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Yangbajing , Tibet, China
90°53E, 30°11N, 4,300 m a.s.l. (606g/cm?2)



Tibet Airshower Array

Tibet 11l (37000m?2)

Yangbajing (4300a.s.1.=606g/cm?),
Tibet, China
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~3 TeV

Angular Resolution
~0.9 deg @3TeV
Trigger Rate
~1700 Hz
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JtRKTeVA T 90% TS5V X LIR{E

ApJ, 633, 1005-1012, (2005)
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Search for PeV signal from Monogem Ring

125 < b < 15.5 [deg.]
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ApJ, 635, L53-L56, (2005)

MAKET-ANI
6 o signal from Monogem
39%x3° bin, 1997-2003
However,
Tibet ~ x 100 statistics

X 10 sensitivity

No significant signal
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above 1PeV @99%
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Three calendar years data starting July 2000
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Primary Cosmic Ray Energy Spectrum
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What we have found out:

No new steady TeV y point source like the Crab found
between 0°~60° declination. UL 0.3~0.6 Crab (90%C.L.)

Possible diffuse y signal from Cygnus region?

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

What we should do next:
1. 100 TeV (10 — 1000 TeV) region y astronomy
Where do galactic cosmic rays under knee come from?

2. E-spectrum of heavy component around * knee’
All-particle knee = Fe knee? (5 = [X4FI i)




_ M FtlLvery very preliminary

Let’s see 100 TeV region gamma rays by
Tibet-111 + alarge underground
muon detector array

(8640m? in total)!

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

Diffuse gamma rays could be detected.
FARYFTREILE-0EXIZE? !
BIZHKYDEA? !



Tibet Il Air Shower Array
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Air Shower Array Experiment in the World

Group Array No. Energy mu Det. Event Years
Cite area(m?)  det. (TeV) area(m?)  rate(Hz) operational
CASA-MIA 230,400 1089 110 2,500 20 1991~1996
Dugway, Utah, 870g/cm?, (40.2N,112.8W)

CYGNUS 86,000 204 50 120 5 1986~1996
Los Alamos, New Mexico, 800g/cm?, (35.9N,106.3W)

HEGRA(EAS--PDA) 41,000 257 50 150 12 1992~ ?
La Palma, Canary Islands, 800g/cm?, (28.8N,17.7W)

Milagrito 1,500 225 1 0 300 1997~1998
Jamez Mts., New Mexico, 750g/cm?, (35.9N,106.7W)

Milagro ~4,800 175 1 4,800 1700 2000~
Jamez Mts., New Mexico, 7507g/cm?, (35.9?N,106.7?W) (450+273)

SPACE 10,000 24 100 -- 1 1987~1992
South Pole 760g/cm?2 (90S)

Tibet | 5,625 49 8 0 5 1990~1993
Yangbajing, Tibet, 600g/cm? (30.1N,90.5E)

Tibet 1™ 36,900 221 8 0 230 1995~1999
Tibet 1I/HD ** 5,175 109 2 0 120 1996~1999
Tibet 111(22050) * 22,050 533 2 0 680 1999~2003
Tibet 111(36900) " 36,900 789 2 0 1700 2003~




>10TeV 7 ray observation device

= How to separate? =

Number of muons (>1GeV) induced around 100m from a shower core at
the altitude of Tibet is:

0.1 particles /10 TeV @gamma-rays (roughly)
10 particles / 10 TeV  @Proton (roughly)
< 1random u BG

< 1? p equivalent contamination by 100 TeV gamma signal (2-2.5m UG) ;?% o

If we set muon detectors a few meter underground soil equivalent and
choose muon poor events, gamma-rays!?

Study the possibility of a muon detector using water Cherenkov technique
with 10000m? water pool.

A few meter underground soil equivalent,

A few meter water, 36 (6x6) m? water tank 1 PMT
20" PMT x 240 -2 4 million$?




10-1000 TeV candidates in the Northern Sky



Integral Flux (photons cm™s™)

Detection Sensitivity of Tibet-llI+WC (3 years 50)

Tibet-ll 3years Ssigma
Tibet-lll+WC 3years Ssigma
MAGIC 50hours Ssigma
VERITAS 50hours Ssigma

||| ||I‘|'—-::—--

H EGHA Crab

leet I

VERITAS

0.1 1 10 100 1000
Erergy (TeV)

Tibet-11l Scintillation Counters
37,000m?
+
Underground
Water Cherenkov Detector
8,640m?2

Crab orbit

Flat region (> 200TeV)
Background << 1 event
15 photon sensitivity
(Poisson 50)



Tibet-111+WC ability will be close to HESS.
How many sources can we detect in the 100 TeV Northern Sky?

Tibet-111+WC H.E.S.S.
~100 TeV ~200 GeV

Location 30N-90E 23S-16E
F.OV ~1.5sr ~0.02 sr
Duty cycle ~90% ~10%
Angular

guar -0.2° -0.1°
Resolution
Ener

gy_ ~40% ~20%

Resolution
Background

. g. ~99% ~99%
Rejection
Sensitivity

. ~5% RXJ1713 ~1% RXJ1713
(RXJ1713 Unit (3year50) (50 hours 50)
Index = -2.19) Y
Detected
? ~20

Sources




TeV Source Catalog in the Northern Sky

Object Class Culmination Zenith
Name at Tibet (deg.)
Crab Nebula PWN 8
Cas A SNR 29
TeV J2032+4130 SNR? (vicinity of Cyg X-3) 11
Milagro Region Diffuse y ~10
HESS J1837-069 SNR? (G25.5+0.0?, AX J1838-06557) 37
HESS J1834-089 SNR? (G23.3-0.3/W41?) 39
M87 AGN (z=0.00436) 18
Mrk 421 AGN (z=0.031) 8
Mrk 501 AGN (z=0.034) 10
1ES 1959+650 AGN (z=0.047) 35

H 1426+428 AGN (z=0.129) 13

Tibet-1l1+WC can detect in the 100 TeV region?



Diffuse gamma rays from Milagro 1G region

Inner Galaxy Region
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source shape.

Atkins et al, Phys. Rev. Let., 95, 251103 (2005)
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Aharonian et al, A&A, 370, 112 (2001)

Integral Flux {r;rn"? 5'1)

TeV JZ2032+4130

TeV J2032+4130 (HEGRA 1.05-9.55TeV)
VERITAS (50h 5sigma)
Tibet (3y 5sigma)

Tibet-l11+W

S — — _____________ AN
01 1 fﬂ 100 100C
Energy (TeV)
TeV J2032+4130

Unidentified TeV source

Located near Cyg X-3 in Cyg OB2
HEGRA live time ~158 hours
Extended source ~6.2’

70 decay?

Aharonian et al, A&A, 431, 197 (2005)
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A NEW TeV SOURCE CONFIRMED IN WHIPPLE ARCHIVAL DATA:
TeV J2032+441

Abstract. A re-analysis of data near Cygnus X-3 in 1989-1990 using the Whipple Observatory
atmospheric Cherenkov imaging telescope confirms the existence of the TeV 12032 4 4130 source
first reported ata conference by the Crimean Astrophysical Observatory and confirmed independently
by the HEGRA Collaboration in a relerred publication. The significance of the Whipple observations al
the a priori HEGRA position is 334 The peak signal was found at RA = 20h 32 m, Dec = +41°33'.
This is 0.6” north of Cygnus X-3. The flux level (12% of the level of the Crab Nebula) is intermediate
between that reported by the Crimean (100% ) and HEGRA (3%) groups.
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Figure 1. SKky map of the excess significance (o) ina 2" x 2" region centred on Cygnus X-3 (marked
with a +). The HEGRA position for TeV 12032 + 4130 is marked with an x.

Fig. 3. Spectrum of TeV J2032+4130 (this work — HEGRA) compared with purely hadronic (Protons E < 100 TeV) and leptonic (Electrons
E = 40 TeV) models. Upper limits, constraining the synchrotron emission {leptonic models), are from the VLA and Chandra (Butt et al. 2003)
and ASCA {Aharonian et al. 2002). In the model 2 minimum lactron energy ¥ein ~ 10* is chosen to meet the VLA upper limit. EGRET data
points are from the 3rd EGRET catalogue (Hartman et al. 1999
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The HEGRA survey of the Galactic plane

HESS Survey[ | Out of Tibet FOV SNR *
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Other sources in the Northern sky?
HEGRA survey gave upper limits 10%-100% Crabs

Aharonian et al, A&A, 395, 803 (2002)

Not enough!



The H.E.S.S. survey of the Inner Galaxy

4
2 Aharonian et al, ApJ, 636, 777 (2006)
0

1] <~30°

;4__' |b| < ~2°

~2% Crabs survey

% 0
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Fa. 6.—Significance map of the HE.5.5. Galctic plane survey in 2004, including data from rechservations of sournce candidates detecied in the original scan and
ohservations of the known gammes-ray emitter RX J1713.7—39%46 and the (Galactic center region. The typical energy threshold for this map is 230 GeV, The on-source
counts foreach grid point are ntegrated in a circle of radius § = 0722, The background for each grid point has been derived using a ring of mean radivs 076 and an area
T times that of the on-source circle. The labek indicate the gamma-ray sources described incthis work, along with the known gamma-ray sources RX J1713.7 3946 ( HESS
J1IT13-397), G090 1 (HESS 1 747—281 ), and the Galactic center { HESS 11745 —290). The mumbers i the map give the post-trial significances of the ganmma-ray sources,
The significance scale is tnmcated at 18 o) the signals from the Galactic center and RX J1713.7—3%446 excoed this level.



The H.E.S.S. survey of the Inner Galaxy anaronian et al, ApJ, 636, 777 (2006)

Source Flux Index Size Counterpart/ other names
(HESS J) (cU) (E-T) (arcmin)

1614-518 25% 2.46 12 --

1616-508 19% 2.35 8 PSR J1617-5055 ? (PWN)

1632-478 12% 2.12 8 IGR J16320-4751, AX J163252-4746 ? (XRB/UID)
1634-472 6% 2.38 7 G337.2+0.1 ?,IGR J16358-4726 (SNR/XRB)
1640-465 9% 2.42 2 G338.3-0.0 ? 3EG J1639-4702 ? (SNR/UID)
1702-420 7% 2.31 5
1708-410 4% 2.34 3 --
1713-381 2% 2.27 4 G348.7+0.3 ? (SNR)

1713-397 66% 2.19 15 RX J1713.7-3946, G347.3-0.5 (SNR)

1745-290 5% 2.20 <3 Sgr A*/ Sgr A East ? (SNR/BH)

1745-303 5% 1.82 9 3EG J1744-3011 ? (UID)

1747-281 2% 2.40 <1.3 G0.9+0.1 (PWN)

1804-216 25% 2.72 12 G8.7-0.1, PSR J1803-2137 ? (SNR/PWN)
1813-178 6% 2.09 2 G12.82-0.02, AX J1813-178 ? (SNR)

1825-137 17% 2.46 10 PSR J1826-1334 / 3EG J1826-1302 ? (PWN/UID)
1834-087 8% 2.45 5 G23.3-0.3/ W41 ? (SNR)

1837-069 13% 2.27 5 G25.5+0.0 ?, AX J1838-0655 ? (SNR/UID)

SNR~8 PWN-~3 XRB~2 UID~1 Unknown ~3



Energy Spectrum of HESS sources
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Fig. 8.—Distributions of the photon index of the new sources. The mean
photon index is 2.32 with an rms of 0.2.
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(If it is constructed
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o0o detectable by
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Expectation of the Number of SNRs in the Northern Sky

HESS Survey | Out of Tibet FOV SNR *
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1GHz Flux Distribution of SNRs
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Summary

100 TeV candidates in the northern sky:

Promising sources: Crab, TeV J2032+4130,

Diffuse 7 from Milagro region
HESS J1837-069,
Mrk 421, Mrk 501

Interesting: Cas A, M87, HESS J1834-089

Expected unknown sources from HESS data: ~8 SNRs

+Some others?



End
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>10TeV gamma-ray observation device
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