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ABSTRACT

Perpendicular electron cyclotron emission (PECE) from the electron
cyclotron resonant heating of hot electrons in TMX-U is measured at 30-40
and 50-75 GHz. This emission is optically thin and is measured at the
midplane, f

y_ ^ GHz,

i n

either end cell. In the west end cell, the

emission can be measured at different axial positions thus yielding the
temporal history of the hot electron axial profile. These profiles are in
excellent agreement with the axial diamagnetic signals.

In addition, the

PECE signal level correlates well with the diamagnetic signal over a wide
range of hot electron densities. Preliminary results from theoretical
modeling and comparisons with other diagnostics are also presented.
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-2INTRODUCTION
Electron cyclotron emission, also termed synchrotron radiation, results
from electrons gyrating in a magnetic field.

In tokamaks, the low

electron temperature (T „ < 1 keV) and known magnetic profile make it
possible to determine the radial hot electron temperature profile.

In

tandem mirrors with large plasma betas (B >. 10%) and relativistic (T „ >_ 100 keV)
anisotropic electron distributions, the emission spectrum is more complex.
In this parameter range, modeling shows that electron cyclotron emission may
be useful for determining the temporal evolution of the hot electron
3
anisotropy, mean perpendicular energy and density.
Perpendicular electron cyclotron emission (PECE) is currently measured
at 35 GHz W u )
TMX-U.

c e

-\. 2.5) and 60 GHz (w/<u t 4.3) in either end plug of
ce

In the west, polarization selection at 35 GHz is possible and the

receiving horns can be aimed at different axial positions. Modeling has
4
shown that 35 and 60 GHz emission is optically thin for TMX-U parameters.
In addition, recent analysis

shows that the diamagnetic loop signals (DML)

in the end plugs are dominated by the hot electrons, DML a n

H

T ...

This paper discusses some of the recently observed correlations between the
diamagnatic signals and electron cyclotron emission from the hot electrons.

SAMPLE SHOT
Figure 1 shows west end cell temporal signals from a shot used in the
analysis of Figs. 3 and 4. The signals are (a) PECE at 35 and 60 GHz,
(b) line density from an interferometer located 10 cm off the midplane,
(c) input power from the fundamental (u

) and second harmonic (2 u

)

ECRH gyrotrons, and (d) plasma diamagnetism located 38 cm and 94 cm off the

-3magnetic midplane. Note that both of the PECE signals and the diamagnetism
(at 38 cm) do not decay like the interferometer signal. This suggests that
the former are dominated by hot electrons,
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The interferometer decay is the result of the rapid loss of cold plasma,
T

< 1 keV, at the end of the shot.

CORRELATIONS WITH PLASMA DIAMAGNETISM
Differences in machine parameters such as ECRH power and timing, the gas
fueling rate, and neutral beam power have produced parameter scans of the
hot electrons' performance.
Figure ?. shows an excellent shot to shot correlation between the
diamagnetism (at 38 cm) and the 35 and 60 GHz PECE signals at the end of the
shot. X-ray data shows T „ ^ 250 keV _+ 50 keV, sc the observed variation
is mostly a change in the hot electron density, n „.

The correlation shown

in Fig, 2 implies that, like the DML signal, the PECE signal is dominated by
the hot electrons.

AXIAL SCAN
By aiming the west plug receiving horn at different axial positions from
shot to shot and averaging the results of several similar shots, an axial
profile of the hot electrons is generated. This is shown in Fig. 3.
Figure 1 is typical of the data used and the variation in the diamagnetism,
interferometer, and ECRH power levels was less than 205S for all shots
included in the analysis.
Since 35 GHz PECE is optically thin, the received signal is proportional
to the path length through the plasma. This path length is determined by
the plasma ellipticity and the angle at which the horn is aimed. The

signals in Fig. 3 have been corrected for the difference in path lengths
relative to the emission at the midplane. The resulting signals are thus
proportional to the hot electron density.
Note that the hot electron signal, proportional to density for optically
thin emission, peaks at 14 cm off the midplane.

This location is the on

axis resonance (r = 0) for second harmonic heating and is the position at
which the second harmonic ECRH is aimed.

AXIAL PROFILE
To compare the data of Fig. 3 with the diamagnetic loop data, we will
assume a gaussian axial profile for the hot electrons, centered about the
magnetic midplane, n „ = n

exp [- (z/a,,)"], where a

H

is the gaussian

length or equivalently an e-folding length.
2
Noting that DML a n „ T „/B , we calculated the temporal history of the
gaussian length, a u U ) ™ , , by using the DML signals at 33 and 94 cm from the
shot shown in Fig. 1. Analysis for t > 60 ms was not performed because of noise
problems in the 94 cm DML.

Since the DML analysis assumes a peaked profile

at the midplane, we ignore the PECE data at the midplane in Fig. 3, and use
the remaining data to predict a second temporal history of the gaussian
axial length, a ( t )
H
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A comparison between these two profiles is shown in Fig. 4. Within the
error bars (+20%), the agreement is excellent, and shovs that the axial
profile is well represented by a gaussian for z >_ 14 cm off the midplane.
This is obviously not the case for z < 14 cm.

Thus, the PECE measurements

can provide detailed information about the hot electrons near the midplane
that cannot be observed by the diamagnetir. loops.
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-6FIGURE CAPTIONS
I

Figure 1.

Sample shot showing west plug temporal signals for (a) PECE at 35

and 60 GHz, (b) midplane interferometer line density, (J) ECRH gyrotron
power, and (d) plasma diamagnetism.

Figure 2.

Shot to shot correlation between plasma diamagnetism and 35 and

60 GHz PECE signals.

Figure 3. Axial profile of 35 GHz signal.

Figure 4. Predicted gaussian axial lengths from the diamagnetic loop
signals and the PECE signals.
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DISCLAIMER
This report was prepared as an account of work sponsored by an agency of the United States
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bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
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