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Report of
the CANGAROO Experiment

F. KajJino (konan Univ.)

CANGAROO Collaboration -

AN ASHTH 1
ollaboration of ~ustralia and Nippon for a Comma ay Observatory in the Outback

" University of Adelaide 18 Institutes
" Australian National University Institute of Physical and
Ibaraki University Chemical Research
Ibaraki Prefectural University Shinshu University
Kanagawa University Institute for Space and
Konan University Aeronautical Science
Kyoto University Tokai University
Nagoya University University of Tokyo
National Astronomical Tokyo Institute of Technology

Observatory of Japan Yamagata University
1 i ] Yamanashi Gakuin University

Site : South Australia, Woomera
31° 06’ S, 136° 47'E, 160m a.s.l.




CANGAROO Collaboration

50 Japanese members
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Contribution of Universities

@ Science section:

®Front-end Elec.:

o0OnlineElec.:

®Trigger:

®L G, LED Calib., Telescope Cntrl:
®Mirror:

®Camera:

®ctcC.:

AUSTRALIA ®|nfra structures
@ Science section,
®Cloud monitor etc.
®Budget from ARC
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Camera and Mirrors by ICRR
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Material: CFRP - GFRP
(Glass Fiber Reinforced Plastic)

Reflectivity: 80% @ 400nm
Weight: 5.6kg + 1.1kg(back base)
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Light guide, LED Calib. sys
and Multi-T
system by Konan Univ.

70cm
New light guide for the Calibration Light source inside

CANGAROO-]I| 2nd CAMERA-BOX, without NSB
telescope Multi-Telescope Control System
(Ko 1} + G Gty U + BCTLR)
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Collection eff. +70%




Electronics by Kyoto / Yamagata Univ.

Front-end : DSM (Kyoto / Yamagata)
(Discriminator and Summing Module)

Linearity(ADC)

Charge-ADC (Kyoto)
® HOSHIN VO08HS
® VME 9U size, A24D16/D32 access
® 16¢ch x 2/board x 14 boards
® Readout 1ch(T1)

® 0.1pC/ADCch

® VME J1,J2,Jaux(CERN V430) required

® Linearity from Ope to ~300pe

® [nternal 150ns delay-line chip for each channel

Image pattern recognition

Programmable Logic Device
EPF10K130EQC-1 (Altera) x 4
Re-configuration for later logic
change

VME specific (9U size)

Input : 526 channel (TTL)
Output : 4 channel (NIM)

Timing simulation
Input pulse width : 20 nsec

Signal through put : 23 nsec




Networking and DAQ by Kyoto Univ.
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200Hz 400Hz
Trigger rate

T1DAQ: — T2 DAQ:
VME, TKO, and CAMAC VME only

Acceptable Trigger rate ~ 500Hz
(@live time 80%)

Construction of
CANGAROQO telescopes

Mar 2002 To be in 2003




Presentations at 2002-Fall JPS Meeting

1) CANGAROO-I| 0)
CANGAROO CANGAROO

2) CANGAROO-II RXJ0852.0-4622 ()
CANGAROO

3) CANGAROO-II RCW86 Il
A A CANGAROO

4) CANGAROO-II
A A CANGAROO

5) CANGAROO-II SS433/W50 ()
A CANGAROO

6) i

7) PSR1706-44 TeV
A A CANGAROO

International Symposium

"The Universe Viewed in Gamma-rays "

--- Univ. Tokyo Workshop 2002 ---"
September 25-28, 2002, Kashiwa, Chiba, Japan

1) T. Tanimori : TeV gammaraysfrom synchrotron X-ray SNRs
2) K. Okumura: Resultsfrom CANGAROO (Extragalactic objects)
3) A. Kawachi : Resultsfrom CANGAROO (Galactic objects)

4) M. Ohisni  : Statusof CANGAROO-I 1

1) K. Tsuchiya: Galacti¢:Center 8) S.Watanabe: RCW86 SNR

2) H.Katagiri ; RX J0852.0-4622 9) T.Nakase : PKS2155-304 BL Lac
3) K.Okumura: Mrk421 10) T.Hattori : gamma-ray clusters of
4) S. Hayashi : S433/W50 galaxies

5) C.ltoh: NGC253 starburst Galaxy || 11) S.Kabuki : IACT camera system
6) A.Kawachi: PSR B1259-63/SS2883 || 12) D. Nishida :data acquisition system
7) J.Kushida: PSR 1706-44 13) K. Nishijima: Trigger module




Publication in Refereed Journals

Detection of diffuse TeV gamma-ray emission from the near by
starburst galaxy NGC253
C.ltoh et al., 396(2002)L 1-4

2) Development of an atmospheric Cherenkov imaging camera

for the CANGAROO-II1 experiment
Kabuki, S. et al., accepted by

3) Observation of gamma-rays greater than 10 TeV from

Markarian 421
Okumura, K. etal., 579, L9-L12

4) The Acceleration of Cosmic-ray Protonsin the Supernova

Remnant RX J1713.7-3946
Enomoto, R. et al., , 416, 823-826 (2002)

5) Design Study of CANGAROO-I 1, Stereoscopic Imaging
Atmospheric Cherenkov Telescopesfor Sub-TeV Gamma-ray
Detection

Enomoto, R. et al., 16, 235-244 (2002)

Observation Targets and Time

Observation Time for each Object
(Aug. 2001 - Aug. 2002)

NGC 253
PKS2155-304
SMC O OFF
SS433
Sgr-A* ]
PSR1509-58
PSR J1420
RCW86
3EG1234-1318 |
Mrk421

Vela pulsar
(RXJ0852-4622 |
SN1987A

@ ON
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Observation Target & Status

(Aug 2001-Aug 2002)

Obs. Period Target Description  Anal Inst Gamma Signal
Aug 2001
— Sept Jet objects Konan
AGN z=0.116 Tokai
Sep — Nov Star burst galaxy Ibaragi/ICRR
Nov — published in AA
Jan 2002 ICRR
Dec —
Feb, Apr Pulsar
Dec - Feb ICRR
Feb AGN ICRR
Published in ApJ
Mar Cluster of galaxy Tokai
Mar — Apr Kyoto
Apr —Jun Radio Pulsar Kyoto
May — Jul Pulsar Yamagata
May — Aug Galactic Center ICRR
Jul
Aug

Nearby galaxy NGC253
C. Itoh (Ibaraki) et al., 396(2002)L 1-

CANGAROQO Il telescope detected
an extended TeV y -ray emission.
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Markarian 421

by K. Okumura (ICRR) et al. 579, L9-12, 2002
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Large zenith angle observation (8,,,~70deg)

~10 times increased sensitivity at E>10TeV
298+ 52 events observed with 14h obs. time during its flaring state
in 2001

Steep spectrum ( E#9) supports the cutoff feature

4 ¢ excess at E>20TeV indicates a larger cutoff energy of ~8TeV

RX J1713-39R. Enomotoet al., 416(2002)813-816

0 be a lighthouse in southern hemispherel

Really nice peal' /7 as lighthouse-keepers).
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Multi-band spectrum IC impossible!
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e Other possibility? No!
Fhhen aeay & v Proton acceleration natural !!

SN1006->evidence for electron acceleration! (Tanimori et al.)

Samely electron?

RX J0852.0-4622 (G266.2-1.2) by H. K atagiri (ICRR)

EShell type SNR along the line of sight to the Vela
SNR.
HVery near and young
Distance < 500pc, age ~ 1000yr
ENon-thermal X-rays (Fig.1)
X-ray spectrum is well described by power law
=> Indication of the presence of the high energy
electrons
ESub-TeV gamma-rays
Observation from 2001 Dec to 2002 Feb by fl
CANGAROO-II(ON 41h OFF 36h) => analysis is
underway (Fig.2) _E
i

Fig.1 X-ray images
taken by ASCA

mVery
""‘prellmlnaryI

The detection would be further evidence for
the acceleration of cosmic rays, as observed
for SN1006 and RX J1713.7-3946 T T LRALE

EFurther observation Fig.2
During 2003 Jan. to confirm it. Alpha distribution




PSR B1706-44 1y J. Kushida (Kyoto)

Synchrotron cut off
TeV flux
difficult to explain

Multi-wavelength Spectrum of PSR 1706-44
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The Galactic Center
by Tsuchiya (ICRR)

Observation time (good condition)
2001 July 2002 July 2002 August
ON source 20.8h 32.0h 20.1h
OFF source 22.1h 17.9h 14.9h 3
VLA(radio)

Past result
Whipple: upper limit at
~2TeV (1997)

HEGRA : upper limit at
~4.5TeV (2002)

CANGAROO-II telescopein the southern hemisphere
—>Advantage of decreased energy threshold for
observations of the galactic center (Energy threshold :
~400GeV)
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RCW86%S Watanabe (K yoto)

Observation :
The strongest X-ray point in SW shell
79 hours for ON-source

We can detect TeV y-ray, if B<15uG.
Possibility of TeV y-ray emission,
now analyzing.

Multi-wavelength Spectrum of RCW86

(Rho et al. 2002)
Alpha distribution (preliminary)

SS433/W50 by S. Hayashi (Konan)

Namiki et al. 2000 - W50
e Galactic SNR (2x 1deg)
« Distance: 5 kpc
* Age: 10000 year

SS433

* Center of W50

e Magnitude 14.2

e Parsec-scale jet (v = 0.26¢)
e Binary system (13.1day)

e X-ray lobes
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Husmbs of Fvasts

(Brinkmann et al. 1995)
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Y amagata Univ.(N.Sakamoto, Y.Doi, S.Gunji, F.Tokanai)

PSR B1509-58 Tokai Univ.(Y Miyashita, K.Nishijima)

Source Position
(RA,Dec.)=(228.48° ,-59.14° )
Observation Time

2002 May,June,July
OFF:~32hr,0On:~34hr
Elevation

~60° (Min.:49° Max.:62° )

Analysis
Cloud cut and rate cut criteria
elevation angle>50°
adjacent:Tha
shower rate>0.8Hz
Square cut
0.60° <Distance<1.30°

0.14° <Length<0.40° SR
0.04° <Width<0.09° AndySSIn progr%

summary
¥ CANGAROO 1* telescopeisworking
steady.
€ 2 telescope has been constructed.
€ 39 and 4" telescope will be constructed
until 2003FY .
€ Observation has been continued for

€ Wearegoing to get many good results.
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