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1. Introduction 

Magnetic nuclear fusion energy has some attractive 

features as a future option for the base-load electrical 

power source: (l) inherent safety features, (2) no long-life 

nuclear waste emission, (3) no greenhouse gas emission 

during the energy production, (4) huge energy density 

stored in the fuel source (-90 MW匹 forD-T fuel), (5) 

abundant source availability spreading all over the Earth, 

and (6) high nuclear proliferation resistance, in terms of 

both resources and weapons technologies. 

Among various issues to be overcome in physics and en-

gineering fields, we have focused on the problems related 

to the plasma transport and magneto-hydrodynamics. Spe-

cifically, determination of a magnetic configuration that 

can efficiently confine high-density plasma at high tem-

perature with a sufficiently long confinement time and de-

veloping diagnostics and control schemes for the high-

temperature plasmas in such magnetic fields are regarded 

as crucial. In these respects, our research section investi-

gates about heating and fueling, confinement and diffu-

sion mechanisms and their diagnostics in a magnetic 

plasma confmement device, named Heliotron J. 

Results in FY202 l featured in this report are about the 

diagnostic upgrade which is regarded as a key issue for 

characterizing the transport properties in fusion-relevant 

magnetic confmement plasmas. 

2. Development of Multi-path Thomson Scattering 

System on Heliotron J 

Nd:YAG-Laser Thomson scattering diagnostics is a 

powerful tool to measure electron temperature and density 

having high spatial resolution. Our system in Heliotron J, 

employing dual laser system, can operate at 100 Hz. 

Due to the small scattering cross section, however, the 

scattered light signal produced from an ECH plasma 
(ne-0.5x 1炉 m-3)needs to be accumulated for many shots 

to yield better signal-to noise ratio. 

We have developed a double-pass and multi-path sys-

tem with signal accmulation technique in multi-path 

Thomson scattering system (MPTS) on Heliotron J. 

An anisotropic electron temperature measurement, as 

shown in Fig. I, requires analyzing signal separately, for 

reaching a better understanding of transport mechanism of 

super-thermal electrons. The scattered light signals, corre-

sponding to two adjacent beam incidences having 160° 

and 20° scattering angles respectively, overlap with each 

other completely due to an insufficient length of optical 

path caused by limited room providing for layout of 

Thomson scattering system. 

To solve this problem, a MPTS with signal separation 

function is proposed using double-pockels cells. Design 

of optical path for the double pockels-cells system is given 

out based on Gaussian beam analysis, which determines 

the specific position of each optical component, by main-

taining spot size and power density evolution of laser 

beam under the limit of entry diameter, exit diameter and 

power threshold of each component. 

We have performed a signal detection of the MPTS, 

in following order: 
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1) stray-light produced by the diffuse reflection from the 

mirror in the beam path, 

2) Raman scattering using 300 Torr Nitrogen gas, and 

3) Thomson scattering signal in plasma experiment. 

We confirmed up to at least 16 reciprocating scattering 

signals in 1), as in Fig.2, showing the successful optical 

configuration and trigger synchronization. 

3. Upgrade of the EUV Spectroscopy System for 

the Spatial Distribution Measurement of Impu-

rity Spectra in Heliotron J 

Highly charged impurityions in the fuel gases, 

deuterium and tritium, can lead to a considerable 

amount of plasma energy loss, making the critical 

conditions for fusion reactions more difficult to 

achieve. This situation becomes more significant in 

high density and high temperature plasmas where 

considerable fraction of plasma radiation is in ex-

treme ultraviolet (EUV) region. Therefore, EUV 

spectroscopy would be an important method to study 

those impurities [ 1]. 

In Heliotron J experiment, we have used micro-

channel plate (MCP) system combined with the 

phosphor-screen and linear sensor for EUV spectros-

copy for many years. In this study, we replaced the 

MCP system with a new Soft-X ray (SX-) CCD de-

tector. The SX-CCD can be operated in full vertical 

binning (FVB) mode, in which full image area is 

binned to a direction of the shift register to improve 

the time resolution. 

Figure 3 shows the spectra obtained for both de-

tectors using the reproducible discharge condition of 

the magnetic configuration and the electron density. 

Impurity spectral intensity was not perfectly but 

fairly close to each other. 

The signal was normalized to the spectral peak at 
around O Vat 17.22 nm (1s22s2 1S 。 — l炉2s3p1P01).

Note, however, that the quantum efficiency for both 

detectors could be different. One can see that the 
root-mean-square noise for SX-CCD has much bet-

ter than MCP system by more than 7 times. 

The other specifications compared are listed in 

Table 1. SX-CCD, with the compatible flange, has a 

little wide measurement region, giving more pixels 

per instrumental function, full-with at half maximum 

(FWHM). 

One concern we encountered in the application 
ofSX-CCD was the malfunction under the time-var-

ying dominantly vertical magnetic field up to 30 mT 
at the location of the detector, since all electrical cir-

cuit are built-in in the detector. To reduce this mag-

netic field, a magnetic shield made of soft iron 6 mm 

in thickness was installed. 

The vertical magnetic field inside the shield was 

reduced down to about 0.15 mT. Even though the hor-
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Fig. 3 SIN acescent for #78218 (MCP) and #81829 
(CCD). Signal (up) was normalized to both de-
tectors and noise component, before the plasma 
discharge, (down) was compared. 

MCP svstem SX-CCD 
Region 17.215 -39.21 16.345 ~ 39.98 

nm nm 
Pixels in FWHM 5.56-4.00 9.00-6.42 

Resolu- 0.10 nm 0.09 nm 
tion(around 
34.61nm) 

SIN 8.7:1 67.4:1 
Reciprocal linear 0. 0 1 8 ~ 0. 0 2 5 0.010 -0.014 

dispersion run/pixel run/pixel 

Table. 1 Comparisons of both detectors. 

Fig. 4 Magnetic shield structure for the SX-CCD. 

izontal component of 3 mT was remained, we con-

firmed the appropriate operation of the detector. 

1) C. Dong, S. Morita et al., PFR, volume 6, 2402078 

(2011) 
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