
i) Introduction Here we report recent experimental
results relevant to the fast ignition (FI) inertial confine-
ment fusion assisted with external kilo-tesla magnetic
field. We have experimentally observed generation of
0.6 kT of magnetic field by using laser-driven capacitor-
coil scheme 4, 1), short diffusion time (≪ 1 ns) of laser-
generated magnetic field into a target material, reduction
of the REB beam diameter by the factor of two and ad-
ditional acceleration of a fusion plasma hyrdodynamics
in the strong magnetic field.

One of the critical problems facing the FI scheme is
large divergence angle of the laser accelerated relativistic
electron beam (REB) 2). The application of a strong ex-
ternal magnetic field in the REB path to the fuel core is
being investigated for controlling transport of the REB
3). Larmor radius of a 1 MeV electron, which heats ef-
ficiently the fuel core, is 6 m in a 1-kT magnetic field.
The radius is smaller than the typical radius of the REB
at the generation point, thus a 1-kT magnetic field is
enough for the REB guiding. Kilo-tesla magnetic field
affects not only REB transport but also hydrodynamics
of a fusion plasma by anisotropic thermal heat transport.

ii) Guiding of relativistic electron beam by ex-
ternal magnetic field A 1-kT magnetic field has been
generated by using capacitor-coil targets 4). Laser pro-
duced magnetic field is pulsive, therefore diffusion time
of the magnetic field in a target material (τdiffusion =
µ0L

2/η) is essential for the application of the magnetic
field to the fusion target, here µ0, L and η are the per-
meability, resistivity, and diffusion length. Uncertain-
ness of the diffusion time estimation is caused by calcu-
lation difficulty of the resistivity of an insulator below
1 eV of temperature (an intermediary between insula-
tor and conductive plasma). Two capacitor-coil targets
were aligned in Helmholtz geometry to generate a rela-
tively spatially uniform magnetic field. A 250 µm-thick
plastic foil was placed between the two coils to study
magnetic field diffusion. A laser-produced proton beam
was used to image magnetic field strength in the plas-
tic foil. Measured proton pattern shows an evidence of
fast diffusion of magnetic field in the plastic sample 1).
The plastic remains insulator for the pulsive kilo-tesla
magnetic field. This is a benefit for the fast ignition.

iii) Hydrodynamics under strong magnetic field
The magneto-hydrodynamics (MHD) of a laser fusion
plasma in the strong external magnetic field is a new
field of high-energy-density plasma physics. The impor-
tant parameter is Hall parameter ξ = ωceτce, here ce and

ce are electron gyrofrequency and electro collision time,
respectively. When the Hall parameter is non-zero, ther-
mal transport is modulated by gyromotion of thermal
electrons in a magnetized plasma. β > 100 and χ ∼ 1 -
3 in a typical laser fusion plasma for kilo-tesla magnetic
field, therefore magnetic pressure has relatively small im-
pacts on the hydrodynamics while the anisotropic ther-
mal heat transport alters the hydrodynamics.

Figure 1 shows trajectory of laser-driven
polystyrene foils driven by a 1013 W/cm2 laser
pulse in the 300 T external magnetic field. The points
represents trajectories of the rear surface of the foils,
and the lines are computed by the two-dimensional
PINOCO-MHD code [6]. The flying velocity with the
magnetic field is 50% faster than that without mag-
netic field. The comparison between the experimental
and computational results indicates that the external
magnetic field changes plasma hydrodynamics by the
anisotropic thermal conduction.

Fig. 1: Trajectory of laser-driven polystyrene foils
with and without external magnetic field. Dots and
lines are experimental and simulation results. (b) Two-
dimensional density profile at 1.5 ns calculated with two-
dimensional PINOCO-MHD code. In this experimental
condition, the dimensionless parameters are β > 100 and
χ ∼ 1 3 in the corona plasma.
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We report here the results on 
magnetization of cone targets for Fast 
Electron as well Proton Fast Ignition 
research. 
The magnetized cone targets were 
successfully realized and the experiment 
was set up but due to a technical problem 
related to the target injection system, the 
targets were destroyed during injection 
and experimental data could not be 
collected. Therefore I will here quickly 
report the study of the magnetic field 
effects on proton beam dynamics inside a 
cone.  
In Hemi-cone geometry for Proton Fast 
Ignition, according to the classic scheme, 
the ion beam is generated from the hemi-
shell mounted on the cone, accelerates in 
the vacuum gap between the cone and the 
tip, is collimated by the electric fields at 
the cone walls and reaches the tip of the 
cone where penetrates in the compressed 
plasma. 
Preliminary simulations of the process 
have been performed showing that the 
proton beam is strongly affected by the 
magnetic fields developing inside the cone 
by the return current flowing on the cone 
walls. These magnetic fields get 
compressed by the incoming proton-
electron plasma, moreover the magnetic 
field carried in-flow by the proton beam 
piles us at the cone tip and increases the 
magnetic field amplitude and cross 
section. This magnetic field in turn causes 
the deflection of the proton beam which 
spreads from the cone tip over a large 
divergence angle, strongly reducing the 
coupling efficiency to the compressed 
fuel. 

 

 
Fig1: top, the TNSA accelerated proton density 
showing large divergence. Bottom, the 
magnetic field structure inside the cone at later 
time, showing the B-field accumulating at the 
cone tip.  
 
Experiment will be performed through the 
NIFS program in order to verify the 
behavior of the TNSA proton beam in 
cone targets for Fast Ignition. 
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