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Transport of cosmic rays with non-Gaussian transport
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Diffusion of cosmic rays (energetic charged particles) have been discussed mainly using quasi-linear theories, which assum
presence of small amplitude, phase random magnetic fluctuations as scatterers. However, the magnetic fluctuations in space of
have large amplitude (nonlinear), and are also often intermittent. Thus the diffusion of the cosmic rays may differ from normal,
Gaussian diffusion, in which individual particles obey Brownian-type motion.

We analyzed anomalous diffusion of cosmic rays by performing test particle simulations and also by numerically solving the
fractal diffusion equation. In the test particle simulation, we adopt the walk-stick model (Weeks et al., 1996), in which the walk
and the stick time intervals are given by Levy distribution. The fractal diffusion equation is solved as an initial value problem
(Podlubny, 1999; Shimamoto, 2012).

Perri and Zimbardo (2008) analyzed energetic particle flux observed by Ulysses, and suggested the presence of non-Gauss
scattering in the solar wind. However, the flux data they used in the analysis have large fluctuations, and thus statistical signifi
cance of their conclusions must be carefully examined. We numerically produce the cosmic ray flux using the model describet
above, and evaluate associated power-law index and its statistical error, for the cases of normal and non-Gaussian transport. Al
we analyze a model in which cosmic rays travel several distinct regions with different scattering properties.
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