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The noisy reduced magneto-hydrodynamic (NRMHD) turbulence model was recently . Ce T me T p
formulated and used to compute field line random walk (FLRW) diffusion coetfticient, JIi]¢]oYe]g={s W\

KrL. Using the same model, we investigate the diffusion of energetic particles across
the mean magnetic field by calculating parallel and perpendicular mean free paths,

N & AL. We used the Non-Linear Guiding Centre (NLGC) theory, the Unified Non-

Linear Transport (UNLT) theory, and test-particle simulations. It is shown that both ERSEINARI SR
theories provide very different results and only UNLT agrees with simulations. of MANITOBA NS
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Introduction

, | Two problems were discovered for the NLGC theory. First it provides
Different processes Iin space and ifysion for slab turbulence in contradiction with theorem on reduced
astrophysics can be solved by understanding  gimensionality’. Second, FLRW limit cannot be derived for arbitrary
the diffusion of energetic particles. SUCh yrpylence. Shalchi (2010) improved NLGC and developed the UNLT
particles scatter upon interacting with theé a4y which is still based on Egs. (1) and (2) but 4th order correlations are
solar wind plasma In the solar system for .qmnuted directly by using a pitch-angle dependent particle distribution
example (Fig. 1). spatial diffusion is mainly  ¢ynction f (u, x, v, z, t) with the pitch-angle cosine . Hence the problems of

caused by turbulent magnetic fields OB. On N GC were solved and the following nonlinear integral was derived
top of that we also find a mean magnetic field 2,2 P, (})

Bo which breaks the symmetry of the system. K| = /d3k
herefore, we have to distinguish between 357 (vk)?/ (3K LkL) + 46 LK1 /3 + v/

diffusion of particles along (k| or Aj)) and NRMHD turbulence model®

across (K. orA.) the mean magnetic field. t is a highly anisotropic model of magnetic field lines appropriate for low
KE _ B3 +SE \\\ ) frequency turbulence when superimposed with a strong mean field. Parallel
0z e /\ wavenumbers are cut off at a value K (noisy part). The correlation tensor is
. 1 1 if k| < K 8 1
P (k K2 Ak k 2= ith A(ks, ky) = A(kL) = =1,0B”
To@llntemtellar ( ) 47TK Y ( ’ y) {O lf kz > K Wlth ( y) ( J_) 9 - [1_|_ (kJ_ZJ_)Q],?/S
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Analytical theories (NLGC vs. UNLT)
It Is difficult to describe perpendicular

diffusion due to non-linear eftects. Couple of
theories were proposed to approximate the FLRW and partlcle diffusion results

perpendicular diffusion coefficient. The most Parallel and perpendicular diffusion coefficients were obtained using
oromising are NLGC? and UNLT? theories. NLGC, UNLT, and test-particle simulations using different values of

Combining the equation of motion parameters a2 (6B/Bo)2, and K= KIL Both theories provide different results.
N 5B£B / o By suppressing parallel diffusion and : mui_ at small A, AL Ay for both theories \
V., = QU (‘] ) 10' Eforcing particles to follow field linesg _@ 4 . . —
-t * B fwe can obtain the FLRW L L e
0 ** Himit from UNLT theory I N 555> LRI

107

-
~ea
e
-~
i
-

..
~
..
~

with TGK#26 formulation o (us32e)
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; a2 is a unit one parameter that
describe how much particles
are following field lines, a2=1
means exact following

the field line equation dx=dz 6B./Bo canj
be solved numerically to yield field line;

diffusion coefficient, Kr(] o
10 M N N PR N | N M i N N 1 N i N PR i N P

ano approximating Ath order correlation L - s o i) ST ,J‘,’. STy

J : 0 10° :gat high A, Ar=const for UNLT tending toward
by a pI’Od.UCJ[ Of tWO 2" .Order ana USlﬂg - R ———....9 000 O 08 r FLRW limit in agreement with universality of
exponential and isotropic model for the B R } ransport? whereas A\ 1% for NLGG
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parallel velocity correlation function,
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Matthaeus et al. (2003) derived the / e NLGC
be 2_ 13, | test-particl
following nonlinear integral for NLGC Th. S AWl simulations confirm
: , UNLT b
a’p? 5 Pxx(k) P«(K): magnetic | » NLGC rzggﬁ;
/{J_ d k 5 Ml correlation tensor: k|| L O OV VRV SV SOV 10-140%2 ‘ 1(;‘ . ..A.“{;U : 1:) X ‘..A.,{Sz : .“m{gi S
3B2 KDH k” -+ K| kJ_ -+ U/)\H & ki wavenumbers 0 " "11(/)'_ 0 0 ° A /
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