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What is a detector?

Detector & Physics  
simulationsDetectors 

http://web.hep.uiuc.edu/atlas/index_ux15.html

https://www.lip.pt/
newsletter/files/MAY-2018/
Animal-and-Human-RPC-

PET.pdf

https://slidetodoc.com/singleelectron-
response-and-energy-resolution-of-a-

micromegas-2/

Nuclear reaction line @ CTN-IST

CALIFA @ FAIR
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Example of detectors, they vary in: 
 


complexity  
size 
shape 
function  
what they detect 
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Example of detectors, they vary in:

 


complexity 

size

shape

function 

what they detect


Numerous detectors exist and they vary 
IMMENSELY, but the underlying physics is the 

basically the same!
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Space engineering

Nuclear physics 

Medical physics

Industrial 
applications

Astrophysics

High energy 
physics (HEP)

What are the application area?

Detector & Physics  
simulationsIntroduction to simulation 

Environmental 
application
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Detector & Physics  
simulationsText 

Simulation - what is it? 

Detector & Physics  
simulationsIntroduction to simulation 

6
23



https://tecnico.ulisboa.pt/en/news/course-on-physics-at-lhc-large-hadron-collider-2020-applications/

Prediction of outcome

Detector & Physics  
simulationsText 

What do we need?

Detector & Physics  
simulationsIntroduction to simulation 
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https://tecnico.ulisboa.pt/en/news/course-on-physics-at-lhc-large-hadron-collider-2020-applications/

Hardware

Software

Knowledge of physics

Detector & Physics  
simulationsText 

What do we need?

Detector & Physics  
simulationsIntroduction to simulation 
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Essential tool in nuclear and particle physics 

Function:


 Design new detectors

 Analysis of our data

 Benchmarking 

 Development of new analysis tools or 
optimise analysis 

 Simulation of new physics models 


Detector & Physics  
simulationsIntroduction to simulation 

Simulation

General Monte Carlo (MC) Codes exit
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MC methods for radiation transport 

Detector & Physics  
simulationsIntroduction to simulation 

John von Neumann and Stanislaw 
Ulam in 1945 (https://library.lanl.gov/cgi-bin/
getfile?00326866.pdf)

Nick Metropolis (1948) converted the 
style of programming using ENIAC as 
described by J. v. Neumann

M. J. Berger and S. M. Seltzer (1963) 
developed the ETRAN code (coupled 
electron-photon transport (https://
nvlpubs.nist.gov/nistpubs/Legacy/IR/
nbsir82-2550.pdf))

Probability density function (pdf)

http://hotcore.info/kareff-07079.html

Random photo of the Monte Carlo 
casino

https://nvlpubs.nist.gov/
nistpubs/Legacy/IR/

nistir4999.pdf
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Sophisticated available MC codes

Detector & Physics  
simulationsMC codes 

Detector MC: 

Geant, 

Fluka

Geant4

Radiation MC:  
Fluka, 

Penelope  

Mars, 

Geant4, 

MCNP

Signal generation:  
Garfield 


https://garfield.web.cern.ch/garfield/

http://www.fluka.org/fluka.php https://mcnp.lanl.govhttps://geant4.web.cern.ch http://pypenelope.sourceforge.net
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Available MC codes

Detector & Physics  
simulationsMC codes 

Detector MC: 

Geant, 

Fluka

Geant4

Radiation MC:  
Fluka, 

Penelope  

Mars, 

Geant4, 

MCNP/MCNPX

Signal generation:  
Garfield 


https://garfield.web.cern.ch/garfield/

http://www.fluka.org/fluka.php https://mcnp.lanl.govhttps://geant4.web.cern.ch http://pypenelope.sourceforge.net
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Detector & Physics  
simulationsGeant4 

Geant4: 

https://geant4.web.cern.ch

 

simulation of the passage of particles through matter

10.1016/j.nima.2016.06.12510.1109/TNS.2006.869826

13

L. Peralta, (J. Perl),  …. B. Tomé
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Simulation can be done… 

Detector & Physics  
simulationsSimulation 

CTN-IST: 

nuclear reaction line 

CALIFA @FAIR ATLAS @ CERN

NOT to scale!

JUST a quick idea! 
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Experimental setup at CTN-IST

Detector & Physics  
simulationsSimulating a small detector 

Nuclear reaction line @ CTN-IST
Describe the physical 

world

Reaction chamber

HPGe Detector
Detector Geometry 

 Construct all necessary material 

 Define shapes/ solids

 Construct and place volumes


Define sensitive and non-
sensitive volumes

Define visual attributes of the 
detector
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Experimental setup at CTN-IST

Detector & Physics  
simulationsSimulating a small detector 

Three conceptual layers 
 Solid (G4VSolid Class 
Reference) 

 shape (simple shapes)

 size


Step 1:  
create the 
geometrical object 
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Experimental setup at CTN-IST

Detector & Physics  
simulationsSimulating a small detector 

Step 1:  
create the 
geometrical object 

Step 2:  
Assign properties 

Three conceptual layers 
 Solid 

 shape 

 size


 Logical volume 
 daughter physical volume, 

 material, 

 sensitivity, 

 user limits


E. Galiana Baldó 

(e.g.max step length,  
max number of steps, 
min kinetic energy left, 
etc.)  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Experimental setup at CTN-IST

Detector & Physics  
simulationsSimulating a small detector 

Three conceptual layers 
 Solid 

 shape 

 size


 Logical volume 
 daughter physical volume, 

 material, 

 sensitivity, 

 user limits 


 Physical volume 
 position 

 rotation


Step 1:  
create the 
geometrical object 

Step 2:  
Assign properties 

Step 3:  
Place in world co-or 
system 

A7en8on: Overlapping and confinement in mother space!
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Interaction with detector material 

Detector & Physics  
simulationsSimulating a small detector 

Hadronic, Electromagnetic, and Weak interaction  
Photon:
Pair production, Compton scattering, photoelectric effect
All charged particles:
Ionization / δ-rays, multiple scattering
Electron / positron 
Bremsstrahlung, annihilation (e+) 
Hadron:
Hadronic interactions

hadrons (elastic, inelastic, capture, fission, radioactive decay, photo- nuclear, 
lepton-nuclear,...) 
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Physic list choice

Detector & Physics  
simulationsSimulating a small detector 

There are “packaged” physics lists available 

Probably you will be interested in the “reference physics lists” 

	Option exists to create a customised physics lists (needs to be 
validated)

https://geant4-userdoc.web.cern.ch/UsersGuides/PhysicsListGuide/html/physicslistguide.html


https://geant4.web.cern.ch/node/1731 


And many more ….
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Physic list choice: examples

Detector & Physics  
simulationsSimulating a small detector 

http://geant4.web.cern.ch/geant4/support/proc_mod_catalog/ physics_lists/referencePL.shtml 


Be careful in the 
choice  

of physics lists!
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Event Generator

Detector & Physics  
simulationsSimulating a small detector 

Event generators (Gun) 
 Particle type  
 Particle kinematics  

energy

Direction

Other (charge, polarity)

Number of particles generated per event


For HEP: https://arxiv.org/pdf/2203.11110.pdf

ASCII file input

G4Ion Table

Pythia, Fritiof using the Lund fragmentation model 


HERWIG, HERWIG ++ is an alternative system 
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Hits registration

Detector & Physics  
simulationsAnalysing the Simulation results of a small detector 

Event hit 
 Particle type 
 Particle kinematics  

energy

Direction

Multiplicity


One event is simulated to the end!

Analysis via

23
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Avoid these pitfalls and be aware

Detector & Physics  
simulationsAnalysing the Simulation results of a small detector 

Learn to walk before you run…  
 Check the volumes 
 Small number of events 
 Energy: one step at a time 
 Check your out put: Does it make sense? 

Detector simulation tools are limited by 
several factors:  

Available and known accuracy of 
measurements utilised and tunes or validation 

of the physics models 
Particular x-sections

Computational speed 
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Example: Cross section

Detector & Physics  
simulationsAnalysing the Simulation results of a small detector 

Spectra @ 1845 keV Resonance picture

1845 keV

25

Dr. Pablo Cabanelas Eire, IGFAE (USC)
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Example: background radiation

Detector & Physics  
simulations

Gamma yield simulators

Simulation of natural background  

Work by E. Galiana
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Example: background radiation

Detector & Physics  
simulationsSimulation of natural background  

Uranium generator
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Example: background radiation

Detector & Physics  
simulations

 

Simulation of natural background  

Thorium generator
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Example: weighted background radiation

Detector & Physics  
simulationsSimulation of natural background 

235U (actinium chain) @ 187 keV
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Example: background radiation

Detector & Physics  
simulationsAnalysis of the simulation of natural background 

Very good approximation !

In the lower end of the energy spectrum:

 Cosmic showers have not been included (Geant4 library - Cry)

 Radon: 222Rn may accumulate in close rooms including its daughters 
(216Pb and 214Bi)
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Virtual MC

Detector & Physics  
simulationsIntroduction to VMC and larger experiments 

R3BRoot: a ROOT based Simulation and Analysis framework for R3B

Denis Bertini for the R3B Collaboration1
1GSI, Darmstadt, Germany

Introduction
R3BRoot is a versatile and fully ROOT based framework

aiming for the simulation and analysis of the R3B experi-
ment [1]. In particular for the simulation part it uses Fair-
Root [2] base class library as a layer upon ROOT and the
Virtual Monte Carlo [3].

The R3B experiment
The aim of the R3B international collaboration is to de-

velop and construct a versatile reaction setup with high ef-
ficiency, acceptance, and resolution for kinematically com-
plete measurements of reactions with high-energy radioac-
tive beams. The setup will be located at the focal plane of
the high-energy branch of the Super-FRS [4].

Structure of the Framework
The structure of the framework is presented schemati-

cally in Fig. 1. The main class FairRunManger handles
the overall program flow and the communication between
different modules, namely Geometry Interface, RunTime
DataBase , Event Generators, IO Manager and the Virtual
Monte Carlo. The latter is an interface to differents Monte
Carlo engine (Geant3, Geant4 and Fluka) allowing the user
to choose at runtime which of these engine to use for the
simulation.

Figure 1: The R3BRoot Framework

R3B Simulation
R3BRoot uses the ROOT Geometry Modeller to

uniquely describe the R3B detector geometry for all Monte

Carlo engine. Currently all detectors of the R3B experi-
ment are described in R3BROOT. Common Event Genera-
tors like UrQMD, EvtGen and dedicated ones can be used
as an input to the Run Manager class.

Figure 2: Inner Tracker and Calorimeter in R3BRoot.

Figure 3: Inner Tracker and Calorimeter with tracks visu-
alisation.

Conclusion
The R3BRoot is a versatile and portable framework for

the R3B experiment. The description of detector compo-
nents and the tools for the reconstruction is in progress.

References
[1] http://root.cern.ch
[2] The Fair Simulation and Analysis Framework, Journal of

Physics: Conference Series 119 (2008) 032011
[3] The Virtual Monte Carlo, I. Hrivnacova , Computing in High

Energy and Nuclear Physics, 24-28 March 2003, La Jolla
California.

[4] http://www.gsi.de/forschung/kp/kp2/collaborations/R3B/

GSI SCIENTIFIC REPORT 2009 INSTRUMENTS-METHODS-31
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Development of prototypes 
TDR 
Bench marking prototypes 
(smaller facilities & test beams)

Understanding the 
performance and development 
of models

Data analysis phase

Development of algorithms

Proposal submissions 


Simulation re-cycled & multi-purpose

Detector & Physics  
simulationsIntroduction to VMC and larger experiments 
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Bench marking prototypes @ smaller facilities

Detector & Physics  
simulationsIntroduction to VMC and larger experiments 

27Al(p,γ)28Si

Q-value 11.585 MeV

28Si resonance (14399 keV)

was simulated 
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Detector & Physics  
simulationsHiggs Boson discovery 

CTN-IST: 

nuclear reaction line 

ATLAS @ CERN

Success stories
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Treats one particle at a time

Until it disappears (this can cause problems in terms of timing)

Success stories

Detector & Physics  
simulationsHiggs Boson discovery 
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Treats one particle at a time

Until it disappears (this can cause problems in terms of timing)

Nobel prize in Physics 

Detector & Physics  
simulationsHiggs Boson discovery 

Discovery of the Higgs 
Boson! 
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Specialised packages

Detector & Physics  
simulationsIntroduction to simulation in medical physics 

https://arxiv.org/pdf/0910.5684.pdf
http://geant4-dna.in2p3.fr/

styled-3/styled-8/index.html

Geant4-based 
architecture for medicine 
orientated simulations

Center for Energy, Environmental and 
Technological Research

Geant4 extension 
simulation related to 
biochemistry and DNA

Developed an 
interface with 
the protein 
data bank 

37
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Specialised packages

Detector & Physics  
simulationsIntroduction to simulation in medical physics 

Tool for particle simulation
http://www.topasmc.org

Development of a Standard Methodology for Online Dose 
Calcula8ons in Air

Work by R. Pestana

38

C. Felgueiras
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Specialised packages

Detector & Physics  
simulationsMore TOPAS… 
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Introduction
Most common degenerative cognitive diseases 
and their position in the brain [3].

Degenerative cognitive diseases are 
characterized by the presence of toxic  
protein structures known as amyloids [1,2].

Low-dose radiotherapy, with photons, 
has shown positive results on
Alzheimer's disease (AD) or 
Parkinson's disease (PD)[5,6].

Proton therapy has several advantages over 
conventional radiotherapy: Reduced 
integral dose, and already clinically applied 
to noncancerous brain tumours [7]. AD amyloid structure [8].

Alzheimer’s disease (AD)
Parkinson’s disease (PD)
Huntington’s disease (HD)
Multiple sclerosis (MS) 

Proton radiotherapy (RT) for the 
destruction of these amyloid 
structures [4]. 
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Outlook 

Multidisciplinary Approach: Biochemistry and Nuclear Physics join forces

Simulation

Reactive oxygen species 
(ROS) indicate the 
healthiness of the cells [9]. 
Protocols have been 
optimized to study the 
brain tissue cell –
irradiation system using 
60Co gamma-ray source @ 
CTN-IST. 

Study the radiation effects on the brain 
using established cell lines

Simulation of the ROS 
production inside a cell, 
due to the interaction with 
ionizing radiation, using 
TOPAS-nBIO [11]. 

Comparison of different modalities: 
Preparation for exploratory 
experiments using a clinical LINAC at 
CHULN (Hospital Santa Maria) are 
under way. 

Simulation of the experimental 
setup with TOPAS [11],
regarding the irradiations 
performed with 60Co gamma 
source @ CTN-IST.

This new line of research looks at 
employing proton therapy as 
something more than a means to 
eliminate cancer. We focus on 
using it as an alternative treatment 
strategy for neurodegenerative 
diseases, for which no cure to-date 
exist. More information can be 
found at [12].

PREL
IMINAR

Y RE
SULT

S PRECISA22 - 60Co irradiator @ 
CTN-IST and used in the first 
experiment campaign [10].

Planning the experiments at the 
CMAM (Madrid, Spain) proton 
beam facility during fall period.  
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