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‣ 1900: Hans Geitel and Julius Elster notice the 
existence of ionising radiation in the atmosphere

‣ 1909: Theodor Wulf measures higher levels of ionising 
radiation at the top of the Eiffel tower

‣ 1910: Domenico Pacini rejected the idea of this 
radiation having terrestrial origin

‣ 1912: Victor Hess improves Wulf's experiments and 
show an increasingly high ionisation power at higher 
altitudes

‣ 1920s: Robert Millikan coined the term "cosmic rays"

‣ rest of the century: particle physics with cosmic rays
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‣ particles from outer space, mainly atomic 
nuclei

‣ most (90%) of the cosmic rays are protons
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Sun

flux = 1 particle per 
square metre per second
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galactic objects, 
mainly supernovae

flux = 1 particle per 
square metre per year
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extragalactic 
objects (?): 

active 
galaxies, 

gamma-ray 
bursts, ...

flux = 1 particle per square 
kilometre per century
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‣ atomic nuclei, but exact composition unknown

‣ first observation: 1962

‣ sometimes called "Oh-My-God particles"

ultra-high-energy cosmic rays (UHECRs)
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comparisons:

‣ enough to raise 10 g of water by 1 oC

‣ equivalent to a tennis ball at 120 km/h

‣ 60 grams of UHECR have the energy of 10,000,000,000 (10 billion) atomic bombs
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supernovae
‣ come mostly from supernovae

‣ magnetic fields mess up their directions 

‣ we need indirect methods to locate their source

‣ suitable method: look at the gamma rays (cosmic 
rays interact with stuff around their source, 
producing gamma rays)
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