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• A duck swimming in 
the lake leaves behind 
a cone-shaped water 
front 

• The reason is that the 
speed of the duck 
exceeds that of the 
waves on the water 
surface

Similarly, a speedboat
leaves
behind conical traces



Čerenkov Radiation

A particle reactor
glowing in Č light



Example: 1st generation telescope

Neil Porter
Glencullen,
Ireland
1962--‐66

A 1st generation telescope
consisted of a PMT in the
focus of a parabolic
(searchlight) mirror

Typically the PMT 
subtended a field of view
of ~ 2° in ø in the sky

Fluctuations of Light of
Night Sky (LoNS) within
that solid angle define the
threshold



Trevor Weekes, PhD 1966 George Rieke, Ph.D. 1969

The Early Days of Č light measurements at the 1280-m 
Level of Mt. Hopkins in  Arizona (1967-68)



A non-imaging vs. imaging camera in the focal
plane of a Č telescope

• Assume in a) single PMT 
integrates LoNS within a 
field of view 2°

• In case b) same LoNS is
split among 100‘s of pixels, 
put into a fast coincidence

• LoNS fluctuations are
independent, → one can
almost „kill“ it in case b) 

• A threshold ≥ 100 p.e. 
allows one to recognize
and measure image

• Signal strength (i.e. 
amount of measured Č 
light) depends linearly on 
the E, i.e. on mirror area

An image camera of an IACT
Imagine this is a 
single PMT „camera“

a) b)



1st Č telescope our group built in Armenia, 1989



The 1st (prototype) IACT of HEGRA in La Palma

• This telescope produced
results in a record-short
time in 1992
• After only 2-months of
operation we were the first
to confirm the gamma-ray
emission from the Crab Nebula,
measured by the team led by 
Trevor Weekes in Arizona, USA, 
in 1989



HEGRA (1992-2002) provided wonderful

results in cosmic- and VHE gamma-rays



The issue with the energy threshold

• Up until the mid-1990s, it was believed that to lower the threshold energy 
of a given telescope by a factor of N, one would need to increase its mirror 
area by a factor of N² [K.E. Turver and T.C. Weekes, Phil. Trans. R. Soc. 
Lond. A 301, (1981) 615]. One can read there, “The energy threshold of a 
simple detector is inversely proportional to the diameter of the light 
collector. An energy threshold of 1011 eV requires an effective aperture of 
5-10 m. To get to 1010 eV requires an aperture of 50-100 m; such apertures 
would have been out of the question a few years ago but the development 
of large concentrators for solar energy research makes this energy 
threshold a realistic possibility”. 

• Note that in the early 1990s the threshold energy of what was then the 
largest 10m Whipple telescope with a reflecting surface of ~75m² was 
estimated to be ~300GeV. 

• Thus, to reduce its threshold by a factor of 10, to the range of 30 GeV, it 
was necessary to increase the area of its reflector by a factor of 100, i.e. 
mirror area 7500 m² → and that was not realistic. 



The very beginning of MAGIC

• I realized that IACT operation is in contrast to non-imaging technology, 
which operates on the edge of the fluctuations of the light of night sky. It 
became clear that the usual consideration that the threshold energy E of 
an IACT is proportional to 

1/√Amirror

is wrong 

• The correct dependence should be 

E ~ 1/Amirror

• The 1st HEGRA IACT with 10 m² mirror had a threshold of ~1 TeV

• A telescope with a mirror area 20 times larger (~200 m²) should have a 
threshold value ~20 times smaller, i.e. 1 TeV/20 ~ 50 GeV - and this is how 
the idea of what will be called the MAGIC telescope was born



The very beginning 
of MAGIC

• In August 1994 just by a chance I saw on a cover of a 
solar energy journal issue the picture of the 17m 
diameter solar telescope of DLR @Lampoldhausen

• The optical quality of this telescope was poor for our 
purposes, it collected sunlight (0.5°) at a highly 
aberrated, diffuse picture in the focal plane

• Well, we thought we could build our own IACT, with 
a better optics 

• 1995 we made 3 presentations @ conferences on 
the future telescope, which later on got dubbed 
MAGIC (Major Atmospheric Gamma Imaging 
Cherenkov) telescope 

• This happened at a really “hot time” for HEGRA, 
IACTs # 3, #4 were under construction, #5  #6 under 
planning    



• German Ministry for 
Education and 

Science (BMBF) 
document about
the review of HEGRA by
a representative
international review
committee
Date: February 1-2, 1996 
Reviewers: 
• J. Cronin
• D. Fegan
• G. Schatz 
• J. Trumper
• A. Watson



Different components of 
HEGRA were critically 
reviewed



Conclusions and 
recommendations of the
committee:



• The initial criticism about MAGIC from some members of the
evaluating MAGIC representative committee was about too 
many new technologies which we planned to introduce
– carbon-fibre frame of the telescopes, 

– all-Al diamond mirrors, 

– sytem of Active Mirror Control, 

– 20s fast rotation of the telescope, 

– fast analog signal transmission via optical fibres by using VCSELs, 

– hemispherical fast PMTs from EMI,...

• The history showed that indeed, we needed relatively long 
time for „polishing“ the novel technologies, but then, once
these became operational, the majority paid off

Criticizm because of the suggested too many
novel technologies



Eckart Lorenz, 
1938-2013

Rudy Bock,
1935-2015

Daniel Kranich,
1966-2014 

Florian Goebel,
1972-2008

Leo Takalo
1952-2018

Our dear colleagues and friends with whom we were lucky to 
work and share our lives, to make the MAGIC real 



Installation of the 1st MAGIC reflector frame

14th December, 2001



• MAGIC extended the sensitivity window of the IACT technique from 300 GeV
down towards 20 GeV
• Discovery of 25 GeV pulsed gamma emission from Crab pulsar at E ≥ 25 GeV
(Science, 2008) marked the begining of high-sensitivity gamma astrophysics @ few 
tens of GeVs

M-I and M-II telescopes, 2009


