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Cosmic ray Spectra

e Spectra of CRs, ratio between 10°
secondary and primary CRs, eg. B/C
are well described;

e Makes prediction, eg., anisotropy; 10° 10" 1 10 10° 10° 10‘;3((13(&)106 10" 10° 10" 10" 10" 10"

Standard Propagation EQ: AN
2

Symmetric Symmetric EI'OSE 'E
to GC Source Diffusion  Convection 104;_
(7, p, t 0
eed {0
o o1 0 S oE
+ —p?Dyp— -5V V) %o
ﬁpp pp Op p2 5p pY ( w) § £
v _ 9 o
Secondary production 5 107
Tf Tr Z 107
b E

interaction
10'7 IIIILLLIJ IIIII|_|_|] \IIIILI_d IIIILLLIJ IIIIILI,I] II\III_LI] IIIILU_IJ IIIII|_|_|] IIIII|,|_|] IIIILLI_IJ IIIIILI_I] IIIII|_|_|] IIIII,LI_IJ

threshold "

1L




PeV CRs anisotropy in Galactic coordinate

Intensity distribution

Standard model Tibet Ill 1Pe
predicts that the
anisotropy of GCRs are
of dipole form, with
the direction pointing L L i
to the GC.
Agree with the THETASTRNNE AR
observation above
100TeV.
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Services as an indication that PeV
Sun S~ =- CRs are galactic origin.



TeV CRs anisotropy In the Galactic coordinates

L

O 4
.
=
Lower 2
Centaurus- 2
Crux (LCC) L:f
x ©
=

%0 0 1. Below 100 TeV, Dipole does not point
To Galactic Center 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



Anisotropic diffusion in regular magnetic field

Under ordered magnetic field B, diffusion process is anisotropic and 1) ; is
rank-two symmetric tensor

In a field-aligned coordinate system
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D) diffusion coefficient alighed with B
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D diffusion coefficient perpendicular to B
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Off-diagonal terms in the general coordinate system
Dyy  Dyy Dy
Dij = | Dya Dyy Dy
Dzm Dzy Dzz

| B

J. Giacalone and J. R. Jokipii, 1999, Ap)
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Pseudo source solution to off-diagonal diffusion terms
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Jpseudo is called pseudo source term



A Form of GALPROP Eqguation

New propagation equation becomes
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[teration method

(1) assume qégiudo = 0, solve propagation equation to obtain

distribution ¢
(2) calculate qgiudo according to w(l), then solve propagation

. (D , o
equation with pseudo to obtain the new distribution ¢

repeat procedure (2) for n times until|y ™) — (™| become
small enough



Test by a toy magnetic field model

DRAGON solved a 2D anisotropic propagation problem  C. Evoli, D. Gaggero, et al. 2017, JCAP

B 4 is dominated far away
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spectral index [10 < p [GeV/c] £ 100]

D, dominated when r < R

D, dominated when r > R,
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A Realistic 3D Galactic Magnetic Field Model
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Formulae of the Model

disk component

BgiSk (r,z) = X

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

poloidal component

RP
BP°! (r,2) = Bx(r,z)exp (_ﬁ) sin Ox ,

BP°!(r,2) = Bx(r,z)exp <_ﬁ> cos Ox ,

R. Jansson and G. R. Farrar, 2012, Ap)



BC ratio
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Result of B/C ratio

Nearby the solar system, perpendicular

; diffusion is dominated

§, is determined by the B/C ratio(L is

| fixed to 4 kpc)

9y is fixed to 0.3

| When & drops, both Dy, accordingly increases

3
Ey [GeV/n]
E -DL]” [«\'.::]f'l'll2 JI/”3] 5” éJ_ ] Ly R[] [GV] Vo
Set 1 1.0 5.6 x 10*® 0.3 0.5 0.9 2.44 350 2.54
Set 2 0.1 3.6 x 10%° 0.3 0.5 0.0 2.44 320 2.34

Set 3 0.01 1.3 x 10%° 0.3

0.48 0.0 2.44 320 2.34
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Result of proton spectrum
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Summary

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.
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