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Anomalous transport of cosmic rays in MHD turbulence
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The motion of cosmic rays (energetic particles) in the MHD turbulence is complex. Even in the simplest setting of the fossil
slab model, in which the turbulence electromagnetic field is given as a superposition of static finite amplitude MHD waves, the
cosmic rays can at times be trapped by a large amplitude wave packet and stay there for a long time, or can they make almc
ballistic motion without much influenced by the turbulence field. At some large time and spatial scales, their motion may deviate
from the classical Brownian motion. If this is the case, the transport of the cosmic rays should be treated using the concept ¢
sub- and super-diffusion for this particular time and the spatial scales.

In our earlier presentations at this conference, we have introduced a natural formalism to model the anomalous transport usir
the fractional diffusion equation, in which the spatial diffusion term involves a fractional differentiation operator. An essential
external parameter in this model is the order of the differentiation, and this has to be determined via inspection of the cosmic ra
scattering by a given MHD turbulence field.

In this presentation, we discuss how the properties of the given turbulence are mapped to the statistical properties of motio
of the cosmic rays. We will pay particular attention to the influence of the turbulence energy density, turbulence spectrum, anc
intermittency. By analytic theory and test particle simulations, we will then determine the order of the differentiation of the
spatial diffusion term for some realistic turbulence models associated with astrophysical shocks.
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