Parametric decay of microwave beams in the edge island of Wendelstein 7-X:

Theoretical modelling and correlation with edge fluctuations
A. Tancetti’, S.K. Nielsen?, J. Rasmussen?, E.Z. Gusakov?, A.Yu. Popov?, D. Moseev?,
T. Stange®, S. Marsen®, M. Vecsei*, G. Anda*, D. Dunai?, S. Zoletnik?*, C. Brandt®, H. Thomsen?,
V. Winters®, P. Kornejew?, J. Harris®, H.P. Laqua® and the W7-X Team
! Department of Physics, Technical University of Denmark, Kgs. Lyngby, Denmark
2 |offe Institute, Saint-Petersburg, Russia
3 Max-Planck-Institut fir Plasmaphysik, Greifswald, Germany
4 Center for Energy Research, Budapest, Hungary
® Oak Ridge National Laboratory, Oak Ridge, USA
Parametric decay instability (PDI) is the nonlinear decay of a pump wave into a pair of daughter
waves when the pump power exceeds a certain threshold. In inhomogeneous plasmas, the power
threshold is lowered if the pump trajectory crosses a density bump where daughter waves can be
trapped [1]. In tokamaks and stellarators, where high-power microwave beams are employed for
plasma heating at the electron cyclotron resonance (ECRH), low-threshold PDI can induce
anomalous power deposition and permanently degrade microwave diagnostics and plasma facing
probes, if not properly shielded. In this contribution, we present a theoretical model for PDI-related
signals measured with a microwave radiometer in the Wendelstein 7-X stellarator. Here, ECRH
beams at f;, = 140 GHz cross a density bump detected by alkali beam emission spectroscopy
within a stationary magnetic island in the plasma edge. We measure PDI-related sidebands
symmetrically arranged around f, with a fine structure suggesting excitation of ion Bernstein
waves. We present a system of equations for the PDI cascade in the density bump which reliably
yields the power and the spectrum of the detected signals. The model predicts the PDI power
threshold at = 300 kW in agreement with the experimental value, 320 kW, and a fraction of power
drained by the daughter waves ~ 4%. Furthermore, we show correlation of crashes in the PDI-
related sidebands with quasi-continuous oscillations, related to island localized modes (ILMs) [2],
measured by several edge diagnostics. We propose inhibition of the low-threshold PDI during

ILM-like events, when the density bump in the island is observed to flatten [3].
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