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Cosmic rays arriving unperturbed at the Earth’s
atmosphere are usually called primary cosmic rays:

• electrons ∼ 1%
• protons ∼ 89%
• heavier nuclei, mainly helium ∼ 10%
• very few: antiparticles, muons, pions, kaons (from
interactions of CRs with the interstellar gas)



CR SPECTRUM - 1



The  all-particle  spectrum  of  charged  primary  cosmic rays  is relatively steep so that 
practically no details are observable. Only after multiplication of the intensity with a power 
of the primary energy, structures in the primary spectrum become visible. 

CR SPECTRUM - 2



• KNEE: cosmic rays with E > 1015 eV start to leak from the galaxy. Maximum from
supernova explosions near 1015 eV

• ANKLE: Above the so-called ‘ankle’ at energies around 5 × 1018 eV the spectrum
flattens again. This latter feature is often interpreted as a crossover from a steeper
galactic component to a harder component of extragalactic origin.

• GZK cutoff at 6 x 1019 eV :  cosmic rays above the energy of approximately 6 × 1019 eV
would interact with the cosmic blackbody radiation:  γ + p → p + π0 ,  γ + p → n + π+. 

This limits the mean free path of high-energy protons to something like 10 Mpc.

CR SPECTRUM - 3



Cosmic rays are produced (and accelerated) at some
astrophysical objects and before arriving to the Earth they
propagate through the B of the interstellar medium (B ~ 10-6 G)
or the intergalactic medium (B ~ 10-9 G).



Motion of a charged particle in a constant magnetic field









































For CRs with high enough energy  the gyro-radius is larger than the galactic radius.  Those  
CRs may leave the galaxy:

Charged particles, on the other hand, are subject to the influence of homogeneous or 
irregular magnetic fields. This causes the accelerated particles to travel along chaotic 
trajectories thereby losing all directional information before  finally  reaching  Earth.  

This explain why the sky for charged particles with energies < 1014 eV appears completely 
isotropic.

CRs with high enough energy are not as much deflected and thus a certain directionality 
could be found  for them.  

Isotropy – Anisotropy of the CR sky


