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Phase-space density of CRs: 𝐷𝐷(𝐫𝐫,𝐩𝐩, 𝑡𝑡)
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𝐷𝐷 𝐫𝐫𝐸𝐸 ,𝐩𝐩𝐸𝐸 , 𝑡𝑡 ≈ 𝐷𝐷(𝐫𝐫𝐵𝐵,𝐩𝐩𝐵𝐵, 𝑡𝑡)

Obtain model 𝐷𝐷(𝐫𝐫𝐵𝐵,𝐩𝐩𝐵𝐵, 𝑡𝑡)
best-fit to the observed 
𝐷𝐷(𝐫𝐫𝐸𝐸 ,𝐩𝐩𝐸𝐸 , 𝑡𝑡).

We use MHD heliosphere by 
N. Pogorelov for CR orbit 
calculation.

Take accounts of 
composition, E-spectrum 
and AS-array performance 
for quantitative best-fitting.
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BLISM
(3.5µG)

Model:    𝐷𝐷 𝐫𝐫𝐵𝐵 ,𝐩𝐩𝐵𝐵 , 𝑡𝑡 = 𝐷𝐷𝐶𝐶𝐶𝐶 + ∑𝑙𝑙=1
𝐿𝐿𝑚𝑚𝑚𝑚𝑚𝑚 ∑𝑚𝑚=−𝑙𝑙

𝑙𝑙 𝒇𝒇𝒍𝒍𝒎𝒎𝑌𝑌𝑙𝑙𝑚𝑚(𝜃𝜃,𝜙𝜙) 𝜃𝜃,𝜙𝜙: Dec, R.A.

𝑁𝑁𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑚𝑚. = (𝐿𝐿𝑚𝑚𝑝𝑝𝑚𝑚 + 1)2−1 (= 𝟒𝟒𝟒𝟒𝟒𝟒 for 𝐿𝐿𝑚𝑚𝑝𝑝𝑚𝑚 = 20)2
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Observed at Earth (Nov. 1999 to Dec. 2008 corresponding to A<0 period)

Reproduced at Earth
Best-fit

at boundary (r=rB)

rB=
630 AU

1580 AU

3980 AU

Lmax = 4
(Nparam.=26 )

χ2 / ndf =  0.962

Lmax = 8
(Nparam.=80 )

χ2 / ndf =  0.982

Lmax = 20
(Nparam.=440 )

χ2 / ndf =  0.942
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Power spectrum
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BLISM
(3.5µG)



Yasue+
Planet Space Sci. 33, 1057 (1985)

Diffusion coefficient
Moskalenko+, ApJ, 565, 280 (2002)

Mean free path

L 〜 5 * 106 AU for 7 TeV p

Assuming T〜60 days to Earth from 𝒓𝒓𝑩𝑩

➡ dl = 104 AU

➡ 𝜣𝜣𝟐𝟐 ~ 𝟒𝟒° for 7 TeV p
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Introduce the multiple pitch angle scattering
Multiple scattering theory (Rossi, 1952)



Distribution of the time from Earth to Boundary 

Scattering angle distribution
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60 days (104 AU)

4 °
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Power spectrum
Pogorelov MHD model

A>0

バンプ？
磁場極性が原因？



Lmax = 5 (35 parameters)
χ2 / ndf = 2042/2021 = 1.01 (36 %)

Data@Earth normalized Model Fitting @Earth

Model @ Boundary
unnormalized

normalized

Max: +2.3%
Min: −1.2%

+0.2%

−0.2%

+2%

−2%

D0 * 1.0
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“To do” list.
 Suppress apparent small-scale anisotropy seen 

in  𝐷𝐷 𝐫𝐫𝐵𝐵,𝐩𝐩𝐵𝐵 , 𝑡𝑡 .
 Discuss the solar modulation of 𝐷𝐷 𝐫𝐫𝐵𝐵,𝐩𝐩𝐵𝐵 , 𝑡𝑡 .
 Analyses with other MHD heliosphere models

(e.g. models by Washimi+ & Opher+).
 Examine the observed E-dependence of 
𝐷𝐷 𝐫𝐫𝐵𝐵,𝐩𝐩𝐵𝐵 , 𝑡𝑡 (below/above 100 TeV?).
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