
The discovery of Cosmic Rays

ELECTROSCOPE

at the beginning of the 20th century, the 

discharge rate of an electroscope was used 

as a measure of the level of radioactivity

 

electroscopes discharge slowly even in the 

absence of a radioactive source -> 

background radiation

radiation from radioactive materials in the 

Earth?



  

Nelle acque marine di Livorno e in quelle del 
lago di Bracciano fra giugno e ottobre 1911 registro'  la 
diminuzione dell'intensità all'aumentare della profondità

“Esiste nell'atmosfera una sensibile causa ionizzante, 
con radiazioni penetranti, 
indipendente dall'azione diretta delle sostanze radioattive del terreno.”

Nuovo Cimento VI/3 93 (1912)

http://it.wikipedia.org/wiki/Livorno
http://it.wikipedia.org/wiki/Lago_di_Bracciano


The discovery of Cosmic Rays

If due to radioactive materials in the Earth, the effect should 
diminish with height

In 1912, during a balloon flight 
Victor Hess discovered that the 
effect was indeed 
increasing with height, and 
concluded that:

“a radiation of very high 
penetrating power enters our 
atmosphere from above”

V. Hess in 1912









What are Cosmic Rays?

- Cosmic rays particles hit the Earth’s atmosphere at the rate of about 1000 
per square meter per second. 
-  They are ionized nuclei - about 90% protons, 9% alpha particles and the 
rest heavy nuclei - and they are distinguished  by their high energies. 
- Most cosmic rays are relativistic, having energies comparable or 
somewhat greater than their masses.
 - A very few of them have ultrarelativistic energies extending up to 1020 eV 
(about 20 Joules), eleven order of magnitudes greater than the equivalent 
rest mass energy of a proton. 

The fundamental question of cosmic ray physics is, 
“Where do they come from?” 
and in particular,
 “How are they accelerated to such high energies?”.

T. Gaisser “Cosmic Rays and Particle Physics”

















Auger Observatory



Auger Observatory



The (local) Cosmic Ray spectrum

solar modulation

power law E-2.75

power law E-3





Solar modulation



The (local) Cosmic Ray spectrum

GZK





GZK Effect



Cosmic Ray composition

Gaisser & Stanev, 2005



5 - 6 order of magnitude more Li, Be, B! 
(Solar System -> primordial nucleosynthesis)

Gaisser & Stanev, 2005

Cosmic Ray composition



  

All energy distributions have 
power-law shapes at high 
energies, with very similar slopes 
for the different species. 

The form of these spectra 
provides important clues to the 
mechanism of acceleration. 

Subtle differences among these 
spectra provide infomation 
transport processes by which 
cosmic rays propagate through 
the Milky Way to arrive at the 
Earth.

The chemical composition



Cosmic Ray electrons

The CR electron spectrum is more structured 
(and more difficult to be measured) of the proton one

harder

softer

excess?

@ ~1 GeV --> Np/Ne ~ 100

From Grasso et al, 2009



Cosmic Ray electrons

The CR electron spectrum is more structured 
(and more difficult to be measured) of the proton one



Arrival direction

The Moon's cosmic ray shadow, as seen in secondary muons detected 700 m 
below ground, at the Soudan 2 detector

https://en.wikipedia.org/wiki/Moon
https://en.wikipedia.org/wiki/Soudan_2


CR Anisotropy



UHE CR 

Arrival directions of incoming cosmic rays as measured at the Pierre Auger Observatory (black circles) 

and positions of known active galactic nuclei (red dots) up to the distance of 75 Megaparsecs
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