
Mysterious extraterrestrial visitors

Victor Hess measured cosmic radiation 
using electroscopes flown in a balloon 
at heights up to 5300 metres

A team led by Cecil Powell at the 
University of Bristol discovered the pion 
in 1946, using photographic emulsions 
to capture the particle tracks 

Detecting cosmic rays and gamma rays
Today, cosmic rays are studied with 
detectors carried by balloons or on 
satellites, as well as by disentangling 
the air showers that are detected 
with ground-based instruments. One 
of the most important detection 
methods, developed by J. V. Jelley and 
W. Galbraith at AERE Harwell in 1952, 
is capturing the faint blue flash of 
Cherenkov light emitted from energetic 
particles travelling faster than the 
speed of light in air. 

Cherenkov flashes from the showers 
generated by ultra-high energy cosmic 
rays produced in the 1600 water 
tanks of the Pierre Auger Observatory. 
Additional instruments register the 
ultraviolet light emitted when cosmic 
rays interact with air molecules.

High-energy gamma-rays also  
generate showers of particles that emit 
Cherenkov light in the atmosphere. 
Michael Hillas of the University 
of Leeds developed a method for 
extracting these emissions from the 
much larger cosmic-ray background, 
and it is now the basis of ground-based 
gamma-ray observations.

Cosmic rays and us
Climate: scientists have suggested that 
cosmic rays may affect the climate by 
providing the seeding mechanism for the 
formation of clouds. A particle-physics 
experiment at CERN called CLOUD 
uses a proton beam to investigate this 
idea. Another UK-Danish experiment, 
SKY-ZERO, installed in the Boulby 
Underground Laboratory in Yorkshire, 
is simulating the same phenomenon in 
a subterranean environment protected 
from the interfering effects of natural 
cosmic radiation.  

HealtH: thousands of cosmic rays 
pass through us every minute and this 
number increases rapidly with altitude. 
Long-distance airline crews are certain 
to receive higher doses of this ionising 
radiation – while in space, astronauts 

travelling to Mars would have to 
be protected from the increased 
cosmic-ray flux outside the Earth’s 
protective magnetic field. The solar 
wind, when it is at a maximum, 

might actually protect astronauts 
by deflecting incoming Galactic cosmic 

rays out of the Solar System.

UK particle physicist Jasper Kirkby 
designed the CLOUD experiment to test 
whether cosmic rays affect the climate  

The ANITA neutrino balloon 
experiment unexpectedly 
detected radio waves 
produced by ultra-high-energy 
cosmic rays bouncing off the 
Antarctic ice-sheet

Applications from 
cosmic-ray research
Railway safety: the fast, accurate radio 
technology developed for communications 
between the widely-spread-out detectors 
of the Pierre Auger Observatory and its data 
centre has been adapted to create a low-
cost signalling system for use on single-track 
railways in remote areas.

imaging tHe unseeable: most cosmic 
rays reaching the ground are muons 
which, though highly penetrating, 
are scattered by any dense objects 
they pass through. A device detecting 
these scattered muons can be used to 
reconstruct a three-dimensional image of 
a hidden object, as is done with X-rays. 
UK researchers are exploring the use 
of cosmic-muon tomography to detect 
nuclear contraband and terrorist devices.

aiR-quality monitoRing: 
instruments developed for gamma-ray 
detection are being adapted at Durham 
University to measure atmospheric 
clarity at airports.

A single-track railway in the 
Scottish Highlands

Cosmic rays have been 
used to search for burial 
chambers in pyramids, as 
well as to image magma 
chambers in volcanoes

Make your own  
cosmic-ray detector
Cosmic rays can be detected with relatively simple devices. 
A cloud chamber, in which cosmic rays generate trails 
of droplets in a supersaturated vapour, can be made at 
home using a glass tank, alcohol and dry ice. A group of 
UK universities is planning a national project to introduce 
into schools effective cosmic-ray detectors composed of a 
scintillator, optical fibre and a photodetector.

Sixth-form students at the Simon Langton 
School for Boys, Canterbury, along with 
Surrey Satellite Technology Ltd, have 
even developed a professional cosmic-ray 
detector, LUCID (Langton Ultimate Cosmic 
ray Intensity Detector), which is based on 
technology from CERN and will be flown on 
a satellite called TechDemoSat-1. 

Further information
Cosmic rays:  
en.wikipedia.org/wiki/Cosmic_ray 
www.cosmicray.com

Pierre auger observatory:  
www.auger.org

Hess:  
www.mpi-hd.mpg.de/hfm/HESS

Cherenkov telescope array:  
www.cta-observatory.org

ClouD:  
cloud.web.cern.ch/cloud

Radio communications spin-out:  
commsdesign.ltd.uk

Cosmic-ray detector projects:  
indico.cern.ch/internalPage.
py?pageId=1&confId=99542

How to build a cosmic-ray detector: 
cosmic.lbl.gov 

How to make a cloud chamber: 
www.youtube.com/
watch?v=400xfGmSlqQ

The UK’s Science and Technology 
Facilities Council operates world-
class, large-scale research facilities; 
supports scientists and engineers 
world-wide; funds researchers in 
universities and provides strategic 
scientific advice to government.

The Council’s Public Engagement 
Programme offers a wide range of 
support for teachers, scientists and 
communicators to facilitate greater 
engagement with STFC science 
which includes astronomy, space 
science, particle physics, nuclear 
physics and materials science.  
Visit us at www.stfc.ac.uk – Public 
and schools. 

Accompanying teachers’ notes 
are available at www.stfc.ac.uk/
teachers

The discovery of cosmic rays
Cosmic rays were first discovered by the austrian-born 
physicist Victor Hess in 1912. making a balloon flight, he 
measured the level of ionising radiation in the atmosphere 
and found that it increased with altitude. He concluded that 
the radiation was non-terrestrial in origin.   

Later, people realised that cosmic rays were 
charged particles because they were affected 
by a magnetic field. In fact, the field of particle 
physics originated in cosmic-ray research: the 
first exotic particles identified – the muon, 
pion, positron, lambda and kaon – were all 
discovered in cosmic rays. 

Today, high-energy 
cosmic rays are still used 
to make unique particle-
physics measurements at 
energies well above those 
attained in laboratory 
accelerators.

G. Perez, IAC, SMM

The Cherenkov Telescope Array is a new 
international proposal that will be 10 times 
more sensitive than current gamma-ray 
telescopes, and will be able to pinpoint the 
sources of very high-energy gamma-rays (and 
thus cosmic rays). UK scientists are working on 
a new telescope design 

www.stfc.ac.uk



The High Energy Stereoscopic System (HESS)
The HESS array in Namibia measures very high-energy 
gamma rays from supernova remnants such as  
RX J1713.7-3946 (inset), and also supermassive black holes

The Sun
Many of the lowest-energy cosmic rays come 
from the Sun, which emits a wind of protons that 
are accelerated by the solar magnetic field and 
the shock front of the Earth’s magnetic field

Supernova 
The supernova remnant SN1006 features a 
shell-like shockwave from the stellar explosion, 
which catapults particles into space

Centaurus A
The nearby galaxy Centaurus A hosts a 
supermassive black hole generating huge plumes 
of material that emit high-energy gamma-rays, 
and may also be a source of ultra-high-energy 
cosmic rays

Pierre Auger Observatory 
in Argentina detects the huge cascades of  
particles generated by cosmic rays over an area  
of 3000 square kilometres

Gamma-ray messengers
Being electrically charged, cosmic rays cannot be traced back  
to their origins because their trajectories have been scrambled  
by galactic magnetic fields. However, high-energy (1012 eV)  
gamma-rays born in the same acceleration processes are unaffected 
and travel in straight lines, so they provide an important probe of 
cosmic-ray sources.

They came from outer space 
Cosmic rays are high-energy subatomic particles that rain down 
continuously on our planet from space at close to the speed of 
light. They are mostly charged particles, in particular protons, 
but also include the nuclei of helium atoms and heavier 
elements, and electrons. On reaching the Earth, they collide and 
interact with the atoms of the upper atmosphere to produce 
new particles such as pions. These then collide with other 
atoms in the air, generating more new particles – or they may 
decay into lighter particles called muons, as well as neutrinos, 
electrons and gamma-rays, which also interact further before 
reaching the Earth’s surface. The result is that one high-
energy primary cosmic ray gives rise to a cascading shower of 
secondary particles whose trajectories diverge over an area of 
hundreds or even thousands of metres at sea level.

High-energy aliens 
Cosmic rays arrive with energies ranging from 
100 million electron volts (108 eV) to as high 
as 100 billion billion electronvolts (1020 eV). 
That’s the energy of a tennis ball travelling at 
100 mph packed into one tiny particle. The 
ultra-high energy particles are extremely rare: 
At a rate above 1018 eV, only one impinges on 
each square kilometre of the Earth’s surface. 
Above 1020 eV it is 1 per square kilometre of 
the Earth’s surface per millennium.

Some cosmic-ray facts
  
ComPosition

Primary cosmic rays: in numbers, 90% protons (hydrogen  �
nuclei), 9% helium nuclei, 1% nuclei of heavier elements  
and electrons 

Secondary cosmic rays: pions, kaons, positrons, muons and  �
other particles

  

Heavy nuclei shower (iron) 

Gamma-ray shower

Proton shower 

Where do these particles come 
from and how do they achieve 
these incredibly high energies? 
Even the world’s biggest particle machine, the 
Large Hadron Collider, accelerates protons to 
only one-hundred millionth of these energies. 
Clues can be found by plotting the flux of 
particles against their energies. This reveals a 
smooth downward curve, but there are two 
kinks: one around 3x1015 eV where the slope 
suddenly steepens (called ‘the knee’); and 
a second at 3x1018 eV where it flattens out 
again (‘the ankle’).

It is thought that the lower-energy particles 
behind the knee originate from within our 
own Milky Way Galaxy. The sources are likely 
to be exploding stars – supernovae – which 
spew out material, generating a shock front 
that accelerates the escaping particles. 

The highest-energy cosmic rays beyond the 
knee cannot be generated in this way since 
their acceleration would require longer-lived, 
larger-scale processes. They probably come 
from outside our Galaxy, perhaps created in 
the vicinity of supermassive black holes that 
sit at the centres of active galaxies.

eneRgies anD souRCes
Low energy: the Sun (up to 10 � 10 eV)

High energy: galactic sources such as supernova  �
remnants and pulsars (up to 1016 eV)

Ultra-high energy: unknown but   �
to be extra-galactic (above 1018 eV)


