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Outline of the talk

Among broad topics of TeV gamma ray astronomy,

we discuss the relation between TeV gamma rays
and cesmic rays

Advertising and mainly using CANGAROOQO results

Collaboration for Gamma Ray Observatory in the Outback

describe/summarize the present status,
raising questions,

how to clarify the “origin of cosmic rays”
observationally



jate Prof Vil @da USed 1ersay.

the Purposes of CR physics & 7 -rays

are as follows:

s« Acceleration site ?

as likely site ol acceleranen

= propagation effect:?

confinement in the Galactic disk
Interactions in the (interstellar) space
to know interstellar matter, 2.7K CMB....

= Acceleration mechanism /
(unkown) particle interaction?

Origin of cosmic rays
will-appear as 7 ray.
source

Gamma-ray emission
from Galactic disk
(Absorption,
Regeneration of y -rays

)

Exotic phenomena,
Black hole,
Dark matter, ...



Sites In north and south
cooperate to cover all sky
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Progress of telescope; CANGAROO as an example

CANGAROO-II
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New telescopes are coming....
(next generation IACT)

Lower threshc
ﬁ)reréo JOSEF/EL’U
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Results came along a path
somewhat: twisted”:

(1) Detection of TeV 7 -rays from the Crab nebula and then, other
pulsar nebulae:

GeV EGRET sources as candidates for TeV. v -rays,

however,

(2) “GeV SNRs”: EGRET unlD sources associated with SNR such as

W28, 1C443, W44 .....
Power index of about 2.0 : standard shock acceleration

TeV vy -rays are detected from none off GeV SNRs

(3) “X-ray SNRs”:SN1006 etc., not detected by GeV 7 -rays

acceleration site other than SNR such as GRB?

giving just upper limits



Steps; fier “Origin ofi Cesmic Rays*

1. Point-like sources of 1y -rays from proton?
2. Maximum energy up to knee energy?

Energetics of' Cosmic Rays in balance of supply and escape
Is consistent with SNRs

3. Energetics of TeV point sources consistent with
emission from>Galactic disk?
Confinement in the Galactic disk: spectral indice of CR and
Y -rays ?

4. How many such sources (SNRs) are now active
as CR source?

104yrs/50yrs ~ 1007?




Results : Observation of SNRs

Three SNRs: SN1006, RXJ1713.7-3946, Cas A,
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SNR RXJ17135.7-3946

From the NW rim,

non-thermal X-ray emission Detected with CANGAROO-I|
detected with ASCA (Koyama et at 14c level in 2000 and 2001
al.1997),

TeV(E>1TeV) aamma-ray.
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I energy distripution; or
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Cassiopela A

Deep study led HEGRA to detect Cas A

13



Results and questions; SINRS

= Three SNRs: SN1006, RXJ1713.7-3946, Cas A,

Deeper observation for weaker sources

Spectral energy distribution consistent with
synchrotron/inverse Compton radiation?

14



PSR 1706-44: multi-band
The peak intensity of desp@wymux Is 10 times stronger

than that of X-ray flux
TeV gamma-ray fl

OCANGAROO  EEGRET pulsed
ARadio(VLA) QOEGRET unpulsed
#Optical(VLT)  ~COMPTEL
*DSSE ORXTE |
®Chandra pulsar ‘wf
=<Chandra nebula

n
Chandra ACIS Image 6 -4 2 2 4 6 _8_ 10 12 1415
(0_7_9 keV) 0 10 10 10 10 10 10 1010
Energy[eV]

Kushida, 2003, PhD thesis




Crab nebula(unpulsed) Is the standard source for calibration,
but not the standard to represent the other TeV sources

SSC Model OKI

¢ Whipple

¢ HEGRA

s CANGAROC
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t 1 + . m
~ B
10 GeV 300 GeV 10 TeV 100 TeV /:]-

CELESTE ?
Crab Nebula , \T

I . . . . VA
19 20

—
)
e
n
i
D
o —
'y
Y

::.
—

Max. acceleration
energy ?

~20 TeV or >1001;I'ev

the sole SNR/plerion :
“complete” multi wavelength
Spectrum

With definite flux in anv band.




Results and questions; SINRS

= Three SNRs: SN1006, RXJ1713.7-3946, Cas A,

e Deeper observation for weaker sources

Synchrotron/inverse Compton or 7 ° decay?

Morphology : mapping of 7 -ray emission
In comparison with other wavelength

Maximum/cut off energy Evr of 7 -ray spectrum?

No TeV signal from EGRET “SNRs”, implying that
the hard GeV spectrum does not extend to TeV band.
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IHow many sources do we have to Visit,
pbefore we can rest on sound base?

RX J1713.7-3946 (CANGAROO) SN1006 (CANGAROO) RCWS86 (CANGAROO under analysis)

e 1 )

ASCA / ASCA

reen 1996

ROSAT

Crab nebula
(”Standard candle”)

Supernova Remnants (

° e 3 Chandra
: - optical
Chandra ; Chandra a7 . ROSAT

Cas A (HEGRA) Vela (CANGAROO) RX JO852-46 (CANGAROO under analysis)




gUESHERS StlmUlates 2= Ia\/ Sty

Y -ray spectra consistent with the CR
spectrum below the knee?

The way how accelerated particles fill the
Galactic disk and then escape out of the
Galaxy?

How to “observe” acceleration mechanism?

CR (7 -ray) sources other than SNRs?
Other galaxies, blazars and black hole

Transient sources?

above the knee energy 10 eV
new sources? 10
Extracgalactic CRs?



Galactic disk scanned by HEGRA
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Star Burst galaxy,

NGC253 Radie galaxy: M&¥
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Galactic Center ?

Cangaroo: 7o, 20+50hrs
(20hrs: stereo now taking)
point-like,

Whipple: 2.40, 16hrs
>2TeV

5000 5
alpha (degree)




Summary 1

So far three SNRS (against 100 = 104-5yrs/50yrs)
e How peculiar/standard they are?

E... up to 10*°eV?

two galaxies

e How peculiar/standard the Galactic
CRs are?

Disk emission?

Normal galaxies by deeper
observation

e ¥ -ray observation extends CR
physics to extragalactic space
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Summary 2

We are just beginning to answer for
“Origin of cosmic rays”

1. having (almost) found “point-seurce 7 -rays’” frem
hadrens,

the site of accelerating hadronic CRs

It Is, however, necessary to collect data at higher E.,
and of detailed 7 -ray morphology of fine mapping

2 Still a long way to go, but the right one we are taking.
Further investigation which should follow :

Transport/Propagation effects,
Acceleration mechanism, and so on .......

Next generation telescope “improves answers”, hopefully

What remains for further efforts:
= Transient sources with wider field of view
= Y -rays of higher energies

24



PSR 1706-44
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Nearby molecular clouds,
EGRET source and so on...

O.Reimer & M.Pohl A&A, 390, L43, 2002
M.Butt et al., Nature 418, 489, 2002

Discussions a lot
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A decade ofi years,

since TeV window was opened.
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TeV 7 -ray sources and “Grade”

Type A B C
Pulsar nebulae 2 1 1
SNR 3 more to join.....
X-ray binaries 17?
UniD 1
Others 2 (GC..)
Blazars 4 1 2
galaxies Tncezssy | L (M87)
GRB 1

6 7 |About 10

Total




Gammia rays are a prole fer cosmic rays
SNR as likely: site of acceleration

Disk emission: by EGRET
100MeV:<E 7 < about 10 GeV _
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Very High Energy i
Gamma-rays from i
the Galactic Center

SNR CAN GARO.-C;-I I

- - _1GeV 1TeV
Inverse Compton emission ¥

or pi0 gamma-rays?
Massive black hole
Cold dark matter

the cusp around the
galactic center -
annihilation

Bergstrom et al (1997) >



Alpha distributions with
Likelihood analysis

0.25<Distance<1.2
E-ratio cut <0.25
0.4<L.ikelihood ratio<1.0
Alpha <15

S0

Gamma-ray signals
from the galactic center S

alpha (degree)

preliminary
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Differential Flux

Preliminary results !
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Significance Map

Red dot : 2001 data
Blue line : 2002 data
Black solid : IRAS

Preliminary results !

Very High energy
gamma-rays from
the Galactic Center
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Coma cluster
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Cosmological gamma-ray norizen
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Stereo Anal

Trigger Delay time

(measured with TDC)
\

B Alr shower

Cherenkov light

30 100
Trigger delay
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RXJ1713:
Multi wavelength spectrum with Proton

Vodel

Bremsstraniung
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TeV gamma-ray sky

TeV Gamma-ray Sources
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