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From human eyes to huge 
size telescopes

• Long time before and during 
the discovery the Cherenkov 
emission light has been 
observed by the readily 
available light sensors – 
human eyes. The story tells 
that initially Pavel Cherenkov  
did not like the topic of his 
PhD thesis; he had to spend 
many hours in a cold and dark 
cellar for accomodating his 
eves to darkness

• Then he  has used a 
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1st Cherenkov pulses from the sky

• The classical PMTs have 
radically improved  the 
situation

Galbraith & Jelley, 1st telescope, 
1953
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Gamma-ray Astronomy, 

Interesting paper by
Phillip Morrison,
1958; suggesting to 
measure γ‘s from
radioactive debris 
from SNR explosion 
@ 0.2-400 MeV γ‘s
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The 1st large-scale instrument for γ 
astronomy 
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A serious experimental work 
has
been performed by this 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 

• Turned down the too
optimistic prediction of 
Cocconi about 1000:1 S/N
from Crab

Center of galaxy
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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)
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Imaging: 1st snapshots of air 
showers

• Image Intensifier with 
phosphor memory

• realizing the power of 

moon Ø

Hill & Porter, 1960
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1st Monte Carlo simulted air shower 
images
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Detector is Recognised
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1st Smithsonian venture into VHE gamma-ray used Solar 
Furnace at Natick, MA ~ 1965-6.

Davis-Cotton design

Heliostat
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First Gamma-ray Experiment at 
Whipple Observatory, 1967-68
Our pioneer of
gamma astronomy! 
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The Pioneer: all life-long trying really 
hard, 
until succeeding in 1988
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Cherenkov Shower 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)
• 2 PMT per „camera“: 
one watching the 
shower max and the 
other one the „µ-core“; 
~ 2-times suppressing 
the hadrons
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One of numerous mysteries in old 
days

~ 5σ pulsating signal is reported from the Crab pulsar at 
~ 1 TeV
  at the absense of any steady emission from the Crab 
Nebula
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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 

Stereo Imaging suggested 
by
Weekes and Turver, 1977
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Arnold Stepanian and his 1st  
imaging “stereo ”telescopes: 
GT-48 in Crimea
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20 m distance between the telescopes
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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 10m Ø Whipple telescope of Trevor 
gave birth to γ-ray astrophysics: 9σ from 

Crab Nebula in 1988 !

„not only my telescope can 
measure gamma rays, but
it can in a few s evaporate a 
solid piece of steel“
;-)
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The 1st telescope (of 5 planned) we´ve  built: 1989
Nor Amberd cosmic ray
Station, mount Aragats,
2000 m a.s.l., Armenia
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HEGRA, the CT1
(installed spring 1992)
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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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The HEGRA detector, including
6 air Cherenkov imaging telescopes
Location: ORM @ La Palma
Operation 1992 - 2002

CT1

CT6
CT3

CT4
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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 Japanese 1st Cangaroo telescope in 
Australia

Kifune, et al.,
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The French CAT telescope in Pirenees
Started operation in 1996
~600 –pixel imaging camera
Central 546 pixels of 0.12° Ø
Produced quite some number
of very interesting results 
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Japanese 7-telescope Array in Utah, USA

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

Teshima, et al.,

But …
gamma-ray 
astronomy is a 
risky business…
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Cruise Missile Mishap
10. Dec.’97
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Beginning of sub-100 GeV 
telescopes

• A 10m² telescope has a threshold of ~1TeV

• Long time it was a common belief that the threshold 
of a Cherenkov telescope 

   Ethr ~  √(1/Amirror)
• That was suggesting that one needs a Amirror ~ 104 

m² for measuring few 10‘s of GeV;  the only 
seeming solution: use huge solar power plants for 
air Cherenkov

• In 1994 understood that the above relation is wrong 
for an imaging telescope. It scales simply as
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• Started looking for a telescope with  Amirror  ≥ 200 
m². 

• Found the 17m solar telescope near Stuttgart, 
served as prototype of MAGIC

• A feasibility study for the 17m telescope showed a 
threshold of

    Ethr~40 GeV

• MAGIC was born, threshold ~50 GeV
• Strong background at several tens of GeV 

 multiple telescopes were needed; build at 
least two

Sub-100 GeV telescopes
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and today…

VERITAS, H.E.S.S. & MAGIC: the triumphal  
procession of VHE γ-astro-physics is 

continueing
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Outlook : the next 5-7 years
Next generation VHE γ ray Observatory: CTA

MAGIC Phase II (MAGIC-I + MAGIC-II) since 2009
~160 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

~1200 scientists
~130 institutions
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CT3 of HEGRA

CT3 of HEGRA given the 
FACT camera

The 1st MPPC- (SiPM) based FACT 
camera 
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Dual mirror 
telescope 
designs of CTA
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Peak QE: 26-27 % 
CE ~ 85 %
PDE = 22.5 %

PMTs used by H.E.S.S.
Hamamastu PMT(2013) VS Electron Tube 
PMT(2012) 

QE of “old” and new PMTs
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T.Toyama M.Razmik et al      Novel Photo Multiplier Tubes for the CTA Project

Peak and average QE of recently produced 
Hamamatsu PMTs for CTA

R11920-100-05 Peak Quantum Efficiency and Average QE over 
290nm-600nm 
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H.E.S.S.

VERITAS camera1039-pixel camera of MAGIC-I.
Pixels of 0.10° Ø are based on 1‘ superbialkali PMTs
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Near future: assmeble imaging cameras 
from matrixes of SiPMs with readout, as 
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Technological improvements

• Compared to 1st detection of Crab in 1988, sensitivity is 
increased by a huge factor. 

• Today we can detect Crab with 5σ in 1-minute! 
• Operating in sub-100 GeV range, down to 50 (30) GeV
• Improving mirror parameters, telescope structures, 

materials 
• Moving towards more complex designs, robotic 

operation
• Towards sealed, T° controlled and robust cameras
• Towards strongly reducing the remaining γ-mimicking 

background  
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