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We have to rely on ground-based
observation at TeV energies

L L L tor et ot L L
El A —10%m?2 ~1 m?
2 iﬂ Q ~10-2sr ~m Sr
e 15
> K
o E
‘.\‘E g‘
T 5
ks _
g .
-30F va GeV  TeV S,lj
. il I8 .
[T | RS N | R P S N | N | S ¥ | B T o *@{*}?}
5 0 5 10 g 5@‘@3—;&.’#
Log,o(Energy [eV]) = Air shower N
e Tk,
Diffuse photon spectrum L o
¥ Satellite




“CANGAROO”

" Collaboration of Australia and Nipponfora —
- GAmma Ray Observatory-in the Outback

e —

i T R —
il - " [ —
— e ;
AP
—— - -— - ———
- =

AUSTRALIA 'y




CANGAROO team

N

O University of Adelaide gyl
O Australian National sy

O Kitasato University' °
O Shinshu University @

University - o Institute of Space and
O lbaraki University @ Astronautical Science @
O Ibaraki Prefectural | O Tokai University @
University | @ o ICRR, University of
o Konan University @ Tokyo . |
O Kyoto University @ O Yamagata University @
O STE Lab, Nagoya - O Yamanashi Gakuin
University ®  University ®
O National Astronomical = O National Inst. Of o

Observatory of Japan Radiological Sciences




Briet history of CANGAROO
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1987:
1990:
1990:
1992:
1994
1998:
1999:
2000:
2001:
2002:
2004:

SN1987A

3.8m telescope

ICRR-Adelaide Physics agreement
Start obs. of 3.8m tel.

PSR 1/706-44

SNR SN1006

7m telescope

Upgrade to 10m
U.Tokyo-U.Adelaide agreement
Second and third 10m tel.

Four telescope system

CANGAROO-I11 (10m¢)



CANGAROO-III: 2004 March




Basic specifications ot telescopes

O Location:
= 31°06’'S, 136°47'E
= 160m a.s.l.
O Telescope:
» 114x 80cm¢ FRP mirrors
(57m?, Al surface)
= 8m focal length
= Alt-azimuth mount

0o Camera:
= T1l: 552ch (2.7° FOV)
= T2,T3,T4: 427ch (4° FOV)

O Electronics:
= TDC+ADC




History of CANGAROO-III

1999 2000 2001 2002 2003 2004 2005
16 3 uwr 7 3 12 8
Tl B e e | S
: . : : Q! | =
| B |
T2 OO i T G
: : : 0! =
IR
: : : =3 = o
: : O ! —
T4 O o— — — 2

O : Construction
@ : Observation start
@ : Expansionto 10m

== . ObServation
——— : Tuning



Stereo observation
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Stereo analysis: in progress

O Inconsistency with H.E.S.S results on some
sources

— New observations with CANGAROO 111
Efforts for advanced analysis procedures

O Measure more optical parameters

= CCD measurements of spotsizes and stars
O Use muons for calibration

= Tune Monte Carlo simulation

0 Use the Crab as the standard candle

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

O Independent teams within the collaboration are
working:
= Results, especially detections, are double-checked
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T4

2004 March

Data

Cluster

13

1) clustering
2) Rx¢ (arc length) >2degerad
3) Small 2 (good fit)

Muon events (1)
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R.Enomoto et al., ApJ 638, 397 (2006)

Muon events (2)
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Fic. 2.— Curvature distribution for the circular fitting results

of all events for T3. The solid histogram is for all events and the
dashed one for the selected events (with the vertical scale multiplied
by 5).
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R.Enomoto et al., ApJ 638, 397 (2006)

Muon parameters compared with Monte Carlo
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Time variation of Size/Arclength
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eMonitor of total light conversion efficiency
eGradually, Size/Arclength is decreasing (—5% / year)

eMirror degradation due to dust etc.
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Unfortunate situation for the Crab

!

Showers
from the

O The oldest T1 has
higher energy
threshold and bad
efficiency for
stereo observation

O Only T2/T3/T4 are

used for stereo
analysis

O Stereo baseline

becomes short for
the Crab
observation at
large zenith angles
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Large zenith angle observation of the Crab

Gamma-ray

Higher energy threshold —1TeV

Bad intersection accuracy
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IP constraint fit
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v/h separation by Fisher discriminant

O Linear combination of image parameters (Xx;)

F = Z o X
|
O Difference between signal (y) and background (h)
D = < F7> B < a >
O Determine o; which maximize separation (solvable
using correlation matrix) h

O

s =(D)"/((D-(D))’)

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

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

R.A. Fisher, Annals of Eugenics, 7 (1936) 179

18

v



Crab signal

R.Enomoto et al., ApJ 638, 397 (2006)

Number of Events

L) RN LA AR R LA
80 - B
o0 [ -
40 —
20 -, | —

_20 ﬂlllrl'llll|IIII|'I"I'II|IIII|IIII|III1_
1.5 -1 -05 0 05 1

F

Plot : observation
Solid : MC gamma

T2 & T3 Dashed : background

*890 min (Dec.2003)

Number of Events

300 —I_|II|IIII|IIII|IIII|IIII|IIII|IIII|III_|—

+ |

i IP fit + —
I F>0 ]

0 0.050.10.150.20.250.30.35 04
0% ( de’g!'eez)

203 excess events
5.8 sigma

19



R.Enomoto et al., ApJ 638, 397 (2006)

Crab spectrum
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Fic. 17.— Differential gamma-ray fAux from the Crab Neb-
ula as a function of energy. The red line is the HEGRA re-

sult (Aharonian et all[2000) and the green is the Whipple result Angular resolution ~ 0.23 deg
(Hillas et al][1998).
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CANGAROO-I claims vs. H..

0 CANGAROO-I claims
= Pulsar PSR1706-44 : 0.57Crab (—~8c, =1 TeV)

(L]

..

Cf. H.E.S.S. upper limit: 0.024Crab (>0.5TeV)

= SNR SN1006 : 0.81Crab (5.3c, =3 TeV) [1996]
0.62Crab (7.7c, =1.7TeV) [1997]

Cf. H.E.S.S. upper limit: 0.046Crab (=1.7TeV)

= Vela pulsar : 0.73Crab (5.8c, =>2.5TeV) at 0.13°SE

Cf. H.E.S.S. Vela X (extended): 0.75Crab (=1TeV)
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PSR 1706-44

T.Tanimori et al., ICRC2005

X ray(Chandra)

Entries/bin
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62 from pulsar

*Pulsar pointing (2004 May)
*Stereo (T2, T3 & T4 long ON/OFF)
*1,625 min. ON, 1,738 min. OFF
T2 & T3 results on square cut

*Independent analysis (Fisher disc.)
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T.Tanimori et al., ICRC2005

SN1006 (G327.6+14.6)

*NE-rim pointing (2004 May)
X-ray Stereo (T2, T3 & T4 long ON/OFF)
iImage _ .
(ASCA) 1,625 min. ON, 1,738 min. OFF

T2 & T3 results on likelihood

*Independent analysis (Fisher disc.)
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R.Enomoto et al., ApJ 638, 397 (2006)

Vela pulsar/nebula
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R.Enomoto et al., ApJ 638, 397 (2006)

Vela X nebula: spectrum

Flux (cm?s1Tev-)

«10-10 _
101"
1012
1013

«10-14 -

10+

Vela X nebula
& CAMNGARDO-II
C? o HESS.
[
L X

10
Energy (TeV)

100

02<0.6 deg?
Excess 561+114

H.E.S.S.:

Aharonian et al.,
astro-ph/0601575

oc E-1-4%exp(-E/13.8TeV)

25



CANGAROO-II claims vs. H.E.S.S.

o CANGAROO-II claims
m SNR RX J1713.7-3946: 0.51Crab, E-2:84:0.1520.20 (115, >0.5 TeV)

Cf. H.E.S.S. flux: 0.83Crab, E-2-19 #0.09+0.15

= NGC253: 0.15Crab (110, =0.5 TeV)

Cf. H.E.S.S. upper limit: 0.05Crab

m Galactic center: E-4-6(+1.2-5.0)

Cf. H.E.S.S. spectrum: E-2:2%0.09%0.15

= SNR RX J0852.0-4622 : E-4.6(+1.7-4.4)

Cf. H.E.S.S. spectrum: E-21+0.120.2

— To be checked with CANGAROO-III stereo data
(analysis in progress)
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SNR RX JO8520—4622 In preparation

«Stereo (T2 & T3 wobble)
1,204 min. (2004 Jan/Feb)

*Off region: Vela or out of SNR

*Distance —1 kpc
(NANTEN: Y.Fukui, private comm.)
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SNR RX J08520-4622 In preparation

2005 data

A
o

oStereo (T2 & T3 & T4)

°1,129 min. ON
1,081 min OFF

1N
o

Declination (J2000, deq)
A
-\J

-48

135 134 133 132 131
Right Ascension (J2000, deg)
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Maintenance works in 2005 Sep/Oct

Intensive works...

= Washing mirrors
Mirror realignment
Optical measurement

Muon data for calibration

Etc.

|
|
= Electronics tuning
|
|

Reflectivity measurement using star images

Direct star images

Reflected image of stars
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Crab observation after the maintenance

oStereo (T2 & T3 & T4)
*Nov/Dec 2005, —~950 min. (wobble)

*Fisher discriminant
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Sources under analysis...

O Galactic sources O Extragalactic sources
= SNR RX J1713.7-3946 = Blazar PKS 2155-304
= SNR RCW86 = Starburst galaxy NGC253
= Kepler SNR = Radio galaxy Centaurus A
= Plerion MSH15-52 ...
N

Supernova Remnants (Green 1996)
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CR energetics & SNR: How many TeV SNRs?

O Number of active SNRs in Galaxy

= SN rate — 1/30yr, accelerating particles during — 10%yr
= —~300 active SNRs
— —3 SNRs within 1kpc (assuming Case &
Battacharya distribution [A&AS 120, 437,1996])

O We have two SNRs (RXJ1713, RXJ0852) emitting
~1Crab TeV gamma-rays, both at —1 kpc
= L — 6x10%°erg/s (>GeV, assuming E=°dE)
= 300 SNRs = W, (Galaxy) — 2x10°®erg/s
O Cosmic ray power in Galaxy
= 1 eV/cms3, V—10%6-67cm3, t~10141%5s = W ~10%%rg/s

o .. W, ~ 0.02W : low efficiency!? Or more SNRs?
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Summary

@
AR
-~
CANGAROO I1I

O

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.

Observations of SN1006 and PSR1706-44 were made by using CANGAROO
1l telescopes. Preliminary analyses appear to show no significant signals,
yielding upper limits lower than the CANGAROO-I fluxes obtained several
years ago.

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

SNR RX J0852.0-4622 appears as extended source, and the morphological
study is progressing.

Detection of TeV gamma-rays from supernova remnants are confirmed,
giving evidence for supernova origin of cosmic rays. We need more TeV
SNRs to know their energetics.

Analysis of stereo observations of other sources are underway. 33
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