
Physics Modeling and  Simulation 

Prof. dr hab. Elżbieta Richter-Wąs 

Follow the course/slides  from  
B. Chopard et al.,  coursera lectures, University of Geneva 
S. Paltani, Statistical Course for Astrophysicits, University of Geneva 
N. Ky Phung lecture , Modeling and mathematical models 
Follow presentations on Geant4 package: by M. Verdedi,   

• Modeling and simulation of natural processes 

• Geant4 : a tool for simulating particle 
interactions with matter 



 

Examples of  natural processes 
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What is a model? 
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A model is a simplification of reality that  
is constructed to gain insights into select  
attributes of a physical, biological, economic,  
or social system.  
A formal representation of the behaviors of  
system processes, often in mathematical  
or statistical terms.  
The basis can also be physical or conceptual 



• Environmental modeling involves the application of 
multidisciplinary knowledge to explain, explore and 
predict the Earth’s response to environmental 
change, both natural and human-induced. 

• Role of enviromental modeling 
– Improved understanding of environmental systems. 
– Developing scientific understanding - throughquantitative 

expression of current knowledge of a system (as well as 
displaying what we know, this may also show up what we 
do not know); 

– Test the effect of changes in a system; 
– Aid decision making, including (i) tactical decisions by 

managers; (ii) strategic decisions by planners. 

 
 

What is an eviromental modeling? 
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• Physical modeling 

• Empirical models 

• Mathematical models 

Type of models 
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• Physical modeling is a way of modeling and simulating systems 
that consist of real physical components. A physical model is a 
smaller or larger physical copy of an object. 

• Spatial analysis and similarity theories are used in this process to 
ensure that the model results can be extrapolated to the real 
system with high accuracy. 

• Physical modeling is the main approach of scientists in developing 
basic theories of the natural sciences. 

Physical models 
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• Empirical models describe observed behaviour 
between variables on the basis of observations alone 
and say nothing of process. 

• They are usually the simplest mathematical function, 
which adequately fits observed relationship between 
variables. No physical laws or assumptions about 
relationships between variables are required. 

• Empirical models have high predictive power but low 
explanatory depth, they are thus rather specific to 
the conditions under which data were collected and 
cannot be generalized easily for application to othe 
conditions.  

Empirical models 
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• Mathematical model is representation of real world problem in 
mathematical form with some simplified assumptions which helps to 
understand it in fundamental and quantitative way. 

• Are much more common and represent states and rates of change 
according to formally expressed mathematical rules.  

• Can range from simple equations to complex software codes applying 
many equations and rules over time and space discretization.  

• One can further define mathematical models into different types but 
most models are actually mixtures of many types or are transitional 
between types. 

Mathematical models 
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Dam model is described  
by mathematical model 



Mathematical models 
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Mathematical models 
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Mathematical models 
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Steps to building mathematical models 
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Step to building mathematical models 
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Step to building mathematical models 
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Step to building mathematical models 
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Building mathematical models 
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Building mathematical models 
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Building mathematical models 
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Building mathematical models 
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Several models/ different language of description  
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…to a virtual model of reality 

21 



Example of modeling method 
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From a model to a simulation  
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From a model to a simulation  
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From a model to a simulation: illustration  
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Space and time 
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Time evolution 
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Time evolution 
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Time evolution 
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Modeling space: Eurelian approach  
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Modeling space: Lagrangian approach  
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Modeling space 
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Beyond the physical space: complex networks 
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Example 
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Complex networks 
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Monte Carlo methods 
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A Monte Carlo computer simulation 
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A more difficult problem 
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Historical note  
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Markov-chain Monte Carlo (MCMC) 
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Sampling the diffusion equation in 1D 
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Diffusion equation in 1D 
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More general case: Master equation 

43 



Detailed balance 
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Metropolis Rule 
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Metropolis Rule in practice 
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Metropolis Rule in practice 
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Glauber Rule 
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Kinetic/Dynamic Mote Carlo 
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Monte Carlo simulation  
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Monte Carlo simulation  
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What is Geant4? 
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What is Geant4? 
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Map of collaborative Institutes 
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Geant4 Application Domains 
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Geant4 Application Domains 
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Geant4 Application Domains 
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Simulation 
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Basic requirements for simulation system 
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Detector simulation 
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Data and Simulation agreement 
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Geant4 Comparison with Calorimeters 
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Physics in Geant4 
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Physics in Geant4 
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What Geant4 can do for you? 
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What you have to do for Geant4? 
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Tools for input preparation 
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Minimum software knowledge to use Geant4 
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Tools to help your simulation with Geant4 
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Solar events gamma-rays 
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Geant4 Application Domains 
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Geant4 Application Domains 
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Geant4 Application Domains 
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Geant4 Application Domains 
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Geant4 Application Domains 
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Physics modeling 
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Physics modeling 
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Physics modeling 
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Physics modeling 
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Physics modeling 
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Physics modeling 
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Physics list 

82 



Physics list 
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Software aspects 
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Software aspects 
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Citations 
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Physics processs and their clasification 
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Geant4 EM sub-libraries 
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Geant4 Physics: Hadronic 
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Hadronic interation from TeV to MeV 
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Hadronic interation from TeV to MeV 
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Fast simulation and ML  in Geant4 
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Fast simulation and ML  in Geant4 
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