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(日比野欣也 神奈川大学工学部)

４. チベット実験用シミュレーション計算
(堀田 直巳 宇都宮大学教育学部)

５. 宇宙線による太陽の影を用いた太陽周辺磁場の時間変動の研究
(西澤正己 国立情報学研究所人間・社会情報研究系)

６. チベット空気シャワーアレイによる10TeV宇宙線強度の恒星時日周変動の観測
(宗像一起 信州大学理学部)



チベットグループ共同利用研究
経費執行状況

校費： 申請額 ４８０万円  配分額 ２２０万円

２００２年に完成したTibet-IIIの維持・運転及び
高電圧電源クレート1458HPを購入等に使用。

旅費： 申請額 ９０７万円  配分額 ３８５万円

宇宙線研での研究打ち合わせや中国出張海外旅費
に使用。

ご支援、どうもありがとうございます！
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2. Chemical Composition of Cosmic Rays around the Knee Observed by the 
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J. Phys. Soc. Jpn., 78, 206-209 (2009)

3. Recent results on gamma-ray observation by the Tibet air shower array 
and related topics
J. Phys. Soc. Jpn., 78, 88-91 (2009)

4.    OBSERVATION OF TeV GAMMA RAYS FROM THE FERMI BRIGHT 
GALACTIC SOURCES WITH THE TIBET AIR SHOWER ARRAY
The Astrophysical Journal, Letters, Accepted

The Tibet ASγ  Collaboration



International Conference

• ICRC2009 (Lodz, Poland, 2009) ,  14 presentations



研究目的

～ の高エネルギーガンマ線放射天体の
探索、 ～ の宇宙線の観測から、
宇宙線の起源、加速機構の研究を行う。

太陽活動期における“太陽の影”
（太陽による宇宙線の遮蔽効果）を観測し、
太陽近傍および惑星間磁場の大局的構造を知る。

大気チェレンコフ望遠鏡と相補的な
広視野（約２sr）連続観測高エネルギー宇宙線望遠鏡
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Tibet III (37000 m2)

Tibet Air Shower Array

Total 789 detectors

Mode Energy 

~3 TeV

Angular Resolution

~0.9 deg @ 3 TeV

Trigger Rate

~1700 Hz

Google マップ



ポインティングエラー 絶対エネルギーエラー
± ±

絶対エネルギー
角度分解能
ポインティングエラー

月の影による装置性能評価

The Astrophysical Journal,
692, 61-72(2009)

±

地磁気によるエネルギー依存



Model Index of 
spectrum

Energy range 
(eV)

QGSJET 
+HD

-2.67±0.01 < 1015 eV

-3.10±0.01 > 4×1015 eV

QGSJET 
+PD

-2.65±0.01 < 1015 eV

-3.08±0.01 > 4×1015 eV

SIBYLL 
+HD

-2.67±0.01 < 1015 eV

-3.12±0.01 > 4×1015 eV

Knee領域全粒子エネルギースペクトラム

1014eV ～ 1017eV 3桁



Multiple source model

Distribution of 

acceleration power

of cosmic rays

(Slide from M.Shibata,Y.N.U.)

εm ≡ εb



Proton Spectrum
Direct measurement and Tibet combined

(Slide from M.Shibata,Y.N.U.)
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εb : break point (7x1014 eV for proton)

Δγ: difference of power index before and after 

the break point

（ Δγ＝0.4）

Broken power law formula

to describe proton spectrum

(Slide from M.Shibata,  Y.N.U.)



CASA/MIA                  HEGRA                   KASCADE

DICE                           BASJE                       TIBET

All particle spectrum around the knee

1014 1016 1018 1014 1016 1018 1014 1016 1018

1014 1016 1018 1014 1016 1018 1014 1016 1018

(Slide from M.Shibata, Y.N.U.)



All data agree if we apply energy 

scale correction within 20% by 

normalizing to direct observations.

Extra component can be 

approximated by

suggesting nearby source(s).

Since P and He component do not 

show the excess at the knee,  the 

extra component should be attributed 

to heavy element such as Fe.

],
PeV4

exp[2 E
E 

(W.Bednarek and R.J.Protheroe ,2002,APh)

Extra component

(Slide from M.Shibata, Y.N.U.)



Tibet P +He spectrum does not 

show excess at the knee

P+He 

Data vs. Expected by

multiple source

model

(Slide from M.Shibata, Y.N.U.)

Tibet All particle

Data vs. Expected 

by multiple source

model



Chemical composition of SN ejecta

(Nomoto,K et al. Nucl. Phys. A, 621, 467, 1997)

(Slide from M.Shibata Y.N.U.)



Milagro sidereal 

anisotropy (6TeV)

A.Abdo et al., ApJ 698(2009)2121.

2000-2007 DATA

Yeary variation of Loss 

Cone depth!



Anisotropy of galactic cosmic rays

4.0 TeV

6.2 TeV

12 TeV

50 TeV

300 TeV

M. Amenomori et al., Science, V314, pp.439 – 443 (2006) 

i) No significant temporal variation

ii) New Anisotropy in the Cygnus region

iii) Corotation (CR and Galaxy) 

I: tain-in, II:loss cone, III: Cygnus



Slide from

K.Munakata,

Shinshu U.

Yearly 

variation of 

Loss Cone 

amplitude Milagro(6TeV)

Yes!

Solar Activities?

Tibet(5TeV)& 

Zohzan(0.6TeV) 

No!



Slide from

K.Munakata,

Shinshu U.

Yearly 

variation of 

Loss Cone 

amplitude

Milagro(6TeV)

Yes!

Solar Activities?

Tibet(5TeV)& 

Zohzan(0.6TeV) 

No!



Observation of  TeV Gamma Rays

from the Fermi Bright Galactic Sources

with the Tibet Air Shower Array

(Amenomori et. al.)

Accepted by ApJ Letter 

(arXiv:0912.0386)



Abstract



FERMI/LARGE AREA TELESCOPE BRIGHT GAMMA-RAY SOURCE LIST

Abdo, A. A. et al. 2009, ApJS, 183, 46 (July 2009, astrp-ph  submitted in 

Feb. 2009)

Introduction

Fermi LAT 3 month observation

>100MeV, 

>10σ

205 most significant sources (120 extragalactic sourcs)

A typical 95% uncertainty radius of source position: 10′ ～ 20′

Large Area Telescope(LAT)

on the Fermi Gamma-Ray 

Space Telescope

Lanched in June 2008



PSR 16

HXB 1

SRN 5

UNID 12

34 sources selected from 205 Fermi sources

(Not extragalactic & Dec.>-5.0o)

Milagro Observation of TeV Emission from Galactic Sources

In the Fermi Bright Source List  (Abdo, A. A. et al 2009, ApJ, 700, L127) 

Eγ ～ 35 TeV



Milagro Results



14 sources were detected with >3σ



ΣρFT > 101.25  && zenith <40o

Inout && 1.25p Any4 && Residual Error <1.0m

Search Window Size:  Rs(ΣρFT) = 6.9 /√ ΣρFT  (Variable)

Eγ～3 TeV (20o<Dec.<40o),  ～6 TeV at Dec.=0o & 60o

1999 Nov – 2008 Dec

1915.5 live days

All-sky Data by the Tibet-III Array (Phase 1-9 Ver.B4)

Tibet-III Data Analysis



Target sources in the Fermi Bright Source List

The Fermi Bright Source List:  205 sources

Not identified as extragalactic:    85 sources

0o < Declination < 60o :     27 sources

Pulsar (PSR) 13

Supernova remnant (SNR) 5

Unidentified        9



Geminga

Tibet-III 2σ

～0.3 Crabs



Cygnus

region

New

Fermi-LAT

Pulsar,

Not included in 

analysis

Tibet-III 2σ～0.3 Crabs

All 7 sources >2σ are associated with pulsars. PWNs?

Six of them are coincident with Milagro sources.

Remaing one have still positive significance 1.4σ by Milagro.



Total: 27 sources

>2σ:     7 sources

Statistics



Expected number of sources >2σ

27×0.02275 (2σ Upper prob.) = 0.61

Upper probabiriy for 7 events against λ=0.61

assuming Poisson statistics
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Chance Probability

= 3.8 × 10-6 ～ 4.5σ

Without Crab

λ = 26×0.02275 (2σ Upper prob.) = 0.59

P(A=6) = 3.6 × 10-5 ～ 4σ



Flux consistency between the Tibet-III and the Milagro

Tibet   Milagro         Expected

σ          σ           σ from Milagro

J0534.6+2201 6.9   17.2      -

J0633.5+0634 2.4 1.4 0.56

J0634.0+1745 2.2 3.5 1.40

J1907.5+0602 2.4 7.4 2.97

J2020.8+3649 2.2 12.4 4.97

J2021.5+4026 2.2 4.2 1.68

J2032.2+4122 2.4 7.6 3.05
Underestimated?

J2020.8+3649 flux:

Tibet-III (30±14)% of the Crab flux above 3 TeV

Milagro  (67±7)% of the Crab flux above 35 TeV Δ = 2.3σ



Tibet-III

Milagro


