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Target material dependence of collisionless shock wave in
counter-streaming plasmas
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Collisionless shock wave generation in counter-streaming plasmas for several target materials (Al,
C, Cu, and Pb) is investigated using a high-power laser system. Counter-streaming plasmas are
produced by irradiating double-plane targets. As a result of interaction of the plasmas, collisionless
shock waves are observed using C, Al, and Pb in self-emission measurements. Mean-free-paths of
heavier materials become longer because the ionization degrees of each material are not much different.

1 Introduction

The laboratory simulation of astrophysical phe-
nomenon has been tried to perform for many
years. Physics of cosmic ray acceleration is one of
the unsolved problems in astrophysics, and colli-
sionless shock waves are one of the most important
subjects. Y. Kuramitsu et al. [1] and T. Morita
et al. [2] have reported the collisionless shock for-
mation in counter-streaming plasmas produced by
high-power laser systems using double-plane tar-
gets made of CH. In this presentation, we report
target material dependence of shock wave genera-
tion using targets made of different materials (C,
Al, Cu, and Pb) with different atomic mass [3].

2 Experiment

The experiment was performed with Gekko XII
HIPER laser system at Institute of Laser Engi-
neering, Osaka University. There were nine main
beams in which the energy was about 120 J/beam
in 351 nm (3w) and pulse length was 500 ps. The

target we used in this experiment was double-
plane target as shown in Fig. 2. In this exper-
iment we used C, Al, Cu and Pb targets. We
put two planes parallel, and the material of two
planes of each target was identical. The dimen-
sions of the planes were 3mm x 3mm and 200 yum
thick, and the distance between two planes was
4.5mm. One of the nine beams was focused on
the inner surface of the 1st plane with 300 ym in
diameter (intensity : 3.4 x 10 W/cm?), and ab-
lation plasma was formed from the 1st plane. Al-
most at the same time, a plasma from the 2nd
plane was created by radiation from the ablation
plasma and the ablation plasma itself. In this
way, counter-streaming plasmas were generated,
and shock waves were formed by an interaction of
these plasmas. Figure 2 shows schematic of the
experiment setup. The interaction of plasmas was
diagnosed with a probe laser and with the self-
emission. With the probe laser we obtained two-
dimensional information of density by shadowgra-
phy with intensified charge coupled device (ICCD)
cameras (200 ps gate width) and Nomarski inter-
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Figure 1: Schematic view of the target design.
The main laser beam is focused on the 1st plane.
Two planes are made of the same material.

Interferometry
Shadowgraphy
(1D-streaked &

2D-gated)

Target chamber

Nd:YAG

(probe) Self-emission

(1D-streaked
& 2D-gated)

Thomson scattering

Nd:YAG (1D-gated spectrum)

(Thomson scattering)

Figure 2: Experimental setup. The green line is
the path of Nd:YAG laser and the blue line from
target chamber center (TCC) is the path of self-
emission at the wavelength of ~ 450 nm.

ferometry with gated optical imager (GOI) (250 ps
gate width). We also measured one-dimensional
time evolution of the plasma by streaked interfer-
ometry with a streak camera. The self-emission
was gated at the wave length of 450 nm using in-
terference filters. We obtained two-dimensional
image of self-emission with ICCD cameras (1.6 ns
gate width) and one-dimensional time evolution
with a streak camera, which is called streaked op-
tical pyrometer (SOP). The plasmas were probed
by Nd:YAG laser beam whose wavelength was
532nm and duration time was 10 ~ 14ns. An-
other Nd:YAG laser beam for Thomson scattering
was focused at the meddle of two planes. We used
triple-grating spectrometer and ICCD camera to
obtain spectrum of Thomson scattering.

3 Result

Two-dimensional images of self-emission for dif-
ferent materials are shown in Fig. 3. As shown in

Figure 3: Two-dimensional images of self-emission
taken at 15 ~ 25 ns from the laser timing. The 1st
plane is on the right side.

Fig. 3, counter-streaming plasmas are formed and
discontinuous structures of self-emission marked
with red ovals in Fig. 3 appear as a result of in-
teraction of the two plasmas except for Cu target.
These are shock waves according to steepening of
the line profile in SOP(not shown). We obtained
electron density n. from interferometry and flow
velocities of plasmas from Thomson scattering.
Using these parameters, ion-ion collision mean-
free-paths A; of all materials are much larger
than the width of the shock wave. Therefore,
these shock waves are collisionless shock waves.
Furthermore, A;; of the heavier materials become
longer because the calculated values of ionization
degree Z vary only within a factor of two.

4 Conclusion

Counter-streaming plasmas are produced by irra-
diating double-plane targets made of Al, C, Cu,
and Pb. As a result of interaction of the plasmas,
collisionless shock waves are generated using C,
Al, and Pb. Mean-free-paths of heavier materials
become longer because the ionization degrees of
C, Al, Cu, and Pb are not much different.

References

[1] Y. Kuramitsu et al. Phys. Rev. Lett., 106, 175002
(2011).

[2] T. Morita et al. Phys. Plasmas, 17, 122702 (2010).
[3] T.Ide et al. Plasma Fusion Res., 6, 2404057 (2011).



