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1. Introduction 

Nuclear fusion energy has some attractive features 
as a future option for the base-load electrical power 
source. Magnetic field confinement fusion research is 
thus being conducted all over the world. To realize fu-
sion reactor, there are however several urgent issues 
that need to be resolved, for example (1) improvement 
of plasma energy confinement, (2) enhancement of 
fueling ability, (3) exhaust ash and impurities. We are 
tackling these issues by understanding their physical 
processes by experiment using a magnetic confine-
ment device Heliotron J.  
Results in FY2022 featured in this report are about 

the plasma fluctuation and magnetic configuration 
control which are regarded as key issues for character-
izing the heat transport and improvement of the con-
trol ability of confinement in fusion-relevant magnet-
ized plasmas. 

 
2. Observation of magnetic fluctuations  
  In order to confine high pressure plasmas stationary 
by using magnetic field, the plasma pressure should be 
balanced by the magnetic pressure. Stability of mag-
netically confined plasma is thus one of the important 
issues to be understood to realize magnetic fusion.  
    Toroidal magnetic fusion device forms closed 
magnetic flux surfaces by giving the rotational trans-
form to field lines and confines high pressure plasmas. 
When magnetic field fluctuations cause the magnetic 
field lines to cross different magnetic flux surfaces, the 
plasma is transported out of the confinement region by 
the motion along the magnetic field lines. Thus, the 
characteristics of magnetic field fluctuations and their 
causes must be understood. In the FY2022 experi-
mental campaign of Heliotron J, we observed excita-
tion of magnetic fluctuations, which frequency is 
higher than previously observed [1]. Figure 1 shows 
typical temporal behavior of magnetic fluctuation. 
Plasma is generated at 150 ms by electron cyclotron 
resonance heating and auxiliary heated by neutral 
beam injection from 300 ms. Power spectrum of the 
magnetic fluctuation is broad and incoherent before 
beam injection. High frequency (90 kHz and 250 kHz) 
modes are excited during beam injection. We analyzed 
time-series data obtained simultaneous multi-points 
measurement with multi-magnetic-probes. Cross-
power spectra indicates that both modes have the same 

spatial structure, i.e. toroidal mode number is 4 and 
poloidal mode number is 8. Frequency of both modes 
decreases with increase in the electron density and ab-
solute values of frequency are explained by Alfven ve-
locity. From these results, these modes are Alfven 
mode driven by energetic beam ions.  
   In addition, abrupt excitation of magnetic fluctua-
tion is also observed. As shown in Fig. 2, a probe sig-
nal indicates that fluctuation grows at 270 ms abruptly. 
Here, fluctuations in the frequency range of 30-50 kHz 
increase. However, the life-time of this mode is very 
short, of the order of 10 ms. During excitation of this 
mode, background plasma parameter, e.g. plasma den-
sity, plasma pressure and heating power, are almost 
unchanged and thus it is very difficult to predict the 
onset of this mode. It is significant to elucidate this 
phenomenon because prediction of abrupt phenomena 
is one of the important issues in the future fusion re-
actor.  
 

Fig.1 Typical temporal evolution of power spec-
trum of magnetic fluctuation. High frequency co-
herent fluctuations appear for 310-330 ms when 
co-directional neutral beam is injected. 

 

Fig. 2 Abrupt excitation of magnetic fluctuation. 
Fluctuation amplitude increases abruptly at 270 ms.  
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3. Configuration control experiment for confine-
ment characterization against rotational transform 

 
The study of confinement scaling law is of great 

importance for predicting future fusion reactor perfor-
mance and is a key basis for the design of fusion reac-
tor. Interestingly, the scaling laws in both tokamaks 
and stellarators indicate confinement improvement 
with the increase of rotational transform ι, a funda-
mental parameter characterizing a magnetic configu-
ration of toroidal plasmas. The physical origin of this 
dependence, however, is not clear. This dependency 
should be thus reconsidered. There are many parame-
ters that characterize magnetic configuration, e.g. 
magnetic well-depth and effective helical ripple εeff. In 
the stellarator, εeff is a stellarator-specific parameter 
and is considered very important for comparison con-
finement ability with tokamaks. Configuration param-
eters are widely spread due to the variety of configu-
ration concepts of stellarator. Despite this, it is very 
difficult to change the parameters independently. For 
this reason, a large data base and advanced statistical 
analysis are required to obtain the configuration pa-
rameter dependence. This problem also makes optimi-
zation of magnetic configuration difficult. 

The Heliotron J is a flexible stellarator and thus 
can perform configuration parameter scan experiment 
in a single machine. In FY2022 experimental cam-
paign, a trend of confinement degradation against ι 
was discovered. The experiment was performed at a 

fixed density with the electron cyclotron resonance 
heating, and the rotational transform ι was controlled 
by altering the coil current ratio of the helical coil to 
toroidal coils. The observed degradation is different 
from the scaling laws in both tokamaks and stellara-
tors. The stellarator scaling (ISS04: E∝a2.28R0.64P-

0.61ne
-0.54B0.84ι0.41) indicates that the energy confine-

ment time is proportional to ι0.41. Figure 3 shows the 
dependence of stored energy Wp on rotational trans-
form. The stored energy is proportional to E when in-
put power is kept constant. Although the plasma size 
factors (a2.28R0.64) and density dependence (ne

-0.54) are 
normalized, the stored energy demonstrated a negative 
dependence of ι-0.87. Here small volume experiments 
are excluded because transport channel in small vol-
ume plasma is considered to be different from large 
volume plasmas. 

The ι is independent for configuration parameter 
scan experiment? As mentioned above, the ι is cou-
pling with other parameters. Although other parame-
ters don’t appear in the ISS04 scaling, plasma physics 
indicates the significance of other parameters. The εeff 
is a parameter to characterize neoclassical transport in 
a stellarator, and thus the normalized stored energy is 
compared with εeff. As shown in Fig.4, experimental 
data indicate weak negative dependence to εeff, how-
ever, the data-points are significantly dispersed, and 
the regression analysis results in a determination coef-
ficient R2 ~ 0.2, and therefore εeff is not a good explan-
atory variable for the Wp. This indicates that the ι de-
pendence observed in this experiment is not originat-
ing from the neoclassical transport, but rather through 
other mechanisms such as turbulence transport. 

 
1) S. Yamamoto et. al., FUSION SCIENCE AND 

TECHNOLOGY  5511 (2007) 92. 

 

 
Fig. 4 Normalized stored energy Wp/R0.64a2.28ne

-0.54 

against effective helical ripple εeff, indicating εeff 
is not a prominent explanatory variable of Wp 
values. 

 

 
Fig. 3 Iota dependence of Wp/R0.64a2.28ne

-0.54, nor-
malized by the plasma size factors in ISS04. The 
normalized Wp exhibits a trend to decrease 
against iota (red circles). The grey square indi-
cates Wp with small volume configuration or un-
stable discharges with MHD perturbation. 
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