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High harmonic heating of the electron cyclotron res-
onance (ECR) is an attractive method to extend a heat-
ing regime of plasma parameters by alleviating the den-
sity limitation due to some cutoffs of the EC wave prop-
agation. Effective third harmonic heating has been al-
ready achieved on the 2T LHD plasma by injection of
168GHz millimeter wave power from upper-port anten-
nas .

Because ECH power of 84GHz range has been up-
graded up to 1.3MW, we have tried 3rd harmonic X-
mode heating by injection of 84GHz range power at the
magnetic field of 1T with the magnetic axis of 3.75m.
When the same frequency is used, a cutoff density for
the 3rd harmonic X-mode heating at 1T becomes 4/3
higher than that for 2nd harmonic X-mode heating at
1.5T. It is about 6 x 10m™3.

In the experiments, target plasmas were produced
and sustained by only NBI. The electron temperature at
the center was about 1 keV and the line-averaged den-
sity was 0.6 x 101 m=3. ECH power (1.3MW) was in-
jected from t=1.4sec and 1.5sec stair-likely as shown in
Fig. 1. Obvious increase of the stored energy was ob-
served during ECH pulse, although there was no change
in the density.
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Fig. 1: Wave form of NBI power, ECH timing, stored energy
W), and line-avereged density from top to bottom.

Figure 2 shows electron temperature profiles just be-
fore (t=1.37sec) and during (t=1.57sec) ECH power in-
jection. The plasma center was efficiently heated, and
increment of the temperature reached 0.2 — 0.3 keV.
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Fig. 2: Electron temperature profiles just before (t=1.37sec)
and during (t=1.57sec) ECH. p is the normalized minor ra-
dius.

Absorbed power was estimated by the increment of
dW,/dt before and after ECH-on timing. The depen-
dence on the focal point Ry,. of the upper-port anten-
nas was examined (Fig. 3). The maximum absorption
was obtained on the antenna focal position Ry,.=3.7m,
which was a little smaller than the ECR layer (3.75m).
The absorption rate, however, is very low, because the
temperature and density of the target plasma was fairly
low.

Detailed calculations by ray-tacing in the LHD mag-
netic configuration is required to discuss the absorption
rate and its dependence on the antenna focal point.

U-port Antenna Focal Point Scan
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Fig. 3: Absorbed power was estimated by change of dW,,/d¢t
at ECH-on timing. Antenna focal point on the equatorial
plane Ry, dependence is shown.
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