
The main purpose of the bidirectional collaboration 
research of the Helitoron J group with NIFS is to proceed
the allotted subject, “A study on the confinement 
optimization and stability control of an advanced helical 
system” in the 2nd mid-term plan of NIFS. From FY 2011,
two new subjects for the research center linkage project, (a)
“Study of ECH/EBW heating and current drive” and (b)
“Study of heat/particle control (edge plasma control)” are 
promoted to seek the optimization of advanced helical 
system.

The six schemes for the collaboration research have been 
selected; (1) confinement improvement by controlling 
magnetic configuration and related plasma self-organization, 
(2) instability suppression by controlling magnetic 
configuration, (3) ECH/EBW heating physics, (4) toroidal 
current control, (5) fueling control and exhaust control of 
heat and particles, and (6) development of the FIR 
measurement system and so on. Each group joined the 
plasma experiment and data analysis including the usage of 
fast internet for data exchange and analysis. Study of high 
density plasma operation concerning category (1 and 5),
stabilization of energetic-ion-driven MHD Mode by ECCD 
concerning category (3 and 4), and Edge plasma behavior 
affected by energetic particle driven instabilities concerning 
category (2) are reported below. The first topic is also one of 
the research center linkage project, (b) and the second is (a). 

Study of high density plasma operation [1, 2] 

To obtain high performance plasmas, the optimization 
study for gas-fuelling scenario has been carried out using 
supersonic molecular-beam injection (SMBI) and 
high-intensity gas-puff fuelling (HIGP) techniques in 
Heliotron J. The HIGP technique is effective to produce the 
plasmas with electron density higher than 1×1020m-3. In this 
experiment, the plasma is maintained by the balanced NBI   
heating with 1.1 MW in injection power and the plasma 
energy reaches about 6 kJ. After stopping HIGP, increases in 
the ion/electron temperatures and the co-rotating toroidal 
rotation are simultaneously observed in the peripheral 
(r/a>0.7) region. At that time, the reduction in the density 
fluctuation at the edge region is also observed in accordance 
with the sudden drop of the H /D  intensity. This type of 
high-density condition is achieved only in the low ( t)
configuration. The neutral simulation is carried out for 
investigating high elongation effect of this configuration. 

Stabilization of energetic-ion-driven MHD Mode by 
ECCD [3] 

ECCD experiments have been made for stabilization of 
energetic-ion-driven MHD modes in Heliotron J. 
Theoretical analysis shows that an EC current of a few kA 
driven in the central region modifies the rotational transform 
profile from a shearless flat one into a high-shear one. 
ECCD has been applied to ECH+NBI plasmas in which AEs 
are excited by energetic ions. The EPM, an 
energetic-ion-driven MHD mode, has been fully stabilized 
by centrally localized second harmonic 70-GHz X-mode 
ECCD. The configuration where ι/2π is near 0.5 is selected 
to observe such mode. In the magnetic configuration of ι/2π
= 0.512 and 0.525, the EPM of 60-90 kHz is stabilized by 
the counter-ECCD which forms a positive magnetic shear. 
Since the mode is excited locally at r/a~0.6, the change in 
local magnetic shear contributes to the mode stabilization. 
The N|| scan indicates that the AE is stabilized when the 
magnetic shear exceeds a critical threshold. This tendency is 
consistent with the excitation theory of AEs. 

Edge plasma behavior affected by energetic particle 
driven instabilities [4] 

In Heliotron J, edge fluctuation has been studied using 
multiple Langmuir probes installed at different 
toroidal/poloidal sections. In low-density ECH plasma 
discharges with ne ~ 0.3×1019 m-3, a high correlation 
between floating potential signals measured with different 
probes was observed in the low frequency range less than 10 
kHz. This fluctuation exhibits electrostatic characteristics.
Radial structure of the fluctuation was investigated by fixing 
one probe inside LCFS and by scanning the other probe 
around LCFS in radial direction on a shot-to-shot basis. 
Clearly, the coherence is quite high ~0.95 inside LCFS in 
the low frequency range, and it quickly decreases outside 
LCFS. The phase difference in toroidal direction is almost 
zero in the observation range. This result presents similar 
characteristic to the long range correlation phenomena.
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In 2010FY experiment, a new hybrid probe was con-
structed and tested with Heliotron J edge plasma for the
first time. Its body is made of boron nitride (BN) and
equipped with four conventional Langmuir probe tips
and a temperature gradient type thermal probe (GTP)
tip made of copper (Cu).1) The size of Cu tip is set as
small as possible to improve time response. So its fabri-
cation was very difficult task and the setting of GTP tip
is possible only along the axial direction of a large probe
head, since GTP tip is connected to a long heat sink
to establish the temperature gradient along the probe
axis. Whole probe system was connected to the driv-
ing system at the port 8.5 in order to study the edge
plasma around X-point of the last closed flux surface of
Heliotron J. But this makes plasma electrons difficult to
reach GTP tip under the strong magnetic field. So ther-
mocouple signal shows much noise and no temperature
increase even when BN cover suffers heat damage.

In order to overcome this problem, small GTPs
must be designed to set at the side area of the hybrid
probe head. Figure 1 shows calculation result of tem-
perature response of a Cu GTP tip without the heat
sink. Plasma heat pulse is assumed to be 2MW × 1s.
Three curves correspond to the signal at 1, 5, 9mm from
the irradiation surface. It is confirmed that, even with
this temperature data, heat flux evolution can be recon-
structed by the conventional GTP model with a heat
sink.2) In order to demonstrate this, a prototype GTP is
constructed with pylex glass and tested for low density
glow plasma.

Figure 2 shows the basic design of this heat isolation
type probe tip. Its thickness is 5mm and plasma irradi-
ation area is 0.5 × 1[cm2]. Both area is covered with
thin Ar film to prevent from temperature nonhomogene-
ity and to fix the junction point of Type-K thermocouple.
This make it possible to describe the heat transfer in the
tip with one dimensional heat conduction model. Figure
3 shows the raw data of both side temperature. Since
the heat flux density of the glow plasma is very small
(∼ 10[W/m2]), temperature gradient across the probe
tip is hardly measured. But estimated heat flux does not
contradict with those obtained with conventional ther-
mal probes and old GTP with the heat sink. On the
contrary to Fig. 1, measured temperature shows satura-
tion during the discharge. This is due to the convective
cooling of the probe tip side area by residual neutral gas,

whose estimation and correction were already reported
in 2). In Heliotorn J experimental condition, this effect
can be negligible completely.

-10

 0

 10

 20

 30

 40

 50

 60

 0  0.5  1  1.5  2  2.5  3

te
m

p.
[d

eg
.]

time[s]

GTP with heat isolation

x1
x2
x3

Fig. 1: Calculation of temperature response of a Cu
GTP tip without the heat sink.

Fig. 2: Basic design of glass GTP tip. Both area is cov-
ered with thin Ar film and connected with the junction
point of Type-K thermocouple.
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Fig. 3: Raw data of GTP thermocouple (front: red solid
line, back: blue dotted line). The offset of these signals
are corrected. Reference signals for room temperature
and chamber wall temperature are also plotted.
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