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Stability of the Resistive Wall Mode in Advanced Toka-
mak Plasmas! A.M. GAROFALO, G.A. NAVRATIL, Columbia Uni-
versity, E.D. FREDRICKSON, M. OKABAYASHI, L.C. JOHNSON,
Princeton Plasma Physics Laboratory, E.A. LAZARUS, Oak Ridge
National Laboratory, M. GRYAZNEVICH, UKAEA Fusion, R.J. LA
HAYE, J.T. SCOVILLE, E.J. STRAIT, A.D. TURNBULL, General
Atomics — Double null, ELMing H-mode plasmas with normalized per-
formance parameters of Oy * H ~ 9 have been sustained for up to 2 s
in DIII-D, but performance is often limited by the n = 1 resistive wall
mode (RWM). Destabilization of the RWM and its damping of plasma
toroidal rotation correlate with the saturation of plasma normalized 3
at a value just about the limit calculated in absence of a conducting
wall. One approach to stabilization of the RWM is sustainment of a
large plasma toroidal rotation. In DIII-D the plasma rotation can be
increased by varying the number and the energy of the neutral beam
sources used for heating. Preliminary results show that increased an-
gular momentum injection may be responsible for an increase in the
duration of the high performance phase by at least a factor of two.
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MOTIVATION AND REQUIREMENTS FOR WALL STABILIZATION

Stabilization of the n=1 kink mode by a perfectly conducting wall
allows operation with high normalized beta, By = 3/l/aB ~51t0 6, In
the advanced tokamak (AT)

Wall stabilization is crucial for high (3 operation in the spherical
torus, spheromak, RFP and FRC

Theory predicts stabilization by a resistive wall at By > BR "
possible with plasma rotation and dissipation

0 Control of rotation can give access to stability window

Alternatively, slow resistive wall mode (RWM) growth rate can be
stabilized by active feedback
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RWM IDENTIFIED IN PREVIOUS DIII-D EXPERIMENTS

e [3\ exceeded no-wall limit by up to 40%
e n=1mode grows (y~ 1/ty,) after toroidal rotation at q = 3 surface has decreased below ~ 1 kHz

e T profile perturbation agrees with calculated perturbation from predicted ideal kink
ATe 0 &M x dT4/dR

0 Amplitude and toroidal phase of calculated eigenfuction scaled according to magnetic data
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PLASMA ROTATION SLOWS AS 3y EXCEEDS NO WALL LIMIT

ACCELERATION e What causes the slowdown?
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ONSET OF SMALL AMPLITUDE RWM CORRELATES
WITH ROTATION SLOWDOWN IN AT MODES
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RWMs LIMIT PERFORMANCE OF AT PLASMAS
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e Ip=12MA,Bt=16T
Umin ~1.7, 0g5~5.5

e [ limited to about 4I; (no

wall limit) by bursting RWMs

Higher NBI power improves
stability and duration

I

e 759% current non-inductive

>50% bootstrap
See GO2.2 (T. Luce, et al.)
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RWM BURSTS SELF-STABILIZE THROUGH SMALL BETA COLLAPSES
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o Plasma rotation slows during By "peaks”, recovers in [By"valleys"

o n=1toroidal structure of small @B, bursts confirmed by SXR signal analysis in
similar discharges. See CP1.76 (L. Johnson, et al.)
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PLASMA ROTATION INSUFFICIENT FOR COMPLETE RWM SUPPRESSION

e Inconditions of improved detection, small amplitude, slowly growing
(often y « 1/1,,) RWMs can usually be observed when 3y > no wall limit

Working hypothesis
[1 The plasma rotation does not completely suppress the RWM, but slows
the growth rate.

The electromagnetic torque from the RWM reduces the plasma rotation.

- The confinement degradation due to small amplitude RWMs (e.g. through
tearing or reduced ExB shear) can decrease By < no wall limit, leading to
beta saturation or rollover

- If the plasma rotation decreases below a critical value while By > no wall
limit, the mode growth transitions to a 1/t,, rate, usually leading to a
minor disruption

e Interpretation of observations qualitatively consistent with theoretical model by
Gimblett and Hastie (to be publ. in Phys. Plasmas). See CP1.75 (E. Strait, et al.)
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SUMMARY

e RWMs observed in high performance AT modes
no wall

O RWMs limit Byto ~ By (~41)

e Plasma rotation insufficient for complete RWM suppression
0 RWM identified as cause of rotation slowdown

: L no wall
0 Need active feedback control to maintain By > By
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