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Tibet Airshower Array

Tibet 11l (37000m?2)

Yangbajing (4,300m a.s.l.=606g/cm?),
Tibet, China

Tibet Il Air Shower Array (2003) 36,900 P
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789 detectors
~3 TeV

Angular Resolution
~0.9 deg @3TeV
Trigger Rate
~1700 Hz



Moon’s Shadow
and
Geomagnetic
Field
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Northern Sky TeV y-ray Source Search

[790% C.L. Upper Limit ( E>3 TeV , E>10 TeV ) NO new steady

g B bright point source
] “ | (like Crab) found
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Declination{degree)

Multi-TeV Cosmic Ray Anisotropy

at Sidereal Time

1 Relative
>= Intensity
1 (%) to CR
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Three calendar years data starting July 2000

. Milagro Paper
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Primary Cosmic Ray Energy Spectrum
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What we have found out:

Crab, Mrk501 , Mrk421 observed, but
No new steady bright TeV y-ray point source found
Possible diffuse y-ray signal from Cygnus region?

P, He, all-particle E-spectrum (Galactic cosmic rays
accelerated to the knee region ~101° eV)

What we should do next:
1. 100 TeV (10 — 1000 TeV) region y-ray astronomy

Where do galactic cosmic rays under knee come
from?

2. E-spectrum of heavy component around ‘ knee’

All-particle knee = CNO? Fe knee?
(Cf M Shibata’< talk)




; Cosmlc Rays are accelerated at Ieast up to
10 eV in Our Galaxy.

* 100 TeV gamma-rays should be emitted
at the sources via the decay of pions
produced by interaction between
accelerated nuclei and amblent matters.

» Electrons can also produpe 100 TeV
gamma-rays by IC scattering.

< Cassiopeia A; Chandra X-ray Observatory >
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Scintillatiori Counter Array *

(a) Detector#: 533 (until 2002), 789 (now)

In this talk, 533 detectors used to keep the data consistency.

Effective area ~22,000 m? (now, 37,000 m2)

(b) Angular Resolution ~ 0.2° @ 100 TeV region

(c) Modal Energy ~ 3 TeV
In this talk, events with > 500 particles detected are used

Modal Energy ~ 100 TeV on this selection




Observational Condition

Period . Nov. 1999 to Nov. 2005
Live time . 1318.9 days
Effective Area: 22,000 m?

Modal Energy: ~100 TeV

Zenith Angle : <=50 [de(]
Declination :-10~ +70 [deq]



Sky map binning
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#Rectangular bins
(Aax AJ)

#Non-overlapping

#Constant Solid Angle
(Q ~ 7.5x107°[sr])

. Aa ~0.5° [cos(5)



Equi-zenith Method

On source _ :

N Estimate the number
- | of BG events by using
8 equi-zenith-angle
windows




Significance of Excess

Li-Ma (17), [ApJd vol.272, 317; 1983]



Significance Map

Significance Map 0< R.A.<180 [dec




Significance Distribution
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Different Binning
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Excess from Known TeV Sources

o o) N, Npg o
1ES1959 300.00| +65.15| 745 733.9 0.39
LS | +61 40.13| +61.23| 832| 913.4| -2.58
Cas A 350.85| +58.82| 1059| 1018.4 1.19
1ES2344 356.77| +51.71| 1267 1255.1 0.32
H1426 217.14| +42.68| 1522| 1490.1 0.78
TeV2032 307.99| +41.50| 1560| 1510.4 1.20
Mrk 501 253.47| +39.76| 1550| 1542.6 0.18




Excess from Known TeV Sources

o o) N, Npg o
Mrk 421 166.12| +38.22| 1521| 1543.5 -0.54
1ES1218 185.34| +30.18| 1411, 1396.9 0.36
Crab 83.63| +22.02| 1434| 1472.5 -0.95
M 87 187.71| +12.39| 1126| 1154.4 -0.79
J1837 279.46 -6.99| 376| 3714 0.23
J1834 278.68 -8.80| 344 347.1 -0.16




Crab (83.63,+22.02)

Integral Flux : Crab Nebula [ =2.62
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< Crab Nebula; Chandra X-ray Observatory >



TeV2032+413 (307.98, +41.50)

Integral Flux : TeV2032+413 [=-10
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J1837-069 (279.46 -6.99)

Integral Flux : J1837-069 [=-227
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< Aharonian et al., ApJ 636(2006) >
0 060 6660 06060 6



J1834-087 (278.68 -8.80)

Integral Flux : J1834-087 [ =-2.45
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Cassiopela A (350.85, +58.82)

Integral Flux : Cas A
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Towards Higher Sensitivity

Let’s see 100 TeV-region gamma rays by
Tibet-111 (AS) + a large underground
muon detector array (MD)
(8640m? in total)!

Origin of cosmic rays and acceleration
mechanism and limit at SNRs.

Diffuse gamma rays could be detected.



Tibet lll Air Shower Array
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Conclusions

 We couldn’t find any new source at 100 TeV
region.

* We set upper limits on several objects above
100 TeV, though they are all consistent with
extrapolations from lower energies.

e Next Project (Tibet MD) will improve our
sensitivity by a factor of ?? -> Next talk (Kawata)
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