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Abstract. Process of counterstreaming plasma generation for laser irradiation of the innner-surface of
the first plane of a double-plane target is investigated. The image taken by streaked self-emission optical
pyrometer and radiation hydrodynamic simulation show the plasma from the second plane is ablated by
radiation almost at the laser timing. After ∼5 ns, increase in brightness and the generation of a plasma on
the second plane are observed. According to the contemporary measurement of streaked interferometry, this
is caused by the ablation of the second plane by the first plane plasma.

1. INTRODUCTION
The physics of cosmic ray acceleration is one of the most important problems in astrophysics. It
is considered that cosmic rays whose energy is less than 1015 eV are accelerated in collisionless
shock waves in supernova remnants in our galaxy according to observation of X-ray emission.
Therefore, collisionless shock waves are important in astrophysics, and they have been investigated
not only theoretically and numerically but also experimentally. Previously, double-plasma devices were
employed to study collisionless shock waves with relatively low Mach number (M < 2) and slow flow
speed [1–3].
Recently, experimental researches have been carried out using high power laser systems [4–7]. A
bow shock has been generated by placing a solid obstacle in the path of a high-velocity laser ablation
plasma [4]. Formation of high-Mach number collisionless electrostatic shock wave in counterstreaming
plasmas using a double-plane target has been reported [6, 7]. It is essential to generate the plasmas that
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Figure 1. (a) Schematic view of the target design. A main laser beam is focused on the first plane. Both planes are
made of CH (plastic). (b) Experimental setup. The green lines are the paths of probe YAG laser and Thomson
scattering. The blue line from target chamber center (TCC) is the path of self-emission at the wavelength of
450 nm.

stream in opposite direction in collisionless shock experiment. However, the generation mechanism of
counterstreaming plasmas is not discussed precisely in these previous studies.
In this paper, we show that counterstreaming plasmas are generated irradiating double-plane target
with a laser pulse, and discuss the process of generation of counterstreaming plasmas.
2. EXPERIMENT
The experiment was performed using Gekko XII HIPER laser system at Institute of Laser Engineering,
Osaka University. The target configuration is shown in Fig. 1(a). We put two planes made of CH in
parallel with a separation of 4.5 mm. The dimensions of the planes were 3 mm × 3 mm and ∼200 m in
thickness. The laser delivered a 500-ps-duration (FWHM) pulse with energy of ∼120 J at a wavelength
of 351 m. One of nine beams was focused on an inner surface of the first plane with 300 m in diameter
(3.4 × 1014 W cm−2 ). Figure 1(b) shows a schematic view of the experiment setup. A ∼10 − ns duration
Nd:YAG laser diagnosed the plasma between the two CH planes. The probe laser was frequency
converted to a wavelength of 532 nm. Using the probe laser we obtained two-dimensional information
of density by shadowgraphy with intensified charge coupled device (ICCD) cameras (gate width:
200 ps) , and Nomarski interferometry with a gated optical imager (GOI) (gate width: 250 ps). We also
measured one-dimensional time evolution of plasma by streaked interferometry using a streak camera.
We obtained two-dimensional image of self-emission using an ICCD camera (gate width: 1.6 ns), and
one-dimensional time-evolution using streaked optical pyrometry (SOP). The self-emission is filtered
with a 450 nm interference filter.
3. RESULTS
Figure 2(a) shows a streaked interferogram. The position x = 0 mm corresponds to the position of the
inner surface of the first plane, and that of the second plane is at x = 4.5 mm. Initially, the fringes are
static until t = 0 ns because there is no plasma expansion. At t = 0 ns, they begin to move in order
of distance from the first plane. This means a plasma is expanding from the first plane as a result of
irradiation by a laser beam. From the timing of the fringe shift and distance x of each fringe, flow
velocity of the ablation plasma from the first plane is calculated to ∼1000 km s−1 . Using the relation,
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Figure 2. (a) Streaked interferogram, where t = 0 corresponds to laser timing and x = 0 is the position of the
surface of the first plane. (b) SOP image taken on the same shot as (a). Counts correspond to the intensity of the self
emission gated at the wavelength of 450 nm. (c) and (d) Two dimensional self-emission images taken on the same
shot as the streak images at 10 ns and at 20 ns from main laser irradiation, respectively.

2

= (L − nL)/, where  is phase shift, L is the length of plasma along the line of sight, n is the
refractive index,  is the probe laser wavelength,
 n is expressed using the electron density ne and the
= L[1 − (1 − 12 nnec )], i.e.,
critical density nc corresponding to  as n = 1 − nnec . If ne  nc , then 
2

2

L ne
= 2
. Assuming L∼1 mm, the density of the fast ablation plasma is ∼2 × 1018 cm−3 .
nc
Figure 2(b) shows an image of SOP taken on the same shot as Fig. 2(a). The surfaces of the first and
second planes are at x = 0 and x = 4.5 mm, respectively. The laser pulse comes at t = 0 ns. At the laser
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Figure 3. The time evolution of electron density distribution along the axis between the centers of the target
planes.

timing, very strong emission of plasma is observed near the first plane as a result of laser irradiation and
it remains bright for ∼5 ns. In contrast to streaked interferometry, SOP measurement does not detect a
fast plasma flow of ∼1000 km s−1 from the first plane because the density of the plasma is low and the
streak camera can not detect self-emission of the fast plasma.
In Fig. 2(b) self-emission of the plasma near the second plane is also seen. While the laser beam
irradiates only the first plane, at the laser timing there is weak emission of plasma on the second plane
which is not irradiated by the laser beam. For example at t∼3 ns, the detected number of counts of
self-emission from the first plane plasma is larger than that of the second plane. At t∼5 ns, the emission
from second plane plasma becomes stronger. Assuming that the plasma from the first plane heats the
second plane, its velocity should be ∼900 km s−1 . It is comparable with the velocity estimated from the
image of streaked interferometry.
Figures 2(c) and 2(d) show the self-emission images taken by time resolved CCD cameras on the
same shot as Figs. 2(a) and 2(b). The main laser was irradiated from the left on to the right plane. At the
earlier time at 10 ns in Fig. 2(c) we can recognize bright emissions, i.e., the plasma formations in front of
both planes. At the later time at 20 ns in Fig. 2(d) these plasmas counter-propagate each other, and thus
the counterstreaming plasma formation is confirmed from the time evolution of the two dimensional
images of the self-emission of the plasmas. In Fig. 2(d) one can see a smooth shock structure in front of
the right plane as seen in the previous work [7].
A two-dimensional radiation hydrodynamic (RHD) simulation was performed using PheNiX [8]
code to investigate the generation and propagation of the plasmas. An Eulerian grid with cylindrical
symmetry was used. The initial condition of the target is in the same way as the experimental set up.
However, since the Eulerian code cannot treat vacuum, we filled tenuous CH “gas” (the mass density is
10−5 g cm−3 ) between the planes in the simulation. Figure 3 shows the time evolution of electron density
distribution calculated by PheNiX. The ablation plasma whose density is ∼1018 cm−3 propagates from
the first plane at the speed of ∼800 km s−1 . A plasma is created at t = 0 on the second plane. The laser
energy on the first plane is transported at the speed of light and deposited on the second plane, i.e., the
second plane plasma is ablated by radiation from the first plane plasma.
The line profile of temperature distribution at t = 3 ns is shown in Fig. 4(a). The laser beam is
gaussian with 500 ps FWHM, and the time t = 3 ns is 2.5 ns after the laser peak, hence the laser intensity
is negligible at that time. As shown in Fig. 4(a), calculated temperatures of the first and second plane
plasmas are ∼20 eV and ∼7 eV, respectively. Figure 4(b) shows the line profile of Fig. 2(b) at t = 3 ns.
The brightness of the first plane plasma is about five times as large as that of the second plane plasma.
This means that the plasma temperature of the first plane is higher than that of the second plane.
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Figure 4. (a) Temperature distribution along the axis between the centers of the target planes at t = 3 ns in Fig. 3.
(b) The line profile of brightness in Fig. 2(b) at t = 3 ns.

4. CONCLUSIONS
Counterstreaming plasmas were generated using double-plane target irradiating only the first plane.
At t < 5 ns, the plasma on the second plane was ablated by the radiation from the first plane plasma.
According to SOP measurement and RHD simulation, we found the difference in temperature between
the two plasmas. At t∼5 ns, generation of the second plane plasma caused by the first plane plasma
was observed. In addition, the flow velocity of the first plasma estimated from streaked interferometry
(∼1000 km s−1 ) and the velocity derived from the time delay (∼5 ns) of the increase in the second
plane brightness (∼900 km s−1 ) are comparable. These velocities are in good agreement with the RHD
simulation.
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