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Abstract

A new, very effective, method of thick foils acceleration with efficiency not observed
in classic ablative experiments is proposed. For this reason the “cavity type” targets were
designed and tested. Pressure induced by laser action inside the target cavity constitutes here
the most important factor of foil acceleration. Experiment was carried out at the PALS iodine
laser. To study foil velocity and efficiency of plasma energy transfer to accelerated foil a
three-frame shadography was used.

1. Introduction

In the ,,classic” scheme of the ablative acceleration of thin foil targets the thrust of plasma
blow off on the laser side of the target is utilized to accelerate the remaining portion of the
target to high speed (as in arocket). This process is known as the laser ablative acceleration of
thin—foil targets. Thin foil acceleration experiments were conducted as a part of laser fusion
research program and they help to understand better the physics of laser-plasma interaction
and ablative acceleration processes. At the beginning these experiments [e.g. 1, 2] were
performed, for their simplicity, paralel or instead of those with imploding pellets. Foil and
disk targets have the advantage that one can diagnose both sides of the target.

Another important feature is that in area experiment with flyer target the accelerated foil
fragment or disk can be regarded as a superfast macroparticle (projectile) [3, 4]. The most
desirable result of such experiment was to obtain high speed macroparticle that
simultaneously attained high density and high kinetic energy. In other words it means that
hydrodynamic efficiency of the conversion process of the absorbed laser light into the flyer
kinetic energy should aso be high. It is a real problem to fulfil this condition. In most
experiments on ablation acceleration of thin foils the hydrodynamic efficiency was lower than
20 %, corresponding to the ablation of 40% of the initial target mass. From the theoretical
point of view the hydrodynamic efficiency of the acceleration process of a thin foil can reach
(for sufficiently powerful laser beam in relation to the mass density of the foil target used in
such experiment) the maximum value of 65% (“cold rocket” model) but it means that 80% of
the foil mass should be evaporated by laser light. The residual part (20%) of the foil with low
density (because of its fast expansion) would achieve high velocity. In a rea experiment of
ablatively accelerated thin foil target, “cold rocket” model is not realised and the
hydrodynamic efficiency is much lower because of the fact that significant part of the
absorbed laser pulse energy heats the expanding plasma and is not available to drive a thin
foil (the “rocket”) directly.

In the last severa years experiments with flyer targets grew popular because of the
concept of so-called impact fast ignition (IFl) [5], where the ablatively accelerated
macroparticle containing DT plays role of an ignitor in a collision process with the
compressed DT main fuel. In our previous paper [6] the reversed scheme of thin foil
acceleration (RAS) was proposed. Thin foilswere accelerated by action of freely expanding
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ablative plasma. That method appeared to be much more effective than the usually applied
conventional method of acceleration. In this paper the “Cavity Pressure Acceleration
Scheme” (CPAS) is proposed and tested. Pressure induced by laser action inside the target
cavity constitutes here the most important factor of foil acceleration. It was expected that such
target construction could improve absorption of the laser radiation and to rise efficiency of
foil acceleration process.

The experiment was conducted on Prague Asterix Laser System (PALS). It is
demonstrated possibility both to accelerate a thin-foil target to the higher velocity than that
attainable in the “’classic” way (in the comparable experimantal conditions) and simultanously
to avoid a problem of diminishing of the foil mass during the process of acceleration. The
special attention is paid to the problem of acceleration of very thick (300 or 500 um) foils.

2. Experimental set-up and conditions

The experiment was performed with the PALS iodine laser. The following laser
parameters for targets irradiation have been chosen: the first harmonic of laser radiation
(A=1.315 um) with an energy in the range of 120-500 J, a pulse duration of 250 ps (FWHM)
and focal spot diameters at the target surface 100 — 200 um. The “cavity type” targets
consisted of a massive Al slab with a cylindrical hole of 600 um in diameter and 100 um in
depth as well as 10, 300 or 500 um thick Al foils covering a hole. So, the targets constituted a
closed cavity. To introduce the laser radiation into the cavity a 200 um diameter pinhole in
the foils was bored. This pinhole size ensured effective beam passing through the pinhole.
Construction of the targets is shown in Fig. 1. To study the flayer foils dynamics and
deformation a three-frame shadographic/interferometric system was employed. The delay
between frames was set at 3 ns.

Fig 1.Construction of the “cavity type” targets used in the experiment.

3. Experimental results

Investigations of the 10 um thick Al foil acceleration were carried out for the three
laser energies mentioned above. The foil reached velocities in the range of (2-3)-10° cm/s. As
our attention was mainly devoted to the thick foils so the results concerning these foils are
presented here in greater detail. In Fig. 2 three sequences of shadowgrams for the 300 um
thick foil corresponding to laser energies of 120, 300 and 500 J and a sequence for the 500
um thick foil at laser energy of 120 J are presented. One can see deformation of the foils and
their motion aong the axis. On he basis of these shadowgrams the velocities of the 300 um
thick foil for the laser energies of 120, 300 and 500 J were determined to be equal to 0.7-10"
cm/s, 1.0-107 cm/s and 1.4-10" cm/s, respectively. On the other hand, from the simple
theoretical analyze it can be found the following relationship between two velocities for two
different laser energies: va/v, = (E1/Ep)Y2



36th EPS 2009; S.Borodziuk et al. : Indirect two-step method of acceleration, applied to metallicfoils of diff... 3o0f4

a) n 7 500 J B

T [mm]
1 [mm]

1 [mm]

r [mm]

r [mm]
r [mm]

3

z [mm]

Fig. 2. Sequences of shadowgrams for the 300 pum thick foil at different laser energies (a) and for the 500 pm
thick foil at energy of 120 J (b).
a) b)
12 p—i— 1
_ 4o Alfoil (d= 300 pm)
go0s
W 0.4

E
[ g8
-t R
§ 0.6 I f 2" 4
65 ; * experiment | S ol
: |— theory [ 0.

0.0} ——+—— — Eod
0 100 200 300 400 500 600 0 100 200 300 400 500 600
E ] dg [um]

E,=120J

| * experiment
||— theory

Fig. 3. Theoretical (continuous line) and experimental dependences: @) of the 300 um thick Al foil velocity on
the laser energy and b) of the velocity of Al foils on their thickness.

The diagram in Fig. 3a presents the theoretical change of the foil velocity with
decreasing laser energy in relation to the energy of 500 J. It is seen that the experimental
points correspond to the theoretical graph. Hence we can suppose that in the case of thick foils
the same proportionally part of plasma energy istransferred into the foil kinetic energy.

In Fig. 2 the first and last sequences correspond to the same laser energy (120 J) but
represent different foil thicknesses (300 and 500 um). The velocities corresponding to both
thicknesses differ slightly (in both cases the velocities are roughly on the level of 0.7-107
cm/s). Using the same theoretical analyze as above we can get the relative dependence
between the foil velocity and the foil thickness (dr) as follows: va/vo = (dho/dky)Y. This
dependence related to the 500 pwm thick foil is drown in Fig. 3b. One can see that in the case
of the thick foils the foil velocity grows weakly with the decreasing foil thickness. The
velocity should increase very fast for the foil thickness smaller than 100 um. The points
marked in this Figure correspond to the experimental data. The thin foil point diverges
essentially from the theoretical prediction. It follows from the fact that density of the
accelerated foil drops drastically as a result of its fast expansion. The maximum velocity is
reached for a (relatively) thin 10 um Al foil much faster (for times t < 5 ns) than for thick
(100 — 500) um foils. The optical shadow boundary movement observed in shadowgrams
givesin fact an information about velocity of the determined density layer but not the foil asa
whole. It means that the average foil velocity (integrated over al foil mass) is in fact much
lower than the velocity estimated from the motion of target optical shadow. For thinfoilsit
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also causes that the low density (i.e. invisible part of the accelerated foil) grows fast what
gives an effect of dower movement of the rest (visible) foil. This is why there is impression
that the thin foil velocity decreases at |ater times.

The acceleration of macroparticles to high (thermonuclear) velocity, “not forgetting”
about its density, is general and essential problem from the point of view of their possible
applications in the IFI area. One of the possible ways of improvement of this situation is
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Fig 4. Modified cavity target which can be used as a macroparticle accelerator (taking advantage of CPAS
method) and applied as an ignitor for laser fusion experiments.

4. Conclusions

We propose a new, very effective scheme, which can be applied to accelerate
macroparticles to high velocities with efficiency not observed in classic ablative experiments.
Cavity pressure is able to accel erate macroparticles very efficiently in arbitrary direction. The
above results clearly show that the most important element of the applied method of
acceleration is pressure produced in the target cavity. So, this mechanism can be named as a
“Cavity Pressure Acceleration Scheme” (CPAS). Our results (high velocity of accelerated
foil/macroparticle or possibility of accelerating of heavy macroparticles) show that they can
be applied to study impact fast ignition and impact fusion problems.

This method leads to significantly higher velocities of flyer foils than those obtained
by traditional way (ablative acceleration scheme) in similar experimental conditions. It
follows from the fact that CPAS allows to use aimost all absorbed laser energy (neglecting the
energy of the shock wave propagating into the solid target). Also the hydrodynamic efficiency
of the energy transfer to the flyer foil is much higher. CPAS enables acceleration by laser of
very heavy macroparticles (pdi ~ 10™ g/cm?) to velocities of ~ 1-10” cm/s (authors do not
know similar results in the literature) whereas conventional ablative acceleration of that foil
was completely unsuccessful (the foil has even not started).

A very high hydrodynamic efficiency obtained in CPAS experiment may be a chance
to construct an impact ignitor for laser fusion experiments. Another advantage of CPAS
method is that conversion of laser radiation to higher harmonicsit is not necessary. Generally,
for the moderate laser light intensities (I, ~ 10 W/cm?) results (velocity, hydrodynamic
efficiency) obtained for the first harmonic are (at least) as good as those for the third
harmonic of iodine laser, which was previously used in our experiment.
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