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EXPERIMENTAL APPARATUS




GAMMA 10 tandem mirror

Multi-channel microwave
interferometer
Movable microwave
interferometer

Gold neutral beam

H, plasma

; . Ng~2x10" m3
o / T,~01keV
&L T, ~ 5 keV

b, ~ 2.0 kV

b, ~ 1.5 KV

ICH 6.36~10.2
MHz, 500 kW

ECH 28 GHz, 500
kW

Plug/Barrier
Machine Length 27.1m 2 48m

(a)

dc; lon Confining Potential ¢p; Thermal-Barrier Potential




Diagnostic systems

GAMMA 10 tandem mirror ‘

Plug/Barrier || Anchor || Central
Gyrotron Plug/Barrier |
Sloshing NBI ICR Oscil Gyrotron  Sloshing NBI
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Beam Probe
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Electric field mea-
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Microwave interferometer




Multi-channel microwave

interferometer

Impatt Oscillat , ,
0 GHz . The system is configured as a heterodyne

@§ interferometer consisting of a 70 GHz (1 W)
cos(at)

Impatt oscillator (Quinstar Technol., QIO-7030CL)
and a 150 MHz oscillator (Vega Tchnol., VCO-

y

Directional 132). ) o
coupler . Out put of the Impatt oscillator is divided to two
. % coslal] microwave beams. One is a probe beam that

Teflon lens A goes through the plasma, and another is a
reference beam that is combined with the output
X of 150 MHz oscillator using an upconverter
é (Millitech, MUP-12-RSR).
(gé Phase shifter . A probe microwave beam is injected into the
Oscillator plasma by the transmission horn which is set at
LO 150 _MHz the x =1.15m and y = -0.10 m though a Teflon

cos(wt + Ag @@F—@ lens system (the radius, the radius of curvature

————— RE[ ol and the thickness are 0.0545 m, 0.0536 m, and
cos(a't + Ap) Heos(at + w’tf) 0.0236 m, respectively) from the upper port of the
) GAMMA 10.

. In the former system the transmission horn
e position was x = 0.65 m and no lens system were

-~ used.
] T S 4@&

Data processing|<— detection il . The probe beam extends and is received by the 6

system 1} creut L Peme——y horns settled at the measuring position of y =
- 1 0.05m (ch. 1), 0.01 m (ch. 2), -0.02 m (ch. 3), -

- = = == 0.07 m (ch. 4), -0.10 m (ch. 5), and -0.12 m (ch.

Detector L 6) at the bottom outside the port of GAMMA 10.

Ei The spatial resolution of the system is about 3 cm.

b4 z

PLASMA




Gold Neutral Beam Probe System

Gold Neutral Beam Probe at Central Cell
z=1.18m
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<Parameters in Normal Operation>
Beam Particle: Au neutral (mj=197)
Beam Energy: 11.783 keV

Analyzer Voltage: 9.519 kV

Beam Radius: 0.5 cm

Beam Current: 2uA

Beam current = Electron density Beam energy = Plasma potential
Al/T=An/n, AE = ¢
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Particle flux analysis

Heating sequence Line density and diamagnetism
202663 S —Re2 _I[;!ne Denstl'ty
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3.5 q—CECH 5 prrrrere g ------- AR _0.75U
o 3 —B-ECH § [ - =
O /“/ —P-ECH £ 3
© 2.5 - 2 0
= WM WAWA o Q
o \ =
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1.5 @ 3
= S 4
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T 0.5 < =
— : Z g
0 3L — L 0.65
50 100 _ 150 = 200 250 120 13Q|__ 14}0 150
Time(ms) ime(ms

During ion cyclotron heating (ICH) period, the diamagnetism and line
density are fluctuating with time.



Potential and density fluctuations

|— Potential fluctuation |

----- Density Fluctuation
decay glowth

= —Potential Fluctuation By
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Temporal evolution of the low-frequency potential
and the density oscillations near the center of

GAMMA 10. The time evolution of the potential fluctuation and
its fluctuation frequency obtained by using GNBP.

«  We observed the potential and the relative density fluctuation frequencies of
about 10 to 12 kHz which correspond to the drift type fluctuation.
A good correlation between both oscillations is recognized.

Time [ ms ]



Particle flux obtained by GNBP

----- Diamagnetism at the Central Cell

—Particle Flux near the Center
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The diamagnetism began to
decrease at 120 ms and particle
flux was on the increasing phase.
When the particle flux was on the
decreasing phase at 125 ms, the
diamagnetism goes into an
increasing phase. The particle flux
of about 0.035 is the threshold of
increasing and decreasing phase
of diamagnetism.

The edge particle flux must be
considered in detailed particle flux
analysis.

The frequency of the
diamagnetism and the particle flux
oscillation is about 100 Hz. This
correlation tells us that one of the
source of the anomalous radial
transport is the potential and
density fluctuations and the
fluctuations decrease the plasma
stored energy.
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DENSITY AND POTENTIAL
FLUCTUATION MEASUREMENTS

6
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 The plasma is produced at 50.5 ms and sustained by ICH. Then barrier-ECH is applied
between 159.5 and 204.5 ms to create thermal barrier potential and plug-ECH is applied
between 160.5 to 180.5 ms to create confining potentials. Central-ECH is applied between
161.0 to 176.0 ms to increase the electron temperature.

» Figure shows a time variation of line-integrated density (solid line) measured by the movable
interferometer and diamagnetism (dotted line) with the heating sequence.

« The diamagnetism and electron line density increase with applying ECH.




FFT power [ Rel. units ]

FFT S ectra of the plasma densit
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FFT frequency spectra are displayed in
these figure for each position measured
by the multi-channel interferometer.

FFT spectra of each channel before
ECH (red line, t = 120-122.56 ms) and
during ECH (blue line, t = 170-172.56
ms) are shown in figure (a) at vertical
position of 0 m, (b) at 0.03 m, (c) at
0.06 m, and (d) at 0.09 m, respectively.

It is observed that the FFT power on
each position of plasma densities is
suppressed during the application of
ECH.

The frequency peaks of about 9 kHz
before the application of ECH and
during application of ECH those
frequency peaks are suppressed. The
frequency peaks of about 9 kHz are
observed at the region fromr=0tor =
0.09 m.



Potential and density fluctuation

0.02 #204870

(a) Density | —120ms
fluctuation ——170 ms

o
o
—
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(b) Potential — 120 ms
fluctuation |[——170ms

Potential fluctuation spectra [ Rel. units ] Density fluctuation spectra [ Rel. units ]

Frequency [ Hz ]

We show the FFT spectra of the
density (a) and potential (b)
fluctuations measured by using
the GNBP system. On both of
the figures, the peak at the
frequency of 9 kHz is observed.

When the plug ECH applied, the
decrease of 9 kHz peak is
observed.

The ion confining potential
formation with plug ECH made
potential and density fluctuations
suppression of the coherent
modes.



Particle flux analysis
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We observed the potential
and the relative density
fluctuation frequencies of
about 9 kHz which
correspond to the drift type
fluctuation.

This figure shows the
particle flux measured at r
~2cm.

The hair line and bold line
show the particle flux
before application of ECH
and that during ECH,
respectively.

The frequency peak about
9 kHz before application of
ECH is observed. It
decrease during the ECH.



GNBP measurements

Density fluctuation Radial distribution of density fluctuation

#209820~22 R=0,6,12(cm) 4000~10000(Hz)

Density Fluctuation
0.1 Density Fluctuation — r
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=) T
= 3
3 E
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—g (]
r ¢!
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2 0.01} =
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Density and potential fluctuations of the  Density and potential fluctuations are
frequency range from 4 kHz to 10 kHz suppressed in every radial positions
are suppressed with application of during ECH.
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POTENTIAL AND ELECTRIC FIELD

CONTROL

Shot number (L> RT 'L — ME#T) i 0-2(Fh0EB) | #KIR3-5 (S1MEN)

#210271-78 (EFEIEHL) 1 MQ 1 MQ
#210284-92 (FR.iaAAEIRIIN) 11kQ 1MQ
,,/\\
R/ A Radial Potential Profile #210271~78 Radial Potential Profile #210284~92
44 |u. ‘:_ (Normal End Plate Resistance) (Change End Plate Resistance)
§ (\\ “‘I j‘( 700 T T T T T T T 700 T T T T T T T
NS/ - 600 [ | ooy 1
/:\ — 5007 M — 5007 |
ST @ a00f 1 ® 400f '
LT e e ~ =
7 a0 y, \\ + : 300 i M/’ : 300 i M
O 200f 1.0 200[ ’
RS S A « ¥ | |~ without P-ECRH(144.9[ms])| o_ || ~*—without P-ECRH(144.9[ms])
N\ NN T L e/ 100 +W|th P- ECRH(163 6[ms]) 100 [| ——with P-ECRH(163.6[ms])
5l \\\ \\;i ‘Hi \// ) /’/ | 1 1 1 1 1 1 1 |
[EvaL EVD brvLE] \\\ o / // 0 2 0 2 4 6 8 10 12 14 0-2 4 - 6 8 10 12 14

0 2
T X-Axis [ cm ] X-Axis [ cm ]

Potential and electric field can be successfully controlled by
changing the end plate registers.
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<E-Divertor>

« J5XAYAFE:01~10m¢

e THSATEE:<109m3

o FIFREZERE: 1022 ~ 102*m2s

o EUREZEE: 0.1 ~ 10 MW/m?

o TSRXTHEHGEM 047 ~ 4 (10%)

e JJLIUR:10%% ~ 10%°m=2 /shot, ~ 102" m2 /week
<A-Divertor>

e J5XTO#E:1.0~1.5m?x0.05 m"(MHIRIK)

e TJS5XIFZE:<108m3

o FMFHREE: 100 ~ 102" m2s' (EEWER), ~ 102m2s' CHEE)
e ERERZFE:0.01 ~ 0.1 MW/M2(CGHIRE)

o TSXTHEHFER04 7 ~ 4 7 (108)

e JJLITR: 1021 ~ 1022m=2 /shot, ~ 10 m2 /week
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