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Space, the method and EGRET (third) catalogue:
....... the “serependitous’ blazars

ACT's: Whipple-10m, HEGRA, CAT, Cangaroo ....
The Crab nebula
Themain two blazars:
Markarian 501 and Markarian 421

R& D towardslower energy ACT:
CELESTE, STACEE, SOLAR-II
MAGIC.

The large collabor ation projects:
From theground: VERITASand HESS
From space: GLAST
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EGRET All-Sky Gamma-Ray Survey Above 100 MeV
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Third EGRET Catalog Sources seen from the ground
E > 250 GeV

Mrk 501 (LI
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After COS-B, the great success of EGRET has been During about the same decade
the rather unexpected discovery that = 100 blazars the TeV observations broke through,
are brilliant in the GeV energy range with no pre-notice.
with no turn-over at maximum energies The a posteriori suprise is the scarcity of sources

» the intermediate region, from 30 to 300 GeV, remains unexplored
o the (few) TeV blazars are weak EGRET sources

« the absorption (y y —e*e) obscures the far Universefor TeV y's
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Realistic Monte-Carlo
simulation of the materialisation
of aGeV yray
In astructure like that of
GLAST (or EGRET)

Thetracker isasandwich of
e trays of position measuring devices

Incoming 1 Gl
gattia ray

Red hara:
ai strip hits

* layers of converter thin enough,
= 0.03 RL, to limit e-scattering

ahower of

Zanmag,
electrons, and
positrons

(radiation length = RL)

—

Zingle module

b

Interaction
Foint

Secondary e -¢ pair

|

10%: of energy
egcapes

The calorimeter depth does not exceed = 10 RL,
which correspondsto = 1 ton per m2.
Thisisamajor limitation for the detection from space..
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lmaging

Whipple-10m

since 1969
=100 PMT s by 1990

HEGRA
since 1994

5 telescopes / stereoscopy
La-Palma Canaries

CANGAROO CAT
since 1994 Thémis (French Pyrénées)
Austraia o first light summer 1996,

o fine camera: 600 pixels
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Oneyevent (at rather high energy) Mrk 501 one night flare (April 16 1997)

With a high resolution camera (such as CAT),
theangular origin of each individual event
IS computed from itsimage profile
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The unpulsed emission
from the Crab nebula

L]
Palanyar

crab NEbuIE N T T TTTITm T T TTTIT T T IIIIIII T T IIIIIII T T IIIIIII T T IIIIIII T T IIIIIII T T IIIIIII T T TTITH
Hubble Space Telescope » Wide Field f CRAB NEBULA-

:!_T_-.-

THEMIST UCLE_

i

Teng

Chandra (X) e o O Ot A B

Caltech Jan 12 -2001 High I Ensrgy (Mav) hnique)




Preliminary evaluation from CELESTE data

Winter of the Crab Nebula around 60 GeV
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INLITe

Mrk 501

flares of April 1997
showing variability
on a day scale

Even faster (<hr)
variations have

been evidenced by
the Whipple
on Mrk 421

Flux sensitivity
on the scale of
the hour 1s needed
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J AGN / Blazar : Markarian 501
d Supermassive Black Hole
(M > 10°Mg)
O With an acretion disk ( 1 pc )
1 Surrounded by a torus of dust ( 100 pc )
J Radio loud:
Two jets ( <100 kpc )

Accretion
disk

| | NGC 4261
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—> High energy emission

Strong variability on time
scale of a day or even less
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Markarian 501
Flare of April 1997
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vF, (erg cm? 5‘1)
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— Observed ; anti correlation L. / V (related to damping by photon target ...)

— In support of a leptonic model : Synchrotron + (Self)—inverse—Compton.
(5SC — model)

Gy e Ly
soft eV -TeV
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Solar plants

SOLAR-I _ -ll 1992, 1999 @Barstow, Cal. (Tumay Tiimer)
STACEE taking data @ Sandia, Cal. (René Ong)
CELESTE operational @ Thémis, Fr. (Eric Paré — David Smith)

Use of existing large mirror collection areas

e Solar plants have adequate optical & pointing precisions
 BUT, they do not fit with the“imaging’ requirements

Distributed sampling of times & amplitudes

by adding a secondary opticsto single out each helisotat
(Ref. Tumay TUumer 1992)
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[ Solar plant as Gamma detector

[J Few e” per shower :
nE:r:F. (GeV)y2 = 3 vy [héliostat @30 GeV
=

11 ke
secondary

) optics
= Large collection (40 x 50 = 2000 m™)
1 Night sky noise: 1 "fE fhéliostat/ns
- must restore <1 ns synchronism on 20 000 m?
-1 Muons are killed at trigger,

but many CR’s remain
=» use irregular ]ig]‘nfcml of hadrons

Use a Secondary optics
to single out each héliostat

Register times (0_3ns) and amplitudes
Fast trigger (2—3 ns)

Strong signals are obtained on the Crab nebula and on Mrk-421
(partly with synchronousdatafrom CAT & Celeste)
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Site of Themis
(France)
Pyrénées Orientales
In the far distance :
Pyrénées mountainsin Spain;
In between :
the Cerdagne valley.

The site was built as atest for solar plant
It was turned to astrophysics since 1986 :

¢ 1986-1993 Themistocle & Asgat
e 1993-1996(first light) CAT
e 1994-1999(first lighty CELESTE
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MAGIC

The 17m<P light collector will be of
diamond milled aluminium mirrors;

Simple active optics will be developed
to maintain the shape of the dish whilst
tracking an object across the sky.

First camera will use PMT s with
GaAsF photocathode which has a peak
QE of »45% between 450 and 620 nm.

Ultimatly, "all silicon” camera based on
the low noise Avalanche Photodiodes
(AFPDs)

MAGIC 1s exploring the utmost capability of a single imaging device
with the goal of a very low threshold (10 GeV)

It could also be deploved in arrays
Its technical achievements could radiate to the whole field
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Redundancy isimportant :
 |large angular acceptancein space - «completeness »
o large sensitivearea of Cherenkov -  fast variability
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Whipple STACEE
VERITAS (SOLAR-2)

IMAGING (existing)

Whipple

HEGRA
CAT
Marrabri/Durham
Cang aroo-1
Shalon
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HEGRA CAT Tibet—array
MILAGRO MAGIC CELESTE Shalon ARGO

ANTARCTICA

Narrabri Cangaroo-1
HESS Cangaroo—3

IMAGING (future) SAMPLING & TIMING CHARGE PARTICLE DETECTORS

Cangaroo-3 CELESTE MILAGRO
VERITAS STACEE Tibet—array
HESS (SOLAR-2) ARGO

MAGIC
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The maimn multi-imaging telescopes

name Nb of | Diameter Pixels Rate sterea | lLocation | Energy (GeV) | Calendar
dishes |(/ Focal)| Nb  Sizz FoV| mode Altimde | Trigg / Spectr
HESS 4 - | 12m [1000 0.16° 50° | =1kHz |[23°S 16°E | <50 / <100 |2001 —
10-16 | ¢/ 15m) 1800 m 2003
VERITAS 10m | 500 0.16° 3.5° | =1kHz |[32°N 111°W | 50 / 100 (2002
T {(/{ 12m) 1800 m 2004
CANGAROO- «10m | 500 0.16° 3.0° ? 31°S 136°E| 100 / 150 |2000 —
I11 i | (/! 8m) 150 m 2004
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HESS

Photo-montage of the first four telescopes
on sitein Namibia.
First light of the first telescope this year (2001)
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ﬁiﬂﬂﬁﬂ a Particle Physics detectors
y ;

10MeV -1 TeV
h .. 2560 kg, 520 W
:‘ = - T, 173 x1.06m

Deltall

S-Pb Tracker
pitch =200 um

18 layers x,y
1000000 chann€éls

VETO (against C

Csl Calorimeter
(energy measurement)

%)‘%lmented in 8 layers
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EGRET GLAST (1 year)

Energy o0 MeV -30 GeV 10MeV-1TeV

Area max. 1500 cm? 12900 cm? X 8,6
Field of View 0,6 s 2,4 s X4
Sensitivity >107 g cm~st >1,610°gcm?st x50

L ocalisation 0,5° 20" -7 X100 - 4

Virgo (E > 100MeV)
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Space L1 Ground
To conclude Science Capabilities - sensitivity

1005

farge field-af-view
200 y bursrs per yenr
prompt emission sampled to =20 ps

AGN fares = 2 mn  mostly from Ground

time profile +AEE = physics of jets and acceleration
Space [J Ground should conclude on
- Optical depth due to cosmic diffuse light
- SNR’s/ CR - oriain
all 3EG souzes  should be identified

-
=
=

e e B

Flus Limit (15 em® 2

1

= periodicity searches (pulsars & Z-rav binaries)
IEG

= pulsar beam & emission vs. luminosity, age, B

0.0l

107 sources iN 1-ye survey
= AGHN: logh-logh, duty cvcle,

etnission ve. tyvpe, redshift, aspect angle

LAT 1yr = extragalactic background light (- + IE-opt)

2.3 10

o = new -y sources (P50, external galaxies, clusters)
Jan-0L cmes
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