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Using test-particle simulations we investigate the transport of energetic particles in
the Interplanetary space. We employ for the first time dynamical turbulence with
the so-called damping model to calculate parallel and perpendicular diffusion
coefficients or equivalently mean free paths (MFP), Ay & AL, and compare them with

solar wind observations. It is shown that a very good agreement can be REARNEIEEIER

established between our simulations and the Palmer consensus range. or MANITOBA NSERC
Introduction [ (k,t) is the dynamical correlation function where different models have
A longstanding problem in space science Is  been proposed. In this work we consider the damping model? which is
the motion of energetic particles such as indeed the most relevant r E B IN TSIl o dynamical strength
cosmic rays through the solar system (Fig.1). ( 7t) — € B v Alfvén speed

Palmer (1982) used observational data and  To calculate the Fourier transformed dynamical function we consider
was able to represent parallel diffusion by a

band known as Palmer consensus range. He X(k,w) := ;9?/ dt T'(k,t)e™ """ =
also compared his results with quasilinear V
coefficients and find no agreement. Hence
our Jnderstanding need to be moditied.
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Test-particle simulations & results
We performed simulations with pure slab* and slab/2D composite model

- ~ with real solar wind parameters, table 1. Trajectories of 104 particles were
B = B, e +5B \\ calculated and averaged to yield diffusion coefficients. Ferreira el al. (2001)
o e \ .g e used Palmer (1982) results to calculate the ratio of the perpendicular to the

e _ i3 - parallel mean free paths. They found A./\j=b and 0.005<b<0.05.
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Bieber et al. (1994) extended the quasﬂmear S Paramesr Symbol Valuc
= 2 2D energy range spectral index 2
approaCh by per Ormlng three Steps B rSt éf_': Inertialfayngae sgpeilt)raltiraldex Z 5/3
" © *= Dissipation range spectral index p 3
they moditied the turbulence model by using S 8 e specd D sk
- = © Q Slab bendover scale Lsia 0.030 AU
he so-called two-component rather than the § £3 D 0050 AU
slab model. Second, they added dissipation % g T Dissipation wavenumber ka - 3x1071AU
_ o 5 g 2D dissipation wavenumber kop 3 x 10° 1/AU
effects to the employed spectrum. Finally, the | . @ & o Mean field Bo,  412nd
] O = M d0 Iraction slab .
magneto-static model was replaced by a < & § _2D fraction 6B, 0888’
dynamical turbulence. An agreement with the s ' o ; o)+ Results increased due to resonance:
o000l ) o broadening but still no agreement
Palmer consensus range was reachea. ~p oo small results but perfect Z """ Different than Beiber et al. (1994) :
4 100.000 F T ) agreement with quasi-linear - calculations —> QL s incorrect 7
— s Domplng Model rela’tIVISTIC reg|me _1ooop calculations of Bieber et al. 1994 4 : _ 1000 4ie to non-linear effects? E
:3(/ 0 000 [ Composite Slab/2D Geomefryp_l_ & e- have same % / : %
. 3 - 100 - ! - : = =
;Co_ ; it £ 1836 gyro- frequeney . i oo; ffetgg Oi 3 ﬁ.‘ﬂ@‘/g T Or Y e
o - difference of ~18 - oorol e f5 glab model - oorol ~5  slab/2D model -
o 1-000F in gyro-frequencies T f e 5B/Bo=1.0 - : 5B/Bo=10
L; ' l e s e : 0001 i - - ' - 0.001L . : 'o . . ' . - 6
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B 0.010 ¢ 0B/Bo ,-~ Palmer consensus range 4 I Repa| SW parameters | : I s i ]
= - =10 7 Electrons : 1000« 5B/Bo=0.5 - T A —aa Sg 0.005<b<0.05 §
0 2 e e Protons - -« Alfven speed va=33.5 km/s . 0.0100 T i
0.001 Lt 0 e il il il il "« dynamical turbulence (a=1) ! - e _ i
Fig. 2 10”" 102 10" 10% 10° 10% 10° 2 100 * 20%-slab/80%-2D model * \ : <
i DT with OL } Rigidity (MV) Bieber et al. (1994)) - - d'SS'pat'ﬁon efiects (p:i) o) s ) |
- | / syl are rel aptivi stic 0010 behaviour already /
Dynamlcal Turbulence O'mf o = § predicted by UNLT theory E\
: : : : C | factor of ~ 13 I relativistic effects =
Tracking energetic particles in realistic solar N A _ &rapid decrease
. . . . 1072 10° 102 10* 10° 102 10° 1 108
wind dynamical turbulence is our aim. 4 ° ° (v ’ °
Turbul : J bed b N — : *No ability to reproduce the consensus band by *Only &6B/Bo=0.5 can reproduce Palmer (1982) results as
uroulence IS SSCroe y the ourier or employing the slab model suggested by Ruffolo et al. (2012)
wavenumber space correlation tensor3 * The usage of the slab/2D model is required * The behaviour of the MFPs ratio is exactly what is
= _, o, 7 — -\Rigidity IS not the only property that influences the MFP  predicted by the UNLT theory’8 /
Py (s 1) = <5Bm(k)5Bn(k)> D(k,t) .
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