
  
  

   
  

Anomalous particle transport is driven by fluctuations 
such as electrostatic turbulence and MHD coherent modes 
and may affect the performance of magnetically confined 
fusion plasmas. In order to investigate the characteristics of 
anomalous particle transport, the hybrid directional 
Langmuir probe (HDLP) has been upgraded in the previous 
fiscal year (2012) and started the measurement of the edge 
plasmas in the Heliotron J device in this fiscal year (2013).

Figure 1 shows a schematic of head structure of the 
HDLP. Five electrodes mounted around the main body of 
the probe head with the interval of 60 degrees constituting 
directional probe. The probe can be rotated around the axis, 
therefore the area of each electrodes are easily calibrated. 
The electrodes and the body of plasma head are made by 
molybdenum in order to survive in heavy heat flux 
circumstance. The magnetic probe is also mounted in the 
head of HDLP. A slit perpendicular to the magnetic field 
was made to penetrate the magnetic perturbations inside the 
HDLP head.  

Figure 2 shows the typical wave forms of low density 
ECH and NBI heated plasmas in Heliotron J.  Figure 3 
shows the typical wave forms of ion saturation current in the
co- and ctr-directed channels (1st and 2nd graphs), and signal 
of magnetic probe mounted on the HDLP (3rd graph). The 
signal of magnetic probe located on the vacuum vessel is 
also included in the last graph for comparison. In the NBI 
heated phase, significant fluctuations of magnetic field are 
observed in both magnetic probes, and the amplitude of the 
magnetic fluctuation shows different behaviors each other. 
The mode profile measurement using beam emission 
spectroscopy reveals that the magnetic probe on HDLP have 
a different sensitivity depending on the mode location from 
that on vacuum vessel. 
     The fluctuations with high coherence to the magnetic 
probe signals were observed in the co- and ctr-directed ion 
saturation currents (IS) measured by the HDLP.  The 
amplitude of the IS fluctuation was observed to correlate 
with the amplitude of magnetic fluctuation. The NBI is
injected in the co-direction, and it is however not easy to 
distinguish fast ion contribution and bulk plasma response
in the ion saturation current in this results. Analysis of the 
radial structure of the IS fluctuation might be required to 
distinguish the two components. In near future, a fast ion 
loss probe will be routinely operated in Heliotron J, then the 
comparison between the two systems will provide us a 
progress in anomalous transport study related to Alfven 
eigenmodes driven by fast ions. 

     

  
  
  
  
  
  

  
  

Fig. 1. Schematic of probe head structure of HDLP. 
  

  
  

  
  

Fig. 2. Typical wave form of Heliotron J plasma with 
low density ECH and NBI heated plasmas. 
  

  

  
  

  
  

Fig. 3. Signals of ion saturation currents in the co- and 
ctr-directed channels (1st and 2nd graphs) and magnetic 
probe ones mounted on HDLP and located on the 
vacuum vessel (3rd and 4th graphs), respectively. 

  
The design study of the pellet injection system 

required in Heliotron J has been conducted. In this study, a 
prototype of the injection barrel has been manufactured 
towards the pellet injection test. 

One of the advantages of the pellet injection 
compared with other fuelling methods is that particles are 
deposited into the core plasma efficiently. Although gas 
puffing and super molecular beam injection are already used 
for the high density experiments in Heliotron J, the pellet 
injection is expected to be a higher efficient refuelling 
system. Also, Heliotron J has a robust NBI system 
compatible with the pellet injection. There is a potential of 
high performance and high density plasmas using the pellet 
injection. In this study, pellet size, speed, acceleration 
method and injector size required in Heliotron J have been 
investigated. The detail is reviewed as follows: 

1. A pellet ablation code (ABLATE [1]) based on the 
neutral gas shielding model reveals that the pellet 
size of 0.8 mmφ×0.8 mml (cylindrical shape) and 
the pellet speed of 300 m/s-500 m/s are required in 
order not to perturb the core plasma by too much 
penetration in Heliotron J. 
 

2. By using ideal gun theory [2], pellets could be 
injected with the speed mentioned above by an in-
situ technique and pneumatic acceleration when the 
barrel length is optimally minimized as less than 10 
mm.  

 
3. In the pellet injection system which utilizes 

pneumatic acceleration, the differential pumping 
system is required to prevent the propellant gas (e.g. 
He) from flowing into the plasma vacuum vessel. 
As for the hardware, the size of the pellet injection 
system is mainly occupied by the differential 
pumping system. The volume of the two-stage 
differential pumping stages is investigated in order 
to approximate the size of the pellet injection 
system, with the result that we propose the use of 
the differential pumping system used in punch 
mechanism-based low speed pellet injector utilized 
in LHD [3], whose pumping capacity is also similar 
or more than the estimation. 
 

Based on the design study above, the in-situ 
technique and pneumatic acceleration is decided to be 
applied to the pellet injector in Heliotron J. The prototype of 
the injection barrel has been built for the small size of the 
pellet. Figure 1 shows the design of the barrel. The stainless 
tube with the inside diameter of 0.8 mm was firstly 

attempted for manufacturing the barrel. However, it was 
difficult to obtain the strength enough to maintain itself. 
Also, there was a technical problem of the soldering 
between the thin cupper and the minute stainless steel. 
Therefore, the barrel is manufactured by the hot isostatic 
pressing material of cupper and stainless steel. Moreover, in 
order to propagate the propellant gas efficiently, the taper 
structure is applied. Figure 2 shows the photograph of the 
prototype. In future, the injection test will be conducted 
using this prototype barrel. 
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Fig. 1. Design drawing of the barrel for smaller size pellet  

Fig. 2. Photograph of the prototype barrel. 
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