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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 permanent
magnet and a laser-produced plasma [2, 3]. On the
other hand, the plasma dynamics have been investigated
with particle-in-cell, hybrid, and radiation hydrodynamic
simulations[3–7] and experiments[8, 9]. Recently, the
plasma parameters like electron and ion temperatures,
electron density, and drift velocity were measured with
the aim to compare with previous simulations.

As an advanced system of a magnetic thrust chamber,
a multiple coil system has been investigated[10]. This
system consists of multiple coils to control the magnetic
field structure. Though a simulation has predicted that
it generates the deflection angle of 6.5 degrees of thrust
vector, this system have never been demonstrated exper-
imentally.

In this report, we show the experimental demonstra-
tion of a magnetic thrust chamber which control the de-
flection of thrust vector: multiple-coil magnetic thrust
chamber. The time-evolution of magnetic field from the
multiple coil system was measured with a B-dot coil.
The plasma parameters were measured with laser Thom-
son scattering as well as the plasma structure with self-
emission measurement. Thomson scattering signal is too
weak to find the velocity change from different magnetic
field structure because of strong stray light. However,
the B-dot probe results suggest that the plasma expan-
sion direction depends on the magnetic field structure
changing the number of coils to drive.

FIG. 1. (a) A multiple coil system with four rectangle coils
and magnetic field structure (b) with four coils driven and (c)
with bottom three coils driven.

FIG. 2. Side view of the multiple coil with the positions of
the DB laser, target, and B-dot probe.

EXPERIMENT

The experiment was performed at Extreme Ultra-
Violet (EUV) database of Institute of Laser Engineering
(ILE), Osaka University. Nd:YAG laser (DB laser, wave-
length 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. A multiple coil system with four
electromagnetic coils was placed apart from 13 mm from
the target as shown in Fig. 2 to apply the magnetic field
of ∼0.3 T at the target.

A probe laser passed through the plasma near the ini-
tial target position passing through the multiple coil sys-
tem to observe the Thomson scattered light from the
plasma. Plasma parameters were measured along the DB
laser axis. The time-evolution of magnetic field was mea-
sured below the target with a B-dot probe as depicted in
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FIG. 3. The ion feature measurement of Thomson scattering
spectrum without the magnetic field. Stray light is too strong
to observe the Thomson scattered light.

FIG. 4. Self-emission at t =200 ns with the magnetic field
from (a) four coils and (b) from bottom three coils.

Fig. 2. In addition, we observed the plasma emission si-
multaneously at the wavelength of 450 nm to observe the
plasma structure by using ICCD cameras as performed
in the experiment last fiscal 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 around 532 nm
as an ion feature of Thomson scattered light with very
strong stray light. The multiple coil system is larger than
a single coil we used in the experiment last year, and
much more light is reflected at the coil holder producing
much stray light. It is hard to obtain the plasma velocity
from this measurement.
On the other hand, the self-emission and B-dot mea-

surements suggest the deflection of the plasma expansion.
The plasma is decelerated and high-density plasma exists
at x =30–40 mm as shown in Fig. 4(a). However, when
three bottom coils are driven and top coil is turned off
[Fig. 4(b)], the plasma goes upward and density increases
at x ∼30–40 mm and y ∼10 mm, and a part of the ex-
panding plasma goes into the coil system and the plasma
focuses at the bottom where the magnetic field is strong.
This trend was observed by numerical simulation as well.
The magnetic cavity was observed when four coils or

three top coils are driven, because the plasma reaches
the probe at t > 0.2 µs as shown in Fig. 5 (solid-black-
and dotted-blue-lines). However, when the bottom coil is
turned off (dashed-red-line), no cavity is formed, meaning
the plasma does not reach the probe. This result suggests

FIG. 5. The time evolution of the magnetic field measured
with the B-dot probe.

that the plasma expands depending on the magnetic field
structure: expands to the weaker field direction.

The deflection angle is small (∼4-6 degrees) as sug-
gested by numerical researches and therefore, direct mea-
surement of thrust direction will be required. Thrust may
be obtained by measuring the spatial distribution of ions
or two-axis pendulum. This would be the subject for
future researches.
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