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There is still no fully satisfactory explanation of the experimental particle and energy trans-

port across the magnetic field in fusion devices. The cost of an economically viable thermonu-

clear fusion powered reactor is largely determined by this radial transport that has, so far, been

estimated and extrapolated using semi-empirical methods based on traditional diffusive-like

models. It is however still not clear that these models are sufficiently complete and adequate to

describe radial transport in all reactor-relevant regimes. An example of this is the radial transport

of α-particles, which has been assumed diffusive in the literature [1, 2].

The goal of this work is to test whether collisionless α-particle transport is diffusive and if

not find the fractional transport parameters describing it. To this end, we numerically analyzed

the motion of collisionless α-particles with a guiding center orbit following code MOCA for

five configurations with different levels of quasi-toroidal magnetic field symmetry. We first

find that the statistical characterization of banana widths, bouncing times and banana center

evolution, obtained using a newly developed numerical procedure, put into question the classical

convection/diffusion approach to adequately describe collisionless α-particle transport as the

magnetic configuration departs from toroidal symmetry. The characterization and quantification

of transport is done using fractional transport theory [3], the resulting α-particle trajectories

and distribution functions show that as the degree of quasi-toroidal symmetry increases, the

collisionless α-particle ripple-enhanced transport becomes strongly subdiffusive.
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