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When I was a child… 

  Cosmic rays were used by the giant 
70/80’s robots as weapon!  

  Gamma rays were making you 
green and incredible! 



…then I thought it was meaning only… 



Thanks to MAGIC, it brought also… 

  …like Amaldi and friends! 



Have you ever been it by a cosmic ray? 

   Have you ever been hit by a beam of high energy particles from 
above? Surely you have ‐‐ it happens all of the time! 



Flying on a balloon.. 

Cosmic rays were discovered in 1912. 
At 6o’clock AM of August, 7th from the austriac 
town of Aussig, a balloon started flying with 3 
men. Among them Victor Hess, willing to 
discover the origin of those misterious 
particles observed by physicists recently. 
The balloon flew up to 5000 meters and Hess 
realized the radiation was stronger at that 
altitude.. 
“My results can be explained by assuming an 
extremely strong radiation penetrating from 
the top in our ahmosphere”. 

Later, Millikan will call this phenomenon 
COSMIC RADIATION. 



Cosmic rays 

  It  is now known that most cosmic  rays are atomic 
nuclei. Most are hydrogen nuclei, some are helium 
nuclei, and the rest heavier elements.  

  The  relative  abundance  changes  with  cosmic  ray 
energy ‐‐ the highest energy cosmic rays tend to be 
heavier nuclei. 

  Although many of the  low energy cosmic rays 
come  from  our  Sun,  the  origins  of  the  highest 
energy cosmic rays remains unknown and a topic 
of  much  research.  Cosmic  rays  may  even  be 
important to Earth's weather ‐‐ common lightning 
may be triggered by passing cosmic rays!  



Ground based detectors for cosmics 

Telescopes of many different kinds are 
working in the Earth. 
Different tecnhiques. 
But for most of them,  
the atmosphere itself 

 is part of the detector!!! 

It is quite impossible to detect directly 
the cosmic rays, because the 

atmosphere primes a reaction with 
the primary particle, which develops a 

cascade of particles. 

Among the cosmic rays flux, there is  
a component of gamma rays... 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Why do we talk about Gamma astronomy? 
Gamma rays: no deviation by 
interstellar magnetic fields. 

Carriers of information about objects in 
the incoming direction. 
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Electromagnetic Hadronic 

In Gamma Astronomy, the noise is…the cosmic charged radiation!! 
Cosmic rays: made up for the 99% of charged particles  

(p, H+, He++, e, ...) 

The gamma separation from 
the hadronic background is 

possible by the study of these 
differences (see next days) 

Entering in the 
atmosphere, primary 

particle induces a 
cascade: 

atmospheric Showers, 
with different 

structure depending 
on the primary 

nature. 



The shower detection 

There are different techniques to detect the cosmic induced atmospheric showers. 
Among them, the IACT technique, looking not directly at the produced particles, 

but to a particular light emitted by some of them… 

The Cherenkov light!  
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Cherenkov radiation 
A charged particle traversing a transparent medium at 
a velocity higher than that of light in the medium (c/n) 

emits a radiation, from the reorientation of electric 
dipoles in the medium induced by the charge (like a 

sonic boom). 

The angle of the emission with 
respect to the particle direction 

depends on n and β (v/c)  

(θ≈ 1.3 º)   

€ 

cosΘ =
1
βn

By considering the atmospheric absorption, the peak of 
Cherenkov photons distribution is around 350 nm. 

(θ≈ 1.3 º)   
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Altitude of the emission 
 ≈ 8 Km a.s.l. 

Extension development 
≈ 5 Km. 

High atmosphere 

Smaller Cherenkov angle 
↓ 

Photons collected close to 
the camera center 

Closer in the atmosphere 

Larger Cherenkov angle  
↓ 

Photons collected far  
from the camera center 



We are not alone…! 

There are many other experiments 
involved with the COSMIC RADIATION 

(neutrino physics, UHECR physics, 
particle physics, solar physics, nuclear 

physics,…) 

The common idea is to use the EARTH 
as part of the detector, 

since these experiments take 
advantage to it, to compensate often 

the low incoming flux  
or the extremely small cross section 

involved. 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…OF THE PHYSICS! 



COFFEE BREAK! 


