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Cosmic rays (CR) with TeV–PeV energies scatter on inhomogeneities of the interstellar mag-

netic fields. Consequently, their propagation in the Milky Way resembles a random walk, and

can be described by the "diffusion approximation". In this work, we discuss two important limits

of this approch.

Several experiments have observed anisotropies in the Galactic CR flux, in the TeV–PeV en-

ergy range, both on large scales, with an amplitude of ∼ 0.1%, and on scales between ' 10◦

and ' 30◦, with amplitudes smaller by a factor of a few to ten. With a diffusion coefficient de-

duced from CR chemical abundances, the diffusion approximation predicts a dipolar anisotropy

of correct amplitude, but cannot explain the smaller scale features. We demonstrate here that

rigidity-dependent smaller scale anisotropies naturally arise from the local realization of the

random magnetic field within about a CR scattering length from Earth. In the future, TeV–PeV

CR anisotropies may become a convenient way to probe the structure of interstellar magnetic

fields within a few tens of parsecs from Earth.

We also study the diffusion of Galactic CRs around their sources. We show that the simpli-

fying hypothesis of isotropic diffusion is usually not acceptable. CR densities around sources

should be expected to be strongly irregular and display filamentary structures, which has im-

portant implications for gamma ray astronomy. For a turbulent magnetic field with Kolmogorov

spectrum and maximal scale of fluctuations Lmax, we estimate the transition time t∗ to standard

diffusion as t∗ ∼ 104yr (Lmax/150pc)β (E/PeV)−γ(Brms/4 µG)γ , with β ' 2 and γ = 0.25–0.5.
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