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Energetic particles (EP) are ubiquitous in fusion plasmas 

and need to be well-confined in order to transfer their 

energy to thermal particles and thus achieve self-sustained 

fusion reactions. However, a fusion plasma is a complex 

system where micro- and macro-instabilities develop. 

These instabilities can dramatically reduce the EP 

confinement and therefore limit the performance of future 

fusion devices such as ITER. Understanding and 

controlling EP transport in the presence of different 

instabilities is therefore of prime importance on the route towards steady-state scenarios. In this 

presentation we focus on the EP transport induced by single-helicity electro-magnetic modes, using a 

reduced model based on a recently developed 5D Guiding-Centre Tracking (GCT) code. First, the 

emphasis is put on the paradigm of electrostatic modes excited by EP: the energetic geodesic acoustic 

modes (EGAMs) [1-4]. We show that EGAMs create a 

chaotic channel from the inner region to the edge of the 

tokamak (FIG. 1) leading to losses of counter-passing EP 

[5] and provide evidence that EP dynamics is governed by 

trapping-induced super-diffusion, leading to asymmetric 

transport and a net toroidal torque. The analysis is 

extended to the magnetic regime, where large scale tearing 

modes can be excited, inducing EP losses [6-9]. This is 

analysed using GCT in the context of 𝛼-particle transport 

in ITER-like scenarios. As for EGAMs, counter-passing 

particles are lost (FIG. 2), inducing a net toroidal torque, whose impact on ITER is assessed. A reduced 

model has been developed based on analytic theory to provide quantitative prediction of EP transport. 
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FIG. 1: Poincaré map of counter-passing EP with 
(red dots) and without (blue dots) EGAM. The wall 
of the tokamak is represented by the black circle. 

FIG. 2: Trajectory of an EP particle in the presence 
(red dots) and in the absence (blue dots) of a (2,1) 
tearing mode (evidenced by the Poincaré map of 
the magnetic field represented by black dots). 
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