
 
We have been developing the following neutron 

measurement systems and related items for D-D burning 
plasma experiments, especially for study of high-energy 
particle physics.  

1) The combined neutron transportation code consisting of 
MCNP, FIT3D-DD and GNET.  

2) The neutron flux monitor and the signal processing unit 
for neutron counters. 

3) The artificial diamond neutron energy spectrometer. 
4) The neutron profile monitor using scintillating fibers 

and the digital signal processing unit for discrimination 
of neutrons and gamma rays. 

5) The neutron profile monitor using stacked nuclear 
emulsions. 

6) The neutron energy spectrometer using recoil proton 
detector. 

In this report, we describe the tentative results of 1) 
and 4) among the above items because of the limitation of 
writing space given.  

i) The combined neutron transportation code 
We checked the influence on differences between DD 

plasma experiments and in-situ calibration experiments in 
neutron energy spectra, source distribution, presence of 
helium coolant and calibration source supporting structures 
by using Monte Carlo calculations.  Figure 1 shows the 
difference in the neutron fluence distribution near the O-port 
of LHD between the DD experiments and in-situ calibration.  
The calibration source supporting structures, such as a 
railroad of a source transport train, can reduce 4% of the 
neutron fluence near the O-port.  The count difference in 
the fission chamber neutron monitor between the both 
experiments is less than 10% because scattering neutrons 
are dominant near the neutron monitor position and the 
neutron energy spectra have little difference.  

We also studied the confinement of 1MeV tritons, 
which was produced by the D-T fusion reaction using 
GNET code. It was found that about 20% of tritons were 
lost by the prompt orbit loss and 70% were by the stochastic 
orbit loss. Figure 2 shows the velocity space distribution of 
tritons produced by D-T fusion reaction. 

 

 

ii) The digital signal processing unit for discrimination of 
neutrons and gamma ray 

The neutron profile monitor (NPM) stably operated at 
a high-count-rate for deuterium operations in the LHD has 
been developed. The NPM consists of three parts: a 
multichannel collimator, an eleven-scintillation-detector (a 
stilbene coupled with a photomultiplier) and a digital-based 
data acquisition system. The entire neutron detector system 
was tested using an accelerator-based neutron generator in 
Fusion Neutronics Source in JAEA. This system stably 
acquired the pulse data without any data loss at high-count-
rate conditions up to 8x105 counts per second. Figure 3 
shows an example of the neutron-gamma ray discrimination. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 Neutron fluence distribution near the O-port of LHD. 

Fig. 2 Velocity space distribution of tritons produced by  

D-T fusion reaction. 

 
 
 
 
 
 
 

 

 

 

 

Fig. 3 An example of the neutron-gamma ray discrimination. 
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Research on efficient production of negative hydrogen 
(H-) ions in electron cyclotron resonance (ECR) plasma is 
being carried out.  The developed source has a resonant 
cavity structure with an alumina discharge chamber at the 
center of the microwave circuit.  The source operated at 14 
GHz frequency has produced H- ions with good power 
efficiency, possibly because the short wavelength 
electromagnetic wave enhances production of rotationally 
and vibrationally excited molecules in the plasma.  To 
confirm the enhanced excitation, photon emission in vacuum 
ultra violet (VUV) wavelength region was observed with a 
spectrometer.  

The ion source was installed on one end of a vacuum 
chamber, while the VUV spectrometer was installed at the 
other end of the chamber as illustrated in Fig. 1.  In the 
region between the ion source and the spectrometer, a beam 
detection probe travels in the direction perpendicular to the 
beam extraction axis.  The probe has a Faraday cup on the 
front end, and an EXB Wien filter assembled downstream of 
the Faraday cup.  The beam profile and the energy 
spectrum can be measured with the probe. 

Figure 2 shows the measured VUV spectrum for 
different feeding rate of H2 gas.1)  The pressure indicated in 
the graph was measured downstream of the chamber, and the 
pressure inside of the ion source was roughly 100 times that 
in the downstream.  As shown in the graph, Lyman- and 
the band spectrum around Lyman- increases with the 
increase of H2 gas pressure.  They tended to saturate at the 
pressure around 5.0 x 10-3 Pa.  These characteristics are 
similar to VUV emission from a hydrogen plasma excited by 
high temperature cathodes.  The observed VUV emission 
spectra were different from those obtained for a cathode arc 
discharge plasma. 

Hydrogen arc discharges produce band spectra which 
are relatively flat in the wavelength region around Lyman-.  
The spectra shown in Fig. 2 exhibit preferential emission of 
VUV near the wavelength of Lyman-.  The high 
frequency electromagnetic field coupled to a strong 
magnetic field can directly excite vibrational/rotational 
levels of molecular ions, and this can change the band 
spectrum intensity distribution of the hydrogen plasma.  
This hypothesis, however, has to be confirmed by a 
theoretical model calculation based upon study of plasma 
parameters depending upon the ion source operation 
conditions. 

The small size of the 14 GHz ion source makes the 

plasma diagnostics of the source plasma very difficult.  The 
power density is as large as 5 W/cm-3, even when the 
discharge power is limited below 50 W.2)  A smaller power 
density ECR ion source at 2.45 GHz frequency is under 
construction to deepen understanding the precise mechanism 
of H- formation in a high frequency ECR H- source.  Figure 
3 shows the structure of the ion source, and the source will 
be operated with smaller magnetic field intensity.  The 
source size is substantially larger than the present source, 
and will be equipped with Langmuir probe to investigate 
plasma parameters. 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. The experimental setup used to measure the VUV spectrum 

emission from a 14 GHz ECR H- ion source. 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. The observed photon emission spectrum from a 14 GHz 
ECR H- ion source. 

 
 
 
 
 
 
 
 
 
 
 

Fig. 3.  The structure of a 2.45 GHz ECR H- ion source to 
compare the performance with a 14 GHz source.  The diameter 

of the ceramic discharge chamber is 5 cm. 
 
 
1) T. Ichikawa, T. Kasuya, T. Kenmotsu, S. Maeno, M. 

Nishiura, T. Shimozuma, H. Yamaoka, and M. Wada,, 
Review of Scientific Instruments 85, 02B132 (2014). 

2) M. Wada, T. Ichikawa, T. Kasuya, T. Kenmotsu, M. 
Nishiura, H. Takemura, H. Yamaoka, Plasma and Fusion 
Res. 8, 2401035 (2013). 

241

§6. Development of a Compact 14 GHz ECR 
Plasma Production Unit for a Negative 
Hydrogen Ion Source

Wada, M., Ichikawa, T., Kasuya, T., Kenmotsu, T., 
Tamura, R. (Doshisha Univ.),  
Maeno, S. (Novelion Systm Co. Ltd.),  
Shinto, K. (Japan Atomic Energy Agency),  
Matsumoto, Y. (Tokushima Bunri Univ.),  
Yamaoka, H. (RIKEN),  
Nishiura, M. (Univ. Tokyo),  
Shimozuma, T., Kisaki, M.




