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Fig. 1. Sequential images of a tangential view of a LHD plasma after tungsten encapsulated pellet injection, (a) a plasma image before the appearance 
of the effect of the impurity encapsulated pellet injection, (b) a bright band appeared in the plasma center, (c, d) an expanded uniform bubble-like 
structure, (e-i) a self-organized bright filament structure rotating on the surface of the bubble-like structure around the plasma center. 
 

Abstract – A small tungsten grain encapsulated in a 
polystyrene pellet was injected into plasmas in the large 
helical device. The ionized tungsten was transported and 
accumulated in the plasma center to drastically drop the 

central electron temperature. A tangentially viewing fast 
framing camera observed a bubble-like structure 
expanding from the plasma center after the pellet 
injection. After that, a self-organized filament appeared 



 

on the surface of the bubble, and the filament began to 
rotate around the plasma center, which was stably 
sustained for ~0.22 s. 
 
Index Terms – Impurity transport, large helical device 
(LHD), tracer encapsulated solid pellet (TESPEL). 
 

The Large Helical Device (LHD) is the world’s largest 
super-conducting machine having a heliotron-type magnetic 
configuration. It has l/m = 2/10 helical coils and three pairs of 
poloidal coils which magnetically confine plasmas with a 
major radius of R = 3.50-4.05 m and an average minor radius 
of a = 0.5-0.65 m. Magnetic field produced by the super-
conducting coils forms helically twisted nested magnetic field 
lines (magnetic surfaces) with an ergodic layer in the plasma 
periphery. The typical range of the line-averaged electron 
density and the central electron temperature in the plasmas 
are in 2-7 × 1019 m-3 and 1.8-3.5 keV. 

A new diagnostic method with Tracer Encapsulated 
Solid PELlet (TESPEL) has been developed for impurity 
transport study by local deposition of the tracer in the 
plasmas [1], [2]. The TESPEL consists of polystyrene 
[polymer: (C8H8)n] as the outer part, and tracers (impurity 
grains) as the core part. The typical diameter of the outer part 
of the pellet is ~900 µm. The most advantageous feature of 
the TESPEL is production of a localized impurity source as 
tracers in plasmas. Encapsulated impurity is locally ablated at 
the position where the normalized minor radius ρ is ~0.8. The 
ablated impurity is ionized and transported, which has been 
observed with various diagnostics such as a soft x-ray pulse 
height analyzer (SX-PHA), a high-resolution time-resolving 
soft x-ray multi-channel spectrometer (SOXMOS) and a 
visible spectrometer array, and so on. The effect of the pellet 
injection on the fundamental plasma parameter profiles has 
been monitored with a ten-channel FIR laser interferometer 
for the electron density measurement, and a multi-point YAG 
Thomson scattering system for electron temperature 
measurement. Recently, a tangential viewing visible fast-
framing camera with a bundled fiber has been installed for 
monitoring the ablation process of the pellet and the plasma 
behavior after pellet injection. 

Pellets encapsulating a tungsten grain for the tracer with 
a diameter of ~140 µm were injected into a hydrogen plasma, 
in which the pellet contains ~0.9×1017 particle number of the 
tracer with an injection velocity of ~498 m/s. It caused drastic 
drop of the electron temperature in the plasma center which is 
less than the lower limit of the measurements with the 
Thomson scattering system (~20 eV). It indicates that the 
presence of a transport mechanism of tungsten ions from the 
ablation position to the plasma center, enhancing plasma 
cooling by radiation due to impurity accumulation. 

Fig. 1 shows sequential images of the tangential view of 
a LHD plasma observed with the fast-framing camera after 
the pellet injection. It was taken in a typical magnetic 
configuration (the radial position of the magnetic axis Rax = 
3.60 m, the toroidal magnetic field at the magnetic axis Bt = 
2.75 T). The pellet was injected at t = 0s in this discharge. 
The left side on the figures corresponds to the outboard side 
of the torus. The frame rate was set to 20 000 frames/s. No 
significant visible radiation in the plasma center has been 
observed in normal plasma discharge because of the low 
impurity content in the plasma. Fig. 1(a) shows visible 
radiation only in the peripheral plasma before the appearance 
of the effect of the pellet injection. At ~0.582 s after the 
injection, a bright band appeared in the plasma center, as 
shown in Fig. 1(b). The band expanded from the plasma 
center, and changed to a uniform bubble-like structure, as 
shown in Fig. 1(c). It expanded to a magnetic surface around 
the plasma center, as shown in Fig. 1(d). In this time period, 
the spectroscopic diagnostics detected transport of tungsten 
ions into the plasma center, and Thomson scattering system 
shows that the region with low electron temperature was 
radially expanded. After a while, a self-organized bright 
filament structure appeared on the surface of the bubble, as 
shown in Fig. 1(e). It began to rotate in the poloidal/toroidal 
directions, as shown in Fig. 1(f)-(i) (it turns counterclockwise 
on the figure with a rotation frequency of ~760 Hz). The 
images show that the filament is formed along the magnetic 
field lines on the surface of the bubble. The rotating filament 
was stably sustained for ~0.22 s. After this, the filament and 
the bubble structures began to vanish, and it completely 
disappeared with the rise of the central electron temperature 
and the drop of the impurity radiation. 

In summary, investigation of the rotating filament 
observed after the tungsten encapsulated pellet is an 
interesting topic from a viewpoint of research of the 
formation of a self-organized structure on a magnetic surface 
in the plasma. It is possible that a helically rotating area with 
low electron temperature was locally formed along a 
magnetic field lines around the plasma center, in which 
accumulated impurities can emit the visible light. Research 
on the rotating filament can clarify the physical mechanism 
of the rotation, and may lead to better understanding of 
physical properties of magnetically confined plasmas. 
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