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The helically-symmetric experiment (HSX) stellarator device is the first of a new
generation of stellarators that exploit the concept of quasi-symmetric magnetic fields. In
HSX, the plasma is both produced and heated by use of electron cyclotron resonance heating
(ECRH) at the 2nd harmonic X-mode resonance. This heating configuration generates a
nonthermal energetic electron population. Herein, we report on the first experimental
evidence for fast-electron-driven Global Alfven Eigenmodes (GAE). This mode has
previously been observed in both tokamaks and stellarators but it was always driven by
energetic ions, not electrons. Evidence for this instability is obtained from quasi-helically
symmetric HSX plasmas. Potential consequences of these measurements are twofold; (1) fast
electrons can drive the GAE instability, and (2) quasi-symmetry makes a difference by better
confining the particles that drive the instability as compared to the conventional stellarator
configuration.

We report on several features of this fluctuation. It is a coherent mode that is
experimentally observed in the plasma core and edge by external magnetic coils,
interferometry, ECE and Langmuir probes diagnostics. Fluctuations are observed in the
frequency range of 20-120 kHz and scale with ion mass density according to expectations for
Alfvenic modes. The mode is observed to be global with odd poloidal mode number (inferred
from interferometry, possibly m=1) and is present in quasi-helically symmetric HSX
plasmas. When quasi-helical symmetry is broken, the mode is no longer observed.  Theory
predicts a GAE mode in the gap below the Alfven continua can be excited in the frequency
range of the measured fluctuations. By employing a biased electrode inserted deep into the
plasma, flows can be generated. Under these conditions, the Alfvenic mode amplitude can
increase and the fluctuation is even observed in the conventional stellarator configuration.
Shifts in the measured frequency can be used to determine the core radial electric field and
plasma flow dynamics. Issues related to mode structure, growth rates, flows. and magnetic
configuration dependence are unresolved and remain active research topics. Supported by
U.S.D.O.E.


