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 Particle transport is a key issue in magnetized fusion plasmas. Understanding its mechanism is 
essential for the design of future fusion reactors. The perturbation transport analysis has been used 
in the Tore Supra tokamak for determining separately the particle diffusivity D and the particle 
pinch velocity V [1]. Modulation (1 Hz) of the Ion Cyclotron Resonance Heating (ICRH) with 2 
MW has been used for generating the density perturbation. The electron density profile is measured 
by two X-mode reflectometers. The density perturbation starts to increase from the Last Closed 
Flux Surface (LCFS), and then propagates inward. The perturbation particle source width is about 
2.2cm. D and V are determined with Fourier analysis. V is defined as inward for negative values 
and outward for positive values. As shown in Fig.1a, simulation with the quasi-linear gyro-kinetic 
turbulence code QuaLiKiz [2] indicates that the particle pinch reversal from inward (red circle) to 
outward (blue diamond) correspond to the transition from purely Ion Temperature Gradient driven 
modes to the additional onset of Trapped Electron Modes. The reversal of the particle pinch velocity 
V and the sudden increase of the diffusive particle flux (ΓD =-D∇ne) have been clearly observed as 

shown in Fig.1b and Fig.1c for a mixing critical gradient ζc = / TR L +4 ( / nR L )=22, which is given 

by the linearized boundary separating the ITG area and the ITG-TEM area (Fig.1a). Finally the 
density profile is governed by a feedback loop and self-regulating system via the mixing critical 
gradient. This mechanism can explain the stiffness of the density and temperature profiles observed 
in the tokamak.   

 

 
Fig.1. (a) Turbulence stability diagram with QuaLiKiz simulation. The ITG/TEM boundary is fitted with the 

line of ζc= R/LT + 4(R/Ln)=22. Diffusive particle flux ΓD (b) and the pinch velocity V (c) versus ζ. 
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