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Agenda

— Motivation '
> rotating mode

> non-rotating mode

— Observation of MHD activity like
locked mode on LHD

— The relationship between both modes ,

— Discussion and summary '



Motivation

— MHD activities have been investigated in various magnetic
configurations of LHD for high beta plasma production

— Two types of MHD activities
Low magnetic shear : without rotation — “Non-rotating” mode
High magnetic shear : with several kHz — “rotating” mode

— QObservation of MHD activity like locked mode when the
transition occurs from rotating mode to NR one
>> However, tearing mode is estimated to be stable on LHD

Investigation of the relationship between rotating
mode and NR one in order to clarify the
characteristics of both modes

Introduction of both modes S
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“Rotating” mode

— Characteristics of rotating mode

(D Rotational frequency is several kHz in the e.d. direction (laboratory
frame)

@ Dependence of amplitude of m/n=1/1 mode on magnetic Reynolds
number Sis similar to that of linear growth rate (y « S'?) of
resistive interchange mode

>> According to linear theory of interchange mode, this mode does
NOT formed island configuration
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Relationship with plasma flow

@ Rotating mode rotates
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“Non-rotating” mode

6.6
63 |71 7.7 83 | A

5 - - — Characteristics of NR
br11IBt mode

m/n=1/1 7

high-p discharge

{ pm 60 (D unstable in the low

3t shear region (large Ap
il - 40 and /p)
1} . {|20 @ Operation limit is
| 2>~ B qualitatively consistent
%3 05 06 07 08 05 10 with “ideal” stability
boundary

Rotating %2  Non-rotating
mode mode

NR mode sometimes causes minor collapse
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Minor collapse due to NR mode

— Minor collapse in the core region is observed just after the
amplitude of NR mode suddenly increases

— The mode caused T7e profile-flattening around the
resonance
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Observation of the transition to NR mode
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— The m/n=1/1 rotating mode is
excited after the start of a
discharge

—

— Rotating mode slows down to
OkHz

— Amplitude of NR mode grows
>> Minor collapse is observed

Observation of MHD Activity
like “locked mode” in tokamaks

Why is interchange mode locked??
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Ing mode

Relationship NR mode and rotat

m/n=1/1
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Appearance of NR mode
without the transition

w/o rotaﬁng mode(#105394), w(#105396)
L] ] ]

— NR mode was observed without
1o, P . / transition from rotating mode
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— Loss of beta is small in a
discharge without excited 1/1
rotating mode regardless of lower
plasma current

1 with transition: AB8/B ~ 50%

ol without : ~ 35%
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Relationship NR mode and rotating mode

m/n=1/1

’\

M Slow down

-

@ without rotating mode

et b i
S S Rt
A TS SR
et e et
S et ke S
Ft e S Ftatet
S A SRR
S e et
S et ke S
FEE i Fktets Ftatet
S A SRR
S 4 S S
et &b ﬁﬁ ::: ﬁ:::::: e e A e Lt L L L Lt Lt bty
R e Sy L B B S o B e e e K i i S B S
e i e S e A )
e £ £ SRR oF bttt S
S et o S S R L T
SR Fet Fet e FEEEEEE s e e e o i i3 R e
S chiia g3 i ettt i i i R
et e £ £ e i ettt i R R
S it e e EEE i T
SR o ! Fet e EEEEE EE LR L LR LR LA LR LR LR L
A [ 5 . Y i snana s
et , e £ R R R
S & £3) e i T
SR 1] £ e EEEEE EE LR L LR LR LA LR LR LR L
A o ] e i snana s
et g e R R
S & e e i T
SR X £ e R R P P ELE ELE ELE B ELE B B ELE ]
S ¥ i) e i snana s
ety " ks e i T
Ft i Eet e EEEEE ELE ELE L LR LA LA LR LR LR LR L
i snana s
i et ettt
AN 53 SRR i FEEEEE S
i e e ey,
£ e B SegaAnntl AR
) e R L R R
i SRR S i
i sl B e s g
&3] R e e ] N
F RS e ety L4
s3] B SRR o]
S LR e i
e i il i e i R W G e
e SR AAR AR AT S e L
Sk et ettt e ek e S
FEE S S e et e Pttt
A S e SR, SRR et
S S o, S R
FREERY S e PERRREREY oo ] e etk
& B o F: W H A SR G o anes H Y e
o Pt 2 @ Y e o B B & e et
-\ B G e e ] e FEE
BY B @ e e <] Ftatet o
:) i 6P Bee %, Y S
B B A 9 e SR
v W B R ! et FELEEE
e bt i Y G
bt e £ e SR
e bttt e S
S R Ftatet o
R SRR Y S
SR e e SR
et ettt e S
S R Ftatet o
feE Y FEE R
& S Etatyet SRR



Comparison between w/ and w/o collapse

w collapse(#105396), w/o(#105406) %
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— Magnetic shear (Ap and /p) IS equivalent between discharges

with collapse

Mode frequency becomes
almost zero before collapse

without collapse

\
- Mode frequency
- keeps ~1.0 kHz

Mode rotation is a key parameter for stabilization

of NR mode
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Relationship NR mode and rotating mode
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Observation of the transition
to Rotating mode

reference (#105396)
NR -> Rotating mode (#105402) m/n:] /'I Rotating
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— Minor collapse in both

LG —
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o .
30 1 () _ L. : mode locking
30 | 35 48 |45 50
Time(sec) — Beta rapidly increases due to

disappeared Te-flattening just
after m/n=1/1 rotating mode is
excited without external torque
Input
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Relationship NR mode and rotating mode
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Discussion
Why does rotating mode slow down?

Tokamaks : Interaction between error filed (or resistive wall)
and tearing mode

LHD : Rotating mode Is estimated to resistive interchange
mode

>> This mode is NOT formed magnetic island

— nonlinear effect??

— However, radial mode configuration caused by the island
formation has not been observed so far on LHD
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Summary

Rotating mode

# S dependence of the mode amplitude suggests it is resistive
Interchange mode

# rotation of rotating mode is consistent with electron flow
within the measurement error

Non-rotating mode
# Transition from rotating mode to non-rotating one has been
observed In the discharge

# Impact of NR mode on beta loss is small without the
transition

Future work
# Comparison with locked mode on tokamak devices
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