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The Standard Model of Particle Physics
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Matter Particles
• Fundamental matter: point-like spin- 1/2 fermions

➡ Three generations

➡ Very light neutrinos 
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Interactions
• Forces: exchange of spin-1 gauge bosons

➡ Matter fermions charges g => interactions (local gauge invariances)

➡ No gravity!
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Weak interaction violates parity!
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SU(3)C x SU(2)I x U(1)Y
• Standard Model Lagrangian invariant under SU(3)C x SU(2)I x U(1)Y

➡ C = colour charge (strong interaction)

➡ I = weak isospin (electroweak interaction)

➡ Y = hypercharge (electroweak interaction)

• We need the Brout-Englert-Higgs mechanism to make the weak gauge bosons 
massive!
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Combine to form the  
electromagnetic and weak interactions
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The Brout-Englert-Higgs Mechanism

• Introduction of a potential to the 
Lagrangian

➡ Induce spontaneous electroweak 
symmetry breaking

• Gives mass to W±/Z weak bosons

• Leaves ɣ massless 😃

• Resulting particle - Higgs boson
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Standard Model - What works well

• Very precisely measured 
in different energy scales

• Any new theory must 
respect all of these 
measurements too!
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Number of Generations
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Quark Colours
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Electron Anomalous Magnetic Dipole Moment

• ae: contribution of effects of 
quantum mechanics (loops) to 
the magnetic moment g of the 
electron 

➡ the most accurately verified 
prediction in the history 
of physics

12

Predicted (QED)

Measured

Required measuring g to an accuracy of around 1 part in 1 trillion (1012)
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Higgs Production at the LHC
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Higgs Cross Sections and Couplings
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The Electroweak Fit
• Global fit:

➡ Checks consistency of SM 
free parameters as measured 
in various experiments

➡ 𝝌2/dof = 18.6/15 

➡ p-value 0.23 

➡ Largest deviation: AFBb at 2.4 
sigma 

15



UNIVERSITY OF AMSTERDAM INSTITUTE OF PHYSICS

F.  de Almeida Dias - BND 2025 

Standard Model - What does not work so well

• A few observations cannot be 
explained by the the Standard 
Model

•  New theories try to address 
those!
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Dark Matter / Dark Energy
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Credit: Higgs Boson & Beyond
Credit: Cham & Whiteson

http://www.the-higgs-boson-and-beyond.org/
http://www.wehavenoidea.com
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Gravity! 

• No consistent quantum theory for 
gravity

• Only force not described by the 
Standard Model
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Neutrinos have mass

• Neutrinos’ flavour observed to 
change with propagation

➡ This can only happen when the 
neutrino is massive!

➡ Mass eigenstate ≠ weak eigenstate
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Matter-Antimatter Asymmetry

• Universe is mostly made of matter 
(and we don’t know why!)
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Muon Magnetic Moment?
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Muon Magnetic Moment?
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https://arxiv.org/abs/2407.10913 

https://arxiv.org/abs/2407.10913
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Anomalies in the flavour sector?
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Pattern of 2-4σ deviations in lepton 
flavour universality tests

OLD RK* data
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Bad news…
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From A. Biolchini

https://indico.nikhef.nl/event/3894/contributions/17138/attachments/7023/9372/Jamboree_AfterReharse-1.pdf
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Hierarchy Problem
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Summary
• Standard Model: particles and interactions
➡ Quantum Field Theory with nice features

➡ Very precise experimental measurements confirming it

➡ Observations and theoretical arguments that there is something missing

• We will, in the next modules, talk about some of the theories trying to explain 
some of its shortcomings
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