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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].

The magnetic field structure is one of the important
factor in the system: a magnetic cavity is formed in
the plasma and the external field increases outside the
plasma to push the plasma outside via Lorentz force.
Though the plasma dynamics have been investigated
experimentally[8, 9], the field structure has never been
measured because of its difficulty of measuring it in a
small-scale laser-produced plasmas without disturbing
the plasma dynamics.

In this fiscal year, we have tried to measure the mag-
netic field structure with proton radiography. Proton
beams were generated by irradiating three Gekko laser
beams on a thin copper foil and detected by a CR-39
covered with thin CH film. Also, we have measured
the plasma parameters such as temperature, density, and
drift velocity with laser Thomson scattering technique.

EXPERIMENT

The experiment was performed with Gekko-XII laser
beams at Institute of Laser Engineering (ILE), Osaka
University. We have performed two different experi-
ments: magnetic field measurement with proton radio-
graphy and plasma parameter and velocity measurement
with Thomson scattering method. We used 0.1 ns pulse
duration and 527 nm wavelength for the first experi-

FIG. 1. Top view of an experimental setup for proton ra-
diography. Four beams are focused on the spherical target
to generate an expanding plasma in a magnetic thrust cham-
ber. Three beams irradiate a thin copper foil located 6 mm
from the target to accelerate protons from the surface. proton
beams were detected with CR-39 located 40 mm apart from
the target at the other side.

ment to increase the intensity (∼1016 W/cm−2) at the
focal spot to accelerate protons at the surface. Four
beams were focused on the spherical CH target (500 µm
in diam.) to generate ablation plasma which interacts
with an external magnetic field as a model of a magnetic
thrust chamber as shown in Fig. 1. The laser focal spot
was 500 µm for the spherical target. On the other hand,
other three beams were focused on the rear surface of a
copper coil (2-µm in thickness) with a best focus (spot
size < 100 µm). The magnetic field was generated by a
10-turn electromagnetic coil and the field strength at the
initial target position was ∼1 T.

Figure 2 shows the setup of the second experiment.
The electromagnetic coil and target were same as the
first setup. The pulse duration and wavelength were 1.3
ns and 1053 nm, respectively, as the same parameters of
our previous researches. Six beams were focused on the
target to generate quasi-spherically-symmetrical ablation
plasma. Another laser was focused near the target (3 mm
from the target chamber center) to observe the Thomson
scattered light from the plasma. The scattered light was
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FIG. 2. Top view of an experimental setup for Thomson scat-
tering measurement.

FIG. 3. The scanned images of protons (a) without and (b)
with an external magnetic field. (c) and (d) show the high-
resolution scan where proton densities are low and high, re-
spectively.

measured by a high-resolution spectrometer with three
gratings to observe the ion feature of the Thomson scat-
tered light to obtain the parameters along the vector k
as depicted in Fig. 2.

RESULTS AND SUMMARY

Figures 3(a) and 3(b) show the CR-39 after etching of
fifteen minutes with 6-mol/l KOH solution without and
with the magnetic field, respectively. The electromag-
netic coil is on the right side of each figure. Protons are
detected as shown in Fig. 3(d) and clear difference can be
seen depending on the proton density as shown in Figs.
3(c) and 3(d). As marked with circles in Figs. 3(a) and
3(b), the proton focused in a different way without and
with the magnetic field. Although this difference may
come from the magnetic structure, more investigation
will be required, for example, comparing with numeri-
cal simulation of proton trajectories.
Figure 4 shows an example of the result from Thom-

son scattering measurement. The horizontal and vertical
axes are wavelength and space along the probe laser, re-
spectively. The stray light is too large at 532 nm and it
is hard to distinguish the Thomson scattered light from
the stray light in this measurement. In general, the stray
light is vertical while Thomson scatted light shows tilted
spectrum, because the Thomson scatted light should shift
from 532 nm depending on the velocity as a result of

FIG. 4. Thomson scattering spectrum. Large stray light was
observed at 532 nm and some of the shifted light was observed
as a Thomson scattering spectrum.

Doppler effect. As shown in the figure, we see an asym-
metric structure, and there should be a Thomson scat-
tered light. The stray light comes from the coil surface
because the electromagnetic coil is large and we mea-
sure the scattered light at 2–3 mm from the surface. We
need some improvements for this measurement to reduce
stray light for next fiscal year such as putting a beam
dump and/or shielding plates in a vacuum chamber and
improvement of a spectrometer like a subtractive spec-
trometer instead of additive spectrometer.
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