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Tibet ASγ Experiment

At Yangbajing in Tibet, China  ( 90.522° E, 30.102° N, 4,300 m a.s.l.)

Scin2lla2on Counter Array : 0.5 m2 x 789 counters
Effec2ve area                        : ∼ 37,000 m2

Energy region                        : ∼ TeV ‐ 100 PeV
F.O.V.                                       : ∼ 2 sr
Rela2ve 2ming informa2on          Arrival direc+on
                                                                                                                    Angular Resolu2on ∼0.4° @10TeV
Charge informa2on                        Primary cosmic‐ray energy
                                                                                                                    Energy Resolu2on ∼70% @10TeV

 Data used in this talk : 1999 Nov. − 2008 Dec. (1,916 live days)
9.1 x 1010 events, modal energy 7TeV



Right Ascension (°)

Amenomori M. et al., 31th ICRC id0296 (2009)

Local an2‐sidereal 2me (°)

FiZng with the Global Anisotropy + Midscale Anisotropy (GA+MA) model

Local an2‐sidereal 2me (°)

Anisotropy map @ 7 TeV
D
ec
lin
a2

on
 (°
)

D
ec
lin
a2

on
 (°
)

Rela2ve intensity
Rela2ve intensity

Sidereal

An2‐Sidereal (syst. err)
Dec. band 30°‐35°
Sta2s2cal error in sidereal  0.014%
Systema2c error                   0.022%

0360

0360

+0.15%

−0.15%

−0.15%

+0.15%

~120°

Global Anisotropy
90°    <    120°   <     180°

Bi-directional flow (BDF)     +     Uni-directional flow (UDF)

Tail‐In
Loss‐Cone

★heliotail

5° x 5° pixels



Global Anisotropy (GA) in GA+AE model
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Frisch, 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Sci. Rev., 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213 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H : local interstellar magne+c field orienta+on by :

B HF Gurne[’s HDP
heliotail

HDP : Hydrogen Deflec+on Plane by : Lallement  et al.,  Science, 307, 1447 (2005)
GurneL et al. AIP Conf. Proc. 858 129 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 φn,m : longitude from heliotail 
             direc2on on HDP
 θn,m : la2tude from HDP



L = RL /a1⊥ ∼ 2pc

Discussion : Global Anisotropy (GA)

UDF(Bx∇n)

 a1⊥ (%)  a1//  (%)  a2// (%)  α1 (°) δ1 (°) α2 (°) δ2 (°)

0.139±0.002 0.007±0.002 0.131±0.004 33.3±1.1 38.4±1.2 279.9±0.9 26.7±2.0

7 TeV

For 7TeV cosmic rays, Larmor radius RL ∼ 0.002pc (in 3µG)
                                       scajering m.f.p. λ// ∼ 3pc (Moskalenko V. et al, ApJ, 534, 825 (2000))
                                       Bohm factor λ// ÷ RL ∼ 1500 >> 1  ∴ perpendicular diffusion is negligible.

Local
interstellar

cloud(L : scale of density gradient ∇n)

a1// << a1⊥          UDF ⊥ BDF, thus ⊥ LISMF
a1⊥ ∼ a2//             UDF ∼ BDF in amplitude

BDF (Bi‐Direc2onal Flow) : cosmic‐ray inflow along the local interstellar magne2c field (LISMF)

UDF (Uni‐Direc2onal Flow)

Diamagne2c drin caused by the cosmic‐ray density gradient in LISMF

Local interstellar space (∼2pc)
surrounding the heliosphere
would be responsible for
Global Anisotropy.



Discussion : Midscale Anisotropy (MA)

In contrast to GA (∼2pc = 4x105 AU),  MA would be 
caused by Bhelio  near the Sun (<∼100 AU).

L : scale of Bhelio responsible for MA

 b1 (%)  b2(%)  σφ (°) σθ (°) Φ (°)

0.154±0.018 0.092±0.006 24.5±1.1 10.7±0.8 49.2±1.4
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nose
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RL : Larmor radius
Bhelio : Magne2c field in the heliotail

L ∼ 5 x 10−4 pc = 100 AUAssuming Bhelio = 10 µG,   

Energy dependence of L
sin Φ = (0.68±0.04) (E/10TeV) —0 .20±0.08

L = (140±8) (E/10TeV) 0.80 ±0.08

L ∝ E 0.80 (not ∝ E1.0 ) might result from actual complex 
spa2al structures of Bhelio.
Bhelio  within ∼70AU to ∼340AU from the sun would be 
responsible for MA in 4TeV—30 TeV.

s

s



Summary
We discussed the origin of the galac2c cosmic‐ray anisotropy at TeV energies
by means of the data taken by the Tibet ASγ experiment
from 1998 Nov. through 2008 Dec. (live 2me 1916 days).

Global Anisotropy In the local interstellar space (∼2pc for 7TeV cosmic rays) 

Combina2on of the bi‐direc+onal inflow along the local interstellar magne2c field 
and the uni‐direc+onal flow of the diamagne2c drin caused by the cosmic‐ray 
density gradient in it. 

Midscale Anisotropy

In the heliotail (<∼100AU 
                         for 7TeV cosmic rays) 
Addi+onal cosmic‐ray inflows 
on Hydrogen Deflec+on Plane (HDP) from two direc+ons, 
each centered away from the heliotail by Φ ∼50° @7TeV. 
Φ monotonously decreases with increasing energy.



Thank you for your ajen2on!

END


