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Yangbajing , Tibet, China
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Resear ch Purpose

Complementary to Air Cherenkov Telescopes
Wide-fidd-of-view ~ sr high-duty cycle CR telescope

1. 3TeV~100TeV cosmic y rays
2. 100TeV 100 PeV primary cosmic rays

-> Origin, acceleration of cosmic rays

3. The Sun’s shadow in cosmic rays
Shielding effect on cosmic rays by the Sun)
-> Global structure of solar and interplanetary
magnetic fieds
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i. :
s

=

-

Yangbajing (4300a.s.l.=606g/cm?), Tibet, China, as of 1999
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Total 545 detectors
Modal Energy
~3 TeV
Angular Resolution
~ 0.9 deg@3TeV
Trigger Rate
~680 Hz
Data size
~20GB/day

Operation
1999 October-
2002 September



Tibet IIl Air Shower Array (2003) 36,900 P

Tibet Airshower Array
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o FT Detector (512)

o FT Detector w/ D-PMT(249)
15m © Density Detector (28)
789 detectors

Total 789 detectors
Modal Energy
~3 TeV

Angular Resolution

Yangbajing (4,300m a.s.|.=606g/cm?), -
Tibet, China, as of 2003 - 0.9 deg @3TeV
Trigger Rate

~1700 Hz




Detection Principle
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Event Schematics
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Moon’s Shadow

Geomagnetic Field

Significance
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vy from Crab
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(1996 Nov-1999 May 502days)

1P e — —
- Whipple (1888) ik
L CANGAROO (1888) 0 |
T Tibet (1999) e & -
.z S} HEGRA(2000) ¢ ¥ -
Bk ¥ Tibetill {This Work)—e— |
=10 5
L ]
Fb. ) L
G @ 16" -
i3 =
= T 15°f -
E =
i= L
$ 15" s
=
=1
10 -
1ﬁ15-....| L M N . M A
885 B5 B84 83 82 8] 1012 10" 10"
Right Ascensicn Energy (eV)

ApJ 525, L93-L96, (1999)



E2dN/dE (TeVem2s-T)

10

10

10

10

10

10

Crab y unpulsed

The broad-band gamma ray spectrum of the Crab Nebula
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Flare y from Mrk501 (1997)
3.7c(Feb-Aug)~4.7c(Apr-Jun)

Tibet-HD (5200m?) 4 Mrk501
10 F—Fg
- +
0]
10 F %%
E ‘_"; -LL | 5{3@?
o w10 £ S
3 B %,
. O
@ Nm 10L’2 B %
= T 2
%; 5 :
= = BT T{
W glﬂ — 0% c.qu
e 3 ¢ Tibet
= - el ' 90% C.L ]
10 F * Whipple 90%C ~><I ll
x HEGRA O
B v B i v | R | =0 £5 ) i .
=P ] 0 ! , (B I L b
Angle Distance (degres) 0.1 1 10

ApJ 532, 302-307, (2000) Energy (TeV)



Flare y from Mrk421 (2000-2001)
5.1c Tibet-1ll (22000m2) 457days




Mrk421 long-term correlation between
X-ray and TeVy -ray data
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Upper limits on galactic diffuse y rays

Inner galaxy Quter galaxy
(20<I<55deg (140<I<225)
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Northern Sky TeV y-ray Source Search

| 90% C.L. Upper Limit { E>3 TeV , E>10 TeV )
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Search for PeV signal from Monogem Ring
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V-ray
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Longitudinal development of AS
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How to obtain proton spectrum?

Hybrid system
BD(burst) :  (X,y) time Burst Size (below EC)
1st trigg_er ‘ ‘
AL EC(y family) @ (x,y) ‘ (9‘,¢) > E,
AS array: time ($,0) Ng
¥ (Simulation)
0

. GUI Soft
EC-Xray filmimage m==) Scannc(er Jw?mily detection

AS+family matching event == ANN==) Froton
(Correlationg | 0ENtiTiCation

~100 eV/699 days



Artificial Neural Network

JETNET 3.5
Parameters for training: Ny 3 Ey , Ry , ERy ,N.,9©
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Primary proton spectrum

(@) (by QGSIET modéel)

(b) (by SIBYLL model )
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Primary helium spectrum

. (a) (by QGSJET mode)
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Primary Cosmic Ray Energy Spectrum
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The anisotropy at the solar time frame

\ Oh
o
(Compton, A. H., Getting, I. A. 1935, Phys. 6h /
Rev. Let. 47, 817-821) \
Apparent anisotropy due to ot
terrestrial orbital motion -7 T W rotation
revolution orbit
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V - N\
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v R
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CG effect (Nov1999 — Nov2003)

PRL 93 ~3x10%° EV in Total
061101,(2004)
Some other effects at low energies?
' = Differential
A Integral
AT T =1 Data-CG

local solar time [hour]

CG expected: ---



Cosmic Ray Anisotropy at Sidereal
Time (ApJ, 626 (2005) L29-L32)
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amplitude[%)]

phase[h]

Sidereal Time Anisotropy

Declination Dependence of

Fourier FirstIEIarmonics
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Three calendar yearsdata starting July 2000
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The Sun’s shadow
In cosmic rays

Solar
Magnetic

“ Shadow .*

Magnetic
Field

Earth



Solar ACtiVity — Sunspots (Monthly)
Monthly Sunspots 1990-2003
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Obsearvation — Sun Shadow

Anti-correlation between Sun shadow and sun spot # @ 10 TeV

1996 Jul 1007 Jul _ 1098 Jul 1000Jul 2000yl

200
100F-Sun
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2001 Jul 2002 Jul 2003Jul 2004 Jul 2005ul __ 0

A Ediptic Latitude

+20 2 0 420
AEdiptic Longitude  AEdiptic Longitude

O i d J ! a \ \ >
-20 0 ¥ 0  +20-2 +2o 2
A Ediptic Longitude AEdiptic Longitude ~ AEdiptic Longltude



Potential Field Sour ce Surface M odel

« Radial Field modd by Hakamada, Chubu U.
« scalar potentia in the coronal magnetic field

— expansion by spherical harmonics order: n

« Assumption
— No coronal current (no influence on magnetic field)
— Scalar potential(  R,z) 0 (to prevent troidal magnetic field)

— Only radial component at the solar surface

Solar Minimum Synoptic Chartfor Radial
CR1925./.Jul.-Aug. 1997 component (n=30)

Heliographic Latit_ude (d

Toward

180 240 360

Carrington Lonﬂltude‘dﬁi

Carrington Longitude (deg)




Yearly Variation of Deficit within 3°
around the apparent sun’sdirection @ 10 TeV
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Gnevyshev gap
in 2001

24 Cycle 23 Smoothed Sunspot Numbers: Observed and Predicted
Jun 06
200
Along a vertical line, each observed smoothed
monthly mean is compared
with its prediction 12 months earlier.
Insert below shows spread
150 Predicted Cycle 23 Cycle 22 between ::uwatlom and predictions.
100 I
Observed Cycle 23 2004
50
Mean Rise 3.9 Years Mean Fall 7.0 Years
0 Lisssing | | | | | 1 1 | 1 |

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

Smoothed Sunsnot Numbers (Observed and Predicted) for Parts of Solar Cycles 22 and 23



Yearly change of Sun shadow 1996—2005 , 3TeV

Gnevyshev gap
in 2001

2000(Tibet-111) 2001 (Tibet-111) 2002(Tibet-111)

2004(Tibet-111) 2005(Tibet-111)

2003(Tibet-111)



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 (Gal actic cosmic rays
accelerated to the knee region ~10%° 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?




1. 100 TeV y-ray astronomy

Let’ssee 100 TeV-region gammarays by
Tibet-111 (AS) + alargeunderground
muon detector array (M D)
(8640m? in total)!

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

Diffuse gamma rays could be detected.
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Tibet MD

[ UG Cherenkov Detector (240)
totel 8,640 m?

i80.m
0 >

o FT Deteotor (512)
m FT Detector W D-PRIT [249)

43

~ Muon detector ~

2.5m underground
(500g/cm?2; ~19 Xo)
waterproof concrete pool
6m X 6 m, 1.5m deep

20 ¢ PMT @ 1 detector

Inside is painted with white
epoxy paint to waterproof and
to efficiently gather catoptric
water Cherenkov lights

by a downward facing PMT

240 detectors Total: 8640m?2

a Density Detactor (28]

—_—
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>10TeV gamma-ray observation device 4

Advantages of the Cherenkov type muon detector are

High cost performance

«  High sensitivity to muons rather than electromagnetic
component caused by the environmental background
radioactivity and the air shower cascade,

because it is easy to design its pool depth (=path length of
a muon) deeper, compared with a scintillation detector.

[
" > - '("
7

- ‘ )20 inch in diameter PMT
L/ (HAMAMASTU R3600)




46
Example of existent Cherenkov detector design

Milagro Super-K (anti-D) Tibet MD
PMT 8-inch PMT 8-inch PMT 20 inch PMT
Detector 80m x 60m, D=8m ex.) 8640m?
Size (Top 4800m?/

Bottom 2000m?)

Grid or 2.8m x 2.8m
1 Unit 2 PMT@6m?2 1 PMT@ 36m?
Photo- 0.4% 0.52% 0.54%
sensitive
coverage
Number of Top: D=1.4m, 450 PMTs 1885 PMTs 240 PMTs
PMTs Bot.: D=6.0m, 273 PMTs

Tibet MD detector will be expected enough response for muon detector.




Z Npe

Distribution of ZNpg a1
asafunction of Zp
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Z Npe

Hadron / Gamma Separation
10TeV:
SNoc=~30
Ey: 10T ggr:nma: ~35% rejection
€ Sensitivity:
10*

10° L'l

10°

10

| 100TeV:
4l >N__=~300
BG:

Gamma: ~5% rejection

Sensitivity:

L.
10* 10° 16"
Zp

10°

dNIN

dNIN
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Survival efficiency ( )

Survival efficiency after the cut 10TeV:

ZNpe =~30

BG:

Gamma: ~35% rejection

Ey: 10TeV 100TeV 1000TeV

100 p— — .-...-.-.—rg—,-—rrn.

Sensitivity:

E- ® o o * _ 1

i Gamma ray (index —26) —e _ 100TeV:

»N,e=~300

BG:

107 | - Gamma: ~5% rejection

Sensitivity:

107 F ; 1000TeV: (need more data)
’ = 2N,-=~3000

BG:

Gamma: ~1%rejection

10° 10* 10°
Ip




SenS|t|V|ty (Tibet AS + I\/ID)

T|bet |l oyearr 55|grna —
Y i, - Tibetlll+WC Syears Ssigma —— {1 Tjpet-||| Scintillation Counters
10 MAGIC 50hours Bsigma ——
. VERITAS 50hours 5sigma —— 37,000m?
‘_I,,__h 10-9 .................... . e T he - +
5 | HEGHACrab th =—t Underground
0 ' ' Water Cherenkov Detector
5 8,640m?
2
= .
5 Crab orbit
[
— :
> Flat region (> 200TeV)
E

Background << 1 event
15 photon sensitivity
(Poisson 50 )

0.01 0.1 1 10 100 1000
Erergy (TeV)



Comparison between Tibet AS + MD and HESS

Tibet AS+MD H.E.S.S.
~100 TeV ~200 GeV
Location 30N-90E 23S-16E
F.O.V. ~1.5sr ~0.02 sr
Duty cycle ~90% ~10%
Angular
guiar ~0.2° ~0.1°
Resolution
Ener
gy_ ~40% ~20%
Resolution
Background
o ~99% ~99%
Rejection
Sensitivity
. ~5% RXJ1713 ~1% RXJ1713
(RX J1713 Unit (3 year 50 ) (50 hours 50 )
Index = -2.19) Y
Detected

Sources

~20




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
LS | +61 303 XRB 31
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 AS+MD can detect in the 100 TeV region?



Diffuse gamma rays from Milagro I1G reglon

Inner Galaxy Region
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FIG. 3. Profiles of the fractional excess in latitude for the R1
longitude band [ € (40°, 100°). and in longitude for the latitude
band |b| < 5° of R1 and R2. The dashed lines show the EGRET
source shape.

Atkins et al, Phys. Rev. Let., 95, 251103 (2005)



Integral Flux {crn'2 3'1)

Cas A

107 [ ' T T
. 9  Cas A(HEGRA 1-10TeV) ——
S . E— s
L | N VERITAS (50h Ssigma) }
N\ Tibet (Sy Ssigma)
11
10 e e T B S PR g e
VERITAS ™. ]
15 S+MD
1077 : ]
10-16 - - e
0.1 1 10 100 1000

Energy (TeV)

Cas A

Brightest shell-type SNR in radio
Distance ~3.4 kpc

Age 1680 years

HEGRA live time ~232 hours
Flux ~3.3% Crabs

IC+bremsstrahlung? 1t © decay?
Aharonian et al, A&A, 370, 112 (2001)

Integral Flux {crn'2 3'1)

TeV J2032+4130

<A

10 [ . - —
. TeV J2032+4130 (HEGRA 1 __05_9_55%% —
10 . .
LA | . VERITAS (50h Ssigma) 1
. Tibef (3y 5sig|:-r|a:.
gt : 5
10-12 :
1D-13
-15 S+ M D
107 ; N :
10718 : { :
0.1 1 10 100 1000
Erergy (TeV)
TeV J2032+4130

Unidentified TeV source

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

n O decay?

Aharonian et al, A&A, 431, 197 (2005)



Cygnus OB2 Field: HEGRA CT-System
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et al, A&A, 370, 112 (2001)
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Lang et al. Astrophys.& Space Sci., 297, 345
(2005)

A NEW TeV SOURCE CONFIRMED IN WHIPPLE ARCHIVAL DATA:
TeV J2032+41

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 J2032 + 4130 source
first reported at a conference by the Crimean Astrophysical Observatory and confirmed independently
by the HEGRA Collaboration in a referred publication. The significance of the Whipple observations at
the a priori HEGRA position is 3.3¢. The peak signal was found at RA = 20 h 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.

4
3
2
3 =
H 3
E b
41
1-2

RA (J2000)

Figure I. Sky map of the excess significance (o) in a 2° x 2° region centred on Cygnus X-3 (marked
with a 4). The HEGRA position for TeV J2032 + 4130 is marked with an x.

Fig. X Spectrum of Te'V 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 (keptonic models). are from the VLA ond Chandrg (Butt ot al. 2003
and ASCA {Aharonian et al. 2002). In the model 2 minimm slactmon energy ¥ws = 10° is chosen to maet the VLA spper limil EGRET datz
points are from the 3rd EGRET catalopue (Harman et al. 1999
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HESS J1834-087
Counterpart G23.3-0.3
Shell-type SNR
Distance ~4.8 kpc

1000

Zenith at Tibet ~39°
Aharonian et al, ApJ, 636, 777 (2006)

Integral Flux {cm'2 3'1)

HESS J1837-069
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Zenith at Tibet ~ 37°
Aharonian et al, ApJ, 636, 777 (2006)



Integral Flux (lczrn'2 5'1)

LS | +61 303
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High Mass XRB

Orbital period 26.5 days
Distance ~2 kpc

Tt Ydecay?

Zenith at Tibet ~31°

BO Ve star

log EF, [erg/{cm? s)]

10 11 12

log E [eV]
2- :
. M.JD, = 53646.7
i W | |
o A R I L
2[ : : :
; MJD, = 53673.2
T
—0 Ty ! !
w21 : : :
o N N _
E | | | MJD, = 52699.7
o wpdd ¢ ; ;
=2t é : é f
— L3 :
3 : MJD, = 53726.2
o' v f
[=] CR : :
S 5 I B [
¥ 2f ' ; :
u 5 5 MJD, = 53752.7
woqt : §;§¢"¢' it
e N f
0 Lo L
2| ' : W
é é % MJD, = 53779.2
1 5 L ¥ :
v e 37 v ;
ol . it !
1| : i
: : : Flux
0.5 : ++ |20 upper limit
08 09 1

o L
Albert et al, Sci ern1ce, 0'31’12?'

2 ﬂ,l3 I 0.4 I ﬂ,IS
1771 (2006)

Orbital phase



Large Zenith Angle - Efficiency
(Normalized to Dec 20 deg Efficiency)
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Mrk 421, Mrk501
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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 0.1-several Crabs
Aharonian et al, A&A, 395, 803 (2002)

Not as sensitive as HESS survey



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

s 5SS 1834087 HESS J1B25137 HESS J1813178

: ol Aharonian et al, ApJ, 636, 777 (2006)

.

*) I| <~30°

e - o] <~2°
os ~2% Crabs survey
§ - 17 sources were found
g-j S p IIMITRTTg T a5 3% - (14 new sources)

Angular Resolution
HESS - ~0.1° (>100GeV)
Tibet > ~0.2° (>100TeV)
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HESE J1712:381 HESS J1702-420 HESS J1634=472 HESS J1616-508
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Fa. 6.—Significance map of the H.E .5 5. Galadtic plhne survey in 2004, includng datn from recbservations of sounce candidates detecied in the original scan and
ohsenations of e known gamms-ray emiter BX J1713 7—3%46 and the Galactic conter region. The typical energy @yreshold for this map is 230 eV, The on-source
gounts foreach grid point are niegmted in a circle of mdius § = (222, The background for each grid poimt has been derived using a ning of mean mdius (0706 and an anea
Tomes that of the on-sounee circle. The labeks indicate the gammea-ray sounces descnbed in iz work, along with the known gamma-ray sources RX J1713.7 — 39446 { HESS
JUTIA=39T), G090, | {HESS F1 747—281 §, and the (Gaalactic cener {HESS 11745 — 290 The numbers i the map give the post-tnal significances of the gamnea-ry souroes.
The significamce scale is tnmeated at 18 o) the signals from the Galactic cender and BX T1713.7—3%446 excoed this kevel.



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) (ET) (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 2,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  RXJ1713.7-3946, 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



Integral Flux {photons cm—= s-' )

Energy Spectrum of HESS sources
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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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Aharonian et al, ApJ, 636, 777 (2006)




Extragala

Giommi et al, A&A, 445, 843 (2006)
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Ando & Komatsu Phys. Rev. D 73, 023521

2Ogﬂaronian et al, Astro. Phys., 17, 459 (2002)

Wagner Mem. Soc. Astron. Ital., 73, 76 (2002)
Theet al, ApJ, 403, 32 (1993)

photons by X-particle?
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Log frequency v (Hz)
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Fig.5. The extragalactic Cosmic Background Energy distribution at

microwave, X-ray and y-ray energies.

EBRs ~105 events
CRs ~108 events

/[ 3years / 1sr (>100TeV)

Need B.G. rejection  10-3

ABSTRACT

We present a new assessment of the contribution of the blazar population to the extragalactic background radiation across the electromagnetic
spectrum. Our calculations rely on deep blazar radio counts that we have derived by combining several radio and multi-frequency surveys. We
show that blazar emission integrated over cosmic time gives rise to a considerable broad-band non-thermal cosmic background that in some
parts of the electromagnetic spectrum dominates the extragalactic brightness.

We confirm that blazars are the main discrete contributors to the Cosmic Microwave Background (CMB), where we estimate that their integrated
emission causes an apparent temperature increase of 550 uK in the frequency range 50-250 GHz. The CMB primordial fluctuation spectrum
is contaminated starting at multipole / = 300-600, in the case of a completely random source distribution, or at lower [ values if spatial
clustering is present. We estimate that well over one hundred-thousand blazars will produce a significant signal in the maps of the upcoming
Planck CMB anisotropy mission. Because of a tight correlation between the microwave and the X-ray flux, these sources are expected to be
X-ray emitters with flux larger than a few 107" erg em=2s™! in the soft X-ray band. A large fraction of the foreground sources in current and
near-future CMB anisotropy maps could therefore be identified and removed using a multi-frequency approach, provided that a sufficiently
deep all-sky X-ray survey will become available in the near future.

We show further that blazars are a major constituent of all high energy extragalactic backgrounds. Their contribution is expected to be 11-12%
at X-ray frequencies and possibly 100% in the ~0.5-50 MeV band. At higher energies (E > 100 MeV) the estimated blazar collective emission,
obtained by extrapolating their integrated micro-wave flux to the y-ray band using the SED of EGRET detected sources, overestimates the
extragalactic background by a large factor, thus implying that not only blazars dominate the y-ray sky but also that their average duty cycle at
these frequencies must be rather low. Finally, we find that blazars of the HBL type may produce a significant amount of flux at TeV energies.




Galaxy Cluster

NGC 4881
Coma Cluster

HST - WFPC2

ST Scl OPQ PFS5-07 - January 1895 - W. Baum (LLWA), NASA

ABSTRACT

All sufficiently massive clusters of galaxies are expected to be surrounded by strong accretion shocks. where
protons can be accelerated to ~10"-10" &V under plausible conditions. Such protons interact with the cosmic
microwave background and efficiently produce very high energy electron-positron pairs. which then radiate
synchrotron and inverse Compton emission. peaking respectively at hard X-ray and TeV gamma-ray energies.
Characterized by hard spectra (photon indices ~1.5) and spatial distributions tracing the accretion shock. these
can dominate over other nonthermal components depending on the shock magnetic field. HESS and other Cerenkov
telescopes may detect the TeV emission from nearby clusters. notwithstanding its extended nature. The hard
X-rays may be observable by futwe imaging facilities such as NeXT and possibly also by the Asmo-E2 Hard
X-Ray Detector. Such detections will provide not only a clear signature of ultra—high-energy proton acceleration.
but also an important probe of the accretion shock itself, as well as magnetic fields in the outermost regions of
clusters.
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FiG. 2.—Spectra of proton-induced emission for the model parameters la-
beled in the figure (see also text). compared with observational data for the
Coma Cluster from the Extreme Ultraviolet Explorer. BeppoSax. Rossi X-Ray
Timing Explorer. and EGRET compiled by Reimer et al. (2004). [See the
electronic edition of the Journal for a color version of this figure.]

Inoue, Aharonian & Sugiyama, ApJ, 628, L9 (2005)




Summary  (Tibet AS + MD)
10-1000 TeV candidates in the northern sky:

Promising sources: Crab, TeV J2032+4130,
Diffuse y from Milagro region
HESS J1837-069, Mrk 421

Interesting: Cas A, M87, HESS J1834-089, Mrk 501
LS | +61 303

Expected # of new sources from HESS data: >~10!7?

+Some others?



2. Next phase of
Tibet hybrid exp. YAC

Y angbajing Air shower Core detector

*Measure the energy spectrum of the main component at the knee.
*Detector Low threshold BD grid ASarray
*Observe energy flow of AS core within several x 10m from the axis.



YAC array

Cosmic ray(P,HeFe...)
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40cm x 50cm, 20x20 channedls
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Separation of Feby YAC use ANN
Iron and others
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Detection efficiency of YAC
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