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Abstract. Mode-conversion between the ordinary, extraordinary and electron Bernstein
modes near the plasma edge may allow signals generated by electrons in an over-dense plasma
to be detected. Alternatively, high frequency power may gain accessibility to the core plasma
through this mode conversion process. Many of the tools used for ion cyclotron antenna de-
sign can also be applied near the electron cyclotron frequency. In this paper, we investigate
the the possibilities for an antenna that may couple to electron Bernstein modes inside an
over-dense plasma. The optimum values for wavelengths that undergo mode-conversion are
found by scanning the poloidal and toroidal response of the plasma using a warm plasma slab
approximation with a sheared magnetic field. Only a very narrow region of the edge can be
examined in this manner; however, ray tracing may be used to follow the mode converted
power in a more general geometry. Itis eventually hoped that the methods can be extended to
a hot plasma representation. Using antenna design codes, some basic antenna shapes will be
considered to see what types of antennas might be used to detect or launch modes that pene-
trate the cutoff layer in the edge plasma.

INTRODUCTION

Electron Bernstein Waves (EBWSs) propagate in over-dense plasmas where direct
accessibility of the extraordinary (X) and ordinary (O) modes is not possible. Mode
conversion of the X and O modes to EBWSs can occur near the X and O mode cutoffs for
very precise launch angles [1,2]. This mode conversion leads to the possibility that
microwave power at moderate frequencies can penetrate through the density cutoffs
nearw = wye Wherew is the microwave frequency ang is the electron plasma
frequency. In this paper, we explore the possibilities for designing a microwave anten-
na that can couple to the EBWs in NSTX. Such an antenna could be used to detect
electron cyclotron emission from within the plasma, or it could couple power to the
plasma if it can launch waves that efficiently undergo the mode conversion process.

In the first section, we discuss the general plasma response for mode conversion to
EBWs, and the codes and parameters used for these calculations. Next, we consider a
low field launch from the outboard side of NSTX which would occur during low plasma









launcher to couple high power to the plasma core using this mode conversion process
appears to be difficult because very precise control of the spectrum is needed; however,
a reflecting plate could allow many bounces to make penetration through the cutoff
layers more efficient. A measure of electron cyclotron emission may also be possible
because of this mode conversion process. Studies to determine sensitivity of the ac-
cessible modes to plasma parameters are needed to see if the operational range for such
a launcher is practical.
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FIGURE 4. Contours of power coupling for lowrIGURE 5. Contours of power coupling for high
field launch with Jand J excitation shows EBWfield launch with jand 4 excitation. Polarization
accessibility for very restricted launch angles. is somewhat mixed by sheared magnetic field.



