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From you to the quark 
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The Matter Particles 
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Proton 
Mass: 1.7 10-27  kg 

charge: +1 

Mass: ~<10-9 proton mass? 

Charge: 0 

Mass: 0.0005  proton mass  
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How do we know about quarks?  

 Stanford Linear Accelerator Centre, 

California 

Fire electrons at protons: See big deflections! 

Rutherford found a nucleus in the atom by firing 

alpha particles at gold and seeing them bounce back 

Late 1960’s 
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From you to the quark 



How do quarks combine? 
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A proton: 

two ‘u’ quarks and one ‘d’ quark 
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A neutron: 

 2 ‘d’ quarks and 1 ‘u’ 

quark 

u 
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Mesons have a quark and an 

anti-quark - 
Many created, 

not stable 

With 6 quark 

types there are 

hundreds of 

combinations  



Continuous field  exchange of quanta 

+ + 

For Electromagnetism 

The quanta are photons,  

High energies and small distances  quantum mechanics 

Forces in Particle Physics 



Feynman 

 Diagram 
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Mediation of the Forces 

Electron 

 

At each ‘vertex’ 

charge is 

conserved. 

Heisenberg 

Uncertainty 

allows energy 

borrowing. 



Particles and forces 

‘u’ quarks ‘d’ quarks electron neutrino

E.M.
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Strong
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Weak
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Heavier generations have identical 

pattern 



An LHC experiment: ATLAS 

In construction Note the 

people 
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Fundamental
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