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Electromagnetic waves in the ion cyclotron range of frequencies (ICRF) have become
a successful and reliable means for plasma heating in tokomaks. A variety of different
heating schemes became increasingly successful with the advance of larger devices and
better wall conditioning. In stellarators ICRF heating is still in the process of being
established. It is hampered by the comparative smallness of the devices and - for some
heating schemes - by the large aspect ratio, but is desirable in order to achieve ion
heating without particle refueling.

Here we report, that on the stellarator W7-AS resonant and non-resonant ICRF heat-
ing scenarios were successful both in increasing the ion and electron temperature of
ECRH or NBI target plasmas and in sustaining the plasmas under steady-state con-
ditions. The investigated scenarios were: D(H), * He(H) minority heating (minority
species in brackets), D(H) mode conversion heating, second harmonic H heating. In
all heating schemes there was no significant rise of impurities and the plasma density
was controllable for ne(0) > 4 x 1019 m ~3 . However, the sensivity of the minority and
mode conversion schemes to the hydrogen concentration required preceeding wall con-
ditioning with glow discharges in B^Ds or subtle changes to hydrogen sources (e.g. the
position of graphite limiters and presence of diagnostic hydrogen beams), respectively.
The relative hydrogen concentration nn/nc was infered from active charge exchange
measurements and spectroscopically from the ratio of Ha/Da. Both measurements
agreed within the absolute errors of ±0.1.

The stellarator W7-AS is a five-fold modular advanced stellarator with a toroidally
averaged major radius R=2.04m. The volume averaged radius of the last closed flux
surface is typically re// = 18 cm. The typical rotational transform was t = 0.34 .

The used ICRF antenna is located on the high field side where the plasma has an
elliptical cross-section and a tokamak-like magnetic profile. The antenna has four ports
1 . One RF generator was connected to two ports, the other two ports were resonantly
short circuited. In n -phasing the antenna excites a narrow k\\ -spectrum centered
around fcii = 6 m " ' . The antenna was operated at 34 and 38 MHz with voltages in

the unmatched part of the transmission line reaching 50kV cff for up to one second,
corresponding to RF generator powers of 1MW. The antenna loading resistance typically
doubled with plasma. Thus it was estimated that the RF power radiated from the
antenna is about half of the generator power.

At small hydrogen concentrations of about 10%, minority heating was successful if
the hydrogen resonance was located at the plasma center. Heating ECRH discharges
with ICRF the diamagnetic energy rose by up to 25%. An increase of the deuterium
temperature of about 150 eV over the plasma cross-section was observed. The electron
temperature rose off-axis by 150 eV as a possible result of electron transit time magnetic
pumping and Landau damping close to mode conversion layer. A tail in the hydrogen
velocity distribution with energies up to 45 keV was measured at an angle of 40 ° to the
magnetic field. Using only ICRF, plasmas were sustained for one second under steady-
state conditions with electron and ion temperatures of 450eV and densities of ne(0) =
4. x 1019 m ~3 . For hydrogen concentrations higher than 10% the mode conversion
layer moved to the plasma edge and no efficient plasma heating and sustainment were
possible. No fast wave direct electron heating was observed in this case.

At medium hydrogen concentrations of about 30% the mode conversion heating scheme
was successful if the hydrogen resonance was shifted to the low field side, outside of the
plasma column. For this case in W7-AS, the two ion hybrid layer moves from the low
field side to the high field side of the plasma for changes in the hydrogen concentration
from 20 to 40%. Heating ECRH plasmas with ICRF the diamagnetic energy rose by
about 15%. The electron temperature rose by about 100 eV over the plasma cross-
section, in some cases localized heating near the plasma edge occured. Plasmas could
be sustained solely with ICRF for up to 400 msec under steady-state conditions with
elctron and ion temperatures of 400eV and densities of ne(0) = 4. x 1019 m ~3 .

Second harmonic hydrogen heating scheme was successful for discharges with hydrogen
NBI. With typical plasma parameters of ne(0) = 5 x 1019m~3 , Te(0) « TH(0) = 450 eV
and 400kW NBI both electron and ion temperature rose by about 200 eV. These plasma
were sustained solely with ICRF reaching steady-state values of the electron density
(ne(0) = 5 x 101 9m~3) , electron temperature (Te(0) = 300 eV) and the hydrogen
energy spectrum (TH(0) = 400 eV and Tft" = 2 keV)

1 G.Cattanei et al., Topical conference on Radiofrequency Heating and Current Drive,

(Brussels 1992), p. 121.
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