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Corrected gaussian centers (sidereal hours)
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Tibet measurement in two dimensions
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<<Anisotropy and Corotation of Galactic Cosmic Rays >> M. Amenomori et al., Science, 314 429 (2006)
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Sidereal time anisotropy in two hemisphere

""" W\ 1,002
\ 1,001
0.999
—— 0.998
o

e J’H

_ - m—/ Tibet 1l
m‘-—"__ e ——
Icecube -90 data from 1997 to 2005

» data from June 2007 to March 2008

» 226 days livetime
» 4.3-10° events

1874 days livetime
3.7-107'° events

angular resolution ~ 0.9°
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Sidereal time anisotropy by ARGO
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Consistent with the 1D observations, finer structure in 2D
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<<Observation of TeV cosmic ray anisotropy by the ARGO-YBJ experiment>> ICRC0814,2009
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lceTop

IceCube Aartsen et al., 2013
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-Getting Effect

Due to the solar motion around galactic center

A.H. Compton and I.A. Getting, Phys. Rev. 47, 817(1935)
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Celestial Cosmic Ray intensity map for 300 TeV
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These results have an implication that cosmic rays in this energy
range is still strongly deflected and randomized by the Galactic
magnetic field in the local environment.




Celestial Cosmic Ray intensity map for 300 TeV
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Sidereal time anisotropy in 9 Phases (1999-2008)

No. 1, 2010 TEMPORAL VARIATIONS OF MULTI-TeV CR ANISOTROPY 123
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Tgure 2. CR intensity variation in the local sidereal time frame for CRs with the modal energy around 5 TeV in the nine phases of Tibet ITT array. Top: two-dimensional
intensity map of each phase; Bottom: one-dimensional projection averaged over all declinations. In bottom plots of each panel, the red crosses in each plot show the
intensity vanation over each phase respectively, while the dashed blue lines represent the intensity averaged over all nine phases of Tibet 111 array.

Improved analysis method, more statistic. Stable Insensitive to solar activities

<<On Temporal Variations of the Multi-TeV Cosmic Ray Anisotropy Using the Tibet Ill Air Shower Array >>, M. Amenomori et al., ApJ 711, 119 (2010)




and ‘ceCube yearly data show long time-scale stability of global
anisotropy within statistical uncertainties

no apparent effect correlated to solar cycles
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Anisotropy product of stochastic supernova explosions

Diffusion model:
The amplitude of anisotropy

The Anisotropy Amplitude
T T

_ 3D(R)VN @
A= cN ( )
s R — rigidity
PIRI~R (5~0.3-0.6)

increase with the energy!

Random character of SN explosions:

1. Mixed primary mass composition;
A. D. Erlykin, A. W. Wolfendale, Astropart. Phys. 25, 183(2006)

3. Possible eff ect of the single source;
Monogem Ring SNR and associated pulsar BO656 + 14

4. The Galactic Halo;

Important probe, discover CR origin, study CR propagation.



LIMC (Local Interstellar Magnetic Cloud) model

Local Interstellar Cloud, egg-shaped cloud, 93 pc3.
Cosmic ray density (n) lower inside LIC than outside, adiabatic expansion

Interstellar B 29 km/s

f}ff,‘fj =aj cosyi(n,m:ay,8))+ajcosyz(n,m:az, )
-—ETEHCUSE;{E{H,JT?Z&‘LSE}. . )
(er = 300.9° and 4 = 32.2°)
1 Perpendicular LISMF uni-directional flow (UDF) L

/| Parallel bi-directional flow (BDF) //



LIMC (Local Interstellar Magnetic Cloud) model

lpm= Jfﬁ g Global +Midscale Anisotropy
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Amenomori, M., et al. 2010, Astrophys. Space Sci. Trans., 6, 49



Sidereal time anisotropy in Galactic coordinate
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Cosmic ray flows o
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X.B.Qu et al., 2012
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Known origin of large scale anisotropy

Compton-Getting effect

Due to terrestrial orbital motion around the Sun

local solar time

\ Oh Differential E spectrum : jo E-¢
6h / AT \
\ 1> —(oc+2)?cos9

—_— —
—
'

-

revolution orbit

V=30km/s, OL = 2.7

cosmic ray ‘1

D.J. Cutler, D.E. Groom, Nature 322, 1.434 (1986) ] ] ut
The amplitude is ~0.04%




Tibet measurement in solar time |
——Compton-Getting effect (12TeV)
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Periodicity search in 3 energy ranges

60x10° x10°
E | TUTeY 60 | ZUTeV
SO 50
40F- =
30 E
20F- =

10

g 40F

S 30F

5 20

S————— 1 o } 1 F————— Loy o I o Ty
o: s 2 Y PR W = 0_ A il I 2

gop10” 107

& E b.2TeV 5 60F B.2leV
z SOE w5 si 2 5F SEL A

= 50E-
Q = o =
o 40E S 4f
g 30 £ 30F
8 20 S 20

= ....A.....‘. il il |} SR S N R s g el o B o] SRR AR AR Rt

nd o g

=1
60

Sidereal semi-diurnal

Solar diurnal.

Compton- : -
Getting effect Sidereal-diurnal

<<Observation of Periodic Variation of Cosmic Ray intensity with the Tibet Ill Air Shower Array>>, A.-F. Li Nuclear Physics B,, 529, 2008.



Summary

FHFHES A ERA T RERHI, BEKB, I
EEA, A, KRE, PREFSE.

“FH G R R ] BE S INER A, AR RIS AE UK
FYrpliEas i%‘%ﬁ%?%? AL — MR R, [EH A
BAH— N EREZIREE.

ZFARMHERTeVEERX, S Rk4EZ4, LHHASOLE
b ERSEE B RS B B AL




Thanks for your attention

& H ASyER I B 5|

H 2 ARGOSZE K

'i‘_‘



Anisotropy Observations in other periods
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The Tibet Air shower Array

_Located at an elevation of 4300 m \i
(Yangbajing , China)

— Atmospheric depth 606g/cm?2" . \<1 W\ %
— Wide field of view (Dec. -15% 75%9=""
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400 TeV anisotropy observations in Southern
hemisphere

IceCube: new anisotropy structure
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IceTop: consist with IceCube results, persists to PeV energies
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Experiments results in Northern hemisphere

KASCADE: No anisotropy
from 0.7-6PeV
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EAS-TOP: sharp increase in the anisotropy
for primary energies of ~370 TeV
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