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High -energy gamma-rays are emitted by non-thermal
processes where one cannot define temperature

ƃƁ
Elementary process of particle interaction

Compton

Chandra
Hubble

Spitzer

NASA brochure òThe Great Observatoriesó
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Compton Gamma-ray Observatory
Whipple Cherenkov Telescope

Tibet ASgArray

MeV GeV TeV
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Emission from particles accelerated to high energies by non-thermal processes

Jelley& Weekes, Sky and Telescope, 1995
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Evans 1955



> TeV gamma-rays

A ~10 4m 2

W~10 -2sr

~1 m 2

~psr

8Fermi Gamma-ray Space Telescope (2008 June-)



È 1952:S. Hayakawa (Prog.Theo.Phys. 8, 571)

Á p0 decay gamma-rays during CR propagation

È 1958:P. Morrison (Nuovo Cim. 7, 858)

Á Synchrotron/ Bremsstrahlung/ p0 / de-excitation of 
nuclei/electron -positron annihilation

Á Sun/Crab/radio galaxy/matter -antimatter annihilation

È 1959:G. Cocconi (7th ICRC, Vol.2, 309)

Á p0 decay gamma-rays from Crab

È 1960-64:A.E. Chudakov et al.
Á 1.5mf¥12 in Cremea
Á Flux < 10-2 of prediction by Cocconi

È 1968:G.G. Fazio et al.
Á Whipple 10m telescope on Mt. Hopkins
Á 3sdetection of Crab nebula (Fazio et al. 1972 ApJ 175, L117)

È 1972:Launch of SAS-2 satellite
9
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SAS-2 (1973) COS B (1980)

CGRO/EGRET (1996) Fermi (2008)
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From Fermi team
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Telescopes in Crimea

Whipple 
10m telescope
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E. Ona Willhelmi 2001
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Height at shower maximum

Tibet

X0 : radiation length (37 g/cm 2 in air)
e0 : critical energy (80 MeV in air) 
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· Cherenkov angle

cosq= 1/nb

b= v/c 
n = 1.0003 (1atm)

Ýq=1.3o (sea level)

Jelley, 1958
Jelley& Weekes, Sky and Telescope, 1995
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MODRAN4 calculation by M.Yuasa (2006)

MODRAN4 calculation by H. Tsunoo (2002)

Observed
spectrum

Total

a: Cherenkov, b: transmission, c: mirror, d: QE, e: NSB



Cherenkov light from gamma -ray showers
Lateral distribution   &   Timing distribution

17Aharonian & Konopelko 1997



Focal plane image

Gamma                     Proton

Shower profile

Gamma                         Proton

Regular                        Irregular

Sharp                         Diffuse

a(image orientation angle)

­ Differentiation of gamma -rays 
from charged cosmic rays
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Aharonian et al. 1997



19

500 GeV Gamma-ray 2 TeV Proton

Miguel F. Morales, http://scipp.ucsc.edu/milagro/Animations/AnimationIntro.html



Angular resolution

0.25deg ­ 0.1 deg

Energy resolution

30% ­ 15%

Better S/N (no local muons)

© S.Funk, 2005
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~10km



Base Satellite Ground Ground

Gamma-ray

detection

Direct

(pair creation)

Indirect

(atmospheric

Cherenkov)

Indirect

(shower array)

Energy < 30 GeV

(­ 100 GeV)

>100 GeV

(­ 50 GeV)

>3 TeV

(­ 1 TeV)

Pros High S/N

Large FOV

Large area

Good Dq

24hr operation

Large FOV

Cons Small area

High cost

Low S/N (CR 

bkgd.)
(but imaging overcomes this!)

Small FOV

Low S/N (CR 

bkgd.)

Moderate Dq
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Rene Ong, ICRC2005 OG2 rapporteur talk (updated)

VERITAS
2007
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Weekes et al. ApJ 342 (1989) 349

82hrs, 0.24g/min

Gamma-
ray signal

Whipple 10m telescope

37ch imaging camera
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Crab Signal as seen in VERITAS in real time
during commissioning

Clock

Signal

Weekes, Gamma2008, Heidelberg



TeV skymap
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TeV skymap


