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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 perma-
nent 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. However,
the simulation showed largely different density distribu-
tion from the experiment. The simulation consisted of
a radiation hydrodynamic (Star1D or Star2D) for laser-
ablation process, and a three-dimensional hybrid codes
for plasma expansion in an external magnetic field. In
such a procedure, we ignored the interaction between the
laser-ablation plasma and the magnetic field early in time
(in Star1D or Star 2D), and the external magnetic field is
first considered in the hybrid simulation. The initial mag-
netic field, however, should be influenced by the ablation
plasma and change its structure even early in time, and
we magnetohydrodynamic simulation will be required for
simulating ablation plasma.

In this fiscal year, we have started a radiation mag-
netohydrodynamic simulation for laser-ablation process
in the early stage of the plasma dynamics in a magnetic
thrust chamber using PINOCO code[11]. Although we
observed the magnetic field amplification at the edge of
the expanding plasma, a vacuum region filled with low
temperature and density plasma accelerates the magnetic
field advection and the magnetic field is weaken ahead

FIG. 1. Initial magnetic field in magnetohydrodynamic simu-
lation. The field strength was calculated from a circle current.

the ablation plasma. As a result, the plasma expands
without deceleration. Later in time, however, the mag-
netic field diffuses in the ablation plasma to suppress the
expansion as observed in previous experiments.

SIMULATION SETUP

Figure 1 shows an initial external magnetic field in the
calculation region of a semicircle in two-dimensional ax-
isymmetric simulation. The magnetic field is calculated
from a circle current with the radius of 1.8 cm located 1.8
cm from the initial target position, as the field strength
at the target position is 1.1 T same as previous experi-
ments. Laser beams irradiate the surface of a spherical
CH target of 500 µm diameter with ray-tracing, putting
energy of 60 J, 300 J, or 600 J equally in space. The
laser pulse width is 1.3 ns and wavelength is 1053 nm,
simulating the Gekko-XII beams. The number of meshes
along r and θ directions are, respectively, 720 and 240,
with fine meshes around target surface.

RESULTS AND SUMMARY

Initially, the magnetic diffusion time of ∼10 µs in the
ablation plasma is much larger than expansion time, and
the magnetic field is expelled as shown in Fig. 2(a), form-
ing a magnetic cavity inside. Figure 2(b) shows the line-
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FIG. 2. (a) An external magnetic field superimposed on a
electron density distribution at t =5 ns after laser irradiation.
(b) Line-out plots of electron density and ion and electron
temperatures along y axis at x = 0.

out plots of electron density and ion and electron tem-
peratures along y-axis at x = 0. Despite the field ampli-
fication is observed as Fig. 2(a), large ion and electron
temperatures increase as a result of interaction between
expanding plasma and background plasma. Forward and
reverse shocks are generated, respectively, in background
and ablation plasmas and these shocks thermalize the
plasmas initially. As time passes, a heat conduction be-
comes large at the vicinity of the shocks, resulting in
a large temperature jump at the background plasma as
shown in the region x =0.5–0.8 cm. This high tempera-
ture region accelerates the magnetic field advection and
the field becomes weaker ahead the ablation plasma, and
plasma does not decelerated by a magnetic pressure.

Later in time, however, the ablation plasma cools down
and the magnetic field expelled from the region diffuses
inside again as shown in Fig. 3(a). This magnetic field
interacts with the ablation plasma to suppress the ex-
pansion via magnetic pressure to make a cone-like struc-
ture as depicted in Fig. 3(b). This structure is simi-
lar to the experimental results obtained from Gekko XII
laser experiment[9]. We calculated the time evolution of
plasma expansion in different laser energies: 60 J, 300 J,
and 600 J, and the density structures change depending
on the energy as observed in the experiment. Therefore,
we need improvements on the magnetic field advection
in the background plasmas observed early in time, to

simulate the plasma and field behaviors consistently in a
magnetic thrust chamber.

FIG. 3. Electron density map at (a) t = 80 ns and (b) 100 ns.
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