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INTRODUCTION

Here we report the observation of blackbody levels of emission in the ECRF range

of frequencies from an overdense MST reversed field pinch plasma. We speculate the

emission is a result of mode conversion of EBW to electromagnetic wave through the

XB process[1]. It has previously been proposed and theoretically shown that EBWs may

be suitable for driving current and heating in RFP[2] provided a technique for coupling

to the waves can be found. By reciprocity, the observation of emission shows that it

is possible to couple to these waves and possibly drive current. We also present results

from a coupling experiment in which rf is injected into waveguide antenna; under certain

conditions related to the edge density gradient, low reflected power is observed.

EMISSION EXPERIMENTS

The experiments were performed in the MST[3] reversed field pinch (major radius

(R) = 1.5 m, minor radius (a) = 0.52 m). Emission was measured by a broadband

double-ridge horn antenna (aperture 5 cm� 5 cm), with an antenna gain of 13-17 dB

(∆N � � � 0 
 34 � � 0 
 22) over the bandwidth 3.8-8.2 GHz, located 19o above the toroidal

mid-plane. The antenna views the plasma radially and is rotatable to receive radiation

with Erad 
 B or Erad � B. The emission was detected by a 16 channel absolutely

calibrated homodyne radiometer.
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FIGURE 1. Time histories of the plasma current (IP), line averaged plasma density density (ne), average
toroidal magnetic field and radiation temperature of EBE at 5.75 GHz.

Black-body emission is observed from over-dense RFP plasmas as seen in Fig. 1.

The radiometer signal [trace (d)] corresponds to the frequencyf � 5 
 75 GHz, and

should be associate with emission from the core. The line average electron density is

ne � 4 � 1018 m � 3. The plasmas are clearly over-dense and do not support propagating

electromagnetic waves at this frequency. Emission drops dramatically at ‘sawteeth’,

flux generation events which sustain the poloidal current in the edge of the RFP. This

is largely due to the influence of the edge density profile on the mode conversion

efficiencies; the sawteeth strongly modify the edge density profile.

The observed spectra for both O (Erad 
 B) and X mode (Erad � B) are shown in Fig.

2 (a). These spectra represent an ensemble average of approximately 25 sawteeth during

the period between sawtooth crashes. The radiation temperatures for both polarizations

are comparable to the electron temperature as measured by Thomson scattering and

are therefore of blackbody levels. The X-mode polarization, however, has a measurably

higher radiation temperature. The difference between the radiation temperatures for the

two polarizations is attributable to the differences in the mode conversion efficiencies

from EBW to O-mode and X-mode, the dependence of the mode conversion efficiencies

on angle, and the antenna pattern. Fig. 2(b) shows the radiation temperature measured

by the radiometer (TEBE) mapped to plasma radius. Ray tracing calculations are used

to determine the emission location and include the Doppler shift from the cold EC

resonance as described in Ref. [2]. For frequencies higher than 5
 75 GHz, harmonic

overlap occurs; core emission from the fundamental resonance is absorbed at the second

harmonic near the edge. The observed levels of emission are consistent with emission

from the 2nd harmonic at the edge.

Comparisons of the temperature as measured by Thomson scattering (TT homson) with
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FIGURE 2. (a) Measured O and X mode radiation temperature vs frequency. (b) Spectrum for O and
X mode EBE radiation temperature mapped to minor radius. Also shown is the electron temperature
measurements from Thomson scattering. The vertical dashed lines at 5.8 GHz separate two cyclotron
harmonics.

TEBE the mode-conversion efficiency can be inferred from the ratioTEBE � TT homson at

a given position/frequency and can be compared to the theoretical value as given in

[1] C � 4e � πη � 1 � e � πη � , where η � 1
α

� ωceLn � c � � � 1 � α2 � 1, α � ωpe � ωce and

Ln � n � �
∂n
∂r � is the density scale length. All quantities are evaluated at the UHR layer

where the mode conversion process takes place. In MST, for line average electron

densityne � 4 � 1018 m � 3, the density scale length (measured with triple Langmuir

probe) � Ln
�
UHR � 1.4 cm,α � 2 for 5.75 GHz givingη = 0.46. The theoretical maximum

mode conversion efficiencyCmax � 70%, experimentally we find the efficiency is 75%.

COUPLING EXPERIMENTS

Experiments have also been performed to actively launch power into MST. We have per-

formed coupling experiments using an unterminated S-band waveguide in the frequency

range of 2.8-3.8 GHz with� 1 watt of power. From the measured forward and reflected

power, the reflection coefficient at the end of the waveguide can be inferred and is shown

in Fig. 3.

Pulsed poloidal current drive (PPCD) discharges were used to actively control the

edge density gradients during the coupling experiment. PPCD discharges are obtained

by applying an inductive poloidal electric field; these plasmas are characterized by steep

edge density gradients and improved energy and particle confinement. During PPCD

a substantial decrease of reflected power is observed. A strong correlation between

the edge density and the reflected power is observed. Finally, the reflection decreases

with frequency. The precise dependence of reflection with the edge density is under
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FIGURE 3. Time histories of the reflection coefficient(R), edge cyclotron frequency (fce), edge density
(Ne), plasma current (IP), reversal parameter (F) and line average density (Ne). 1 watt of rf power at 3.8
GHz is applied to the plasma.
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FIGURE 4. (a) Edge profiles for cyclotron frequency (fce), upper hybrid frequency (fUH ) and electron
density (Ne), (b) normalized reflection coefficient (R) vs frequency of applied power (f). The profiles
correspond to the time ** in fig. 3.

investigation.
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