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Tibet Air Shower Array 
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p  Tibet, China (90.522oE, 30.102oN) 4,300 m a.s.l. 
 
p  scintillation counters   0.5 m2 x 597 
p  area　　               ~65,700 m2　 
p  angular resolution　  ~0.5°@10TeV 
                           ~0.2°@100TeV 

p  energy resolution　　 ~40%@10TeV 
                           ~20%@100TeV 

 
2nd particles timing ➡︎ arrival direction 
2nd particles energy deposit ➡︎ primary energy 	



Water Cherenkov Muon Detector Array 

MD ~3400m2 
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ü  2.4m underground (515g/cm2 ~19X0) 
ü  7.35m x 7.35m x 1.5m-deep water cell x 64 
ü  20”ΦPMT (HAMAMATSU R3600) 
ü  Concrete pools + Tyvek sheets 

Soil & Rocks 2.6m

Waterproof & reflective materialsReinforced concrete

eγµ

1.0m

PMT

7.3m

Water 1.5m

Cherenkov  lights

20 inchAir 0.9m

Measurement of number of muons in air showers  
➡︎ γ／CR discrimination 



)��log(
1.5 2 2.5 3 3.5 4

)
�

N
�

lo
g(

-0.5

0

0.5

1

1.5

2

2.5

3

3.5

4

-310

-210

-110

1

10

210

�=0�N�

(a) Photons MC

)��log(
1.5 2 2.5 3 3.5 4

)
�

N
�

lo
g(

-0.5

0

0.5

1

1.5

2

2.5

3

3.5

4

-110

1

10

210

310

�=0�N�

(b) CRs Data

)��log(
1.5 2 2.5 3 3.5 4

)
�

N
�

lo
g(

-0.5

0

0.5

1

1.5

2

2.5

3

3.5

4

-310

-210

-110

1

10

210

�=0�N�

(a) Photons MC

)��log(
1.5 2 2.5 3 3.5 4

)
�

N
�

lo
g(

-0.5

0

0.5

1

1.5

2

2.5

3

3.5

4

-110

1

10

210

310

�=0�N�

(b) CRs Data

Event selection by MD 
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Σρ (from	AS	array)	:	3256	
ΣΝµ (MD)																:	2.3	
zenith	angle													:	29.8°	
Erec																													:	251									TeV	

+46	
-43	

Kawata+,	Experimental	Astronomy,	44,	1	(2017)		

Crab: γ-like event display	

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

Distance from the shower axis [ m ]
1 10 210 310

 ]
  2

Pa
rt

ic
le

 d
en

si
ty

 [ 
pa

rt
ic

le
s/

m

-210

-110

1

10

210

310
Relative position [m]

-150 -100 -50 0 50 100 150

R
el

at
iv

e 
po

si
tio

n 
[m

]

-150

-100

-50

0

50

100

150

R
el

at
iv

e 
tim

in
g 

[n
s]

-200

-150

-100

-50

0

50

100

150

(a)

(b)

fitting	with	NKG	function	
➡︎	Erec	(S50,	θ)	
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Ø  Data：  Feb. 2014 ー May 2017 

Ø  Equi-Zenith-Angle Method 
—   Search window radius 
⎯             : number of events observed in ON-source window 
⎯             : average of numbers of events in 20 OFF sources 
⎯  Excess =                           

	7	

(∼0.7°	to	lower	limit	0.5°,	variable	as																																		)	RSW = 6.9�/
p

⌃⇢
<latexit sha1_base64="9Of770+Wl26G0uO2+czzf+BEBFA="></latexit><latexit sha1_base64="9Of770+Wl26G0uO2+czzf+BEBFA="></latexit><latexit sha1_base64="9Of770+Wl26G0uO2+czzf+BEBFA="></latexit><latexit sha1_base64="9Of770+Wl26G0uO2+czzf+BEBFA="></latexit>

Ø  Standard event selection conditions for AS analysis & muon cut by MD	
Live time:  720 days	

Excess count estimation 

NON
<latexit sha1_base64="gGOYmY4WOk/oIE+5p7Suv00p0lU="></latexit>

NON � hNOFFi
<latexit sha1_base64="IipMXTpc6vMEsB2xrh469fVhkOg="></latexit>

hNOFFi
<latexit sha1_base64="ZsJmi8+RZpYIfXFTepVscppFrn0="></latexit>

ON	source	
OFF	source	
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Data	
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significance	map	
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Relative number  
of muons > 100 TeV 	

Ø  First	Detection	of	sub-PeV γ	

✓
Rµ =

observed ⌃Nµ

cut value of ⌃Nµ

◆

<latexit sha1_base64="H/pXcCPqpLthueTHb7TOZyChFKA="></latexit>

ERec(TeV)	
after	muon	cut	

NON	/	<NOFF>	 σ	

>10.0	 1691	/	1031	 18.3	

>15.8	 915	/	472.7	 17.5	

>25.1	 417	/	159.1	 16.4	

>39.8	 169	/	46.9	 13.2	

>63.1	 69	/	14.6	 9.8	

>100	 24	/	5.5	 5.6	

>251	 4	/	0.8	 2.4	

Number of events 
(integral)	

Data	BG	

γ	MC	

Data	ON	

muon	cut	

M.	Amenomori	et	al.,	arXiv:1906.05521	(2019),	Accepted	by	PRL		

Ø Highest-energy	photon	∼450	TeV	(See	poster:	PS1-75)	

Crab	

Relative	number	of	muons	
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γ-ray energy spectrum from Crab 

M.	Amenomori	et	al.,	arXiv:1906.05521	
Accepted	by	PRL	(See	poster:	PS1-75)	

IC	model		
normalized	to	HEGRA	

E	>	100	TeV:	5.6σ	

A.U.	Abeysekara	et	al.,	arXiv:1905.12518	
Submitted	to	ApJ	

E	>	100	TeV:	3.3σ	

Aharonian+, ApJ, 614, 897 (2004)

Tibet	AS+MD	 			HAWC					

spectrum	consistent	with	HAWC	recent	results	
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SNR G106.3+2.7	
Excess	count	map	>	0.63	TeV	by	VERITAS	

Boomerang	PWN	

PSR	J2229+6114	

Ø  age	10	kyr,		distance	0.8	kpc,	size	14	pc	x	6	pc,	
　　if	SNR	is	associated	with	Boomerang	PWN	
Ø  At	TeV	energies,	first	observed	by	Milagro	(MGRO	J2228+61)	and	then	by	VERITAS	
						(VER	J2227+608)	
Ø  γ-ray	emission	centroid	coincident	with	a	molecular	cloud	
Ø  spectrum	seems	to	extend	toward	35	TeV	without	cutoff	
	

Kothes	et	al,	ApJ,	560,	236	(2001)	

	
							

A.	A.	Abdo	et	al.,	ApJL,	700,	L127	(2009)	
V.	A.	Acciari	et	al.,	ApJL,	703,	L6	(2009)			

VERITAS	

Milagro	
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Ø  Tibet	emission	centroid	coincident	with	molecular	cloud		
					indicated	by	CO	emission	contours			※consistent	with	VERITAS	
Ø  spectrum	under	analysis	

PSR	J2229+6114	

significance map by Tibet AS+MD	

VER	J2227+608				

SNR G106.3+2.7	
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Ø  Muon	cut	by	MD:	∼99.9%	CR	rejection,	∼90%	γ	efficiency	@	100	TeV	
	
Ø Crab	Nebula			

⎯  First	Detection	of	Sub-PeV	γ	(5.6σ	above	100	TeV)	
⎯  Highest	energy	photon	∼450	TeV	(See	poster:	PS1-75)	
⎯  spectrum	consistent	with	IC	model	
⎯  spectrum	consistent	with	HAWC	results	(3.3σ	above	100	TeV)	

	
Ø SNR	G106.3+2.7	

⎯  emission	centroid	>	10	TeV	coincident	with	molecular	cloud	
															consistent	with	VERITAS		

⎯  spectrum	under	analysis	

Summary	

Crab	Nebula	&	SNR	G106.3+2.7	observed	by	Tibet	AS+MD	
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Thank	you	for	your	attention!	



Backup	slides	
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Energy	resolution		
energy	determined	as	a	function	of	θ and	S50 (particle	density	at	50m	away	from	shower	axis)	
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secθ =	1.1	➡︎	θ	=	24.6°	
secθ =	1.2	➡︎	θ	=	33.6°	
secθ =	1.3	➡︎	θ	=	39.7°	

M.	Amenomori	et	al.,	arXiv:1906.05521	(2019),	Accepted	by	PRL	
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Crab:	event	list	>	250	TeV		
M.	Amenomori	et	al.,	arXiv:1906.05521	(2019),	Accepted	by	PRL	



Kothes	et	al.,		ApJ	560,	236	(2001)	 Kothes	et	al,	ApJ,	638,	225	(2006)	
If	leptonic,	where	is	the	source	of	electrons?	

Dense	
material	 Boomerang		

PWN	

SNR	G106.3+2.7	
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G106.3+2.7:	observation	by	Milagro		

emission	centroid		
(R.A.,	Dec)	=	(337.18°,	61.17°)	
error	0.165°	
	
※consistent	with	VERITAS	

A.	J.	Smith	et	al.,	arXiv:1001.3695	(2010)	


