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INTRODUCTION 

By applying a capacitor-coil target, a kT level 
magnetic field was generated with GEKKO lasers [1]. 
This strong magnetic field provides new experimental 
test bed to study plasma and beam physics, astro- and 
solar-physics, materials science, and atomic and 
molecular physics. And also, such a kT magnetic field 
could improve the performance of fast ignition by 4 
means. Firstly, with such a strong magnetic field, the 
electro-magnetic wave can propagate across the critical 
density surface inside the dense plasma area. The 
phenomenon can increase the laser energy transfer to hot 
electrons. Secondly, the relativistic electron beams can 
be well collimated with this magnetic field. The coupling 
efficiency from hot electron to burning fuel can be 
increased. Thirdly, the hydrodynamic instabilities, such 
as Rayleigh-Taylor instability, are suppressed with a 
strong magnetic field. Fourthly, a kT magnetic field also 
helps the performances of plasma thermal insulation. 

Based on this background, we have continued the 
experiment on 2012. The capacitor-coil target is re-
designed with more materials. 
 
EXPERIMENT 
 

The experimental setup is similar with the one 
described in Ref. [1]. Three beams of GEKKO laser are 
focused inside the capacitor. The coil diameter is 1 mm, 
and the materials are Cu and Ni. Faraday rotation was 
applied as the basic diagnostic for the magnetic field. 
The horizontally polarized second harmonic of a Q-
switched Nd:YAG laser (at a wavelength of 532 nm, a 
duration of 10 ns) was used as the probe light. The probe 
light pulse is synchronized with the GEKKO laser. Fused 
silica was used as the Faraday medium with a Verdet 
constant of 298±12 deg/T m at 532 nm. The fused silica 
has a cylindrical shape whose diameter and length are 
600 mm and 500 mm, respectively. 

Beside the Faraday rotation, the Zeeman splitting 
and Landau quantization spectroscopy was used as an 
advanced diagnostics. This spectroscopy is not used for 
magnetic field estimation; the spectra is also interested in 
terms of astro- and atomic physics. 
 
RESULTS 

 
In the Faraday rotation measurement this year, 

unfortunately, a problem of the fused silica darkening 

happened. As shown in Fig. 1, the transparent fused 
silica became opaque immediately after the laser shot. 
The black out of silica makes it impossible to measure 
the magnetic field with Faraday rotation. There could 2 
possibilities of this darkening. First is the silica is ionized 
by the x-ray emitted from the capacitor target. In order to 
exclude this possibility, a Ta block with 0.1 mm 
thickness is attached to block the x-ray from the silica. 
Anyhow, the darkening still happens. In this way, the 
silica was more likely to be ionized by the electrical field 
driven by the rapidly increased magnetic field. The 
electrical field can be derived by solving the Maxwell 
equations. By applying the same condition in Ref. [1]. 
The current in the coil of 1 MA and a rise time of 1 ns, 
the magnetic field Bz along the axis and the electrical 
field driven by Bz can be calculated as shown in Fig. 2. 
In the experiment, in order to observe a clear rotation 
signal, the magnetic field should be about 100 T. As 
shown in Fig. 2(b), the fused silica was placed within 1 
mm from the coil center along the axis. As shown in Fig . 
2(c), in this area, the electrical field is higher than 107 
V/m. In the case of quasi-static E field, the dielectric 
strength of a fused silica is around 20-40 MV/m. For a 
rapid increased E field, this value is significantly 
reduced. In our case, the E field is high enough to cause 
a dielectric breakdown of the silica.    

For the spectra measurement, we focused on the 
Lyman-alpha line from hydrogen and also some line at 
EUV range from Al. The H lines were measured with a 
high resolution spectrometer combined by a gated ICCD. 
The Al lines were measured by an EUV spectrometer 
with a streak camera. Both of these diagnostics achieved 
the time resolved information.  But unfortunately, 
because short of time and shot numbers, we can not 
observe a clearly magnetized spectra. We have achieved 
the data with a intense background noise from the 
incident GEKKO laser.  

Fig. 1. Fused silica darkening. 



 

 

FUTURE PLAN 

In this year, we would like to continue this research. 
Based on the achieved result, the terbium gallium garnet 
(TGG) crystal is chosen as the Faraday rotator. The TGG 
has a much higher Verdet constant than sillica, which 
enable us to measure the magnetic field intensity with 
better resolution. Another important issue is the high 
Verdet constant makes it possible to measure a much 
lower magnetic field, which can significantly reduce the 
eddy current driven by dB/dt and consequently the E 
field. 

Anther diagnostics we planed this year is the proton 
radiography, which is also a useful method for the 
magnetic field measurement in a larger space (compared 
with Faraday rotator). The proton generated from a 
secondary target propagating through a mesh will be 
tilted by the magnetic field and imaged on the stack of 
RCF films. From the image, it is possible to derive the 

magnetic field intensity and spatial distribution.  
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Fig. 2. The Bz and E field driven by dB/dt. 


	INTRODUCTION
	Future plAN

