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1. Antenna Modelling and Implementation of the ICANT code.

The ICANT codesolvesthe antenna radiation problamsing afinite boundaryelement
technique combined with a spectral solutiortte interior problenjl-3]. The codehasbeen
tested by computing the current distribution ondhstralconductor and screen of simplified
ICRH antennas in different cases: in vacuylinand inthe presence of plasnja], without or
with magneticshielding effect§3-5]. The unrealistic featurgspurious modes such asreen
modes), found when using the idealised infinite screen model, are removed by the consideration
of a more realistic array of finite blade elements to describsdfe=n.The Q1 antennased in
the ToreSupratokamakhas shownhot spots [6]and to betteunderstandheir origin, it is
necessary to know the electric field structure in front of itadlmievethis goal, spcific current
elements have been constructed which either descrilidteéescreen blades or allow taodel
a tuned antenna [7]. In the following, the computation parameters correspibedQa antenna
of the Tore Supra tokamak éR2.3 m, a=0.74 m,8 3 T, n= 10° m*® |, =0.7 m, }= 0.23

m andv= 48 MHz).

2. Magnetic shielding effects on realistic antennas.

Due to thecurrentself-consistencymagneticshielding effects occur and modify the
current distribution intwo ways as copared to the idealised casehere the current on
conductors is assumed to flow only in one directionTfig transverse [{] to currentflow)
current profiles on the antenna strap are hollow ratherflfaand (i) Currenioopsappear on
the screen blades. Flat and hollow profiles on the strap give riearfame radiategower. In
the case ofvide screen blades (same width =0.10 nthes centralconductor),the magnetic
shielding reduces the radiated power. This reduction increases with the wave frequency. It is of
the order of 20% for & 0.8 ml. Without magnetishielding, areduction of the blad@idths
keeping the screen opacity unchanged leaves the ragiatedr nearly unchanged. On the
contrary, withmagneticshielding,the narrowing ofthe bladesauses a significant increase in
radiated power. This fact can be explained by a reduction aghélgmeticshielding effects, due
to a reduction of the spa@wailable to the currendistribution on the screehlades. It is
noticeable that taking magnesbielding into account can cause an increased excitation of the
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coaxial modes or screen modes. In this case, the structure of the electric field exhibits a large x-
component electric field as shown on figure 1.

Figure 1: E (V/m) component of the electric field on a torus when a coaxial mode is
excited.

3. Existence of an optimal density for the antenna-plasma coupling.

In the case of the step plasma model with ontpe FastWave (FW), the mapping of
the radiategpower, viewed as a function of the plasmdansity andhe frequency, showshat
the optimumdensity, corresponding toraaximum in the radiategower, decreases with the
frequency.

Plasmastep Bt=3 T
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-

Figure 2:Radiated power mapping versus density and frequency on the fast wave in the
case of a plasma step mode and a finite screen (transparency = 0.5)
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This functionhas also peakassociated witltoaxial modes and screemodes. The former
appear at high density, whetfee plasma nearlpehavedike a netal, thelatter atlow density,
wherethe FW-only boundary conditiofE,=0 is kept while wave propagation the plasma
goes to the vacuum limit. Both are excited by radial currents. Without a finite scoeerd the
strap,the screen andoaxialmodes haveimilar amplitudes.With a finite screen,the screen
modes are slightlgxcitedonly for low density andhe coaxialmodes have lower amplitudes.
The screenmodes are always unphysical and¢an be removedrom the computation
numerically. Coaxiamodes onthe otherhandcan have a physical meaning and it might be
envisaged to usthem to couple morpower tothe plasma.The adjunction of appropriate
current elements can suppress or enhance the coaxial modes.

For an inhomogeneous plasntiggre is still an optimadensity but it is shifted toward
highervalues. At lowcentraldensity,the radiategpower issmaller than in thénomogeneous
plasma case because the propagation region of the plasmeshedfarther away. On the
contrary, at highedensity,coupling is improved by themoother density gradiertiowever,
at high enouglctentral density, the inhomogeneous plasniaoks again like a ratallic wall.
These facts explairwhy an optimal density can be found for each frequency. For
inhomogeneous plasmabkge contribution of the coaxiahodes is usuallyower, although in
some caseghe contrary mayhappen. Inthe case of a single antenna radiating in
inhomogeneous plasmée electric field isless localised andspreads out ore in the z
direction, as compared to the step density case.

4. A realistic modelling of a two strap antenna.

The geometrical features of the antemmast be properly included ithe modelling
(slanted Faradagcreen,trombone shaped elements, ..Trapezoidal elements have been
implemented to take into account the tilsmtieen blades connected toeatical boundary, thus
allowing to describe more realistic antennas (e.g. the Sopga antenna). A goadescription
of the electric properties of each antenna part is needed (anisotrtmy lmimpeiconductivity,
tuned antenna and son). The computation of the impedance matskould include a
misalignment of the external magnetic fieldth the screenblades. As aresult of this
misalignment the parallel componentig greatly enhanced although the radigiedier is only

slightly modified for realistic values of the tilt angte{°).

As an examplelet usconsider a two-strapntenna with an unslantetreen,without
and with bumper limiters [7]. Figure 3 shows the 3D vector representation of the electric field at
a given radial position between the screen angliema. Inthe presence of theumpers, the
E,=E; component of the electric field is enhanced at each corner sttben Another example
with a similar 2D vector representationsisown on Figure 4 fothe electric field at aiven
radial position inthe mid-plane z = 0 of a singitrap argnna withthe magnetishielding on
the screerblades.The interest of thesmaps isthat a quickook allows to sedhe qualitative
changes of the field due for instance to the magnetic shielding effects or the screen tilting. These
computations of the three components of the electric field can be used as an input to a HF sheath
code.
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Figure 3:3D vector map of the electric field at a fixed radial position. Case of a simplified
two-strap antenna with finite screen; no magnetic shielding. Front bumper not shown.
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Figure 4:E (V/m) vector at a given (X, z) position in the case of a step plasma model, with
magnetic shielding on the screen blades.
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