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Phase-space density of CRs: 
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𝑓 𝐫ா, 𝐩ா, 𝑡 ≈ 𝑓(𝐫, 𝐩, 𝑡)

Obtain model 𝑓(𝐫, 𝐩, 𝑡)
best-fit to the observed 
𝑓(𝐫ா, 𝐩ா, 𝑡).

We use MHD heliosphere by 
N. Pogorelov+ (ApJL 812 L6 
2015) for CR orbit 
calculation.

Take accounts of 
composition, E-spectrum 
and AS-array performance 
for quantitative best-fitting.
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Model 1 (four parameters fit):
𝑓 𝐫, 𝐩, 𝑡 = 1 + 𝑓ீ + 𝐴ଵ∥ cos 𝜇ଶ + 𝐴ଶ∥cosଶ 𝜇ଶ + 𝐴ଵୄ cos 𝜇ଵ

orientation of 𝐴ଵୄ (𝛼ଵୄ, 𝛿ଵୄ)2
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(a) Data (b) Best-fit

Zhang+, ApJ, 889, 97 (2020)
Recent study based on intensity mapping 

Anisotropy @ Earth

(c) Anisotropy @ outer boundary

 Dipole amplitude A1 along BISM is dominant 
 CR density gradient direction (∇f) close to Vela

But fitness is too poor (2 = 4.5) 

(Reduced 2 = 4.5)

Dipole amplitude along BISM

Dipole amplitude along BISM x ∇f

Using orbits of monochromatic 5 TV protons



Weighting with composition & E-spectra by MC
(instead of using monochromatic protons)
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Best-fit results with Model 1

 𝐴ୄଵ is also significant with 𝛻ୄ𝑓 apart 
from Vela (closer to Geminga).

 2 is reduced to 1.62 from 4.5, but 
fitness is still poor.

 Best-fit with Model 2 is examined.

(a)-(b)

Model 2:    𝑓 𝐫, 𝐩, 𝑡 = 𝑓ீ + ∑ ∑ 𝒇𝒍
𝒎𝑌

(𝜃, 𝜙)
ୀି

ೌೣ
ୀଵ       𝜃, 𝜙:  Dec, R.A.

𝑁. = (𝐿௫ + 1)ଶ−1 (= 𝟒𝟒𝟎 for 𝐿௫ = 20)

Bism interstellar B
VH, VHe interstellar H & He flow

ecliptic plane
magnetic equator
hydrogen deflection plane



Lmax = 24 (624 parameters) 2 / ndf =  1393 / 1432 = 0.973 (76.4 %)

(a)

 Lmax=24 is needed to get 
a reasonable 2.

 Unrealistic small-scale 
anisotropy appears @ 
outer boundary.
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Best-fit results with Model 2

(b)

(c)
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Using 12 MHD snap shots
Corresponding to 10-year observation by Tibet in A<0 epoch
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Power spectrum using average orbits 
in 12 MHD snap shots

 Lmax10 is still needed to get a reasonable 2.
 Unrealistic small-scale anisotropy (L 3 ) still 

appears @ outer boundary.



CR intensity distributions at different boundaries?
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Results: intensity distributions @ different outer boundaries
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Power spectrum

Abeysekara+, ApJ, 871, 96 (2019)
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Alternative MHD heliosphere?
Polar jets confined in Parker field.

“Croissant heliosphere” by Opher+, ApJL, 800, L28 (2015)
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N. Pogorelov+ (ApJL 812 L6 2015) 
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Summary

観測される宇宙線のリジディティー・スペクトラムを考慮すること
により、reduced 2を大幅に下げることが出来た（4 parameter-fit
で、4.5→1.6 d.o.f.=2052）が、依然不十分。

Best-fitで得られたOuter boundary上の異方性には微細な構造
が含まれており、reduced 2を1程度にまで下げるためには、
L~20程度までの高次異方性が必要。

観測期間（約10年間）に対応する12個のMHD-snap shotを軌道
計算に用いると、上の問題に一部改善が見られたが、依然とし
てL  3の高次異方性が必要。

Outer boundary上に必要な高次異方性は、太陽圏外部境界を
近づけることで減少する。

⇒ “comet-like”なheliosphereの描像に修正を迫る結果か
も知れない。
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