32nd EPS Plasma Physics Conference, 27 June – 1 July 2005, Tarragona, Spain




MHD Effects related to  High-Beta Operation in WENDELSTEIN W7-AS

A. Weller1, M.C. Zarnstorff 2, S. R. Hudson2, J. Geiger1, A. Werner1, A. Dinklage1, E. Fredrickson2, J.P. Knauer1, D. Monticello2, C. Nührenberg1, A. Reiman2, 

W7–AS Team1, NBI-Group1

1) Max-Planck-Institut für Plasmaphysik, IPP-Euratom Association,

D-17491 Greifswald, Germany

2) Princeton Plasma Physics Laboratory, Princeton, NJ 08543, USA

In W7-AS stable quasi-stationary plasmas with volume averaged beta in excess of 3% have been achieved [1,2]. Pressure driven instabilities are considered to be the only MHD modes potentially causing energy satuaration or plasma collapses. Current driven instabilities such as kink- and (neoclassical) tearing-modes as well as internal and major disruptions are eliminated by net current-free operation. Energetic particle driven Alfvén eigenmodes do not play a significant role due to the low fraction of fast ions in the favourable high density regime. Operational limits are typically set by the available heating power, excessive density or changes of the plasma equilibrium (critical Shafranov shift, development of a stochastic boundary layer) resulting in a decreased effective plasma radius [2]. The observation of improved stability towards high plasma beta is attributed to the deepening of the magnetic well and the increase of magnetic shear. An important factor is the existence of low order rational surfaces in the steep pressure gradient region. In particular conditions fast MHD events (< 100 s) are observed causing partial collapses of the plasma energy. It is shown by scans of configuration and plasma parameters, that this instability scales as expected for resistive ballooning modes. The ideal ballooning stability analysis [3,4] indicates that high- plasmas reach the second stable regime along a stable path close to the marginal stability boundary. In configurations with a wider unstable gap bifurcations of the plasma beta occur corresponding to transitions from the first to the second stability regimes. Resistive balloning modes can be avoided by using optimized configurations, and they are not expected to be relevant in W7-X and the Helias-reactor.
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