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Welcome to the after 
school physics club! 

“We all remember what 
it was like to be 18: the 
idea of going to a party 
with one’s mother was 
pretty much up there 
with joining the after 
school physics club in 
terms of social 
humiliation.  
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What is it? 
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Trillions of protons will race around the 27km ring in opposite 
directions  over 11,000 times a second, travelling at 
99.9999991 per cent the speed of light. 

The fastest racetrack on the planet… 
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To accelerate protons to almost the speed of light requires a 
vacuum almost as empty as interplanetary space.  

One of the emptiest places in the solar system… 
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One of the coldest places in the universe… 

With an operating temperature of about -271 degrees 
Celsius, just 1.9 degrees above absolute zero, the LHC is 
colder than outer space. 
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When two beams of protons collide, they will generate 
temperatures 1000 million times hotter than the heart of the 
sun, but in a minuscule space. 

The hottest spots in the galaxy… 
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To sample and record the debris from up to 600 million 
proton collisions per second, scientists are building 
gargantuan devices that measure particles with micron 
precision. 

The biggest most sophisticated detectors ever built… 
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To analyse the data, tens of thousands of computers around 
the world are being harnessed in the Grid. The laboratory 
that gave the world the web, is now taking distributed 
computing a big step further. 

The most extensive computer system in the world… 
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The accelerator 
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Early accelerators… 

J. J. Thomson 
Cathode ray tube 
Discovered electrons in 
1897 

Van de Graaf generator 
Invented in 1929 
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Linacs… 
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Linacs… 
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The motion of particles in a magnetic field 
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The cyclotron 
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Leptons or hadrons? 

•  Energy loss goes as 1/mass4 

•  Protons are 2000 times more massive then electrons 
•  So they lose 1.6 x 1013 times less energy 
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Leptons or hadrons? 

• Hadron machines are discovery machines 
• Lepton machines are precision machines 
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The CERN accelerator complex 
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The detectors 
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A layered approach 

Target 

Tracking 

Calorimetry 

Muons è 
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A collider detector 
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The CMS detector at the Large Hadron Collider 
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The computing 
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1950s: CERN’s human computer 
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1958: Ferranti Mercury 

17 hours… 
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1960s-1990s: Norsk data, PDP, Vax, IBM mainframe, CRAY… 

1 second… 
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Early networking at CERN 

Top priority status at 
computer centre: 
Bicycle online 
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The Grid: today’s networking at CERN 
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Why? 
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Newton’s unfinished business… what is mass? 

Science’s little embarrassment… what is 96% of the Universe made of? 

Nature’s favouritism… why is there no more antimatter? 

The secrets of the Big Bang… what was matter like within the first second of the 
Universe’s life? 

 

To push back the frontiers of knowledge… 
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Particles 
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One problem: it’s wrong… 
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 5th century BC: Leucippus, Democritus “all matter is 
composed of small indivisible particles: atoms”  
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Methodology Fast forward to 19th century Russia 

A plethora of elements. Mendeleev’s periodic table of 
the elements indicated a simpler underlying structure… 
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1897: Particle physics begins with the discovery of the electron 

The atoms turn out not to be fundamental… 
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The return of simplicity… 
all the diversity of the elements can be 
explained by just three fundamental (?) 
particles: electrons, neutrons, protons. 

Electron: 1897 
Proton: 1919 
Neutron: 1932 
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Complexity’s return… 

 

Positron: 1932 

1947: Pion 
1947: Kaon 

1955: Antiproton 
1956: Electron neutrino 
1962: Muon neutrino… 

Muon: 1937 

Who 
ordered 

that? 
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Methodology Quarks and partons 

Emilio Segrè Visual Archives 

Gell-Mann Feynman 

“Three quarks for 
muster Mark” 

Rather more 
prosaic… 
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The eightfold way… 

=udd 

=dds 
=uds 

=uds 

=uus 

=dss =uss 
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But are quarks real, or just book-keeping? 

SLAC End station A, 1968… 

e- Nobel Prize 1990: 
Jerome Fiedman 
Henry Kendall 
Richard Taylor 
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What can we learn from this kind of experiment? 

Halzen & Martin 
Quarks and Leptons 
Wiley 1984 

Theory: 
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What can we learn from this kind of experiment? 

Experiment: 
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The Standard Model 
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Forces 
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Gravity: 1687 
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Electromagnetism: 1861 
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Electroweak: 1960s 
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Standard Model 
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So where’s gravity? 
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What’s happening? 

e+ e+ 

e- e- 

γ	



time 

di
st

an
ce
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The forces 

Electromagnetic 
 
 
Strong 
 
 
Weak 
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Running coupling constants 
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Running coupling constants 
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27 November 2006 

Summary…. 
 

Particle physics requires three tools… 
Accelerators 

Detectors 
Computing 

 
We do it to continue a tradition of 

exploration that’s as old as humanity itself… 
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