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Introduction

Hot spots [1] appearing on the Faraday screen (FS) strucfui@noCyclotron Range of
Frequencies (ICRF) antenna (fig.1(a)) are a limiting factoriéng shots in tokamaks, espe-
cially for ITER. They result from interactions between thetenml and ions fluxes accelerated
in sheaths and convected by RF-induced DC ExB drifts alongdgential surfaces [2]. The
heat flux attributed to accelerated ions is directly prapasl to the DC sheath potential. The
purpose here is to calculate a DC potential map resulting frenrectification process due to
RF sheaths coupled self-consistently with RF transversgpépéicular to the magnetic field
Bo) currents in front of ICRF antennas. The new and unexpedfedt®f these RF transverse
currents is to increase the DC value of rectified potentials.

(@) ICRF antenna in  (b) double probe model with transverse
Tore Supra current

Figure 1: (a) : ICRF antenna is composed of 2 straps behin&dhaday screen (label 2) and
protected by 2 bumpers (label 1) on each side (image CEA). dleanof magnetic lines (la-
bel 3) connected to the bumpers appear in red and sheaths the end of them in a thin
layer in front of the material. The hot spot damaged the aoofithe antenna (label 4). (b) :
Double probe model with transverse curréht Each sheath is represented by a capacity and a
resistance in parallel.

Modelling of RF sheaths coupled with transverse RF currents angimulation results

A flute hypothesis was made considering the potential istaohslong open magnetic lines
connected to bumpers on each side of the antenna, excestiegaths (fig. 1(a)). The near elec-
tric fields [3] radiated by the antenna are integrated al@uty élux tube to obtain RF potentials
applied to each open magnetic line, and then transverse Réntsl resulting from RF trans-
verse gradients and the rectified potenppalue to RF sheaths are calculated self-consistently.
This rectified potential is normalized i@ Te/e with Te = 20eV, the typical temperature in the
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Scrape off layer. Each flux tube is treated as a double proberdoy an oscillating RF potential

@, with a transverse current term (fig. 1(b)) which increasescrehses the rectified potential
of the flux tube according to the non linear I-V characterisfisheaths during one period.

Te=20eV
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(a) time amplitude of the rectified gaus- (b) time amplitude of the rectifi ed gaussian
sian potentialp at low frequency potentialg at w = 2Q;

Figure 2: (a) : Qualitative time amplitude of a gaussian RFeptial atw < Qg (capacitive
behaviour). The blue curve is the rectified potential withawtent effect. (b) : time amplitude
of the rectified potential fo > Qg in a typical edge plasm@zr = 20, Te = 20eV, w/Q¢ =
2,ro=1cm,L =50cm

This model solves the current conservation (Eqg. 1) alongfloxetube and the momentum
equation (Eg. 2) from which the displacement current ternxtisaeted. Sheaths are considered
as non-collisionnal, electrons follow Botzmann distribat magnetic lines are perpendicular
to the wall (no magnetic presheath) and the RF frequentgymuch lower than the ion plasma
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@) the floating potentialyg the half widtk? of the Gaussian potentidll, is the transverse RF
current, jisx the ion saturation currengirr the amplitude of the RF potential resulting from the
integration of electric field along flux tubeQ the ion cyclotron frequency, the length of
the flux tube angb the ion Larmor radius.

A 2D fluid code built from this model is applied to a Gaussiareptial structure in a plane
perpendicular to the magnetic fieR} in which occur transverse currents. The fluid model is
valid for typical frequencies involved in RF heating (frofh RIHz to 80 MHZz) in a deuterium
plasma. Forw < Qg the response of the RF currehit in Eq. 2 is capacitive (current behind
potential) and forw > Q, the response is inductive (current ahead of potentialg. figure
2(a) gives the rectified potential fov << Q¢ and then reveals a typical capacitive regime with
a linear saturated decreasing phase expressing the gatuottransverse current at Ry .
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This type of time signal looks like those obtained with a cépacdiode bridge whose the
capacity determines the slope of the decreasing phaseg(@h@sthe figure 2(a)). An example
of the time rectification of the potential fao = 2Qg; is illustrated on figure 2(b) and reveals a
dominating inductive regime, with the same tendency to emedhe time average value of the
rectified potential. But the main result coming out from flgichulations is that these potential
structures are smoothed only for small spatial scales (widtlcm) in a typical edge fusion
plasmaTe =206V, ng = 10¥m3, By = 2T, 10< @ < 100). On another hand, the DC potential
peaks are not smoothed and reduced by RF currents (see jigb@{an contrary are increased
by 50 % in the worst case. A rigorous analytical treatmentshasved that if the DC value dfl

is O the only effect of RF transverse currents is to increaséC value of potential structures
whatever the frequency [4].
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(a) DC rectifi ed Gaussian potential (b) rectifi cation impact as a function of
frequency

Figure 3: (a) : DC spatial effect of transverse RF curréiiten a Gaussian potential structure.
(b) : Time average valugpc of the rectified potential as a function of the frequency ralized
to Qg for Te = 20eV, L, =5cm, ro=1cm.

In addition, 2D PIC simulations with the code XOOPIC [5] were perfed and confirmed
quantitatively the increase @bc for frequency close t€) (fig. 3(b)). Equation 2 can be lin-
earized around its solution without RF transverse currembrag asAl /2jsat < 1. From the
linearity conditionAl < 2jizx applied to a gaussian RF potential, we deduce the parameter
L2,/ r(z) representing the square characteristic length along whi€ltiRrents occur over the
square half width of the Gaussian structurg, is defined in Eq. 3 and the parametgg/r3 is
used in the peaking criterion (Eq. 4) obtained from the Fayuransform of the linearized sys-
tem coming from Eq. 1 and 2. This criterion valid at all fregoies determines the importance
of the rectification process on the potential structure.

Lipd 2w/Qci
2 ~ LyPu /
g
W< T2 (2w) )

For gre < 11+ (r3/ | L2.(2w) |) corresponding to linear regime (fig. 4(adhc is higher but
close togre /1T the time average value obtained in previous works [6] witltcarisverse cur-
rents. And forgrr > T+ (r(z)/ | L2.(2w) |) corresponding to non linear regime (fig. 4(adyc
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tends rapidly to reaclprr /2, which means an increase of 50 % compared to the previous ad-
mitted value. Figure 4(a) demonstrates that ICRF antenpas mainly in a non-linear domain
and especially for peaks appearing in the upper and loweopére antenna (fig. 4(b)). These
DC potential peaks are due to parallel currents in antenngdjand can reach several hun-
dred volts, which enhances acceleration of ions in sheatth€@mvective effects identified as
the main causes of hot spot formation in the corner of antenna
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(a) Peaking criterion fi r ICRF antennas (b) potential map in front of antenna

Figure 4: (a) : Peaking criterion at the summit of the Gaugs@antial at different frequencies.
(b) : 2D DC potential map obtained in a poloidal plane in froh&in ICRF antenna composed
of a simplified Faraday screen.

Conclusion

The formation of hot spots resulting from interactions betweaccelerated and convected
ion fluxes in sheath motivated this study about potential snapfront of antenna. The 2D
fluid model is now valid for ion cyclotron range of frequenced in tokamaks. The main result
concerns the DC value of the rectified potential which can reaehi2 instead ofgrr /T as pre-
dicted by previous models neglecting transverse currdinis. new result has to be taken into
account in sheath calculations occurring at RF frequeramesshows that DC potential peaks
appearing at the top and the bottom of the ICRF antenna aresised by 50 % compared to pre-
vious theories. This result enhances the probability ofspott formation and deposited power
on antenna box should be reevaluated according to thisdtieairsheath potential growth with
the prospect of the next ITER-like antenna design.
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