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Outline

ÅTibet ASgExperiment (Multi-purpose)

ÅGamma-ray observation

ÅCosmic-ray anisotropy measurement

ÅSun shodowobservationto probe solar MFs

Skipped in this talk are:

ÅChemical composition study around Knee

ÅHadronic interaction tests using air shower 
data

ÅSummary
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Tibet Air Shower Array
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ÅSite: Tibet (90.522 oE, 30.102oN) 4,300 m a.s.l.

Present Performance
Å # of detectors 0.5 m2 x 597
ÅEffective area ~65,700 m 2

ÅAngular resolution ~0.5̃@10TeV
~0.2̃@100TeV

ÅEnergy resolution ~40%@10TeV  g
~20%@100TeV g

ĄObservation of secondary (mainly e +/ -,ў) in AS
Primary energy : 2 nd particle densities
Primary direction : 2 nd relative timings



Underground Water Cherenkov 
Muon detectors

Measurement of # of min ASĄ g̠ CRdiscrimination
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~3400m 2

V 2.4m underground (¤515g/cm2¤19X0)

V 4 pools, 16 units / pool

V 7.35m˷7.35m˷1.5m deep (water)

V 20ºјPMT (HAMAMATSU R3600)

V Concrete pools + white Tyvek sheets

Soil & Rocks 2.6m

Waterproof & reflective materialsReinforced concrete

egm

1.0m

PMT

7.3m

Water 1.5m

Cherenkov  lights

20 inchAir 0.9m

Basic idea: T. K. Sakoet al., Astropart. Phys. 32, 177 (2009) 
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Gamma rays
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Muons in Air Shower

нлл¢Ŝ± DŀƳƳŀπǊŀȅ ƛƴŘǳŎŜŘ !{

200TeV Proton induced AS

9ƭŜŎǘǊƻƴtƻǎƛǘǊƻƴaǳƻƴ

ground

ground

9ƭŜŎǘǊƻƴtƻǎƛǘǊƻƴaǳƻƴ

Simulated by COSMOS
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E (Sr)vs. NmPlot
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млл¢Ŝ±10TeV

AS size log(Sr) by AS
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Sampling AS size(Sr)

After Nmcut,¤99.9% CR rejection & ¤90% ge ciency @100 TeV

SNm=0

SNm=0

ĄOptimization of cut
Gamma: MCsampleˢCraborbit& Crab Flux)
CRʿ DATA(excluding Crab and Galcticplane)

AS size log(Sr) by AS
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Amenomoriet al., PRL (2019)
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Sr(from AS array) : 3256
SNm(MD)                : 2.3
zenith angle             : 29.8
Erec : 251         TeV

Ҍпс
-по

Gamma-like Event from the Crab

circle size    Ӓ log(# of detected particles) 
circle color  Ӓ relative timing [ns]

ŦƛǘǘƛƴƎ ǿƛǘƘ bYD ŦǳƴŎǘƛƻƴ
9ǊŜŎόS50Σ qύ

lateral distribution

S50

мл

Amenomoriet al., PRL (2019)

S50ƛƳǇǊƻǾŜǎ EǊŜǎƻƭǳǘƛƻƴǎ όмл πмллл ¢Ŝ±ύ
Ą ~40%@10 TeV,  ~20%@100 TeV



Muon Distribution
in Crab Direction
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hōǎŜǊǾŜŘ І ƻŦ Ƴǳƻƴǎ 

І ƻŦ Ƴǳƻƴǎ ŀǘ ǘƘŜ Ŏǳǘ ǾŀƭǳŜ
Rm =

Ҕмлл ¢Ŝ±ŦǊƻƳ ǘƘŜ /Ǌŀō 

CR BG

gMC

Amenomoriet al., PRL (2019)

Amenomoriet al., PRL 

Supplemental Material (2019)
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Data vs MC

Gamma-ray Emission from Crab

First Detection of Sub-PeVg (5.6s)
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Amenomoriet al., PRL 

Supplemental Material (2019)
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24 grays against 5.5 CR BGs
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Energy spectrum of the Crab

Thick curveʿ the expected flux by the inverse Compton model 
normalized to HEGRA  data Aharonian+, ApJ, 614, 897 (2004)

Amenomoriet al., PRL (2019)

The highest energy g ~450 TeV
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Comparison with HAWC (3.3s>100 TeV)

Abeysekara et al. ApJ  881:134 (pp1-13), Received May 28, 

2019, accepted July 3,2019,  published August 20 or 21, 2019

Thick curveʿ the expected flux by the inverse Compton model 
normalized to HEGRA  data Aharonian+, ApJ, 614, 897 (2004)
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SNR G106.3+2.7

16T. K. SakoICRC2019 #778 

V ¢ƛōŜǘ ŜƳƛǎǎƛƻƴ ŎŜƴǘǊƻƛŘ ŎƻƛƴŎƛŘŜƴǘ ǿƛǘƘ ƳƻƭŜŎǳƭŀǊ ŎƭƻǳŘ 
ƛƴŘƛŎŀǘŜŘ ōȅ /h ŜƳƛǎǎƛƻƴ ŎƻƴǘƻǳǊǎ   βŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ±9wL¢!{

V ǎǇŜŎǘǊǳƳ ǳƴŘŜǊ ŀƴŀƭȅǎƛǎ

E > 10 TeV



Geminga

мт

 The energy resoluti on using S50-metho[3] is estimated to be 40% at 10 TeV and 

20% at 100 TeV, and is about 100% for 3TeV estimated dir ectly fr om the particle 

number sum. The angular resoluti ons (50% containment) are estimated to be 

approximately .   and . 2  for 10 TeV and 100 TeV photons, respectively. 

A water Cherenkov muon detector(MD) array consists of 64 water-Cherenkov-type 

detectors installed 2.4 m underground the AS array.  

Each muon detector is a waterpr oof concrete pool filled by water with 7.35 m wide  

7.35 m long   1.5 m deep in size, equipped with two 20 inch-in-diameter PMT  on 

the ceiling, and the inside of each cell is covered with white Tyvek sheets for efficient 

reflection of the water Cherenkov light. 

M. Amenomori1,  Y. -W.Bao2, X. J. Bi3, D. Chen4, T. L. Chen5, W. Y. Chen3,Xu Chen3, Y. Chen2, Cir ennima5, S. W. Cui7, Danzengluobu5, L. K. Ding3,J. H. Fang3,6, K. Fang3, C. F. Feng8, Zhaoyang Feng3, Z. Y. Feng9, Qi Gao5, 

Q. B. Gou3, Y. Y. Guo3, Y. Q. Guo3, H. H. He3, Z. T. He7, K. Hibino10,N. Hotta11,Haibing Hu5,H. B. Hu3, J. Huang3, H. Y. Jia9, L.Jiang3,H.-B. Jin4, F. Kaj ino12, K. Kasahara13, Y. Katayose14, C.  Kato15,S. Kato16, K. Kawata16, W. 

Ki hara15, Y. Ko15, M. Kozai17,Labaciren5, G. M. Le18, A. F. Li  19,8,3, H. J. Li 5, W. J. Li3,9,Y.-H. Lin 3,6, B. Liu2, C. Liu 3, J. S. Liu 3,M. Y. Liu 5, W. Liu 3,Y.-Q. Lou20,H.Lu 3, X. R. Meng5, H. Mi tsui14, K. Munak ata15,H. Nakada14, Y. 

Nakamura3, H. Nanjo1, M. Nishizawa21, M. Ohnishi16,T. Ohura14, S. Ozawa22, X. L. Qian23, X. B. Qu24, T. Saito25,M. Sakata12, T. K. Sako16, Y. Sengoku14,J. Shao3,8, M.  hibata14,A. Shiomi26, H. Sugimoto27, W. Takano10, M. Takita16, 

Y. H. Tan3,N. Tateyama10,S. Tori i28, H. Tsuchiya29, S. Udo10, H. Wang3,H. R. Wu3, L. Xue8, K. Yagisawa14, Y. Yamamoto12, Z. Yang3,Y. Yokoe16, A. F. Yuan5, L. M. Zhai4, H. M. Zhang3, J. L. Zhang3,X. Zhang2, X. Y. Zhang8, Y. 

Zhang3, Yi Zhang3,Ying Zhang3,S. P. Zhao3,Zhaxisangzhu5 and X. X. Zhou9                                                             (The Tibet AS♬ Collaboration) 

 To observe cosmic gamma rays with energies beyond several t ens of  TeV,  a water  Cherenkov type muon ar ray (MD) was built  under  the Tibet  air  

shower  ar ray (Tibet - III).  This improved observat ion exper iment  containing considerably improved gamma ray sensit ivity has been in operat ion 

since 2014. We analyzed gamma rays f rom Geminga PWNe using  data obtained over  a per iod of  720 days f rom 2014 February to 2017 May using 

the Tibet - III air  shower  ar ray and MD ar ray. Morphological analysis using a two- dimensional map of  gamma- ray intensity showed  st rong gamma-
ray emissions f rom t he Geminga region with  a signif icance of  4.0 Ɑ in the energy over  10 TeV, and that  the  gamma rays were  dist r ibuted within 

a spread of  a f ew degrees.  The ext ent  of  the excess region was approximately consistent  with the HAWC and t he Milagro group results[1,2] . 

Abst r act  

Tibet  air - shower  ar r ay and muon- det ect or  ar r ay 
Ᵽ  

Two dimensional map of  excess 
events around the Geminga area. 

Result s 

Gamma Ray Indirect  & Neut r ino (074 )                                                                   36t h INTERNATIONAL COSMIC RAY CONFERENCE  ICRC 2019,  
                                                                                                                       UNIVERSITY OF WISCONSIN- MADISON, MADISON, WISCONSIN, USA  

DATA ANALYSIS 

The Tibet-III air  shower array at Yangbajing Cosmic Ray Observatory  

 (4300 m a.s.l., 606g/cm2) in the Tibet, China.  

The curr ent AS array consists of 597 plastic scintillation detectors of  

an area 0.5 m2 placed at grid point 7.5 m apart, and its coverage area 

 is approximately 65,700 m2.  

RoI : Geminga (d<3o ) 
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Number  of  excess events vs. Distance f rom t he pulsar  
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Event  select ion by MD 

PMT( HAMAMATSU R3600) 

 Distribution of the number of muons  measured by the MD array  

as a function of the sum of partic le density measured by the AS array[4]. 

MC simulation of the Tibet MD shows that the cosmic-ray background events can be  

efficiently discriminated  from a photon signal by means of counting muon number 

 in an AS. The cosmic-ray background events are reduced to 1.1% above 10 TeV  

with 70% of the photons remaining after the muon cut.  

For more than 100TeV, the cosmic ray background event is suppressed 99.92%[4]. 

The left figur e shows  

the distribu tion of the  

number of excess  

events at each angular  

distance as a function of  

the angular distance  

fr om the center of the  

Geminga.  The spread of  

the excess area centered  

on the Geminga pulsar  

was approximated using 

 a Gaussian function of  

Ɑ= . . 

Number of signals :  

Correction parameter 

of R.A. anisotropy  

E> 10 TeV 

[1] Abdo, A. A. et al., ApJ,  700, L127 (2009)                 [3]Kawata, K et al, Exp. Astron. 44, 1 (2017)    

[2]Abeysekara, A. et al., Science, 358, 911 (2017)          [4]Amenomori , M. et al., PRL., (in press)   

(1) 

(2) 

"Equi- Declinat ion Method",  which uses an event in a direction with equal source's 

declination but differ ent right ascension. Events in the off-source region(OFF-region) were 

used to determine the background, and the OFF-region had the same declination and 

angular radius ▀ as the on-source region(ON-region). The number of signal events in ON-

region of angular radius ▀;╝▼(<  ▀) was calculated using eq. (1). 

Ɫ is a correction parameter for the number of background events. The number of events 

within  a circle of 10 degrees surr ounding the disk of angular radius ▀ was used to correct 

the variation at each right ascension, and the corr ection parameter was calculated using eq. 

(2). An excess of gamma rays was calculated using ╝▼(<  ▀) and ╝╫▌(<  ▀) , and the 

excesses within    area centered on the Geminga pulsar were estimated. 

R.A.(deg) 

Measurement of # of m in AS - > g CR discrimination 
 

  DATA: February, 2014 -  May, 2017  Live time: 720 days 

2.4m  underground ( ~ 515g/cm2 ~19X0) 

7.35mû7.35mû1.5m deep (water)  x 64 units  

20òūPMT (HAMAMATSU R3600) 

Concrete pools + Tyvec  sheets 

Soil & Rocks 2.6m

Waterproof & reflective materialsReinforced concrete

e  

1.0m

PMT

7.3m

Water 1.5m

Cherenkov  lights

20 inchAir 0.9m

E > 10 TeV
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VVery extended source ĄConsistent with HAWC
VSpectrum under analysis
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MGRO J1908+06
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E > 10 TeV

VFlux below 10 TeVis consistent with VERITAS
VSpectrum under analysis

Pulsar 
contribution

D. Chen ICRC2019 #648
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Pulsar Analysis (>10TeV)
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Tibet ASɔ Collaboration

ICRC 2019, Session: Gamma Ray Indirect & Neutrino (ID: 68)

Abstract
    We present t he results of a search for pulsed gamma-ray emission in the 100 TeV 
region f rom several pulsars using data taken wit h the Tibet air shower (AS) array 
and a water Cherenkov t ype muon detector (M D) ar ray. The Tibet ASɔ exper iment 
has improved sign ant ly gamma-ray sensit ivit y by the const ructed M D array 
since 2014. Based on the obser vat ional data wit h the AS + M D array, we will report 
dat a on several f amous pulsars in the northern hemisphere in this presentat ion.

2 . Data Analysis

Figure 2: 
(a) Sky M aps of Excess Events,
(b) Dist r ibut ions of Event Phase,
of t he Crab pulsar, Geminga pulsar and 
J1907+0602. Phase 0 i ed by the 
t iming solut ion der ived f rom the main 
pulse of t he radio obser vat ions.

  The arr ival t ime of each event i s recorded by a 
quartz clock synchronized wit h GPS, which has 
a precision of 1 ɛs. For t he t iming analysis, all 
t he ar r ival t ime is converted to the solar system 
barycenter f rame using the JPL DE405 
ephemeris calculated by TEMPO2[4] .
  Data was analyzed f rom Feb. 2014 to May 
2017 (live t ime: 720 days).
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[2] Abdo, A. A., et al. 2010, ApJ, 720, 272

J1907+0602 [3]

R.A., Ŭ (J2000.0)............................... 19:07:54.74 Ñ0s.01

Decl., ŭ (J2000.0)............................... +06:02:16.9 Ñ0.3

Pulse frequency, ɜ (sī1 )..................... 9.3779822336(4)

Frequency ýrst derivative, ɜ → (sī2 )..... ī7.63559(2) Ĭ 10ī12

Frequency second derivative, ɜ ↓ (sī3) 1.88(7) Ĭ 10ī22

Epoch of frequency (MJD)................ 54935

TZRMJD........................................... 54947.1551911789

Crab Pulsar [1]

R.A., Ŭ (J2000.0)............................... 05:34:31.973 Ñ5.000e-03

Decl., ŭ (J2000.0)............................... +22:00:52.06 Ñ6.000e-02

Pulse frequency, ɜ (sī1 )..................... 29.946923

Frequency ýrst derivative, ɜ → (sī2 )..... JBC P Monthly Ephemeris

Frequency second derivative, ɜ ↓ (sī3) JBC P Monthly Ephemeris

Epoch of frequency (MJD)................ JBC P Monthly Ephemeris

TZRMJD........................................... JBC P Monthly Ephemeris

Geminga Pulsar [2]

R.A., Ŭ (J2000.0)............................... 06:33:54.1530 Ñ2.800e-03

Decl., ŭ (J2000.0)............................... +17:46:12.909 Ñ4.000e-02

Pulse frequency, ɜ (sī1 )..................... 4.217639623538

Frequency ýrst derivative, ɜ → (sī2 )..... -1.9515522 Ĭ 10ī12

Frequency second derivative, ɜ ↓ (sī3) 0

Epoch of frequency (MJD)................ 54800

TZRMJD........................................... 54819.843013078 

1 . Tibet AS+M D Array
Air Shower (AS) Array

 ( ~22,050m2, 597 counters) 
At Yangbajing in Tibet, China 
(

(1) M ode Energy ~ 3 TeV

M uon Detector (MD) Array
(1) 50 m2 x 2 cells  2.5 m underground.
  (~90 m away from center of t he ar ray)
(2) 1.5 m depth  clear water f rom a well.
(3) 20 inch f  PM T x3 for each cell.
  (Normal gain x2 and 1/ 100 gain x1 for t est)
(4)The inside of walls an ors are covered
    w it h white epoxy resin or Tyvek sheets.

~9 9.9 % CR reject ion 
~9 0 % ɔ ef f iciency  @  1 0 0  TeV

+

||

Figure 1: Co urat ion of t he 
t ibet AS array and a part of 
close-sect ion of t he M D.

2 . 1 . Crab pulsar 2 . 2 . Geminga pulsar 2 . 3 . J1 9 0 7 +0 6 2 0

[3] Abdo, A. A., et al. 2010, ApJ, 711, 64
[4] Hobbs, G., Edwards, R., & Manchester, R. 2006, Chin. J. Ast ron. Ast rophys. Suppl., 6, 189
[5] Ansoldi, S. et al. 2016. A&A 585, A

Fermi-LAT, Ref. [3]Fermi-LAT, Ref. [2]

3 . Preliminary Results
  Crab nebula, Geminga and J1907+0620 are found steady gamma-r x above 10 TeV. But, no sign ant ly pulsed signals are f ound within almost 0.5 
degree radius f rom posit ion of t he pulsar. Search for pulsed gamma-ray emission above 100 TeV regions are cur rent ly under analysis.
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Cosmic Ray Anisotropy
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Previous Result observed by Tibet ASg

Sidereal anisotropy of cosmic ray including 

gamma ray/electron/positron at multi TeV ïPeV

1000 TeV
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31 July, 2019 36th International Cosmic Ray Conference: July 24th - August 1st, 2019 @ Madison, WI, U.S.A CRI16e. -P.22

Previous Result observed by Tibet ASg

In multi TeV region,  we found global anisotropy (1st and 2nd: GA) 
and middle scale anisotropies (MA)

hōǎŜǊǾŜŘ

Best-fitted GA

Residual (Observed - GA)
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Heliospheric ñdistortionò model
M. Zhang+ (J. of Physics conf. ser. 767 012027 2016)

1.Original anisotropy in 

ISM  assumed

(a)B in  ISM

(b) 1st& 2ndharmonics +

particle density 

gradient 

2.Fit data to  anisotropy 

simulated by MHD 

heliosphericdistortion 

model

3. Best fit  original

anisotropy in ISM 

inferred 



Heliospheric ñdistortionò model
M. Zhang+ (J. of Physics conf. ser. 767 012027 2016)
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10-1000TeVSidereal Anisotropy 
(Tibet in the northern sky)

M. Amenomoriet al, ApJ, 836, 153-1-7, (2017)

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