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Test particle simulation of Anomalous cosmic ray transport in MHD turbulence
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Diffusion of particles in general is often described as a classical diffusion, in which individual particles undergo the well-
known Brownian motion, and the pdf (probability distribution function) of particles evolves according to the classical diffusion
equation. Some examples are the motion of pollens in the air, a drop of ink in water, and the motion of a crowd of people in ar
open space. On the other hand, cosmic rays (energetic charged particles) can behave quite differently as they are scattered
MHD (magnetohydrodynamic) turbulence in space plasma. These particles may sometimes be trapped for a long time by larg
amplitude MHD wave packets, or they may travel long distance without much changing its velocity and traveling direction when
the turbulence is weak. Given a distribution of the MHD turbulence, a typical cosmic ray trajectory may consist of multiple
events consisting of trapping and ballistic motions (walk-stick model).

From this perspective, we study the nature of cosmic ray diffusion in the MHD turbulence, in particular, how the macroscopic
parameters that describe the turbulence, such as the total energy and the power-law index, are related to the statistical proper!
of the cosmic ray diffusion. In this poster presentation, we show (1) diffusion of particles within the framework of the walk-stick
model, and (2) diffusion of cosmic rays in a given turbulent MHD field.

First we consider the walk-stick model, in which the particles are assumed to alternate walk (velocity v=1 or -1) and stick
(v=0) in the one-dimensional space. The time interval for the walk and the stick evgptsdhd t;;.;) are determined by
respective probability distribution functions. If we use the normal distribution function to deterpineand t;.x, we obtain
the Brownian motion time series. Instead, if we use the power-law distribution (with the power-law index mu and nu for the walk
and the stick events, respectively), we can generate the so-called Levy walk time series. For an ensemble of particles we defil
the diffusion coefficient D(tau) =delta ¥ >/ tau, where delta x is the traveling distance within time scale, tau. When D(tau)
“tau—9emme we have normal diffusion (gamma=0), sub-diffusion £damma<0), and super-diffusion (&cgamma<-1).

Then we consider a physical model in which cosmic rays travel in a given MHD turbulence. The turbulence is generated
by superposition of many monochromatic MHD waves. The wave amplitude is given so that the wave power spectrum obey:
the power-law with a given power-law index, i.e., A=epsilkn®?"*, The wave phases are assumed to be random. Cosmic
ray equation of motion is numerically time integrated by Buneman-Boris method. By evaluating ensemble average of cosmic
rays we compute the time scale dependent diffusion coefficient. Whenl@t D is almost proportional to tau, implying that
the cosmic rays are making ballistic motion when the time scale is less than the mirror-reflection time scale. Beyond this time
scale, there appear regimes with normal and anomalous diffusion with different characters. Details of the computations will be
explained in the presentation.
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