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Progress of long sustainment of large fgg

under nearly full non-inductive CD eou.
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Progress of long sustainment of large fgg

under nearly full non-inductive CD eou.

Achieved region of large fzq has significantly been extended.
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Weak shear plasma regime
towards ITER steady state scenario

Issue :
Avoidance of NTMs

Key :
Optimization of q profile (qgs~4.5)
Quite low qg5~2.2 (T. Suzuki, EX1-3)



fgs~45% sustained for ~5.8s (~2.8t;) under

nearly full CD in weak shear plasma
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fgs~45% sustained for ~5.8s (~2.8t;) under

nearly full CD in weak shear plasma

Scenario: High , ELMy H-mode (2.4T, 1MA, qg5~4.5, 6~0.5)
Non inductive CD: Pyg"(co)~4.5MW & P\\z"~4MW & Bootstrap
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Avoidance of NTM by optimization of q(r)

JT-60U :

Avoidance of NTM: alignment of Vp and g=m/n (3/2, 2/1,..)

p(r) and q(r): optimized by feedback control of W, and injection timing of NBs
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JT-60U :

Avoidance of NTM: alignment of Vp and g=m/n (3/2, 2/1,..)
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Avoidance of NTM by optimization of q(r)

JT-60U :
Avoidance of NTM: alignment of Vp and g=m/n (3/2, 2/1,..)

p(r) and q(r): optimized by feedback control (W) and injection timing of NBs

G_Aq.vv )\_ .m Wl _UZ_w

ﬁ_"N m.n m:.-m__ <U @z 1L Wm Uzzm

O ] Ir T | (n a7~ i 1 1Al A_/\_<<v

5 7 9 11 13 150
Time (sec)

i | | | | ° -
N oo
.H.io.!ﬂﬂmmm”nnnnu.

0 02040608 1 8
r/a

O -=-DNWH

(keV)
o N b~ O

| | | | | |
0 02040608 10 02 0406 08 1
r/a r/a




Avoidance of NTM by optimization of q(r)

JT-60U -
Avoidance of NTM: alignment of Vp and g=m/n (3/2, 2/1,..)
p(r) and q(r): optimized by feedback control (W) and injection timing of NBs
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Reversed shear plasma regime
with larger bootstrap current fraction

Target :
Long sustainment (>t)

large fgg under full CD

Issue :

ITB control
under the plasma with large fzq characterized by
strong linkage between p(r) & j(r).




fes~75% sustained for ~7.4s (~2.71R)

under nearly full CD in RS plasma
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fes~75% sustained for ~7.4s (~2.71R)

under nearly full CD in RS plasma

Scenario: Reversed shear ELMy H-mode (3.4T, 0.8MA, q4,~8.6, 6~0.42)
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~7.4 s (~167;, ~2.71y)

..... ;vMo_u . o
10 NB  Duration was limited
(MW) by NB injection.

=10 ) p~17, B,~2.25
by feedback control

fcp=95% for ~7.4s
(fes~75%, fpp~20%)

v Hag~3, HH,,~1.7

JT-60U :

No strong impurity
accumulation
Z 4 constant (~3)

Time (sec)



g and pressure profiles reached
stationary condition with f;~75%

JT-60U :
Strong RS (s~-1.5) --> Weaker (s~-0.8) ITB & ETB are formed.
ITB radii decrease by change in q(r).
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i (MA/m?)

g and pressure profiles reached
stationary condition with f;~75%

JT-60U :
Strong RS (s~-1.5) --> Weaker (s~-0.8) ITB & ETB are formed.
Jgs + Jgp agrees well j, . > jo is small ITB radii decrease by change in q(r).
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V T, reduction at ITB through rotation
control enable long sustainment

Reversed shear plasma frequently disrupted at q,,,,~integer.
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V T, reduction at ITB through rotation
control enable long sustainment

Reversed shear plasma frequently disrupted at q,,,,~integer.

ITB control by toroidal rotation to avoid disruption for the plasma with strong
linkage between p(r) & j(r). @m |TB control by V+;: IAEA 2000 (Y. Sakamoto)
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V T, reduction at ITB through rotation
control enable long sustainment

Reversed shear plasma frequently disrupted at q,,,,~integer.

ITB control by toroidal rotation to avoid disruption for the plasma with strong
linkage between p(r) & j(r). @m |TB control by V+;: IAEA 2000 (Y. Sakamoto)
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V T, reduction at ITB through rotation
control enable long sustainment

Reversed shear plasma frequently disrupted at q,,,,~integer.

ITB control by toroidal rotation to avoid disruption for the plasma with strong
linkage between p(r) & j(r). @m |TB control by V+;: IAEA 2000 (Y. Sakamoto)
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Summary

JT-60U -
Towards steady state operation of tokamak,

JT-60U has made significant progress in terms of
long sustainment of plasmas with large fg5 in two regimes.

(1) Weak shear regime

High integrated performance plasma with f;s~45% was sustained for
~5.8s (~2.81g) under nearly full non-inductive CD.

(2) Reversed shear regime

Quite high confinement (HH~1.7) plasma with fzg~75% was
sustained for ~7.4s (~2.7tg) under nearly full non-inductive CD.

ITB control through rotation for the plasma with strong linkage

between p(r) & j(r) was demonstrated, which enable long
sustainment.
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