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• Monte Carlo (MC)  is a numerical method to solve equations or 
to calculate integrals based on random number sampling.

• MC estimation for pi (figures below):

• MC simulations can be used for complex dose calculations.

• Clinical applications of MC simulations include advanced quality 
analysis (QA) to ensure safe and effective radiotherapy 
treatments [1]. 

• MC software, such as EGSnrc, is used to model LINACs [1,2]. 
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Monte Carlo Simulations using EGSnrc

• The work of Sarrut et al. [4] explores the use of neural networks 
for applications in MC simulations. The figure above shows a 
schematic of a simple neural network. 

• General Adversial Networks (GAN) were used to try and produce 
phase space files generated by standard MC simulations, hoping to 
increase computational speed. 

• GANs used as a phase space generator were shown to produce 
strong dosimetric accuracy but were shown to be notoriously 
difficult to train. 

• The figure above, produced by Garcia-Pareja et al. [3], show x-
ray emission spectra from a tungsten target being bombarded 
by 100keV electrons at normal incidence.

• Their work explores the use of various variance reduction 
techniques (VRT) that can be used to reduce computation time. 

• These various VRTs, were shown to effectively reduce 
computation time.
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The primary goals of this study was to answer the
following:

1. What is the underlying physics behind radiation therapy that is carried out
through Monte Carlo simulations?

2. What are Monte Carlo methods and how are they implemented in medical
physics for use in research and clinical applications.?

3. Perform my own simple Monte Carlo simulation to simulate radiation
transport and its interaction with matter.

• A pencil beam source of particles (electrons on the left, photons in middle and right) is incident 
on a tantalum slab. Incident energies left to right 20 MeV, 1 MeV, and 20 MeV. 

• The dose on the slab was calculated and the simulations were repeated for water and copper 
slabs. 

• A photon LINAC was simulated and compiled using BEAMnrc.
• Using CT DICOM data, the dose on a patient phantom was scored.

• Shown are the dose of the 20 MeV incident photons (top) 
and 20 MeV incident electrons (bottom).

• The dose of the photons were roughly 10x lower, 
indicating photons have less interaction with matter.

• The dose distribution on the patient phantom is of 
expected 2cm x 2cm  shape. 

• Monte Carlo simulations are pervasively used in 
in research and technology development. 

• To make Monte Carlo simulations practical for 
clinical use, current research is exploring 
techniques to reduce computation time.

• EGSnrc software is a robust tool that can be used
to model radiation transport and LINACs.


