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Appearance of low frequency oscillations in magnetic and
kinetic diagnostics at high βN investigated as multiple RWMs

 Motivation
 Maintenance of plasma at high βN with minimal time variation is

needed for future fusion devices
 Physics understanding of significant measured resistive wall mode

(RWM) sensor activity is important to sustain steady high βN• avoid feedback on mode activity not leading to unstable RWMs

 Observations / Goals
 Mode activity observed in RWM frequency range in magnetic and

kinetic diagnostics at high βN  (βN up to 7.4 reached in 2009)
 Is the observed mode activity related to, or independent of unstable

RWM activity?
• If same mode, supports single mode physics model
• If another mode, supports multi-mode theory

Either conclusion is important to optimize βN and RWM feedback control



NSTXNSTX APS DPP 2009 – JO4.10 Search for Multiple RWMs at High βN in NSTX (S.A. Sabbagh) 3November 3rd, 2009

High βN shots exhibit low frequency mode activity in
magnetic and kinetic diagnostics
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Multi-energy soft X-ray measurements consistent with
mode being a driven RWM

 RWM characteristics
 Propagation in the co-NBI

direction
 Observed frequency near

measured RWM resonance
L. Delgado-Aparicio - PP8.053

~25 Hz

Multi-energy soft X-ray (ME-SXR) viewing geometry

(Sontag, et al., NF 47 (2007) 1005.)
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Low frequency mode observed in ME-SXR covers greater radial extent
as βN increased
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Resonant field amplification of rotating applied field observed in
magnetics, along with oscillations in ME-SXR signals

 Mode activity in ME-SXR observed during applied co-rotating AC field

 Activity stops when applied AC field stops; returns when magnetic activity returns
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Multimode response theoretically is expected to be
significant at high βN

 Boozer multimode criterion for n = 1 met at high βN

 |δW| smallest for 2nd n = 1 eigenfunction

 Ratio of |δW| for 3rd vs. 1st least stable mode sometimes also > 1

βN

(PoP 10 (2003) 1458.)
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New multi-mode VALEN code reproduces typical observed
RWM growth times in high βN NSTX plasmas

 Typical experimental growth times
are reproduced with no free
parameters

RWM growth time vs. betaN 133775 - mmVALEN
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Multi-mode perturbed field response in mmVALEN
shows influence of 3-D structures

Single mode response, total δBn

Multi-mode response, total δBn

δBn from wall, multi-mode response

Bn from wall, multi mode response
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Low frequency oscillations in magnetic/kinetic diagnostics at
high βN apparently a separate mode from unstable RWM

 Low frequency ~ O(1/τwall) mode activity at high βN has
characteristics of a driven RWM
 Mode is co-rotating at frequency near natural n = 1 RWM resonance

 Mode observed in ME-SXR at ~30Hz is global and covers greater
radial extent as βN increased

 Resonant field amplification of co-rotating applied field observed in
magnetics, along with oscillations in ME-SXR

 Theory: multi-mode RWM response important at high βN
 2nd mode is stable, so experimental mode must be driven (not

saturated)
 multi-mode VALEN code reproducing typically observed growth rates

 Observed growing n = 1 RWM appears to be independent of the
driven, ~ 30 Hz mode activity
 Supports multi-mode RWM theory
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Additional slides
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Multi-mode VALEN code testing successfully on ITER
Scenario 4 cases (reversed shear)

 At highest βN, n =1 and 2 are
unstable
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Illustration of Bn(θ,φ) on plasma surface from mmVALEN for
ITER Scenario 4,  βN = 3.92

 n = 1 eigenfunctions shown

multi mode response (incl. wall), total Bn

Bn from wall, plasma

Bn from wall alone
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