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Giovanni decides 
 to try his hand 
 at ground-based 
 gamma-ray 
 astronomy  



COULD HE USE OF 
ATMOSPHERIC CHERENKOV 
DETECTOR TO GAMMA-RAY 
ASTRONMY? 

Simple Technique, 
Simple Detectors, 

But previous efforts had 
come to naught! 



Some cheap labor required! 



 Atmospheric 
Cherenkov Telescope 

Glencullen, Ireland  ~1962-66 

University College, Dublin 
group led by Neil Porter 
(in collaboration with 
J.V.Jelley) 

WWII Surplus: Gunmount, 
searchlight mirrors  



SAO agrees to build large optical reflector  
 as gamma-ray telescope, 1966 

Crab 



TCW, Henry Helmken, Giovanni Fazio, John Jelley (Harwell),  
Graham Smith (Jodrell Bank), Neil Porter (U.C.Dublin)  





Site of present 
Whipple Observatory 
Basecamp (and 
VERITAS) 





Fazio completes the 10 m Telescope in 1968  
First purpose-built gamma-ray telescope 
Prototype for all future telescopes 



Whipple 10 m Telescope 



Review by Ogelman in Goddard School 1968 

1976 SAO gamma-
ray group disperses 
to longer (lesser) 
wavelengths! 



Image Intensifier Pictures of Cherenkov light 
 Image from Cosmic Ray Air Shower. 
On short time-scale images are brighter than  
bright star (Vega). 
Work by David Hill (M.I.T.) and Neil Porter 
 (U.C.D.) in 1960 

Seeds for new approach to gamma-ray astronomy: 
Cherenkov Shower Imaging using Image Intensifiers (1960-65) 
 and Use of Stereo Detectors (1972-76) 

Josh Grindlay demonstrates value of 
 stereo imaging with two-pixel system  
 (Double Beam Technique) at Mt.  
Hopkins and Narrabri  (1972-76) 



Funding from DOE, 1982 



Whipple Observatory 
 1986…success at last! 

Supernova 1054 A.D. 

Blazars also detected! 







Instrument: 
● Four 12-m telescopes 
● 500-pixel cameras (3.5° FoV) 
● FLWO, Mt. Hopkins, Az (1268 m) 

Specifications: 
● Energy threshold  ~ 150 GeV 
● Source location  < 0.05° 
● Energy resolution  ~ 10-20 % 



1 Crab ~ 80

0.02 ~ 13 h


0.005 Crab ~130 h 


1 Crab ~ 30s

0.02 Crab ~7 h 


1 Crab ~ 250s

0.02 Crab ~60 h 


Mirrors degraded

Less sensitive now!


VERITAS has achieved its proposed sensitivity!


We will be ~20% better in Fall 2009


HESS 

MAGIC 





Holy Grail of TeV Gamma-ray Astronomy: 

Find the Unambiguous Source of Hadronic Cosmic Rays 

(Most Galactic Sources can be attributed to Electron Progenitors) 



 CO intensity 
 Optical 
 Pulsar Wind Nebula 
 Maser emission 
 VERITAS centroid 
 MAGIC centroid 

 

+

+


Power-law fit: 
dN/dE = (8.382.10)  10-13 
E^(-2.990.38) 

 photons TeV-1 cm-2 s-1 

χ2/ndf  = 3.1/3 = 38% 
F(E>300GeV) ~3.2% Crab 





Extragalactic TeV Astronomy 



 z = 0.182 

  z = 0.104 



Radio source, 3C66 was suggested as TeV gamma-ray source by group 
 at Crimean Astrophysical Observatory in 2002 
Radio Galaxy (double lobe) 3C66b (z=0.02) and Blazar (IBL)  3C66a  
(z=0.444?)  within 0.12 degree. 
Detection confirmed by MAGIC who based on positional information, 
 spectrum  identified it with the radio galaxy, 3C66b 

Composite image: 
 Red = Radio 
 Blue = Optical 

Optical only 



Source detected by VERITAS in 2007-8 
30 hours of observation 
21 sigma 
Variable 
Also seen by Fermi 
Spectral Index ~ 4.1 (soft) 

 On basis of position 
 VERITAS identifies source 
 with 3C66a 
Redshift uncertain 0.444? 
Another IBL! 

VERITAS 
Gamma-ray 
Image 



Pair Production by EBL:  
          gamma-ray + infrared photon -> electron pair 

Intrinsic 
Spectral 
Index 

Measured: 
-3.08 

With EBL: 

-2.32 
   or 
-1.78 EBL 



By pioneering the construction of the Whipple 10m Gamma-ray  
Telescope he laid the groundwork for all future developments! 

Thank you, Giovanni! 





All the TeV 
 signal was 
 in a few days 

No correlation 
 with X-rays 




