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Electron-cyclotron resonance absorption of the ordinary (O) mode at u s:

u for propagation normal to the magnetic field has proved to be very efficient

for electron heating in tokamak devices [l,2], but the implementation of the

method in high magnetic field tokamak reactors would require the development

of high frequency wave sources. Moreover, the applicability of the method to

various plasma configurations and operation regimes generally requires a range

of different wave frequencies (e.g., ±10 percent), obtained either by

frequency-tunable wave sources, or by a multi-frequency system (3-4 different

frequencies). In order to alleviate the difficulty of developing high frequency

sources, a different mode of operation based on the relativistic down-shift of

the resonance frequency at oblique propagation has been proposed [3,4] and a

series of applications have been discussed, using the extraordinary (X) mode

launched from the tokamak top (bottom) ports [S]. This method is most appropriate

for dense tokamak plasmas [6]. However, generally, in a tokamak reactor,

launching the X-mode obliquely requires the appropriate elliptical polarization

of the input wave and, for some peripheral magnetic field configurations,

efficient tunneling through the cut-off/upper-hybrid region and negligible

attenuation at u = u at the plasma edge.

These problems are avoided for outside launch of a linearly polarized 0-mode

normally to the magnetic field at u > a (O) (the plasma frequency u being a
P P

cut-off frequency for the 0-mode). The attenuation of the 0-mode near u = u

is proportional to n T and is therefore negligible at the plasma edge. We now

show that the incident 0-mode at an angle Q = O with respect to the normal to

the magnetic field B, at down-shifted frequency (i.e., at a frequency for which

U = u is realized outside the plasma) will be totally absorbed after being
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reflected ac an angle 0*0. The success of this scenario relies on a peculiar

property of the relativistic damping of the o-mode at down-shifted frequencies,

namely, the maximum wave attenuation occurs~for""0 * O, in contrast with the more

familiar-case at u = u , in which the maximum is-at O. = O- The O-mode is launchedc _ - - - - ~~ —
from the point A in the low magnetic field side with O = O (see Fig. l). In a

low temperature plasma, from A to A' the attenuation of the O-mode at 6 = O is

negligible. A mirror located at A' will reflect the wave at an angle 5*0. Note

that with a simple reflecting mirror the reflected wave is also partially in

the x-mode, but this is not a problem, since the X-mode at 8 * O is generally

strongly damped too.

We now specifically refer to the NET device [v], i.e., major radius R =

5.3 m, horizontal minor radius a = 2 m, vertical elongation 2.2, B(O) = 6 T,
— 14 —3 —average density and temperature n a 0.8 x 10 cm ,T = 15 fceV. The following
14 2 5* -3 2profiles are assumed: n (p) =10 (1 - p ) cm , T (p) = 25(1 - p ) KeV, where

it
P = C('{'~|l'0)/(

|l't)~4'Q)j ' 4
1 is tne poloidal flux function and <|» , ̂0 are its values

at the plasma boundary and axis, respectively. The relativistic dispersion

relation and the ray equations have been discussed elsewhere [4,6] and are not

presented here.

Typical results using the NET-II parameters and f = u/2n = 100 - 125 GHz

for a ray tube of cross-section a a 0.1 m are presented below, in Fig. 2, the

fraction i](p) of o-mode power absorbed between the launching point and the flux

surface of coordinate p is shown, for f = 125 GHz, 6 = 40° and T (O) = 5 and 6

!cev. In this case, the reflected X-mode is strongly damped closer to the plasma

centre, whereas the absorption of the incident O-mode at O = O is negligible.

We consider this as the starting phase for the initiation of the plasma heating.

As the electron temperature increases, the wave frequency can be decreased, down

to f = 100 GHz when T a 20 - 25 XeV. We find that in all cases the 0-mode is

ultimately totally damped in the central plasma region. Note that for T (O) >

15 fceV the attenuation of the incident wave in the first transit starts to become

relevant. This is illustrated in Fig. 3 for the final phase, i.e., f = 100 GHz

and T (O) =25 kev, in which the absorption of the incident wave at 6 = O (dashed

curve) is 50 percent. In Fig. 4, the overall power per unit volume of the incident

and the reflected o-mode deposited into the plasma is presented for different

central temperatures and different values of f. For T (O) =15 kev the value
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f = 110 GHz was used. Note that, although for T (O) = 5 keV the power deposition

is broad and maximum at p a 0.4, it rapidly becomes central for a slight increase

of the electron temperature.
In conclusion, we have discussed_an acceptable scenario for central heating

in the MET device using existing wave sources (f = 100 - 125 GHz) and wave

launching from the most accessible side of the torus. This method cumulates

two main advantages, namely, low wave frequency and side launch of the 0-mode.

Central wave absorption occurs for the reflected 0-mode at an angle 9*0. This

is a difficulty, since a reflector is required at the inboard tokamaic wall.

However, this difficulty is minimized by the fact that no special polarization

is required for the reflected wave, since both modes are efficiently absorbed

in the plasma core.
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Figure captions

Fig. i Toroidal projections of the ray paths for the incident and the reflected
waves in NET̂ -II. Dimensions are in cm.

Fig. 2 Fraction of the absorbed wave power i)(p) for 6 = 40°, f = 125 GHz and
two different values of the central electron temperature.

Fig. 3 As in Fig. 2, for T (O) = 25 kev, f = 100 GHz and for the incident wave
(dashed) and the reflected 0-mode (full).

Fig. 4 Total absorbed wave power density (namely, incident plus reflected
0-mode) for different values of the central temperature and of the wave
frequency.
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