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ABSTRACT. Bolometer measurements are made under various plasma conditions in
ATF. Each bolometer module includes four pairs of detectors; each pair consists of a sensor
and a reference detector. Two or three detector pairs in each module were installed with
various types of aperture masks to serve as radiation detectors. The rest were completely
shielded from plasma emissions and used as blind detectors to measure background levels.
When electron cyclotron heatinp (ECH) power was applied to ATF, the radiation signal was
more than 10 times higher than that expected for 100 kW of radiated power. Surprisingly,
similar signal levels were observed on the blind detectors. It is hypothesized that the
bolometers are sensitive to ECH power at 53 GHz. (This problem may be general in
near-term fusion experiments, in which microwave power will be an important tool for
plasma heating.) In this paper, experiments aimed at proving this hypothesis are reported;
bolometric signals before and after chromium gettering are discussed; and measurements
of the microwave power deposition profile around the torus, made by using the observed
microwave interference with the blind detectors, are presented.

1. INTRODUCTION

In near-term fusion experiments, microwave power will be used for both plasma heating
and current drive. With higher magnetic fields, an increase in the microwave frequency
allows microwaves to penetrate diagnostic systems. The result is interference of ECH
power with diagnostics. Interference of this type has been observed in the bolometers on
the Advanced Toroidal Facility (ATF). We identify the problems, report the results of
experiments aimed at solving these problems, and discuss the present status.

The target plasma for neutral beam injection (NBI) in ATF is produced by ECH
at 53 GHz. During the first phase of ATF operation, the magnetic field strength was
limited to 1 T. Consequently, target plasmas were produced by second harmonic ECH.
Such plasmas are reported to have lower densities and temperatures than those generated
by fundamental ECH [1]. In addition, the vessel wall was not well conditioned at first
(there was no baking during the early phase of operation), and the plasmas produced had
poor parameters. These limitations resulted in poor single-pass absorption of microwaves
[2]. When single-pass absorption is poor, microwave power can be reflected many times
before being absorbed by the plasma or the wall or escaping from the plasma. This multiple
reflection is a potential source of microwave interference.
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The bolometer system on ATF uses detector module and signal processing electronics
designed at Princeton Plasma Physics Laboratory [3]. Two or three of the four detec-
tor pairs (sensor and reference detectors) mounted in a bolometer module were installed
with various types of aperture masks and used as radiation detectors. The rest were com-
pletely shielded from most other plasma emissions and used as blind detectors to measure
background levels.

2. MICROWAVE I N T E R F E R E N C E FROM ECH P O W E R

When ECH power was launched into ATF, the radiation detector signal was more than
10 times larger than the anticipated level for 100 kW radiated power. This surprising result
was obtained simultaneously in the blind detectors. The critical issue to be resolved was
the interpretation of the signals from the blind detectors.

As noted in Section 1, the poor plasma parameters resulting from second harmonic
ECH and poor wall conditioning result in poor single-pass microwave absorption. When
n = 5 x 1018 m~3 and Te = 0.6 keV, then the single-pass absorption coefficient a = 0.1 [2].
Thus, microwave power is reflected 22 times before 90% of the input power is absorbed.
This is a potential source of strong microwave interference, since the bolometers can absorb
power each time the microwaves are reflected toward them.

Figure 1 shows blind detector signals for several cases, in which the ECH power was
about 200 kW. Case 1 is for a signal with extremely low plasma density (ne£ ~ 2 x
1020 m~2). The signal level for this plasma was similar to that obtained when ECH is
launched into vacuum (no plasma).

The blind detector also receives an extremely high signal when ECH breakdown is
delayed (case 2 for t < 0.04 s), after the density collapses during the ECH pulse (case 3
for t > 0.06 s), and after the density collapses during the ECH pulse with simultaneous
NBI heating (case 4). The signal level in case 2 is essentially the same as that in case 1.
When ECH breakdown occurs soon after t = 0, this high signal level is not observed (see
cases 3 and 4).

When the density collapses, ECH power cannot sustain the plasma; electron cyclotron
emission (ECE) signals (third harmonic) indicate low electron temperatures after a col-
lapse. The single-pass microwave absorption is lower for lower-temperature plasmas; thus,
the blind detector signal remains high after a collapse.

When a neutral beam is injected into an ECH target plasma (case 4 of Fig. 1), the
ECE signal starts to decline at t ~ 0.22 s, and the signal on the blind detector increases
until t = 0.27 s, when the neutral beam cannot sustain the plasma. This increase results
from the poor single-pass absorption of microwave power when the plasma density reaches
the cutoff value for electron cyclotron transmission. For this case, the plasma collapsed at
t = 0.27 s and was no longer sustained; thus, the unabsorbed ECH power appeared at the
blind detector, whose signal level became similar to that for case 3 at t = 0.06 s.

From these observations, we conclude that the blind detector signals are high when
single-pass absorption is poor, as it is for ECH launch into vacuum, for low-density plasmas,
for low-temperature plasmas, and for plasmas in which the cutoff density is attained. It
appears that the blind detector signals might result from microwave interference with the
bolometer system.

To confirm this possibility, several experiments were conducted. First, a bolometer was
mounted outside the ATF vacuum vessel so that it viewed the plasma through a shuttered
glass port. When closed, the shutter blocked most plasma emissions but did not seal
tightly enough to block ECH power. When ECH power was injected into vacuum, the
signal level in this detector with the shutter closed was similar to that in the radiation
detector. Covering the module with aluminum foil reduced the signal to a low level, thus
confirming that cable pickup was not the source of the interference.



Plasma parameters have been improved by wall conditioning, and ATF plasmas can
now be sustained by NBI without ECU power. The microwave interference in the bolometer
system that occurs with ECH power has been confirmed by comparing the signals from the
blind detectors with and without ECH power during NBI. The data in Fig. 2 were taken
for a discharge with simultaneous ECH and NBI; those in Fig. 3, for a discharge with ECH
power removed during NBI. The signal from the blind detector during NBI increases in
Fig. 2 but is reduced in Fig. 3, confirming that the source of the blind detector signal in
Fig. 2 is the ECH power. To strengthen this confirmation, the blind detector signals of
Figs. 2 and 3 were compared with measurements of microwave power leakage made through
a glass window with a 53-GHz microwave horn. The behavior of the blind detector signals
was qualitatively equivalent to that of the microwave leakage signal.

3. P L A S M A RADIATIVE P O W E R M E A S U R E M E N T S

The signal level on the blind detector has continuously declined from 5 V when initially
measured to 0.2 V. This decrease appears to be related to wall conditioning; unfortunately,
the bolometric power was not measured during the early phase of operation because of the
microwave interference. At this point, it is reasonable to assume that the same quantity
of ECH power observed by the blind detector should reach the radiation detector. Thus,
a "radiated power" is calculated by subtracting the signal of the blind detector from the
signal of the radiation detector. This difference is proportional to the bolometric power. By
applying ihe geometric constant and the conversion constant from output voltage to power
(kW), the bolometric power can be determined. The traces identified as "radiative power"
in Figs. 2 and 3 were obtained in this way. Note that, at the moment, this quantity
consists of both radiation power and charge exchange power. The "radiative power" is
50 kW during ECH (200 kW) and -300-450 kW during NBI (1.4 MW). The bolometric
power constitutes around 25% of the total input power for both ECH and NBI plasmas.

To determine the effect of wall conditioning on bolometric power, we analyzed the
radiative power for a series of discharges that began immediately after a vacuum opening.
Figure 4 shows the fraction of input power radiated as a function of shot number. To
minimize the charge exchange contribution, the "radiative power" was analyzed during
the ECH phase of the discharge; in the figure, the data are averaged arithmetically from
0.1 s to 0.2 s. The vacuum vessel was closed just before shot 2743. From shot 2743 to
shot 3104, simultaneous baking and glow discharge cleaning with H2 gas were carried out.
Chromium gettering started after shot 3104. The long arrows in Fig. 4 indicate occasions
when chromium gettering was carried out after and before a day's operation; the short
arrows; occasions when chromium gettering was carried out in the middle of the day's
operation. The fractional radiation from ECH plasmas decreased continuously from 45%
immediately after the vacuum vessel was closed to 25%. There is no significant change
in the fractional radiation after gettering. The fractional radiation divided by ne£ was
also evaluated, but no distinguishing effects on the radiative power are associated with
gettering, in contrast to the results for ISX [4].

4. E L E C T R O N CYCLOTRON A B S O R P T I O N PROFILES

The blind detector signal resulting from microwave interference can be used to evaluate
the power absorption profile around the torus. The ratio of the signal from the blind
detector with plasma to that when ECH power is launched into a vacuum was measured
for six bolometers and one microwave leakage detector distributed around the torus. This
ratio is roughly similar to the ratio of the blind detector signal at t ~ 0.15 s for trace 2 or
4 in Fig. 1 to that for trace 1. This ratio is peaked near the ECH launcher; that is, it is
about 0.65 at the sector adjacent to the ECH launcher (toroidal angle of 15°) and 0.05 at



180° in toroidal angle from the ECU launcher, indicating that the microwaves are strongly
absorbed near the launcher.
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FIG. 1. Signals in blind detectors. Plasma
conditions for each trace are given at bottom
of figure.
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FIG. 2. Plasma discharge with simultane-
ous ECH and NBI. Top: ECH power (solid
line), NBI power (dashed line). Center: Sig-
nal from radiation detector (solid line), ra-
diated power (dashed line). Bottom: Signal
from blind detector (solid line), signal from
microwave leakage detector (dashed line).
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FIG. 3. Plasma discharge with ECH removed
during NBI. Top: ECH power (solid line),
NBI power (dashed line). Center: Signal
from radiation detector (solid line), radiated
power (dashed line). Bottom: Signal from
blind detector (solid line), signal from mi-
crowave leakage detector (dashed line).
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FIG. 4. Fraction of total ECH power that
appears as bolometric power, as a function
of shot number. Chromium gettering does
not have a significant effect on the ratio of
bolometric power and total ECH power.


