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• Spectra of CRs,  ratio between 
secondary and primary CRs, eg. B/C
are well described; 

• Makes prediction,  eg., anisotropy;
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Consistent with the GLOBAL 
diffusion prediction;
Services as an indication that PeV

CRs are galactic origin.

• Standard model 
predicts that the 
anisotropy of GCRs are 
of dipole form, with 
the direction pointing 
to the GC .

• Agree with the 
observation above 
100TeV. 

PeV CRs anisotropy in Galactic coordinate



TeV CRs anisotropy in the Galactic coordinates

1. Below 100 TeV, Dipole does not point 
to GC, but to the Local ISMF direction

2. Indicates that regular magnetic field
Is important to the propagation of GCRs

N. A. Schwadron, et al., 2014, Science

GC



Under ordered magnetic field , diffusion process is anisotropic and is 

rank-two symmetric tensor

In a field-aligned coordinate system

diffusion coefficient aligned with

diffusion coefficient perpendicular to

Anisotropic diffusion in regular magnetic field



J. Giacalone and J. R. Jokipii, 1999, ApJ

Off-diagonal terms in the general coordinate system



is called pseudo source term

Pseudo source solution to off-diagonal diffusion terms



New propagation equation becomes

A Form of GALPROP Equation



Iteration method

(1) assume , solve propagation equation to obtain 

distribution

(2) calculate according to , then solve propagation 

equation with to obtain the new distribution

repeat procedure (2) for times until become 
small enough



Test by a toy magnetic field model

DRAGON solved a 2D anisotropic propagation problem

𝑩𝝓 is dominated far away 

from the Galactic center

Close to the Galactic 
center, 𝑩𝒛 is dominated

from Andrea Vittino’s talk @ICRC2017

C. Evoli, D. Gaggero, et al. 2017, JCAP



𝐷∥ dominated when 𝑟 ≪ 𝑅0

𝐷⊥ dominated when 𝑟 ≫ 𝑅0

𝑦 = 0, 𝑧 = 0

휀𝐵 = 0.2

𝛿∥ = 0.1

𝛿⊥ = 0.6

𝑅0 = 3.5 kpc

Difference might be originated from different choice of the step size of grid



SOLAR SYSTEM

A Realistic 3D Galactic Magnetic Field Model

Not agree with IBEX



disk component

halo component

poloidal component

R. Jansson and G. R. Farrar, 2012, ApJ

M. S. Pshirkov, P. G. Tinyakov et al, 2011, ApJ

Formulae of the Model



When 휀 drops, both 𝐷0∥ accordingly increases

Nearby the solar system, perpendicular  
diffusion is dominated

𝛿⊥ is determined by the B/C ratio(𝐿 is 
fixed to 4 kpc)

𝛿∥ is fixed to 0.3

Result of B/C ratio



Result of proton spectrum



A pseudo source method is proposed to solve the 3D 

anisotropic diffusion equation with existing GALPROP 

package.

B/C ratio and proton spectrum under a realistic magnetic 

field model are reproduced with reasonable parameters.

CR Anisotropy will be studied with magnetic field model 

capable representing local ISMF in the future.

Summary



Thank you for your attention


