
ITER
JT 60U

├

  

Fusion Research and Development Directorate, JAEA Naka



-
 ├ ㌹

 ス
=> => ㌹

 - I /

ITER ㌹

1. ㌹  Q=10, HH=1, βN=1.8, 400s

2. ㌹  Q~5-10, HH>1, βN>2, >1000s, fNI>~40%

3. ㌹  Q>5, HH>1.3, βN>2.6, fBS>~50%(full-CD)
々 α /



 JT-60U
Type I ELM
Grassy ELM

 β ㌹

 ス Ⅴ

 β ㎲

 さ

 m/n=2/1 
 さ





㎲

 ㎰
 ㌹

 ㎰

 
 

さ

ELMy H: 
㎲

┘

: Wped>
=> !!



㌹

0

2

4

6

8

10

-1 -0.5 0 0.5 1
㎰ ㌹  [105m/s]

 [k
Pa

]

 (~75m3)

co-NBI with FST
co-NBI w/o FST
bal-NBI with FST
bal-NBI w/o FST
ctr-NBI with FST
ctr-NBI w/o FST

-1 -0.5 0 0.5 1
㎰ ㌹  [105m/s]

co (with FSTs)
bal (with FSTs)
ctr (with FSTs)
co (w/o FSTs)
bal (w/o FSTs)
ctr (w/o FSTs)

0

0.05

0.1

0.15

Δ
W

EL
M

/W
pe

d

Type I ELM
JT-60U ELM  => 

㌹

ス

㌹

 ㌹
㌹ ぞ ELM
ΔWELM/Wped
ΔWELM Wped Wped

ΔWELM
㌹

 ㌹
ΔWELM Wped

ITER 2kHz CTR ㌹
Type I ELM ELM

 ㌹



㌹ Grassy ELM

  ㌹   βp fELM
  ㌹

grassy ELM
  200Hz grassy ELM ΔWELM/Wped

セ
  

type Igrassy

Grassy ELM
Grassy ELM  JT-60U ぜ

Type I ELM 1/10
νe* さ
さ δ, βp, q95, VT

ITER ㌹ 0.23kHz
 q95, δ VT βp ッ

㌹



JT-60U ㌹

ITER/DEMO さ

ぞ βN  Pfus βN
2

fBS  

/
 ス Ⅴ

βN>2.3, HH~1 23.1

 fBS>70%
 fBS~100%

JT-60U
/

0 1

Pr
es

su
re

ITB

weak
strong

r/a

ETB

0 1Sa
fe

ty
 fa

ct
or

r/a



㎲

With FSTs Without FSTs

㎲ Ⅴ

=> βN さ NB

=> NBI
=> 

 ㌹
=> ㌹   => ㌹



βNHH=2.2 23.1 (~12τR)

 βN さ


τR~2s 12

 (q95~3.3) ㌹
(βNHH/q95

2>0.2)
(~40%)

ス
            ㌹

㎲
HH~0.82 => 1.1


㎲

 βN



さ ㌹

㎰

 さ

さ ㌹ さ

ス
㌹

㌹

ELM



β  

q=1.5, 2

βN=2.3
βN ッ

さ

JT-60U
m/n=3/2 NTM: 

  

m/n=3/2 NTM: 
m/n=2/1 NTM: ッ



m/n=2/1 NTM

 m/n=2/1 t~5.8s βN~2 (βp~1.2)
 t=7s P  => t~8s ㌹

 t=9.5s  => t=10.7s

 ρ 0.15
 ふ





さ

 |ρEC – ρq=2| < ~W/2  |ρEC – ρq=2| ~ W



jEC/jBS=0.5

さ
さ



さ

1.5

ふ さ



 JT-60U
Type I ELM CTR CO ΔWELM/Wped

㌹ ΔWELM/Wped

Grassy ELM CTR ㌹ fELM

㌹ ~400Hz grassy ELM
~200Hz grassy ELM ΔWELM/Wped

 β ㌹
βN=2.3 HH~1 23.1 fBS~40% τR ~2s

㌹ さ

 m/n=2/1 
ッ

㎲

さ



Divertor recycling was enhanced
even with the constant heating power

T. Nakano,
PSI2006
H. Kubo EX/P4-11

Global wall pumping rate
varies with increase of
divertor temperature.
(especially for outer target)

 constant heating power of ~7.6MW was applied
 recycling started to increase, when ΔT reached ~200°C
 even after dedicated wall conditioning, wall-saturation
occurred in second/third long-pulse plasmas



Particle control is important to sustain
strong ITB in long-pulse plasmas

Low recycling
(E45436)
Wall pumping
became less
effective
gradually

High recycling
(E45570)
Wall saturation
occurred
during
discharge

For future devices with no wall pumping,
it is important to demonstrate high performance
plasmas longer than τW with active particle control.
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JT-60SA Euratom
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