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What is the Standard Model

• Theory of fundamental particles and how 

they interact

• Incorporates all known subatomic particles 

and predicted the existence of others

• Describes all the fundamental forces except 

gravity through particles and their 

interactions







• Fermions – Building blocks of matter

• Bosons – Force carriers

• Fermions have fractional spin while bosons 

have integer spin



Exclusion principle 

• Enrico Fermi, Paul Dirac and Wolfgang 

Pauli

• No two fermions may be described by the 

same quantum numbers (cannot occupy the 

same space at the same time)

• Bosons do not follow the exclusion 

principle



Quarks and Leptons



Quarks and Leptons 

• Bind in triplets (baryons) or doublets 

(mesons)

• Quarks, baryons and mesons are all 

classified as hadrons

• Baryons found in the nucleus are nucleons 

and any found elsewhere are called 

hyperons

• Leptons don’t need to bind with each other, 

only quarks bind



Neutrinos 

• Sub-group within leptons

• Each has a partner lepton

• Very little mass and interact very weakly 

with other particles, making them very 

difficult to detect



Generations



Charge

• Quarks bind in groups whose total charge is 

an integer charge



Quantum Electrodynamics 

(QED)

• Interact through exchange of photons 





Colour

• Quarks come in one of three “colours”

• Overall colours must add up to white

• Baryons are three separate colours which 

add up to white (red, green and blue)

• Mesons are two opposite colours (red and 

cyan)



Quantum Chromodynamics 

(QCD)

• Coloured particles are held together by 

gluons (which are coloured in a complicated 

way)

• Interaction of coloured particles through 

exchange of gluons is QCD

• This whole thing is the fundamental force –

the Strong force which holds the nucleus 

together.



Quantum Flavourdynamics 

(QFD)
• All fermions have a “flavour”

• Flavoured particles interact weakly through the 
exchange of W and Z bosons 

• QFD is the interaction of flavoured particles with 
intermediate vector bosons (W and Z)

• However, at higher energies the weak and 
electromagnetic forces are indistinguishable and 
both are known as electroweak theory (EWT)

• Conventional name for the fundamental force – The 
Weak force



Mass



Quantum Geometrodynamics 

(QGD)

• Usually referred to as quantum gravitation

• The standard model does not include 

gravity and there is no current theory of 

quantum gravitation

• Would need to have a force carrying particle 

(graviton)

• Would lead more toward a GUT




