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INTRODUCTION

Laser fusion thruster is one of the candidates of future
propulsion systems for manned planetary explorations.
This system enables us to reduce the mission time and
radiation exposure. As shown in the concept of laser
fusion rocket[1], the thruster controls high-temperature
plasma with an external magnetic field, i.e. magnetic
thrust chamber. An expanding plasma generates a dia-
magnetic current in itself and compresses the external
magnetic field, resulting in the j ×B force on a plasma.
As a result, the coil obtains a thrust as a repulsive
force. We have measured thrust generation with a per-
manent magnet and a laser-produced plasma [2, 3]. On
the other hand, the plasma dynamics have been investi-
gated with particle-in-cell, hybrid, and radiation hydro-
dynamic simulations[3–7]. Despite the importance of the
physics in the magnetic thrust chamber, this has hardly
been studied experimentally. Recently, the plasma struc-
ture depending on the magnetic field strength has been
investigated[8]. It showed clear deceleration and confine-
ment of expanding plasmas in the magnetic thrust cham-
ber. However, the local plasma parameters in this sys-
tem such as electron and ion temperatures, drift velocity,
and electron density, have never been measured, though
these parameters are essential to compare with previous
numerical researches.

In this report, we show the experimental demonstra-
tion of a magnetic thrust chamber and the measurement
of local plasma parameters with laser Thomson scattering
technique. We developed a triple-grating spectrometer to
measure ion feature of the collective Thomson spectrum
and applied it for laser-produced plasma in the magnetic
thrust chamber. The electron temperature shows more or
less same results with and without magnetic field, while
the drift velocity decreases with a magnetic field. This
technique can be applicable to larger scale experiment
with Gekko-XII to investigate an energy scaling-law in
the magnetic thrust chamber and the result can be di-
rectly compared with numerical simulations.

FIG. 1. Top view of an experimental setup. A Carbon rod
is irradiated by DB laser pulses from left-side. Probe laser
passes through the plasma at 2 mm from the initial target
position.

FIG. 2. Schematic view of a triple-grating spectrometer. GR
and MR are the grating and mirror, respectively.

EXPERIMENT

The experiment was performed at Extreme Ultra-
Violet (EUV) database of Institute of Laser Engineering
(ILE), Osaka University. Nd:YAG laser (wavelength of
1064 nm; pulse width of 9.4± 0.1 ns; energy of 7.5± 0.2
J) irradiated a carbon rod target with the diameter of
500 µm. The electromagnetic coil (inner diameter of 26
mm; outer diameter of 50 mm) was set apart from 18
mm from the target to apply the magnetic field of ∼0–1
T at the target.

A probe laser passed through the plasma as shown in
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FIG. 3. The ion feature of Thomson scattering spectrum with
the magnetic field of 0.46 T at the initial target position.

Fig. 1. Thomson scattered light was collected by a lens
and was measured with a triple-grating spectrometer (see
Fig. 2). We developed this spectrometer with high res-
olution and high sensitivity with three gratings and in-
tensified charge coupled device (ICCD) camera, because
the electron temperature and density are expected to be
small in the present experiment. The reciprocal linear
dispersion is estimated as 0.47 nm/mm and the resolu-
tion of this system is ∼12 pm.

In addition, we observed the plasma emission simul-
taneously at the wavelength of 640 nm and 490 nm to
observe the plasma structure by using ICCD cameras as
performed in the experiment last year.

RESULTS AND SUMMARY

Figure 3 shows a typical Thomson scattering spectrum
as functions of wavelength and position along the probe
laser. Two peaks appear in wavelength, meaning the
Thomson scattering is in collective regime: α = 1/kλD >
1, where k = ks − ki, λD is Debye length, and ki and
ks are the wave number vectors of the probe laser and
Thomson scattered light, respectively. The electron tem-
peratures with and without the magnetic field show more
or less same results. On the other hand, the drift velocity
with the magnetic field is ∼7% slower than that without
the magnetic field, indicating that the plasma slows down
as a result of the interaction with the field. The velocity
difference is small because the plasma kinetic β is much
larger than unity at 2 mm, t = 75 ns. Plasma acceler-
ation and thrust generation would be expected later in
time far from the initial target position. In the present
experiment, the electron density is low because of the
small drive-laser energy and it was impossible to mea-
sure Thomson scattering spectrum later in time and/or
far from the initial target. This would be the future work
with larger drive-laser energy using such as Gekko-XII

FIG. 4. Electron temperature and drift velocity obtained from
the spectra without and with the magnetic field of 0.46 T at
t = 75 ns.

laser facility.
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