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The WEGA stellarato(see P 2.145) is a classical five period |=2 stellarator withagor
radius of 0.72 m and an aspect ratio of 6. The device is used for stddeatien, test of
diagnostics and machine control for W7-X. It also continues withtridditions of basic
plasma research of our institute. This paper reports about exp&simi¢h electron cyclotron
wave heating at a frequency 2.45 GHz and 28 GHz.

For the 2.45 GHz frequency the cut-off density is very low (7*8n1f), therefore an
electron Bernstein wave heating (EBW) with OXB-mode convelfdi@} was implemented.
The mode conversion region was shifted to the scrape-off plasmaleotite® separatrix,

where the normalised density
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Fig.1 Full-wave calculation of the OX conversion process. Tirr process itself was investigated

averaged (a) and instantaneous (b) y-component ofi¢ wave E- by 12.5 kHz modulation of
field distribution. '
typically 50% of the

microwave power (12 kW) and observation of the concomitant oscillafiionslectron
temperature and density [3]. The waves were launched by a dooible=dl1l antenna, which

was designed to emit laspectrum optimized for the O-X conversion. A two-dimensional
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finite-difference time-domain full wave code was developed to caenpalculated and

measured microwave propagation and mode conversion results. In Figdlcilated wave
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g 3'% : © T the antenna is shown.
3 | : @ The wave field could be
o 2 : /{FV“O measured with a movable
%Q E array of small HF-probes
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| antennas), which were
%00 750 800 850 900 sensitive to the different
Fig.2 Power deposition prof:?;s[fgr“(;l?ff]erent magetic field strength, polarisations of the
achieved from probe measurements. involved modes. Both,

the amplitude and the phase of the X- and O-mode could be measuned haterodyne

receiver. In addition the local density was measured by Langprolles. The O-mode

amplitude drops near the O-cutoff, while the X-mode amplitude iseasang, which
represents the O-X conversion. The appearance of the upper hsgwithnce (UHR) could
be clearly demonstrated by the phase jump and an amplitude pdabhk Fwave. The
measurements reproduce the simulation results. The EBWfscitséd not be detected by
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Fig.3 a) Ray trajectories of EBW'’s in equatorial piojection

b) Power deposition calculated

with O-X-EBW conversion efficiency and ray-tracing smulation code.
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RF-antennas directly, since their wave length is of the arfitre electron gyro radius@.1
mm). However their deposited power could be found by fast power ntimtuéxperiments
(12 kHz) and coherent detection by Langmuir probes. The depositiorepsafsl located well
inside the confined plasma. This bulk plasma was highly, up to 12,tower-dense and not
accessible for the electromagnetic waves. The deposition dagktr dependent on the
magnetic field and the highest plasma pressure could be aclae@esbxB.s In Fig.2 the
shift of the power deposition profiles for different magnetitdfies shown. The results were
confirmed by 3D ray tracing calculations for EBW’s in the ®#Emagnetic field using the
experimental density and temperature profiles [4]. The mode comvesms simulated by
using the pattern of the double-slot antenna. Typical coupling effieen€ up to 30 % were
found. In Fig. 3a) the ray trajectories are shown. The strongly Deglpiiéed absorption
could be reproduced by the ray tracing calculation taking into acauwsupra-thermal
electron distribution, which was expected due to the resonant B@etba interaction. Fig.
3b) shows the calculated deposition profiles as a function of theetiadield strength. It is
remarkable that the EBW propagation is not dependent on their incigeriu¢ generated
by the antenna, but is strongly affected by the magnetic coafigar In Fig.3 most of the
rays propagate in the direction of the magnetic field vectos.r€sulting EBW driven current
is directed counter t8. The current was detected by a Rogowski coil on the plasmal vess
and a current measurement at the short-circuited 32 turn primading of the WEGA
transformer. A sensitivity of 0.5 A could be achieved by powetchimg with 37 Hz and

vertical field scan (shear! . .
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Fig.4 EBW driven current as a function of the vertial field [5,6] .
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Here we have assumed that the 30% of the microwave power (6 kg/ramverted into

EBW'’s. The temperature dependence is rather uncertain, sinmeeatleesome evidences that

beside the measured 12 eV bulk temperature a supra-thermal compoexisting. Further

modelling of the EBW current drive is under way.

In the experiments with the 28 GHz frequency we concentrated omd¢badsharmonic X-

mode heating at a magnetic field of 0.5 T. An efficient trassiom line was build-up, which

converts the TEO2 output mode of a 10 kW cw gyrotron into a HE11 mode launglzed

guasi-optical antenna system into the plasma [7]. The tranemibse was upgraded by a

guasi optical antenna, which focuses the beam into the plasma wgthtea beam waste

diameter of 2 cm. The WEGA vacuum vessel with circular cresses is used as a focusing

reflector, which provides several well focused passes througblaema center. Typically 8

kW could be coupled into the plasma. The ray tracing calculatidn mitltiple reflections

indicates that about 80% of the power is deposited in the plasma. ddnteis supported by

sniffer probe measurement of the non-absorbed ECRH stray radstibe opposite torus

position. During the high power heating the stray radiation signal hesiabove a power

level of 6 kW. A well localized power deposition was found by probasmements at a high

neutral gas density. For low density hydrogen plasmas=at-13® m® the temperature is

expected to be above 100 eV . An ECE system is in preparation.

Summary and conclusions

The WEGA stellarator is an unique test bed for the investigafi&@BW generation and the

EBW current-drive at low frequency. The 0.5 T 28 GHz operatiorstaated successfully.

Localized multi-pass absorption in the plasma center could be demonstrated.
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