensional Lagragian

hydrodyramics codeATLANT -HE including advanced treatment of laser propagatod
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Fig. 2 Sequence of 3 interferograms recorded in one shot in time instants 1, 4 and 7 ns after
the main 400 ps FWHM laser pulse maximum. Laser wavelengthuin3hd beam rads

150 mm on the targets. Parasitic effects of the target holder are denoted in the left pictures.
a) Polystyrene foam qf ~ 9 mg/cn, Dy ~ 50- 70 um, 400um thick and 2um thick Al

foil at its rear side. Laser energy 173 JPWA foam ofp ~ 5 mg/cn, Dy ~ 5pum, 100pm

thick and 0.8um thick Al foil at its rear side. Laser energy 238 J.

absorption [9]. The code does nake into account fine scale structure of the foamtansl
the time of the hydrothermal wave transit through the foam may be underestimated.

The calculated laser absorption was approximatelyo5®lasma radius essentially
exceeds the laser beam radiusta target due to fast lateral heat transport in the low
density porous matter. A smooth shape of the accelerated foil is observed with the width
considerably larger than the laser beam diameter. The fast electrons do not preheat
unevaporated Al layer iriraulations for the laser intensities10™ W/cn? significantly.

Analytical model is based on assumption of spherical hydrothermal waverfig
gating fromlaser absgation point Time instants when the hydrothermal wave reaches the
target rear side arein a good agreement with numerical simulations. However, the
experimental data are by abdums greater for 40Qm thick polystyrene foamAccording
to our opinion, such a fact is caused by the direct influence of the initial structure of foam
on the taget dynamicsThe pressure accelerating the Al foilcalculated and the derived

hydrodynamic efficiency ig=0.12.
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Laser energy | Target | Vexp (cm/s) | Vsimul (cm/s) | V max (cm/s
92J | (CH), |6.0<1C° |4.9x10° | 4.8<10°
173J | (CH), |8.0x10° |8.2x1¢° | 6.7x10°
2383 | (CH), | -—-- 1.1x10° | 8.2x10°

238J | PVA | 1.4x10" |3.5x10" | 1.3%10’

Tablel (CH), is 400pum thick polystyrene foam witl2 um Al foil and PVA is 10Qum
thick PVA foam of densitys mg/cnt with 0.8um Al foil. Experimental and simulation
velocities are represtad by average values in the intervalss after the laser maximum.

The foil velocities measured in the experiment, calculated in our simulations and via
analytical model are comparad Tablel. The Al foil in PVA foam target is heated up to

800eV in the simulation and its expansion leadsigh velocity of the rear boundary.

5. Conclusions

Interactions of laser beam of iodine laser “PALS” with {density foam targets have been
investigated, both experimentally and theoretically. The speed of thewaeat inside
polystyrene foam has been estimatefix10° cm/s fromthe X-ray streak measurements.
Hydrodynamic efficiency up to 124 % was calculated from the experimental data.

The experimental results are in a good agreement with ourditwensional
hydrodynamic calculations and with analytical mod&he delay in the heatwave
propagation in the foam in our experiments in comparison with our theoretical calculations
is explained here by the phenomenon of-eqailibrium foam homogenization.
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