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Wave-particle interactions are inevitable in tokamak plasmas [1,2]. In collisionless interactions, 

the frequencies involved are the wave frequency 

€ 

ω , the bounce frequency of the trapped 

particles 

€ 

ωb , the transit frequency of the circulating particles 

€ 

ω t , and the toroidal drift frequency 

€ 

ωd . Any combination of these frequencies leads to enhanced resonant transport losses. In 

quasilinear theory, collisions broaden the perturbed distribution in the vicinity of the resonances 

to decorrelate the interactions, and the transport losses do not depend explicitly on the collision 

frequency 

€ 

ν . However, when 

€ 

ν  is less than the bounce frequency of the nonlinearly trapped 

particles, the nonlinear trapping, which differs from the nonlinear resonance shown in [3], 

becomes an important loss mechanism. The trapping results from the coupled nonlinear 

dynamics of the radial drift and the phase of the wave to decorrelate the resonant interactions. 

The transport fluxes depend on 

€ 

˜ A , and are proportional to 

€ 

ν  in the nonlinear trapping regime, 

where 

€ 

˜ A  is the normalized amplitude of the perturbed field. In particular, the energy loss rate is 

used to assess the impact of the static magnetic perturbations [4,5] and the electromagnetic 

waves on the energy confinement of the energetic alpha particles in reactors, e.g., ITER, by 

comparing it with that of the standard neoclassical theory. The estimated alpha particle energy 

loss rate limits the magnitude of the magnetic perturbations to 

€ 

δB B∼ 10-4 or smaller to mitigate 

their impact on the fusion energy gain factor Q. Here, 

€ 

δB B  denotes the typical normalized 

perturbed magnetic field strength.  
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