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Tracks of charged particles in nuclear emulsion
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« Study of Elementary Particles by the Photographic Method » 
C.F. Powell et al. (1959)

H1+                     He2+                        C6+                        O8+                       Si14+                  Ca20+

■ Physical information on track structure (spatial distribution of energy deposition, 
interaction types, etc.) is used in many domains involving ionising radiation
■ microdosimetry, radiation biology, biophysical modeling, clinical radiotherapy, space radiation, 

environmental science, solid state physics, accelerator design…



The « dnaphysics » extended example 

■ We are going to try the « dnaphysics » extended example which makes use of 
Geant4-DNA Physics processes and models
– This is the « simplest » Geant4–DNA example 

■ This is a Geant4 « extended » example and it is located in 

$G4INSTALL/examples/extended/medical/dna

■ Remember that all Geant4-DNA extended & advanced examples are listed at:

http://geant4-dna.org 

https://geant4-userdoc.web.cern.ch/Doxygen/examples_doc/html/Examples_dna.html

https://geant4.web.cern.ch/docs/advanced_examples_doc/ 
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The « dnaphysics » extended example 

■ Users can simulate experimentally-observed 
3D track structure of different particles

■ They can learn how to extract all physics 
information from this track structure, for example:

– Type of particle
– Type of physics process at each step
– Coordinates in space
– Energy deposit
– Step length and number
– Kinetic energy
– Scattering angle
– ID of event, track, parent track
– …
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2 protons of 100 keV



The « dnaphysics » extended example 

■ This example aims to demonstrate how to use the Geant4-DNA 
physics processes and models in a liquid water volume

– All particle interactions are simulated on a step-by-step basis (« discrete » processes)
• No « condensed history » approximation

– The PhysicsList class uses the Geant4-DNA Physics constructor called G4EmDNAPhysics_option2, 
so you do not need to code the physics yourself
• You can easily switch from one constructor to another (e.g. option4, option6)

■ It also explains how to easily change the density of the target material (liquid 
water): this is the « variable density material » feature of Geant4
– Users can investigate density change effects

• E.g. 1.06 g/cm3 average density of cell nucleus (cf. PARTRAC code)

■ Produces a ROOT ntuple to analyze & visualize track structures
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https://root.cern 

https://root.cern/


Structure of the « dnaphysics » extended example 
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DetectorConstruction

PhysicsList

PrimaryGeneratorAction

SteppingAction

RunActionROOT output file

Input macro file detector geometry and 
material

all physics processes

radiation source

physical steps info

write/close output files

Geant4 classes in C++

dnaphysics.in

dna.root

TrackingAction particle track info



« dnaphysics » extended example: input macro commands (UI)
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Select Geant4-DNA Physics constructor

Activate fluorescence, Auger electron production 
and Auger cascade, without production cuts

Choose incident particle 

Tracking cut for heavy ions

Select the target material 

Activate visualization
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Add radioactive decay physics

Control of verbosity

Select number of threads

Set incident particle energy

Shoot particles

Set World size



« dnaphysics » extended example:  DetectorConstruction class

8

■ Detector material: 
– The « World » volume contains liquid water, defined as « G4_WATER » 

(= Geant4 NIST material* for liquid water). Density is 1 g/cm3

Users can change density value here (C++) or in dnaphysics.in (UI)

See source file 
dnaphysics/src/DetectorConstruction.cc

* See https://geant4-userdoc.web.cern.ch/UsersGuides/ForApplicationDeveloper/html/Appendix/materialNames.html 

https://geant4-userdoc.web.cern.ch/UsersGuides/ForApplicationDeveloper/html/Appendix/materialNames.html
https://geant4-userdoc.web.cern.ch/UsersGuides/ForApplicationDeveloper/html/Appendix/materialNames.html
https://geant4-userdoc.web.cern.ch/UsersGuides/ForApplicationDeveloper/html/Appendix/materialNames.html
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■ Detector geometry: 
– The « World » volume is a cube (side size is 100 micrometer, see constructor)

« dnaphysics » extended example:  DetectorConstruction class

See source file 
dnaphysics/src/DetectorConstruction.cc
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■ Physics constructor and cut-off parameters: 
– The PhysicsList class uses the default G4EmDNAPhysics_option2 Physics 

constructor
G4EmDNAPhysics_option2 constructor

Note
• For energies above than the 

maximum energy covered by 
Geant4-DNA models, Geant4 
standard electromagnetic 
models are used

« dnaphysics » extended example:  PhysicsList class

See source file dnaphysics/src/PhysicsList.cc



« dnaphysics » extended example: PrimaryGeneratorAction class
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■ Radiation source: 
– This class describes the source of incident particles: 

– type, kinetic energy, position, angular distribution…

The macro file (dnaphysics.in) 
contains UI* commands:

/gun/particle proton
/gun/energy 100 keV
/gun/position 0 0 0 um
/gun/direction 0 0 1
/run/beamOn 1

See source file 
dnaphysics/src/PrimaryGeneratorAction.cc

* See e.g.  http://www.hep.ph.ic.ac.uk/~yoshiu/COMET/comet_g4HTMLdoc/_gun_.html 

http://www.hep.ph.ic.ac.uk/~yoshiu/COMET/comet_g4HTMLdoc/_gun_.html


« dnaphysics » extended example: SteppingAction class
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■ Physical steps of particle track: 
– This class records useful information about each physical interaction: 

particle type, kinetic energy, position, energy deposition, etc.

Users can extract step information 
about primary/secondary 
particles, process, position of 
energy depositions… and fill ROOT 
ntuple(s) or histograms with such 
information

Users can flag a particle

Users can flag a process
(see README for numbering)

G4AnalysisManager(Note: string comparison of process name is possible but is not recommended)



« dnaphysics » extended example: TrackingAction class
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■ Physical properties of particle track: 
– This class records useful information about each physical track

Users can extract track information 
such as: type of particle for the 
current track, track position, 
momentum direction, kinetic 
energy, ID and parent track ID

G4AnalysisManager



« dnaphysics » extended example: RunAction class
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■ Write and close simulation results: 
– This class is used to create ROOT ntuple(s) and histograms, and to save them in a ROOT file 

(dna.root) at the end of the run
– The singleton G4AnalysisManager is the entity in charge of collecting and accumulating and 

saving all information 

Note
• Save histograms in method 

EndOfRunAction()
• In MT mode, each thread 

creates and fills a local ROOT 
file; all files are then merged 
automatically at the end of the 
simulation

G4AnalysisManager
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Number of occurences
of physical processes 

(See README for 
process numbers) 

3D visualization of 
2 proton tracks

Energy distribution 
of electrons

■ Results are saved in the dna.root file and can be analyzed using ROOT*
■ Type root plot.C

2 protons 
(100 keV)

« dnaphysics » extended example: output 

Occurring processes 
along x-axis

* See e.g. https://root.cern.ch 

Elastic
Vib. excitation

Solvation
Ionisation

…
Note: We also provide the deexcitation.in and plotDeexcitation.C macros to illustrate atomic deexcitation 
(fluorescence photons and Auger electrons)

https://root.cern.ch/


Hands-on practice with the 
« dnaphysics » extended 
example
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Hands-on practice with the « dnaphysics » extended example
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■ Copy the dnaphysics extended example to your local 
directory, create your build directory and compile dnaphysics
cd
cp –r $G4EXAMPLES/extended/medical/dna/dnaphysics .
cd dnaphysics
mkdir build-dnaphysics
cd build-dnaphysics
cmake ../
make 

or make –jN if you have N cores
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■ Run dnaphysics using the provided macro file: 
./dnaphysics dnaphysics.in

Geant4-DNA physics option 2

Incident particle is proton

2 protons of 100 keV are shot

Hands-on practice with the « dnaphysics » extended example
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■ Results are saved in dna.root and can be analyzed using ROOT (plot.C) 
root plot.C 

Plot occurring physical processes 

Draw processes in track

e-_G4DNAElectronSolvation 10
e-_G4DNAElastic 11
e-_G4DNAExcitation 12
e-_G4DNAIonisation 13
e-_G4DNAAttachment 14
e-_G4DNAVibExcitation 15
proton_G4DNAElastic 21
proton_G4DNAExcitation 22
proton_G4DNAIonisation 23
proton_G4DNAChargeDecrease 24

(See README for 
process numbers) 

Hands-on practice with the « dnaphysics » extended example
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Number of occurences
of physical processes 

(See README for 
process numbers) 

3D visualization of 
2 proton tracks

Energy distribution 
of electrons

■ Results are saved in the dna.root file and can be analyzed using ROOT*
■ Type root plot.C

2 protons 
(100 keV)

« dnaphysics » extended example: output 

Occurring processes 
along x-axis

* See e.g. https://root.cern.ch 

Elastic
Vib. excitation

Solvation
Ionisation

…
Note: We also provide the deexcitation.in and plotDeexcitation.C macros to illustrate atomic deexcitation 
(fluorescence photons and Auger electrons)

https://root.cern.ch/
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■ Run dnaphysics in interactive mode (allows GUI commands)
 ./dnaphysics

You can enter your commands in 
the GUI session:

/gun/particle e-
/gun/energy 100 keV
/run/beamOn 10

Hands-on practice with the « dnaphysics » extended example



Type of particles and physical processes (see README) 
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Particles Processes



Try to change the Physics constructor…
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■ Can be selected in dnaphysics.in …

■ Run the simulation and display ROOT results
 



■ Can be selected in dnaphysics.in …

■ Run the simulation and display ROOT results
 

Try to change the density value of the target material

24



Thank you for your attention
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https://geant4-dna.org/ 
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