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Methodology 

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.  



Big questions… 

Small particles…  

Proton: 10-27kg, 10-15m 

Electron: 10-31kg, pointlike 

What gives rise to mass? 
What happened to antimatter? 

How did matter evolve right after the Big Bang? 
What’s 95% of the universe made of? 

Are there extra dimensions? 
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Methodology 

The (condensed) story of particles 



Methodology 
Particle physicists like to keep things simple 



Methodology 

One problem: it’s wrong… 



Methodology Particle physicists also like things to be right 

 5th century BC: Leucippus, Democritus “all matter is 
composed of small indivisible particles: atoms”  



Methodology Fast forward to 19th century Russia 

A plethora of elements. Mendeleev’s periodic table of 
the elements indicated a simpler underlying structure… 



Methodology 

1897: Particle physics begins with the discovery of the electron 

The atoms turn out not to be fundamental… 



Methodology 
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 



Methodology 
Complexity’s return… 

 

Positron: 1932 

1947: Pion 
1947: Kaon 

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

Muon: 1937 

Who 
ordered 

that? 



Methodology Quarks and partons 

Emilio Segrè Visual Archives 

Gell-Mann Feynman 

“Three quarks for 
muster Mark” 

Rather more 
prosaic… 



Methodology 
The eightfold way… 

=udd 
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=uds 
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=dss =uss 



Methodology 
But are quarks real, or just book-keeping? 

SLAC End station A, 1968… 

e- Nobel Prize 1990: 
Jerome Fiedman 
Henry Kendall 
Richard Taylor 



Methodology 
What can we learn from this kind of experiment? 

Halzen & Martin 
Quarks and Leptons 
Wiley 1984 

Theory: 



Methodology 
What can we learn from this kind of experiment? 

Experiment: 



Methodology 
The Standard Model 



Methodology 

The (condensed) story of forces 



Methodology 
Gravity: 1687 



Methodology 
Electromagnetism: 1861 



Methodology 
Electroweak: 1960s 



Methodology 
Standard Model 



Methodology 
So where’s gravity? 



Methodology 
What’s happening? 
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Methodology 
The forces 

Electromagnetic 
 
 
Strong 
 
 
Weak 



Methodology 
Running coupling constants 



Methodology 
Running coupling constants 



Methodology 

What’s missing from the Standard Model? 



Methodology Long range and short range… 
Question? Why are some forces 
long range and others short range? 
Specifically, why does 
electromagnetism have infinite 
range, whereas the weak 
interaction is short range? 
 
Answer (1964-5, Brout, Englert, 
Higgs, Guralnik, Hagen, Kibble…): 
Because the carrier of the weak 
force is heavy. The symmetry that 
unifies electromagnetism and weak 
interactions is broken. 



Methodology One little snag… 
The theory all these people were 
working in predicted infinities.. 
 
Their mechanism languished for a 
decade, until Gerardus ‘t Hooft 
and Martinus Veltman 
renormalised it in the 1970s (Nobel 
Prize 1999).  
 
By an accident of fate, the 
mechanism and associated particle 
became known as Higgs. 



The Higgs mechanism 



Methodology 
The Standard Model today 



Methodology 

Is that it? 



Methodology 
Not really.. 

Standard Model!!



Methodology 
The Dark Side of the Universe 

Dark Matter…    Dark Energy… 



Methodology 
Bring on SUSY… 



Methodology 



Methodology 

  Hollywood     CERN 

Antimatter 



Methodology 
Primordial soup 



Methodology 
Where science and science fiction meet 



Does all this make you feel small? 



Methodology 
How do we measure these things? 

LHC + detectors + Grid = fantastic discovery machine.  



Methodology 
What’s LHC got to do with it? 

E = mc2 



Methodology 
Bump hunting… 



Methodology 
Bump hunting… 



Methodology 
Latest results from the LHC 

Higgs is 115 GeV – 145 GeV – or nowhere 



Methodology 
Light Higgs 



Methodology 
ALICE 

The early universe 
was a liquid… denser 
than neutron stars. 

The entire human 
population squashed 
to the size of a sugar 
cube… 



Methodology 
LHCb 

Bs → J/ψ φ 



Methodology 
TOTEM 
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Next time…. 
 

The Large Hadron Collider: 
The world’s most complex machine 


