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• In the main() the user can instantiate visualization

• Geant4 provides interfaces to a few graphics drivers:

 Dawn

 Wired

 RayTracer

 OpenGL

 Heprapp

 …

Visualization
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Visualization

• Visualization exercise



OGL

• Download the compressed file called “DemoOGL.tar.gz” and unpack it 
(“tar xvfz DemoOGL.tar.gz”)

• Create a directory called “build” ( “mkdir build” )

• Load some necessary modules:
“module load spack”
“module load gcc”

• Load the Geant4 module: “module load geant4/10.5.1-gcc-11.2.0”

• Go inside “build” and type “cmake ..”

• Type “make”

• Launch the executable by typing “./simulation” 
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OGL

• Explore the GUI 

(namely the functions with the mouse right-click)

• Launch a simulation with 10 particles by typing: “/run/beamOn 10”

• Print all units defined in Geant4 for this simulation (command 
window: “/units/list”)

• Print all physics processes activated for this simulation (command 
window: “/process/list”) 
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HepRApp

• Download the compressed file called 
“DemoHepRApp.tar.gz” and unpack it 

(“tar xvfz DemoHepRApp.tar.gz”)

• Do the same steps as for the OGL and do ./simulation

• Notice the file *.heprep created in the build directory
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HepRApp
• Download the file “HepRApp_and_Java.tar.gz“

• Unpack the file (“tar xvfz HepRApp_and_Java.tar.gz”)

• Go to the folder java and type ./jre-6u38-linux-x64.bin

• Run HepRApp by typing: “/path/to/java -jar /path/to/HepRApp.jar“

• Tip: create an alias for HepRApp by editing your ~/.bashrc. 

• As an example, my alias is: 

alias hep=‘/path/to/java/jre1.6.0_38/bin/java -jar /path/to/HepRApp.jar’

• Change “/path/to/“ to the actual path in your computer. You can check it by using the
command “pwd“
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HepRApp

• Load the *.heprep file into HepRApp

• Explore the GUI (check right-click)

• Answer the following questions/do the steps: 
 the dimensions of the target cube and the radius of the sphere in its center
 remove the sphere (Detector) from the visualization and put it back in
 remove all tracks from the visualization and put them back in 
 the names of the volumes (solid name)
 the material name and the mass density of the volumes
 show only protons (PDG: 2212), only gammas (PDG: 22), only electrons (PDG: 11)
 show all particles having a kinetic energy between 1 and 10 MeV (caution: you 

must input a floating number) 
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HepRApp

• Answers: 

 Dimensions cube: 20x20x20 cm3

 Radius sphere: 5 mm

 Names of volumes: 

• World (G4_AIR, 0.00120479 g/cm3)

• Phantom (G4_WATER, 1.0 g/cm3)

• Detector (G4_WATER, 1.0 g/cm3)
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• Different levels of material description:
 Isotopes -> G4Isotope

 Elements -> G4Element

 Molecules -> G4Material

 Compounds and mixtures -> G4Material

Materials

• G4Isotope and G4Element describe properties of the atoms:
 Atomic number, number of nucleons, mass of a mole, shell energies etc

• G4Material describes macroscopic properties:

 Temperature, pressure, state, density etc

 G4Material is used by tracking, geometry and physics
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• User definition of a single-element material:

• User definition of a molecule material (by number of atoms):

Materials
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• User definition of a molecule material (by fraction of mass) 

• User definition of a mixture:

Materials
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• When necessary, define temperature and pressure:

• Absolute vacuum doesn’t exist. It’s a gas at a very low density (but non-zero)

Materials



• A handy alternative. Users can just call predefined materials from the 
NIST database:

• By including its header:
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Materials
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• NIST database contains elements with their natural abundancy:

Materials



• NIST database contains single element materials:
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Materials



• NIST database contains 

compound materials:
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Materials



• Materials task
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Materials



Materials

• Continue with the DemoHepRApp folder and open the file DetectorConstruction.cc
in the src folder

• Change the phantom material from “G4_WATER” to the ICRU definition of bone 
compact (check the correct name in the Geant4 Application Developers guide, 
section 11.6.2 NIST Compounds)

• Compile (“make”), run (“./simulation”) and update the view in HepRApp with the 
new file (if it was still open. If not, open HepRApp and load the *heprep file). Check 
if the changes are correct.

• Create a material called “StrangeWater” with the same composition as water but 
with a mass density of 0.8 g/cm3. Assign this material to Detector volume (look at 
the LogicalVolume of the detector volume).

• Compile (“make”), run (“./simulation”) and update the view in HepRApp with the 
new file (if it was still open. If not, open HepRApp and load the *heprep file). Check 
if the changes are correct.
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• In Geant4 geometry building is done in three conceptual steps:

(usually in DetectorConstruction and subclasses)

Geometry
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Solids
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Solids
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Solids
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Solids
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Solids
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Solids

For more info consult the 
Application Developers Guide
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• Logical volumes use the solid and add to it material and other attributes:

• One can also attach to it scoring and use it for defining the visualization 
characteristics

Logical volumes
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Visualization Attributes



• Single volumes are positioned relative to their mother volume:
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Placement



• Volumes form a tree-like hierarchical structure
 The root of the tree (mother of all other volumes is the world volume)

 Only one world volume, defines global coordinates (its center)

 Daughter volumes cannot be outside or protrude the world volume

30

• One logical volume can be placed many times

• There should be no overlapping

• In more advanced scenarios replicas and 

parameterization of volume placements can be used

Basic volume hierarchy
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Questions on geometry and materials?



• Getting help about Geant4 functions/classes:
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• Geometry task



Geometry

• Continue with the DemoHepRApp folder and open the file DetectorConstruction.cc
in the src folder

• Change the phantom size from 20x20x20 cm3 (XYZ) to 10x15x5 cm3 and move it 
forward (Z-direction) by 5 cm

• Compile, run and check with HepRApp

• Change the position of the detector volume the global position (1.0*cm, -5.0*cm, 
5*cm). REMEMBER: the coordinate system is with respect to the phantom!

• Compile, run and check with HepRApp

• Create a new volume called “SecondPhantom” with dimensions 10x10x10 cm3, 
made of G4_WATER (NIST) and positioned at (0, 0, 20*cm)

• Compile, run and check with HepRApp
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