
Elementary Particle Physics: 
theory and experiments 

Prof. dr hab. Elżbieta Richter-Wąs 

Follow the course/slides  from M. A. Thomson lectures at Cambridge University  

Course will concentrate on the modern view of particle physics 
with the emphasis on how theoretical concepts relate to recent 
experimental measurements.  

  



Course Synopsis 
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Books 
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M. Thomson, „Modern Particle Physics” 

Other recommended books 



Preliminaries: Natural Units 

4 



Preliminaries: Heaviside-Lorentz Units 
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Short recap on the Standard Model 

Feynman diagrams, units and kinematics 

Decay Rates and Cross-sections 
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Review of the Standard Model 
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Matter in the Standard Model 
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Forces in the Standard Model 
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Standard Model vertices 



Feynman diagrams 
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Special relativity and 4-vector notation 
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Mandelstam s, t and u 
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Example: Mandelstam s, t and u 

14 

 

* 



From Feynman diagrams to physics 
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Cross-sections and decay rates 
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The first few lectures 
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Particle decays 
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• In general a given particle may decay to more than one decay mode. For 
example tau lepton decay into a number of final states: 

 

• The transition rate for each decay mode j can be calculated independently using  
Fermi’s golden rule. The individual transition rates   Gi     are refered as partial 
decay rates or partial widths. 

• The total decay rate is a simple sum of partial decay rates, 

• The lifetime of particle in its rest frame t is refered to as its proper lifetime and  
is determined from the total decay rate 

 

• The relative frequency of the particular decay mode is refered to as a branching 
ratio (or a branching fraction).  

                  

• For example the branching ratio for the tau lepton decay:  

                                                 

and 

is 



Paricle decay rates 
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The two body decay in the  
rest fame of particle i 



Non-relativistic phase-space (revision) 
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Dirac d function 
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The Golden Rule revisited 
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Lorentz invariant phase-space 
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Decay rate calculations 
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Interaction cross section 

28 

• Calculation of the interaction cross-section is slightly 
more complicated, it is necessary to account for the 
flux of the initial-state particles. 

• In the simplest case one can imagine a beam of 
particle of type a, with flux fa, crossing a region of 
space in which there are nb particles per unit volume. 
The interaction rate will be 

                           rb = nb s fa 

• The fundamental physics is contained in s, which has 
dimensions of an area and is termed cross-section.    
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Cross-section definition 
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Cross-section calculations 
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2-> 2 Body Scattering in C.o.M. Frame 
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(4) 
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Lorentz invariant differential cross-section 
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2->2 body scattering in the Lab Frame 
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Summary 
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Summary cont. 
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Appendix I: Lorentz Invariant Flux 
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Appendix II: general 2->2 scattering in lab frame 
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