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Plasma can be seen by microwave. e
Plasma fluctuations has 3D structure. (&%
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150 Ly : ECE] - Plasma fluctuation is extended along

N 11 (97-105GHz) field line and is broken in poloidal
5 100 | and radial directions.
3 [
§ [ 3D fluctuation structure can be
g 90 _ observed with 3D microwave
- I MIR imaging.
(60-65GHz)
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Amplitude and phase changes as the cutoff
: o\
surface moves due to n, fluctuation. (&
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Vibration of plane reflector does not
change amplitude but phase only.

Wave fluctuates both in amplitude

and phase.
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Illumination waves

f=6041 GHz
61.81 GHz /| | Receiving Antenna Array
63.01 GHz - Toroidal 7ch x Poloidal 7ch

64.61 GHz
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4.5 GHz (60.41 GHz)

5.9 GHz (61.81 GHz)
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Two types of antenna array |
on board L
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. 20GHz Planar Yagi-Uda
( antenna array for TPE RX

« Two types of antenna arrays
(a) Edge emission (NIFS)
(b) Surface emission (UC Davis)

« 2-D array can be made by stacking the
edge emission type antenna arrays.

. Printed circuit board (PCB)

vt
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Dual dipole antenna J ‘:}
g

array for ECE |mag|n e
| g REHHEH
(c) 2-D antenna array

(b) surface emission

. Nagayama, S. Yamaguchi, Z. B. Shi, et al, PFR 3, 053 (2008).
. B. Shi, Y. Nagayama, S. Yamaguchl et al, Phys. Plasmas 18, 102315 (2011)
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Yagi-Uda antenna array has an
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» The Yagi-Uda antenna array has a dip in the frequency response due to the
interference among antennas. (Single Yagi-Uda antenna has broad response)
 Partition is required to avoid interference.

« Horn antenna has a wide frequency response.
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Horn-antenna Mixer Array (HMA)
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Frequency response and directivity of
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* V-band (50-75GHz) HMA has broad frequency response between 50 and
108 GHz.

» Directivity is 17 degrees (aperture: 13x13mm), while commercially available
pyramid horn antenna is 10 degrees (45x30mm).




HMA (Horn-antenna Mixer Array)- sk
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« HMA is a sandwich of a PCB with mixers and
aluminum frames with half cut horns.

» Mixer and RF amplifiers are installed on PCB.
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3. D. Kuwahara, et al., J. Plasma Fusion Res. SERIES, 9, 125 (2010).
4. D. Kuwahara, et al., J. Plasma Fusion Res. SERIES, 8, 649 (2009).




Microwave Source and Optics of
Microwave Imaging in LHD @
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« Microwave is mixture of 3 sources:
— Base band (o,), 18 IF (®,), 2" IF (®5)
* Probe beam illuminates plasma and reflected wave is focused onto

HMA.
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5. S. Yamaguchi, Y. Nagayama, et al., RSI, 79, 10F111 (2008).
6. T. Yoshi Y. Nagayama, et al., RSI, 81, 10D915 (2010).
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Horn-antenna Mixer Array
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Observation of edge plasma fluctuation
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Cutoff density of X-mode microwave:

n _ fR2 B fR fce
cutoff —
806.4

fR:%{fceh/f;Mf;}

fe [GHz] = 28B[T], f,,. [GHz] = 28.4,n, [10°m™

We measure the equilibrium plasma
edge in the case of high field operation.
Plasma pressure is still high at the
edge.

* Equilibrium Plasma edge: R=4.55m
* iota(=1/q): 1.5

« T.,=0.3keV

* n,=1x10"°m-3
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MIR image of edge plasma fluctuation @
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» Two types (at least) are observed
» Strong and long along field line
» Weak and short length
« Some fluctuations are not along the filed lines.
» Further work is required to compare with
theoretical predictions.
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4D MIR image of fundamental frequency
shows how EHO proceeds (.
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Preliminary analysis of coherence (t-p) plane
high Ti mode and EHO @
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« High coherence is observed in the case of EHO. ) Sy (©) i
» Coherence looks extends along the field line. CXV((D) - Sxx(CO)Syy((D)
. LAt O+A®
High Ti mode EHO Sy (@)= <<X (@)Y (@)),_, >®_Aw
3
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