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A plasma merging experiment for high-energy-density plasma generation was performed using the double
plasma gun device. Two magnetized coaxial plasma guns were connected to a target chamber in order to
achieve a plasma merging with an oblique angle of 90 deg. The line-averaged electron density of the single
plasmoid was ~1.5x10?* m, whereas the merging plasmoid had ~2.5x10% m™. The ion temperature of the
merging plasmoid was ~35 eV, corresponding to twice of that of the single plasmoid. The
high-energy-density plasma generation due to the plasma merging was successfully demonstrated in this

study.

1. Introduction

The plasma merging is of interest for both
understanding  of  magnetic  reconnection
mechanism and  high-energy-density-physics
studies. The merging experiments in spherical
torus (ST) devices revealed significant ion
heating during magnetic reconnection due to
shock formation and viscous damping [1]. On the
other hand, plasma jet merging experiments were
also conducted to produce high-energy-density
plasmas for applications such as magetoinertial
fusion driver [2]. The stagnation layer between two
obliquely merging super-sonic plasma jets was
experimentally characterized, and it was explained
by hydrodynamic oblique shock theory.

Recently, plasma gun devices have been used in
order to simulate pulsed plasma heat load such as
type-l ELM and disruption predicted in future
magnetically confined fusion devices [3, 4]. The
heat load onto the divertor plate during type-l ELM
in ITER is predicted to be 0.2-2 MJ m2 with the
pulse duration of 0.1-1 ms [5]. A magnetized
coaxial plasma gun (MCPG) can produce a
high-speed plasmoid with spheromak magnetic
configuration [6], so that both plasma kinetic and
thermal energy transfers to a target material. A
plasma merging technique is one of the potential
tools to enhance the plasma energy density for thee
simulation experiment of transient heat loads. In
this work, we constructed a new experimental
device using two MCPGs of so-called “double
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Fig. 1. Schematic view of the double plasma gun

device

plasma gun” to generate a high-energy-density
plasma by a plasma merging technique. In this
paper, the preliminary experimental results are
shown.

2. Experimental Setup

Figure 1 shows the schematic view of the double
plasma gun device. The two MCPGs were
connected to a target chamber in order to realize a
plasma merging with an oblique angle of 90 deg.
The distance from the inner electrode of the MCPG
to the center of the target chamber is 461.5 mm.
Two sets of capacitor banks (1 mF, 7 kV, 25 kJ)



were used as the power supply of the 1% MCPG and
the 2" MCPG in order to produce two plasmoids at
the same time. In addition, a bias magnetic field
was applied to magnetize the plasmoid. Helium gas
was injected just before applying the gun voltage
between the two electrodes by fast gas puff valves
in this study. The gun current in the MCPGs was
~100 kA, where the gun voltage was 6 kV. The
plasma duration was ~150 us. The magnetic field of
the plasmoid was ~0.1 T at the target chamber.

The line-averaged electron density with and
without the plasma merging was measured with a
He-Ne laser interferometer. The interferometer
chord intersects the plasma merging region, as
shown in Fig. 1. The optical emission of He ion (He
I, 468.58 nm) was also measured with the ion
Doppler spectrometer (IDS). The optical fiber for
the IDS was installed at the center of the target
chamber from the bottom port. The wavelength
resolution was 0.018 nm, and the data was recorded
at the sampling time of 1 ps, respectively. The ion
temperature was evaluated from the Doppler
broadening of He Il emission line.

3. Experimental Results

Figure 2 shows time evolutions of the
line-averaged electron density of the 1% plasmoid,
the 2" plasmoid, and the merging plasmoid,
respectively. Here, the laser path length for
evaluation of electron density was 117 mm that
corresponds to the diagonal length of the plasma
merging area. The line-averaged electron density of
the single plasmoid was ~1.5x10% m=. On the other
hand, the merging plasmoid had ~2.5x10* m?
which was almost two times larger than that of the
single plasmoid. Figure 3 shows time evolutions of
the ion temperature measured with the Doppler
broadening of He Il emission. As the result, the ion
temperature of the single plasmoid was ~18 eV,
whereas that of the merging case was ~35 eV. It
could be considered that the ion heating originated
from converting the kinetic energy of the plasmoids
into the ion thermal energy. The electron
temperature was not measured in the present
experiment. However, the increase of the electron
temperature during the magnetic reconnection due
to the current sheet Ohmic heating has been
reported in the plasma merging experiment [1].
Thus, measurements of the electron temperature is
one of the future studies.

4. Summary

We have performed the high-energy-density
plasma generation using the plasma merging
technique in the double plasma gun device. The
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Fig. 2. Time evolutions of the line-averated electron
density of (a) 1st plasmoid, (b) 2" plasmoid, and (c)
merging plasmoid.
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Fig. 3. Time evolutions of the ion temperature of the
single and the merging plasmoids.

increase of the electron density and the ion heating
due to the plasma merging were successfully
demonstrated in this study.
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