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Abstract

The Role of Kinetic Effects, Including Fast Particles, in Resistive Wall Mode Stability*
J.W. BERKERY, Columbia University**

Theoretically, the RWM is thought to be stabilized by energy dissipation mechanisms that
depend on plasma rotation and other parameters, with kinetic effects being emphasized’.
Experiments in NSTX show that the RWM can be destabilized in high rotation plasmas
while low rotation plasmas can be stable, which calls into question the concept of a
“critical” plasma rotation for stability. Also, recent results from JT-60U show that fast
particle modes can trigger RWMs?, indicating the importance of including kinetic fast
particle resonances in the theory of RWM passive stabilization. The present work tests
theoretical stabilization mechanisms against experimental discharges with various plasma
rotation profiles created by applying either n=2 or 3 field configurations, and with various
fast particle fractions. Kinetic modification of the ideal stability criterion is calculated with
the MISK code, using experimental equilibrium reconstructions. Analysis of multiple NSTX
discharges from just before RWM instability is observed, predicts near-marginal mode
growth rates, with trapped ions providing the dominant kinetic resonances. Resonances
with fast particles also provide an important stabilizing effect. Increasing or decreasing the
rotation in the calculation drives the prediction farther from the marginal point in either
the stable or unstable direction, showing that unlike simpler “critical” rotation theories,
kinetic theory allows for a more complex relationship between plasma rotation and RWM
stability. Kinetic theory also has the potential to explain how fast particle loss can trigger
RWMs, through the loss of an important stabilization mechanism.

*Supported by U.S. DOE Contracts DE-FG02-99ER54524 and DE-AC02-76CH03073.
**In collaboration with S.A. Sabbagh, H. Reimerdes, R. Betti, and B. Hu.

[1] B. Hu, R. Betti, and J. Manickam, Phys. Plasmas 12 (2005) 057301.

[2] G. Matsunaga et al., IAEA 2008.
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High Level Outline

e RWM Kinetic Stability Theory:

Resonances of plasma rotation with precession drift and diamagnetic
frequencies allow stability at low rotation and instability at intermediate
rotation.

e Comparison to NSTX Experiments:

NSTX experimental results of instability at various plasma rotation profiles
could not be explained by simple theories, but can be explained by kinetic
theory.

e |ncluding energetic particles adds a stabilizing effect

Could help explain the difference between NSTX and DIII-D RWM stability, and
JT-60U observations of energetic particle mode RWM triggers.

Predicts that alpha particles can help ITER remain stable to RWM.
Presently this overpredicts stability compared to NSTX experiments.

Improvements to the treatment of energetic particles are possible, and are
being implemented.
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Kinetic theory and comparison to NSTX experiments
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Energetic particles: ITER, DIII-D, and NSTX
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For NSTX, MISK seems to overpredict stability,
especially with energetic particles included.
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“Issues and Needs from the Group”

e For experiment/theory comparison without E.P.:

Complete. Currently writing a draft paper with Sabbagh and Betti.

e For energetic particles:

More analysis of present data (help with equilibria from Sabbagh).
Need better “experimental” profiles for ITER calculation (Sabbagh).

Would be good to compare FIDA simulated density profiles to TRANSP
(Podesta, Heidbrink).

Would like to implement TRANSP beam ion distribution function in MISK
analysis. Not 100% sure | can do this in time. Could use help with translation
of TRANSP f into the form | need: f (W,g,A). (??7?)

@ NSTX
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“Issues and Needs from the Group”
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Using a Maxwellian leads to the familiar form for 6W, for thermal particles. For energetic

particles, | currently use:

But, it would be better to use f(W,g,A) directly from TRANSP.
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“Issues and Needs from the Group”
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