
The language of particle physics
• In non-relativistic QM you learned about the hydrogen atom, multi-electron 

atoms, maybe a bit about molecules and nucleii
• To probe short distances (structure of nucleus) requires probes with short 

de Broglie wavelength, ie, high energy probes, such as relativistic electrons, 
protons, photons, etc.

• Particle physics is inherently relativistic (as well as quantum mechanical). 
• At high energies, it becomes easy and natural to convert matter to different 

forms (E = mc2); the theory must be many-body (unlike non-rel QM). 
Classical particle mechanics, x(t), can’t accommodate this, but field theory, 
φ(x,t), can.

• The language of particle physics is 
Relativistic Quantum Field Theory (QFT)
A somewhat forced marriage of 
Quantum mechanics, Relativity, Field theory

• Observables (energy levels, reaction rates) in non-trivial QFTs can be 
computed in perturbation theory.

• A broad class of “gauge invariant” Quantum field theories are 
“renormalizable” - perturbative calculations converge to a finite (physically 
meaningful) result (Nobel prize 1999).



The Standard Model on one slide

The incredible success 
of the Standard model is 
our boon and our bane.
Arising from it are many 

questions 
whose answers lie 

Beyond the Standard 
Model



Particles and forces



Fundamental fermions



The mathematical description of the fundamental interactions,
all built by analogy to Maxwell’s theory of EM,  

is based on continuous gauge groups:
U(1)Y  × SU(2)I × SU(3)c



Strengths of fundamental forces
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Electroweak Lagrangian

• From the PDG review, Ch.10:



QCD Lagrangian

• From the PDG review, Ch 9:


