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In the central-cell of the GAMMA 10 tandem mimaca medium-sped camera (CCD camera, 400 frames
per second, 218 640 pixel) has been installed for the observatad plasma behwvior. Ths camera system is
designed for monitoring the plasma position and movement in the whole discharge duration. The captured two-
dimensional (2-D) images are automatically displayed just after the plasma shot and stored sequentially shot
by shot. This system has been established as a helpful tool for optimizing the plasma production and heating
systems by reasuring the plasma behavior in several experimental conditions. The camera system shows that
the intensity of the visible light eragibn on the central-cell limiter accorapied by central electron cyclotron
heating (C-ECH) correlate with the wall conditioningddmmersion length of a mote limiter (iris limiter) in
the central cell.
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1. Introduction 2. GAMMA 10 and Plasma M onitor-
System

High-speed camera is one wéry usefultools to ob- Ing
serve preciseplasma behavior and can capture the in- Figure 1 shows the schematic view of GAMMA 10

stantaneus two-dimensional (2-D) structure of its visible ) L o
o . and the experimental setup used in this studgxis is de-
emission. 2-D image measurements have been successfully ..

. . . : fined along the direction of the magnetic field. GAMMA
demonstrated in many fusion experimental devices around . .
. 10 is aligned along the easZ (s negative.) and wesg(
the world with the developent of camera performance

: . . is positive.).Z = 0cm is at thecenter of the central cell.
[1-3]. 2-D image of plasma behavior also gives us a lot
. . ) . Plasmas are pduced by two plasma guns from both ends
of useful information for controlling the plasma position

. and then built up with two ion cyclotron range of frequenc
and understanding the plasma response on plasma heat- P 4 9 q y

ing systems. In GAMMA 10 tandem mirror plasmas, in-
vestigation of hydrogen recycling and edge plasma behav-
ior has been extensively performed on the basis @fiid
tensity and Langmuir probe measurements [4—7]. In April
2004, based on the bi-directional collaboration program,
measurements of edge plasma fluctuation by using a high-
speed camera was started in the central-cell and the plasma
motion has been analyzeddeal on the detailed time be-
havior of 2-D images [8-11]. Recently, a CCD camera
system was newly ddgned for monitoring the plasma po-
sition and movement in the whole discharge duration. In S fiieniy
this paper, the detail of theanitoring system is described 0020 b ggterteromgger g gy
and the observed results are discussed from the response Iris limiter Z[cm]Cent,a: cell limiter

of electron cyclotron heating (C-ECH) by using a gyrotron

installed in the central-cell.
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Fig. 1 Sclematic view of the experimental setup. (a) Coil ar-
rangement, (b) magnetic flux tube and the location of
plasma production and heating systems, (c) detailed ge-
ometry and diagnostics in the central-cell.
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(ICRF) systems. Two types of gasfpers have been used
to maintain the plasma. In addition to ICRF heating, C-
ECH is installed to heat electrons of the central-cell in
the course of the discharge.aHine emissiondetectors
(Z = -1,-71L-141cm) and a CCD camerd (= 0cm)
are installed along the machine axis vertical to the mag-
netic field [5]. A microwave inteferometer and a diamag-
netic loop are insteed near the central-cell mid-plane to
measure the electron line dgty (NLcc) and the diamag-
netism (DMcc) in the central-cell. A central-cell limiter
(Z = +30cm) and ariris limiter (Z = —155cm) are lo-
cated in the central-cell and define the plasma boundary.
Figure 2 shows the schematic view of the monitoring
system. The monitoring syem consist®f a CCD cam-
era and two PCs. One PC is set in the GAMMA 10 ma-
chine room, and the other is in the operating room. The
maximum framing speed of the camera is 400 frgses
Through a horizontal port at the central-cell mid-plane, an
area of approximately 40 csn120 cm at the machine axis
is imagedonto the 216« 640 pixel. The monitoring system
is operated according to the following sequence: First, the
CCD canera, directly connected to the PC by way of an in-
terface board with PCI bus, starts to record the visible im-
age of plasma receiving the trigger pulse. After capturing
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Fig. 2 Sclematic diagram of the monitoring system.
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Fig. 3 Images on the desktop screen by this monitoring system.
This is the screen adn analysis mode. 8 shots are dis-
played simultaneously in the analysis mode and 10 shots

are displayed ithe monitor mode.

the picture images by the given frame number, the image
data are transferred to a harddlin the PC and are labeled
with the corresponding shot number and then it returns to
the trigger-waiting mode. The above procedure is executed
by automatic mouse control software, and the data are dis-
played as a movie in shot-to-shot intervals and latest 10
shots are displayed simultaneously by the help of a data
analysis tool. An example of captured screen-view of the
PC in the operating room is shown in Fig. 3. Therefore, the
changes of the plasma behavior can be figured out instan-
taneously. By way of this mote control system, we can
watch anchandle the PC in the machine room from the PC
in the operating room.

3. Experimental Results and Discus-
sion
3.1 Timebehavior of plasma parameter and
2-D visible images captured with a CCD
camera
Figure 4 shows an example of the time behavior of
DMcc, NLcc and Hr intensity of a standard ICRF-heated
plasma measured at the central-cell. In this experiment,
plug ECH is injected from = 160 ms tot = 166 ms and
barrier ECH is fronmt = 160 ms tad = 180 ms. C-ECH is ap-
plied fromt = 160 ms tat = 166 ms and resultant DMcc is
slightly reduced at the onset C-ECH. On the other hand,
Ha intensity increases during C-ECH. Figure 5 shows the
time evolution of the 2-D image of the visible emission
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Fig. 4 Time behavior of plasen paameters; Diamagnetism
(DMcc), electron line density (NLcc) anddHine inten-
sity at various locations in the central-cell.
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from the plasma observed by this monitoring system. The 3.2 Effectsof C-ECH on the light emission
central-cell limiter (360 mm in diameter) and the plasma As shown in Fig. 5 (d), the light emission from the top
are observed in these images. It is seen that the interac- of the central-céllimiter is strong during the C-ECH injec-
tion with plasma and the limiterfBects the light emission. tion. In Fig. 6, the light emission intensity on the area just
The position and the motion of the plasma and the inten- below the centraéell limiter shown in Fig.5 (c) (dashed
sity of the emission are monitored by this system. At the line) is compared with that of Fig. 5 (d). Although the light
initial stage of the plasma discharge, the plasma diameter emission intensity with C-ECH from the pixel position in
is slender. The plasma becomes fat with the increase of 20 to 45 is sturated in the CCD camera, it is clear that the
NLcc. After plasma build-up is completed, the light emis-  intensity with C-ECH is stronger than that without C-ECH.
sion is observed on the central-cell limiter. Especially, the Onthe aher hand, the intensity without C-ECH is stronger
emission from the top of the limiter becomes much strong than that with C-ECH at the bottom of the central-cell
when C-ECH is injected. It is thought that the emission (pixel position from 150 to 200). Therefore, it is thought
comes from impurity or the recycling of hydrogen near the that the plasma moves little upward during the C-ECH in-
wall and the limiter in the cenéd-cell. It is because that  jection.

plasma diameter is bigger or plasma move upward during In this experiment, the iris limiter is used for control-

the C-ECH injection. The strong light emission is observed ling the limiter-plasma interaction at the central-cell lim-

again when the plasma collapses. iter as mentioned above. Figu¥ shows the imges during
Central-cell limiter Plasma
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Fig. 5 Time evolution of the visile emission from the plasma observed by this monitoring system.
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Fig. 6 Comparison between the light emission intensity on the area just below the central-cell limiter (dashed line) of Fig. 5 (c) and that
of Fig. 5 (d).
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Fig. 7 Images during the C-ECH injection when the insertion of iris limiter is 380, 360, 350 mm.
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Fig. 8 Time behavior of the DMcc in three shots (ig#s380,
360, 350 mm).

C-ECH injection when the diameter of the iris limiter is
380, 360, and 350 mm. As shown in Fig. 7, the intensity of
the light emission at the top of the central-cell limiter de-
creases according to the ingen of the iris limiter. Figure

8 shows theime behavior of the DMcc of three shots with
different radius of the iris limiter. The extent of reduction

in DMcc is also improved. Itis thought that the plasma sur-
face is scraped with inserting the iris limiter and the edge
plasma does not heat up, then the plasma does not interact
with the central-cell limiter very much and the light emis-

sion of the limiter decreasekiring the C-ECH injection.

4. Conclusion

The monitoring system of plasma behavior us-

This system gives us a lot of information from the plas-
mas. The conditioning and the position of the plasma are
monitored quickly, and then their feedback can be used
to optimize the plasma performance. From the 2-D image
analyses, it is clarified that the strong light emission on the
central limiter during the C-ECH is related to the abrupt
reduction of d&amagnetism. Adequate insertion of the iris
limiter is also proved to improve the reduction of DMcc.
Further investigation with an improved imaging system to
see the iris limiter directly will be possible to understand
the relation between iris limiter and DMcc.
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