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Microwave Diagnostics

mirror

Diagnostics
components

v'All components are located outside neutron /radiation
protection (similar to ITER: > We will be able to study

and use the experience in ITER)
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Emission and Detection of THz Waves

Terahertz Time-Domain Spectroscopic System

Output current signal is proportional (THz-TDS)
to electric field of THz wave.

Detector :
Time delay stage

&L

!

Gate pulse ‘

(O
I Excitation

pulse
Ir

Femtsecond laser

--i-nmwlli--

~

Emitter )
Time (ps)

M.Hangyo (ILE, Osaka Univ.)

Developed mainly by Grischkowsky’s group (IBM)




Plan of THz pulsed radar reflectometer
> TINIVYERERE S E(THZ-TDS) D TS X EHAI~DE

DC bias Photocurrent
Femtosecond D)+ M E(t)m@
Laser Emitter J\% field ot

PLASMA
LT - GaAs

Time“s|
PhotoCondutive
Delay line Antenna ~ Hyper-hemispherical
{lens
LI z Wave Guide
Detector
Plasma Experimental Room

>TINILYIRD (KEEEE) 1mix
>REL—H—HDT74A /1 —{5iE stepl 6

\1

Optical Fiber




THz TDS system layout

Sgec’rr'um

Hamamatsu Photonics K.K.
model: G10620-12 (bow-tie)

[c)
- e
A

oooooooooooooooooooooooo

1=780nm+/-4.8nm il stroke : 65mm
Poutpur=79.3MW M resolution : 0.1um
ouTtpu

PulseWnd‘rh 120fs .Speled _ 1000mm/s

Test system of THz-TDS on the optical bench



Electric Field (arb. units)

Example of
THz-TDS signal

* Lock-in:10mV, 10ms
e Current amp: 1076

* Chopper : 3.193kHz
e Stage speed: 20m/s
* Sampling : 0.2kHz

3 Ti:sapphire laser (800 nm, 80 fs)
= Applied Bias for Emitter: 10.0V
Emitter / Receiver
— (510620-01/G10620-11
w— (510620-02/G10620-12 N

D T

Power [arb. units]

k
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Test of Teflon

Example of TDS measurement by teflon _
A¢ =Akud

> 5

d g

Width of Teflon can be estimated

Teflon plate
100 ——r—r—r—————r
F A ——w/o Teflon
50 t= 15mm
I —1t=20mm
) i
-50 _
S o] SRR RN SNSRI SV VS S
-120 -100 -80 -60 -40 -20 0 20 40
T[psec]
[ Experiment
80 e t=20mm
F|—e—t=15mm
60
40 bﬂ
] | Calculation |
V2B ——t=20mm
—t=15mm |7

0 0.1 0.2 0.3 04 0.5
frequency [THZ]
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Estimation of DEMO-like plasma

Sample profile
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10

—T [keV]
4t |7 n_[x10%m?]

0 02 04 06 038 1
r/a

elay time[ns]

hy MATJERBELYEENTA—T
AR # % F L i-DelayometryEtiBlh 5
— RTEHEE N,
LHEEEREETn—J95Z & T,
Delay timeh &K & 75 5 BlIKREH 5
- E—VFE r]e_max
ROy A ITERBUTOIESICE
% RETETERID 5
- ZESH ()

25

20 |

15}

10 +

n0=1x1 0%'m

LY
]

! | Cutoff Density
!

I [x10°'m™]

200 400 600 800 10

frequency [GHZ]

10

2.5

1.5

0.5

0
00



Delayometry (Refractometry)

N Loz RAO0RERAWN=/ILAL—F AR
JIAREBALI-CCIREDB (2 DTSR MTOEIEH)

PUBFRE (. T. Tokuzawa et al, RSI 72, 328 (2001)
Delayometer Signal (#12694 )

rpezg_[ L —1dx 10

fa |l 0?0
1— pe 8 - 7
2 - delayometry signal

@o —numerical calculation
Y, Ay bFORR#BEY E
2N TO0—JNXDEE. RFHE
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Delay time [ns]

S roen
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Impulse & Frequency spectrum

Microwave range

1, Q Frequency spectra
% -1 , 0.8
© L
& i —4015C+5208 _ f
2 r V) r
n 2L = 1 4016+5206
; = 0.6j /
] = 7
: S . 4015C+
; G, 04 015C+5208
'g‘ O @) L
3 o
é r —4016+5206 1 0.2
v -10 , ] :
15 & ‘ ‘ ‘ ] ol ‘ |
0 50 100 150 200 0 20 40 60 80 100
time [ps]
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8-60GHz Ultra-short Pulsed Radar Reflectometer

40-60GHz

PSPL 4016 & 5206 | | T - —

Impulse:18ps
Amplitude: -1.5V 1
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Time of Flight [ns]
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in GAMMA-10
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ToF measurements was tested in GAMMAI0 plasma
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Doppler Back Scattering (DBS)®M B #J
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Principle of Doppler Reflctometer

for poloidal velocity / density fluctuation measurements

e wave number is decided by
Bragg condition:

k, =2-kgsin(6)

m=0 : reflection | \yaye number resolution is

m=-1 decided by a beam width:
2
2
m=+1 AKLNE\/1+(W kO]
w Peff
« Doppler shifted frequency:
kj_—’ N= Slh@ »VJ_ a)D:—k-l)
N=0 ~—k v,
Strong points: U, = Uppase T Vs

v Wave number is selectable in the

ITG/TEM range



Principle of Doppler Reflctometer

for poloidal velocity / density fluctuation measurements

£100263 t=4.7s e wave number is decided by
0.1 F————— e : Bragg condition:
Oy | E k, =2-kqsin(6)
001 L | « Wave number resolution is
— decided by a beam width:
= |
5, i I 2
0 M 2
v | J : AkLZﬁ\/l+(W kO]
0.001 1 | g Peff
| L' . . e Doppler shifted frequency:
I —123.2+/-2.6k|:—|
l T — °
0.0001 b e 0 wp =-Kk-v
-5 10° 0 510" "
frequency [Hz] ~—K U,
Strong points: U, = Uppase T Vs

v Wave number is selectable in the

ITG/TEM range



Target parameters of Doppler RM

®
@ Doppler shifted frequency _,._DA;_ o = —k v
. . D —
— poloidal velocity /E\
\\ > z_kLUL
@ Integration in frequency domain
— wave number spectrum A N
Havens poset S(ki)/\ S(k;)
pani R .
@ Temporal behavior of Doppler shift frequency K

— velocity / frequency of background plasma (zonal flow, GAM, etc.)

time



Radial Electric Field Force Balance

EI:H-] T T T T T I T | T | T T T T
100
VP B 2l o
r = ——— = Ug; Do + Vg, DBy
qn;
_ -100
£
— :
2 00 - L —
i Erfrom i |
S300 — Doppler “"H.._h‘ | —
- Reflectometry | .
o . 400 bl .
main ion ] : |
@ sool—a L o L b b b b b b b Ly
0 01 02 03 04 05 06 07 08 09 | 1.1
2 5 MNormalized Radius
impurity

Figure 5. The radial electric field components measured during an
H-mode phase (2.2 s) in discharge #17439. E, is determined from
the Doppler reflectometer diagnostic while the toroidal velocity term
is from CXRS, the poloidal velocity term from neoclassical
calculations and the pressure gradient term from density and
temperature measurements.

AUG : J.Schirmer, NF(2006) S780



2D FDTD (Finite-difference time-domain) simulation
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FDTD simulation results
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Flow simulation
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GAMMA10 Homodyne DBS system

@E—yntheszer
GAMMA 10 — .
pasma. | dﬂ PNERGHE | BRI (RF3) ENANIZ &
AR s BET U A—ERDINE
D‘x~|>—|%_‘— Acosi L
Amplifier Spectrum LR %%%ﬁﬁ4§~5><1017 rr\_2
Analyzer
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Source : synthesizer
115 - 18 GHz

polarization : X-mode

Frequency (GHz)

DAC : Oscilloscope (BMS/s)




Experimental example

Complex frequency spectrum

#225880 t=160 ms
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Beam width [mm]

New antenna design
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