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““CCANGAROOANGAROO””
==

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

An array of imaging atmospheric 

Cherenkov telescopes to detect 
high-energy gamma-rays from 
celestial objects in Woomera, 

Australia
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CANGAROO teamCANGAROO team
•• University of AdelaideUniversity of Adelaide
•• Australian National Australian National 

University University 
•• Ibaraki UniversityIbaraki University
•• Ibaraki Ibaraki PrefecturalPrefectural

UniversityUniversity
•• Kanagawa UniversityKanagawa University
•• Konan UniversityKonan University
•• Kyoto UniversityKyoto University
•• Nagoya UniversityNagoya University
•• National Astronomical National Astronomical 

Observatory of JapanObservatory of Japan
•• Osaka city UniversityOsaka city University

•• Institute of Physical and Institute of Physical and 
Chemical ResearchChemical Research

•• ShinshuShinshu UniversityUniversity
•• Institute for Space and Institute for Space and 

Aeronautical ScienceAeronautical Science
•• Tokai UniversityTokai University
•• Tokyo Institute of Tokyo Institute of 

TechnologyTechnology
•• Yamagata UniversityYamagata University
•• Yamanashi Yamanashi GakuinGakuin

UniversityUniversity

TeVTeV gammagamma--ray sky in 2002ray sky in 2002
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TeVTeV sourcessources

NGC253NGC2531 Starburst 1 Starburst 
galaxygalaxy

CenCen XX--331 X1 X--ray Binaryray Binary

SN1006SN1006 CasCas AA
RX J1713.7RX J1713.7--39463946

3 Supernova 3 Supernova 
remnantsremnants

MrkMrk 421421 Mrk501Mrk501
1ES2344+514   PKS21551ES2344+514   PKS2155--
304 3C66A  BL Lac304 3C66A  BL Lac
1H1426+428   1ES1959+651H1426+428   1ES1959+65

8 8 BlazarsBlazars

CrabCrab VelaVela
PSR 1706PSR 1706--44   PSR150944   PSR1509--5858

4 Pulsar 4 Pulsar 
nebulaenebulae

(Yellow: CANGAROO)

CANGAROO 10m telescopeCANGAROO 10m telescope
Upgraded in 2000Upgraded in 2000
114 x 80cm CFRP 114 x 80cm CFRP 
mirror segmentsmirror segments
(first plastic(first plastic--base base 
mirror in the world!)mirror in the world!)
Focal length 8mFocal length 8m
AltAlt--azimuth mountazimuth mount
552ch imaging 552ch imaging 
cameracamera
Charge and timing Charge and timing 
electronicselectronics

(March 2000)
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Crab nebulaCrab nebula

“Standard candle” is 
observed as it should be
– Our telescope is working 

properly!

C. Itoh, Ph.D. thesis 2003

CANGAROOCANGAROO--II observationsII observations
SNR/Pulsar CrabSNR/Pulsar Crab
SNR RX J1713.7SNR RX J1713.7--39463946 (Nature)(Nature)

AGN Mrk421AGN Mrk421 ((ApJLApJL))

Starburst galaxy NGC253Starburst galaxy NGC253 ((AApLAApL))

Pulsar PSR 1706Pulsar PSR 1706--4444 ∆∆
SNR SN1006SNR SN1006 ∆∆
PSR 1259PSR 1259--63/SS283363/SS2833 ∆∆
AGN PKS2155AGN PKS2155--304, PKS2005304, PKS2005--489489 ∆∆
SNR RX J0852SNR RX J0852--46224622 ∆∆
SNR RCW86SNR RCW86 ∆∆
Galactic Center/Galactic Center/SgrSgr A*A* ∆∆
Galactic jet object SS433Galactic jet object SS433 ∆∆
EGRET EGRET unIDunID 3EG J12343EG J1234--13181318 ∆∆
Galaxy Small Galaxy Small MagellanicMagellanic CloudCloud ∆∆
Vela pulsarVela pulsar ∆∆

Signal   Publish

Signal: detected, upper limit, ∆∆ under analysis

Publish: published, ∆∆ in preparation
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CANGAROOCANGAROO--III projectIII project
4 x 10m telescopes to be completed in 20034 x 10m telescopes to be completed in 2003

T1

T4 (2003)

T3
(2002)

T2
(2002)

Merit of stereo observationMerit of stereo observation
CherenkovCherenkov shower shower 
pool: ~300mpool: ~300mφφ
Stereo Stereo ⇒⇒ Info. on Info. on 
distance to showersdistance to showers
Better angular Better angular 
resolutionresolution
∆θ∆θ==0.20.2°→°→0.050.05°°
Better energy Better energy 
resolutionresolution
∆∆E/E=E/E=30%30%→→15%15%
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10m telescope No.210m telescope No.2

Completed in 2002Completed in 2002
Improved FRP Improved FRP 
mirror segmentsmirror segments
Focal length 8mFocal length 8m
427ch imaging 427ch imaging 
cameracamera
Faster electronics Faster electronics 
(charge and (charge and 
timing)timing)

T2 event samplesT2 event samples

TDC    ADC

Scaler Star
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Stereo observationStereo observation

∆t = (L1-L2)/c ∝ cos A cos h

GPS: 1pps

Stereo sampleStereo sample

T1 TDC

T2 TDC

T1 ADC

T2 ADC
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Present status: Three 10m Present status: Three 10m 
telescopes in telescopes in WoomeraWoomera

T2                      T3                   T1

Started operation 
in Dec. 2002

Assembled in 
Dec. 2002

In operation 
since 2000

Next several yearsNext several years

Systematic study of Systematic study of SNRsSNRs
Survey of the galactic planeSurvey of the galactic plane
International/International/multiwavelengthmultiwavelength coordinationcoordination

Present fund ends in 2004 MarchPresent fund ends in 2004 March
We need running fund! We need running fund! 
T1 mirror & electronics: replacement is T1 mirror & electronics: replacement is 
necessary!necessary!
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Number of sources vs. yearNumber of sources vs. year

R. Ong, 2002, “The Universe viewed in Gamma-rays”, Kashiwa, 2002 Sep

Next CANGAROONext CANGAROO
R&D for 15m class telescopeR&D for 15m class telescope
•• Light, durable plastic mirrorLight, durable plastic mirror
→→ the reflector can be largerthe reflector can be larger

•• Mountain altitude? Mountain altitude? ←← Lower thresholdLower threshold
•• Lower energy gammaLower energy gamma--rays, overlapping the rays, overlapping the 

satellite (GLAST) regionsatellite (GLAST) region

Deep surveyDeep surveyAll sky surveyAll sky survey

100(100(→→20?)GeV20?)GeV--100TeV100TeV50MeV50MeV--100GeV100GeV

IACTIACTGLASTGLAST
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Systematic study of Systematic study of SNRsSNRs

Crab nebula

（”Standard candle”）

Vela （CANGAROO）

RX J1713.7-3946 （CANGAROO）

Cas A （HEGRA）

RCW86（CANGAROO under analysis）

RX J0852-46 （CANGAROO under analysis）

Chandra

・optical

Chandra

ASCA

Chandra

ROSAT

ROSAT

SN1006 （CANGAROO）

ASCA

Galactic plane surveyGalactic plane survey
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International coordinationInternational coordination
Continuous observation of time variable objectsContinuous observation of time variable objects
(ex. (ex. BlazarsBlazars))
MultiwavelengthMultiwavelength campaigncampaign


