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ABSTRACT
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Abstract:

In interplanetary space, the transport of energetic charged particles is influenced by a
turbulent magnetic field. Previous studies have shown that a two-component (2D+slab) magnetic
model of turbulence is a useful model for the magnetic field in the heliosphere. Normally, the
diffusive behavior of charged particles in a turbulent magnetic field is observed when they
approach the long time limit. The charged particles are often assumed to follow and diffuse
according to the random walk of the field lines but some theories of perpendicular particle
transport, such as nonlinear guiding center theory (NLGC), implicitly assume some true cross-
field diffusion in which particles separate from the field line connected to their initial location. In
this work, we study the mechanism by which charged particles separate from their initial
magnetic field lines and also the effect of reduced dimensionality of the magnetic field on cross-
field motion of the charged particles. Here we perform numerical simulations of charged particle
trajectories in several cases of magnetic turbulence such as pure slab turbulence, Gaussian 2D
field+slab turbulence, and 2D+slab turbulence. Then we trace their corresponding magnetic
field lines which start at the initial guiding centers of the charged particles. After that we
compute statistics of the mean squared average transverse separation between guiding centers of
the particles and field lines. We will examine the effects of the initial pitch angle, particle
energy, fraction of 2D and slab lines in order to understand the separation behavior.
Furthermore, we develop the measuring and correcting techniques for Taylor microscale which
is one of length scales that we can find from turbulent magnetic field in space. Time series of the

signal generated from known spectrum of turbulent magnetic field lead us to the correlation



function and structure function. Fitting and extrapolation methods are used in other to estimate
the Taylor microscale. The application of this technique to real spacecraft data of solar wind is

also presented.

Keywords: energetic charged particles, turbulent magnetic field, diffusion, drift.



