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Synchrotron Radiation
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nucleus

Bremsstrahlung

Meson Decay
(1) Proton hits nucleus
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Active Galactic Nuclei (AGN)

[ Qal axy ]Q% = é GN
AGN - Time variation (1000sec)
- It is 100 or more times
brighter than the star
of the whole galaxy.

- A massive black hole (MBH)
Isinanuclel.

— AGN 10% = Jet (Blazer)

Jet - Radio lobe
- Hot spot
- Knot
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Gamma Detection of

ra
g TeV gamma rays
with Cherenkov

Air shower §- Dk

A

telescopes

- Shower maximum
Height :10 km
- Cherenkov angle

cos 6 = 1/nf
n=1.0001 (0.3atm)
= 0=0.8°




Cherenkov image
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( MC Simulation)
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Hillas parameters
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“CANGAROQ”

Collaboration of Australia and Nippon for a
GAmma Ray Observatory-in the.Outback

AUSTRALIA 'y
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CANGAROO-III Cherenkov telescopes
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Reflector

Frame . parabolic
Diameter :10.4 m
Focal length :8m

F . 0.77

Total collecting area : 57.3 m?
Number of segments : 114
Mirror diameter : 80cm
Mirror shape : spherical
Mirror material - GFRP




Camera

Camera design

e Aluminum alloy

* Weight 110kg

e Diameter 800mm

 Length 1000mm

o 427 pixels

 Field of view 4°
0.168°/pixel

» Hexagonal arrangement

-The characteristics of all PMT
modules were calibrated individually.

PMT (R3479, HPKK)

-The linearity is up to 200 p.e.
-The deviation of uniformity is 11%.
-Light correction efficiency is 2 times up.



Active Galaxy Centaurus A

About Centaurus A

Radio galaxy

Elliptical

Fanaroff-Riley type|
Misaligned BL Lac (~ 60°)
Distance 3.5 Mpc

Parameter value

(J2000) 201°.3650633

&J2000) -430.0191125

Galaxy Size 18 x 14 arcmin

Radio Souce size 8% 4 degrees

Distance 3.5 Mpc

Apparent Magnitude 7.96 mag

Total galaxy mass (4£1) x 1011 M,

Outer radio lobe 250 kpc

Inner radio lobe 5 kpc - .

e e The Optical image of Centaurus A
ety M e I (ESO/MPG 2.2-m telescope with WFI)
Radio core 0.008 pc

Dust lane radius 7 kpc



Radio Structure

30 kpc ~ 0.3°

Blue: Radio jet

Red : CO

White : Atomic hydrogen gas

Yelow : shell

(32" x32', Charmandaris 2000)

Cen A Parkes 4750 MHz TP+PI

N

Outer |obes (408MHz)

(200x20°, Hasiman 1982)

Outer lobes 6.9cm(4.75GHZz)

(5°x9°, Junkes 1993)




Multiwave Images

Image Size = 15 x 14 arcmin SEXBPILDES DEHZITHO- )
0.23°
Radio Far infrared Mid infrared Near infrared
VLA(6cm) IRAS Spitzer 2MASS
4.9GHz 60-100um 3.6 to 8um 1.2-2.17um
One

event CANGAROO-I||

resolution =~ Angular
resolution

X-ray Ultraviolet Visible
Chandra GALEX DSS
1-3 KeV 130-300nm 405-645nm

Gamma



Observation

SEIOEATII2EDERZFEDATLAEAZIToT-,
Three fold coincidence TOERBIXIT>TLVELY,
2ETHDATLAARUMIOFFZ A THBRITT 5,

Centaurus A

Observation date | Observation | Observation time | Average zenith
time(T2- | (T2-T4) angle

15— 28 Mar 2004 | 63 min 414 min 17 degree

15— 28 Apr 2004 | 444 min 468 min 17 degree

Total 1047 min 882 min
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Analysis method : Likelihood cut

ADC5p.e. <
-25<TDC<25 nsec
Scaler Top 40
Clustering : T6a
Sump.e :0pe<
Distance

O<distance< 1.9
Likelihood parameters
length,Width,

Opening Angle, T2cog-T 3cog
L ratiocut 0.9<

Probability density function
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Camera center

Camera center

declination - source declination [deg]
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HEGRA
¥ Crab flux
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Buckland Park

.

J3 (burst)

2 (steady)
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Relativistic beaming effect

CanATESARALGULDIEDzybDOAEDEEN ?
Define beaming factor

0 ={y (1 cosP

Mrk501 1€ ARG T60° fELVTLMEAD,
gt O ) ~5 p~32@LBE.
1.3 X 104
%L 9 5,
Mrk501/HCen ALRICIEBEICHHERTET 5.
(Mrk501/CenA ) 2=(0.034/0.0008)2=1.8 x 104
IEDTCeNAN KSIZ60° ELVTWWTHETHRZADIET THS,
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Conclusion

- L IXCANGAROO-IEi=izZ AL TEENE KR
Centaurus AZ X TL A ERILT=,
- CANGAROO—IIITIEERFEZIRE®RL. ATLAEHAZ
algelcL7=,
FOHRIRILF—FEEINS00GeV THENHREEIX0. 2074 57-,
- 2 5tLikeihoodZ ALY THEHT
TIToRR. AEGIEFIIEHTEGM o1,
10505 D EAITO.31x10 Y ecm2seciD 2 0 ) L R{E%
Dl+f-. S5IZHBLTHBIES.
LJ/L < 1/580< 1.
Ug > 580 U sync= 3500eV/cc
B=250 1 G(R/12kpc)*
DFIREDITHEMNTET=,
BB TIERELILTIIEHBAEINT . TeVFEETD
ZEHquietTHoT=,
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Radio
10.7~ 90 GHz

-]

Expanded time szale for
10.7 GHz data [1976)
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FLUX DENSITY (1 Jy = 1077 ergs em® see Hz 1)

- .ILI-NE '.'ﬁ JUL‘r?ﬁ Al.lﬂ‘m | | . |
1968 1968 1970 1971 1972 1973 1974 1975 1976 1977
YEAR
Graf and Price (10:7 GHz}=+; Dent and Hobbs (314 GHz) =§, (B5.2 GHz) =4

Kellermann (315 GHz) =4, (89 GHz) =%, Conklin and Ulich {90 GHz)=§.

Fic. 1.—Radio emission from the nucleus of Cen A. Data taken from Price and Stull 1973, Stull and Price 1975, Dent and
Hobbs ]9?3 Kellermann 1974, and current obscrvations.

FLUX {x 107 ergs em ® sac'l)

P, U

i L 1 1 i 1 1
1968 1965 1670 1971 1978 1973 1974 1975 1976 1977
YEAR
Lampton et al. (Rocket)=§; Tucker etal (Uhuru)=-f; Winkler and White
(050-7/MIT) =4 Davison ef al, Stark ef al=7 Stark ¢l al (Ariel Vi=§:
Grindlay et al, (ANS) =3, Stark et al. (Copernicus) =§; Serlemitsos et al,
(080-8)=4; SanferdiCopernicus)=F

Fii. 2.—History of Cen A 2-6 keV X-ray flux. Data taken from Lampton ef al. 1972, Tucker ef al. 1973, Winkler and White
1975, Davison ef af. 1975, Stark e¢ al. 1976, Grindlay er al. 19756, Serlemitsos er al. 1973, Sanford 1976.
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TeV Ganmma-ray MeV-GeV
Gamma-ray

Cherenkov light #
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Electronics

FMTs

Addichipy— % F 00 Eesaanass ‘Hikise
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gate 100 ns
Scaler
remove NSB
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N BeRtalaE = ) 0.78ns resolution
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Trigger

Discriminateyr




Gamma-ray sources

Pul sar Supernova remnant

Radio, Optical emission etc. Gamma-rays Dense

molecular
cloud

Supernova
remnant

Compressed
shell of hot gas

[ Pulsar wind
. Pulsar Inverse Compton

nebul >
scattering— y-rays

Supernova remnant

« Expanding blast wave from explosion

»  Fast rotating magnetized pulsar — shock wave

= power generator *  Particles accelerated in shock wave
 Energy e Interaction with ambient medium
— Pulsar wind out of light cylinder — e+ B (syncrotron)
«  Shock wave in ambient medium — e+ Photons (1C)
— particle acceleration — p+Gas(n’)
« Gammarayshy IC = Gammarrays

e Cosmicray origin?
(energetics argument)



