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Brief review of sidereal diurnal anisotropy 
observed in 0.1~100 TeV region.

Cosmic ray shadow of the Sun (Sun shadow) 
observed by Tibet III.

Possible influence of ICME on the 
shadow.

North-south displacement of the 
shadow and the IMF strength.





Sidereal diurnal anisotropy
of Sub- & multi-TeV cosmic rays

observed by UG- & AS detectors



Amenomori+ ApJ, 836, 2017

Sidereal diurnal anisotropy of CRs

Tail-in (~6hr in N-hemisphere)
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Attenuation due to 
solar modulation
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“Re-organization” in heliosphere?
(~1-50 TeV) ?
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Long term variation of Solar DA
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Energy dependence of Solar & Sidereal DAs
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W. I. Axford
(Planetary and Space Sci., 13, 1965)
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Co-rotation anisotropy
~0.5 % at 18:00



Matsushiro (MAT)     
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Two Hemisphere Observations
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Direction of motion of 
the heliosphere relative to LISM

by Tibet III (5x5 pixel)

Sky maps by THO & Tibet-III
Amenomori+, Science, 314, 2006
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Solar cycle variation of DA
(observation by MAT in 1985-2008 @~500 GV)

CG effect
（solar min.）
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Munakata+, ApJ, 712, 2010
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Solar
activity

Solar
(CG-subtracted)

Sidereal

~15:00 LT

max＝＋0.74
tCR=+26 months

(400 km/s solar wind travels ~180 AU)



Solar
(CG-subtracted)

Sidereal

max＝＋0.57
tCR=+14 months

~03:00 LT

Solar
activity



(Abdo+, ApJ, 698, 2009)

(3)

Steady increase of amplitude?
No significant correlation with the solar activity

seen by Matsushiro

Sidereal DA

Munakata+, ApJ, 712, 2010



(Abdo+, ApJ, 698, 2009)

Amenomori+, Astropart. Phys., 36, 2012

Steady increase of amplitude?
No significant correlation with the solar activity

confirmed by Tibet III
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~1/3 attenuation by 
the solar modulation

only ~1/6 (1/3x1/2) amplitude 
changing with the solar cycle

Small solar cycle variation
~1/6 (17%) variation only

~1/2 variation



Mt. Norikura AS array
(Nagashima+, IL Nouvo Cim. 12C, 1989)

Operation 
started in 1973

@10 TeV

West East

Prof. Y. Sekido



Amenomori+, ApJL, 626, 2005

1D analyses of sidereal DA
Mt. Norikura AS-array

(1973-1987)@10TV
Tibet III-array

(1999-2003)@10TV
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Nagashima+, JGR, 103, 1998
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Miraglo “hot” regions A & B
(Abdo+, PRL, 101, 2008)

Mid-scale Anisotropy model
(modeling Tail-in anisotropy)

Tail-in anisotropy 
along the HDP
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Best-fit analysis of 2D map by Tibet III
Amenomori+, ASTRA, 6, 2010



Local structure model (Mizoguchi+, proc. 31st ICRC, 2009)

Best-fit parameters (Amenomori+, ASTRA, 6, 2010)

Uni-directional Bi-directional
a1 =0.166%,  a1// =0.038% a2// =0.134%

 1 =34.3, 1 =39.3 2// =99.3, 2// =-27.7 (LIMF orientation )

Bi- & Uni-directional flows
(parallel diffusion)

G cloud

Interstellar B

n

Uni-directional flow
(Bxn)

High nLIC

26 km/s

29 km/s

Low n
~5 pc

For 5 TeV CRs…    
Larmor radius : RL~ 0.002 pc in 3G field
Scattering m.f.p. : // ~ 3 pc

(e.g. Moskalenko et al., 2002)

Bohm factor  // /RL~ 1500 >> 1 (~10 in the heliosphere)
 Perp. Diffusion flux is negligible

 Only diamagnetic drift ( T) can 
produce enough  

//  // /L0.001 L ~ 3 kpc

Large-scale?

T RL/L’ 0.001 L’ ~ 2 pc

Local-scale structure
is needed

LIC and anisotropy
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Billiard ball scattering model
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CR modulation in a MHD heliosphere
(Zhang+, ApJ, 790, 2014)

BISM

BISM

Time-dependent MHD heliosphere
(with 11y & 22y variations) 

 Apply Liouiville’s theorem.

 Back-trace of CR-orbit from 
Earth to boundary set at 
1000 AU.

 Obtain UDF & BDF outside 
boundary, best reproducing 
Tibet’s model 2D map.

 No interpretation for the 
UDF & BDF.

• Tail-in anisotropy along 
HDP is reproduced.

• Significant modulations of 
UDF & BDF are suggested.

Tibet’s model 2D map
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Summary

 Amplitude of the Sidereal DA (SDA) below 1 TeV
increases with energy (heliosphere becomes
transparent due to the reduction of the solar
modulation).

 SDA in about 0.5~50 TeV has eigen phases at 6
hr (Tail-in) and 0 hr (Loss-cone).

 Tail-in anisotropy is observed along the
Hydrogen Deflection Plane (HDP).

 The SDA in about 1~50 TeV might be
considerably reorganized (deformed) when
observed at Earth through the heliosphere.

 The SDA shows new features above 100 TeV.



Cosmic ray shadow of the Sun 
(Sun shadow)

observed by Tibet III






























