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Transport Equations
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Diffusion, Convection 
& Anisotropy
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Cosmic Ray Diffusion

• Galactic and extragalactic 
magnetic fields have a 
random component (no 
preferred direction). 

• Effectively, after some 
characteristic distance    , 
a CR will be scattered into 
a random direction. 

• Cosmic ray propagation 
follows a random walk. 

• After N encounters the CR 
will have travelled an 
average distance: d = Nλ

λ

random walk of particles  

in a random magnetic field

d
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Cosmic Ray Anisotropy
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Cosmic ray anisotropies up to the level of one-per-mille  
are observed at various energies.  

(Super-Kamikande, Milargo, ARGO-YBJ, EAS-TOP, Tibet AS- , Icecube, HAWC)γ

[Ahlers & Mertsch'16]
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Dipole Anisotropy
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poloidal toroidal coriolis force twists 
field lines

poloidal

Solar Magnetic Field

solar  maximum with sunspots  and flares (outflow)

solar 
minimum

next solar 
minimum 
~11 years

field
reversal

[Sanchez, Fournier & Aubert, ApJ 2013]

Solar cycle with period ~22year
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Solar Cycle
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Solar Potential
• CR phase-space diffusion f in spherically symmetric solar wind (see exercise):
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‹ force-field approximation: Sr ' 0 [Gleeson & Axford’68;Gleeson & Urch’73]

• local solution (r� = 1AU) related to distribution beyond heliosphere:

f (r�, p(r�)) = lim
R!•

f (R, p(R))

• p(r) solution of characteristic equation:
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‹ assume Bohm diffusion in heliosphere: K�(r, p) ' K�(r, p0)(p/p0)
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Solar Modulation

• Voyager satellite observes 
proton & electron spectra 
in local interstellar 
medium (LIS): no solar 
effect 

PAMELA 2006-2009           
solar minimum 

AMS-02 2011-2013             
solar maximum 

• Effect can be treated via a 
force field approximation 
corresponding to a solar 
potential (see exercise). [Potgieter & Vos, A&A 2017]

solar  
effect
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