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In Heliotron J a combination system of a fast camera, a gas puff and a hybrid probe is installed first time 
for the edge plasma turbulence study. This complex system enables us to get good information on plasma 
turbulence and its behavior, especially the dynamics of the filament structure, in the edge region. Up to 
now we have testified the gas puff system for GPI, in particular the quantity of gas puff is very sensitive for 
Heliotron J plasma. In this meeting we will report mainly the first observation of filament images with GPI 
and SMBI (another port) in NBI plasma. 

 
 
1. Introduction 

Applying a supersonic molecular beam 
injection (SMBI) [1] to Heliotron J plasma the 
plasma stored energy increased beyond the 
saturation level in the conventional gas puff 
condition [2]. The previous experiments suggest 
that some change in the edge plasma turbulence 
(ex. dynamics of a filament structure in the 
turbulence) might be related to the observed 
difference in the plasma performance between the 
SMBI and the conventional gas puff cases. 

Therefore, the effect of SMBI on the behavior of 
filament structure in the edge plasma turbulence 
is very interesting from the viewpoint of fueling 
and plasma turbulence itself. Fast cameras or 
combination probes of Langmuir/magnetic probes 
have been used to study the behavior of edge 
plasma in many devices [3–7], where in particular 
simultaneous measurement with a fast camera and 
probes is very powerful. 

In this paper, the behavior of edge plasma 
turbulence during SMBI was studied using a 
combination of the fast camera with GPI, 
Langmuir probes and a set of magnetic probes in 
Heliotron J. 

 
2. Experimental Setup 

Heliotron J is a medium sized helical-axis 
heliotron device with an L = 1/M = 4 helical coil [8, 
9]. Figure 1 shows a top view of Heliotron J and the 
locations of fast cameras and the other equipment 
referred to this study. Also, the vacuum flux 
surfaces of the standard field configuration of 
Heliotron J [11] at the fast camera measurement 
port section, #14.5, are shown in Fig. 2. Due to the 
limitation of the port space a fast camera is installed 
at the lower port and a gas puff for GPI (gas puff 
imaging) and a hybrid probe system are installed at 
the upper port, respectively. In this experiment 
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Fig.1 Top view of Heliotron J. The locations of 
fast cameras, the gas puff for GPI and the 

hybrid probe are illustrated. 
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FASTCAM SA5 (Photron) and FX K-5 (NAC 
image technology) are used to take high-speed 
movies of Heliotron J plasma. 

3. SMBI with GPI 
In this experiment the gas puff at #14.5 is used 

for GPI to enhance the brightness from the probe 
side of the edge plasma, and the filament images in 
this side are observed by the fast camera. The 
hybrid probe system provides data of ion saturation 
current Is, floating potential Vf, and three directional 
magnetic fluctuation simultaneously. Therefore, we 
can measure many of key local parameters 
associated with the filament behavior.  

Up to now a lot of amount of injection gas for 
GPI is required to observe the filament structure by 
the fast camera and the increase of electron density 
is not so small. We have to adjust the gas puff 
quantity in near future. A typical fast camera image 
with GPI at #14.5 is shown in Fig.3. This figure 
shows the positions of the upper ICRF antenna in 
the right side, the hybrid probe system in the center 
and the gas puff exit in the left side, respectively. 
Due to GPI it is thought that the fast camera image 
mainly comes from the upper side of the peripheral 
plasma. 

During SMBI at #11.5, the suppression of the 
magnetic fluctuation is observed from power 
spectra of the magnetic probe signal from the 
hybrid probe system at #14.5. On the other hand, 
the fluctuation of Is was not suppressed perhaps due 
to excitation of a very low frequency instability. 

This frequency range is out of the detectable 
frequency range of the magnetic probes. This low 
frequency instability is believed to be an MHD 
activity probably caused by too much amount of 
gas injection in this particular case. Therefore, The 
adjustment of gas quantity would help us to get 
better results. 

In this meeting we will report the precise results 
of this complex measurement included in the fast 
camera of NBI experiment and if in time, we will 
also present those results of ECH and/or ICRF 
experiment.  
 
 

 
 
Fig.3 Snapshot image of an NBI plasma with SMBI 
(#11.5) and GPI (#14.5) at #14.5 
The stripe in the right side is Faraday shield of ICRF 
antenna. Major radius direction is right. 
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Fig. 2 Crosssection of #14.5 port section where ICRF 

antenna is installed. The fast camera is set at the 
bottom port and the gas-puff and the hybrid probe are 
installed at the top port. The vacuum flux surfaces of 
the standard field configuration are also illustrated. 
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