
2004 APS POSTER NP1.003
Development of Low Rotation Target Discharges
for RWM Feedback Stabilization Using Non-
Resonant Magnetic Fields,*
G.L. Jackson, R.J. La Haye, J.T. Scoville, E.J. Strait, M.J.
Schaffer, GA, A.M. Garofalo, G.A. Navratil, H.
Reimerdes, Columbia U., M. Okabayashi, PPPL

    Advanced Tokamak scenarios in burning plasma devices
with  βN > βN,NoWall requires resistive wall mode (RWM)
stabilization either by high toroidal rotation or feedback
control using a magnetic coil set. Present modeling predicts
vφ in ITER is not sufficient for RWM stabilization, so a
goal of the DIII-D program is to demonstrate feedback
stabilization at low rotation. The DIII-D tokamak is
presently configured with all neutral beam injectors in the
same direction so this large momentum input must be
counteracted with an externally applied torque to achieve
low vφ.  Both n=2 and n=3 magnetic braking (non-resonant
with the n=1 RWM) have been used to produce low
rotation target plasmas. We will discuss the use of both
external (C-coil) and internal (I-coil) picture frame coils to
reduce the toroidal rotation at the m/n=2/1 flux surface to
values below ωcrit (ωcrit ~ 0.02 ωAlfven) and, in particular,
the dependencies of coil current, q95 and ne in obtaining
low rotation with βN above the no-wall limit. The non-
resonant fields also reduce ELM amplitude and we will
present these observations.
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TWO TECHNIQUES HAVE STABILIZED RESISTIVE WALL MODES (RWMs)
ABOVE THE NO-WALL β LIMIT IN DIII-D

● Rotational stabilization with uni-directional neutral beams
● Active feedback stabilization with n=1 coil sets

— 6 coil external compensating set (C-coils)
— 12 coil internal set (I-coils)

ADVANCED TOKAMAK SCENARIOS FOR ITER PREDICT TOROIDAL
ROTATION WILL BE TOO LOW FOR EFFECTIVE ROTATIONAL

STABILIIZATION
● Additional coil set for RWM stabilization is being considered for ITER

DIII-D CAN EXPLORE LOW ROTATION SCENARIOS WITH RWM
FEEDBACK STABILIZATION

● Effective means of counteracting NB torque is required
— n=1  braking is effective but interferes with n=1 RWM stabilization
— Either coil set can be configured as n=2 or n=3 to provide non-resonant drag while

the other coil set is used for n=1 RWM feedback stabilization
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MARS predictions of Ωcrit in qualitative agreement
with measurements

• Both damping models predict Ωcrit within a factor of 2
– Kinetic damping generally underestimates Ωcrit

• Both models predict the trend of a lower Ωcri in the moderate-li scenario

• Low-li scenario yields Ωcrit τA  ~  0.02
with weak β dependence

• Moderate-li scenario yields
significantly lower Ωcrit
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IS n=3 BRAKING
ACTUALLY A RESONANT EFFECT?

● Strong edge interaction observed with n=3 I-coil
(but not with n=3 C-coil)
— Changes in toroidal rotation most pronounced in the edge
— ELM amplitude reduced with I-coil enabled and totally suppressed at q95 ~ 3.5±0.05
— H-mode pedestal is broadened

● Physical mechanism for the n=3 edge effects has not been identified
— Fourier spectra does not show strong resonant fields at

q95 ~ m/3  (m=10,11,12)
— Stochastic fields are a possible mechanism, but ELM modification occurs over a broader q95

range than other types of discharges (Moyer, JI2.004)
— Edge harmonic oscillation (EHO) is observed on some discharges (Burrell, BI1.002)
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SUMMARY

● Both external coil sets, I-coil and C-coil, have successfully been used for rotational
braking

● With sufficient n=3 drag, resistive wall modes are observed

● Critical frequency, Ωcrit, for onset of RWMs is a function of βN

● I-coil is more effective than C-coil in braking
— Effect is most pronounced near plasma edge
— Higher I-coil current produces lower rotation, though not as strong as theory predicts
— n=2 configurations have also successfully reduced toroidal rotation

● Strong reduction of ELM amplitude is observed
with n=3 I-coil
— Observed over a broad range of q95

— Physical mechanism has not been determined. May be stochastic, EHO, or resonant interactions




