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Parallel diffusion of charged particles by MHD turbulence :
Comparison with Quasi-linear theory
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We discuss parallel diffusion of charged particles by performing one-dimensional test particle simu-
lations, using a one-dimensional, time stationary, slab model for the MHD turbulence. Parallel diffusion
coefficient is evaluated numerically and its dependence to various turbulence parameters is considered,
including the turbulence amplitude, the field power spectrum index 7, and an index to denote wave
phase coherence in turbulence. It is known that the parallel diffusion coefficient derived within the
framework of the quasi-linear theory diverges when v > 2 in slab geometry, due to the lack of the waves
which can resonate linearly with particles with 90° pitch angle. By introducing the concept of ’effective
pitch angle’, we define a modified quasi-linear parallel diffusion coefficient, which agrees well with the
numerical simulation results. Implications to the observed mean free path of energetic particles in the
solar wind are discussed.
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Fig. 1 Power spectrum of the given field turbulence. In
this example, the power law index is 7 = 1.5,
total power is 8B2 1, and the waves have
right-handed magnetic helicity. The shadowed
area shows the waves which can resonate lin-
early with particles with pitch angle pg < |u| <1,
where po = /kmaz/v. The dark shadowed area
shows effective resonant wave number defined by

€q.(20),where g ~ ué/ 7. The waves with left-
handed magnetic helicity are also given, using the
identical power spectrum as above, besides the sign

. of the wave number, k.
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Fig. 2 Typical field magnitude profiles for v = 1.5,¢c4 = 0
(left), v = 3,¢c4 = 0 (right, top), and ¥ = 1.5,¢4 =
0.8 (right bottom). Turbulence level used is 6B =
1 for all profiles.
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Fig. 3 Time evolution of particle position for various field
turbulence amplitudes, (a) 6B = 0.03, (b) éB =1,
(¢) 6B = 10. Other parameters used are vy = 1.5
and v = 10 for all the runs .
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Fig. 4 Diffusion coefficient vs. time for v = 1.5,v = 10.
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Fig. 6 Time evolution of particle position for (a) v = 0.3
and (b) v = 500. Field turbulence parameters used
are v = 1.5 and 6 B = 1 for both runs.
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Fig. 13 Diffusion coefficient vs. time, with the phase co-
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