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1) Double Pulse Plasma

2) Foam Layers
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Thermal Smoothing
of

Laser Imprnt
N

Double Pulse Plasma



The residual structure of the
Intensity non-uniformities
Imprinted on the still

cold target surface

In the transient stage and
persists throughout the rest
of the laser-target interaction.



In this scheme the prepulse
generates an absorption zone
with non-zero thermal
conduction near the target
surface before the arrival of
the main heating pulse.



Main pulse - 2 spots

eachE=125]
A =0.438 um

Prepulse
E=10]
A=1315um

20 pm

< 80 um J

100 pm

a) Experiment

Prepulse
E=10J
A=1315pum

e ——

Main pulse
E=3.93]
A=10.438 um

100 um

b) Simulation
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diameter ~ 500 mm
with dielectric multilayers
for 1o, 20, and 3w separation.

Expected price ~ 2 MCZK.
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Thermal smoothing & thin foil acceleration studies
M. Kalal, J. Limpouch, S. Gus’kov, V. Kondrashov, T. Pisarczyk et al.

Thin foil acceleration by the pressure of laser-produced plasma of porous matter
J. Limpouch et al., ECLIM 2002

Thermal smoothing by laser-produced plasma of porous matter

M. Kalal et al., Fusion Science & Technology V. 43 (2003) 275 - 281

Low density foam targets

a) single layer polystyrene foam targets
b) double layer targets with Al foil attached
on the rear side

Foam layer thickness 300 um - 1000 um —

Foam average densities £

102 g/cm3and 2.102 g/cm?3 g
Al-foil thickness 5 um and 2 um. & AT L aser heating
Target dimension 2 x 2 mm. v |5 w

m.,_‘_.i N
Basic diagnostics: 2‘1(1:;-..
T. Pisarzyk’s 3-frame
interferometer/shadowgraph Holder
20&3%“---« Foam target holder
Hm ]



Multi-frame laser interferometry/shadowgraphy
T. Pisarczyk, A. Kasperzcuk, M. Kalal, T. Pisarczyk et. al.

 Polish-Czech co-operation

« Essential contribution to the diagnostics of High-quality interferograms of
early stages of the plasma expansion various expanding plasmas

Scheme of the 3-channel laser
interferometer/shadowgraph/polarimeter
developed for PALS by T. Pisarczyk

* PALS diagnostics beam at 3w

3 frames with delays O - 15 ns
« automated image processing

Al-massive
target

Laser heating

Laser diagnostic
beam (%,=1.315 um or ,=0.438 um)

beam (1,=0.438 pm)
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EXAMPLE OF MULTI-FRAME INTERFEROMETER OUTPUT
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a) b) c)

Interferograms recorded in three consecutive moments of time in
experiments with the basic harmonic beam irradiating a single-layer
foam target are presented and demonstrate a good symmetry, smooth
fringes and absence of any local plasma perturbations at the target rear.
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Shot #25030 recorded by the 3-frame polari—interferometric
system in time instants 1, 4 and 7 ns after the main laser pulse
maximum. Laser energy, intensity, wavelength and beam radius
were 173 J, 6.2x10* W/cm?, 1.32 um, 150 um, respectively.
Polystyrene foam with p ~ 9 mg/cm?® and D ~ 50 — 70 um was
400 um thick and 2 um thick Al foil was placed at its rear side.



Z[cm]

Z[cm]

p=q = Densit oF t=4 ns Density Density
°t t=1ns 1.79E4¥01 °t 1.79E+01 1.79E+01
g 5.48E+00 g 4.54E+00 4.17E+00
r 1.68E+00 <f 1.15E+00 9.74E-01
SF 5.15E-01 ofF 2.92E-01 2.27E-01
i 1.58E-01 — 7.40E-02 = 5.31E-02
g 4.83E-02 5 1.88E-02 5 1.24E-02
«f 1.48E-02 N 4.76E-03 N 2.89E-03
of 4.54E-03 1.21E-03 613.24715-82
E 1.39E-03 3.06E-04 57E-
x 4.26E-04 7.77E-05 3.67E-05
° S 1.31E-04 1.97E-05 8.57E-06
¥ 4.00E-05 5.00E-06 2.00E-06
N P PN N NN i
0 0.1 0.2 0.3 0.4 0.3 0.4 0.3 0.4
R [cm]
© [ %)
osbF t=1ns Temperature Temperature o Temperature
b 5.00E+02 1.72E+02
i 4.55E+02 1.56E+02
<f 4,09E+02 1.41E+02 <f
of 3.64E+02 1.25E+02 oS
i 3.18E+02 1.09E+02 T
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S 2.27E+02 7.82E+01 Noy » 4.18E+01
°t 1.82E+02 6.25E+01 e 3.35E+01
E 1.36E+02 4.69E+01 § 2.51E+01
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i 0.00E+00 0.00E+00 = 0.00E+00
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Density (in g/cm?3) and electron temperature (in eV) profiles
at times 1, 4 and 7 ns after laser pulse maximum calculated
numerically for conditions in previous slide.



The wave of hydrodynamic perturbations in a
foam matter is accompanied by gradual
destruction of solid elements and their
subsequent homogenization.

Such a process of energy transfer can be
described by the so-called hydrothermal wave
propagating in a homogeneous medium of
average foam density with the front velocity
close to the sound velocity.



When spherical hydrothermal wave Is assumed,
the wave front reaches the foam-foil boundary
approximately at time:

fr 11/2

where A, p;, E_,,, and y are the foam layer
thickness and foam density, absorbed laser
energy and adiabatic constant, respectively.



The maximum velocity of unevaporated solid foll is

Vmax:S' A
Vo PR

where p, and A, Is the solid foil density and thickness,
and 1/

7/(7/_1)' Eab

2
TP ~(A+RL) WA

IS the sound velocity in the heated foam.



Foil velocities measured in experiment, calculated in
simulations and via analytical model are compared in
the table:

Laser Target Vep(CM/S) Vg, (CMIS) V.. (cm/s)
92J  (CH), 6.0x10° 4.9%x10° 4.8x10°
1733 (CH), 8.0x10° 8.2x10° 6.7x10°
238 (CH), --—---- 1.1x107 8.2x106
238)  PVA 1.4x107 3.5x10’ 1.32x107

(CH),, Is polystyrene foam with 2 pum Al foil and PVA is 100 um
thick PVA foam of density 5 mg/cm3 with 0.8 um Al foil.

Experimental and simulation velocities are represented by their
average values in the interval 4—7 ns after the laser maximum.



FOAM targets - experimental results
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Example of a processed interferogram

Main observations:

 Effective acceleration of thin solid foils up to (2-8)-107 cm/s
« Efficiency of the laser light absorption in foam absorber exceeds 50 %.
 Velocity of the fast energy smoothing process estimated to (2-5)-107 cm/s

« => Mbar-pressure generation
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Investigation of plasma dynamics & crater formation
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Reconstructed equidensity
contour plots at various stages
of plasma expansion
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“Shot-to-shot measurements confirm
high-reproducibility of the PALS beam

3D plots of plasma
density
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Microphotos of wax
replicas of laser-
produced craters

¢

Plasma outflow from the laser-
produced craters. Fast and

For fresh results see  slow plasma components

Poster P 4-6



Double target holder for interferometric and shadowgraphic
measurements of foil & disc acceleration

The space both in front of % A
and behind the foil target /
available for diagnostics 4
Mylar foil with an

Single foil arrangement CI(5x5)mm attached disc
4 »













Fresh result

s on foam & disc a
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The processed densitograms/contourgrams (by courtesy of T. Pisarczyk)

The foil velocity at the central point P: ~ 3.5.10°% cm/s

6.2-10% cm/s




Fresh results on foam & dISC acceleratlon II
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Time sequence of interferograms/shadowgrams of the accelerated Al disc
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The processed densitograms/contourgrams (T. Pisarczyk)

The disc velocity at the central point P: ~ 3.3-10° cm/s 4.2.10% cm/s
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