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Electron cyclotron emissiofECE) has been employed as a standard electron temperature profile
diagnostic on many tokamaks and stellarators, but most magnetically confined plasma devices
cannot take advantage of standard ECE diagnostics to measure temperature. They are either
“overdense,” operating at high density relative to the magnetic field.,w,> ¢ in a spherical

torug or they have insufficient density and temperature to reach the blackbody conditi@n

Electron Bernstein waveEBWS) are electrostatic waves that can propagate in overdense plasmas
and have a high optical thickness at the electron cyclotron resonance layers as a result of their large
Kperp- IN this article we report on measurements of EBW emission on the CDX-U spherical torus,
whereBy~2 kG, (ng)~103cm 3 andT,~10-200eV. Results are presented for electromagnetic
measurements of EBW emission, mode converted near the plasma edge. The EBW emission was
absolutely calibrated and compared to the electron temperature profile measured by a multipoint
Thomson scattering diagnostic. Depending on the plasma conditions, the mode-converted EBW
radiation temperature was found to €l . and the emission source was determined to be radially
localized at the electron cyclotron resonance layer. A Langmuir triple probe and a 140 GHz
interferometer were employed to measure changes in the edge density profile in the vicinity of the
upper hybrid resonance where the mode conversion of the EBWSs is expected to occur. Initial results
suggest EBW emission and EBW heating are viable concepts for plasmas where)..
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I. INTRODUCTION strongly coupled to the plasma at the cyclotron resonances,

the same condition that exists for ECE electromagnetic

For over 20 years the measurement of electron cyclotropyayes pelow the cutoff density in many tokamaks and stel-

emission (ECE) from magnetically confined plasmas has |arators. However, unlike ECE, EBWSs cannot propagate be-
been an important diagnostic technique for the measuremepbng the upper hybrid resonandgHR) layer that surrounds

of the local electron temperature. The first measurements Qfn gyerdense plasma. The UHR frequency is given by
ECE were made in the early 1970s by Costityall The

potential for using the ECE spectrum to diagnose plasmas wUH=\/Q§e+ a)se. (D)

was suggested by Engelmann and Curdtalod by Celata ) ,
and Boyd® A review of ECE physics and the diagnostic Other than direct measurement of the EBWs with an

potential of ECE can be found in Ref. 4. However m(,jmyelectrostatic probe or antenna, there are two possible indirect
magnetically confined plasmas cannot take advantage gpeasurement scenarios involving the mode conversion of

standard ECE diagnostics. These plasmas are either “oveEBWs to electromagnetic emission. Indeed, early extraordi-
dense,” that is, they are operated at too high a density reld?@"y mode(X-modg fundamental ECE measurements by

tive to their magnetic fielde.g.,wpe>Qce, Wherew,, is the Hosea, Arunasalam, and Cdinon Princeton Large Torus
electron plasma frequency afitl., is the electron cyclotron (PLT) were attributed to thermal excitation of_EBWs, which
frequency, or they do not have sufficient temperature angsSubsequently mode convert to electromagnetic waves. In one

density to reach the blackbody conditién>2, wherer is mode conversion and tunneling process, illustrated schemati-
the optical depth ' cally in Fig. a), the EBWs mode convert to the sloW

Electron Bernstein wavesEBWS® are electrostatic mode at the UHR layer, and follow the slofvmode branch

waves that propagate in overdense plasmas and are strondf/the left-hand cutoff, given by
absorbed at the location of the electron cyclotron resonant A2 \ 12
layers. Because EBWSs are electrostatic waves, with a large OL=5 pez +Qce
wave number K.), their optical thickness at the electron 1-nj

cyclotron resonance locations can be extremely high. FOpheren, is the index of refraction parallel to the magnetic
example, in the g:D)S ? spherical torus at PrincetofBo  fig|q. At the left-hand cutoff the waves reflect back towards
~2KG, (ng)~10cm™?, and T;~10-200eV, 7~300 at e yHR layer. At the UHR layer, the waves are once again
the electron cyclotron resonant layérEBWs are therefore converted to EBWSs. We will refer to this as tBe-SX—F X
process. This process normally traps the EBW radiation
dElectronic mail: gtaylor@pppl.gov within the UHR surface, which surrounds the plasma. How-
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FIG. 1. Schematic diagrams of EBW mode-conversion and tunneling proFIG. 2. Frequency ranges for CDX-U plasma parameters which were typical
cesses: EBW conversion ta) fast X mode andb) O mode. during the EBW measurements presented in this arfielg., Bo~2 kG,
1,~7OKA, (ng)~10"cm 3, andT,,~100 eV). Shown are the frequencies
of the first three ECE harmonid$.., 2f.., and &), the right- and left-
hand cutoff frequencie& g andf, ), the upper hybrid frequencyf (), and
ever, if the density gradient is sufficiently steep at the locathe electron plasma frequenc/y().
tion of the UHR layer, the UHR layer can come close

enough to the right-hand cutoff, given by

1 4(.02 1/2
wRZE (Qge"_l_—?;) Qe

flux surface. The UHR layer, where the mode conversion of
the second harmonic EBW emission occurs, is located near
' 3 the last closed flux surface at the outboard edge of the

) plasma. It should be noted that the highest frequencies mea-
so that some of the power trapped in the plasma can tunnglreq by our radiometers are resonant with the third electron

through to the fast., electromagnet_)(:-zmode branch. This is cyclotron layer near the plasma edge. If the upper hybrid
the mode conversion process we initially set out to study ofayer is outside the location of this resonance, second har-
CDX-U. In the other mode conversion process, illustratedy,onic EBW will not be able to propagate past the third
schematically in Fig. (), an oblique viewing angle to the harmonic resonance.

magnetic field changes, so that the left-hand cutoff moves In Sec. Il we discuss the design of the EBW diagnostic.
close to the ordinary mod@®©-mode cutoff (wye). The slow |y gec. 111 we present some of the mode-converted EBW
X mode then couples directly to the electromagnétimode.  omission measurements on CDX-U, and in Sec. IV is a dis-
This process, originally proposed by Preinhaelter andyssion of our results and our future plans for EBW mea-

Kopecky’ for electron cyclotron resonance heating, was sucs;rements on the CDX-U and National Experimental Torus
cessfully used by Laquat all° to measure EBW emission Experiment(NSTX)™ spherical tori.

on the W7-AS stellarator.

Figure 2 illustrates the typical fr_eqpency ranges reIevanh' EBW DIAGNOSTIC DESIGN
to our mode-converted EBW emission measurements on
CDX-U for the B;=2.1kG plasmas presented here. CDX-U Since the magnetic fields in spherical tori, such as
has a major radius of 34 cm and the last closed flux surfac€DX-U and NSTX, are relatively low=<6 kG), the charac-
on the outboard midplane is at a major radius of 56 cmteristic emission frequency for fundamental or second har-
Figure 2 shows the radial dependence of the first three ECEhonic EBWs is<40 GHz. In this frequency range, micro-
harmonics for a typical plasma current of 70 kA. The datawave components are relatively inexpensive and have very
presented here were acquired with radiometers which medew noise characteristics. Either multichannel or fast scan-
sured frequencies indicated by the shaded region in Fig. 2ing heterodyne radiometer designs, which have been well
This frequency range corresponds to the second ECE haestablished at much higher frequenciés;an be readily
monic. Also shown in Fig. 2 is the radial dependence of thamplemented at these lower frequencies. We used two types
right- and left-hand cutoff frequencies, the UHR frequency,of antenna design: a polarization insensitive, cavity-backed,
and the electron plasma frequency. These frequencies weP=-18 GHz spiral antenna and a polarized, notched wave-
calculated using measured electron density from Abelguide, horn antenna which can be used up to 40 GHz. The
inverted microwave interferometer data and a Langmuispiral antenna had a large acceptance angle, wishdB
triple probe, which was radially scanned near the last closegoints at=45°. The notched waveguide antenna had a much
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range. For CDX-U, which is a relatively short pulse machine
(<20 mg9, spectral profiles have to be built up over many
similar plasma discharges. An isolator reduces leakage of
local oscillator power out of the antenna, which, if not sup-
pressed, can result in coherent homodyning artifacts in the
radiometer output. The intermediate frequency section has

4-6GHz YIG Antenna

Oscillator :

Isolator

100-200 MHz two stages of amplification separated by a 0—-60 dB step

Double Balanced ssoomz PR ssoommz attenuator. A 100—-200 MHz band pass filter defines the fre-
Second Harmarile Ampifier l e Detector  quency resolution of the receiver. Since this is a double side-
band design, the instrument frequency resolution is 400

MHz, resulting in a typical major radial resolution in the
plasma of 2—3 cm. The final receiver stage is the video de-
tection and amplification section that has-8 dB bandwidth

of 1 MHz. Figure 3b) shows a schematic diagram of the fast
scanning radiometer. The microwave section uses a broad-
band, 2—26 GHz, double balanced, fundamental mixer and a
local oscillator signal provided by a 7.2—12.4 GHz voltage

P
Attenuator
Video

Amplifier

(@

TRl e controlled oscillatoVCO). Although this type of oscillator
ool Antenna has a nonlinear voltage-to-frequency characteristic, it has a
< frequency settling time o&50 ns within its operational fre-

quency range. For our measurements on CDX-U, we
scanned the VCO over its full frequency range everyu®0
In this radiometer, a low noise microwave preamplifier am-

Isolator

e 3.12;:(.;%32 : . plifies the received signal prior to the mixing stage; this re-
Double. MEEEer - o duces the amplification necessary in the intermediate fre-

Mixer guency stage and improves the overall receiver signal-to-
noise ratio. Otherwise, the receiver frequency resolution and

. . video section are similar to the tunable receivers described

P earlier.
enuator Video Lo X i
100-200 Mz Amplifier The EBW radiation temperatures,,y, quoted in this
Fittor article are derived from an absolute calibration of the diag-
b _ nostic sensitivity. The EBW radiometers, including the an-
(b) Video Output

tennas, microwave cables, and the vacuum window material,
FIG. 3. (a) Schematic diagram of the frequency tunable, 8—12 GHz radiom-were calibrated absolutelin situ, using a Dicke switchint}
eter, which used a 4-6 GHz YIG local oscillator and a second harmonigglibration technique. The calibration employed Eccosorb
4-18 GHz mixer(b) The fast scanning radiometer, which used a 7.2-12.4 . PR . . . .
GHz voltage controlled local oscillator, 2—26 GHz fundamental mixer, andCV |mmersed in |IQUId hitrogen, C_Omb_med with a meCham .
a low noise 8—12 GHz preamplifier. cal radiation chopper, as the calibration source. The mini-
mum detectable radiation temperature was determined to be

about 0.1 eV and receiver responsivity was typically in the

narrower field of view with—3 dB points at=14°. The range of 5<10 2VeV .

antennas were mounted to have a horizontal, major radial

view, on or just belo_w the midplane of _CD_X-U, and they Ill. EBW MEASUREMENTS

were mounted outside the vacuum, viewing the plasma

through a fused silica or BK-7 vacuum window. Broadband, = Most of the EBW data presented here were measured

flexible, coaxial cable, with relatively low loss up to 18 GHz, using one of the two frequency tunable heterodyne radiom-

connected the antennas to the radiometers. eters[Fig. 3@]. Measurements of th&,(R) profile were
Three types of heterodyne radiometer were used for outherefore acquired over many, relatively similar, discharges,

CDX-U EBW measurements: two tunable radiometers couldand as a result, the quality of thig,(R) profile measure-

be tuned between plasma shots, the other, a fast scanningents was degraded due to shot-to-shot variability. We only

7.2—12.4 GHz radiometer, could measure the EBW spectrumecently began using a fast scanning EBW radiomgte.

every 20us. Figure 8a) shows a schematic diagram of one 3(b)], allowing us to measure the evolution of the EBW4

of the tunable radiometers. The microwave section used profile on a single plasma shot. Figure 4 shows the time

broadband, 4-18 GHz, double balanced, second harmon&volution of major plasma parameters during a typical

mixer and the local oscillator signal was provided by a 4—-6CDX-U plasma withB,=2.1 kG. The plasma current, shown

GHz, permanent magnet, YIG-tuned oscillator. The otheiin Fig. 4(a), rises to about 70 kA at 221 ms. At the time of

tunable receiver used a 2—26 GHz second harmonic, doublgeak plasma current, the line average electron density, mea-

balanced mixer, and an 8-12.5 GHz YIG-tuned oscillatorsured by a microwave interferometer viewing a vertical

YIG oscillators have a linear voltage-to-frequency characterehord close to the plasma major radi@iBig. 4(b)] reaches

istic, but typically take~10 ms to tune within their spectral about 1x 10"3cm™3. Figures 4c) and 4d) show the time
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current,(b) average electron density measured by a microwave interferom-
eter, (c) edge density measured by a Langmuir triple prolok,the edge

electron temperature measured by the probe,(enchode-converted EBW 40 L
emission at 10.8 GHz, a frequency resonant with the ECE second harmonic
at the magnetic axis. The two sets of shaded vertical lines correspond to the

times for which the EBW radiation temperature is compared to the Thomson 30t ]
scattering electron temperature profile in Fig. 5.

20 | ]
evolution of the electron density and temperature, respec- 1l b

tively, measured by a Langmuir triple probe locatedrat
=58cm, 2 cm outside the last closed flux surface. At this 0
location, the electron density, as measured by the probe, is in 30 35 40 45
the range 1-X10'?cm 2 and the electron temperature is (b) MAJOR RABILS (e}
about 10 eV. Figure @ ShOV\!S the time evolution of the FIG. 5. Comparison of the EBW radiation temperature profile to the Thom-
mode-converted EBW emission at 10.8 GHz, a frequenc¥on scattering electron temperature profile for the two times indicated by
which is resonant with the second harmonic electron cyclovertical shaded lines in Fig. 4: for time windows @ 217+0.5 and(b)
tron layer atR=36 cm, near the plasma axis. Electromag-222+0.5 ms.
netic waves at 10.8 GHz are cut off for electron densities
greater than & 10'*cm™3, so for these discharge parameters
the plasma is well into the overdense regime at the plasmprofile vertically atR=35cm. To compard ((Z) Thomson
axis, and is often overdense out to the last closed flux surscattering data to EBW,,(R) data, the Thomson scattering
face. The EBWT ,qincreases from 10 eV at 217 ms to about data were flux surface mapped onto the horizontal midplane
60 eV at 222 ms. Typically there are large fluctuations on theon both the inboard and outboard side of the plasma axis
mode-converted EBW signal, with AT 4/ Tiaq~30%, as using theJ-SoLVER codel* J-soLVER is a fixed-boundary,
can be seen in Fig.(d). These fluctuations may be due to the single-fluid, ideal magnetohydrodynami®IHD) equilib-
edge density fluctuatiori&ig. 4(c)] that affect the mode con- rium solver. TheT(Z) to To(R) mapping was found to be
version efficiency. very sensitive to the Shafranov shift and the vertical position
In order to build up an EBWI ,(R) profile, the EBW  of the plasma axis. To improve the signal to noise, the Th-
radiometer receive frequency was tuned over a sequence ofmson scattering data were averaged over about ten similar
about 60 CDX-U discharges similar to the one shown in Figshots. Figure & shows a comparison between the Thomson
4. Since the time between CDX-U shots is about 5—6 minscatteringT.(R) profile and the EBWT . R) profile at 217
this represents about 5—6 h of CDX-U operation. During thisms, the first time marked by the vertical shaded region in
frequency scan, a multipoint Thomson scattering diagnosti€ig. 4. The Thomson scattering data were taken at 217 ms
acquired electron temperature data at one of several differeaind the EBW data were averaged between 216.5 and 217.5
times during each of these plasmas. The EBW radiometems in order to time average the effect of the fluctuations
measured ,(R) on the horizontal midplane, and the Thom- mentioned earlier. Note that the Thomson scattering mapped
son scattering diagnostic measures the electron temperaturdoard of R=35cm are the same data points as those




Rev. Sci. Instrum., Vol. 72, No. 1, January 2001 Plasma diagnostics 289

Delay Last
o - Plasma C|I=?3§d
R =58 cm: I Axis Surface
1
! ¢
Probe ! ‘
T, (W
(e\e}) 10k i . Time of Peak
: 1 221.2 L=~ EBW
11.2 GHz
Dat
Gas Puff : _S;zothed EBW
i o} Resonance 221.0F
80
> — ® 220.8
~ g 2208
Triple w
EBW Probe = 220.6
T I— A el
(eFF\:l/f)l 40 0. Time of Peak Te at Probe [
Plasma £| 1 (fixed at R =58 cm) L.
& 1 o
| o 220.4 P | 1 I
" Smoothed 5 1 I |
0 — ' -
220 " 221 222 n l l i "3
ME 30 40 50 60
Tl ms
(ms) MAJOR RADIUS (cm) ——® Ra4ius of

. . . Probe
FIG. 6. (a) Time evolution of the electron temperature measured by a triple

probe located at 2 cm outside the last closed flux surféceq8 cm) and £ 7. Arrival time of the peak of the reheat pulse in the EBW radiation

(b) the evolution of the 11.2 GHz EBW radiation temperature from a loca-temperature and the time of peak electron temperature at the probe located
tion near the plasma axi®¢=35 cm) during a modulated gas puff injected ot R—58 cm. The time of the peak of the reheat pulse increases approxi-

at the outer edge. Following turnoff of the gas puff at the edge, a delay inpately linearly with decreasing minor radius. The data are consistent with
the reheat at the axis, relative to the edge probe, is clearly evident. the EBW emission source being localized in the major radius.

mapped outboard dR=35cm. The error bars on the EBW modulated gas puffing and the EBW radiometer receive fre-
data are dominated by fluctuations in the plasma emissiomgquency was tuned between shots. The modulation in the ra-
and not by radiometer instrumental noise. It should also beliation temperature was measured by the EBW radiometer at
noted that details of the port geometry used for the EBWeach frequency. When data from all the radiometer receive
measurement for this comparison may not have been entirelyequencies were analyzed, an approximately linear increase
simulated in the calibration, so systematic errors of up tdn the delay to theT,,4 peak as a function of decreasing
20% may have been introduced into the deduced EBYY. plasma minor radius was observed. Figure 7 shows a plot of
Near the plasma axiR=35cm, T,,(R)/Te(R)~0.2 while  the time of peak EBWI .4 as a function of the major radius
atR=44cm, T.(R)/T,,{ R)~0.9. Figure Bb) shows a com- of the EBW emissioriclosed circles The open circles indi-
parison between th&,(R) profile from the Thomson scat- cate the time of th@, peak following the puff measured by
tering diagnostic and th€é . R) from the EBW radiometer the probe near the plasma ed@<58 cm) for the same data
at 222t0.5 ms, the second time marked by the verticalset. For most of the plasmas in the dataset, the pmbe
shaded region in Fig. 4. At this later timE,(R) ~T«(R) at  peaks 10650 us after the gas puff turns off. When the
most radial locations where Thomson scattering data werdelay measured in the EBW,,4 peak is linearly extrapolated
available. However, the Thomson scattering data imply aut to the major radius of the probe, it agrees with the delay
hollow profile, whereas the EBW ,,(R) profile is clearly measured by the probe. The total time for the heat pulse to
peaked near the plasma axis. travel from the edge of the plasma to the plasma magnetic
An important aspect of the mode-converted EBW emis-axis is 500us, similar to the plasma confinement time for
sion is the degree of radial localization of the source of thehese discharges. This value implies a particle diffusivity of
emission. This was determined using a technique similar tabout 10 ris ! for this plasma regime.
that of Laquaet al!® A gas injector introduced a series of We have recently acquired mode-converted EBW emis-
short gas puffs at the outboard midplane throughout thesion data with a fast scanning radiomef€ig. 3(b)]. This
plasma pulse. A Langmuir triple probe located Bt instrument can measure the EBW,(R) profile in less than
=58 cm, just outside the last closed flux surface, measured 20 us. EBW data were acquired during high harmonic fast
series of electron temperature oscillations, with the peak ofvave (HHFW)'® heating experiments on CDX-U. Figure
the oscillations occurring about 1Q@s after the turnoff of 8(a) shows a color contour plot of the time evolution of
the gas puff, as shown in Fig(®. Figure Gb) shows the T,,(R) for a plasma with ohmic heating only. The brightest
EBW radiometer signal when the receiver was tuned to @mission is atR~36 cm, near the magnetic axis. Thgy
frequency corresponding to the second harmonic electron cysignal atR=50 cm is probably fundamental EBW emission
clotron resonance near the axis. There is clear evidence forfeom the inboard side of the plasma profile. Figuréh)8
delay of several hundred microseconds between the radionshows EBW data for a similar plasma but with 54 kW of
eterT,,q peak and thél, peak measured by the probe nearHHFW heating added between 218.7 and 221.7 ms. This
the plasma edge. A sequence of similar plasmas was run wighlasma exhibits a much higher radiation temperature during
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version process should be linearly polarized in ¥henode,

that is, perpendicular to the magnetic field direction at the
outer plasma edge. As a result of the significant poloidal
contribution to the total magnetic field at the outer plasma
edge on CDX-U, the field pitch near the last closed flux
surface is about 25° towards the horizontal gt 70 KA. Of
course, this pitch will vary through the plasma pulse as the
plasma current changes. In order to determine the degree of
polarization of the EBW emission, two EBW radiometers
were set up to simultaneously view the plasma with polar-
ized notch waveguide, horn antennas. One radiometer was
located on the horizontal midplane and the other 5 cm below
the midplane. The antenna polarization sensitivity was deter-
mined in an earlier absolute calibration that used rotateable
wire grids to measure the degree of polarization. In this cali-
bration, the ‘X-mode” polarized source produced three
times the signal of the O-mode” polarized source. So for
100% X-mode polarized plasma emission we would expect
the X-modeO-mode ratio to be 3:1. Data were acquired at a
receive frequency of 11.5 GHz during a sequence of plasmas
with either both antennas oriented ¥1mode or with the
antenna off the midplane iX mode and the one on the
midplane inO mode, at the peak of the plasma current. Data
from these polarization measurements are shown in F&y. 9
The ratio of the signal from the two radiometers is plotted
versus time for sets of plasmas where both radiometers were
set to measur¥ mode(thin line), and where one radiometer
measuredX mode and the other measuré&l mode (thick
line). The shaded regions indicate the standard deviation in
these ratios. Figure(B) illustrates how well matched the two
datasets were in plasma current and line integral electron
density. TheX-modeX-mode ratio remains very close to
unity (within 5%), confirming that the two radiometers have

a similar view of the plasma, even though the antennas are
separated poloidally by about 5 cm. Although there does

1.5

@ ' X-Mode/O-Mode

Ratio of
Radiometer Signals

FIG. 8. Color contour plots of EBW radiation temperature measured by a
fast scanning radiometer. The EBW radiometer scans from the plasma axis
to the last closed flux and back in 465. EBW radiation temperature data
are shown for(a) an ohmically heated plasma arfld) for a plasma also
heated by HHFW heatindc) The increase in radiation temperature due to
HHFW heating, obtained by subtractiii@ from (b).

the HHFW heating pulse. Figuré@ shows a color contour
plot of the increase i, R) during the HHFW pulse. The
increase inT,,q is broad, with the largest increase measure

Ip(kA)

216

218

220 222
TIME (s)

d=IG. 9. (a) Ratio of the signals from two EBW radiometers averaged over a
set of plasma shots with similar current and electron density evolution. The

within R=45cm. An analysis of the HHFW power deposi- thin gray line is the ratio of the radiometer signals for a set of shots for

tion to the electrons with theoric,'® full wave, rf power

which both radiometers viewestmode polarization. The thick black line is

deposition code indicates that the bulk of the deposition tdor an average over a set of plasma shots with one radiometer vieing

electrons is expected within a normalized minor radids,
~0.5, qualitatively consistent with the EBW;,4 data.
The received radiation from thB—SX—FX mode con-

mode and the other viewing mode.(b) Evolution of the plasma current
and line integral density for the two datasets shown(@n The shaded
regions show the standard deviation of the data contributing to the averaged
signals.
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appear to be some canonical difference betweeXthmde/ )
O-mode ratio and th&-modeX-mode ratio, the difference is n~
small(=20%). Clearly, these measurements do not show the

linear X-mode polarization we expected. We will discuss theWhere a=wpe/wce is evaluated at the UHR layer ardis
implication of these results further in Sec. IV. the velocity of light. AsL, becomes shorter; decreases and

Cmax increases. In order to measurg at the UHR surface
on CDX-U, we acquired electron density data with a Lang-

muir triple probe and a single vertical chord, microwave in-
IV. SUMMARY DISCUSSION AND FUTURE PLANS terferometer, that were both scanned in the major radius.

Our results so far suggest that a mode-converted EBW "€Se data are presently being analyzed to esti@gjgfor

radiometer may be a viable diagnostic for local electron tem{N€ B—SX-FX emission process to determine if changes of
at the UHR may explain the observed variation in

perature measurements in overdense plasmas. We hake

shown that it is possible, under certain conditions, to obtaianad/TE' . .

mode-converted EBW radiation temperatures which are Futuré experiments on CDX-U will use an antenna as-

comparable to the electron temperature, thafjsy/To~ 1 sembly mounted inside the vacuum that has a smaller effec-
’ e .

Further, we have demonstrated that the mode-convertel’® acceptance angle in order to reduce the effect of polar-

EBW emission source is local to the electron cyclotron reso1zation mixing due to reflections. This also has the potential

nance layer and that the diagnostic exhibits good radial lof® OPsServe the EBW emission directly, so that the signal

calization in a plasma discharge with a monotonic magnetidt€nsity is not complicated by mode conversion and tunnel-
field gradient. The EBW diagnostic has been successfully'9 PFOCESSES. o
applied to the study of particle transport in an overdense ST EXPeriments to measure mode-converted EBW emission

plasma device and initial results suggest that the diagnostilaave also star_ted on NSTX. In|t|a_l measure_me_nts with a fre-
shows some promise for measuring the local HHFW rfduency scanning heterodyne radiometer, viewing the second
power deposition to electrons ECE harmonic with a notched waveguide antenna, show

However, there are several observations that need to BE"Y litle EBW emission at the second EBW harmonic. This

explained. First, the measured emission had little or no pol€SUlt is qualitatively consistent with the largg measured

larization in contrast to the expected lineXemode polar- Y @ microwave edge reflectometer in similar NSTX dis-

ization. One possible reason for the lack of polarization mayF12rges. Future mode-converted EBW measurements on
NSTX may benefit from the planned exploration of the

be that a significant fraction of the radiation entering the ) e )
antenna has undergone polarization mixing due to multipid-mode regime, which is characterized by the steep edge

reflections between the vessel wall and the right-hand cutofdensity gradlepts that are necessary for efficBaB X-FX
The notched waveguide antenna has a relatively large acceff1l°de conversion.

tance angle, with the antenna sensitivity dropping by only 3
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