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INTRODUCTION

Techniques for accelerating projectiles can be applied
to various uses such as high density material science,
plasma physics, and space propulsions. Kadono et alhave
reported the acceleration of a flyer at the maximum ve-
locity of 11.2 km/s by laser-ablation in a laboratory[1],
and Ohno et alhave demonstrated vapor production as
a result of an impact of a flyer accelerated with the
same technique[2]. At Z machine facilities, the accel-
erations of flyer plates have been studied with pulsed-
power-produced j ×B force, and the maximum velocity
of this technique is above 20 km/s. The high velocity flyer
permits the study of the equation of state at high pres-
sure above MBar[3, 4]. In order to apply these technique
to spacecrafts, projectiles should be accelerated with lit-
tle power loss and with small damage on it. Therefore,
the acceleration with electromagnetic force is suitable for
spacecraft application.
Recently, Fujioka et alhave achieved nearly 1 kT mag-

netic field with high-power laser irradiation of double
metal foils (capacitor) connected with a short conducting
wire[5]. Though the duration of the field is only a few
tens of nano seconds, its large B and dB/dt create large
eddy current on the surface of the metal placed in the
field. This current (j) and B make a large propulsion
on the projectile due to j × B force. This acceleration
have been demonstrated by Saito et al [6] with a capaci-
tor coil and a gold sphere. In this research, a projectile
was disappeared from the field of view and the minimum
velocity was estimated as 10 m/s.
We modified the coil shape and projectile from the ex-

periment previously reported[6] to increase the projectile
velocity. The magnetic field measurement is indispens-
able to estimate the acceleration because the force acting
on the projectile strongly depends on the time-variation
of the magnetic field.
In this report, we show the experimental demonstra-

tion of a projectile acceleration with a high-power laser
and the measurement of the magnetic field generated
from a capacitor-coil. We developed a Bdot probe to
measure the short-pulse (∼1-10 ns) and strong (B > 100
T) magnetic field. The results show the field strength
of a few mT in a few ns at 15 cm from the capacitor
coil. This technique can be applicable to time-varying
magnetic field measurements in a few nanoseconds.

FIG. 1. Capacitor coil target and projectile.

EXPERIMENT

We performed a model experiment of the acceleration
of projectiles with high-power laser system Gekko-XII at
Institute of Laser Engineering, Osaka University. The
magnetic field was generated with the capacitor coil tar-
get made of copper as shown in Fig. 1. One of the capaci-
tor foils was irradiated with ten laser pulses which deliver
∼5 kJ in total in 0.5 ns with the wavelength of 1053 nm
to generate hot electrons as shown in Fig. 1(a). These
hot electrons are captured on the other disk, resulting in
a potential difference between two disks[5].

A disk with the diameter of 500 µm and the thickness
of 100 µm was located at 100–200 µm from the capacitor
coil as a projectile to generate the large eddy current on
the surface. The accelerated projectile was observed with
shadowgraphy using a high-speed framing camera (NAC
Image Technology Inc.: ULTRA Cam HS-106E). A con-
tinuous wave (CW) laser (Verdi V-5, maximum output
power of 5 W)

Figure 2 shows the schematic view of the Bdot probe
we developed for Gekko-XII experiment. The probe was
installed from a 6-inch port and the tip reaches 15 cm
from the TCC. A probe has three-axis with single-loop
with the cross section of 3×3 mm2 square each.

RESULTS AND DISCUSSION

We could not find the acceleration of the projectile
with shadowgraphy because of some reasons. The probe
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FIG. 2. (a) Schematic view of the Bdot probe and (b) the
layout of the tip of the probe.
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FIG. 3. Calculated magnetic field.

laser intensity is not enough to observe at the laser tim-
ing and the shadowgraphy is too dark to observe the pro-
jectile through the plasma and/or debris around. Also,
the framing interval of the camera is 1 µs minimum, and
it might not be enough to observe the acceleration. It
would be improved with a pulsed laser in stead of a CW
laser as a probe for shadowgraphy.

Figure 3 shows the magnetic field strength calcu-
lated from the probe measurement. The maximum field
strength of a few mT was obtained at 15 cm from TCC,
indicating that the maximum current in the conducting
wire of the capacitor coil is larger than a few hundreds of
MA. This current is much larger than previous work, e.g.,
8.6 MA at the laser energy of ∼1 kJ[5], though the laser

energy is only five times larger. This might be caused
by small signal-to-noise ratio at the probe location and
the noise on the probe can affect the integration of the
voltage to obtain the magnetic field. This can be im-
proved to put the probe closer or to make a loop of the
coil larger. However, this probe shows the possibility to
measure the magnetic field changing in a short time-scale
of nanosecond.

SUMMARY

We performed the experiment to accelerate a projectile
with a large magnetic field with a high-power laser sys-
tem Gekko-XII. The projectile was not observed with a
shadowgraphy, because of low probe laser power and dens
plasma and/or debris around the projectile. We demon-
strated the magnetic field measurement in nanosecond
time-scale. The measured magnetic field is too large com-
pared with a previous work. It might be caused by a large
noise compared with a signal from a capacitor coil target.
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