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1. Antenna Modelling and improvements of the ICANT code.

The ICANT code solves the antenna radiation problem using a finite boundary method
combined with a spectral solution of the interior problem [1]. A large number of cases have been
tested: either in vacuum with and without magnetic shielding on thin conductor [2-5], or with a
plasma propagating the magnetosonic (fast) wave only [4-6]. The ICANT code has been
improved to compute self consistently the current profile on a 3D antenna with a protection
around the strap and a finite screen with thick blades. Different launching structures have been
considered, from of a single strap with a finite Faraday screen to a more realistic modelling of
the Tore Supra ICRH antenna (two straps, finite Faraday screen with protections, bumper
limiters) [6]. Maps of the near electric field have been used in a RF sheath code to describe the
convective cells in front of the antenna [7].

We show in this paper two important improvements: (i) the impedance matrix which
describes the plasma includes now both the fast and the slow wave for a plasma step, and (ii) it is
possible to include thick elements. For instance we have considered the case of thick screen
blades with a constant distance between the strap and the plasma. Hereafter in most cases, the
computation parameters correspond to the antenna of the Tore Supra Tokamak (R,= 2.4 m, a=
0.83m, I, =0.7 m (strap length), I,= 0.23 m (strap width) and B;= 3 T). We first present results
for inhomogeneous plasmas in the case of the fast wave only.

2. Effects of the density profile on the antenna coupling in the case of the fast wave

For inhomogeneous plasmas in the case of the fast only, the optimal density for the coupling is
shifted toward higher values compared to homogeneous plasma cases. At low central density, the
radiated power is smaller than in the homogeneous plasma case because the propagation region
of the plasma is pushed farther away. On the contrary, at higher density, coupling is improved
by the smoother density gradient (see fig. 1). This fact can be illustrated by changing the
exponent B at fixed o in the expression of the density profile n (r)= n.(1-(r/a)%)*, where a is
the plasma radius. However, at high enough central density, the inhomogeneous plasma looks
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again like a metallic wall. These facts explain why an optimal density can be found for each
frequency. For inhomogeneous plasmas, the contribution of the coaxial modes [6] is usually
lower, although in some cases the contrary may happen.

0.55 ¢

(V/m) Jamod paywipwy
<
e o e
= Th Lh

b
R
whn

=
s

0.25 ¢

0 0.5 1 1.5 B 2 25 3

Figure 1: Effects of the shape of the density profile n.(r)= n,(1-(r/a)?"on
the radiated power P(B) (v= 48 MHz and n, =5 10" m?).

3. Role of the slow wave on the antenna coupling

One expects that the effect of the slow wave is stronger when there is no polarising
screen. Indeed, for an unscreened strap, specially at low density (n, < 10 m?), the effects
induced by the slow wave on the radiated power become more and more significant as the
launched frequency increases. With a Faraday screen, the radiated power is nearly unchanged
(figure 2); there is only a small variation at low density. The large peak in Fig.2 corresponds to a
density, where coupling between the vacuum wave and the fast wave inside the uniform plasma is
optimal. For much lower densities, the fast wave goes to cut-off and, at high enough central
density, the plasma looks like a metallic wall. The irregular variations around 10*" and 10**m
are due to the presence of the lower hybrid resonance layer (g, = 0), and for the lower k, part of
the spectrum, the associated confluence between the fast and the slow wave. As the frequency is
increased the density at which the lower hybrid resonance is taking place also increases, moving
these secondary peaks to higher density. On the contrary, because the wavelength becomes
shorter at higher frequency, the main peak corresponding to optimal density shifts to lower
density, such that they ultimately merge (around 100 MHz).
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For an impedance matrix computed from the IBWWG code (LPP/ERM Brussel)
including the lon Berstein Wave is used in the case of a plasma step (v= 42 MHz), only small
changes on power and near field computations have be seen. But to say more about its subject, it
IS necessary to compute an impedance matrix in the case of an inhomogeneous.
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Figure 2: Radiated power versus electron density in the case of a plasma step in the case of
fast wave only, fast and slow wave with and without Finite Faraday Screen.

4. A realistic modelling of a two strap antenna (dipole) with thick blades.

The geometrical features of the antenna must be properly included in the modelling
(slanted Faraday screen, trombone shaped elements, ...). Trapezoidal elements have been
implemented to take into account the tilted screen blades connected to a vertical boundary, thus
allowing to describe more realistic antennas (e.g. the Tore Supra antenna). A good description of
the electric properties of each antenna part is needed (anisotropy of the bumper conductivity,

tuned antenna and so on)|[7].

As an example, let us consider a two-strap antenna with an unslanted screen with thick
blades where the thickness of the screen blades is four times smaller than the blade width. The
part of the screen blades in front of the plasma is at the same radial position for the thin or thick
screen. First the comparison between the k-spectrums in the case of homogeneous plasma for
thin and thick blades shows that the maximum value of the k-spectrum for the thick blades is
shifted to higher values in the k, direction (see fig.3) and is more extended in the (kk,) space.
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In this case, the radiated power given by the antenna with thick screen blades is larger than the
radiated power given by the antenna with thin screen blades.
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Figure 3: K-spectrums for plasma step in the case of two straps (dipole) with thin and thick
screen blades.
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