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Discovery of cosmic rays by Victor HESS (in 

1912) getting on a balloon

Cosmic rays: Particles from outer space (H, He, C, N, O,éFe nuclei)
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Our site : Tibet

Yangbajing , Tibet, China

90 53E,   30 11N,   4,300 m a.s.l. (606g/cm2)



Why in Tibet?

1. 1- 100TeV
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Tibet-III Air Shower (AS) Array

ÅNumber of Scinti. Det. 0.5 m2 x 789

ÅEffective Area for AS ~37,000 m2

ÅEnergy region ~3TeV - 100 PeV

ÅAngular Resolution ~0.4 @10 TeV

(Gamma rays) ~0.2 @100 TeV

ÅEnergy Resolution ~50% @10 TeV

(Gamma rays) ~20% @100TeV

ÅF.O.V. ~2 sr

ÅTrigger Rate                              1.7 KHz

4,300 m a.s.l. (606 g/cm2)
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2nd particle density 2nd particle timing

Cosmic ray energy Cosmic ray direction

Air shower rate triggered by Tibet III ~1700Hz

Air Shower Detection

~10 TeV



Pointing Error

< 0.011o

Absotute Energy Scale Error < 12%

+4.5%( 8.6stat. 6.7syst.)%

ÅAbsolute Energy Scale

ÅAngular Resolution

ÅPointing Accuracy

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

Constant fitting to Exp.

0.008o 0.011o

Geomagnetic effect
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3TeV 40s

0.23o

Westward

:DATA

:MC
Dashed line: leaky box 

M.Simon et al. ApJ 499 (1998)250.

Dotted line: extragalactic anti -matter model

S.A. Stephan et al. Space Sci. Rev. 46 (1987) 31.

Search for TeV anti-protons by the Moonôs shadow

Amenomori et al.

Astroparticle Physics, 28, (2007) 137-142

Tibet III

7% of CR @90%C.L.



Ȫɱɜ ᾑẏ̱ǵ
ȿɗɁɆǮ ǜȓǦ

ὑ₡

Ҳ Mrk421, Mrk501

Crab

Mrk421

2000 2001₴ɓɪȠ

1999ɶ2003₴ ЋӔẏ

ẏ̱
Crab,Mrk421

Ḣș Ẇ

Ћẏ



2D Large- scale Anisotropy Map

0 360R.A. (deg)

Amenomori et al, Science, 314, 439 (2006) 

Cygnus Region

Tail- In Loss- Cone

5 radius window 0.9 radius window

MGRO J2019+37

MGRO J2033+42Cygnus Region

Cosmic Ray Anisotropy at multi- TeV energies 
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1011                  1012 1013                    1014                  1015                  1016 (eV)

15 TeV

50 TeV

100 TeV

300 TeV

1000 TeV

Transition of the large-scale sidereal anisotropy

(10 TeV ð 000 TeV) 	. menomori et al., ICRC2015 (id355)

3600

M. Amenomori et al., Astrophys. Space Sci. Trans., 6, 49 (2010) 

M. Zhang et al., ApJ, 790, 5 (2014)  

N. A. Schwadron et al., Science, 343, 988 (2014)  

X. B. Qu et al., ApJL, 750, L1 (2012) 

Possible models @ ~10TeV  

No model so far > ~300 TeV

10-1000TeVCR Sidereal Anisotropy (Tibet)

M. Amenomori et al, ApJ, 836, 153-1-7, (2016)

>300 TeV new component!, consistent with IceCube >400 TeV



Compton-Getting Anisotropy at Solar Time Frame

Observation Energy: 12TeVï70TeV

+0.05 %

-0.05 %

Expected Amplitude3.86 x 10-2 %                            Phase6 [hr]
Data Amplitude(4.06 0.21) x 10-2 % Phase6.1 0.2 [hr]

CG detected at 19.6s consistent with expected

Reliability and calibration  for  sidereal anisotropy(~ 0.01%)
Only Tibet ASgexperiment showing a clear sinusoidal curve

Amenomori et al., ApJL, 672 (2008) L53



Amenomori et al.,

ApJ, 678, 1165 (2008)

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

All Particle Energy Spectrum in the Knee region

1014eV 1017eV (3 orders)



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).
SinceP 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
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2001                        2002                       2003                        2004                      2005

1996                      1997                        1998                1999                       2000

2006                       2007                       2008

Ẑ ◙ 10 TeV
₴Ẁӓ Tibet- II
Excess/B.G.(%)

Low statistics
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Pictures from
K. Hakamada



Past Results (Tibet-II >10TeV)
Amenomori et al, PRL, 111, 011101 (2013)

V Discovery of a clear anti-correlation of the deficits with SN
V Comparison b/w coronal MF models (PFSS/CSSS) 

MIN

MAX

MIN

PFSS model fails! 



VTibet-III (>3TeV) 2000 -2009 (10 )
V ╩ ⌐⇔√4°×4°─ ⱴ♇ⱪ
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─ ─ TeV

Ą

Amenomori et al., ApJ, 860,13 (2018)



─ ↕─ - 3 TeV
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c2 test :
c2 / dof = 32.1 / 10 (3.4s) 
c2 / dof = 46.9 / 10 (4.8s) 

Expected from Sun size

Coronal Mass Ejection
─

TeV CSSS│ ╩ ⇔⌂™
(10TeV│CSSS≢ ↄ ↕╣≡™╢)

/
0

.9
[%

]

Observed
CSSS Rss=2.5R
CSSS Rss=10R

Amenomori et al., ApJ, 860,13 (2018)
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Observed
CSSS Rss=2.5R
CSSS Rss=10R

c2 test :
c2 / dof = 12.2 / 10 (0.6s)  
c2 / dof = 21.0 / 10 (2.0s) 

Expected from Sun size

ֲχ ήχ ᴟ CME ṍḧϬ Ψ

≢│CME⅜ ↄ ⅜ ↄ⌂╡
╩♃כ♦

Ą ⸗♦ꜟ⌐│CME ─
│ ↕╣⌂™

[%
]

/
0

.9
[%

]

Amenomori et al., ApJ, 860,13 (2018)

Earth-directed CME catalog (Richardson & Cane 2010)
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CME
Low statistics

c2 test :
c2 / dof = 23.9 / 7 (3.0s)  
c2 / dof = 29.4 / 7 (3.7s)

CME│ ─ ╩ ╘╢
Ą ⌐ ⅜ ?

/
0

.9
[%

]

─ ↕─ CME ─╖

Observed
CSSS Rss=2.5R
CSSS Rss=10R Amenomori et al., ApJ, 860,13 (2018)

Earth-directed CME catalog (Richardson & Cane 2010)
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─ ─ Toward/Away

Toward

Away
B

Å

#$%&' ( #

Toward'sector':') * +, - <0''=>'

Away'sector':) * +, - >0'=>'

$. &' (

Away 2000''~'2009 Toward 2000''~'2009

Amenomori et al., PRL, 120, 031101(2018)


