Magnetic field line separation by random ballistic decorrelation in transverse magnetic turbulence
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We present theoretical results on the separation between magnetic field lines in space. This is of interest
because charged particles must gyrate around magnetic field lines, which therefore dictate the motion of such
particles, including components of space plasmas and high energy particles from solar storms, which in turn can
affect mankind’s space technology. The challenge is that magnetic field lines in space are turbulent, with a special
type of randomness, so we must find a statistical answer for the rate of separation between initially neighboring

field lines, which underlies the diffusion of a group of particles following these field lines.
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Figure 1. Illustration of separation of two nearby magnetic field lines in the x—z plane where z-axis is along the mean field and x-axis is along the initial
displacement, which has magnitude Xj. After the change in z indicated by A7 =7" =7 the change in x of a single field line is Ax’. The displacement between
the two field lines is indicated by X = x1 — x2 and the separation is AX = X — Xj. In this work, we calculate (AX?) and (AY?) as functions of z.



