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Theoretical models of EBW conversion mechanism are verified on Cagtosimulated over-
dense plasma. Direct EBW-X conversion has been detected by dlyemarstructed ECE radiome-
ter 17+40 GHz with a perpendicularly positioned antenna. The crucial role offaadge density
gradient has been confirmed.
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1 [Introduction

The CASTOR tokamak is a small tokamak operating in PraBue 40 cm,r = 10 cm,
a=85cm,B; = 1.35T,ny < 2x 10" m3). A microwave 32 channel frequency scan-
ning radiometer 1740 GHz was constructed. The object of investigation is threctEbn
Cyclotron Emission (ECE) at the fundamental harmonics bgmeef Electron Bernstein
Wave (EBW) conversion. It follows from calculations that eqdasma properties strongly
influence the conversiortficiency. Controlled plasma density and magnetic fields agd us
to meet predicted conditions. Recent results of ECE radignage presented in this paper.
Other dfects observed during the experiments, as MHD instabilityiafluence of plasma
edge biasing, are also shown.

2 Radiometer design and operation

The frequency range of the radiometer was chosen to coverd@&@te fundamental
harmonics when the toroidal magnetic field of the Castorugelathan the standard one.
The combination of the low magnetic field and achievablemkadensity approaches con-
ditions in overdense plasmée/ fce >1 (foe andfce are plasma and electron cyclotron fre-
quency, respectively). Technical specifications: Radiemis sweeping superheterodyne
type. Two inputs have bands 427 GHz and 2#40 GHz. Each band has 16 frequency
channels sweeped in 1668 sweep rate. Arbitrary frequency can be chosen in single fre
quency mode.
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A circular horn antenna is placed inside the tokamak’s vacport. A movable ar-
ray of 16 Langmuir probes monitores the edge plasma pr@seniar to the antenna’s
mouth. The waveguide part consists of the oversized wadegtlie polarizer for the lin-
ear polarization mode selection and the waveguide transitiThe received signals are
mechanically switched to the one of radiometer inputs. @nly frequency band can oper-
ate during a single tokamak shot. The frequency of the veltaptrolled oscillator (VCO)
in the microwave mixing part defines the received frequem@anael. The sweeping ramp
generator produces 16 voltage steps for the VCO tuning.nguguick channel switching
strong disturbing pulses are produced. The disturbankesita more than first @s of the
10us channel steps. Useful signals betwe8raiid 10" us are separated from the glitches
by consequent data processing. The overall sweep ratasl@6termines time resolution
of the system. Fast measurement is possible in the non—8wjaepde for a chosen single
frequency.

The intermediate frequency part of the radiometer hetaredcheme consists of IF
filters, IF amplifiers and power detectors. Both logarithifi® dB dynamic range) and
linear detectors (30 dB dynamic range) are in parallel dg@raThe output voltage is
sampled by 1is data acquisition system (DAS).

A suitable “black body” radiator for the calibration has maten available yet so the
radiometer is not absolutely calibrated. It means that vegbestimate the radiating tem-
perature of the plasma. All results in this paper show radigbwer in relative logarithmic
or linear units.

3 ECE and EBW conversion on the Castor

Microwaves are commonly used for fusion plasma heating amcewt drive. In the
electron cyclotron (EC) frequency range the plasma coredessible for the frequency
of launched wave well above the density digoVery high EC frequency, the second or
higher harmonics, have to be used, which is a major drawbitlisomethod. The problem
is particularly acute for spherical tokamaks and steltagatA possible and theoretically
described mechanism to by—pass these problems is to coimedatinched electromagnetic
mode to EBW. Of course, a reversible process makes it pes&bIECE to get through
cutofs out of the plasma. A recent review is in [1].

EBW are electrostatic waves driven and absorbed in theity@hEC frequency. EBW
propagate inside the plasma with no density limits. NearUpeer Hybrid Resonance
(UHR) EBW have a confluence with the electromagnetic X—mguigafization perpen-
dicular to the magnetic field). Unfortunately, behind the RJBind towards the Low Field
Side (LFS) of the tokamak, existing R—cfitoeflects X—mode back to the plasma. Two
scenarios of passing a barrier are suggested:

1. In the direct EBW-X conversion the tunnelling of the X—modave through an
evanescent region between the UHR and the RiEistpossible, but only in case that
the thickness of this region is less or comparable to 0.1@ftcuum wavelength.
Therefore, the density gradient in this region at the plasdge strongly influences
the direct EBW-X conversionfigciency. The outgoing X—mode wave is linearly
polarized and leaves the plasma perpendicularly.
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2. More complex EBW-X-O conversion consists of two conwersteps. In the first
step EBW is converted to the X—mode wave which is furthermioré¢he second
step, converted to the O—mode wave (polarization parall¢heé magnetic field).
The outgoing O—mode wave is circularly polarized and leghveplasma obliquely.

A numerical study of ECE resulting from EBW conversion hasrbperformed by a
full wave finite element code [2], [3]. Suitable conditiong, frequency, polarization, an-
gle of incidence, plasma density and magnetic field of bothversion scenarios on the
Castor have been found. The real plasma edge density flistweatd density gradient ob-
tained by Langmuir probes have been included in the calonkt This typical course of
density fluctuation is shown in upper graph in Fig. 1. Belowhis direct EBW-X con-
version dficiency evaluated numerically, both graphs in detailed 1 ime&.vThe charac-
teristic strong amplitude modulation of the EBW-X convershas been utilized for it's
identification. Hficiency of EBW-X conversion is low, about 25 %, with regard @Gaestor
conditions.
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Fig. 1. Detail of edge density fluctuations arfd@ency of direct EBW-X conversion.

On the other hand, the EBW-X—0O conversion is practicallyimtdenced by the fluctuat-
ing density gradient. Theoretically, 100 %ieiency can be achieved.

4 Experimental observation of EBW conversion

The radiometer horn antenna beam is oriented perpendictidathe plasma column.
Direct EBW-X conversion at about £22 GHz had been numerically predicted providing
central plasma density is 1.5x 10°m~3 and central toroidal magnetic field is 0.65 T. The
plasma density wadi@cted during the experiments by impulse gaipg. The radiometer
was in the single frequency mode to enable us detailed tiswuton.

C70 Czech. J. Phys. 54 (2004)



Microwave experiments on the tokamak CASTOR: fundamental E@©metry

The examples of EBW-X conversion are demonstrated in Fig18 &Hz and in Fig. 3 at
40 GHz (second harmonic ECE), respectively.
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Fig. 2. EBW-Xin 14:15 ms, 18 GHz. Fig. 3. EBW-Xin 112 ms, 40 GHz.

Bursts usually appear during the plasma start and decayo#, sttrongly modulated
signals in the zoomed parts indicate a direct EBW-X conwarsifluenced by edge den-
sity fluctuation (c.f. the same character in Fig. 1). Thesesaeem to be rare and short
in comparison to the numerical models. One reason could &kethie edge process is
more complex than the modelled one and experimental condithave not satisfied the
direct EBW-X conversion well. The other obvious reason ltesiom the general dis-
advantage of small tokamaks like the Castor. The plasmaupesda mixture of thermal
ECE, suprathermal ECE and plasma frequency emission [4] opkical depth at this fre-
quency and plasma densities2 x 10°m~2 is too small to absorb multiple reflections
of microwaves from the tokamak chamber and plasmaffsutdhe resulting background
radiation is wideband, has fuzzy polarization propertied ia relatively strong enough to
overlap ECE. Only exceptional conditions give ECE a chancexteed the background
level. The signals in our measurements have got these piegek similar properties of
the ECE radiation has been reported in [5] recently.

Formation of a plasma edge potential gradient by the “edgseifny” is a subject of
long—term investigation on the Castor [6]. Biasing eled¢rooltage creates in the plasma
edge the particle transport barrier and increases the plaemsity in this region. During
some experimental works, sweeping voltage from power sums been fed in the rake of
Langmuire probes placed in the plasma edge near the radioergenna. An interesting
influence on the radiometer signal has been observed. Figmbustrates visiblefiect
on the received signal at 21 GHz. For a period 10 ms the volthbeasing electrode was
+200 V and probes were swept BB0 V. It looks like that EBW conversionfigciency
followed the probe voltage swing as the voltage probaliscéed the edge plasma density
gradient.
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Fig. 4. EBW-X conversion influenced by biasing and probe voltage.

5 MHD instabilities observed in the range of plasma frequency

The unspecified background radiation mentioned abovieastad by processes inside
the plasma so it can indicate the state when a plasma irigtagpears. Intensive bursts of
emission can occur under some circumstances, e.g. thahgaw—teeth oscillations oc-
casionally accompanied ECE measurements. The time coli8sehannels (1723 GHz)
is in lower part of Fig. 5. Central plasma frequency shownhie tipper part of Fig. 5
is derived from measured line-averaged plasma densityjded that the density has a
parabolic course. The course of EC frequency in the samarpiébllows the course of
toroidal magnetic fields at High Field Side (HFS), center BR8 of the Castor. Saw—teeth
oscillations have got a wideband character, but they arkewsdble by the radiometer only
below EC frequency because the background radiation iydrsorbed in EC resonance
layers between HFS and LFS.

6 Conclusions

Radiometry at fundamental ECE harmonics has confirmedtdiiBgV—X conversion
in simulated overdense plasma in a small Castor tokamalelExt time resolution al-
lowed to watch the strong influence of edge plasma propestigkie conversion process
predicted by computation. Moreover saw—teeth oscillatiware demonstrated for the first
time on the Castor.

We are preparing some improvements for further experim@ihis radiometer appara-
tus will be equipped with low—noise band preamplifiers andrl. A new movable antenna
should enable us to place the antenna mouth inside the pkedgeaclose to the UHR re-
gion. As the EBW-X-O conversion is more promising than th&\E& one, the design
of another antenna for oblique radiation detection is umigselopment. To suppress the
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ECE and Plasma Frequencies
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Fig. 5. Saw—teeth oscillations visible below EC frequency.

background radiation at admissible level a new calculatiand experiments at higher
plasma density will be done.
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