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In of the Cosmic Radiation
Grail of cosmic ray studies!)



Seurceemitsy-ray

‘Interactsin atmosphere
ucing electromagnetic
snower and Cherenkov light

Optical Reflect)
mages Cherenkov ligh
onto multi-PM



| Crimea Experiment
~11960-1965

Whipple 10 Gamma Ray
e ——— | Telescope, 1968 -

Irst Generation Systems 1960
e No Sources Detected 1960-1977

* Phantom Detection of Binary
Sources 19/77-1984

e Imaging Technique proposed
1977




aging systems came into operation 1984 -
Irst Galactic Source detected (Crab Nebula/
Whipple Observatory) 1989
*First Extragal actic Source detected (Mrk
421/\Whipple Observatory) 1992
*HEGRA array of imaging detectors 1995 -




ent to achieve

good GLAST Overlap




ging T elescopes

Philosophy
e Improve Fux Sensitivity

e Reduce Energy Threshold

e Multiple 10/12 m telescopes

 New Technology where
appropriate.

<~ It S \/ R TAS
LA first telescope
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of Cosmic Ray Origins!

guite different!

Ifferent sources

unambiguous hadron source detection
More sources are Extragalactic
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Catalog Name

Date/Group

TeV 0535+2200

Crab Nebula

1989/Whipple

TeV 0834-4500

Vela

1997/CANG.

TeV 1121-6037

Cen X-3

1999/Durham

TeV 1503-4157

SN1006

1997/CANG.

TeV 1710-2229

PSR 1/06-44

1995/CANG.

TeV 1712-3932

RXJ1713-39

1999/CANG.

TeV 2032+4131

CygOB2?

2002/HEGRA

TeV 2323+5849

1999/HEGRA




US

At least half of these sources have been seen at
> 5 sigma by two groups.

Large information content in well-detected
SOUrCes.

Ing every year!
are identified ...unlike the
sources

of object in TeV Catalog:

— Starburst Galaxy

— Supernova Remnants
— Binary Source

— OB Association



TeV Catalog of AGN

Catalog Name Source Date/Group | Type | Redsnift
TeV 0219+4248 | 3C66A 1998/Crimea |LBL |0.444

TeV 2203+4217 |BL Lacertae |2001/Crimea
TeV 2347+5142 | 1ES2344+514 | 1997/Whipple

Horan, Weekes, 2003
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GTC Lhes)

Mkn 501, 1997

10 - ® =HEGRA CT! (no moon)
* =HEGRA CT! (moon)

- # =HEGRA
\

C s 50550 50575 50600 50625 50650 50675 50700 50725



Morkomcm 421 Flare, March 19, 2001

-----------------------------------------------

Rate (7y/ min)

Time, MJD



E“dN/JdE [ 107

- o HEGRA CT-System,
Mar-Oct 1997
~ CAT, Mar-Oct 1997

- Telescope Array, Mar-Jul 1997
" © Whipple, Feb-Jun 1997

=+ HEGRA CTI, Apr-Sep 1997 |

L_IIIIIIII I IIIIIIII !

1

10
Energy [ TeV |

Composite spectrum of
Markarian 501 showing
consistency of measurements
by several telescopes and
detection of structurein
shape of spectrum...power
law plus exponential cutoff.
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Igh and time variations so short,
to model the TeV emission
tting source isisotropic.



1
I'=
\/1 — v2/c?

<10 or v= 99.5% of ¢

L ooking down the Barrel of a Cosmic Cannon




n Progenitors:

; fJ’/ ray nchrotron Self
ﬁﬁﬁfﬁé"iw " Compton
Proton-induced Exter nal Com ptOn

’J_/ Shock cascade
?

Proton Progenitors:
B oo Proton Cascades
. Proton Synchrotron

Electron Synchrotron Self Compton Models most consistent with TeV
AGN.....but observations are complex and require more sophisticated
Modelling of Jets.




New Developr
Detectior

Detection

Spectral Variability in Mrk 421

ents.
of Starburst Galaxy, NGC253
of Radio Galaxy, M87




HST - WFPC2

PRC 95-10 - ST Scl OPO - Februa




lgma detection
/eak source but important

Gas Disk in Nucleus of

M87 Active Galaxy M87

HEGRA - 1998/99

0.06 0.08 0.1 Hubble Space Telescope
Wide Field Planetary Camera 2

squared angular distance o [deg2J
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ent of Power
Changes with
Total Intensity.
Cutoff Term
Remains the Same

E’dN/dE (10 erg em”s™)
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cal Discipline with
many wavebands.

of Telescopes has impressive
abilitiesfor:

Angular Res. ~ 0.05 deg.
Energy Res. ~ 10-15 %
Minutes— Y ears

GLAST, ARGOS, EXIST
optical, infrared, radio
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ature of TeV sources

etection of asingle sourceis
ophysical marvel!

very source s evidence for a
Cosmic Particle Accelerator

e Techniques are simple, ground-based ' ..
and relatively inexpensive _ o




