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Perpendicular transport
< Dominated by field
line wandering.

/\/‘/J\/

—LN\> BO

e my new simulations

FLRW model (Jokipii 1966) with-realistic
Intensive studies: turbulence
€.g., Jokipii & Parker 1969, Forman 74,  — Particle trajectory
Urch 77, Bieber & Matthaeus 97, — Magnetic field

Giacolone & Jokipii 99, Matthaeus et al
03, Shalchi et al. 04

What if we use the tested model of turbulence?



Is there subdiffusion (Ax*e<At?, a<1) ?

*  Subdiffusion (or compound diffusion,
Getmantsev 62, Lingenfelter et al 71, Fisk et al. 73,

Webb et al 06) was observed 1n near-slab
turbulence, which can occur on small g~~1=<,
due to instability. |

¢  What about large scale turbulence? LN

Example: diffusion of a dye on a rope
a) A rope allowing retracing, At =liope? /D

b) A rope limiting retracing within pieces WW

| /n At —lrope /nD

rope

\

Diffusion is slow only if particles retrace their trajectories.



When does subdiffusion occur?

In turbulence, CRs’ trajactory become
independent when field lines are seperated /

by the smallest eddy size , 11 min. '

The separation between field lines grows \

exponentially, provides Rechester-Rosembluth
distance, Lrr =limin 10g(1 L min /1) (Chandta

& Cowley 98, Lazarian 06)

-

; | ; — Particle trajectory
Subdiffusion only occurs below L. — Magnetic field

Beyond L.,

our calculations are correct.

normal diffusion applies and



Perpendicular transport (A, > L)
v A, > L, CRdiffusion is controlled by
field line wandering

M,< 1, CRs free stream over
distance L, thus At=(R/L M,?)? Liv|,
D, =R?/At= Lv, M,* (differs from the
FLRW result)

Whetdersdndto What\degree 1 diffusion is

suppressed depends on A, and M,.



Perpendicular diffusion (A, < L)

¢ M, <1, onlarge scale CRs

need to diffuse L In order to
cover a distance LM, 2in L

direction, thus At=(R/LM,2)> s 8
L2/D, D, =R? [At=D, M," |

(Lazarian 06

© M, >1,D, =D& trerstifffiess

of B field is negligible for A,

Perpendicular diffusion depends on
M,=6B/B,.




