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Outline

• Basic Resistive Wall Mode (RWM) model

• RWM stability, neglecting kinetic effects

– Sufficient for machines without large energetic particle populations

• Extended RWM stability, including kinetic effects

– Important for large machines like ITER

• Measuring RWMs

• Why RWMs are important

• Expected RWMs in ITER

– Scenario-dependent

• RWM effects on bulk plasma properties

• Controlling RWMs

– Passive stabilization

– Active feedback
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The Resistive Wall Mode (RWM) is a form of the ideal external 

kink whose growth rate has been slowed by a conducting wall

• Ideal MHD stability analysis of tokamak plasmas introduces the 

ideal external kink.

• A conducting wall near the edge of a tokamak plasma slows the 

growth rate of the external kink from an Alfvénic time scale to the 

resistive time scale (    ) of the wall.w

Hanson, Thesis, 2009
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MHD stability analysis gives a straightforward estimate

for RWM growth rate

No wall (or wall at infinity)

Ideal wall at position b

Plasma contribution (same for both parts):

Vacuum contribution:

from:(                        )

w

Haney, PFB, 1989

(Neglecting        )SW
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Kinetic effects become important for plasmas with significant 

energetic particle content

• Including kinetic effects changes the growth rate and introduces 

rotation

• Kinetic contribution can have resonances:

Neglecting

kinetic effects

Including

kinetic effects

Berkery, PoP, 2010
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RWM eigenfunctions have a global extent

DIII-D:

JT60-U:

NSTX

LFS

Core

HFS

Edge

LFS

Sabbagh, NF, 2006 Matsunaga, PFR, 2009

Lanctot, APS, 2008
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RWMs can be measured with external magnetic probes or with 

internal emission diagnostics

• External: Measuring magnetic field oscillations

• Internal: Measuring effects of the mode on plasma parameters
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HBT-EP data
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ITER steady-state scenarios are most susceptible to RWMs

limit...stability  empiricalan  gives  / iN l

RWM growth rate for an ITER scenario 4 equilibrium

NSTX

Sabbagh, NF, 2010

Shimada, NF, 2007

limit  /clear  a havet doesn' NSTX...but iN l
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The resistive wall mode prevents high β in steady-state 

scenarios unless it is stabilized
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Degree of RWM instability:

Hender, NF, 2007
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ITER scenario 4 plasmas are expected to be marginally stable 

to RWMs for the predicted rotation and alpha particle content

…
Berkery, PoP, 2010
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NTV braking torque can slow the plasma rotation

during RWM activity

• Equilibrium plasma rotation decreases when RWM is MHD unstable

Delgado, PPCF, 2011Sabbagh, NF, 2006
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RWM growth can cause a β collapse

• Rapid loss of plasma pressure 

occurs with RWM growth

Berkery, PoP, 2010Matsunaga, PFR, 2009
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RWMs can be avoided or passively stabilized 

in a variety of ways

– Place a conducting wall near the plasma

• Slows down the mode growth rate, and can stabilize quickly rotating modes

– β feedback/control

• Feedback for heating mechanisms

– Decrease β if it becomes too high

– Profile control

• Modify current profile if li is too low

– Kinetic stabilization

• Maintain appropriate plasma rotation

• Raise energetic particle content

– Avoid RWM “triggers”

• ELMs, sawteeth, Alfvén eigenmodes, etc., can cause a loss or redistribution 

of energetic particles, which can then reduce the RWM kinetic stabilization.
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RWMs can be actively suppressed with internal or external 

magnetic feedback coils

• External coils on NSTX

• Internal coils on HBT-EP

• Both types in DIII-D

Sabbagh, NF, 2010

Okabayashi, NF, 2005
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Ex-vessel “Side correction coils” in ITER can be used

for slow magnetic feedback

• “Side correction coils” will be 

installed outside of the vacuum 

vessel

– Mainly for static error field 

correction, but can also be 

used for slow RWM control

• Circuit time constant of ~10s 

prevents fast feedback

• Internal coils are proposed for 

ITER, but not yet finalized

– Also advertised as ELM 

mitigation coils

Hender, NF, 2007
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Internal control coils in ITER could significantly improve 

plasma performance

• Large increase in achievable βN with proportional gain feedback 

using internal control coils

RWM growth rate for an ITER scenario 4 equilibrium

Sabbagh, NF, 2010
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EXTRA SLIDES
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Kinetic resonances

Berkery, PoP, 2010


