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GeV gamma-ray sky by EGRET

Tangent points of the local arm

Galactic ridge High latitude (halo?)

Inter-arm region

S. Hunter, GLAST meeting, Oct.2004

The dominant feature of the gamma-ray sky is
the Galactic diffuse emission, and it is a probe of 
the Galactic ISM and the CR distributions!
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The Galactic Diffuse Emission

Galactic matter distribution of
atomic, molecular, and ionized hydrogen

Galactic cosmic-ray distribution of 
electrons and nucleons (+ He, heavies)

Low-energy photon energy density
cosmic microwave background,
infra-red, visible, and ultraviolet

Gamma-ray production functions
electron bremsstrahlung, nucleon-
nucleon (πo), and inverse Compton
Synchrotron emission is not significant
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Straight forward integral over the line-of-sight:

The hard part: determining the 3-D matter, ISR, and CR distributions.

S. Hunter, GLAST meeting, Oct.2004
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Dark gas contribution?

Grenier & Casandjian, GLAST meeting (Aug. 2005)

Grenier, Casandjian & Terrier, Science 307, 1292 (2005)

Clouds of dark gas (39σ)! 
with N(H) column-densities
comparable to N(HI) and 
2N(H2)
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We have to rely on ground-based 
observation at TeV energies

A ~104m2

Ω ~10-2sr

~1 m2

~π sr

Diffuse photon spectrum
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Ground-based observation of gamma-rays 
by atmospheric Cherenkov telescopes

Cherenkov angle
cos θ = 1/nβ

β = v/c
n = 1.0003 (1atm)

⇒ θ=1.3o (sea level)
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Rejection of cosmic-ray background by 
imaging method

Gamma-rays:

Electromagnetic 
shower

⇒ Sharp image

Protons: 
hadronic shower

⇒ Diffuse image
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(Simulation)

Distribution of imaging parameters

α (image orientation angle)“Image parameters”: A.M. Hillas,  1983 ICRC

“Alpha”: A.V.Plyasheshnikov and G.F.Bignami, N.C. 1985

D.J. Fegan, J.Phys.G, 1997

Imaging analysis
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R.Ong, rapporteur talk, ICRC2005
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Woomera, South Australia

“CANGAROO”
=

Collaboration of Australia and Nippon for a 
GAmma Ray Observatory in the Outback
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CANGAROO team
University of Adelaide
Australian National 
University 
Ibaraki University
Ibaraki Prefectural
University
Konan University
Kyoto University
STE Lab, Nagoya 
University
National Astronomical 
Observatory of Japan

Kitasato University
Shinshu University
Institute of Space and 
Astronautical Science
Tokai University
ICRR, University of 
Tokyo
Yamagata University
Yamanashi Gakuin
University
National Inst. Of 
Radiological Sciences
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Brief history of CANGAROO
1987: SN1987A
1990: 3.8m telescope
1990: ICRR-Adelaide Physics agreement
1992: Start obs. of 3.8m tel.
1994: PSR 1706-44
1998: SNR1006
1999: 7m telescope
2000: Upgrade to 10m
2001: U.Tokyo-U.Adelaide agreement
2002: Second and third 10m tel.
2004: Four telescope system
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Why Woomera?
NZ: too wet,  not 
many clear nights
Woomera: 

Former rocket range 
and prohibited 
area…infra-structure 
and support
Adelaide group was 
operating BIGRAT

ELDO rocket Launch site in ’60s

BIGRAT 
(BIcentennial Gamma RAy Telescope)
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CANGAROO-II telescope
Upgraded in 2000 from 
7m telescope completed 
in 1999
114 x 80cm CFRP mirror 
segments
(first plastic-base mirror 
in the world!)
Focal length 8m
Alt-azimuth mount
552ch imaging camera
Charge and timing 
electronics

(March 2000)
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SNR RX J1713.7-3946/G347.3-0.5

CANGAROO-II (Enomoto et 
al., Nature 416, 8232002)

CANGAROO-I (Muraishi et 
al., A&A 354, L57, 2000)
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Spectrum of RX J1713.7-3946

Reimer & Pohl, A&A 390 (2002) L43

Butt et al., Nature 418 (2002) 489

0.8°
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Correlation with CO -1

Blue: TeV
(CANAGROO)

Green: GeV (EGRET)

Red: X (ROSAT)

Orange: IR (IRAS)

Black: CO (Nanten)

Enomoto et al., Nature 416, 823 (2002)

Moriguchi et al., astro-ph/0506489

RX J1713.7-3946
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H.E.S.S.
M.Punch, 3rd Conf. on Frontier Science, Villa Mondragone, 2004 
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Correlation with CO -2
H.E.S.S.: Aharonian et al., astro-ph/0511678

RX J1713.7-3946
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Electrons or protons?
H.E.S.S.: Aharonian et al., astro-ph/0511678

⇒ Protons favored (?)

RX J1713.7-3946
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Spectral variation: not seen
H.E.S.S.: Aharonian et al., astro-ph/0511678

RX J1713.7-3946
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Galactic Center/Sgr A*

CANGAROO-II (Tsuchiya 
et al., ApJ 606, L115, 2004)

H.E.S.S.: W.Hofmann, 
ICRC2005
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Dark matter signal from Sgr A*?

Horns, Phys.Lett. B607 (2005) 225
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PSR 1259-63/SS2883
(i) aligned disc to the orbital plane 

and interaction throughout the 
orbit

(ii) mis-aligned disc and interaction 
in the ~200-day period around 
periastron (τ ), during which the 
radio emission is depolarized

(iii) mis-aligned disc and interaction 
in two short periods, [(τ -18 d) 
~(τ ~ -8d)] and [(τ +12 d) ~ (τ
+22 d)]

CANGAROO-II: Kawachi et al., ApJ, 607(2004) 949

Obs.A

Obs.B

2001
Mar 2000

Dec
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SNR RX J0852.0-4622 (G266.2-1.2, Vela Jr.)

B. Aschenbach, Nature, 396, 141 (1998)

0.1-2.4 keV >1.3 keV
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SNR RX J0852.0-4622

H.E.S.S.: Aharonian et al., AA 
437, L7 (2005)

CANGAROO-II: Katagiri et al., 
ApJ, 619, (2005) L163
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Correlation with CO
Dame et al., ApJ 547, 792 (2001)

RX J0852.0-4622
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Moriguchi et al., PASJ 53, 1025 (2001)

→ Need detailed study
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CANGAROO-II results: summary

SNR RX J1713.7-3946 Nature’02
Blazar Mrk421 ApJL’02
Starburst galaxy NGC253 A&AL’03
SNR SN1987A ApJL’03
Galactic Center ApJL’04
Pulsar binary PSR 1259-63/SS2883 ApJ’04
SNR RX J0852.0-4622 (Vela Jr.) ApJL’05

H.E.S.S.

v

Signal   Publish

Signal: detected, upper limit, v: variable
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CANGAROO-II & -III
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T2              T4       T3     T1

CANGAROO-III: 2004 March
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Basic specifications of telescopes
T2Location:

31°06’S, 136°47’E
160m a.s.l.

Telescope:
114× 80cmφ FRP mirrors  
(57m2, Al surface)
8m focal length
Alt-azimuth mount

Camera: 
T1: 552ch (2.7° FOV)
T2,T3,T4: 427ch (4° FOV)

Electronics:
TDC+ADC
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Construction of CANGAROO-III

: Construction
: Observation start
: Expansion to 10m

: Observation
: Tuning

T1

T2

T3

T4
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Stereo observation

(θx, θy)

θ2 distribution

(Simulation)

θ2 [deg2]

Target
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point

θ2 = θx
2+ θy

2

Angular resolution

0.25deg → 0.1 deg

Energy resolution

30% → 15%

Better S/N (no local muons)
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Sample of 4-fold stereo events

Data: 
2004 
March
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Stereo analysis: in progress
Inconsistency with H.E.S.S results on some 
sources
⇒ New observations with CANGAROO III 

Efforts for advanced analysis procedures
Measure more optical parameters 

CCD measurements of spotsizes and stars
Use muons for calibration

Tune Monte Carlo simulation
Use the Crab as the standard candle

Flux obtained with Monte Carlo simulation is compared 
with those reported by other groups

Independent teams within the collaboration are 
working:

Results, especially detections, are double-checked
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W.Hofmann, ICRC 2005, Pune
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H.E.S.S. results W.Hofmann, Cherenkov2005



38

Muon events (1)
Selected by 
1) clustering
2) R×φ (arc length) >2deg•rad
3) Small χ2 (good fit)

T2                  T3                 T4
Data: 2004 March

R

φ
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Muon events (2)

Local muons:

Cherenkov angle ~1.3°

or

Curvature ~1/1.3°

selected

R.Enomoto et al., ApJ in press (2005)
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Muon parameters compared with Monte Carlo

χ2 size/arclength

χ2: for ring fitting

(sensitive to spot size)

Size/arclength ∝
total light collection 
efficiency

Histogram: data

Hatched: M.C.T2

T3

R.Enomoto et al., ApJ in press (2005)
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Time variation of Size/Arclength
T2 start T3 start T4 start

•Monitor of total light conversion efficiency

•Gradually, Size/Arclength is decreasing (~5% / year)

•Mirror degradation due to dust etc.

2003 2004

S
iz

e/
ar
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g
th

T4

T3

T2
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Unfortunate situation for the Crab
Showers 
from the 
Crab

The oldest T1 has 
higher energy 
threshold and bad 
efficiency for 
stereo observation
Only T2/T3/T4 are 
used for stereo 
analysis
Stereo baseline 
becomes short for 
the Crab 
observation at 
large zenith angles
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Large zenith angle observation of the Crab

Far core
→small angle
→bad accuracy

Higher energy threshold ~1TeV

Bad intersection accuracy
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IP constraint fit

Blank : After IP fit
Hatched : Before IP fit
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Search intersection point (IP) by 
minimizing χ2 so that width along 
shower axis to be minimum and 
armlength to be near the expected 
value (<Armlength>=0.75, Mesh 
size 0.025o)

Monte Carlo
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γ/h separation by Fisher discriminant
Linear combination of image parameters (xi)

Difference between signal (γ) and background (h)

Determine αi which maximize separation (solvable 
using correlation matrix)

With calculated αi for a known source, the 
(appropriately normalized) combination F could 
be the “Fisher discriminant” for other sources.

We use widths and lengths of multiple telescopes 
for image parameters.

∑≡
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hFFD −≡ γ
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R.A. Fisher, Annals of Eugenics, 7 (1936) 179
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Crab signal

•T2 & T3

•890 min (Dec.2003)

Points: On-source

Hatched: Off-source

Plot : observation
Solid : MC gamma
Dashed : background

IP fit +
F > 0Gamma-

ray 
signal

203 excess events
5.8 sigma

R.Enomoto et al., ApJ in press (2005)



47

Crab spectrum

Excess event map

Angular resolution ~ 0.23 deg

R.Enomoto et al., ApJ in press (2005)
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Vela pulsar/nebula
•Pulsar pointing (2004 Jan/Feb)

•T2 & T3 wobble, 1,311 min. 

•Fisher discriminant

Pulsar position

θ2 from Vela X center

R.Enomoto et al., ApJ in press (2005)

Vela X nebula

Hofmann, ICRC2005
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Cen A: the nearest AGN

No signal seen

Prelim
inary

S. Kabuki

Observation 
term

Observation 
time (T2-T3)

Observation 
time (T2-T4)

Average zenith
angle

15 – 28 Mar 
2004

603 min 414 min

468 min

17 degree

15 – 28 Apr 
2004

444 min 17 degree

Total 1047 min 882 min

•Elliptical 
•Radio galaxy
•Fanaroff-Riley type I
•“Misaligned” BL Lac (~ 60o)
•Distance 3.5 Mpc (z=0.00183)

Near infrared image
2MASS
1.2-2.17μm

CANGAROO-III
Angular

resolution

http://www.ipac.caltech.edu/2mass/gallery/cenaatlas.jpg
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Galactic diffuse emission

Milagro
4.5σ detection
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Observation of the Galactic disk

Obs.term tel.pair b=0° b=-3° b=+3°

2004Jun T2-T3 635.3 322.3 292.9

2004Jun T2-T4 380.0 201.9 192.5

M. Ohishi

Obs.term tel.pair ON OFF

2004Jun T2-T3 

T2-T4 

T2-T3 

T2-T4

2004Jun

340.0289.6

2004Aug

199.5

224.9

270.0

183.6

280.02004Aug 85.7

l=-19.5   2004Jun (Obs.time in minutes)

l=+13   2004Jun/Aug

T2-T3

T2-T4

EL>45deg

Eth ~600 GeV
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Galactic disk scan result M. Ohishi

No excess at the disk!

(expected σ~1deg)

Prelim
inary

l =19.5°
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SNR RX J0852.0-4622 In preparation

Excess event map

•T2 & T3 wobble

•1,204 min. (2004 Jan/Feb)

•Off region: Vela or out of SNR

θ2 from SNR center

Fisher discriminant
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SN1006 (G327.6+14.6)
•NE-rim pointing (2004 May)

•T2, T3 & T4 long ON/OFF

•1,625 min. ON, 1,738 min. OFF

•T2 & T3 results on likelihood

•Independent analysis (Fisher disc.)

Gamma-ray energy (TeV)

T.Tanimori et al., ICRC2005

X-ray 
image 
(ASCA)

θ2 from NE rim
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PSR 1706-44
•Pulsar pointing (2004 May)

•T2, T3 & T4 long ON/OFF

•1,625 min. ON, 1,738 min. OFF

•T2 & T3 results on square cut

•Independent analysis (Fisher disc.)

T.Tanimori et al., ICRC2005

θ2 from pulsar
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R.Ong, rapporteur talk, ICRC2005
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R.Ong, rapporteur talk, ICRC2005
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R.Ong, rapporteur talk, ICRC2005



59

R.Ong, rapporteur talk, ICRC2005
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http://www.icrr.u-tokyo.ac.jp/~morim/TeV-catalog.htm
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R.Ong, rapporteur talk, ICRC2005
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R.Ong, rapporteur talk, ICRC2005
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Summary
Detection of TeV gamma-rays from supernova remnants are confirmed, 
giving evidence for supernova origin of cosmic rays. 

CANGAROO-III 4-telescope stereo atmospheric Cherenkov telescopes are  
observing sub-TeV gamma-rays since 2004 March. 

Stereo analyses are being developed using local muons for calibration, and 
the energy spectrum of the Crab is consistent with other results.

Observation of Vela pulsar showed no gamma-ray signal, but there is a 
hint of signal in the Vela X nebula.

Preliminary results on Cen A and the Galactic disk show no gamma-ray 
signal. SNR RX J0852.0-4622 appears as extended source, and the 
morphological study is progressing. 

Observations of SN1006 and PSR1706-44 were made by using CANGAROO 
III telescopes. Preliminary analyses appear to show no significant signals, 
which may suggest upper limits lower than the CANGAROO-I fluxes 
obtained several years ago.

The window of very-high-energy gamma-rays are opening up!
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