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Fast ions are ubiquitous in natural and laboratory plasmas. In astrophysical plasmas, such as 

the solar wind and the magnetosphere, ions can be accelerated by wave-particle interaction to 

high energies and become harmful to spacecrafts. In fusion devices, supra-thermal ions may 

be created by fusion reactions and additional heating and achieving a good confinement of 

these particles is required to reach burning conditions. The transport of supra-thermal ions is 

generally non-diffusive and its understanding is an essential issue for many plasma systems.

In the basic plasma physics device TORPEX, progress in the fundamental understanding of 

supra-thermal  ion  transport  is  achieved  by  extensive  set  of  three-dimensional  (3D)  data 

together with numerical simulations of supra-thermal ion tracers in turbulent fields [1].

In TORPEX, supra-thermal lithium 6+ ions are generated with a miniaturized ion source with 

energies up to 1keV, and are detected using a double-gridded energy analyzer. The detector is 

mounted  on  a  two-dimensional  (2D)  movable  system  and  allows  reconstructing  the  2D 

poloidal distribution of the supra-thermal ion current. A dedicated movable system has been 

developed  to  move  the  ion  source  in  the  toroidal  direction  in  between  discharges.  This 

experimental setup allows precise measurements of the 3D profile of the supra-thermal ion 

beam. The vertical and radial spreading of the supra-thermal ion beam is measured, which is 

associated with plasma turbulence and with intermittent radially propagating structures, i.e. 

blobs.

The experimental data are interpreted using numerical simulations of the supra-thermal ion 

transport based on a global fluid model of TORPEX plasmas [2]. The presence of a ballistic 

phase followed by an interaction phase is revealed. In the interaction phase, the dispersion 

regime can be sub-diffusive, diffusive or super-diffusive, depending on the ion energy and on 

the amplitude of the plasma potential fluctuations. Gyro-averaging and drift-averaging are the 

main mechanisms reducing the radial transport. Experimental measurements of the ion beam 

show  a  good  agreement  with  the  simulations  in  the  interaction  phase.  This  work  was 
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