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What are 
Cosmic Rays?

¥ Early 1900s: Electroscopes near radioactive                        
radiation sources discharge; at rate which is             
proportional to the radiation intensity

¥ However, even far from radioactive sources,  the electroscope 

discharges slowly! some other source of radiation- but what?

¥ 1910-1913: various experiments try to identify sources. Italian 
physicist  Domenico Pacini ! if descend below the sea:    

! radiation intensity decreases with depth!

¥ Austrian physicist Victor Hess, 1911-13: go up in  balloons   
" 5 km altitude:  radiation intensity Þrst decreases for Þrst km, 
but then increases with altitude !  (..comes from above ?!!)
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Where the wild 
things come 

from

¥ Victor Hess at start of one of his 
ten balloon ßights (no oxygen)

¥ One ßight during total solar 
eclipse: radiation intensity did not 
change ! not solar origin.  Origin  
must be extraterrestrial!    

¥ Was 29 years old when he did 
these observations.  ÒA radiation of 
very high penetrating power enters the 
atmosphere from aboveÓ.

¥  Awarded the Physics Nobel Prize 
in 1936
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Mounting 
Clues

¥ A.H. Compton 
measured cosmic ray 
rates around the world 
(1935)

¥ Lemaitre, Vallarta, 
Johnson, Alvarez: 
incoming CRs follow 
EarthÕs geomagnetic 
latitude

¥ East-West asymmetry: 
the parent cosmic rays 
must be (positively) 
charged particles

[ CR slides credit: Stephane Coutu ]
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New discoveries from 
CR atmospheric 

showers using new 
apparatus

¥ Positrons (1932): Anderson -Þrst antimatter

¥ Gamma-rays (early 30s): Blackett, Occhialini 

¥ Muons (1947-53): Anderson, Neddermeyer, 
Street, Stevenson (1936-37)

¥ Pions (1947): Occhialini, Powell, Lattes

¥ Kaons (1947-53), Lambda (1951), Xi 
(1952), Sigma (1953).....

¥ ! Birth of particle physics !
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Used balloons too (automated)

Further progress

6

Pierre Auger discovers extensive air 

showers in 1938 Cosmic rays can be extraordinarily 
energetic > 1015 eV (millions of times 
the energy in the mass of a proton).

So far, all particles 

seen are made in the 

atmosphere...

high energy particle

number of
particles grows

up to a maximum

particles are
depleted by 

absorbing material

[ CR slides (blue bkg.) 
credit: Stephane Coutu ]



P
o
S
(
N
I
C
 
X
I
I
I
)
1
8
8

Starting in late 1940s, unmanned balloons up to 

130,000 ft, up to tens of hours;

direct measurements of cosmic particles become possible;

Direct measurements

=

7

¥ primary cosmic rays are 85% protons (1940s);
¥ there are nuclei too, 12% helium, 2% Li-Fe  (1948-50);

Ca nucleus

¥ there are 1% electrons too (1961).
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Ballooning in the news

8

NCT, Alice Springs, Apr 29, 2010 :

the dangers of science .....

Stratolab 5, May 4, 1961
114 kft (Malcolm Ross ok,

Vic Prather drowned);
next day: Alan Shepard
on Mercury Freedom 7

Nuclear Compton Telescope
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9

Since 1987: launches from McMurdo, 

Antarctica; flights up to 42 days! 

NASA/Columbia 
Scientific Balloon 
Facility (CSBF)

Direct measurements
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! Christchurch

McMurdo !

10

Getting to Antarctica

* McMurdo
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McMurdo


