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* Inthe main() the user can instantiate visualization

* Geant4 provides interfaces to a few graphics drivers:
» Dawn
»  Wired
» RayTracer
» OpenGL

» Heprapp
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. 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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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”)




LUDWIG-
MAXIMILIANS-
UNIVERSITAT
MONCHEN

* 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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* 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.

* Asanexample, 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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* 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)

VVVVYVYYVYYYVY




LUDWIG-
MAXIMILIANS-
UNIVERSITAT |
MONCHEN

* 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 -> G4lsotope
» Elements -> G4Element
» Molecules -> G4Material
» Compounds and mixtures -> G4Material

* G4lsotope 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

» GA4Material is used by tracking, geometry and physics



LUDWIG-

MAXIMILIANS-
UNIVERSITAT
MONCHEN

e User definition of a single-element material:

GAdouble z, a, density;

density = 1.390*g/cm3;

a = 39.95*%g/mole;

G4Material* 1Ar = new G4Material("liquidAr", z=18, a, density);

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

a = 1.91*g/mole;
G4AElement* elH = new G4Element("Hydrogen", symbol="H", z=1., a);

a = 16.00*g/mole;
G4Element* elO0 = new G4Element("Oxygen", symbol="0", z=8., a);

density = 1.000*g/cm3;

G4Material* H20 = new G4Material("Water", density, ncomponents=2);
H20->AddElement(elH, natoms=2);

H20->AddElement(el0, natoms=1);
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e User definition of a molecule material (by fraction of mass)

a = 14.01*g/mole;

G4AElement* elN = new G4Element(name="Nitrogen",symbol="N", z= 7., a);
a = 16.00*g/mole;
GAElement* el0 = new G4Element(name="Oxygen",symbol="0", z= 8., a);

density = 1.290*mg/cm3;

G4AMaterial* Air = new G4Material(name="Air", density, ncomponents=2);
Air->AddElement(elN, 70.@*perCent);

Air->AddElement(elO, 3@.0*perCent);

e User definition of a mixture:

G4Element* elC = ..; // define “carbon” element
GAMaterial* Si02 = ..; // define “quartz” material
G4Material* H20 = ..; // define “water” material

density = ©.200*g/cm3;

G4AMaterial* aerogel = new G4Material("Aerogel”,

density, ncomponents=3);
aerogel->AddMaterial (Si02,fractionmass=62.5*perCent);
aerogel->AddMaterial (H20, fractionmass=37.4*perCent);
aerogel->AddElement (elC, fractionmass= @.1*perCent);
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*  When necessary, define temperature and pressure:

G4double density = 27. * mg/cm3;
G4double temperature = 325. * kelvin;
G4double pressure = 50. * atmosphere;

G4Material* C02 = new G4Material("C02Gas", density,
ncomponents=2, kStateGas, temperature, pressure);

C02->AddElement(C, natoms = 1);

C02->AddElement (0, natoms = 2);

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

G4Adouble atomicNumber = 1.;

G4A4double massOfMole = 1.008*g/mole;

G4double density = 1.e-25%g/cm3;

GAdouble temperature = 2.73*kelvin;

G4double pressure = 3.e-18*pascal;

G4Material* Vacuum = new G4Material("interGalactic”,
atomicNumber, massOfMole, density,
kStateGas,temperature, pressure);
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A handy alternative. Users can just call predefined materials from the
NIST database:

G4NistManager* manager = G4NistManager::Instance();

G4AMaterial* H20 = manager->FindOrBuildMaterial ("G4 WATER");
G4AMaterial* air = manager->FindOrBuildMaterial ("G4 AIR");
G4AMaterial* vacuum = manager->FindOrBuildMaterial("G4 Galactic");

By including its header:

= G4NistManaﬁer.hh
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NIST database contains elements with their natural abundancy:

z A m error (%) Pogr

14 si 22 22.83453 (22) 28.8855(3)
23 23.82552 (21)
24 24.811546 (21)
25  25.804107 (11)
26 25.992330 (3)
27 26.98670476 (17)
28 27.9769265327 (20) 92.2297 (7)
29  28.97649472 (3) 4.6832 (5)
38 29.97377022 (5) 3.0872 (5)
31 308.97536327 (7)
32 31.9741481 (23)
33 32.978@01 (17)
34  33.978576 (15)
35 34.984580 (40)
36  35.98669 (11)
37 36.99300 (13)
38 37.99598 (29)
39 39.90230 (43)
40 40.00580 (54)
41 41.01270 (64)
42 42.01618 (75)
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* NIST database contains single element materials:

#i##  Elementary Materials from the NIST Data Base

Z Name ChFormula density(g/cm™3) I(eV)
1 G4 H H 2 8.3748e-05 19.2
2 G4_He 9.00808166322 41.8
3 G4 Li 8.534 48
4 G4_Be 1.848 63.7
5 G4 B 2.37 76
6 G4C 2 81
7 G4 N N 2 8.0811652 82
8 G4 0 0 2 @8.88133151 95
g G4 F 9.08158029 115
18 G4_Ne 9.2088838585 137
11 G4 Na 8.971 149
12 G4_Mg 1.74 156
13 G4 Al 2.6989 166
14 G4 51 2.33 173
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NIST database contains

### Compound Materials from the NIST Data Base

compound materials: NName ChFormula

density(g/cm”3) 1(eV)

1
6
T
8
11
12
15
16
17
19
20
26
30
4 G4_Air
5]
T
a8

2 G4_Csl

13 G4_Adipose_Tissue

0.119477
0.63724
0.00797
0.232333
0.0005
2e-05
0.00016
0.00073
0.00119
0.00032
2e-05
2e-05
2e-05

0.000124
0.755268
0.231781

18 0.012827

53 047692
55 0.52308

0.92

63.2

0.00120479 85.7

4.9




Materials

Materials task
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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)
- G4VSolid: shape, size

- G4lLogicalVolume: material, sensitivity, magnetic field, etc.

- G4VPhysicalVolume: position, rotation

G4Vsolid. | G4logicalVolume | | G4VPhysicalVolume
GABox G4Material G4VisAttributes || GapvPlacement
G4Tubs G4VSensitiveDetector G4PVParameterised
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« Basicstrategy Solid : shape and size

G4VSolid* pBoxSolid =
new G4Box("aBoxSolid",

1.*m, 2.*m, 3.%*m);
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Basic strategy

G4AVSolid* pBoxSolid =
new G4Box("aBoxSolid",

1.*m, 2.*m, 3.*m);

Logical volume :
+ material, sensitivity, etc.

G4lLogicalVolume* pBoxLog =
new G4lLogicalVolume( pBoxSolid,

pBoxMaterial, "aBoxlLog", @, 0, 0);
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. Ba._s,}t'f.strategy Physical volume :

r + rotation and 1r.:t05|t|0n
o SAVSOLIAY PBOXSOLIIA = £ oeeeeeeeeeeeeeeeeseeessesessessesyEESEEEEETD

new G4Box("aBoxSolld“E
1.*%m, 2.*m, 3.*m); '

“G4logicalVolume*” pBoxLog
new G4Log1ca1Volumg( pBoxSolld
pBoxMaterial, " aBoxLog , 0, 0, 9);

G4VPhysicalVolume* aBoxéhys =
new G4PVPlacement(pRotation,

GAThreeVector(posX, posY, posZ), pBoxlLog,
"aBoxPhys", pMotherLog, @, copyNo);
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GABox(const GAString& pname, // name

G4double
G4double
G4double

pX, // half-length in X
pY, // half-length in Y
pZ, // half-length in Z);

Note the half-length!
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G4Tubs(const G4String&
G4double
G4double
G4double
G4double
G4double

pname,
pRmin,
pRmax,
pDz,
pSphi,
pDphi);

/!
/!
/!

/!
/!

name

inner radius (0)
outer radius

Z half! length
starting Phi (0)
segment angle (twopi)
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G4Para
(parallelepiped)

G4Torus

For more info consult the
Application Developers Guide

G4Sphere
(full solid sphere)
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e Logical volumes use the solid and add to it material and other attributes:

GALogicalVolume(G4VSolid* pSolid,
G4Material* pMaterial,
const GAString& name,
G4FieldManager* pFieldMgr=0,
G4VSensitiveDetector* pSDetector=0,
G4UserLimits* pULimits=0,
G4bool optimise=true);

* One can also attach to it scoring and use it for defining the visualization
characteristics
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« Instance of G4VisAttributes class assigned

to a logical volume
— visible / invisible

— colour as G4Colour instance

- solid / wireframe

/-

G4LogicalVolume* myLog = new G4lLogicalVolume(...);
G4VisAttributes* red = new G4VisAttributes(G4Colour::Red());
red->SetVisibility(true);

red->SetForceSolid(true);

myLog->SetVisAttributes(red);

/...

G4VisAttributes* blue = new G4VisAttributes(G4Colour::Blue());
blue->SetVisibility(true);

blue->SetForceWireframe(true);

myLog->SetVisAttributes(blue);
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Single volumes are positioned relative to their mother volume:

G4PVPlacement(G4RotationMatrix* pRot, // rotation of mother frame
const G4ThreeVector& tlate, // position in mother frame
G4LogicalVolume* pCurrentLogical,
const G4String& pName,

G4LogicalVolume* pMotherlLogical,

G4bool pMany, // not used. Set it to false..
G4int pCopyNo, // unigue arbitrary index

G4bool pSurfChk=false ); // optional overlap check

« Single volume positioned relatively to the mother volume (passive transformation)

Mother volume

. _snmot
trar\s\at\on inm
frame

v
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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)

SR EEEEAEEEEIEEEEEEEEEEEEREEREEEE

» Daughter volumes cannot be outside or protrude the world volume

* One logical volume can be placed many times

 There should be no overlapping

* In more advanced scenarios replicas and g g

parameterization of volume placements can be used
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Questions on geometry and materials?
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* Getting help about Geant4 functions/classes:
Main Page | Namespaces | Data Structures | Files ‘

| Alphabetical List | Data Structures | Class Hierarchy | Data Fields |

#include <G4Box.hh>

G4Box Class Reference

Inheritance diagram for G4Box:

G4V Solid
G4CSGSolid

Public Member Functions

virtual
void
Gdbool
Gddouble
G4double
G4double
void

void

void
Gddouble
G4double
Elnside
GAThreeVector
G4double
G4double
Gddouble

Gadoubl

G4Box (const G4String &pName, Gddouble pX, Gddouble pY, Gddouble p7)
~GdBox ¥]

(GAVPVFE *p. const G4int n, const G4VPhysicalVolume *pRep)
CnlculaleEmenl (const EAxis pAxis, const G4VoxelLimits &pVoxelLimit, const G4AffineTransform &pTransform, G4ddouble &pmin, G4double &pmax) const
GetXHalfLength () const
GetYHalfLength () const
GetZHalflength () const
SetXHalflLength (Gddouble dx)
SetYHalfLength (Gddouble dy)
SetZHalfLength (G4double dz)
GetCubicVolume ()
GetSurfaceArea ()
Inside (const GAThreeVector &p) const
SurfaceNormal (const G4ThreeVector &p) const
DistanceToln (const G4ThreeVector &p. const GAThreeVector &v) const
DistanceToln (const G4ThreeVector &p) const
DistanceToOut (const G4ThreeVector &p, const G4ThreeVector &v, const G4bool calcNorm=false, G4bool *validNorm=0, G4ThreeVector “n=0) const

GAGeometry Type
G4ThreeVector
G4VSolid *
std::ostream &
void
G4VisExtent
G4Polyhedron *
GANURBS *

Dist; ToOut (const GAThreeVe &p) const
GetEntity Type () const

GetPointOn Surface () const

Clone () const

Streamlnfo (std::ostream &os) const
DescribeYourselfTo (G4VGraphics Scene &scene) const
GetExtent () const

CreatePolyhedron () const

CreateNURBS () const
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* Geometry task
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. 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



