
Fig. 1  Magnetic field profile in the present experiment.

Fig. 2  Time evolution of line-integrated electron density.Characterization and control of high-density plasma 
in the plasma edge are important from a viewpoint of 
plasma confinement improvement and the divertor 
physics in the device GAMMA 10, Plasma Research 
Center (PRC), Univ. of Tsukuba. In order to advance the 
research in this device, it is essential to estimate and 
control the plasma density, temperature, potential, and 
flow velocity in the boundary plasma regions. 

Therefore, for the purpose of generating and 
controlling a high-density plasma flow in the edge plasma 
region, the following research must be considered. [1] 
Discussions on the above topics and future experimental 
plan, contributing to the confinement improvement. [2] 
Simulation experiments, using devices in our university to 
produce high-density (up to 1013 cm-3) helicon plasmas.1

Here, helicon plasmas have been recently attracting much 
attention because of a flexible operation of the external 
parameters. [3] An exploration of the operational 
parameters, using the helicon devices. [4] A design and a 
fabrication of new antennas to produce a high-density 
plasma flow in the GAMMA 10 device. Then, we will 
find a clue to solve problems of the confinement 
improvement after some analyses and detailed discussions. 
Final targets are as follows: electron density > 1013 cm-3,
particle flux 1024-25 cm-2 s-1 and energy flux 10 MW m-2.

In this fiscal year, we have carried out the above plan 
as follows. [1] Continuing discussions,2 we have 
considered future plan with some constraints. [2] As to 
Large Mirror Device LMD, a high-density helicon plasma 
up to 1013 cm-3 has been successfully produced and 
characterized. Small helicon device SHD was also 
characterized.3-5 [3] Expanding operational parameters 
has been executed, focusing the magnetic field 
configurations (relating to a flexible operation in the 
GAMMA 10 device), plasma diameter, plasma density, its 
temperature and potential, and flow velocity.6-10 [4] As a 
test experiment for producing a helicon plasma in the 
GAMMA 10 device, we have been continuing the 
experiment, using the present antenna and end diagnostics. 
The magnetic field configuration in the experiment is 
shown in Fig. 1, using a pre-ionization technique by ECR.

In addition to hydrogen gas, we have used argon gas 
with the lower pressure to reach the region of typical 
helicon discharges. However, a density increase was 
smaller than expected in the plug/barrier region. Figure 2 
show time evolution of a line-integrated electron density 
(mean electron density was ~ 1012 cm-3). Here, we have 
changed the pulse width of gas puffing, whose flow rate is 
proportional to a tank pressure, and rf power (up to 100 
kW).   

In conclusion, we have discussed the next research 
plan, considering the crucial points of the characterization 
and control of high-density plasmas in the edge region, as 
well as the simulation experiments in our university. We 
have also executed the test experiment in the GAMMA 10 
device to try to increase the electron density in the edge 
region. In future, we must advance the initial experiment 
using the GAMMA 10 device actively to estimate and 
control the high-density plasma flow. 
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GAMMA-10 end plasmas have several advantages in 
making plasma materials interaction experiments comparing 
linear plasma devices such as high ion energy with Maxwell
distribution and presence of a high magnetic field. Under 
the strong magnetic field, emitted impurities from plasma 
facing materials are subject to gyromotion and plasma 
pressure after ionization. It is well known that impurities 
with shorter ionization length than gyroradius return to near 
original release location, which effectively reduces 
sputtering erosion. Therefore, erosion and material 
migration can be studied under conditions which is not 
realized in conventional linear plasma devices. These results 
are valuable for material migration modeling and validation 
of atomic data in plasmas.

In this study, chemical sputtering of graphite and local 
transport phenomena of carbon atoms together with high Z 
atoms are investigated. Graphite and Mo samples were 
installed at the E-divertor test section with a sample surface 
tilted 45 deg from magnetic lines of force. Erosion flux of 
carbon and Mo will be measured by a framing camera with 
an appropriate spectral line filter. We also employed 
spectrometer to observe lights emitted from eroded atoms 
from the samples. Roof limiter used in this study is shown 
in Fig. 1, which was installed at the top of V shaped divertor 
test modules and exposed to plasma only this study.

Fig. 1   Sample holder for this study. No heating device is 
attached.

Plasma exposed surfaces of the graphite and Mo 
targets are shown in Fig.2. Most of the surfaces look intact, 
suggesting surface erosion and related surface modification 
are not significant except for the lower edge of the graphite 
plate on the upper side. Here, deposition of metallic 
materials (shown in red rectangle, not yet analyzed) is 
observed. Since this deposition is seen only on the upper 
graphite sample, it is likely eroded Mo. If eroded Mo 
directly deposited without ionization, similar deposition 
should be observed on the lower graphite sample. Possible 
mechanisms are ionization followed by gyromotion or by 
motion of ions driven by plasma flow towards the target. To 
understand detailed mechanisms, surface analysis such as 
EDX is necessary to obtain distribution of metallic materials 
on graphite. We also plan to collaborate with simulation 
research group to understand behavior of eroded particle 
from the targets.

Finally, same as last year, we also hold the meeting 
to exchange information and discuss details and future 
works. Topics are (1) Highlights of 19th ITPA (SOL/DIV)
topical group meeting, (2) Progress of experimental research 
in domestic plasma devices and heat flux devices in 
universities, (3) Divertor technology, including ITER and 
JT-60SA divertor components development, (4) Progress of 
experimental research in domestic magnetic confinement 
devices. This meeting is a joint meeting of Tsukuba 
University symposium, sub-cluster meeting of plasma 
physics (SOL and divertor) and fusion technology (blanket 
sub-cluster and divertor sub-cluster).This opportunity is 
very valuable for fusion plasma and engineering community 
and we continue to hold this meeting in the next year.

Fig. 2  Surface of exposed samples to GAMMA-10. Left side  
of the figure corresponds to upper side of GAMMA-10.
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