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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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Early Atmospheric Cherenkov Detectors

A. Chudakov
Crimea, Ukraine 

1959-64

John V. Jelley
U.K. A.E.R.E., Harwell, UKNeil Porter

Glencullen, Ireland
1962-66
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An interesting experimental work has 
been performed by the Chudakov‘s 
team. 
The technique and the instrument
were well-understood, below some
excerpts from a paper from 1964
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Crab

Cas A

Cyg A

Perseues A

Galaxy clusters

• A multitude of sources 
have been observed and 
serious statistical treatment
of data has followed

• Except for some small 
fluctuations no significant 
flux has been observed 
≥ 3.5-5 TeV,
Flux upper limit: 
5 x 10-11 ph/cm²s 

• They turned down the too
optimistic prediction of 
Cocconi about 1000:1 S/N

Center of galaxy
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Victor Zatsepin, celebrated his 90 years 
birthday last October

In 1960‘s Victor Zatsepin well-
-understood all the main features of the 
air Cherenkov technique

• I learned from him that in 1960‘s he was seriously considering 
a key question about how one could measure multiple images 
of showers (or more precisely, which kind of cameras can do 
that ?) 

• He performed simulations of air showers in 1961-64 
(computer simulation in early 1960‘s !)

• „URAL“ was the name of the russian computer
that was operated by a specially trained staff.  
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Those who analyze data from IACTS, 
looks familiar, isn’t it ? 

V. Zatsepin 1965



One of the 1st Statements in the Literature 
on the Potential of the Stereo Imaging
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Investigation on the effectiveness of VHE 
Gamma ray astronomy Techniques Based on 

Imaging of Cherenkov Flashes 

with very high level of confidence. There is one source of extragalactic origin 
among them. Recently, two X-ray binary systems, Vela X-1 and Her X-l, have 
been reported to be sources of VHE gamma-radiation (3,3).

Plyasheshnikov, Bignami, 1985
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A very interesting paper
from A. Plyasheshnikov
and G. Bignami from 
1985

It claims that the 
orientation parameter
a can provide a gamma
hadron separation
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Introducing a parameter; it can discriminate 
hadrons Plyasheshnikov, Bignami, 1985
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Plyasheshnikov, Bignami, 1985
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“Hillas” parameters

Interesting to note 
that although
the parameters 
AZWIDTH and MISS
include information
on parameter a, it is 
not explicitly defined 
by M. Hillas

Hillas, ICRC La Jolla, 1985
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The number „0“ workshop on IACTs took place in 
Crimea in 1989 (before the 1st one in Paris in 1992)
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M. Hillas showed that with an infinite array of
IACTs one can achieve an angular resolution 
of 2’



Effect of limiting the FoV of the telescope on the 
shape of the average lateral distributions and hence 

the collection area 
Hillas, Patterson, J. Phys. G: Nucl. Part. Phys. 16 (1990) 1271
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Lateral distribution of Cherenkov light 
emission from a single µ
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Index of Refraction and Cherenkov Emission 
Angle versus Altitude



VHE g-astrophysics with IACTs is possible
thanks to exponential atmosphere
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Mirzoyan, 2014



Superimposed images of a 320 GeV shower from 

3 telescopes of 10m diameter

• Persistently almost 

in all simulations a 

4° FoV is used for 

point sources

• The inner circle is 1°

4° FoV

Hillas, Patterson, J. Phys. G: Nucl. Part. Phys. 16 (1990) 1271
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Cherenkov image from a 20 GeV µ at various  

distances from a 10m telescope; can be used for 

calibration 
Hillas, Patterson, J. Phys. G: Nucl. Part. Phys. 16 (1990) 1271

It is possible that short 

muon arcs, not very 

curved, might at times be 

mistaken for narrow 

images of gamma 

showers.
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TeV proton showers sometimes can mimic 
gammas

• Only occasionally, by 
accident, is the major axis 
aligned with the source, 
since they belong to an 
isotropic population.

1 TeV 0.5 TeV

4°FoV4°FoV4°FoV

Hillas, Patterson, J. Phys. G: Nucl. Part. Phys. 16 (1990) 1271
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Gamma showers under large zenith angle
• (a) A gamma ray image at low elevation 

(15°) typical of the Sommers-Elbert 
method of observation. The energy is 
100TeV and the core distance is - 900 m 
from the mirror. These images are very 
narrow and no longer than normal 
images.

• (b-d) show varying amounts of 
aberration using a Gaussian point 
spread function on an 11TeV gamma 
ray shower, at vertical incidence and at 
a core distance of 135m. (b) is an ideal 
image, (c) U = 0.3° and (d) 0 = 0.6°. 
Clearly with such narrow images, high 
angular resolution can be usefully 
employed. 

• Circles are 1°, 4°.
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Razmik Mirzoyan & Antonio Stamerra: Status 

of the MAGIC Project

Cartoon on longer path length in atmosphere

for an EAS @ large zenith angle observations

MAGIC GM, La Palma, 

26.06.2018

Large zenith angle

small zenith angle

28



A gamma-ray candidate event observed by 
MAGICs from Crab under the zenith angle of 

77.8°; the estimated energy is 144.4 TeV
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MAGIC observations of Crab extended 
into the zenith angle range 70° - 80°



Conclusions of the paper by A.M. Hillas & 
J.R. Patterson

• There are clearly a number of characteristic differences 
between conventional gamma ray and nucleon-produced 
images and light pools. The most useful appear to center 
around the small widths and pointing alignments of gamma 
ray images, particularly when stereo images can be combined. 

• In order to delineate the detailed information contained in an 
image, resolutions 2' would be advantageous

Hillas, Patterson, J. Phys. G: Nucl. Part. Phys. 16 (1990) 1271
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VHE g-ray workshop 
at 22nd ICRC, 
Dublin, 1991
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Wonderful review of M. Hillas “Evolution of 
ground-based gamma-ray astronomy from the 
early days to the Cherenkov Telescope Arrays”

• When one considers the incredible 4.8-h periodicities 
extracted even in underground experiments, I am made to 
remember that my Harwell mentor, T.E. Cranshaw, once 
explained to me that a physicist’s apparatus gradually learns 
what is expected of it. 

• This is the best explanation I know of at present for this 
episode (and happily convenient, blaming the apparatus for a 
dog-like desire to please).

A.M. Hillas, ApP, 43 (2013) 19–43
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Our deep appreciation and admiration 
is with the great scientist


