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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

The Very Beginning of the Atmospheric Air Cherenkov 
Telescope Technique
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The Very Beginning of the Atmospheric Air Cherenkov 
Telescope Technique

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.

Courtesy of Razmik Mirzoyan
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Seminal paper by
Phillip Morrison,
1958 

The Very Beginning of the Atmospheric Air Cherenkov 
Telescope Technique

Courtesy of Razmik Mirzoyan
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Also proposed 
at 
higher energies
independently 
by in the same 
time by

Giuseppe 
Cocconi,
1959

The Very Beginning of the Atmospheric Air Cherenkov 
Telescope Technique

Courtesy of Razmik Mirzoyan
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TelescopeGlencullen, Ireland 
~1962-66University College, 
Dublin group led by Neil Porter(in 
collaboration with J.V.Jelley)

Crimea Experiment 
1959-1965, Chudakov, et al., 
(SNR, radio galaxies)

The Very Beginning of the Atmospheric Air Cherenkov 
Telescope Technique

Trevor Weeks

Courtesy of Razmik Mirzoyan

http://agenda.infn.it/conferenceDisplay.py?confId=5559
http://agenda.infn.it/conferenceDisplay.py?confId=5559


Mosè Mariotti INFN & Padova Univ.4th Workshop on Air Shower Detection at High Altitude : Napoli 2013

TelescopeGlencullen, Ireland 
~1962-66University College, 
Dublin group led by Neil Porter(in 
collaboration with J.V.Jelley)

Crimea Experiment 
1959-1965, Chudakov, et al., 
(SNR, radio galaxies)

The Very Beginning of the Atmospheric Air Cherenkov 
Telescope Technique

Trevor Weeks

Courtesy of Razmik Mirzoyan

http://agenda.infn.it/conferenceDisplay.py?confId=5559
http://agenda.infn.it/conferenceDisplay.py?confId=5559


Mosè Mariotti INFN & Padova Univ.4th Workshop on Air Shower Detection at High Altitude : Napoli 2013

The 1st Statement in the Literature on the Potential of Imaging Stereo 
Detector: Zatsepin 1965

Courtesy of Razmik Mirzoyan
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The 1st Statement in the Literature on the Potential of Imaging Stereo 
Detector: Zatsepin 1965

Courtesy of Razmik Mirzoyan
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Imaging Detector to reveal Cherenkov light from Atmospheric 
showers

30h for 20 sigma signal from crab

1988-89
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E-M shower + Cherenkov light emission.

http://agenda.infn.it/conferenceDisplay.py?confId=5559
http://agenda.infn.it/conferenceDisplay.py?confId=5559


Mosè Mariotti INFN & Padova Univ.

Gamma-
ray

~ 10 kmParticle
shower

Detection of TeV 
gamma rays 

using Cherenkov
telescopes

~ 1o

Che
re

nk
ov

 lig
ht

~ 120 m

IACT  Technique



Mosè Mariotti INFN & Padova Univ.

Gamma-
ray

~ 10 kmParticle
shower

Detection of TeV 
gamma rays 

using Cherenkov
telescopes

~ 1o

Che
re

nk
ov

 lig
ht

~ 120 m

IACT  Technique



Mosè Mariotti INFN & Padova Univ.

Gamma-
ray

~ 10 kmParticle
shower

Detection of TeV 
gamma rays 

using Cherenkov
telescopes

~ 1o

Che
re

nk
ov

 lig
ht

~ 120 m

IACT  Technique



Mosè Mariotti INFN & Padova Univ.

Gamma-
ray

~ 10 kmParticle
shower

Detection of TeV 
gamma rays 

using Cherenkov
telescopes

~ 1o

Che
re

nk
ov

 lig
ht

~ 120 m

IACT  Technique



Mosè Mariotti INFN & Padova Univ.

Gamma-
ray

~ 10 kmParticle
shower

Detection of TeV 
gamma rays 

using Cherenkov
telescopes

~ 1o

Che
re

nk
ov

 lig
ht

~ 120 m

IACT  Technique



Mosè Mariotti INFN & Padova Univ.4th Workshop on Air Shower Detection at High Altitude : Napoli 2013



Mosè Mariotti INFN & Padova Univ.

The stereoscopic concept
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E-M shower in the atmosphere
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Evolution of sensitivity

HEGRA, Wipple granite                5 sigma crab in 6 min                   

MAGIC, HESS,  Veritas                 5 sigma crab <20 s

Crab discovery Wipple                5 sigma crab in 2h           
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Detectors in Gamma-Ray Astrophysics
Large Aperture/High Duty Cycle

Milagro, Tibet, ARGO, HAWC

Energy Range 0.1-100 TeV
Area > 104 m2

Background Rejection > 95%
Angular Resolution 0.3o - 0.7o

Aperture > 2 sr
Duty Cycle > 90%

Unbiased Sky Survey 
Extended Sources
Transients (GRB’s) 
Simultaneous ν Observations

Low Energy Threshold

EGRET, AGILE, FERMI

Energy Range 0.1-100 GeV
Area: 1 m2

~ Background Free
Angular Resolution 0.1o - 0.3o

Aperture 2.4 sr
Duty Cycle > 90%

Unbiased Sky Survey (<100 GeV)
Extended Sources
Transients (AGN, GRBs) <100 GeV
Simultaneous ν Observations

High Sensitivity

HESS, MAGIC, CANGAROO, VERITAS

Energy Range 20 GeV-50 TeV
Area > 105 m2

Background Rejection > 99.8%
Angular Resolution 0.05o

Aperture 0.003 sr
Duty Cycle 10%

High Resolution Energy Spectra
Studies of known sources
Surveys of limited regions of sky
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running IACTs 
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MAGIC:
Array 2 telescopes
17m diameters
2200 m asl
>2004

HESS I: Array 4 tel. of 12m
HESS II: 28m diameter (2013)
1800 m asl
> 2003

Array 4 telescopes of 
12m diam.
Central mast mounting
1800 m asl
>2007
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Scientific achievements
Key elements: 

- high sensitivity
- high angular resolution
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The H.E.S.S.
Galactic Plane Survey
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Shell-Type Supernova Remnants
RX J1713.7-3946

RCW86

SN1006

preliminary

- proof of γ-ray emission SNR shells
- particle acceleration beyond 100 TeV

- H.E.S.S. Nature 2004, A&A 2006

RXJ0842.0-4622
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“Variable Very High 
Energy Gamma-Ray 
Emission from the 
mQSR LS I+61 303”, 
Science, May 2006. 

First uQuasar observed in TeV 
by MAGIC (Science, May 2006)
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H.E.S.S. “Dark” Sources

- no counterparts in other
  energy bands seen
- aligned with the galactic plane
- extended (~ 10 arcmin)
- usually hard spectra 
  (Γ ~ 2.1 ... 2.5)
- maximum energy output in
  VHE γ-rays?
- hadron accelerators?
- old PWN?
- GRB remnants? 

H.E.S.S. A&A, 477 (2008)
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Rapid variability
HESS PKS 2155
z = 0.116
 

July 2006
Peak flux ~15 x Crab
              ~50 x average
Doubling times 
1-3 min

RBH/c ~ 1...2.104 s

H.E.S.S.
arXiV:0706.0797 

MAGIC, Mkn 501
Doubling time ~ 2 min

astro-ph/0702008 
arXiv:0708.2889  
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Wystan Benbow, “Status & Highlights of VERITAS”, TAUP 2009

VERITAS Blazar Discovery Program

• Discovered 5 VHE blazars

• First 3 IBL: Significance maps shown

• W Comae & 3C 66A seen during flares

• 2 HBL: Constant flux & not too distant

• Every discovery has MWL data

• Data are contemporaneous

• Swift, Chandra, RXTE, optical, radio

• SSC models work for HBL, not well for IBL

• IBL need external-Compton contribution

• Another ~50 blazars observed

• Avg exposure of ~6 h; Avg. limit <2% Crab

• Limits are most-constraining ever for most

VERITAS Preliminary: 
PKS 1424+240

PKS 1424+240 is 1st VHE discovery 
triggered by Fermi-LAT results
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“Combining Observations at Lowest 
and Highest Energies Reveals the 
Location of the Particle Acceleration 
in the Giant Radio Galaxy Messier 87”

(Science July 2009)

MAGIC + HESS + VERITAS + VLBA

Radio Imaging of the Very-High-Energy Gamma-Ray 
Emission Region in the Central Engine of a Radio Galaxy
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Scientific achievements
Key elements: 

- high sensitivity
- Low energy threshold
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γVHEγEBL → e+e-

Extragalactic sources and EBL



Pair Creation;  γHE＋γEBL à e+ + e-
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By unfolding the EBL extinction => the only consistent explanation with quasar model 
is compatible with EBL ~ lower limits of galaxy count

3C279 observation by MAGIC
(science 2007)



By unfolding the EBL extinction => the only consistent explanation with quasar model 
is compatible with EBL ~ lower limits of galaxy count

3C279 observation by MAGIC
(science 2007)



EBL seen  by HESS
Large gamma ray dataset from 3 source at different 
redshift:

By evaluating the extinction factor as a function of 
energy it is possible to “see” the Extragalactic 
Background Light
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The new generation of 
gamma ray ground 
based experiments



       

The “quite 
expensive”

line

Crab

10% Crab

1% Crab

GLAST

MAGIC

H.E.S.S.

E
. F

(>
E

)  
   

  [
Te

V
/c

m
2 s

]

NEXT GENERATION CHERENKOV 
TELESCOPES.... WHISH LIST



       

The “quite 
expensive”

line

Crab

10% Crab

1% Crab

GLAST

MAGIC

H.E.S.S.

More sources, 
extended sources
Population studes

E
. F

(>
E

)  
   

  [
Te

V
/c

m
2 s

]

NEXT GENERATION CHERENKOV 
TELESCOPES.... WHISH LIST



       

The “quite 
expensive”

line

Crab

10% Crab

1% Crab

GLAST

MAGIC

H.E.S.S.Hi-z AGN and pulsars. 
Fundamental physics: 
Indirect DM searches, 

cosmology, propagation 
physics

More sources, 
extended sources
Population studes

E
. F

(>
E

)  
   

  [
Te

V
/c

m
2 s

]

NEXT GENERATION CHERENKOV 
TELESCOPES.... WHISH LIST



       

The “quite 
expensive”

line

Crab

10% Crab

1% Crab

GLAST

MAGIC

H.E.S.S.Hi-z AGN and pulsars. 
Fundamental physics: 
Indirect DM searches, 

cosmology, propagation 
physics

Exploring the cutoff 
regime of cosmic  

accelerators

More sources, 
extended sources
Population studes

E
. F

(>
E

)  
   

  [
Te

V
/c

m
2 s

]

NEXT GENERATION CHERENKOV 
TELESCOPES.... WHISH LIST



       

The “quite 
expensive”

line

Crab

10% Crab

1% Crab

GLAST

MAGIC

H.E.S.S.Hi-z AGN and pulsars. 
Fundamental physics: 
Indirect DM searches, 

cosmology, propagation 
physics

Exploring the cutoff 
regime of cosmic  

accelerators

More sources, 
extended sources
Population studes

E
. F

(>
E

)  
   

  [
Te

V
/c

m
2 s

]

NEXT GENERATION CHERENKOV 
TELESCOPES.... WHISH LIST

à Improved angular resolution
       source morphology 
à large FoV (6-8 deg)
 extended sources, surveys
à High detection rate (large area)
       transient sources
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Minimal detectable 
flux per band 
log10E=0.2, relative 
to a power-law
Crab spectrum

limit from
event count,
~ 1/T.A

limit from
syst. error
on background,
indep. of T,A;

limit from
electron bg,
~ 1/θ (T.A)1/2

limit from
proton bg,
~ 1/θ (η.T.A)1/2

Sensitivity vs energy
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Minimal detectable 
flux per band 
log10E=0.2, relative 
to a power-law
Crab spectrum

limit from
event count,
~ 1/T.A

limit from
syst. error
on background,
indep. of T,A;

limit from
electron bg,
~ 1/θ (T.A)1/2

limit from
proton bg,
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Threshold

Sensitivity vs energy
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Core array:
mCrab sensitivity
in the 100 GeV–10 TeV
domain



40

Core array:
mCrab sensitivity
in the 100 GeV–10 TeV
domain

Low-energy section
energy threshold
of some 10 GeV



40

Core array:
mCrab sensitivity
in the 100 GeV–10 TeV
domain

Low-energy section
energy threshold
of some 10 GeV

High-energy section
10 km2 area at 
multi-TeV energies
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IACT and high altitude
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The Cherenkov photon density increase
with the altitude:

=> lower energy threshold 
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Coarse threshold 
reduction factor with 
respect a reference 2000 
asl site

1.3 @3000 asl
1.8 @4000 asl
2.5 @5000 asl
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IACT at High Altitude

Unique opportunity for gamma ray astronomy to have high sensitivity at low threshold

It is not a new Idea (of course...) but the question is whether it is a priority now........

Many discovery will be on the hand of such detector: because of the flux is increasing at 
low energy IACT at High altitude will be so sensitive to explore fast transient event at 
tenth of GeV energy regime
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IACT at High Altitude

Unique opportunity for gamma ray astronomy to have high sensitivity at low threshold

It is not a new Idea (of course...) but the question is whether it is a priority now........

Many discovery will be on the hand of such detector: because of the flux is increasing at 
low energy IACT at High altitude will be so sensitive to explore fast transient event at 
tenth of GeV energy regime

My personal opinion: 
soon or later we will do it

http://agenda.infn.it/conferenceDisplay.py?confId=5559
http://agenda.infn.it/conferenceDisplay.py?confId=5559


Mosè Mariotti INFN & Padova Univ.4th Workshop on Air Shower Detection at High Altitude : Napoli 2013

Conclusions
The High Sensitivity IACT detectors are giving an 
unique opportunity to study process of high relevance 
for Astrophysics as well as fundamental physics

We are in the “golden ERA” of the gamma ray 
astronomy and new experiments are being designed 
and forked to empower the newly borne experimental 
Astro - Particles Physics

Likely, in a near future, IACT @ High Altitude will 
become a priority
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