
Overview of Recent Progress on 
Non-inductive Start-up Experiment in LATE

Graduate School of Energy Science, Kyoto University, Japan

H. Tanaka, Y. Nozawa, R. Kajita, X. Guo, T. Kuzuma, T. Nakai, 
S. Matsui, S. Yamagata, R. Ashida, R. Nakai, T. Nagaeki, 

M. Uchida, T. Maekawa

20th International ST Workshop, October 28-31, 2019 
Frascati, Italy



Topics 

Polarization Adjustment for Non-inductive Production of 
Highly Overdense ST Plasma by EBW

Intermittent Plasma Ejection Events in an Overdense ST 
Plasma sustained by EBW

1.

2.

3. Electron Beam Injection into EBW-produced plasma 
(Preliminary Result)



Cylindrical Vacuum Vessel : 
       R = 5.7 ~ 50 cm
       Z = -50 ~ 50 cm
       A ≧ 1.24
Toroidal Field @ R = 25 cm 
       Bt ≦ 1.6 kG, > 0.13 sec
Vertical Field @ R = 25 cm
       Bv ≦ 250 G, 2 sec

Microwave Sources :
  5 GHz 
       200 kW, 0.1 sec
       1 klystron  
  2.45 GHz 
       20 kW, 2 sec, 
       3 magnetrons

2.45GHz, 
20kW, 
2sec, #1

5GHz, 
~200kW, 
~100ms

2.45GHz, 
20kW, 
2sec, #3

2.45GHz, 
20kW, 
2sec, #4

Diagnostics :
  Magnetic Measurement 
      (17 Flux Loops, 14 MPs)
  4 ch 70 GHz Interferometers
  XUV Cameras (20ch x 3)
  Fast CCD Camera
  Visible Light Spectrometer
  4 ch HX PHA system
  HX pin-hole camera
  HIBP system (Rb+, 20kV)

LATE (Low Aspect ratio Torus Experiment)

No Center Solenoids



linearly polarization
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Mode Conversion Rate for Outboard Injection
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Figure 3. Mode-conversion parameter space maps presented as contour plots of the optimal
mode-conversion rate Tg1(=TEBE) in the Lp/λ0–ω/# plane for various cases of constraint on
the propagation angles, (a) perpendicular propagation, Nz = Ny = 0, (b) Ny adjustment with
the constraint of Nz = 0, (c) Nz adjustment with the constraint of Ny = 0 and (d ) adjustments
of both Nz and Ny . The shaded region indicates the area where the mode-conversion rate is
more than 95%, while the meshed region indicates the area where the mode-conversion rate is
less than 10%.

free propagation). Locations 3, 7 and 15 are contained within the transparent region. On the
other hand, at locations 1, 5, 9, 13 and 17, peak transparency is below 90%. The corresponding
windows are in the first column in figure 2. As Lp decreases further, transparency deteriorates
monotonically as shown in figure 3(d ).

3.2. Polarization

The polarizations of the g⃗1 mode and the emission wave E⃗EBE at the angle locations (a)–(e)
in window (10) in figure 2 are plotted in figure 4, respectively. Note that they are plotted on
the x′–y′ plane for the incident wave and on the x′′–y′′ plane for the emitted wave and viewed
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Waveforms (L1, L2, L3)
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Psip maximum = 2.243E-02 at R = 6.780E-01, z = 3.000E-01
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The difference of Ip is very small, suggesting that the produced  high energy 
electrons are nearly the same among the three polarizations. The plasma current 
may be determined by the equilibrium Bv strength.



Density Profiles on the Mid-Plane (L1, L2, L3)
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190607/195(gray70)−vs−183(forest−green)−vs−186(red)−vs−176(blue) averaging 0.220 − 0.250s 
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190607/195(gray70)−vs−183(forest−green)−vs−186(red)−vs−176(blue) averaging 0.220 − 0.250s 
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(~10 times the plasma cutoff density)



Soft X-ray Profiles on the Mid-Plane (L1, L2, L3)
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190607/195(gray70)−vs−183(forest−green)−vs−186(red)−vs−176(blue) averaging 0.220 − 0.250s 
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Impurity Line Radiation Profiles on the Mid-Plane (L1, L2, L3)
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190607/195(gray70)-vs-183(forest-green)-vs-186(red)-vs-176(blue), frame = 3 
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Summary on Polarization Adjustment for EBWH/CD
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Overdense ST plasmas are non-inductively formed by oblique injection of 2.45 
GHz microwave on the mid-plane with three left-handed elliptical polarizations 
(L1, L2 and L3), respectively, at Ωe/ω ~ 0.6.

The difference of Ip is very small, suggesting that the produced high energy 
electrons are nearly the same among the three polarizations.

The plasma current may be determined by the equilibrium Bv strength.

The bulk electrons in the plasma core region (~10 times the plasma cutoff 
density) is effectively heated by EBW when the polarization of incident 
microwave is L2, whose mode conversion rate is largest among three 
polarizations.

It is difficult to explain quantitatively, but linear mode-conversion theory well guide 
the optimal polarization.

O-mode-like

X-mode-like
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Polarization Adjustment for Non-inductive Production of 
Highly Overdense ST Plasma by EBW

Intermittent Plasma Ejection Events in an Overdense ST 
Plasma sustained by EBW

1.

2.

3. Electron Beam Injection into EBW-produced plasma 
(Preliminary Result)



Variation of Density Profile at Ejection Events

 1.6
 1.7
 1.8
 1.9

 2
 2.1
 2.2

/Volumes/P08B/kajita/ne_profile/ne_profile−CAMAC/171215/101/navr1_nskip1_t0.2270000−0.2280000s/compare/plot_frm6x1_neprofile.pdf

171215 #101
t = 0.2270000 − 0.2280000s, Itc = 96 kAT, fECH = 2.45 GHz

R
T
=

1
1
cm

∫ne dl (1017m−2)

 2
 2.2
 2.4
 2.6
 2.8

 3
 3.2

R
T
=

1
9
cm

 1.2
 1.4
 1.6
 1.8

 2
 2.2

R
T
=

2
8
cm

 0
 0.1
 0.2
 0.3
 0.4
 0.5

0.227 0.2272 0.2274 0.2276 0.2278 0.228

R
T
=

3
5
cm

time (s)

0

0.5

1

1.5

2

2.5

3

0 0.1 0.2 0.3 0.4 0.5

∫n
e
 d

l h
o

ri
zo

n
ta

l

(1
0

1
7
 m

−
2
)

RT (m)

0

1

2

3

4

5

6

7

0 0.1 0.2 0.3 0.4 0.5

ce
n
te

r 
p
o
st

  
 

ra
d
ia

l l
im

ite
r 

  

n
e
 (

1
0

1
7
 m

−
3
)

R (m)

outside 
the LCFS

 1.6
 1.7
 1.8
 1.9

 2
 2.1
 2.2

/Volumes/P08B/kajita/ne_profile/ne_profile−CAMAC/171215/101/navr1_nskip1_t0.2270000−0.2280000s/compare/plot_frm6x1_neprofile.pdf

171215 #101
t = 0.2270000 − 0.2280000s, Itc = 96 kAT, fECH = 2.45 GHz

R
T
=

1
1
cm

∫ne dl (1017m−2)

 2
 2.2
 2.4
 2.6
 2.8

 3
 3.2

R
T
=

1
9
cm

 1.2
 1.4
 1.6
 1.8

 2
 2.2

R
T
=

2
8
cm

 0
 0.1
 0.2
 0.3
 0.4
 0.5

0.227 0.2272 0.2274 0.2276 0.2278 0.228

R
T
=

3
5
cm

time (s)

0

0.5

1

1.5

2

2.5

3

0 0.1 0.2 0.3 0.4 0.5

∫n
e
 d

l h
o

ri
zo

n
ta

l

(1
0

1
7
 m

−
2
)

RT (m)

0

1

2

3

4

5

6

7

0 0.1 0.2 0.3 0.4 0.5

ce
n
te

r 
p
o
st

  
 

ra
d
ia

l l
im

ite
r 

  

n
e
 (

1
0

1
7
 m

−
3
)

R (m)

RT=11cm

RT=19cm

RT=28cm

RT=35.5cm

∫n
ed

l (
10

17
 m

-2
)

Abel
Inversion

inside 
the LCFS

 1.6
 1.7
 1.8
 1.9

 2
 2.1
 2.2

/Volumes/P08B/kajita/ne_profile/ne_profile−CAMAC/171215/101/navr1_nskip1_t0.2270000−0.2280000s/compare/plot_frm6x1_neprofile.pdf

171215 #101
t = 0.2270000 − 0.2280000s, Itc = 96 kAT, fECH = 2.45 GHz

R
T
=

1
1
cm

∫ne dl (1017m−2)

 2
 2.2
 2.4
 2.6
 2.8

 3
 3.2

R
T
=

1
9
cm

 1.2
 1.4
 1.6
 1.8

 2
 2.2

R
T
=

2
8
cm

 0
 0.1
 0.2
 0.3
 0.4
 0.5

0.227 0.2272 0.2274 0.2276 0.2278 0.228

R
T
=

3
5
cm

time (s)

0

0.5

1

1.5

2

2.5

3

0 0.1 0.2 0.3 0.4 0.5

∫n
e
 d

l h
o

ri
zo

n
ta

l

(1
0

1
7
 m

−
2
)

RT (m)

0

1

2

3

4

5

6

7

0 0.1 0.2 0.3 0.4 0.5

ce
n
te

r 
p
o
st

  
 

ra
d
ia

l l
im

ite
r 

  

n
e
 (

1
0

1
7
 m

−
3
)

R (m)

LCFS
Density reduction for before and after crash
Δn/n ~ 30 ％

 1

 10

p
H

2 (1
0-3

 P
a)

171215  #101

 0
 5

 10
 15
 20
 25
 30
 35

 0 10 20 30 40 50 60 70 80 90 100

P
ne

t (
kW

)

B
v (

G
)

 0
 0.5

 1
 1.5

 2
 2.5

 3
 3.5

 0
 0.1
 0.2
 0.3
 0.4
 0.5

∫ n
e 

dl
 (1

017
m

-2
)

∫ n
e 

dl
 (1

017
m

-2
)

 0
 0.1
 0.2
 0.3
 0.4
 0.5

0.227 0.2272 0.2274 0.2276 0.2278 0.228

I i,
 s

at
 (m

A)

time (s)

Iprobe (mA)

 1

 10

p
H

2 (1
0-3

 P
a)

171215  #101

 0
 5

 10
 15
 20
 25
 30
 35
 40

 0
 20
 40
 60
 80
 100

P
in

j (
kW

)

B
v (

G
)

 0
 2
 4
 6
 8

 10

 0
 0.5
 1
 1.5
 2
 2.5
 3
 3.5
 4

I p
 (k

A)

∫ n
e 

dl
 (1

017
m

-2
)

 0
 0.1
 0.2
 0.3
 0.4
 0.5
 0.6

∫ I
AX

U
V 

dl
R

T=
24

cm

(a
.u

.)

-1
 0
 1
 2
 3
 4

dB
R

/d
t (

T/
s)

-0.2
 0

 0.2
 0.4
 0.6
 0.8

 1

0 0.05 0.1 0.15 0.2 0.25 0.3
I i,

 s
at

 (m
A)

time (s)

 1

 10

p
H

2 (1
0-3

 P
a)

171215  #101

 0
 5

 10
 15
 20
 25
 30
 35
 40

 0
 20
 40
 60
 80
 100

P
in

j (
kW

)

B
v (

G
)

 0
 2
 4
 6
 8

 10

 0
 0.5
 1
 1.5
 2
 2.5
 3
 3.5
 4

I p
 (k

A)

∫ n
e 

dl
 (1

017
m

-2
)

 0
 0.1
 0.2
 0.3
 0.4
 0.5
 0.6

∫ I
AX

U
V 

dl
R

T=
24

cm

(a
.u

.)

-1
 0
 1
 2
 3
 4

dB
R

/d
t (

T/
s)

-0.2
 0

 0.2
 0.4
 0.6
 0.8

 1

0 0.05 0.1 0.15 0.2 0.25 0.3

I i,
 s

at
 (m

A)

time (s)

Ion Saturation Current (mA)

RT = 19 cm

RT = 35 cm

Ip (kA)

t = 0.22755 s

t = 0.22761 s

~ 400µs

~ 60µs

∫nedl (1017 m-2)

Interval

ECR

R = 0.25m, Z = -0.48m

R = 25cm, 
Z = -48cm

q0 ~ 8, qa ~ 60
appearing when Ip and ne are large



Variation of Poloidal Field during Ejection Event

 13

0.2

0.6

-0.6

-0.4

-0.2

0.0

Z 
(m

)

0.4

 15.12.2017, 21:56:31, DISLIN 10.4

0.0 0.1 0.2 0.3 0.4
t (sec)

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

Ip
 (

kA
)

0.0 0.1 0.2 0.3 0.4 0.5
R (m)

-0.5

-0.4

-0.3

-0.2

-0.1

0.0

0.1

0.2

0.3

0.4

0.5

Z
 (

m
)

Phi

(uVs)

540

1081

1621

2162

2702

3243

3783

4324

0

Jp

(kA/m^2)

1

9

16

24

32

40

48

55

63

71

-72

LCFS measure
R(cm) Z(cm)

6.3 0.0
30.5 0.0
14.1 19.2
14.1 -19.5

R0:
a:
b:
R0/a:
b/a:

17.8
12.1
19.4
1.47
1.60

cm
cm
cm

/ipscan7/late31/171215/101/01_B2-fil+jf5_ave0.2ms_thin10_ofst2

Output PDF File Name
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_161.pdf
./ipevo.dat

ipscan4-afunc-a0.50.cnf

./error.dat
./eddy.dat

./phievo-0.dat

./phievo-1.dat
./phiclc.dat

Time
At 0.220000

(1-R^2^1.00 -Z^2^1.00 )^ 0.50
Ip
Rj
Zj
Error
Bv

=
=
=
=
=

A
cm
cm
%
G

8213.82
25.9
-0.2
1.03
95.1

r0
z0
ar
az
rp
tri

= 25.5 cm
= -0.2 cm
= 18.5 cm
= 28.0 cm
= 26.0 cm
= 5.5 cm

0

min max step
6 7 1

32 46 1
-30 30 2
18 44 1
20 44 1
+ 8 - 8 2

cm
cm
mm
cm
cm
cm

Iv -in
Iv -out
Iv -R
Ih -FB

127.99
50.23

301.24
-6.77

A
A
A
A

No Name Wgt
ob

Phi(uVs)
(ob-clc)/clc

Error(%)
1 Phi-U1 5. 121.27 1.07
2 Phi-RU3 1. 822.78 -0.13
3 Phi-RD3 1. 833.44 -0.06
4 Phi-D1 5. 121.78 -0.39
5 Phi-RU1 1. 1858.02 0.12
6 Phi-RD1 1. 1879.82 0.45
7 Phi-RU2 1. 1253.74 -0.48
8 Phi-RD2 1. 1265.47 -0.70
9 Phi-CU2 20. 68.29 -0.96

10 Phi-CU1 20. 114.94 0.10
11 Phi-C0 20. 135.06 0.12
12 Phi-CD1 20. 116.58 -0.02
13 Phi-CD2 20. 70.99 -0.24
14 Phi-T1 1. 248.82 2.80
15 Phi-T2 1. 543.32 2.39
16 Phi-B1 1. 249.63 -0.01
17 Phi-B2 1. 0.00 0.00

Err_R(Phi-R) =
Err_C(Phi-C) =
Err_H(Phi-T/B) =

0.40 %
0.45 %
2.13 %

Fraction of Ip in the LCFS
% of52.51 8.21 kA

Poloidal Field Energy in Current Profile
W_withBv =

li =

0.00

0.00

W_woBv =
Lp =
li =

0.00
0.00
0.00

J
uH

Magnetic Flux at Current Center
Total Flux
External Flux
Self Flux

uVs
uVs
uVs => Ls =

0.
2011.

-2011. uH0.24

0.0 0.2
R (m)

0.4 0.6

t = 0.22 s

1R, 5R

11R
6R

4B

6T

Ip

Poloidal field produced by plasma current reduces during the ejection event.

 2
 2.2
 2.4
 2.6
 2.8

 3
 3.2

 0.1
 0.15
 0.2
 0.25
 0.3
 0.35
 0.4
 0.45

∫ n
e 

dl
R

T=
19

cm

(1
017

m
-2

)

∫ n
e 

dl
R

T=
35

cm

(1
017

m
-2

)

-1.5
-1

-0.5
 0

 0.5
 1

dB
Z/

dt
 a

t 1
R

(T
/s

)

-3-2.5-2
-1.5-1
-0.5 0
 0.5 1
 1.5

dB
Z/

dt
 a

t 5
R

(T
/s

)

-3-2.5-2
-1.5-1
-0.5 0
 0.5 1

dB
Z/

dt
 a

t 6
R

(T
/s

)

-3-2.5-2
-1.5-1
-0.5 0
 0.5 1
 1.5

dB
Z/

dt
 a

t 1
1R

(T
/s

)

-1.2-1
-0.8-0.6-0.4-0.2 0
 0.2 0.4 0.6 0.8

dB
Z/

dt
 a

t 6
T

(R
=2

5c
m

) (
T/

s)

-0.3-0.2-0.1 0
 0.1 0.2 0.3 0.4 0.5

dB
Z/

dt
 a

t 6
T

(R
=3

3c
m

) (
T/

s)

-2
-1.5

-1
-0.5

 0
 0.5

 1
 1.5

0.227 0.2272 0.2274 0.2276 0.2278 0.228

dB
Z/

dt
 a

t 4
B

(T
/s

)

time (s)

1R Bz (T/s)
•

5R Bz (T/s)
•

6R Bz (T/s)
•

11R Bz (T/s)
•

6T(R=25cm)
Bz (T/s)•

6T(R=33cm) 
Bz (T/s)•

4T Bz (T/s)
•

plasma current density



Effect of Plasma Elongation

 14

 0.1

 1

 10

p
H

2
 (

1
0

-3
 P

a
)

/Volumes/P08B/kajita/plot_waveforms/170404/040/plot_t_0.000000-0.300000s/plot_frm1x8_all_t_0.000000-0.300000s.pdf

170404 #040

 0 5
 10 15 20 25 30 35 40

 0
 50
 100
 150
 200

P
n

e
t

2
.4

5
G

H
z
 (

k
W

)

P
in

j/
re

f
5

G
H

z
 (

k
W

)

 0 5
 10 15 20 25 30 35 40 45 50

 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16

B
v
 (

G
)

n
(=

-d
ln

B
v
/d

ln
R

)

 0
 1
 2
 3
 4
 5
 6

 0
 0.5
 1
 1.5
 2

I p
 (

k
A

)

∫ 
n

e
 d

l 
(1

0
1

7
m

-2
)

 0.1
 0.15
 0.2

 0.25
 0.3

 0.35
 0.4

-0.2-0.15-0.1-0.05 0 0.05 0.1 0.15 0.2

R
j (

m
)

Z
j (

m
)

 0
 0.02
 0.04
 0.06
 0.08
 0.1

 0.12

∫ 
I A

X
U

V
 d

l R
T
=

2
4

c
m

(a
.u

.)

-0.6-0.4-0.2 0
 0.2 0.4 0.6 0.8 1
 1.2 1.4

d
B

R
/d

t 
(T

/s
)

 0
 0.2
 0.4
 0.6
 0.8

 1

0 0.05 0.1 0.15 0.2 0.25 0.3

I i
, 

s
a

t 
(m

A
)

time (s)

 0.1

 1

 10
p

H
2
 (

1
0

-3
 P

a
)

/Volumes/P08B/kajita/plot_waveforms/170404/067/plot_t_0.000000-0.300000s/plot_frm1x8_all_t_0.000000-0.300000s.pdf

170404 #067

 0 5
 10 15 20 25 30 35 40

 0
 50
 100
 150
 200

P
n

e
t

2
.4

5
G

H
z
 (

k
W

)

P
in

j/
re

f
5

G
H

z
 (

k
W

)

 0 5
 10 15 20 25 30 35 40 45 50

 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16

B
v
 (

G
)

n
(=

-d
ln

B
v
/d

ln
R

)
 0
 1
 2
 3
 4
 5
 6

 0
 0.5
 1
 1.5
 2

I p
 (

k
A

)

∫ 
n

e
 d

l 
(1

0
1

7
m

-2
)

 0.1
 0.15

 0.2
 0.25

 0.3
 0.35

 0.4

-0.2-0.15-0.1-0.05 0 0.05 0.1 0.15 0.2

R
j (

m
)

Z
j (

m
)

 0
 0.05

 0.1
 0.15

 0.2
 0.25

∫ 
I A

X
U

V
 d

l R
T
=

2
4

c
m

(a
.u

.)

-1-0.5 0
 0.5 1
 1.5 2
 2.5 3
 3.5 4

d
B

R
/d

t 
(T

/s
)

 0
 0.2
 0.4
 0.6
 0.8

 1

0 0.05 0.1 0.15 0.2 0.25 0.3

I i
, 

s
a

t 
(m

A
)

time (s)

−0.5

−0.4

−0.3

−0.2

−0.1

0

0.1

0.2

0.3

0.4

0.5

0 0.1 0.2 0.3 0.4 0.5

/Volumes/P08B/kajita/draw−3d_magnetic_surface/170404/compare/plot_frm1x1.pdf

t = 0.220000 s

datfile11 = /Volumes/P08B/kajita/draw−3d_magnetic_surface/170404/compare/../170404−067−t0.220−jf5a−alf0.50/late−qa3.tdat

datfile21 = /Volumes/P08B/kajita/draw−3d_magnetic_surface/170404/compare/../170404−040−t0.220−jf5a−alf0.50/late−qa3.tdat

Z
 (

m
)

R (m)

n = 0.07
κ ~ 1.6

Rout ~ 0.363 m

n = 0.015
κ ~ 2.3

Rout ~ 0.337 m

Ip (kA)

BR (a.u.)•

0 50 100 150 200 250 300

6
5
4
3
2
1
0

f ~ 80 kHz oscillationf ~ 80 kHz oscillation appears only 
during the crash

RT = 19 cm

RT = 35 cm

n = 0.015 (flat top) n = 0.07 (flat top)

250
200
150
100

50
0
200 210 220 230 240 250

time(ms)
200 210 220 230 240 250

time(ms)

0 50 100 150 200 250 300

2

1.5

1

0.5

0

周
波
数

 (k
H

z) BR のスペクトログラム•

The peak density value increases as the plasma elongation becomes large.
--> Balooning-type instability?

(t = 0.220 s)

LCFS



HIBP System2013年 12月 2日 (月) LATE-IBP-sideview-07.CAD

A4-tate 1, 5-6, 10-1023

1 m

Target Plasma :
Bt ~ 720G
Ip ~ 10 kA
ne ~ 5 x 1017m-3

Te ~ 100 eV

Gate Valve
X & Y Beam Profile Monitors

(Rotating-Wire Probes)

Total Beam 
Current Monitor

Ionization Point

Primary Beam

Secondary Beam

Gate Valve
Energy 
Analyzer : VEA

Rb+

Rb+2

Ion Source

Ion Gun : VGUN 

Quadrupole Lens : 
VQD1, VQD2 

 Toroidal Sweeper : VTS 

 Poloidal Sweeper : VPS 

 Toroidal Deflector : VTD 

 Poloidal Deflector : VPD 



Measurement Positions of Space Potential

***  late-ibp-g41-3D (v1.00)  ***  2015/09/10 12:26:18
_g41-3D-01-all : Rb+(A=85), 16.00keV, It=90kAT, Iv0-Ip0, V_PS=200V, zi=0.018m, V_PD=1023V, V_TS=0V, V_TD=0V, EF02-EF03
morbit2 =   9,  morbit3 =   0

0.0 0.5 1.0 1.5 2.0
x (m)

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

z 
(m

)

-0.05 0.00 0.05
y (m)

-0.05

0.00

0.05

y 
(m

)

-0.05 0.00 0.05

x"" (m)

-0.05

0.00

0.05

y"
" 

(m
)

-0.05 0.00 0.05

x"" (m)

-0.05

0.00

0.05

y"
" 

(m
)

0.1

0.15

0.2

0.25

0.3

0.35

R
i (

m
)

It90-Iv0-Ip0-Rb : Wk = 16 kV(dxx-0.010) SP-A realSweep,  ../Ri-Zi-1.tdat,  ../Ri-Zi-1-fit.tdat
Ri(m) = -1.58550e-02 * VPS**2 + 1.00193e-01 * VPS + 1.64042e-01
Zi(m) = -1.37229e-01 * VPS**2 + 2.60675e-01*VPS + -2.22970e-02
VPD(kV) = 6.00962e-03 * VPS**5 + -2.91378e-03 * VPS**4 + -3.06308e-02 * VPS**3 + 2.47668e-03 * VPS**2 + 5.73879e-01 * VPS + 8.47331e-01

Zi(m) = -1.24872e+03 * x**4+9.31894e+02 * x**3+-2.71778e+02 * x**2 + 3.86815e+01*x + -2.26340e+00

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

Z i
 (m

)

It90-Iv0-Ip0-Rb : Wk = 16 kV(dxx-0.010) SP-A realSweep,  ../Ri-Zi-1.tdat,  ../Ri-Zi-1-fit.tdat
Ri(m) = -1.58550e-02 * VPS**2 + 1.00193e-01 * VPS + 1.64042e-01
Zi(m) = -1.37229e-01 * VPS**2 + 2.60675e-01*VPS + -2.22970e-02
VPD(kV) = 6.00962e-03 * VPS**5 + -2.91378e-03 * VPS**4 + -3.06308e-02 * VPS**3 + 2.47668e-03 * VPS**2 + 5.73879e-01 * VPS + 8.47331e-01

Zi(m) = -1.24872e+03 * x**4+9.31894e+02 * x**3+-2.71778e+02 * x**2 + 3.86815e+01*x + -2.26340e+00

-1

0

1

2

3

-1 0 1 2 3

V P
D

 (k
V)

VPS (kV)

It90-Iv0-Ip0-Rb : Wk = 16 kV(dxx-0.010) SP-A realSweep,  ../Ri-Zi-1.tdat,  ../Ri-Zi-1-fit.tdat
Ri(m) = -1.58550e-02 * VPS**2 + 1.00193e-01 * VPS + 1.64042e-01
Zi(m) = -1.37229e-01 * VPS**2 + 2.60675e-01*VPS + -2.22970e-02
VPD(kV) = 6.00962e-03 * VPS**5 + -2.91378e-03 * VPS**4 + -3.06308e-02 * VPS**3 + 2.47668e-03 * VPS**2 + 5.73879e-01 * VPS + 8.47331e-01

Zi(m) = -1.24872e+03 * x**4+9.31894e+02 * x**3+-2.71778e+02 * x**2 + 3.86815e+01*x + -2.26340e+00

0.1

0.15

0.2

0.25

0.3

0.35

R
i (

m
)

It90-Iv0-Ip0-Rb : Wk = 16 kV(dxx-0.010) SP-A realSweep,  ../Ri-Zi-1.tdat,  ../Ri-Zi-1-fit.tdat
Ri(m) = -1.58550e-02 * VPS**2 + 1.00193e-01 * VPS + 1.64042e-01
Zi(m) = -1.37229e-01 * VPS**2 + 2.60675e-01*VPS + -2.22970e-02
VPD(kV) = 6.00962e-03 * VPS**5 + -2.91378e-03 * VPS**4 + -3.06308e-02 * VPS**3 + 2.47668e-03 * VPS**2 + 5.73879e-01 * VPS + 8.47331e-01

Zi(m) = -1.24872e+03 * x**4+9.31894e+02 * x**3+-2.71778e+02 * x**2 + 3.86815e+01*x + -2.26340e+00

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

Z i
 (m

)

It90-Iv0-Ip0-Rb : Wk = 16 kV(dxx-0.010) SP-A realSweep,  ../Ri-Zi-1.tdat,  ../Ri-Zi-1-fit.tdat
Ri(m) = -1.58550e-02 * VPS**2 + 1.00193e-01 * VPS + 1.64042e-01
Zi(m) = -1.37229e-01 * VPS**2 + 2.60675e-01*VPS + -2.22970e-02
VPD(kV) = 6.00962e-03 * VPS**5 + -2.91378e-03 * VPS**4 + -3.06308e-02 * VPS**3 + 2.47668e-03 * VPS**2 + 5.73879e-01 * VPS + 8.47331e-01

Zi(m) = -1.24872e+03 * x**4+9.31894e+02 * x**3+-2.71778e+02 * x**2 + 3.86815e+01*x + -2.26340e+00

-1

0

1

2

3

-1 0 1 2 3

V P
D

 (k
V)

VPS (kV)

It90-Iv0-Ip0-Rb : Wk = 16 kV(dxx-0.010) SP-A realSweep,  ../Ri-Zi-1.tdat,  ../Ri-Zi-1-fit.tdat
Ri(m) = -1.58550e-02 * VPS**2 + 1.00193e-01 * VPS + 1.64042e-01
Zi(m) = -1.37229e-01 * VPS**2 + 2.60675e-01*VPS + -2.22970e-02
VPD(kV) = 6.00962e-03 * VPS**5 + -2.91378e-03 * VPS**4 + -3.06308e-02 * VPS**3 + 2.47668e-03 * VPS**2 + 5.73879e-01 * VPS + 8.47331e-01

Zi(m) = -1.24872e+03 * x**4+9.31894e+02 * x**3+-2.71778e+02 * x**2 + 3.86815e+01*x + -2.26340e+00

0.1

0.15

0.2

0.25

0.3

0.35

R
i (

m
)

It90-Iv0-Ip0-Rb : Wk = 16 kV(dxx-0.010) SP-A realSweep,  ../Ri-Zi-1.tdat,  ../Ri-Zi-1-fit.tdat
Ri(m) = -1.58550e-02 * VPS**2 + 1.00193e-01 * VPS + 1.64042e-01
Zi(m) = -1.37229e-01 * VPS**2 + 2.60675e-01*VPS + -2.22970e-02
VPD(kV) = 6.00962e-03 * VPS**5 + -2.91378e-03 * VPS**4 + -3.06308e-02 * VPS**3 + 2.47668e-03 * VPS**2 + 5.73879e-01 * VPS + 8.47331e-01

Zi(m) = -1.24872e+03 * x**4+9.31894e+02 * x**3+-2.71778e+02 * x**2 + 3.86815e+01*x + -2.26340e+00

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

Z i
 (m

)

It90-Iv0-Ip0-Rb : Wk = 16 kV(dxx-0.010) SP-A realSweep,  ../Ri-Zi-1.tdat,  ../Ri-Zi-1-fit.tdat
Ri(m) = -1.58550e-02 * VPS**2 + 1.00193e-01 * VPS + 1.64042e-01
Zi(m) = -1.37229e-01 * VPS**2 + 2.60675e-01*VPS + -2.22970e-02
VPD(kV) = 6.00962e-03 * VPS**5 + -2.91378e-03 * VPS**4 + -3.06308e-02 * VPS**3 + 2.47668e-03 * VPS**2 + 5.73879e-01 * VPS + 8.47331e-01

Zi(m) = -1.24872e+03 * x**4+9.31894e+02 * x**3+-2.71778e+02 * x**2 + 3.86815e+01*x + -2.26340e+00

-1

0

1

2

3

-1 0 1 2 3

V P
D

 (k
V)

VPS (kV)

It90-Iv0-Ip0-Rb : Wk = 16 kV(dxx-0.010) SP-A realSweep,  ../Ri-Zi-1.tdat,  ../Ri-Zi-1-fit.tdat
Ri(m) = -1.58550e-02 * VPS**2 + 1.00193e-01 * VPS + 1.64042e-01
Zi(m) = -1.37229e-01 * VPS**2 + 2.60675e-01*VPS + -2.22970e-02
VPD(kV) = 6.00962e-03 * VPS**5 + -2.91378e-03 * VPS**4 + -3.06308e-02 * VPS**3 + 2.47668e-03 * VPS**2 + 5.73879e-01 * VPS + 8.47331e-01

Zi(m) = -1.24872e+03 * x**4+9.31894e+02 * x**3+-2.71778e+02 * x**2 + 3.86815e+01*x + -2.26340e+00

0.1

0.15

0.2

0.25

0.3

0.35

R
i (

m
)

It90-Iv0-Ip0-Rb : Wk = 16 kV : SP-B(Bbase),  ../Ri-Zi-1.tdat,  ../Ri-Zi-1-fit.tdat

-0.3
-0.2
-0.1

0
0.1
0.2
0.3

Z i
 (m

)

It90-Iv0-Ip0-Rb : Wk = 16 kV : SP-B(Bbase),  ../Ri-Zi-1.tdat,  ../Ri-Zi-1-fit.tdat

-1

0

1

2

3

-1 0 1 2 3

V P
D

 (k
V)

VPS (kV)

It90-Iv0-Ip0-Rb : Wk = 16 kV : SP-B(Bbase),  ../Ri-Zi-1.tdat,  ../Ri-Zi-1-fit.tdat

-2
-1
0
1
2

Δ
θ 

(d
eg

)

It90-Iv0-Ip0-Rb : Wk = 16 kV : SP-B(Bbase),  ../Ri-Zi-1.tdat,  ../Ri-Zi-1-fit.tdat

-1.5
-1

-0.5
0

0.5
1

1.5

xA
 (m

m
)

It90-Iv0-Ip0-Rb : Wk = 16 kV : SP-B(Bbase),  ../Ri-Zi-1.tdat,  ../Ri-Zi-1-fit.tdat

0.1

0.15

0.2

0.25

0.3

0.35

R
i (

m
)

It90-Iv0-Ip0-Rb : Wk = 16 kV(dxx-0.010) SP-A realSweep,  ../Ri-Zi-1.tdat,  ../Ri-Zi-1-fit.tdat
Ri(m) = -1.58550e-02 * VPS**2 + 1.00193e-01 * VPS + 1.64042e-01
Zi(m) = -1.37229e-01 * VPS**2 + 2.60675e-01*VPS + -2.22970e-02
VPD(kV) = 6.00962e-03 * VPS**5 + -2.91378e-03 * VPS**4 + -3.06308e-02 * VPS**3 + 2.47668e-03 * VPS**2 + 5.73879e-01 * VPS + 8.47331e-01

Zi(m) = -1.24872e+03 * x**4+9.31894e+02 * x**3+-2.71778e+02 * x**2 + 3.86815e+01*x + -2.26340e+00

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

Z i
 (m

)

It90-Iv0-Ip0-Rb : Wk = 16 kV(dxx-0.010) SP-A realSweep,  ../Ri-Zi-1.tdat,  ../Ri-Zi-1-fit.tdat
Ri(m) = -1.58550e-02 * VPS**2 + 1.00193e-01 * VPS + 1.64042e-01
Zi(m) = -1.37229e-01 * VPS**2 + 2.60675e-01*VPS + -2.22970e-02
VPD(kV) = 6.00962e-03 * VPS**5 + -2.91378e-03 * VPS**4 + -3.06308e-02 * VPS**3 + 2.47668e-03 * VPS**2 + 5.73879e-01 * VPS + 8.47331e-01

Zi(m) = -1.24872e+03 * x**4+9.31894e+02 * x**3+-2.71778e+02 * x**2 + 3.86815e+01*x + -2.26340e+00

-1

0

1

2

3

-1 0 1 2 3

V P
D

 (k
V)

VPS (kV)

It90-Iv0-Ip0-Rb : Wk = 16 kV(dxx-0.010) SP-A realSweep,  ../Ri-Zi-1.tdat,  ../Ri-Zi-1-fit.tdat
Ri(m) = -1.58550e-02 * VPS**2 + 1.00193e-01 * VPS + 1.64042e-01
Zi(m) = -1.37229e-01 * VPS**2 + 2.60675e-01*VPS + -2.22970e-02
VPD(kV) = 6.00962e-03 * VPS**5 + -2.91378e-03 * VPS**4 + -3.06308e-02 * VPS**3 + 2.47668e-03 * VPS**2 + 5.73879e-01 * VPS + 8.47331e-01

Zi(m) = -1.24872e+03 * x**4+9.31894e+02 * x**3+-2.71778e+02 * x**2 + 3.86815e+01*x + -2.26340e+00

0.1

0.15

0.2

0.25

0.3

0.35

R
i (

m
)

It90-Iv0-Ip0-Rb : Wk = 16 kV(dxx-0.010) SP-A realSweep,  ../Ri-Zi-1.tdat,  ../Ri-Zi-1-fit.tdat
Ri(m) = -1.58550e-02 * VPS**2 + 1.00193e-01 * VPS + 1.64042e-01
Zi(m) = -1.37229e-01 * VPS**2 + 2.60675e-01*VPS + -2.22970e-02
VPD(kV) = 6.00962e-03 * VPS**5 + -2.91378e-03 * VPS**4 + -3.06308e-02 * VPS**3 + 2.47668e-03 * VPS**2 + 5.73879e-01 * VPS + 8.47331e-01

Zi(m) = -1.24872e+03 * x**4+9.31894e+02 * x**3+-2.71778e+02 * x**2 + 3.86815e+01*x + -2.26340e+00

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

Z i
 (m

)

It90-Iv0-Ip0-Rb : Wk = 16 kV(dxx-0.010) SP-A realSweep,  ../Ri-Zi-1.tdat,  ../Ri-Zi-1-fit.tdat
Ri(m) = -1.58550e-02 * VPS**2 + 1.00193e-01 * VPS + 1.64042e-01
Zi(m) = -1.37229e-01 * VPS**2 + 2.60675e-01*VPS + -2.22970e-02
VPD(kV) = 6.00962e-03 * VPS**5 + -2.91378e-03 * VPS**4 + -3.06308e-02 * VPS**3 + 2.47668e-03 * VPS**2 + 5.73879e-01 * VPS + 8.47331e-01

Zi(m) = -1.24872e+03 * x**4+9.31894e+02 * x**3+-2.71778e+02 * x**2 + 3.86815e+01*x + -2.26340e+00

-1

0

1

2

3

-1 0 1 2 3

V P
D

 (k
V)

VPS (kV)

It90-Iv0-Ip0-Rb : Wk = 16 kV(dxx-0.010) SP-A realSweep,  ../Ri-Zi-1.tdat,  ../Ri-Zi-1-fit.tdat
Ri(m) = -1.58550e-02 * VPS**2 + 1.00193e-01 * VPS + 1.64042e-01
Zi(m) = -1.37229e-01 * VPS**2 + 2.60675e-01*VPS + -2.22970e-02
VPD(kV) = 6.00962e-03 * VPS**5 + -2.91378e-03 * VPS**4 + -3.06308e-02 * VPS**3 + 2.47668e-03 * VPS**2 + 5.73879e-01 * VPS + 8.47331e-01

Zi(m) = -1.24872e+03 * x**4+9.31894e+02 * x**3+-2.71778e+02 * x**2 + 3.86815e+01*x + -2.26340e+00

○
○

○
VPS 

VPD 

ECR

***  late-ibp-g41-3D
 (v1.00)  ***  2015/09/10 12:26:18

_g41-3D
-01-all : R

b+(A
=85), 16.00keV

, It=90kA
T, Iv0-Ip0, V

_P
S

=200V
, zi=0.018m

, V
_P

D
=1023V

, V
_TS

=0V
, V

_TD
=0V

, E
F02-E

F03
m

orbit2 =   9,  m
orbit3 =   0

0.0
0.5

1.0
1.5

2.0
x (m

)

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

z (m)

-0.05
0.00

0.05
y (m

)

-0.05

0.00

0.05

y (m)

-0.05
0.00

0.05

x"" (m
)

-0.05

0.00

0.05

y"" (m)

-0.05
0.00

0.05

x"" (m
)

-0.05

0.00

0.05

y"" (m)

Trajectory Calculation

SP-A

SP-B

SP-A

SP-B

Initial 
Position

Primary Beam
Secondary Beam

SP-A

SP-B

Bt = 720G
Bv = 0G, Ip = 0A
Rb+,VGUN = 16kV
VPS = 1248V 
VPD = 1518V

Ri = 0.273m
Zi = 0.097m

Ri = 0.256m
Zi = 0.027m

A22

B22
C12
C22

B11
B21
C11
C21

A11
A21

B12

A12

Toroidal 
Direction

Vertical 
Direction

Energy Analyzer

ΔR~1.7cm
ΔZ~7cm

Measurement positions are changed by adjusting 
the voltages of VGUN, VPS, VPD.



Identifying Events from Waveforms 
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Variation Patterns during Ejection Events
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Secondary beam current ISP-A and ISP-B decreases syncronized with the ejection events.

Potential increases firstly and 
decreases below the initial value, 
then recovers
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Potential increases 
and recovers 

Potential decreases firstly and 
increases above the initial value, 
then recovers

Decrease of Electron Density



Combination of Variation Patterns in 2 Positions 
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Ri = 0.273m
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t = 0.200 ~ 0.250 sec



Time Variation of Space Potential : Type 1
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Summary on Plasma Ejection Events

Sawtooth-like density oscillations in the plasma core are observed, which are 
synchronized with poloidal field decrement, suggesting that the loss of both bulk 
and high energy electrons. Such ejection events frequently appears when Ip and 
ne are large (typically, q0 ~ 8, qa ~ 60)

The peak density value increases as the plasma elongation becomes large.

HIBP measurement also shows the local electron loss. 
Two position measurement of space potential suggest that some positive and 
negative potential distributions appear during the ejection events.  
The structure size is more than 7cm and the potential difference is order of Te. 

*

*

*



Polarization Adjustment for Non-inductive Production of 
Highly Overdense ST Plasma by EBW

Intermittent Plasma Ejection Events in an Overdense ST 
Plasma sustained by EBW

1.

2.

3. Electron Beam Injection into EBW-produced plasma 
(Preliminary Result)



Electron Beam Injection + ECH/ECCD

Electron Bernstein wave (EBW) is an electrostatic wave and can propagate into the core 
plasma and heat electrons without density limit.  It is effective for non-inductive start-up of 
over-dense ST plasmas by ECH/ECCD.

Electron beam injection (EBI) from a cathode can drive plasma current directly and 
effectively. It has been investigated from the view point of helicity injection for non-inductive 
start-up of ST plasmas.

＊

＊

Purpose

An attempt to drive higher plasma current non-inductively in an over-dense plasma by EBI 
and EBW, expecting synergy effects such as preferential heating of electrons injected from 
a cathode by EBW.

Background

 ==> Combination of ECH/ECCD by EBW and CD by EBI is expected higher current and 
density via synergy interaction between them.



Cold Cathode for EBI
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Set-Up of Cathode and Power Supply
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Fast CCD Camera Images at the Beginning of EBI
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Psip minimum =-2.660E-04 at R = 1.920E-01, z = 0.000E+00
Psip maximum = 1.054E-02 at R = 6.780E-01, z =-3.000E-01

Jphi minimum =-5.230E+04 at R = 2.010E-01, z =-3.000E-03
Jphi maximum =-0.000E+00 at R = 5.100E-02, z =-5.070E-01
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Psip minimum =-2.308E-04 at R = 1.860E-01, z =-1.200E-02
Psip maximum = 1.040E-02 at R = 6.780E-01, z = 3.000E-01

Jphi minimum =-5.288E+04 at R = 2.010E-01, z =-9.000E-03
Jphi maximum =-0.000E+00 at R = 5.100E-02, z =-5.070E-01
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Psip minimum =-1.045E-04 at R = 1.620E-01, z =-1.200E-02
Psip maximum = 1.053E-02 at R = 6.780E-01, z = 3.000E-01

Jphi minimum =-5.466E+04 at R = 2.310E-01, z =-1.500E-02
Jphi maximum =-0.000E+00 at R = 5.100E-02, z =-5.070E-01
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Psip minimum =-2.225E-04 at R = 1.800E-01, z =-6.000E-03
Psip maximum = 1.065E-02 at R = 6.780E-01, z =-3.000E-01

Jphi minimum =-6.322E+04 at R = 2.310E-01, z =-3.000E-03
Jphi maximum =-0.000E+00 at R = 5.100E-02, z =-5.070E-01
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Psip minimum =-2.025E-04 at R = 1.800E-01, z =-6.000E-03
Psip maximum = 1.054E-02 at R = 6.780E-01, z = 3.000E-01

Jphi minimum =-5.028E+04 at R = 2.010E-01, z =-9.000E-03
Jphi maximum =-0.000E+00 at R = 5.100E-02, z =-5.070E-01
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Ip=3.20kA
Vk=-180V
Ik=420A
Rk=0.43Ω
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Psip minimum =-1.657E-04 at R = 1.800E-01, z = 0.000E+00
Psip maximum = 1.056E-02 at R = 6.780E-01, z = 3.000E-01

Jphi minimum =-4.640E+04 at R = 2.010E-01, z =-3.000E-03
Jphi maximum =-0.000E+00 at R = 5.100E-02, z =-5.070E-01
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Ip=2.98kA
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Ip=3.57kA
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Ik=400A
Rk=1.9Ω

Ip=3.05kA
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Ip=2.37kA
Vk ~ -10kV
Ik ~ 0A

Ip=3.21kA
Vk~ -10kV
Ik~ 0A

Ip=3.68kA
Vk=0
Ik=0

EBI on

During ~0.15ms after application of VK, Ik 
scarcely flows and Ip decreases from ~3.7kA 
to ~2.4kA .

At ~0.45ms after application of VK, Ip 
becomes maximum ~ 3.6kA. At ~0.65ms , 
the ratio Ip/Ik reaches ~ 15 at maximum.

After that, Rk, Vk and Ip/Ik decrease rapidly.
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＊



191.70ms

Fast CCD Camera Images and Plasma Current Density Profiles At the End of EBI 
(~ 2 ms After)

191.85ms 192.10ms191.90ms 192.00ms 192.20ms

EBI off
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Psip minimum = 0.000E+00 at R = 0.000E+00, z =-7.020E-01
Psip maximum = 1.052E-02 at R = 6.780E-01, z =-3.000E-01

Jphi minimum =-3.443E+04 at R = 4.290E-01, z = 9.000E-03
Jphi maximum =-0.000E+00 at R = 5.100E-02, z =-5.070E-01
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Psip minimum =-3.897E-05 at R = 1.680E-01, z = 1.200E-02
Psip maximum = 1.053E-02 at R = 6.780E-01, z =-3.000E-01

Jphi minimum =-4.124E+04 at R = 3.870E-01, z = 9.000E-03
Jphi maximum =-0.000E+00 at R = 5.100E-02, z =-5.070E-01
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Ip=2.38kA
Vk=-124V
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Ip=2.05kA
Vk=-85V
Ik=340A
Rk=0.25Ω

During ~0.15ms after application of VK, Ik 
scarcely flows and Ip decreases from ~3.7kA to 
~2.4kA .

At ~0.45ms after application of VK, Ip becomes 
maximum ~ 3.6kA. At ~0.65ms , the ratio Ip/Ik 
reaches ~ 15 at maximum.

After that, Rk, Vk and Ip/Ik decrease rapidly.
Ik becomes nearly constant at ~350A , while Ip 
decreases slowly.
After ~1.7ms after Vk application, when Ip < 2.2 
kA and Ip/Ik ~ 6, there is no closed flux surface.

＊

＊

＊

閉じた磁気面
の喪失
(Ip ~ 2.2 kA)



Trajectory of Injected Electrons

Wk=134V
R0=25.5cm
Z0=-47.1cm

488x700 (0,70),(520,70)

θz=20°
(thx=-70°)

Bt=624G When Ip < 2.2kA, electrons go round ~6 
times along the toroidal direction until 
they reach the top wall.

(t=191.80ms)Ip=2.18kA
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Summary on EBI Experiment

Electron Beam is injected from a cold cathode set at the bottom port into a ST plasma which is 
produced non-inductively by ECH/ECCD.

A cold cathode with Mo head is set at the bottom port.  A negative voltage is applied by a 
high-voltage power supply with capacitor bank (20kV, 250 μF) through 20 Ω resistor.
An electron beam is injected for ~2 ms into a ST plasma with Ip ~ 3.7kA, ne ~ 0.3 x 1018 
m-3 at Bt = 624G and Bv = 48G.
Plasma current does not exceed the original value and the ratio Ip/Ik is 9 ~ 15.  Electron 
density increased rapidly up to more than 2 x 1018 m-3.
The density gradient at the plasma cut-off layer and the upper-hybrid resonance layer 
become very steep (Ln/λ0 < 0.1) and the mode-conversion rate is estimated to be less 
than 40 %.  The reflection of microwave power increases and the EBW driven current may 
be reduced strongly and the most plasma current may be driven by injected electron beam.
After ~1.7ms after Vk application, when Ip < 2.2 kA, there is no closed flux surface.  
Calculation of electron trajectory shows that electrons go 6 times round the toroidal 
direction until they reach the top wall, which is consistent with the experimental result of Ip/
Ik ~ 6.
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Center

Poloidal Flux

Pressure profile is estimated from equilibrium analysis with anisotropic pressure
 j×B＝∇・P　（P=P⊥I+(P// - P⊥)bb) and ∇・j=0
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Fast CCD camera images shows 
plasma is ejected across LCFS
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