
 

Advanced Energy Generation Division  
 

Advanced Plasma Energy Research Section 
 
 

K. Nagasaki, Professor 
S. Kobayashi, Associate Professor 

 
 
 
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-
finement 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 collaboration with 
other groups of international/national institutes and 
groups of other universities under the auspices of the 
Collaboration Program of the Lab. Complex Energy 
Processes, IAE, and the Collaborative Research Pro-
gram of NIFS (National Institute for Fusion Science). 

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) Transport analysis for high elec-
tron temperature plasmas fueled by high-intensity gas 
puffing and (2) development of multichannel 320 GHz 
interferometer system. 
 
2. Transport analysis for high electron temperature 
plasmas fueled by high-intensity gas puffing1 

High-intensity gas puff fueling (HIGP) is applied 
to the NBI plasma of Heliotron J to obtain high-per-
formance plasmas to control fueling/edge recycling. A 
higher and more peaked electron temperature profile 
than conventional gas puffing-fueled (GP) discharge 

formed by HIGP is observed. From the analysis of the 
heat transport coefficient, an obvious improvement in 
electron heat transport is observed. 

The experiment has been carried out under the con-
figuration which has a low toroidal magnetic field 
component (low t). The plasma parameters obtained 
in the HIGP and continuous GP-fueled plasmas are 
shown in Fig. 1. A 245kW ECH is applied to initiate 
the plasma with pre-gas puffing. Then NBI with the 
injection power of around 0.2MW is injected into the 
plasma after the termination of the ECH launch. The 
HIGP is applied from t = 210ms to 220ms while the 
GP is continuously puffed from 200ms to 260ms. In 
the experiments, the electron density with both the 
cases was set around 1.5  1019m-3.  

The toroidal 15-sightline charge exchange recom-
bination spectator (CXRS) and Nd:YAG Thomson 
scattering system are used to obtain the temperature 
profile and density profile. As shown in Fig. 2, a 
higher and more peaked electron temperature profile 
than GP discharge formed by HIGP fueling is 

 
Fig. 2 Electron temperature profile obtained by

HIGP and continuous gas fueling plasmas. 
 

 
Fig. 3 Comparison of effective heat transport coef-

ficients between HIGP and continuous GP plas-
mas. 

 
Fig. 1. Schematic diagram of the reflectometer 

system. 
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observed. At the core region -0.5 < r/a < 0.5, the max-
imum Te difference is up to 150eV.  

Based on the profile obtained by the diagnostics, 
we evaluated the effective heat transport coefficient  
as follows, 

 𝜒𝜒�~  �������
⟨���⟩����� (1) 

where, n, T, P, V, and r are the density, temperature 
heating power density volume, and radial position, re-
spectively. The subscription j denotes the particle spe-
cies. The terms, P and , are calculated using FIT-3D 
and TR-SNAP codes. A significant improvement in 
electron heat transport is observed. As shown in Fig. 
3, at the region of r/a ~ 0.2, the reduction of the effec-
tive electron heat transport coefficient is up to 80%. 

 
3. Development of multichannel 320 GHz interfer-
ometer system in Heliotron J2 

Density profile diagnostic with a high time resolu-
tion is essential to understanding the particle transport 
in fusion plasma experiments. The single-channel 320 
GHz interferometer system developed in Heliotron J 
has been upgraded to a multi-channel system by ex-
tending the probing beam to the sheet beam to enable 
the measurement in Heliotron J. In this section, we re-
port on the development of the multichannel 320 GHz 
interferometer system in Heliotron J. 

The new interferometer is adopted heterodyne Mi-
chelson-type interferometer with a cutoff density ne = 
1.271021 m-3, and the beam propagation depends on 
the quasi-optical techniques. Two separate solid-state 
oscillators (VDIE0029, AMC 630, Virginia Diodes, 
Inc.) are used as microwave generators. The sources 
are compact and easy to control. Each source delivers 
a maximum of 50 mW output power. The output fre-
quency of one source is fixed at 320 GHz, whereas the 
other is tunable in the frequency range of 312–324 
GHz. The frequency difference between the two 
sources can be easily changed to control the IF fre-
quency. The time resolution of the interferometer is 
determined by the IF frequency of the system. There-
fore, this system may obtain a high time resolution of 
less than 1 μs to measure density fluctuations. The 
submillimeter wave source and its optical bench are 
placed ∼3 m away from the Heliotron J coils to avoid 
the influence of the magnetic field on the sources. A 
submillimeter wave beam was transmitted to another 
optical bench shown in Fig. 4 with oversized dielectric 
waveguides with an inner diameter of 76 mm. After 
the transmission to the bench, the probe beam was in-
jected from outside the Heliotron J vacuum chamber 
port into the plasma and was reflected by a retroreflec-
tor array installed on the inner vacuum chamber wall. 
The beam was mixed with the local beam and detected 
by a single-ended mixer (WR-2.8FM, Virginia Diode, 
Inc.) on the optical bench. 

To extend the probing beam to a sheet beam, a pair 

of off-axis parabolic (OAP) mirrors were used. As 
shown in Fig. 4, the OAP system converts the probing 
beam to the parallel sheet beam to inject into the vac-
uum chamber. The sheet beam is reflected on the 
retroreflector array on the wall of the vacuum chamber. 
Simply setting the detector after the beam splitter en-
ables multi-channel measurements. 

During the last experimental campaign, the mul-
tichannel interferometer system has successfully 
measured electron density using two channels. The re-
sults of electron density measurements at the center 
and edge of the plasma cross-section are shown in Fig. 
5. The waveforms of the electron density obtained by 
the two channels of the 320 GHz interferometer 
agreed well with the 130 GHz microwave interferom-
eter during the ECH modulation experiment. The elec-
tron density from the two channels of the 320G Hz in-
terferometer will be analyzed whether the measured 
density profile is consistent with the density profile 
data obtained by the YAG Thomson Scattering system. 

 
[1] C. Wang, S. Kobayashi, et al., Proc. 48th EPS conf. 
Plasma Phys. June 27-July 1, 2022, Online P5a.120. 
[2] P. Zhang, S. Ohshima, et al., Rev. Sci. Instrum. 93, 
113519 (2022). 

 
Fig. 4. Schematic illustration of a multi-channel In-

terferometer in Heliotron J.   
 

 
Fig. 5. Time trace of (a) heating power, (b) gas 

puff, (c) electron density measured with the mi-
crowave interferometer, (d) electron density 
measured with the center channel of 320GHz 
interferometer, and (e) electron density meas-
ured with the edge channel of 320GHz interfer-
ometer.  
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