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Output - Total Current
Output - Beta + li/2
Output - B-line

Configuration
Output - Each Filament Current
Output - Error
Output - Eddy Current
Output - Flux Before Correction
Output - Flux After Correction
Output - Fitted Flux

a0.50_151.pdf
./ipevo.dat

ipscan4-afunc-a0.50.cnf

./error.dat
./eddy.dat

./phievo-0.dat

./phievo-1.dat
./phiclc.dat
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No Name Wgt
ob

Phi(uVs)
(ob-clc)/clc

Error(%)

1 Phi-U1  5 102.85 -2.05
2 Phi-RU3  1 678.06 -7.51
3 Phi-RD3  1 738.42 -2.87
4 Phi-D1  5 104.54 -5.82
5 Phi-RU1  1 1710.02 1.53
6 Phi-RD1  1 1762.45 1.87
7 Phi-RU2  1 1115.30 -0.80
8 Phi-RD2  1 1133.96 -2.62
9 Phi-CU2  20 66.24 2.04

10 Phi-CU1  20 108.01 -0.55
11 Phi-C0  20 125.10 0.26
12 Phi-CD1  20 111.96 0.03
13 Phi-CD2  20 71.04 0.86

14 Phi-T1  1 217.26 -2.45
15 Phi-T2  1 464.78 -1.31
16 Phi-B1  1 226.97 -3.05
17 Phi-B2  1 456.41 -4.82

Err_R(Phi-R) =
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Polarization control of incident microwave for non-inductive formation of spherical tokamak
     by electron Bernstein wave heating and current drive in LATE
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2.45GHz

2.45GHz2.45GHz

Device Parameters

LATE (Low Aspect ratio Torus Experiment) is exploring 
non-solenoidal start-up by ECH/ECCD. 

Y.Nozawa, M.Uchida, H.Tanaka, K.Takamatsu et al.

Vacuum Vessel: 
   diameter = 1m
   hight = 1m
   center post diameter = 11.4cm

Magnetics (17 Flux loops)
70GHz interferometer (7 chords)
AXUV cameras
Fast visible camera(CCD camera)
Spectrometer
High Xray Pulse Height Analyzer

Diagnostics

2.45GHz  20kWmagnetron x 4  , 2s
5GHz     200kWklystron     x 1  , ~0.10s

→  Obliquely injection to the toroidal field in the form of O-mode from the lower field side  (OXB Scheme)
Start-up by ECH/ECCD using Electron Bernstein Wave  

 EB Wave is an electrostatic wave so that 
can propagate in over-dense plasma.  
The plasma increase up 7 times the 
plasma cutoff density. This suggests that 
EB waves heat the plasma.

Electron density strongly depends on the ECR location  

 When RECR=18.5cm, UHR layer shifts 
to outside of the 2nd ECR layer. Then a 
large portion of the incident EM wave 
may be mode-converted to EB waves 
and absorbed before the 2nd ECR layer. 
 Therefore we locate 2nd ECR layer 
outside UHR layer for high-density and 
high-current plasma.

  According to the linear mode-conversion theory with the cold plasma 
resonance absorption model in a slab plasma geometry,  mode 
conversion rate to EBW depends on density gradient near UHR layer.
  Optimal polarization on low density gradient is O-mode like, and on 
high one is X-mode like. As density gradient (∇n) increases, optimal 
injection polarization varies from O-mode to X-mode-like.

Mode-conversion rate to EBW depends on density gradient(∇n) near UHR layer

  The main axis of elliptically polarized wave is 
determined by the angle of plate to the x axis(θλ/4).
  We can inject some elliptically polarized waves  
by rotating quarter length plate.

  When the angle of plate to the x axis is θλ/2 , 
the angle of wave to the x axis become 2θλ/2 . 
  We can inject linearly polarized waves with 
arbitrary angle to the x axis by rotating half 
length plate.

Principle of polarizer

k

cold test

Red denotes left-handed 
rotation and blue does 
right-handed rotation to 
the propagation direction.

  Combination of half wave section 
and quarter wave section generates 
every type of elliptically polarized 
wave from single TE11 wave that 
has the central E vector on x-axis. I 
tested if the polarizers work as 
theory, as right picture.
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  The microwave power of the O-mode like 
polarization and the X-mode like one are 
varied by preprogrammed control,respectively.
  At first stage of discharge the power of O-
mode like polarization is larger than X-mode 
like one, and at last stage X-mode like one is 
larger than O-mode like.  

One of the Experiments

  Plasma current increases up to 12kA and 
sustain steady with low decay index by 
power-control injection polarization 
adjustment.  

Garaduate School of Energy Science, Kyoto univ.

H.Igami et al., PPCF 48 573(2006)

Result using a set of half & quarter plates

Microwaves

Comparison  among discharges using different polarized waves 
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vs IXUV on 5R port
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1 2.6
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3 1.9
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の設置箇所は磁気プローブと共有ポートである 5R と 9R、もう一つは上部ポートの 4T
で、計 3台を設置している。図 2.12は設置した 3台の AXUVの視線を示している。1台
20チャンネルの視線をもっていて、計 60チャンネルの計測システムである。
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図 2.12 AXUVの視線
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  The difference of IXUV between 2-L 
and 2-R shows the value at inner side 
is higher than one at outer side.
  This suggests that electron density at 
inner side on 2-L is higher than one at 
inner side on 2-R and electron density 
at outer side is not different so much 
between 2-L and 2-R.
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lower

and

  These shows that plasma current is almost 
same value and ∫nedl (RT=0.12m) has 
different values with respect to each 
polarized waves.
  Above Fig shows that ∫nedl at inner side 
on 2-L is higher than one at inner side on 2-
R, and ∫nedl at outer side is not different so 
much between 2-L and 2-R.

 H Igami et al.(2006) suggests 
that right-handed injection 
polarization at right angle to 
optimal one  have the lowest 
mode-conversion rate. 

   I took this theory and then 
chosen ones 1,2,3-R as above Fig.

   I changed only injection 
polarization a few shots by 
shots and didn't change 
injection polarization during 
a discharge.
 Another setups are same. 


