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Monte Carlo methods 

● The MC methods use random sampling to explore complex problems by generating many possible 

histories → estimate the quantities of interest from statistical averages. 
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Numerical techniques based on random sampling.

● Generate a representative ensemble of possible configurations 
(histories) in order to estimate quantities of interest without 
solving the full problema analytically or enumerating all 
possible outcomes.

Cristian Lorini, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=54262245
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Monte Carlo for particle transport in matter

● Particle-matter interaction: intrinsically probabilistic and stochastic 
problem.

○ Particle physics theory provides interaction probabilities and 
final states

○ The transport process is a stochastic sequence of interactions, 
energy losses, secondary production, and detector responses as 
radiation propagates through matter.

The radiation transport problem
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Monte Carlo for particle transport in matter

Solution strategies to the radiation transport problem
● Analytical / spectral methods: accurate, but limited to simplified cases.
● Numerical integration: general, but inefficient in high dimensions.
● Monte Carlo method: general, efficient, and flexible: can treat arbitrary 

radiation fields and geometries.
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Estimator: the equivalent to a measurement in a real 
experiment
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Monte Carlo for particle transport in matter
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Monte Carlo methods in particle physics experiments

● Used throughout the full experimental lifecycle
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Geant4 

● Toolkit for the simulation of passage of particles through matter
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Geant4 components 
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A Geant4 simulation: workflow of the exercise

10



duarte@ifca.es   Jordi Duarte-Campderros (IFCA)

A Geant4 simulation: workflow of the exercise
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Physical case
● Scanned laser 

measurement of a 
silicon microstrip 
detector (P7)

Simulation model
● Geant4 application 

○ with simplified 
detector response

Observable
● Collected charge in 

electrode collectors a a 
function of scan 
position
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Code Architecture
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Practicum procedure
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Inspect repository, 
classes, geometry and 
visualization macro

A. Understand the application

Produce strip-charge 
output for the default 
scan

   B. Run nominal simulation

Change effective 
source size; optionally 
pitch or strip width

       C. Modify the model

Extract pitch, effective 
strip width and binary 
resolution

        D. Interpret output
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