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v LHD : Large Helical device (Heliotron)

in LHD

Major radius R, = 3.5~4.1[m]
Minor radius a ~ 0.6[m]
Magnetic field B, < 3[T]
Heating
NBI, ECH, ICRF
Super conducting coils
A pair of helical coils L/M =2/10
3 pairs of poloidal coils
Rotational transform (1/q)
1/2n~0.4
() /2T~ 1.6

Back ground

Transition of
island

RMP
dependence
Beta
dependence

Discussion &
Summary

Correction coil system
-To compensate natural error field
-Perturbation coil for RMP

Normal conductor coils

m/n=1/1 and/or 2/1

3 power supplies
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How to make vacuum island in LHD

Perturbation coil system

makes STATIC magnetic island
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X-Point

¢ Vacuum island
d mn=1/1
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Islands in LHD are non-rotating

Tokamak

Rotating magnetic island
d Locking magnetic islands bring instabilities
d Mode locking has to be avoided

LHD

Non-rotating magnetic island
d Growth of island has been observed
¢ No disruption even though beta decreases

Terminology of "MODE locking" is not familiar.
(Magnetic island does not rotate.)

Locking = Growth
Unlocking = Healing

Next “Back ground”
e~

o & T

ical behavior of island
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Typical island behavior in LHD

Thomson

Plasma

response
field

4T, profile

Vacuum island
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Local flattening for growth

No flattening for healing
JPlasma response
Finite plasma response field is detected in both cases
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, Magnetic island in quasi-steady state
Introduction
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Typical island behavior in LHD

[Y.NARUSHIMA, et al NF 48 (2008) 075010]

Structure of plasma
response field
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¢ LHD observations are
reminiscent of mode

locking/unlocking physics in
Tokamaks
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Transition of magnetic island

To clarify the mechanism of island behavior

Steady state

!

Transient dynamics should be investigated

Behavior of island to changing RMP and f
-RMP dependence (mode penetration)
-Beta dependence

T Next “Transition of island”
= & RMP dependence is presented
L 8/22
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wowess RMP dependence (mode penetration)

in LHD

SRS Experiment of error field penetration
Back ground

Beta
dependence

Discussion &
Summary

-Current in perturbation coils is swept
-m/n =1/1

9/22



16TH WORKSHOP ON MHD STABILITY CONTROL: "Optimizing and Understanding the Role of Coils for Mode Control"
San Diego, CA, USA November 20 - 22, 2011

s Error field penetration (RMP sweep)

in LHD
_RMP ramp up | RMP ramp down
2 | (a) 0 mea[10°Wh] - 2 (@)@ n=1[10°Wb] i
Back ground 1 i 1 [ 1
1) = ——
1 | (0)ADPn-1[10°Wh]
#111753
0 =———3— :‘/:7: —
dependence 0 LA na[rad] Growth___
A E-Healing...o.o S ]
Discussion & e S
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¢ Island suddenly appears ¢ Island width maintains w>w, .
¢ Its width exceeds vacuum ¢ w gradually decreases but does
island width not disappear
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sl H ysteresis can be seen in RMP sweep

in LHD

1 v 1
Introduction 06 RMP d
O ram own 7
Back ground —_ ‘/L\
g E
“'-é' 04 | #111755 -
= MP ramp up
= #111753
Beta e 02} i
dependence <
Discussion &
Summary 0 . .
0 1 2

q)eXtm:l[lo_3Wb]

¢ Threshold of RMP for island growth can be seen
d Island does not disappear even if RMP is close to

zero < Threshold for healing?
¢ Relationship between RMP and plasma response
field shows hysteresis

| L Next “Beta dependence experiment> 11/22
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s Beta dependence experiment

in LHD
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Control of to change beta

during discharge with RMP
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Transition of magnetic island

Mode locking

0.01

in LHD
#110008 Ru=3.6m B=25T ;=124 o=1750A PR . sq e
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Back ground Qprpittpsptterepns] Growth : when beta decreases
-A<I>rm 10°W i i .
oL 1 ] - 4 A®', _, : Plasma response amplitude
1E ' \ 1 A6 : Phase shift from vacuum island
0H : ]
RMP 0 EA0[wrad] P ;
dependence "Gt i 5 3 Vh*@1/2n— #110098
[ : ! 10 — —
-1 - [ B i 1 =Hea|m9 7
04k, . o'es P i oes dO' n 1st transition 1
Discussion & 0.2 wvﬁiw; % o o ]
R 08 ——t— — i: — ! \d ’ % O%og) - L 2Pomero
1 :th* : i 1 N %33%@ o : .2.200 Growth
0. % W . Q@ @ @ ] 2000
1 : 1 o
0.01 + — 01 @OZ) 3 izzz
200 | wth[mm] i i ) i ) ] 1.400
S Lertosc S e - :
100 g~ =, L T Back transition ] . 1.200 gyppression
O 1 /' L. '\

20 7 45 5.0
Healing Growth

t[s]

(B healing> B growth)

&

2B [%fé ") 27[0561
Similar round trip trajectories

¢ Thresholds of beta are different
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s Thresholds of beta are different

in LHD

Introduction .
Bheating” Berowtn © Hysteresis

Back ground

0 Growth 1st transition

RMP
dependence

Discussion &

Summary

AO[rrad]
S

Back transition
Suppression

1
=
o
1
1

0 01 2> 03
B[%

Relationship between phase difference and beta

shows hysteresis in island transition
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Mode locking
in LHD

Introduction

Back ground

¢ What acts on island?
B itself does not affect island directly

RMP
dependence
Beta
dependence

Discussion &
Summary

d Plasma flow

T Next “Poloidal flow dependence” >
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wapes Poloidal flow and island (1) -1

in LHD

#104712
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d ® ) decreases prior to island growth
¢ Pﬁase shift (A0__,) travels
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Poloidal flow and island (2) I . _

Mode locking

in LHD
o #92210
i Growth to healing rrrmm—
10 F aeh L parn
Back ground 5T r_l ml,,.l r.l.r_lﬂperp_.,
- Plasma crosses O(b:)[o/]l :,:.:::::-
boundary from growth (0 PU% _~~_]|® Growth
h l- ° 02 B _\J -
RMP to healing region - 19 |o,,| increases
10 /—m—o—an"1"rr———v— T R -di 1 1
gifzndence § 0.(2) S T WhT g (e-dia. direction)
dependence [ 1F O\ 1@ ADr__ starts decreasing
S 0 L) Abmai[xrad] | | .
Discussion & 'kg | Growth :s)Transition (& |60p°1| further increases
S 1L -
ummary 01 % AP URRIESSION 6) AO_,_, starts shifting
- | H\i\ﬂ ) (e-dia. direction)
[ o @ ® Healing
) -10 ) .
001 ] (@ onlicsds ¥ty
e bt b e
0 0.2 4 06 08 dF .
B[O/g]@t/zF1 01 L QM e% ﬁ%ﬁv. cuum width]
L § I‘© .

2.2 2.4 26 2.8 3.0 t[s]
) increases prior to island healing

d o,
¢ Phase shift (AO_,_,) travels

17/22



Mode locking
in LHD

Introduction

Back ground

RMP
dependence
Beta
dependence

Discussion &
Summary

16TH WORKSHOP ON MHD STABILITY CONTROL: "Optimizing and Understanding the Role of Coils for Mode Control"

San Diego, CA, USA November 20 - 22, 2011

Thresholds of o, are different

Relationship between A0,,_; and o,

1[rrad]

ABm=

(a) @por*1"8 = -9.0krad/s

-1.0

I ——

Suppression

(b) wpolémwm. = -6'.6kre'1d/s'

healin
O, 1 E>m

growth
P pol

¢ Different thresholds (o,

O)pol

&

healing rowth
> Copolg
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Transition of magnetic island

Mode locking
in LHD

Introduction

Back ground

¢ Thresholds of o ' and B are different

RuP < Hysteresis
ependence R 2
Beta ence | § Magnetic island can be healed not by

toroidal rotation but by poloidal rotation
Summary ¢ Once magnetic island is healed , it lasts
until poloidal rotation becomes small

healin rowth
enough (o, &> @,,° )

L Next “Discussion”
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Mode locking DiscuSSion

in LHD

Introduction

sekground [ Attempts have been made to explain
ransition of | @xperimental facts by theory

island

RMP
dependence
Beta

= Thresholds of poloidal rotation are different
depe_ndence >
EIEE O (l(’)suppressionl I Worowth I )

dependence

& Thresholds of beta are different

(Bsuppression > Bgrowth)

& Thresholds of RMPs are different
(RMP > RMP

growth suppression)
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waw Theory based on torque balance

in LHD
o o
B Balance of electromagnetic and viscous torques
Introduction [C. C. Hegna, Nucl. Fusion 51 (2011) 113017]
IS Ol |Clectromagnetic torque Torques are different at each transition as initial condition
Bl Growth to Suppression
g\: pl
TranSition Of N \V Large island is locked \P}?slzioclllasl til:[vu:p:;:: ls,:ll:il‘:l‘i!rllgﬂ :;e::c::::: island width decrease ;ﬁa:‘;emi:z: z\::ocurs E::: is suppressed
island LRy
b=y }kt ;_JI JTEMO T
RMP ~_
dependence TEMO o jplm/nzlll x Bextm/nzlll
Beta Viscous torque Suppression to Growth
dependence T, ls’;l;l::sissi::tating at rational surface Flow decreases at $:"::i::i:li’ﬁ:‘:s‘;:reases Poloidal flow decreases
Poloidal flow Y Locaend sty CO Fhise ieivaos mpto ot Fhate difsmoolooumersoro - Larg i e okt
dependence 0
Tyo o do,/dr : E : E

[S. Nishimura, et al., Plasma Fusion Res. 5 (2010) 040]
[S. Nishimura, et al., “Nonlinear stability of magnetic islands in a helical plasma” submitted to Plasma Fusion Res.]

0.12 T T T T
0.1 | ]
0.08 IS = Torque balance (Tgyo +7Tyo = O) at each
§ 006 L W Wv . transition causes

ool A\ S BN EN < O, (for growth) < o, (for suppressign)

4 v & RIiVIP(for growth) > IEMP(for suppression)
0.02 [ -+* mnon const. ¢ |

) regime
A el it et 0 vr o~
%0 om 004 006 o008 01 A Next “Summary”
wv/a
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Summary

Island dynamics in LHD

Mode penetration

¢ Threshold of RMP for island growth

d Island does not disappear even if RMP is close to zero

¢ Relationship between RMP and plasma response field
shows

Poloidal rotation

¢ Thresholds of o, and B are different <
¢ Magnetic island can be healed not by toroidal
rotation but by

Theory

¢ Based on a balance of
torques at the rational surface



