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Talk full of obvious statements that are nevertheless very often forgotten 
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The particle journey 
Many additional techniques: 
 
• Biasing 
• Thresholds 
• Varying step size 
• Scoring rules 

 
 
 

But the principle remains the 
same 
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Monte Carlo particle transport tools will calculate everything with only 
the numerical error - also situations that don’t make sense in real life 

GARBAGE IN – GARBAGE OUT 
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Modelling 

• Most time consuming stage of simulation preparation 
• Involves translation of the accelerator’s components technical 

drawings into the Monte Carlo machine code  
• Lowest level designing must be done by hand 

heltankm  2 0 2      0. 0. 19.6    20.9   21.4   92.6  !middle part of helium 
tank 
helcovl   2 0 2      0. 0. 19.6     9.1   21.4   0.5   !helium tank left cover 
helcovr   2 0 2      0. 0. 111.7    9.1   21.4   0.5   !helium tank right cover 
 
magshld   2 0 8      0. 0. 19.45    24.25  24.4   92.9 !magnetic shield over 
cavities 
magshll   2 0 8      0. 0. 19.45    9.1  24.25  0.15   !magnetic shield left cover 
magshlr   2 0 8      0. 0. 112.2    9.1  24.25  0.15   !magnetic shield right 
cover 
 
termshld  2 0 9      0. 0. 0.      47.25  47.4   131.8 !thermal shield around 
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Pre-simulation process 
Environment 

Need to know as much as possible about the simulated beam. 
 

ESS Beam Physics group asked about the nature of the beam 
losses along the machine (locations, magnitude, angles, etc.): 
 
„We don’t expect any beam losses” 
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Ideally: score everything. 
 
Reality: hard drives are not infinetely large  
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Pre-simulation process 
Scoring 

Answer two questions: 
 
• Why did you started the simulation process in the first place? 

 
• What can, apart from obvious quantities, improve your knowledge 

of the associated phenomena 
 

(is absorbed dose sufficient to evaluate something? maybe it could 
be useful to look on the contribution of different particle types? how 
about their energy distribution? to be honest, also their fluxes could 
be used somehow...)  
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Sit down, enjoy, and relax – Monte Carlo code will do it for 
you... 
 
... and give you a lot of time to think about the analysis of 
the obtained data! 

Simulation itself 
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This is the moment to shine with creativity  
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way you plot results might influence your evaluation) through some 
simple threshold algorithms (looking for limits) up to really complicated 
analysis harvester programs. 
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Data analysis involves everything from presentation of data (even the 
way you plot results might influence your evaluation) through some 
simple threshold algorithms (looking for limits) up to really complicated 
analysis harvester programs. 

Once more – pure programming 
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Simulation data analysis 
 

Example: loss pattern recognition for ESS superconducting linac 

How to interpolate finite number of cases to 
prepare for the less probable? 
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Possible solution for this multidimensional, non-linear, complicated 
problem: neural network based algorithm 

Vector of 
detector answers 
from the 
simulations 

Neural 
Network 

Loss parameters 

Training sets: simulation assumptions and results 



Simulation data analysis 
 

Possible solution for this multidimensional, non-linear, complicated 
problem: neural network based algorithm 

First attempts done in 
Matlab, working on 
incomplete data sets 

Neural 
Network 



Simulation data analysis 
 

Possible solution for this multidimensional, non-linear, complicated 
problem: neural network based algorithm 



Dare to press the button? 
 



Summary 
 

Monte Carlo codes used in a right way are necessary tools in the design 
process of every accelerator machine 
 
The more time you spend on pre-simulation chores the more accurate 
your results will be and the less white hair will be produced 
 
You WILL need to program a lot to make your simulationist life easier, 
although the trend is to embed as much as possible into the code itself 
(also: SHARE YOUR WORK)  





Thank you for attention. 


