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Self-consistent modeling of sheath-waves
interaction for ion cyclotron resonant heating

Ph. L. Lu1,2,3, L. Colas1, J. Jacquot4, A. Křivská5, B. Despres6, S. Heuraux2, E. Faudot2, D. Van Eester5, and K.Crombé3,5

Wave absorbed at the ion cyclotron 

resonance layer at the plasma center

Non-linear wave/Scrape-Off Layer (SOL) 

interactions lead to

 Heat flux ~MW/m2

 Impurity production: Plasma 

contamination, reduced performance

 Edge density modification

 Limit coupled power

Context: Ion Cyclotron Resonant Heating (𝒘𝟎/𝟐𝝅~25-75MHz)

Motivation: Wave/scrape-off layer (SOL) interactions

Underlying mechanism: sheath rectification by RF waves

Conventional sheath modeling challenged both in Theo & Exp
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Three fields approach in SSWICH-Full Wave code
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Self-consistent sheath and waves for ICH (SSWICH) Full wave code

B0
2D, radial and toroidal, with curvature components

B0 tilted in poloidal/toroidal plane
1. RF field E wave propagation, and damping;

2. Sheath treated as boundary, oscillating sheath 

voltage VRF solved along 1D curved boundary

‘Wide sheath’ 

asymptotic 

regime
E: vectorial fields, full polarization 

(fast wave + slow wave)

Asymptotic regime: 

to provide first guess

Excitation: impose current 

on realistic ICRF antenna 

straps or external field 

map @ aperture

RF field E

DC plasma 

potential VDC

RF sheath 

Voltage VRF

Three modules coupled 

together via <sheath 

boundary conditions>

Input density, temperature 

profiles for wave coupling

Three fields solved in 

different dimensions: save 

resources

Simulation results on RF wave propagation & DC plasma biasing

Other progress within SSWICH project

Following work

 Continue to test the code in Tokamak Geo

 Interpretative simulations for a dedicated RF 

sheath test bed- ALINE. [Faudot 2015]

 Justification/upgrade of boundary conditions 

from basic RF sheath physics with tilted B0

1. Reproduced qualitatively the poloidal distribution of DC sheath voltage in Tore 

Supra (TS) and Asdex Upgrade (AUG) experiment [Jacquot 2014], [Krivska 2015]

2. Explained contrary sheath oscillations at the two ends of the same magnetic field 

line by toroidal proximity effect [Colas 2015]

3. Upgraded the E field module into 3D with realistic antenna models of TS and 

AUG. [Jacquot 2015], 
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Lower hybrid

resonance

[Lu 2015]

DC biasing is enhanced by radio frequency

(RF) waves via Non-Linear sheath rectification 

VRF : sheath RF oscillation voltage
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Direct Current (DC) sheath formation: different mobility of ion and electron charge 

separation, negative biasing the wall accelerate ions along magnetic field line
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Sheath: thin (millimetric) layer at plasma/wall interface

Vf: DC floating potential 
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Conventional RF sheath modeling: double 

probe driven by oscillating voltage VRF
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Inconsistent with experiment: more 

sophisticated sheath modeling needed !

1. E// is calculated w/o sheath

2. Integral along magnetic field line

3. Sheath DC potential at 2 extremities 

should have varied similarly 

Differential infrared 

picture of Tore Supra 

antenna over left/right 

dissymetrization

Implementation: COMSOL

3. SOL DC biasing, represents DC plasma potential

RF wave artificial damping w/o 

reflection (Perfectly Matched 

Layer for magnetized plasma)

[Jacquot 2014]
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Act as extra DC biasing 

Infrared picture of active 

Tore Supra ICRF antenna
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Radial

Front face: FS, 

Straps, Bumpers

Matching Unit: 

capacitor, bridge

Wave launched by antenna at the edge, 2 

polarizations: fast wave (mainly), slow wave 

(parasitically)

Fast wave

Slow wave

[Jacquot 2014] 


