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2. Quantum Electrodynamics

Lagrangian for free spin ½ particle:
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Applying the Euler-Lagrange formalism leads to the Dirac equation.
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To interpret the new field Aµ as photon field one has to introduce a term 
corresponding to the field energy:
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Demanding local phase invariance leads to: 
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free electron Interaction between 
electron and photon

Photon field 
energy
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Lagrangian defines the Feynman rules of a theory. 
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Feynman rules for scattering processes

−−−− → µµ ee
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There are similar rules for other Feynman diagrams
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Halzen, Martin: 
Quarks&Leptons
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3. Fermion-fermion scattering
3.1 Process −−−− → µµ ee
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Sect. II.5

Sect. III.2

Spinors decribe a specific 
spin state of the fermions

For non-polarized ingoing particles and for non-observation of final 
state spin one observes unpolarized cross sections  ⇒ need to 
average over possible initial spin states and sum over all final 
spin states.
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Electron tensor

Muon tensor
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Useful relations I:

Completeness relation:
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Useful relations II:
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Electron tensor

Muon tensor ∑
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After a lengthy calculation
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Spin averaged matrix element for 
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exact 1st order result for −−−− → µµ ee

Relativistic limit neglect masses m and M
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Scattering cross section for any two non-identical spin ½ particles:

−−−− → µµ ee

3.2 Process 
−+−+ → µµee
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Differential cross section for  
−+−+ → µµee

Reminder:
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Kinematics for high-relativistic particles
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3.3 Chirality, Helicity and angular distribution
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In the relativistic limit (or for massless particles) the eigenstates
of the helicity operator corresponds to the chirality states.
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Photon (vector ieγµ) coupling:
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Attention “arrows” correct 
only for massless electrons

Decomposition of the fermion current: 
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Angular distribution −+−+ → µµee

Change of quantization axis

3.3 Bhabha scattering
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CM system:
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3.4 Summary


