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1. Introduction 

The current subjects of this research section are to 

study the properties of high-temperature plasmas in 

order to control and improve the plasma energy con-

fmement from the physical viewpoint of nuclear fu-

sion research. The experimental and theoretical inves-

tigations for optimizing the helical-axis heliotron con-

figuration are in progress under the collaboration with 

other groups of the international/national institutes 

and groups of other universities under the auspices of 

the Collaboration Program of the Lab. Complex En-

ergy Processes, IAE, and the Collaborative Research 

Program of NIFS(National Institute for Fusion Sci-

ence). 

In this report, a remarkable result obtained in the 

Heliotron J experimental study in FY2020 is reported 

focusing on transport characteristics regarding mag-

netic configurations, including the magnetic island ef-

fect, especially in (1) characteristics of edge plasmas 

inside the magnetic island, (2) measurement of radial 

electric field and its dependence on rotational trans-

form profile and (3) development of beam emission 

spectroscopy for turbulent fluctuation measurement. 

2. Characteristics of edge plasmas inside magnetic 

island based on Langmuir Probe measurements 

Plasma transport in the magnetic island is gaining 

importance in stellarator/heliotron and tokamak de-

vices. Heliotron J can control the width and the posi-

tion of magnetic islands by controlling the rotational 

transformation. Therefore, the effects of the magnetic 

island structure on transport and turbulent fluctuations 

can be systematically investigated. 

We measured a magnetic island around the last 

closed flux surface (LCFS) with a Langmuir probe. 

The connection length of the magnetic field in the 

measurement range of the probe and the electron tem-

perature profiles are shown in Figure l(a) and (b). The 

horizontal axis is the distance from the LCFS. In the 

case without the magnetic island, the electron temper-

ature decreases monotonically as the connection 

length decreases outside the LCFS. However, in the 

case of the magnetic island, there is a peak in the elec-

tron temperature profile in the magnetic island region 

outside the LCFS, where the connection length is in 

the same order of the confmement region. 

To investigate the effect of the magnetic island on 

the heat transport, the ECH was modulated (frequency 

of 100 Hz and modulation amplitude of30%), and the 

response was observed. As shown in Figure l(c), the 

phase inside the magnetic island, determined from the 

response time to the pre-programmed modulation 

heating, is delayed compared to the outer edge of the 

island. This may reflect the closed magnetic field line 

structure in the magnetic island region, which inhibits 

the propagation of heat into the island. It was shown 

that the magnetic island structure in the edge region 

affects the heat transport in the edge region and that 

heating modulation is a useful tool for investigating 

the magnetic field structure outside the LCFS. 

3. Measurement of radial electric field using Dop-

pier reflectometer and its dependence on rotation 

transform profile 

The radial electric field structure has a significant 

effect on the performance of the plasma confinement. 
The shear of the radial electric field E, at the peripheral 
region causes E,xB drift, and flow generated by the 

drift may suppress turbulence by tearing off large vor-

tices in the plasma. Because the plasma confinement 

in Heliotron J has been dependent on the rotational 

transform, it is important to investigate the relation-

ship between the radial electric field and the confine-

ment. In this study, we investigated the dependence of 
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Fig. 1 Profiles of(a) connection length, (b) electron 

temperature and (c) phase delay with and without 

the magnetic island. 
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Fig. 2 . Schematic diagram of the reflectometer 
system. 
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Fig. 3. Radial electric field and its dependence on 

rotational transform profile. 
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the spatial profile of the radial electric field contrib-

uting to the confinement performance on the magnetic 

field configuration in ECH plasmas by scanning the 

rotational transform. We used a microwave Doppler 

reflectometer to measure the radial electric field. A 

schematic diagram is shown in Fig. 2. 

The spatial profile of the radial electric field for 

each rotational transformation obtained by reflec-

tometer is shown in Fig. 3. The horizontal axis repre-

sents the normalized minor radius of the torus, and the 

vertical axis represents the radial electric field. Almost 

all configurations, a positive radial electric field with 

a flat profile can be seen insider/a = 0.9, while a sig-

nificant radial electric field shear is generated at the 

peripheral region. The position of the radial electric 

field shear shifts significantly outward at i/2冗(0)= 
0.481. Since it is known that magnetic islands are gen-

erated at the peripheral plasma region in the magnetic 

configuration, the existence of the magnetic island 

may affect the radial electric field structure at the pe-

ripheral region. 

4. Development of beam emission spectroscopy for 

turbulent fluctuation measurement in peripheral 

region 

The transport by fluctuations is considered one of 

the key factors that deteriorate the plasma confine-

ment performance. The density fluctuations have 

been measured in Heliotron J using beam emission 

spectroscopy (BES). The BES has been a great ad-

vantage for understanding the physics of MHD activ-

ities and long-wavelength plasma turbulence. In the 

numerical calculation for the turbulent transport of 

Heliotron J, the intensity of turbulent fluctuations is 

considered to be in the order of nln -0.1 %. The pre-

vious studies have shown that detectable intensity 

level of the density fluctuation was in the order of 1 %, 

and it requires the BE intensity up to three times 

higher than the current system. This study aims to 

construct a new BES system that can measure turbu-

lent fluctuations. Since the intensity of turbulent fluc-

tuations outside the torus is expected to be higher and 

the new sightlines are nearer observation area, the 

new BES system are expected to measure turbulent 

fluctuations. 
To investigate the favorable sightlines for Helio-

tron J configuration, we have simulated the BE inten-

sity using a numerical model calculation. This code 

can calculate the spatial and spectral profile of the 
beam emission deduced from the collisional excita-

tion model between the electrons/ions and the neutral 

beam atoms in plasmas deduced from the beam tra-

jectory analysis using Monte Carlo method. The new 

BES sightlines are shown in Fig. 4(a). The sightlines 

are 5(radial) x 4(poloidal) = 20 channel. The spatial 
pitch between sightlines is 10 mm. The measurable 
wave number range kJ.p is estimated to be smaller 

than 0.42 in the standard parameter of Heliotron J 

plasmas. Fig. 4(b) shows the radial profile of beam 

emission intensity. As a result, higher beam inten-

sity can be expected at the peripheral area using new 

sightlines. 
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Fig. 4. (a) Schematic illustration of the BES 

sightlines. The new sightlines are designed to 

observe density fluctuations at peripheral re-

gion. (b) Radial profile of the calculated BE 

intensity. 
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