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• Basic of MC simulation 

• Event generators 

Following: 
• Geant4 tutorials on MC basic 
• T. Sjostrand lectures on MC evetn generators 



Monte Carlo method applications 
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The simplest MC example: probabilities of rulette 
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MC example: Buffon’s Needle (1977) 
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MC is a simple and a general method 
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Monte Carlo  numerical integration: 
 extremely useful for multidimensional  integrals! 
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MC example: Laplace’s method of calculting p (1886) 
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History of MC methods  
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Probability Density Function (PDF) 

9 



Cumulative Distribution Function (CDF) 
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Some example distribution – Uniform PDF 
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Where we use uniform distribution  
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Some example distributions – exponential  PDF 
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Exponential distribution example: nuclear decay 
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Mean, variance and standard deviation 
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Monte Carlo error 
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Sometimes statistics is a problem 
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Geant4*: a Monte Carlo simulation toolkit 
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Monte Carlo parallelization => supercomputing  
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Monte Carlo methods 
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Numerical integration 
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Error estimation 
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Optimisation problems 
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Numerical simulations 
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Numerical simulations 
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Random numer generators 
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Random numer generators 
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Random numer generators 
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Random numer generators 

29 



Transformation method 
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Transformation method 
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Transformation method 
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Rejection method 
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Rejection method 
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Distributions 
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Quasi-random numbers 
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Quasi-random numbers 
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Quasi-random numbers 
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Big picture: turning collision into publication 
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An antractable likelihood function 
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Simulation to approximate nature 
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Simulation-based density estimation 
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Histograms & summary statistics 
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The statistical framing 
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LHC collision event 
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A collected event view 
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Monte Carlo events 
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General 2->n scattering cross-section 
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A tour to Monte Carlo 
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The Monte Carlo method 
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Why generators? 
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Few generic ones:  Pythia, Sherpa, Herwig 
+ other relevant packages 
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Put together for maximum effect  



PDG particle codes 
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Les Houches LHA/LHEF event record 
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Monte Carlo techniques 

55 



Integration and selection 
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Integral as an area/volume 
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Analytical solution 
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Hit-and-miss solution 
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Importance sampling 
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Multichannel 
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Temporal methods: radioactive decays 
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Temporal methods: radioactive decays 
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The veto algorithm:  problem  
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The veto algorithm:  solution 
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The winners take all 
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Radioactive decay as perturbation theory 
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Summary 
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