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This work focuses on the interplay between magnetic boundary and plasma-wall interaction (PWI) in the 

RFP. PWI in the RFP is not mediated by limiter or divertor, and the deformation of the magnetic 

boundary brings the plasma in contact with a large portion of the wall. Moreover localized heat loads as 

large as those expected in the ITER divertor are present in RFX-mod. Optimizing PWI is therefore 

mandatory for the RFP fusion performance, but also provides significant contribution to Tokamak and 

Stellarator.  

At high Lundquist number a bifurcation in the Hamiltonian of magnetic field lines leads the RFP to a 

transition from a chaotic regime to a helical equilibrium (Quasi Single Helicity, QSH, [1]). In both 

chaotic and laminar regimes, PWI has a strong three-dimensional nature. In the chaotic regime, the 

localized toroidal bulging of the LCMS (wall-locked modes) leads to power loads up to tens MWm
-2

 . In 

the helical equilibria, the magnetic boundary induces a helically shaped footprint and helically modulated 

edge plasma kinetic profiles. Such 3D nature has interesting similarities, allowing for the comparison 

with Resonant Magnetic Perturbation and Dynamic Ergodic Divertor experiments in Tokamaks and with 

island divertors in Stellarators. The helical shape of PWI is reflected in a modulation of the edge flow, 

measured with several diagnostics, including magnetic and electrostatic probes, Gas Puffing Imaging and 

passive Doppler spectroscopy. Such modulation is interpreted as a modulation of the radial ambipolar 

electric field, also reported in Tokamaks during RMP experiments [2]. Simulations by the guiding centre 

ORBIT code provide a complete description of the relationship between ambipolar electric field, flows 

and electron and ion diffusion rates. A dependence of the flow modulation on density has been found, 

resembling the effect of collisionality on the RMP efficiency in ELM mitigation in Tokamaks [3].  

In RFX-mod the wall is covered by carbon tiles and the hydrogen retention is very high. The portion of 

the wall wetted by the plasma and subjected to high power loads produces uncontrolled release of 

hydrogen. H ions, interacting with the edge magnetic islands and flow pattern, follow convective cells 

resulting in toroidally localized particle accumulation. This limits the global confinement and prevents the 

sustainment of high densities at high current and the access to the improved QSH regime at n/nG > 0.3. 

Several techniques including wall conditioning by He Glow Discharge Cleaning, Boronisation and 

Lithisation are applied to reduce the wall recycling, improve the density control and avoid the formation 

of local cold regions. Although with a yet non-uniform conditioning, positive results have been obtained. 

At the highest densities the ohmic power necessary to sustain high plasma current Ip≥1.5 MA decreases 

and helical states can be obtained at higher densities, up to n/nG ≈ 0.4. The present results and the unique 

level of flexibility of RFX-mod, which can be operated both as an RFP and as a tokamak and can finely 

tailor the plasma edge by means of its feedback magnetic coil system, motivate an even stronger effort on 

these subjects. Aiming at advancing RFP perspectives and contributing to the key ITER and DEMO 

physics issue of plasma-wall interaction, the change of the first wall from carbon to Tungsten is being 

designed.  
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