
 
  
  
  The LHD Thomson scattering system measures 
electron temperature and densities of LHD plasmas at 144 
spatial points along the LHD major radius. The electron 
temperatures are determined from the estimation of the 
spectral shape of Thomson scattered light, and the densities 
are determined from the absolute measurement of Thomson 
scattered light intensity. We have carried out the absolute 
calibration of the LHD Thomson scattering system by using 
Rayleigh scattering in gaseous N2, for which the 
fundamental scattering properties have been well 
established. We have also tried a similar calibration using 
Raman scattering in gaseous N2, for which the physical 
properties have also well established. [1-3] When 
comparing the two calibration results, Rayleigh scattering 
calibration has been found to provide better results than 
Raman calibration in the LHD Thomson scattering system 
because the wavelength channel optimized for Rayleigh 
scattering calibration has been installed in all 
polychromators, whereas the spectral responses of our 
polychromators have not been optimized to Raman 
scattering wavelengths. 
 We have tried to analyze all Thomson scattering 
data obtained in the 18th LHD experiment campaign, and 
determine the absolute electron densities. In order to verify 
the accuracy and reliability of the absolute values, we 
compared the line-integrated electron densities calculated 
from the Thomson scattering data to those measured by the 
MMW interferometer. Since the LHD MMW interferometer 
measures line-integrated electron density along the LHD 
major radius at an LHD horizontally elongated section, the 
two line-integrated electron densities can be directly 
compared without any assumption. Figure 1 shows an 
example of the temporal history of the line-integrated 
electron densities by the Thomson scattering and MMW 
interferometer diagnostics. The two results show good 
agreements within the experimental errors. Figure 2 shows 
the comparison between the Thomson scattering data and 
MMW data obtained in the 18th LHD experiment campaign. 
Roughly speaking, they show good agreements throughout 
the 18th campaign. We are considering the disagreements 
seen in the Fig.2 are due to some reasons. First, it is not easy 
to accurately determine line density from Thomson 
scattering diagnostics. Next, it is also difficult to completely 
avid the fling jump effect in the MMW diagnostic.  

Now we are preparing to provide reanalyzed 
absolute electron density data for the 18th LHD experiment 
campaign. It is noted again that the absolute density data are 
determined from the local measurements by the LHD 
Thomson scattering system without any assumption and the 
help of other diagnostics or calculations. 
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Fig. 2. Summary of the comparison of electron 

densities by the LHD Thomson scattering and MMW 

diagnostics in the 18th LHD campaign.  

 
Fig. 1. Comparison of electron densities by the LHD 

Thomson scattering and MMW diagnostics. 

modulator (AOM, 40MHz) has been applied. This 
system has been tested in General Atomics in US. 
To solve the fringe-jump problem of conventional 
interferometer, the Nd:YAG laser dispersion 
interferometer has been developed and it has been 
confirmed in experiments that the density 
resolution with ±1.2 1019 m-2 was realized for 
200s. On the other hand, it is verified that the full 
digital processing phase detector is expected to be 
valid for solving the problem on fringe jump of 
interferometer, which will be tested using FIR 
interferometer of the Heliotron J.

The heavy ion beam probe (HIBP) measuring 
electrostatic potential in core plasma has been 
well used for turbulence study. In order to reduce 
electric noise and to construct multi-channel data 
readout system, the electronics of the front-end 
circuit with the specific integrated circuit (ASIC) 
has been designed and tested. The increase in 
beam current also increase the signal-noise ratio 
and makes the measurement in high-density 
regime possible. The experiments for optimizing 
the gas cell for high charge exchange efficiency 
has been made at Kobe University. Then the 
dependence of the beam current on the gas
thickness was clarified. 

A new beam emission spectroscopy (BES) 
was designed to detect the high frequency 
fluctuation in the peripheral region of the plasma. 
This system is expected to improve the signal 
intensity by aligning the line of sight along the 
magnetic flux surface, and planned to install 6O 
port of the LHD. 

The microwave imaging system has been 
developed for study of plasma fluctuations in 
LHD. The ultra-wideband microwave-modulated 
laser radar was designed and fabricated for the 
improvement of spatial resolution. In the
experiments using a prototype, 3D image of 
object by scanning a laser beam in two 
dimensions was successfully obtained. 

The system for “Doppler-free” saturation 
system at the Balmer-alpha line of atomic 
hydrogen has been developed because the 
structure of Zeeman-splitting is masked by the 
Doppler broadening in hydrogen plasma, which 
has been tested at Hokkaido University. The 
obtained results are consistent with the calculation. 

The Angular Resolved Multi-Sight (ARMS) 
line measurement and Compact Neutral Particle 
Analyzer (CNPA) have been applied to 
investigate characteristics of neutral particles. One 
of the experimental results shows that the particle 
loss in high density regime is larger than the low-
density case in the range with < 30 keV. 

Technical verification on high-performance 
long distance data transfer methods has been 
continued for several years. Actual verification 

tests between NIFS Toki and IFERC Rokkasho 
sites, massively muti-connection file transfer 
protocol (MMCFTP) has acieced over 8 Gbps 
effective speed by using SINET Layer-2 VPN. 

The camera system for monitoring plasmas 
has been upgraded for deuterium experiments. 
The system consists of six CCD cameras (2-O, 4-
O, 6-O, 10-O 2 and 6-T) installed in the inside 
of specially designed 19-inch racks. Six radiation 
resistant bundled image fibers are used for 
transmitting the plasma images to the cameras.

In order to confirm the tolerance of highly 
integrated electronic components such as a 
programmable logic controller (PLC) to neutron 
and gamma-ray generated in deuterium 
experiments, gamma-ray irradiation on equipment 
has been done at the Cobalt 60 irradiation facility 
of Nagoya University. The experimental results 
show that the electronic components on the torus 
hall should be considered to be rearranged. 

The radiation field in the torus hall has been 
evaluated by using Monte Carlo neutronics code 
(MCNP-6) with three dimensional modeling of 
LHD. The gamma-ray absorbed dose for Si is 20-
70 Gy during nine years of LHD operation. Also, 
MCNP-6 is used to estimate energy dependent 
sensitivity of the neutron flux monitor (NFM). An 
in-situ calibration of the LHD NFM is planned in 
Nov, 2016, by using 252Cf neutron source rotation 
in LHD vacuum vessel, which will be compared 
to the calculation. The fast neutron detector and 
the neutron spectroscopy were designed and 
installed in LHD. The Associated Particle 
Coincident Counting neutron energy spectrometer,
APCC-NES, was installed at KSTAR and 
successfully demonstrated the measurement of 
DD neutron energy spectrum. 
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