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ABSTRACT

MHD activity and turbulence near the plasma edge are studied on the

JIPP-T-IIl! tokamak using a new high-speed visible-light image-converter

video-camera system. Different from conventional cinefilm and

photo-diode array systems, this system is convenient for the

instantaneous display of the high-speed optical plasma images after

plasma discharges.

The effectiveness of this instrument for the research of the plasma

wall interaction is demonstrated in this experiment. The observed

characteristics on the edge-plasma behavior are as follows1 (1) The

helical mode structure of the luminous plasma boundary suggesting

plasma-surface interaction is identified in the case of OH or

ICRF-heated discharge. (2) In the LH-current drive case, no clear

large-scale coherent modes are identified, however, on the initial stage

a medium-scale turbulence ( K-^- a few cm, f -̂  ten kHz ) is found. (3)

Before current disruptions, an m=2 or m=3 helical mode is found and

up-down asymmetric light emissions are often observed during

disruptions.
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1. INTRODUCTION

The impurity concentration in the plasma core and the heat load to

the wall are strongly related to the characteristics of the edge

plasma. Therefore, it is important to control the behavior of the

plasma near the edge. At present, several ergodic magnetic limiter

concepts are proposed to dissipate the heat loss power uniformly on the

wall and to control the impurity contents. The local helical coil

system [ 1 ] for this purpose is mounted on the JIPP-T III) tokamak

( 2.3 ] and this experiment will also be done there in near future.

Related to these concepts, the existence of the near-edge magnetic

island and its ergodization by active helical or multipole field

application are critical issues to be demonstrated.

There are several conventional diagnostics to be used for this

purpose. As for MHD behavior of the edge plasma, especially the

structure of the magnetic island and its ergodization, we can use (i)

Langmuir probes to obtain edge temperature and the density, (ii)

magnetic probes to detect the surface mode due to the island rotation

and (iii) optical imaging method to get the movement and the fine

luminous structure of the plasma column. A soft X-ray pin diode array

is most convenient to get the information on the magnetic island formed

in the plasma core, but not to detect the island near the plasma

boundary.

In this paper, a novel camera system for instantaneous

visible-light imaging of the MHD behavior in the edge plasma is

described and some results obtained in the JIPP-T-IIU tokamak are

presented.
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2. HIGH-SPEED IMAGE-CONVERTER VIDEO-CAMERA SYSTEM

( 2.-1.) Layout of the system

By optical imaging measurements we may obtain the fine structure of

the edge region, especially, MHD helical modes, magnetic islands, glow

and arc spots. For this purpose, the cine-film measurement ( 4,5 ) is

most common in tokamak experiments. However, it is impossible to

display plasma images just after the discharge, because of the

inconvenient developing process. The cine-camera system with video

tapes is more convenient for the simultaneous display , but the time

resolution of this system is now limited to almost 10 msec. The

photo-diode array (6 ] is also commonly used for imaging, however, it

requires a lot of memory to store two-dimensional data. On the other

hand, for a long time the image converter camera has been used in high

beta pinch machines, which is appropriate for observing the high-speed

phenomena not for catching slow time scale behaviors ( > 10 msec ).

Here an image-converter video-camera system even available for 100

msec slow time scale measurements is constructed and tested in the

JIPP-T-IIU tokamak. The main advantage of this system in comparison

with other conventional systems is the capability in displaying

high-speed images on the TV monitor just after the discharge. The

schematic drawing of this system is illustrated in Fig.l. The wide

angle lens system is used to get the whole radial image of the plasma

column through the small observation port. This image is caught by the

image converter camera IMACON 775 ( Hadland Photonics Inc ), on the back

of which the SIT HAMAMATSU camera with a TH0M90N TH9659 tube is

mounted. Streak or framing images are accumulated by the HUGHES
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scan-converter system vith a 639H tube and are stored in the tape

deck. The luminous intensity of stored images is analyzed by the line

selector or transferred to the computer system.

( 2.-2.) Observations in JIPP-T-IIl!

Up to now, the streak mode operation of this system is usually

being done to detect the edge behavior during disruptive discharges,

especially helical mode structure and medium scale turbulence. The

global and slow movement of the plasma column is also checked by this

measurement.

( A ) Medium-Scale Turbulence

Without wide-angle lens system, we obtained irregular luminous

structures in the BCH plasma produced on the initial stage of the

RF-start-up experiment ( Fig. 2 ). In this case, poloidal wave length

of this perturbation is approximately 2-3 cm at the beginning ( t < 2

msec ) and 4-6 cm in the decay phase of the H, intensity ( 2 msec < t

< 4 msec ). This corresponds to the poloidal mode number of m > 50 at

the beginning and m -v- 20 - 30 in the decay phase. In this case the

time resolution is ~ 100/isec with rather wide slit of 15 mm wide and

200 mm long.

( B ) Helical Mode Structure

A helical mode pattern is clearly seen by this lens system as shown

in Fig.3. This type of luminous structure has already been reported in

Ref. ( 4,5 ) . The luminous helical stripes suggest the strong

plasma-vall interactions. In this case, an m = 3 mode rotates toward

the direction of the electron diamagnetic drift and the dominant light

is coming from the small major radius side of the plasma surface, where
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the guard plate of the ICRF antenna and the inn^r circular limiter

exist. Some luminous expansions due to soft disruptions are also seen

in Fig.3.

( C) Disruption Characteristics

Major current disruptions lead to the abrupt expansion of the

plasma and the abnormal interaction betveen the plasma and the wall.

Figure 4 shows the streak image of successive disruptions. The expansion

of the luminous plasma boundary corresponds to the peak of the H>

intensity, as shown by four arrows in this figure. Before the

disruption, m = 3 mode is identified and abrupt expansion is followed

with the gradual shrinkage of the plasma column. Finally, the plasma

minor radius is reduced to the half of the plasma radius prior to the

disruption and strong m= 2 mode is excited at t = 116 msec. The fine

structure of this abnormal behavior can be seen on the monitor TV

directly using the zooming system of this apparatus( Fig.5(a) ). Even

using zooming system, sometimes it is not easy to identify the small

fluctuation. Then after the discharge, we can use the line selector to

trace the line intensity as shown in Fig.5(b). This suggests the

rotating helical mode at a frequency of ^ 5 kHz before the disruption

and the vertically asymmetric plasma-wall interaction during the

disruption.

3. DISCUSSIONS AND SUMMARY

The present imaging system makes it possible to get the information

on high-speed phenomena related to the plasma-wall interaction, just

after the plasma discharge. The present results are limited to the
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streak imaging mode. The framing operation through tangential

observation port will give us more information relevant to the

plasma-wall interaction.

As a final goal, we would like to control the MHD activity near the

edge using feed-back system with variable local helical field. For

this purpose real-time amplitude of the MHD edge activity obtained frora

magnetic field fluctuation analyzer are required. A spatial or

temporal correlation circuit [ 7 ] can be used for analyzing the mode

number and amplitude of the fluctuation. Fourier analyzers are also

commonly used, for real-time display of the MHD mode amplitude, such as

a conventional analyzer with resistance dividers or an m-spectrum

analy2er with multiplexer sampling systems [ 8 ] .

A new modification or combination of Mirnov's correlation analyzer

and Granetz's m-spectrum analyser is being prepared for JIPP-T-IIU, by

which we can analyze each mode amplitude and percentage in real time

using segmentally mounted pick-up coil array instead of completely

surrounding coil array. The details of this analyzer will be described

somewhere [ 9 ] and the present results obtained by the optical

measurement will be compared with magnetic fluctuation measurements.

In summary, the high-speed display system of optical plasma images

is used in the JIPP-T-IIU tokamak and the effectiveness of this system

for the research of the plasma wall interaction is demonstrated.
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FIGURE CAPTIONS

Fig.l Schematic drawing of the high-speed image-convertp.r

video-camera system.

Fig.2 Streak image showing luminous turbulence.

Fig.3 Helical mode structure of the luminous plasma surface.

Arrows show soft disruptions.

Fig.4 Disruptive mode structure of the luminous plasma surface.

Loop voltage Vĵ oop- plasma current Ip and

Ho intensity are also shown.

( Sampling time of these data is 0.5 ms )

Fig.5 (a) Zoomed image of precursor oscillations before disruption

and (b) line intensities of this streak image.
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