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Introduction

e Cosmic gamma-ray observation:
- directly from satellites (HE) < O(10 GeV) and
- indirectly from ground-based installations (VHE) > O(100 GeV)

« Satellites: EGRET -> HE gamma-ray astronomy already consolidated.

EGRET: Around
350 sources (250
unidentified)




VHE Experimental World

MILAGRO
St SRR STACEE MAGIC

ARG

=

v

CANGAROO Il

CANGAROO




Sensitivity of y-ray detectors
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High galactic latitudes(®,=2 10 y cm™ s'! sr -1 (100 MeV/E)!'!). Cerenkov telescopes sensitivities

(Veritas, MAGIC, Whipple, Hess, Celeste, Stacee, Hegra) are for 50 hours of observations.Large field of
view detectors sensitivities (AGILE, GLAST, Milagro, ARGO, AMS) are for 1 year of observation.



Ground based detectors: Cherenkov Telescopes

* Very special moment in VHE Cosmic gamma-ray observation:

real revolution in consolidation of Cherenkov telescopes as astronomical
Instruments
=> transition from “HE experiments” to “telescopic installations™

--> exploding interest in the astronomical community... !

» Big observational step within the last year:
- quantitative (tripling number of detected sources)
- qualitative (extremely high quality => unprecedented detailed studies).

=> DOWN OF A GOLDEN AGE FOR CHERENKOYV TELESCOPES !

--> concentrate on Gamma-ray astronomy with Cherenkov telescopes



Gamma- Observation Technique
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Gamma showers from a point source
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vy/HA Separation
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Systems of Cherenkov telescopes

Better bkgd reduction
Better angular resolution
Better energy resolution




First generation telescopes

A% o4t

TeV Gamma rays -
from Crab Nebula: 1989 *

(1992-2001)



Even if TeV instruments have much better sensitivities
than EGRET, they’'ve only detected this handful of sources...
and these sources are not related with the EGRET sources!
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Towards a second generation:

Reduce threshold: larger fluxes (power law spectra) -> larger
Cherenkov light collector -> large telescopes

Improve sensitivity: larger discovery potential -> better
gamma-hadron separation -> telescope arrays

AND

- wide-field camera: survey capability, serendipitous discoveries, source
morphology studies (HESS: 5 degree FoV)

- isochronous mirror and fast digitization : possibility of using
Cherenkov photon arrival time for gamma-hadron separation

(MAGIC: sub-ns timing)

- light structure: fast GRB followup (MAGIC: <20s repositioning)
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Crab signal in 1 hour of MAGIC data

Gamma ray event rate ~1Hz
After hadron rejection ~0.5Hz
For Crab ~20 g/ hrt2

Sky Plot of number of excess vs x, y
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The Physics Program for HE-VHE y-ray astronomy

/

Pulsars

SNRs

Origin of Cdgmic
Rays

T — cosmological
v-Ray Horizon

Cold Dark Quanuvity effects
Matter




Scientific Highlights (Feb.2006)

Galactic observations:

I. Discovery of many new Galactic sources by HESS:
HESS GP Survey & targeted observations.

II. Detailed studies of Galactic sources by HESS:

Precision measurements (spectra, morphology, etc.).
Theoretical models and understanding.

ITl. Discovery of new classes of VHE gamma-ray emitters by

HESS:

First variable galactic source: Binary pulsar (B1259-63)
Microquasar (LS 5039)

I'V. Detailed study of the Galactic Center by HESS and
MAGIC:

Search for DM annihilation signal

Morpholigical studies of digffuse Gamma emission after subtractions of
localized sources (HESS)



Scientific Highlights (Feb.2006)

Extragalactic observations:

V. Discovery of 6 new AGN by HESS and MAGIC:

Measurements of AGN properties and multi-A studies.

Constraints on cosmological EBL density from absorption spectrum.

VI. Observation of AGN with orphan flares by MAGIC:

Connexion to neutrino and UHECR astronomy 2.

VII. High time-resolution study of AGN flares by MAGIC:

New constraints on emission mechanisms and light speed dispersion
relations.

VIII. Prompt GRB follow-up by MAGIC:

GRB follow-up in coincidence with observation in the X-ray domain.



HESS Galactic Plane Survey

# Galactic objects
4 Extragalactic objects

several instruments

only one instrument

N

N

_1E§'195Region

TeV J2032

90’

- 60 in longitude, + 3° in latitude
112 hrs scanning + follow-up observations




* H.E.S.S. Highlight:
|

Galactic Plane Survey

Galactic Long. 29




HESS Galactic Plane Survey
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H.E.S.S. Highlight:
!'_ Resolved Supernova-Remnants

RX J1713-3946

17h15m 17h11m
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» Acceleration of
primary particles
in SNR shock to

well beyond 100 TeV
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X-rays: ASCA 1-3 kev)(cen'to
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Unambiguous
evidence for particle

acceleration in an
SNR shell

— Resolved shell 1n
VHE y-rays

— Close correlation
between X-rays and
y-rays - could the
VHE emission be 1C?

« Hard to explain
spectral shape and
implied B-field is
low...
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What are they ?
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Study spatial association and correlation with HI/CO map.

R.Ong ICRC2005



Mysterious “dark accelerators”

PSR B1259-63

25-1]

1
e
)

N

=)
=
<
(O]
=
@
™
- 'A'.
w

PRS B1259-62
a binary system
with 3.4 year orbit

March 04 Apr./May 04




PSR B1259-63:

3.4 year highly eccentric orbit around ~10 M, star closest
approach ~20 stellar radii (Kirk)

‘Douglas Gies (CHARA, GSU)

William Pounds




Microquasar LS 5039

first detection of TeV emission from a microquasar

E compact ~4 Mg object in eccentric 4 day orbit around 20-30 M star
closest approach ~2 stellar radii
E fueled by wind accretion (?)
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Galactic Cente
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Dark matter annihilation ?
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| Galactic Center MeV - TeV
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dN/dE (TeV 'cm2s™)

Gamma ray spectrum

o Unbroken power law, index 2.3 Preliminary
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=Very unlikely to be dark matter.
=Presence of a strong gamma-ray source outshines any
possible DM signal -> more detailed studies on the way...



The Galactic Centrer
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Extragalagtic sources
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Optical Depth & GRH

Any v that crosses cosmological distances through the universe interacts
with the Extragalactic Background Light.

‘VHE YEsL —€

Close source

Hydrogen and
Helium gas

Far source

Distance in 107 light-years

energy O :;‘1'1 ) T " % ; .’r’. “ i.L; o o -
15 Time after the Big Bang in 10° years O




AGN Summary

Extragalactic sources
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Reaching further out in redshift.



Extragalactic Background Light (EBL)

* Cosmological radiation from star formation and evolution.
* Spectral signature from yy absorption for Ey ~ 50-2000 GeV.

» Use measured AGN spectra to constrain EBL.

| Intrinsic Spectrum of 1ES1218+304
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SpeCtra & ExtragalacticBackgroundLight
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GRH measurement is constraining the
EBL density and...

S Blanch & Martinez 2004
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... paving the way for the use of AGNs
to fit Q,,and Q, ...

Blanch & Martinez 2004
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AGN with orphan flares

* Source observed already by Whipple
and HEGRA in flaring state.

 Orphan flares (hadronic origin ?)

* MAGIC observation: low threshold
and low flux (low state).

* Two neutrinos in AMANDA data ?.

» Two HiRes stereo events ?.

=> Connexion btw. Gamma-ray
astronomy and neutrino/UHECR
astronomy ?.
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High time-resolution study of AGN flare
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Tests of Quantum Gravity
effects.

 From a phenomenological point of view, the effect can
be studied with a perturbative expansion. In first order,
the arrival delay of y—rays emitted simultaneously from

a distant source should be proportional to their energy
difference AE and the path L to the source:

AE L
Lo €

At

e The expected delay 1s very small and to make it
measurable one needs to observe very high energy y-

rays coming from sources at cosmological distances.



Onset Atalert Atobs. 6 z
UTC]  [sec] [sec] [deg]

""""""" 14 3138 48 2
112 92

990 33 3.79
793 50 4.27
115 S7

368 69 0.23
17 Y

TDRSS XRT and BAT VL3 LC PRODUCT
I TR AT T

* On 13 July 2005 MAGIC S T _
has observed a GRB with . H i G
only 40 s delay -

* Preliminary analysis
shows no signal > 270 g oo |
GeV s L ""zJ i

« Constrain models on i MAGIC observatis
prompt emission

50 100 150 200
seconds since BAT trigger

TAUP, Zaragoza (Spain) 10-14 september 2005



Summary: Status

* A big revolution is occurring in VHE gamma-
ray astronomy: the new generation of
Cherenkov telescopes is yielding outstanding
results, even beyond expectations.

« VHE gamma-ray installations are establishing
themselves as astronomical observatories rather
than as experiments: VHE gamma-ray is now
emerging as a solid new astronomy.

 As many new VHE sources discovered in the last
year as in the last 20 years... and likely many
more coming !.



The VHE Sky - 1995
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The VHE Sky - 2003
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VHE Gamma Sources (E > 100 GeV)

(Status August 2005)
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Source Counts




“Kifune Plot”
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Outlook: coming installations

Satellites
GLAST

*» Major HE gamma-
ray instrument.
» Thousands of new

HE sources
expected.

» LAT: coverage from
20 - 300 GeY.

» Scheduled for
2007.
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High Altitude Cosmic Ray
Laboratory in Tibet

Longitude 90° 31’ 50” East
Latitude 30° 06’ 38” North

4300 m above the sea level

Astrophysical Radiaticn
Ground-based
Observatory

v’ y-ray astronomy

v Gamma Ray Burst physics
v Cosmic Ray physics

v Sun and Eliosphere physics




— . 12RPC=1 cluster R [ .
2 L
= | i = (56 x 62 cm?)
| S g il [——
= 2 clusters § (T i R T —
- o [ 755

10 Pads = 1 RPC
(2.80 x 1.25 m?)

Data taking started in December 2004 with 42 clusters

Now in data taking with 104 clusters



Outlook: What next ?

Cherenkov Telescopes

VERITAS

4x 12m telescopes at Kitt-Peak in
2006.

MAGIC-II

Improved 17m telescope.

Faster FADCs and a high-QE
camera.

First light in 2007.

HESS-I1

New 28m telescope.
2048 pixel camera.
Lower energy 40-50 GeV
First light in 2008.




Outlook: What next ?

Still open directions for development:
P P MACE: MAGIC-like 21m telescope at 4300 m

« Further threshold reduction: , AT /?%\
- Array of large telescopes...? : - -_
- High QE cameras...? -
- High altitude...? _
- Further use of timing...? BV : W N
- New analysis concepts...? .

Il
AZIMUTHAL MOTOR
AZIMUTHAL MOTOR A.C.PLANT FOR INSTRUMENTATION BAY

« Wider angle observations:
- surveys with multiple telescopes and wider angle cameras...?
- new concepts of wide-angle Cherenkov telescopes -> GAW
- improved shower detectors -~ ARGO-YBJ

-> an exciting open opportunity for new i1deas and
developments
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