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Plasma Heating and Diagnostics by Using Electron Bernstein Waves
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Abstract

Recent progress in electron Bernstein wave physics for electron cyclotron heating and electron cyclotron
emission measurement in over-dense toroidal plasmas such as spherical tokamaks are reviewed. First, the
theoretical bases of mode-conversion processes including X-B and O-X-B processes are described and
discussed. Second, basic characteristics of electron Bernstein waves are described, and their propagation and
absorption characteristicsin toroidal plasmas including Ny up-shift are described and discussed. Finally, recent

experimental studies and efforts are reviewed.
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Fig. 1 The Clemmow-Mullaly-Allis Diagram with R- , L- and
Plasma cutoffs, and upper hybrid resonance (S = 0). The
thick curves shows e and 8 profiles on the equatorial plane
in a low beta tokamak.
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Fig. 2 Variation of N2 of X mode onthe equatorial plane injected
from high field (inboard) side in the case of (I) in Fig. 1. The
EB Wave branch is schematic.
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Fig.3 Variation of NZ of X mode on'the equatorial plane injected
from high field (inboard) side in the case of (Il)in Fig. 1.
The EB Wave branch is schematic.
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Fig. 4 Variation of NZ of X mode on the equatorial plane injected
from low field (outboard) side in the case of (lIl) in Fig. 1
The EB Wave branch is schematic.
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plane for the O-X-B case. The EB Wave branch is sche-
matic.
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Fig. 7 The profiles of model NSTX plasma for Figs. 8 and 9 [13].
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Fig. 8 Power mode conversion rate versus frequency for the
X-B case from the low field side in model NSTX plasma.
The solid and dashed lines for N =0 and 0.1. The
dotted-dashed line shows the analytical result for the
optimal rate [13].
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Fig.9 Power mode conversion rate versus n;(=Ny) for the O-
X-B case in model NSTX plasma [13]. The solid, dashed
and dotted-dashed lines are for 28, 21 and 14 GHz, re-
spectively.
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Fig. 13 Ray trajectories for the O-X-B case. Te(0) = 0.1 (1), 0.5
(2) and 2.0 keV (3) [5].
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