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DIlI-D is well suited to study the interaction of RWM

stability, error fields and plasma rotation

Vacuum Vessel

- Nearby vacuum vessel leads to significant ['cis “" (Cutawy View)

gain in B, through wall-stabilization

USA
« Two sets of non-axisymmetric coils can ~ ,;/\
correct intrinsic error field and apply well- : o\
known external perturbations 58 I~ - I'/)/
o 0 \\xg;\\\ T /:;/’,
* Magnetic probes measure perturbed field = 4
° ] I
dB including the plasma response 68ras oloidal field sensors Exterral Coils
(C-coils)

e Simultaneous co- and counter nevutral
beam injection (NBI) decouples torque
from heating power
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Interaction of RWM stability, error fields

and plasma rotation

RWM stability

Long-wavelength kink mode

2. Weakly damped kink
mode amplifies
error field

1. Rotation modifies
RWM stability

Rotation Error field
<« External non-axisymmetric currents

3. Resulting non-
axisymmetric plasma
perturbation exerts torque
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Interaction of RWM stability, error fields

and plasma rotation
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RWM remains stable over a wide range of plasma

rotation profiles

« Good error field correction is essential to maintain wall-stabilization down
to very low plasma rotation [H. Reimerdes, et al, Phys. Rev. Lett. (2007)]

— Rotation controlled by varying the NBI torque

NBI torque ramp-down experiment Stable rotation profiles
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« Operation limited by the onset of a rotating or locked growing n=1 mode
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Rotation threshold in wall-stabilized discharges is NOT

imposed by an unstable RWM

Q‘CA~O.3°/0
. \

¢ Rthtlon qi. ihe n=1 mOde onset hqs IdeaI-waII_> 1 0 125311 125313 125701 125709 126037 126212 126213 126214 126215
- - - r r T T 1T T T T ]

only a weak § dependence limit  Unstable  Stable -
[E.J. Strait, et al, Phys. Plasmas (2007)] s . !
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— Growth on resistive rather than limit 0'00 20 40 60
walll time-scale (t,,~3ms) V| e (KMUS)
q:

— Mode unaffected by feedback

-> Perturbation evolution consistent with a locked growing 2/1 NTM
— Critical B reduced at low rotation [R. Buttery, et al., Phys. Plasmas (2008)]
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NTM suppression can extend operating regime even

below the previously reported rotation threshold

Q‘CA~O.3°/0
(] *
¢ Apply preemphve ECCD ai q=2 Ideal-wall* 1 0 125311 125313 125701 125709 126007 126212 126213 126214 126215
.. - - - r r T T 1T T T T ]
surface to suppress 2/1 NTM limit . |
[R. Prater, et al., Nucl. Fusion (2007)] [ . |
0-8_ - 7
L \ 4
EC resonance (110 GHz) - Non-rotating
B n=1modes
0.6 -
Cs | O
0 4'_ Stable with ECCD |
L suppression
of 2/1 NTM

v\time
NO'Wa" - 0.0;5 N N o - N A L
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« Operational constraints
EFIT02 & TORAY limit C BSOS

132250 t=1805ms
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New MARS-K code compares perturbative and

non-perturbative formulation of kinetic damping

 MARS-K: Perturbative and non-perturbative formulation of kinetic damping

including particle bounce (n,) and precession drift (w,) frequencies of
thermal particles [Y.Q. Liu, et al., IAEA 2008]

« Calculate RWM growth rate for stable DIII-D plasma 125701@t=2.5s
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- Non-perturbative formulation significantly reduces kinetic stabilization
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Change in stability caused by new RWM branches rather

than a change of the mode structure

+ Key-features of non-perturbative approach:
— Mode structure can deviate from the ideal MHD n=1 kink mode
— Mode rotation frequency can be non-zero (i.e. comparable to w,, w,)

« Compare poloidal Fourier harmonics for normal displacement between:

No-wall kink Fluid RWM Non-perturbative kinetic RWM

2/ fluid RWM

_ A . 1 T ‘
E £ ‘ / E w Nl
g;\JF S 2 Suf \\ 3 /’ LA‘
. |\ . ~— ‘
0 N /’/’/Oj/kj‘éf%
' 0
4 4
0.5 5 05 SCC05.0.=2/0,=0003 5

0 0.2 04 ,, 06 0.8 1 0 0.2 04 ,, 06 0.8 1
v, v,

- No significant kinetic modification of RWM eigenfunction for DIII-D

 Non-linear eigenvalue formulation through kinetic integrals results in new
(unstable) branches
[Figures from Y.Q. Liu, et al, APS 2008]
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Perturbative calculations using the MISK code indicate

the importance of hot ions for the observed RWM stability

» MISK: Perturbative formulation of kinetic damping based on the PEST mode
structure [Hu, Betti, Phys. Rev. Lett. (2004), Sabbagh, et al., IAEA FEC (2008)]

MISK - RWM growth rate

Stable wg profiles EFAT 125701@=2500ms
1M ype 1.0
' — thermal only 2200 ms
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/RwM Tw
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w 05| o
: 2600 ms
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[Figures from J.W. Berkery, et al, APS 2008]
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Perturbative calculations using the MISK code indicate

the importance of hot ions for the observed RWM stability

* MISK: Perturbative formulation of kinetic damping based on the PEST mode
structure [Hu, Betti, Phys. Rev. Lett. (2004), Sabbagh, et al., IAEA FEC (2008)]

MISK - RWM growth rate

Stable wg profiles EFAT 125701@=2500ms
100 e 1.0
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w OS¢ TIIIIEIITILE ]
: 2600 e
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00 02 04 06 08 1.0 2.0 * 2.5 3.0
p B
Exp. By

» Kinetic effects sufficient to stabilize RWM over the entire range of observed
rotation profiles

— Hotions (~35% of total g) contribute significantly to the RWM stability
D= [Figures from J.W. Berkery, et al, APS 2008]

NATIONAL FUSION FACILITY

H. Reimerdes, Mode Control Workshop, Nov. 2008



RWM can be triggered by localized instabilities

such as g=2 fishbones and ELMs

e Fishbone driven RWM observed e ELM driven RWM can occur even
at low density and slow rotation at high rotation [A.M. Garofalo, et al.,
when q,.,,~2 [M.Okabayashi, et al., Phys. Plasmas (2006)]

IAEA 2008]

-100f 0
40 ,
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20+ 3 E
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- Requires a non-linear destabilization mechanism
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Fishbone-driven RWM resembles “Energetic particle

driven Wall Mode (EWM)” in JT-

60U

* JT-60U observes EWM above no-wall limit [G. Matsunaga, et al., IAEA 2008]

— Directly induces RWM despite Q>Q
— Grows on wall time scales (1-2ms)
— Globally spread kink-structure

crit

— Destabilized by perpendicular NBI (tfrapped particles)

« DIII-D “q=2 fishbone” has
similar global kink mode
structure

— Growth time varies but
can be as slow as wall
time scales

Mag. axis

» 04

0.3
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Magnetic feedback can reduce the perturbation

amplitude following a fishbone driven RWM

 Apply RWM feedback in dicharges with fishbone-driven RWMs

| 'F'ee'd'b'ac'k' I

a0 f
0.0}
40

L ) ] AN . ]
1882 1884 1850 1852 1854 1856 1858 1860
Time (ms) Time (ms)

-> Finite amplitude rotating perturbation remains

[Figures from M. Okabayashi, et al., IAEA 2008]
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Interaction of RWM stability, error fields

and plasma rotation
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Plasma amplifies externally applied n=1 field

e Probe plasma with a static or
slowly rotating n=1 field

* Obtain plasma response §Br'as
from magnetic measurements
by subtracting known vacuum
coupling

— Plasma response increases
linearly with applied current

v

Described by resonant field
amplification (RFA) of a weakly

damped mode [AH. Boozer, Phys.
Rev. Lett. (2001)]
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External field couples to a stable n=1 kink mode

* RFA well described by a single stable RWM
— Response has a rigid structure [A.M. Garofalo, et al., Phys. Plasmas (2002)]

— RFA frequency dependence consistent with single stable slowly

rotating mode [H. Reimerdes, et al., Phys. Rev. Lett. (2004), A.C. Sontag, et al., Nucl.
Fusion (2007)]

e Vary the poloidal spectrum of the

n=1 RFA at py=const.

° (] 8 ) '
external I-coil field = [ ® Measurements
= =} -
= % . _ ?, 6 - MARS-F (k=1)
4 Projected field line = |
=) o |
o 4 = 4+
@ 240 deg phase difference 8}
2 gp 2
i 120 deg &
S 45 ol
° < |
8 '90 0 [ 1 1 1 1 L .
0 % 180 270 360 0 60 120 180 240 300 360
Toroidal angle ¢ (deg) |-coil phase difference (Deg)

 Measured dependence of RFA on I-coil phase difference in good
agreement with MARS-F modeling (rotationally stabilized n=1 RWM)
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Resonant field amplification increases with beta

Plasma response (n=1, w/(27)=20Hz)

* No or very weak RFA at low g (<1) 8: - E' o.sx'bg'as enrs
* RFA increases with g < 6[ shaped SND E (midpliie) a8
— Some scenarios show spikes or S | 2 b ]
seps DOIOW Pno v R

¢ Increase of RFA with g, accelerates ) 2 j .J'.
e b S T

00 05 10 15 20 25 30 35
BN

Plasma response (n=1, wex/(21)=40Hz)
' 1341143

— JET indicates an RFA-threshold at
values of B 20% below By ro-wai
[M. Gryaznevich, et al., EPS 2008]

4 Highly'shopec'j
 RFA can be used to test RWM DND [Ferron et

stability models 3t al, APS 2008]
— RFA qbove ﬁN,no-won s not
consistent with soundwave or
semikinetic damping models :
[H. Reimerdes, et al., Nucl. Fusion (2005)]

L X

-

4.0 ¢ ~ no-wall limit

b;:lasl II-coil (G/ kA)

0 '..:l' '.‘.. . ) 1
0 1 2 3 4 5
Dinn-D Bl

JTIONAL FUSION FAGRQY H. Reimerdes, Mode Control Workshop, Nov. 2008




Higher n RFA (n=2) shows the same characteristic

increase in the vicinity of the respective no-wall limit

* n=2 RFA increases at significantly Plasma response (N, weyi/(277)=20Hz)
higher values of 8 than n=1 RFA oo m ]
in similar discharge ak = n=1 g

—_ E = p
— Lower magnitude couldbe £ | & n=2 3
due to different coupling S % z & +#
=% LI
S , s .tg
5 ' 12 '
of _ mi—d &  —@— 5
00 05 10 15 20 25 30 35

PN
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Interaction of RWM stability, error fields

and plasma rotation
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Non-axisymmetric magnetic fields can stop the plasma

rotation, drive locked modes and cause disruptions

» External n=1 perturbations in the order of 68°*/B;~10 can be sufficient to
stop the plasma rotation and drive a locked magnetic island

— Early high p experiments in
DIII-D revealed a strong
reduction of the error field

tolerance with f [R.J. La
Haye, et al., Nucl. Fusion (1992)]

— However,  dependence
has not been included in

empirical scaling laws [ITER
Physics Basis, Nucl. Fusion (1999)]

Dili-D
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FIG. 10. Critical 2,1 relative error field for instability in H-mode
plasmas as a function of beta (left or left/right beams).

Figure from La Haye, et al., Nucl. Fusion (1992]
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Resonant magnetic braking torque can lead to a

bifurcation of the plasma rotation

 0D-model for plasma rotation

adQ IQ
[— = 7—tOt - = TMB I QOITL
dt TL,O

with 1, , being the momentum
confinement time without braking |
e Assume aresonant magnetic 01&

braking torque with 7; « Q-
[R. Fitzpatrick, Nucl. Fusion (1993)]

| d/dt A

|

Increase 6Br

TtOt - |Q/T|_,0 - TR
TMB — TR = KR (SB% 9-1

OBA

2
» Torque balance dQ/dt=0 when o _ TotTio \/(TtotTL,O) _ Krtig
21 21 /

. . . T . .
— Bifurcation at @ =Q_20 (with Q4 = tOtITL’O being the unperturbed rotation),

when resonant perturbation exceeds | 6Bg iy = Tio 477{0
R
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Error field tolerance in NBl heated H-modes is determined

by resonant braking leading to a loss of torque balance

* Increase the amplitude of an 5 eor (1=1) (KA) ]
external n=1 “error” field 6B « | ol // 1
183 Dy.coil (=1) (deg)
| -180 WAV |
v 2000 3000
4- ext ]
* Rotation evolution is described by 30 : = :
resonant braking [A.M. Garofalo, et al., 15} 4 Rotation collapse .
Nucl. Fusion (2007)] 0 ©(-2) (kradls) s |
—~ At high rotation external resonant wM _

field is shielded, but exerts a 0

torque 2.15?:%: v VAR MWW
— Rotation decrease is followed by £ i
a loss of torque balance gz b %
— Magnetic island opens after /\ m
rotation collapses 205E Magnetic island o

2800 3000 3200
Time (ms)

Dili-D

NATIONAL FUSION FACILITY

H. Reimerdes, Mode Control Workshop, Nov. 2008



Tolerance to external n=1 perturbations decreases with

increasing gy due to plasma amplification

oy . n=1 magnetic braking experiment
- Decrease of critical external field kb bbbl i e
B,, & is particularly strong above the 4; ¢ i
no-wall limit ¢ o
— External field is also increasingly ~ Critical external 3¢
ope field 6321,(:,“ 3 Tngi~1.8Nm ‘
amplified (Gauss) 2 = §§§
MR
E ideal kink mode E
of stable < RWM s'EabIe

1.4 1.6 1.8 2.0 2.2 2.4

» Rotation collapse occurs at a fixed 15]

TNB|L4.0Nm ;»Bg,'gﬁ,lg.m ;
plasma response 8By

ege age 10._
* Critical plasma response 8Bggs Critical plasma

) . response dBhary !
increases with NBI torque T, (Gauss) ‘
5_
- Tyg~1.8Nm —» BPa~6.9G
0- 1 L 1 1
14 16 18 20 22 24
&Y
DIII-D

NATIONAL FUSION FACILITY

H. Reimerdes, Mode Control Workshop, Nov. 2008



Resonant braking is determined by external field that is

kink-mode resonant (and not necessarily pitch resonant)

° ° ° =1 b k. i t t — t.
- I-coil phasing scan also results in a o felbrahg experiments 2t Pr=cons
critical plasma response 683 g.80 atmax. Rotation collapse
o' “© 10} coil current mplas
— Tolerable external resonant S8 1 N —~—*— 0BT ]
field 8 B, varies by more than 284 % ]
f ’ = g 8 i SBS
a factor of 3 A & OBt
£5 ° *
W © !
N L

0 60 120 180 240 300 360
I-coil phase difference (Deg)

° Pli'Ch qngle Of klnk mode at Top 90 MRS-F ideal MHD n= RV\'IM-ESBn at plasma surface
SEIURT~ R~ > 134234 t=1750ms
outboard midplane (and high g,) = > ,
° ege ° ° % 45 ...................
differs from equilibrium field =
H HH 2% H Outboard
— Pitch of equ!llbrlum field af midplane 5
outboard midplane changes g,
only weakly with radius, i.e. g S
Bottom - 0 w0 20 360
Toroidal angle ¢ (deg)
DIIl-D
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Plasma response (IPEC) connects error field tolerance at

high g with Ohmic plasmas via the linear density scaling

DIII-D

° qusmq response IS key .l.o res.l.ore 60é ........................................... g
i i i o F o .
I[near density s.callng of the error 2 50t e
field threshold in low p locked S | Total resonant R
mode experiments [J.K. Park, et al., o 40F  field 9By o (IPEC)
Phys. Rev. Lett. (2007)] = '
. . . | o - ,/ _E
— Perturbation modeled with ideal g 30§Low[3locked R
perturbed equilibrium code $ oo Emodes ;
(IPEC) [J.K. Park, et al., Phys. Plasmas g | Critical external
(2007)] S 10f -~ resonant field aszﬁf;,i,\

O

0 C
0 1 2 3 4
Locking density n, (107°m3) ¢

High By n=1
braking experiment
- Total resonant field (IPEC) at rotation collapse 85B,, .; in low 7,5 H-mode
discharge with g,=1.5 is in good agreement with the low g density scaling
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n=1 magnetic braking leads to rotation decrease across

the entire profile until a sudden rotation collapse occurs

134234

O Toria p A B
Q (krad/s) i
100- p=0. 100
:. ﬁ_'\/-\/\/\/\"/\—/v w
©
N A W\ Yy :
501 p=060 P03 S 50
"] ~~
I ~ Qyit (t=2130ms)
0 0=0.80 0
L l-coilramp  Startofrotationcollapse 4 [ .
1800 1900 2000 2100 2200 2300 00 02 04 06 08 1.0

Time (ms) p

* Rotation measurements up to the rotation collapse show no evidence of
localized braking (limited by uncertainty of Q' and Q")

» Rotation collapse starts at the outer half of the profile
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Measured n=1 braking torque reveals importance of

a non-resonant magnetic braking component

 Measured angular momentum
evolution yields magnetic
braking torque 7,5

L dL
T =T ——— = 2=
MB NBI TL’O dt

— Assume T,,5 x (0BPas)2 10
reveal rotation dependence

n=1 magnetic braking experiments
0.08 - - 2
. Tyg increases .
S X PO : .
S 0.06 with increasing Q PRGN
= L \ - ]
= A 131982 i
o - l"'
g 0.041 ' - .
T:.mo. [ ".’t:"‘ \“:?:7 ‘:;;. ::E
< - E g
|_£ 0-02 - T —-
I 127737 i
0.00( . . ]
0 20 40 60

Plasma rotation Q2 (q~2) (krad/s)

« At low rotation 7,5 increases with decreasing Q consistent with a

resonant torque [R. Fitzpatrick, Nucl. Fusion (1993)]

« At high rotation 7,5 increases with Q — typical for a non-resonant torque

[K.C. Shaing, Phys. Plasmas (2003)]
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Effect of simultaneous resonant and non-resonant

braking

« Adding a non-resonant component to the magnetic braking torque in
the torque balance”

192 ksBZo - K\ oB2R0
dt TL,O

leads to a reduction of the tolerable resonant field :
5BR,crit = Ttot (TL*/(4IKR))

-1 . .
where T, = (T::) + /_1KNR5B§R) Is a reduced momentum confinement time

1/2

* Non-resonant braking changes the dependence of 6B, _; on torque input
— Resonant magnetic braking only :

) aBR,crit x Ttot
— Adding a strong non-resonant torque

0.5
5BR,crit x Ttot

*Negleci offset rotation in counter-Ip direction [A. Cole, et al., Phys.
IDII=D) Rev. Lett. (2007), A.M. Garofalo, et al., Phys. Rev. Lett. (accepted)]
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NBI torque dependence of error field tolerance consistent

with a significant contribution of non-resonant braking

- Fit 7z, dependence of the measured error field tolerance
— Amplification is linear — 8B ,0Byg * 8BP™

— Total torque includes an infrinsic forque T, (estimated from experiment)

Tolerable plasma response in n=1 braking experiments
15 - - -
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, =

P _ -]

g S

o (TinHTg) ™4 +é§/¢ ]
\lit” :

’l’ ’/, o

r ,/ \ -

S 1.7 < (Tin+Tyg)

5BP e (Gauss)
=
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($) ]
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'Tin='1.4Nm
>QObserved depenaence or the n=1 error fnieia rolerance on NBI torque is
consistent with a significant contribution of non-resonant braking
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NBI torque dependence of error field tolerance consistent

with a significant contribution of non-resonant braking

* Fit Tz, dependence of the measured error field tolerance
— Amplification is linear — 8B ,8Byg * 6B
— Total torgue includes an intrinsic torque T

- (estimated from experiment)
ToIerabIe plasma response in n=1 brakmg experiments

BT —
- Locked mode L7 ;
spwtoothing plasma L . 1
[Buttery, et al., IAEA FEC (2008)] % PR
@ . .
o 10| -
8  ~ (T|n+TNBI {}é % ]
%5 Locked mode |
o
% St ’ preceded by
I ’ .’ rotating 2/1 NTM -
i /, ’ ’ o (T|n+TNBI) 4
o Y P 7|
L 17
0 . 7 < 1 1 1
-2 ? 0 2 4 6 8
Tgi (Nm)
-Tin=-1.4Nm

> Observed depenaence or tne n=1 error fieia rolerance on NBI torque is
consistent with a significant contribution of non-resonant braking
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Summary/Conclusions

« RWM in DIlII-D can remain stable over a wide range of rotation profiles

— Suppressing 2/1 NTM extends operating regime below the previously
reported rotation threshold

 Wall-stabilized plasmas test linear models of kinetic RWM stabilization

— MARS-K calculations using a non-perturbative approach result in
weaker damping than observed in DIII-D

+ RWM mode structure is not modified by kinetic effects
+ Reduced stability is probably due to a new RWM branch

— MISK calculations indicate the importance of hot ions (NBI), which
have not yet been included in the MARS-K calculations

« RWM can be triggered by other localized instabilities such as ELMs and
q=2 fishbones suggesting the possibility of non-linear RWM
destabilization mechanisms
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Summary/Conclusions (cont.)

« Stable kink mode can amplify external non-axisymmetric fields
— Plasma sensitive to fields that are resonant with the kink mode
— RFA (amplitude and phase) depends on kink mode stability
+ RFA measurement has potential for real-time stability measurement

* Tolerable external non-axisymmetric field (resonant with the kink mode) is
determined by resonant braking (resonant with equilibrium field)

— Error field tolerance determined by plasma response to external field
+ Increase of RFA with B explains decrease off error field tolerance
+ Plasma is most sensitive to an external kink-type perturbation

— Plasma response connects error field tolerance in high  H-modes with
the locking threshold in Ohmic plasmas via the linear density scaling

— Magnetic braking occurs through resonant and non-resonant effects
+ Non-resonant braking reduces the benefit of additional torque input
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Backup slides
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Plasma rotation through the perturbed field of an RWM

can lead to damping

* Inideal MHD B is usually limited by a long-wavelength (n=1) kink mode
— Growth rate without a conducting wall : (yea)® = OW,,

— Growth rate with an ideal conducting wall : (yrA)2 = oW,

+ Marginal value of B increases when an ideal conducting wall
imposes a constant flux boundary condition : By igearwal = Br no-wal

» Finite wall resistivity allows RWM to grow when B> B . .o.wai

— RWM growth rate [S.W. Haney, J.P. Freidberg, Phys. Fluids B (1989)] - YTy = _OW,,
+ Characteristic wall time scales t,, >> 1, oWy

— Plasma flow/particle resonances can modify RWM stability [A. Bondeson,
D. Ward, Phys. Rev. Lett. (1994), A. Bondeson, M.S. Chu, Phys. Plasmas. (1996)]

+ Include kinetic effects in the 8W formulation and add precession
frequency [B. Hu, R. Betti, Phys. Rev. Lett. (2004)]

_OW,, + oWk
6Wb + 6WK

YTw =
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Analyze n=1 error field tolerance in magnetic braking

experiments at various values of g, and NBI torque

Scanned parameter range

2.4 e IRRARRRRLL IRAARRRREE IRARARRLLL |RARRRRALA IRARARARAL
i ° ]
| <o

2.2} O

2.0 [ © <© ¢ ¢

1.8}

1.6} @ Locked mode
@ & .preceded by |

14l rotating 2/1 NTM | |

1 2 3 4 5 6 7
Tng (Nm)

« Atlow T (i.e. low rotation) and/or high g, the rotation collapse is
frequently preceded by the onset of rotating 2/1 NTMs

— Consistent with a reduction of the critical g, for the onset of the 2/1
NTM with decreasing rotation [R.J. Buttery, et al., Phys. Plasmas (2008)]
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Vary poloidal spectrum (pitch angle) of the external

n=1 perturbation using the I-cail

DIlII-D 134234, I-coil various top-bottom phasing (1kA n=1 amplitude)

10 120 Deg phasing 180 Deg phasing 240 Deg phasing 14
WV =L U 3 ? - i[ 3 ] ] = .

0.8
5
506 w
(] —_
N 2
s | =
S04 n
=

0.2

0.0 2 Wi

-10 -5 - 10 -10

Poloidal Mode Number m (Neg m are Left-, Pos m are Right-Handed)

* 180 Deg phasing maximizes the resonant component of the external
perturbation
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Frequency response well described by a single weakly

damped mode

. Plasma response b?**(n=1,m=wex)
 Frequency response of stable high p plasma .
is well described by a single mode model .
dB . g
Iw—s_thOBs = Mg [, S 3t
ot P
with v=vgymt gy g% /
. . = o
— Fit of measured spectrum yields 1k Fityields 2
. vo=-(141+i108)s" ]
Damping rate “YRWM 0 o= (11108173
Mode rotation frequency ORWM

10~~T——T7 T T ]
Effective mutual inductance M.’ o \\ |
— RFA spectrum has also been observed in : 5

NSTX [Sontag et al, NF (2007)] and JET S s50f
[Gryaznevich et al, EPS (2007)] %"’1 .
5
° ° L) l_
* Consistent with MARS-F calculations B0F  pirestion of
° ° oge | t t
:showmg tha! a rotahonglly stabilized plasma 1o} Presmarotation 0
is well described by a single pole [Liu et al, PoP 60 -40 20 0 20 40 60
(2006)] Frequency of applied field wey/(27) (Hz)

Dili-D

NATIONAL FUSION FACILITY

H. Reimerdes, Mode Control Workshop, Nov. 2008



Internal structure of “q=2 fishbone” is consistent

with a kink mode

131129
Q5T T e rrrrrrrrrT rrr T T

 Soft X-ray signal (a.u.) | \

F1
0.4 .

0.1 _

Soft X-rays: Toroidal array
EFIT 131129 t=1975ms

0-0 T ANAVAZADNENVAN N N S5 Mo M -l A
2016 2017 2018 2019
Time (ms)

Chord 1
« Soft X-ray measurements do not show
any island structure
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