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The opacity of the 
atmosphere 
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TeV detectors 
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TeV detectors 
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IACT & EAS experiments 
    •  Cherenkov experiments consist 

of almost-optical telescopes 
devoted to detect Cherenkov 
light. 

    •  EAS (Extensive Air Shower) 
experiments are huge arrays or 
carpets of particle detectors. 

    •  Cherenkov experiments have 
lower energy thresholds, but 
also a lower duty-cycle as well 
as a smaller field of view.  



Complementary Capabilities 

Parameter 

Ground-based Space-based 

ACT EAS Pair 
angular 
resolution good fair good 

duty cycle low high high 

area large large small 

field of view small large large & can 
repoint 

energy 
resolution good fair 

good w/ 
smaller 

systematic 
uncertainties 

The next generation of ground-based and space-based 
facilities are well matched! 



EM Air Showers 



EM Air Showers 



Primary Interaction 

EM Component Muon Component 

Hadronic Component 
 

CR interactions 



The importance of MC 
•  CORSIKA (COsmic Ray SImulations for KAscade) is a program for detailed 

simulation of extensive air showers initiated by high energy cosmic ray particles. 
Protons, light nuclei up to iron, photons, and many other particles may be treated as 
primaries.  

•  The particles are tracked through the atmosphere until they undergo reactions with 
the air nuclei or - in the case of instable secondaries - decay.  

•  The hadronic interactions at high energies may be described by six reaction models 
alternatively: The VENUS, QGSJET, and DPMJET models are based on the Gribov-
Regge theory, while SIBYLL is a minijet model. HDPM is inspired by findings of the 
Dual Parton Model and tries to reproduce relevant kinematical distributions being 
measured at colliders. The neXus model extends far above a simple combination of 
QGSJET and VENUS routines.  

•  Hadronic interactions at lower energies are described either by the GHEISHA 
interaction routines, by a link to FLUKA, or by the UrQMD model.  

•  In particle decays all decay branches down to the 1 % level are taken into account. 
•  For electromagnetic interactions a taylor made version of the shower program EGS4 

or the analytical NKG formulas may be used.  
•  Options for the generation of Cherenkov radiation and neutrinos exist.  
•  CORSIKA may be used up to and beyond the highest energies of 100 EeV. 
•  http://www-ik.fzk.de/corsika/  
 



Shower Images 



Shower Images 



Gamma Proton 

Gamma Proton 



14 

Direction ~ à arc-min
Energy  Resolution ~ à10%
Background ~  à0

TeV detectors 
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TeV detectors 



HESS 



HESS-II 



MAGIC telescopes  



VERITAS 
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TeV detectors 



EAS	  technique	  
Charged particles produce Cherenkov photons in water  
~1400 times more Cherenkov photons than in air per 

unit length track of charged particle 
Cherenkov cone in water ~41° (in air: less than 1°) 

Uniform sky view with an array of PMTs 

Direction reconstruction through PMTs signal times 





MILAGRO 

Crab: 
~5σ in 100 days 
Median energy ~20 TeV 

Cherenkov in water,  
Arizona 



HAWC	  
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Outlook:	  What	  next	  ?	  	  	  	  
The Cherenkov Telescope Array 

(CTA) 

  aims to explore the sky in the 
10 GeV to 100 TeV energy 
range 

  builds on demonstrated 
technologies 

  combines guaranteed science 
with significant discovery 
potential 

  is a cornerstone towards a 
multi-messenger exploration of 
the nonthermal universe 



CTA 



CTA 



CTA 



CTA	  
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The unexplored spectrum gap 
•  Satellites give a nice 

crowded  picture of energies 
up to 10 GeV. 

•  Ground	  based	  experiments	  show	  
very	  few	  sources	  with	  energies	  >	  
~300	  GeV.	  



The TeV Catalog 
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Image of point source 

2004 Data 
Smoothed image 
~40 σ



The	  “Pevatron”	  

34	  Abramovski	  et	  al.	  (2016)	  	  



A (minimal) standard model: what do we expect? 

Explains most of the observations, not necessarily the most interesting… 



MAGIC – the Crab PSR 

Albert et al. 2008 



Crab	  PSR	  

37	  Ansoldi	  et	  al.	  (2016)	  	  
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Active Galactic Nuclei 
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⇒ Attenuation of γ rays 
through interaction with 
background radiation  

Photon Propagation Effects 
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Any	  γ	  	  that	  crosses	  cosmological	  distances	  through	  the	  universe	  interacts	  with	  the	  EBL	  

Gamma Ray Horizon 

−+→ eeEBLHE γγ

€ 

Eε 1− cosθ( ) > 2 mec
2( )
2

The absorption effect 
seen on a nearby blazar 

Mkn 501 (z=0.034) 
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Metodi	  di	  misura	  dei	  raggi	  cosmici	  	  
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Misure	  direTe	  
	  E<1014	  eV	  	  
Misure	  indireTe,	  	  
E>1014	  eV	  	  
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CORSIKA 
Simulation
QGSJET/EGS4

proton iron nucleus

e/γ 
µ 
h

E=1014 eV 50 km

40 km

30 km

20 km

10 km

10 km

Perchè	  il	  nucleo	  di	  Fe	  interagisce	  più	  in	  alto	  in	  atmosfera?	  
Perchè	  la	  componene	  eleTromagne]ca	  è	  più	  sparpagliata	  di	  quella	  muonica?	  



Rivelatori	  di	  sciami	  di	  alta	  energia	  
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electrons 

γ -rays 

muons 
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AUGER:	  Un	  rivelatore	  ibrido	  
Rivelatore di sciami: 1600 taniche cilindriche (ciascuna di 10 m2 ed alte 

1.5 m) riempite di acqua, per rivelare gli sciami al suolo tramite la luce 
Cerenkov emessa dagli elettroni nell’acqua 

•  Il rivelatore di sciami misura la 
distribuzione laterale e temporale 
dello sciame 

•  Distanza tra taniche: 1.5 km 
•  Area di forma esagonale, di 60×60 

km2 

•  Rivelatori di fluorescenza: 6 
telescopi con ciascuno 4 “occhi” 
per determinare il profilo 
longitudinale dello sciame e l’altezza 
del suo massimo. 



AUGER	  Energy	  spectrum	  
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Composizione	  chimica	  dei	  RC	  nella	  regione	  
degli	  EAS	  

•  Il modello del leaky box prevede un arricchimento di elementi pesanti 
nei RC sino al ginocchio.  
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•  Gli	  EAS	  possono	  
misurare	  <A>	  con	  
difficoltà.	  	  

•  Le	  misure	  
possono	  essere	  
poi	  confrontate	  
con	  modelli	  
estremi	  (solo	  p	  o	  
Fe)	  via	  MC	  



Possibili	  macchine	  acceleratrici	  
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Z: Carica della particella 
B: Campo magnetico 
L: Dimensioni dell’oggetto 
Γ: boost dell’onda di shock 

B 

L 

GRB (artist) 

Crab Pulsar 

Vela SNR 

3C47 

Centurus A 

M87 
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Astrophysical Neutrinos 



“The”	  neutrino	  …	  



TXS 0506+056 



AGN model 
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