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MHD (m=1) oscillations are observed to be stabilized, and plasma particle confinement
enhanced, through a combination of electrode ring driven rotation and neutral beam injection
in the Wisconsin HTS Axisymmetric Mirror (WHAM) [1]. End ring electrode bias improves
confinement by (1) allowing the plasma to capture Neutral Beam Injection (NBI) after the
Electron Cyclotron Heating (ECH) pulse, (2) increasing the particle confinement time as
observed by a mm-wave interferometer, (3) broadening the radial profile of signals observed
by XUV diodes, and (4) decreasing the spatial fluctuation of XUV signals by an order of
magnitude.
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upgrades to vessel conditioning in addition to

bias. We added four Ti gettering pumps to the
neutral beam dump, carried out a glow discharge cleaning campaign with the 17 T HTS
coils turned off (they are on for months at a time), and baked the vessel at 100 C. We also
introduced a new baffled gas injector to minimize neutral leakage into the central cell.

Analysis of the XUV diode array shows an order of magnitude reduction in spatial
fluctuation metrics: (1) the emissivity profile as a function of radius broadens in the biased



case; (2) the shift in  center-of-mass
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larger in magnitude and lower in fluctuation
amplitude for the biased case. This measurement is
significant because the low amplitude fluctuation
constrains the size of higher wavenumber m > 1
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This metric is an order of magnitude lower for the biased case, indicating stabilization of
MHD interchange in this regime. While we cannot yet diagnose the exact spatial mode
structure, single-fan XUV  analysis
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indicates side-to-side motion is reduced,
and the oscillation of the radial extent has
become stationary. Fast camera video
taken at 80k frames per second provides
supporting evidence. The unbiased case

deforms into filaments and its visual center
moves about the magnetic axis, and the
biased case forms a quasi-stationary
plasma column. In the frequency domain
most of the fluctuations appear during the
ECH pulse. The magnitude of these hot
electron interchange modes is lower for the
NBI-sustained bias discharges.

. Figure 3: XUV signals; short time Fourier transform
time [ms] for biased and unbiased plasma, log plot of
magnitude.
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The observation that bias electrode actuators stabilize MHD fluctuations in WHAM is an
important step toward Q~1 HTS axisymmetric mirrors, such as the ANVIL device actively
designed by Realta Fusion [2]. The development of a breakeven class magnetic mirror has
significance for all paths to fusion, in addition to burning plasmas in a tandem mirror [3],
because the mirror provides relatively low cost access to volumetric fusion neutrons for
reactor material tests.
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