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Cherenkov light: the beginnings 

n In a series of publications Oliver Heaviside has 
calculated and predicted the main features of a special 
emission when an electron movs in a transparent 
medium with a speed higher than that of light. 

n The work of the genius, who advanced his time by half 
a century, was not appreciated by contemporary 
scientists and was forgotten. In 1912 he calculated the 
geometry and the angle of emission relative to the axis 
of movement of the charge 

n Please note that during the end of 19th century 
scientists believed the space was feeled-in with ether.  
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n It took almost 50 years until the effect was experimentally 
discovered and later on got the name Cherenkov (1888, 
1889, 1892, 1899, 1912a,b)  

n Also Sommerfeld studied the problem of a charge moving in 
vacuum with a speed v > c (1904). The relativistic principles 
prohibit such a motion in vacuum but in a medium with 
given n then his equations give valid solution („sonic 
boom“). 

n First observation of ghostly bluish glow of bottles in the 
dark cellar, containing radium salts dissolved in distilled 
water, by Marie Curie in 1910 (E. Curie, 1937). It was 
thought to be a type of luminescense. 

Cherenkov light: the beginnings 

3 Wednesday 20th June 2012, 
SchiNeGHE, Lecce, Italy  

Razmik Mirzoyan, Max-Planck Munich: 
Beginnings of Gamma Astrophysics 



French scientists M.L. 
Mallet  
published 3 articles on the  
bluish glow (1926-1929). 
 
On the left I show a scan 
of  one of  those papers 
(1926) published by Mallet  
(later on Cherenkov effect)  
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n Pavel Cherenkov: born July 28th 1904 in a poor 
peasant family village Novaya Chigla, Voronezh 
province.  

n 1924-1928 studying in Voronezh sate university. 
n 1930: postgraduate student of Sergej Vavilov at the 

Lebedev‘s Institute of Physics of Soviet Academy of 
Sciences (later of FIAN).   

n 1934-1938 conducting a series of brilliant expeirments. 
n Complaning about his boss: he had to spend 1-1,5 

hours in a dark, cold cellar, for accomodating his eyes 
n Obtained doctorate in 1940 

Cherenkov light: the beginnings 
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Paper by Sergej Vavilov  
about the possible  
bremsstrahlung nature of   
the bluish emission from 
1934 
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Copy of  a seminal paper by  
Cherenkov explaining the  
essentials of  the new 
emission 



n It was noticed that the emission is not chaotic, but is 
related to the track of the moving particle. 

n 1946: Vavilov, Cherenkov, Tamm and Frank obtained 
Stalin‘s prize for their work 

n Vavilov is usually given higher credit for the effect 
n 1958: Cherenkov, Tamm and Frank obtained Nobel 

prize 
n 1964: Cherenkov became corresponding member of 

Soviet Academy of Sciences 
 

 
 
 

Cherenkov light: the beginnings 
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The Very Beginning of the 
Atmospheric Air Cherenkov 
Telescope Technique 

1948 
• Blackett (Nobel prize laureate) was the first to 
mention that there shall be Cherenkov light 
component from relativistic particles in air showers 
(mostly e-, e+, µ-, µ+) marginally contributing (~ 10-4) 
to the intensity of  the light of  night sky (LONS) 
 

• Until that the Cherenkov light has been detected 
only in solids and liquids 
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 1953 
By using a garbage can,  
a 60 cm diameter mirror  
in it and a PMT in its focus 
Galbraith and Jelly had 
discovered the  
Cherenkov light pulses  
from the extensive air  
showers. 

The Very Beginning of the Air 
Cherenkov Technique 
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Gamma-ray Astronomy,  
the beginning 

Also proposed at  
 higher energies 
 independently by 
 Giuseppe Cocconi, 
 1959 

Seminal paper by 
Phillip Morrison, 
1958  
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About how could ground-based g 
astronomy profit from the end of 
the World War-II  
n Surplus of otherwise useful things not anymore needed 

by the militaries ! 
 

n Parabolic search-light mirrors of ~0.5° angular  
resolution and 1-2 m in diameter 
 

n Gunmounts, also from military ships. Could be used as 
telescope mounts with readily available drive system 
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Cherenkov Technique  used for  
Gamma Ray Astronomy 

Crimea Experiment 1959-1965, 
Chudakov, et al., (SNR, radio galaxies) 
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Cherenkov Technique  used for  
Gamma Ray Astronomy 

1st Gen. Atmospheric 
Cherenkov Telescope 
 
Glencullen, Ireland  
~1962-66 
 
Univ. College, Dublin 
group led by Neil Porter 
(in collaboration with 
J.V.Jelley) 
 
(quasars (AGN), variable 
stars) 



1st Smithsonian venture into VHE gamma-ray used Solar 
Furnace at Natick, MA ~ 1965-6. 
Gamma-ray Astronomy Group led by Giovanni Fazio 

Davis-Cotton design Heliostat 
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First Gamma-ray Experiment at Whipple 
Observatory, 1967-68 

The pioneer, the #1 
in gamma astronomy  
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The Pioneer: all life-long trying really hard, again 
and again, until succeeding in 1988 
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Schmidt Telescope Design with  
Image Intensifier 



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 

Cherenkov Shower Imaging using Image Intensifiers 
(1960-65) and 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) 
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The 1st Statement in the Literature on the 
Potential of  the Stereo Imaging Detector 
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Extensive Air Showers 
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The Cherenkov light pool from a single µ, the time 
structure of a shower and the light pool of a shower    
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An array of ACIT’s was first 
proposed in 1984 (prior to the 
detection of the Crab Nebula). 

(NASA Workshop, Space Lab. Science, Baton 
Rouge, 1984) 

This is the configuration that was 
later adopted for VERITAS. 
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Some key developments 

n 80‘s: plenty of „discoveries“ on 3-4 s level 
n M. Hillas: „A physicist‘s aparatus gradually learns 

what is expected of it (blame the apparatus for a dog-
like  desire to please)“ 

n Charge concentration is a good parameter (>75% 
charge is concentrated in 2 pixels) 

n Plyasheshnikov, Bignami (1985) showed „a„is a useful 
parameter 

n La Jolla, 1985: Michel Hillas suggested to use the 
„Hillas“ parameters 

n 1989: Whipple discovers 9s signal from Crab 
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20 m distance between the telescopes 

Construction and start of operation 
1985 - 1989 

Arnold Stepanian and his 1st  imaging 
“stereo ”telescopes: GT-48 in Crimea 
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VERITAS  INAUGURATION,  
Arizona, April 28th 2007 
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The Pioneer Trevor Weekes and his 10m Ø 
Whipple telescope gave birth to g-ray 
astrophysics: 9s from Crab Nebula in 1988 ! 
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„If a telescope can within 
a few s evaporate a solid  
piece of steel, it can also  
measure gamma rays“ 
;-) 



February 1985 
Yerevan Physics Institute 
Proposal for 5 imaging Cherenkov 
Telescopes: 
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The number „0“ workshop on IACTs took place in Crimea in 1989 
(before the 1st in Paris in 1992) 
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The 1st telescope (of 5 planned) I´ve  built: 1989 
Nor Amberd cosmic ray 
Station, mount Aragats, 
2000 m a.s.l., Armenia 
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The 1st telescope of 
HEGRA, the CT1 
(installed spring 1992) 

CT2 – CT6: 5 more telescopes 
were built until 1997.  

CT1 started to collect data in summer 1992 
The 1st signal from Crab Nebula fall 1992 

2 x larger reflector, 1997 
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Results of  our Monte 
Carlo studies on the 
performance of  the 
5 telescope system were  
published in 1993.  
Although we  
overestimated the  
gain in sensitivity  
(compared to a single 
telescope), nevertheless  
we understood the strong  
background rejection  
feature of  the multiple  
telescopes.  
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The HEGRA detector, including 
6 air Cherenkov imaging telescopes 
Location: ORM @ La Palma 
Operation 1992 - 2002 

CT1 

CT6 
CT3 

CT4 
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   Source   Type Distance 
 kpc or z 

 sHEGRA    Flux 
(in Crabs) 

Experim. 

Crab Nebula 
Cas A 
TeVJ2032+41 

Plerion 
SNR 
(shell) 
Unknown 

    1.6 kpc 
    3.4 kpc 
   Unknown 

    >> 10 
        ~ 6 
        ~ 7 

    1.0 
    0.03 
    0.03 

      Many 
HEGRA 
HEGRA 

Mkn 421 
Mkn 501 
1ES 1959+650 
H1426 
1ES 2344+514 
M87 

BL Lac 
BL Lac 
BL Lac 
BL Lac 
BL Lac 
Radio gal. 

     0.030 
     0.034 
     0.047 
     0.129 
     0.044 
     0.0044 

    >> 10 
    >> 10 
    >> 10 
        ~ 7 
        ~ 4 
        ~ 4 

    0.04 - 8 
    0.33 – 11 
    0.05 – 2.2 
    0.03 – 0.08 
    0.03 
    0.03 

     Many 
     Many 
H, W, C, T 
H, W, C 
H, W 
H 

Sources seen by the HEGRA telescopes. Flux is 
in Crab units. 

             H: HEGRA;   C: CAT;   W: Whipple;   T: 7-Tel. Array 
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The 3.8m telescope on a alt-
azimuth mount was an ex-lunar-
ranging telescope used in Dodaira 
observatory of the National 
Astronomical Observatory of Japan 

The 1st Cangaroo telescope in Australia 

Kifune, et al., 
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Japanese 7-telescope Array in Utah, USA 

Teshima, et al., 

But … 
gamma-ray  
astronomy is a  
risky business… 



Cruise Missile Mishap 
10. Dec.’97 
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Beginning of MAGIC 

n A 10m² telescope has a threshold of ~1TeV 
n Since from the beginning it was a common belief that  
 threshold of a Cherenkov telescope  
   Ethr ~  √(1/Amirror) 
n That was suggesting that one needs a Amirror ~ 104 m² for 

measuring few 10‘s of GeV; à the only seeming solution: 
use huge solar power plants for air Cherenkov 
 

n In 1994 I understood that the above relation is wrong for 
an imaging telescope. It is simply 

    Ethr ~  1/Amirror 
 42 Wednesday 20th June 2012, 
SchiNeGHE, Lecce, Italy  

Razmik Mirzoyan, Max-Planck Munich: 
Beginnings of Gamma Astrophysics 



n After that started looking for a telescope with  
 Amirror  ≥ 200 m². Soon found the 17m solare telescope 

of German DLR in Lampoldhausen near Stuttgart, the 
prototype of MAGIC 
 

n In fall 1994 we performed a feasibility study for a  
   Ethr~40 GeV 
 

n It became clear: there was a very strong background at 
several tens of GeV à Multiple telescopes were needed.  
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Beginning of MAGIC 



and today… 

VERITAS, H.E.S.S. & MAGIC: the triumphal  
procession of VHE g-astro-physics is continueing 
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Outlook : the next 5-7 years 
Next generation VHE g ray Observatory: CTA 

MAGIC Phase II (MAGIC-I + MAGIC-II) since 2009 
~150 sources are already discovered 

HESS Phase II (HESS + 28m Telescope) in 2012  

Cherenkov Telescope Array 
1000’s of sources will be discovered 

CTA 

JAPAN, US 

Astronomers in EU 

~1000 scientists 
~120 institutions 
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