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$ ssh—Y muon02 (guestLl¥t [Emuon01~06MDENTHELY, -Y AT a3 phiA)

# UTOaITUREEST \
# add QT4 path

S source /data/g4/4.9.5p01/g4env.sh export PATH=SPATH:/usr/lib64/
qt4/bin:/data/g4/

(.bashrc[ZEWVTEHLELY)

# add CMake path

export PATH=SPATH:/data/g4/
cmake-2.8.8-Linux-i386/bin

GAZEELE AL, BICZOEEMN # source G4 env
WHhE source /data/g4/install/bin/

geant4.sh




JEE 1:exampleT4LIR)ZR DT &S

[hoshina@muon02 ~]$ cd /data/gd/ <HEBFT4LIMN) . £ETHO/—FMBRZ5
[hoshina@muon02 g4]S Is

4.9.5p01 cmake-2.8.8-Linux-i386 cmake-2.8.8-Linux-i386.tar.gz
HOWTO_INSTALL G4.txt <« B TAVAR—JLLIzL AlFAppendixzSER

[hoshina@muon02 g4]S cd 4.9.5p01/

[hoshina@muon02 4.9.5p01]S Is

geant4.9.5.p01 geant4.9.5.p01.tar.gz install RHELS
Msource77A )L INAFYN  PNEILRTALIRY

[hoshina@muon02 4.9.5p01]S cd install/share/Geant4-9.5.1/examples/
[hoshina@muon02 examples]S Is
advanced basic CMakelLists.txt extended GNUmakefile History novice README

[hoshina@muon02 examples]S$ cd novice/NO1/

[hoshina@muon02 NO1]S Is

CMakelists.txt exampleNO1l.err exampleNO1.out History README
exampleNOl.cc exampleNO1l.in GNUmakefile include src
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JEE 2:NO1Za /N1 )L

#tworkTAL IR DERLEY —RADOE—
[guest@muon06 users]$ mkdir /data/users/ (L—H—4%)
[guest@muon06 users]S$ cd /data/users/(1—H —%)
[guest@muon06 guest]S cp -rp /data/g4/4.9.5p01/install/share/Geant4-9.5.1/
examples/novice/NO1 .

[guest@muon06 guest]S mkdir NO1-build
[guest@muon06 guest]S Is

NO1 NO1-build

#)—ADOa /N1 )L

[guest@muon06 guest]S cd NO1-build/

[guest@muon06 NO1-build]S cmake ../NO1

-- The C compiler identification is GNU 4.1.2

[guest@muon06 NO1-build]S make
Scanning dependencies of target exampleNO1

#7095 LEST
[guest@muon06 NO1-build]S ./exampleNO1



NO1DmainZ 849 5.1

$ less /data/users/(1—H—%4)/N01/exampleNO1.cc
int main()

{

// Construct the default run manager
//

G4RunManager* runManager = new G4RunManager;

// set mandatory initialization classes

//

G4VUserDetectorConstruction* detector = new ExNO1DetectorConstruction;
runManager->SetUserlInitialization(detector);

//

G4VUserPhysicsList* physics = new ExNO1PhysicsList;
runManager->SetUserlnitialization(physics);

// set mandatory user action class

//

G4VUserPrimaryGeneratorAction* gen_action = new ExNO1PrimaryGeneratorAction;
runManager->SetUserAction(gen_action);



3DDISA

G4VUserDetectorConstruction D\BIiIRELT-
ExNO1DetectorConstruction

- MIADEE

G4VUserPrimaryGeneratorAction M oikR&E L 1=
EXNO1PrimaryGeneratorAction

— geantino M F &+

G4VUserPhysicsList M oiJk4E L7T= ExNO1PhysicsList
- METOLIPHFDES

Go Iwai (KEK/CRC)
2010 12 07_0920_1050_Environment
_Set-up_and_Geant4_Installation.pptx
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i8I H=0HIC

o GBREI(L)exampleNOl.cc D main() BAEIAT
TWVET

/] FURAF—v—DEE. XA >THRERITHET
G4RunManager* runManager = new G4RunManager();

/] WE DX ANIZTERLIZVTADE R
runManager->SetUserInitialization(new ExN@l1lDetectorConstruction());

/] B[ FRATAYMEBITOLREEELE-I95ADELE

runManager->SetUserInitialization(new ExNO1PhysicsList());

/] WAV ANEDIBFRYEERLIZIVSADEK
runManager->SetUserAction(new ExNO1PrimaryGeneratorAction()); o)
e Go Iwai (KEK/CRC)

2010 _12 07_0920_1050_Environment
_Set-up_and_Geant4_Installation.pptx




Go Iwai (KEK/CRC)
2010_12 07_0920_1050_Environment_Set-
up_and_Geant4 Installation.pptx

GeantdMWMRET HIL—LT—7

G4RunManager
G e a nt4 ﬁﬁ % % 0) void SetUserlnitialization(G4VUserDetectorConstruction*)
1E ﬁ void SetUserlnitialization(G4VUserPhysicsList*)
E F void SetUserAction(G4VUserPrimaryGeneratorAction*)
G4VUserDetectorConstruction G4VUserPhysicsList G4VUserPrimaryGeneratorAction
virtual G4VPhysicalVolume* Construct() =0 virtual void ConstructParticle() =0 virtual void GeneratePrimaries(G4Event* anEvent) =

virtual void ConstructProcess() = 0
virtual void SetCuts() =0

= = =




ZERR

/] —BY., BENEDOof=6 IFELTYS

runManager->Initialize();

/] A—HF—ABA—TI—A~DRALE%EESTLD
G4UImanager* UI = G4UImanager::GetUIpointer();

[/ ARVEERITI D CNIEEKREDEL G TEFAZL
UI->ApplyCommand("/run/verbose 1");
UI->ApplyCommand("/event/verbose 1");
UI->ApplyCommand("/tracking/verbose 1");
UI->ApplyCommand("/run/beamOn 3");

/] BRIZSUIAR—Vv—ZHLTRS, CDESHFELI-VIALHEIND
delete runManager;
G

Go lwai (KEK/CRC)
2010 _12 07_0920_1050_Environment
2004,/09/10,17,27 C++/Geanta tutorial | | _Set-up_and_Geant4_Installation.pptx




GNUmakefile
— gmake FH® Makefile

— XEMLEREN TS
— WEEZD AR L gmake & make D

exampleNO@1l.cc

— main() BAEIERL \

— RunManager~MYIZAX Tz V&K
include

— DSADANYZ T7AILEEL

— ExN@1DetectorConstruction.hh

— ExNO1PrimaryGeneratorAction.hh
— ExXNO1PhysicsList.hh

src

— DS2ADEREIT7AINZTEL

— ExNO@1DetectorConstruction.cc

— ExNO@1PrimaryGeneratorAction.cc

— ExXNO1PhysicslList.cc

Version 4.9.5H/ 5CmakelZZE

Go lwai (KEK/CRC)
2010 _12 07_0920 1050 Environment
_Set-up_and_Geant4_Installation.pptx
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Peter Gumplinger (TRIUMF)
2010 _12 07 _1340_1410_OnlineDocEx

amples.ppt

hard coded batch, only
mandatory user classes

single element material, fixed
geometry (GSG solids,
G4PVPlacement without
rotation)

incident particle is a geantino

only Transporation and no
physics interactions,
G4ParticleGun

no magnetic field

Novice Example NO1

20



Peter Gumplinger (TRIUMF)
2010_12 07_1340_1410_OnlineDocEx

amples.ppt

)

Novice Example NOZ2

interactive/batch mode

simplified tracker geometry
(parameterized volumes), mixtures
and compound elements

all EM processes + decay included
for vy, charged leptons and charged
hadrons

uniform magn. Field, stack control
detector response (SD/Hits)

. trajectories and chamber hit
collections may be stored

Visualization of detector and event
Command interface introduced

21



Peter Gumplinger (TRIUMF)
2010_12 07_1340_1410_OnlineDocEx

amples.ppt

4

®

&

&

Novice Example NO3

Sampling calorimeter with layers of Pb
absorber and liquid Ar detection gaps
(replicas)

Automatic initialization of geometry
via macro file (command interface)

Exhaustive material definitions
Randomization of incident beam

All EM processes + decay, with
separate production cuts for vy, e+, e-
(use for shower studies)

Detector response: E deposit, track
length in absorber and gap

Visualization tutorial
Random number seed handling

[
:

AN

22



Peter Gumplinger (TRIUMF)
2010_12 07_1340_1410_OnlineDocEx

amples.ppt

4

|73l
)

¥

Novice Example NO4

simplified collider detector

. all kinds of volume definitions
. Readout geometry

events from PYTHIA primary
generator (HEPEvtinterface)
full set of EM + hadronic processe

non-uniform magn. field

event filtering by using stacking
mechanism

defined user commands

23



2010 12 07 1340 1410 OnlineDocEx
amples.ppt

D Peter Gumplinger (TRIUMF)

Novice Example NO5

m Fast simulation with parameterized showers
ghost volume for shower parametrisation
EM showers (derived from G4VFastSimulationModel)

m EM physics only
Use of G4FastSimulationManagerProcess
simplified collider detector geometry
drift chamber

EM, hadronic calorimeter

° sensitive detector



Peter Gumplinger (TRIUMF)
2010_12 07_1340_1410_OnlineDocEx

amples.ppt

Novice Example NO6

¥} Water Cerenkov detector with air
“bubble”
¥ Materials
e specification of optical
properties
e specification of scintillation
spectra
¥ Physics
e Optical processes

® Generation of Cerenkov
radiation, energy loss collected
to produce scintillation photons

® Random number engine

25



1 Novice Example NO7

m 3 simplified sandwich

Peter Gumplinger (TRIUMF)
2010 _12 07_1340_1410_OnlineDocEx

amples.ppt
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scoring (primitive scorer and
filters)

m Run-based (as opposed to
event-based) hit accumulation
rebuilding world (dynamic
geometry setups between

runs)
geometrical region using

production cuts for each
G4Region

calorimeters

action
m changing geometries without

m Derived run class and run
m cylindrical ghost volume for
m setting different secondary



SHE3:BATNOIZOaV/N(JL

« WEFTOERZHYRLT, BAATNO3ZD
= — O INI)LLTHTTELY,

e AN TE=H LLTOaATUREITST
HED,

S ./exampleNO3
(D4R OD LD T, BEE FDSessionDECAIZLLTNDATUREA L

/control/execute run2.mac

(o =bexitE ANITNIETTOTSLIKT)

$ ./exampleNO3 run2.mac (batchE—KRTEIMNT Ai%)
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— Naming Convention BME—SNTHELHI | fAIAT '37
AVNT AN ERLEDONE RS T TILE R 4
— B TELEZ(E. Naming ConventionZF RO LS !

s B TIL—ILEHEBIVLEILTLL BRICHAELDEAHWNSD
MNEFEE

- protected)‘//(—liﬁ__ij] ZLEW(hTEILk)
FRDMADNFTATHRNSTOT T LEECED,
INT ’&JIb‘d’fiEEIJ’C‘dT—L%ioT— S THA
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Naming Convention D5

ROOTA = (Quasi-Hungarian)

— O—AILZERIIETINXFIRZFEY

— T—RAVNEETHfieldDE)TIEFEY . TORDXFIELT KXF

— JO—N\IILEHIIgTIHFEY., ZORIIHT KXF

— THUIKTIHEY., ZORIIDHT KXF

— FLLIEXLL T2 S Bhttp://root.cern.ch/drupal/content/c-coding-conventions

C++ Standard Library
— B—ALERITNXFOH, EOET7F—RAF7TES
— T—AAVNFEHEDRRIC_(FoF—RaT7)&2IT5

— =L, JRBIZ. (FITILTFUA—RA7) . BBIZ + KXZF. X FHELDTHE
ALZEWWZ &M value_, Valiue)

C+H+DiZE, A—F—IMEDEABIEEICAXFIREYITT 57 —AA LY
Uavald 3 /NXCFIRFEY THEWEWTEL, ELVOEEBDRFYLRH LD T,
JavaB B DO ADOA—FIZZDORY TIEXZLLY, )

(FEER E)O—NILER, T—FA /N ERFFT7O0—/N\ILEH. D=1
FEOWEERATZITTHMNSIIINLTEL =AM, WAWLWAEFITT,



74V EHDRER

+ WebTRELTHELA, RyhD—oMNBASLL
DI=DITEFRHBEBERAVITINMEZ S,

S export G4SOURCES=/data/g4/4.9.5p01/geant4.9.5.p01/
$ /data/g4/utils/findG4file [fRFRE T 71 )L XF 5]
S /data/g4/utils/findG4text [¥& 3R X F 5[]

o ¥ [IEAGLD WINEEBRIVTFETODT R
RXFID—EZHEELTHXL,

* GASOURCESIRIBRZE M ZHRTE T DMEMNDH D REIL,
SG4SOURCESELFLMMTHZELY,

e HHDSHOME/binZEEIZaE—LTHERAT,




NO3Z {5l =8I ...

s RHBWETEET HV7X
— NO3/include/DetectorConstruction.hh

#include "G4VUserDetectorConstruction.hh"
#include "globals.hh”

class DetectorConstruction : public G4VUserDetectorConstruction

{

e G4VUserDetectorConstructionZ k& L75<T
FOACEY A RN




G4VUserDetectorConstruction

// $1d: G4¥lserDetectorConstruction.hh,v 1.4 2001/07/11 10:08:33 gunter Exp $
7/ GEANT4 tag $Name: geant4-08-00-patch-01 $

£
#1fndef G4VUserDetectorConstruction_h
#define G4VUserDetectorConstruction_h 1 Makoto Asai (SLAC)
2010_12 08 0910_1050_Geometryl.p

class G4VPhysicalVYolume; B

// class description:

Vs

/7 This 1s the abstract base class of the user's mandatory 1nitialization class

// for detector setup. It has only one pure virtual method Construct() which is

/7 invoked by G4RunManager when it's Initialize() method is invoked.

/7  The Construct() method must return the G4VPhysicalVolume pointer which represents
// the world volume.

s

class G4VlUserDetectorConstruction
{
public:
G4VUserDetectorConstruction();
virtual “G4VUserDetectorConstruction();

public:
virtual G4VPhysicalVolume* Construct() = 0;

3

#endif | Construct() should return the pointer of the world physical
volume. The world physical volume represents all of your
geometry setup.

Geometry I — M.Asai (SLAC) 33



Describe your detector

Derive your own concrete class from G4VUserDetectorConstruction
abstract base class.

2010_12 08 0910 _1050_Geometryl.p
pt

Implement the method Construct() Makoto Asai (SLAC)
1) Construct all necessary materials

2) Define shapes/solids

3) Define logical volumes

4) Place volumes of your detector geometry
5) Associate (magnetic) field to geometry

6) Instantiate sensitive detectors / scorers and set them to corresponding
volumes

7) Define visualization attributes for the detector elements
8) Define regions
Set your construction class to G4RunManager

It is suggested to modularize Construct() method w.r.t. each
component or sub-detector for easier maintenance of your code.



NO3 D BE £ (—&R)

void SetAbsorberMaterial (G4String);
void SetAbsorberThickness(G4double);

void SetGapMaterial (G4String); @&f*‘)?}'}lﬂ)?&:zpp
void SetGapThickness(G4double); 7’(3/%—53527?.7‘_:“1@"3?)
void SetCalorSizeYZ(G4double); T:&')O\??‘EE\\@ZK@IL\UIQ
void SetNbOfLayers (G4int); N—F3—FTHRL)
void SetMagField(G4double);
G4VPhysicalVolume* Construct(); OB TOAANIDES
[T EERZ D

void UpdateGeometry();

private:
vo!d DefineMaterials(); Construct()(D B CIE(E
void ComputeCalorParameters(); nz

G4VPhysicalVolume* ConstructCalorimeter();



MaterialZz E &L LD(1)

* NO3/src/DetectorConstruction.ccz R 5%
« BIERATHEZIEINT HUZFEDITS

void DetectorConstruction::DefineMaterials()

{

G4String symbol; //a=mass of a mole;

G4double a, z, density;  //z=mean number of protons;
G4int iz, n; //iz=number of protons in an isotope;

// n=number of nucleons in an isotope;

// Element® & &

G4Element* H = new G4Element("Hydrogen",symbol="H", z= 1., a= 1.01*g/mole);
G4Element* C = new G4Element("Carbon" ,symbol="C", z= 6., a= 12.01*g/mole);

G4Element* N = new G4Element("Nitrogen",symbol="N", z= 7., a= 14.01*g/mole);
G4Element* O = new G4Element("Oxygen" ,symbol="0", z= 8., a= 16.00*g/mole);
G4Element* Si = new G4Element("Silicon",symbol="Si" , z= 14., a= 28.09*g/mole);



BEAI[ZDUL\T

e GeantADRNEPEGIZEHE ST . BUEZ
RKATHEESIEINT BEfiLEE YT,

« HAIDHTAIL., F*H 4L,
o X HHE{IIEGAUnitsTable.cclZE &,
« G4UnitsTable.ccZIELTH &,

S export GASOURCES=/data/g4/4.9.5p01/geant4.9.5.p01/
S /data/g4/utils/findGA4file G4UnitsTable.cc



MaterialZz E &L LD(2)

* Elementh o F&{ES

G4MaterialZznew T{ES & HEIRIIZGARBZRD
Material D) AMZ& xS N 5,

G4Material* Si02 =  //{E &

new G4Material("quartz",density= 2.200*g/cm3, ncomponents=2);
SiO2->AddElement(Si, natoms=1);

SiO2->AddElement(O, natoms=2);

G4Material* Air = /| iBEEY

new G4Material("Air" , density= 1.290*mg/cm3, ncomponents=2);
Air->AddElement(N, fractionmass=0.7);

Air->AddElement(O, fractionmass=0.3);

COfIEa—FE=SH,



« K(Fe)ZEET B
— /=26
— A =55.847
— density = 7.87 g/mol

¢ Compile L’CrunLT:BFeﬁ§JbZ%)75\ ?




Detectorz{EAD

F9H > G4AVSolidDFISX

RIZME - GA4logicalVolume

XZIZHIE - G4AVPhysicalVolumeDFI5 X
MEDREIL. BICZDHNEIZHDIDFA AR D
LogicalVolume D NEPEZERTERIND

— & MElD Volumeld”World”

C*L13J~|3§1 5’\0_:) Makoto Asai (SLAC)

2010_12_08_0910_1050_Geometryl.p
pt




Define detector geometry

Basic strategy ......................... I:b'él'éé;l ypllgﬁgepe ands,ze ....................... ’
G4VSolid* pBoxSolid = + material, sensitivity, etc. :
new G4B9§f‘( “aBoxSolid”, A / "..*”
,o"i .*m, 2.%*m, 3.*m); ‘."‘

A EEEEEEEE N NN NN NN NN NN NN NN NN NN NN NN NN EEEEEEEEEN LR R REREER] REEREERE LR EREY]  FEN] RENY

G4LogicalVolume* pBoxLog =

new :134LogicalVolume( pBoxSolid, / :
" Physical volume :

pB'beaterial, “aBoxLog”, O, O,E 0),. ) : .
: P + rotation and position

G4VPhy'sica1Volume* aBoxPhys

............................................... ;"..............................................E..........;
new G4PVPlacement( pRotation, . -

G4-ThreeVector(posX posY posZ),

poxLog, “aBoxPhys”, pMotherLog,
0,: copyNo) ; : B
A volume s placed in its mother volume. Position arid rotation of the daughter volume is descriped

with respect to the local coordinate system of the mother volume. The origin of mother volume’s

local coorciinate system is at the center of the mother volume. -

— Daug hter volume cannot protrude from mother volume.
Geometry I — M Asai (SLAC) 41



Geometrical hierarch

* One logical volume can be placed more
than once. One or more volumes can be
placed to a mother volume.

* Note that the mother-daughter
relationship is an information of
G4LogicalVolume.

— |If the mother volume is placed more than

once, all daughters are by definition appear
in all of mother physical volumes.

* The world volume must be a unique
physical volume which fully contains all the
other volumes.

— The world volume defines the global
coordinate system. The origin of the global

coordinate system is at the center of the
world volume.

— Position of a track is given with respect to
the global coordinate system.

¢

]

Geometry I — M.Asai (SLAC) 42



Solids

» Solids defined in Geant4:
» CSG (Constructed Solid Geometry) solids
» G4Box, G4Tubs, G4Cons, G4Trd, ...
» Analogous to simple GEANT3 CSG solids
» Specific solids (CSG like)
» G4Polycone, G4Polyhedra, G4Hype, ...
» BREP (Boundary REPresented) solids

» GABREPSolidPolycone, G4BSplineSurface, ...

» Any order surface
» Boolean solids

» G4UnionSolid, G4SubtractionSolid, ...

Geometry I — M.Asai (SLAC) 43



CSG: G4Box, G4Tubs

G4Box (const G4String &pname, // name
G4double half x, // X hali
G4double half y, // Y half
G4double half z); // Z half

G4Tubs (const G4String &pname, // name
G4double pRmin, // inner
G4double pRmax, // outer 1w
G4double ©pDz, // Z hali
G4double pSphi, // start!
G4double pDphi); // segmer

!I
[

e e e

Geometry I — M.Asai (SLAC) 44




G4Para
(parallelepiped)

G4Torus

Consult to
Section 4.1.2 of Geant4 Application
Developers Guide for all available shapes.

45



Specific CSG Solids: G4Polycone

G4Polycone (const G4Stringé&
pName,

G4double phiStart,

G4double phiTotal,

G4int numRZ,
const G4double r][],
const G4double 2z

[1):

e numRZ - numbers of cornersinthe r, z
space

« r, z-coordinates of corners
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Other Specific CSG solids

G4Hype

G4Tet
(tetrahedra)
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BREP Solids

BREP = Boundary REPresented Solid

Listing all its surfaces specifies a solid

— e.g. 6 planes for a cube

Surfaces can be

— planar, 2" or higher order
* elementary BREPS

— Splines, B-Splines,
NURBS (Non-Uniform B-Splines)
e advanced BREPS

Few elementary BREPS pre-defined

— box, cons, tubs, sphere, torus, polycone,
polyhedra

Advanced BREPS built through CAD systems
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Boolean Solids

» Solids can be combined using boolean operations:

4

4

G4UnionSolid, G4SubtractionSolid, G4IntersectionSolid

Requires: 2 solids, 1 boolean operation, and an (optional) transformation for the 2@
solid

2" solid is positioned relative to the coordinate system of the 15t solid

Result of boolean operation becomes a solid. Thus the third solid can be combined to
the resulting solid of first operation.

» Solids to be combined can be either CSG or other Boolean solids.

» Note: tracking cost for the navigation in a complex Boolean solid is proportional to the
number of constituent CSG solids

G4UnionSolid G4SubtractionSoli G4IntersectionSolid
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Boolean Solids - example

G4VSolid* box = new G4Box (“Box",50*cm, 60*cm,40*cm) ;
G4VSolid* cylinder
= new G4Tubs(“"Cylinder”,0.,50.*cm,50.*cm,0.,2*M PI*rad);
G4VSolid* union
= new G4UnionSolid ("Box+Cylinder", box, cylinder);
G4VSolid* subtract
= new G4SubtractionSolid ("Box-Cylinder", box, cylinder,
0, G4ThreeVector(30.*cm,0.,0.));

G4RotationMatrix* rm = new G4RotationMatrix () ;
rm->RotateX (30. *deqg) ;
G4VSolid* intersect

= new G4IntersectionSolid("Box&&Cylinder",

box, cylinder, rm, G4ThreeVector(0.,0.,0.));

» The origin and the coordinates of the combined solid are the same as those of the first
solid.



G4LogicalVolume

G4LogicalVolume (G4VSolid* pSolid,
G4Material* pMaterial,
const G4String &name,
G4FieldManager* pFieldMgr=0,
G4VSensitiveDetector* pSDetector=0,
G4UserLimits* pULimits=0) ;

* Contains all information of volume except position and rotation

— Shape and dimension (G4VSolid)

— Material, sensitivity, visualization attributes
— Position of daughter volumes
— Magnetic field, User limits, Region
* Physical volumes of same type can share the common logical volume object.
* The pointers to solid must NOT be null.
* The pointers to material must NOT be null for tracking geometry.
* |tis not meant to act as a base class.
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Physical Volumes

* Placement volume : it is one positioned volume

— One physical volume object represents one “real”
volume.

* Repeated volume : a volume placed many times

— One physical volume object represents any number
of “real” volumes.

— reduces use of memory.

placement
— Parameterised
- repetition w.r.t. copy number
— Replica and Division
y _/
- simple repetition along one axis .'

y /7
« A mother volume can contain either .’.’
— many placement volumes

— or, one repeated volume repeated
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Physical volume

G4PVPlacement 1 Placement = One Placement Volume
— A volume instance positioned once in its mother volume

G4PVParameterised 1 Parameterized = Many Repeated
Volumes

Parameterized by the copy number

* Shape, size, material, sensitivity, vis attributes, position and rotation can be
parameterized by the copy number.

* You have to implement a concrete class of G4VPVParameterisation.
Reduction of memory consumption
Currently: parameterization can be used only for volumes that either

a) have no further daughters, or
b) are identical in size & shape (so that grand-daughters are safely fit inside).
By implementing G4PVNestedParameterisation instead of

G4VPVParameterisation, material, sensitivity and vis attributes can be
parameterized by the copy numbers of ancestors.
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Physical volume

G4PVReplica 1 Replica = Many Repeated Volumes
— Daughters of same shape are aligned along one axis
— Daughters fill the mother completely without gap in between.

G4PVDivision 1 Division = Many Repeated Volumes
— Daughters of same shape are aligned along one axis and fill the
mother.

— There can be gaps between mother wall and outmost daughters.
— No gap in between daughters.

G4ReflectionFactory 1 Placement = a pair of Placement
volumes

— generating placements of a volume and its reflected volume

— Useful typically for end-cap calorimeter

G4AssemblyVolume 1 Placement = a set of Placement
volumes

— Position a group of volumes
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« RIFDIEEE
¢ E—LDRKESDOH. FAGE
e G4VUserPrimaryGeneratorActionZ#£ & L TIES

Sless NO3/src/PrimaryGeneratorAction.cc

* G4ParticleGunlZ \\G4VPr|maryGenerator7éﬁ"|J_|=7*<L
T2 —Y—9SAD—DIED T, w3 L
HLINFFEHLELLTHELL, (B T—hoE—LA
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GeneratePrimaryBE &, 1A/ R M Z1EIFEE NS

&% 1% [ZparticleGun- >GeneratePr|maryVertex(anEvent)é’ﬂ?a\$f A
§T*.L?7fﬂ‘l:")|~'§?hé(% [£G4ParticleGun.ccZ B &)

=1L 1ARUVFATELGS IR FOEREHEZOUWMERIT.
G4ParticleGunTIEH M TELZ VD T. BHTE — LIS REELA
E (A=Y A AW

void PrimaryGeneratorAction::GeneratePrimaries(G4Event™ anEvent)

{

}

//this function is called at the begining of event

//
G4double x0 = -0.5*(Detector->GetWorldSizeX());

G4double y0 = 0.*cm, z0 = 0.*cm; — DER THI
if (rndmFlag == "on" FDFELFDOT
{yO = (Detector->GetCalorSizeYZ())*(G4UniformRand()-0.5); RILxX—.H

= (Detector->GetCalorSizeYZ())*(G4UniformRand()-0.5); [ ASTHIE
} ’E (AR E
particleGun->SetParticlePosition(G4ThreeVector(x0,y0,z0)); DEZI-YT
hli\ A=
particleGun->GeneratePrimaryVertex(anEvent); Sa—F>E—
LBENS
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EventAction

class EventAction : public G4UserEventAction

{
public:

void AddAbs(G4double de, G4double dl) {EnergyAbs += de; TrackLAbs +=dl;};
void AddGap(G4double de, G4double dl) {EnergyGap += de; TrackLGap += dl;};

void SetPrintModulo(G4int val) {printModulo = val;};

private:
RunAction* runAct;

G4double EnergyAbs, EnergyGap;
G4double TrackLAbs, TrackLGap;



EventAction

void EventAction::BeginOfEventAction(const G4Event* evt)

{

// initialisation per event

EnergyAbs = EnergyGap =0.; L

TrackLAbs = TrackLGap = 0.; RunActionZi &

} TI714)L
A—TLT

i i i HZE. coutd

void EventAction::EndOfEventAction(const G4Event* evt) s SRRV

{ ZhYIZEZ
ZEFHHEIL.

G4cout << "---> End of event: " << evtNb << G4end|; ASCIIT 74 )L

[CESHES

G4cout
<<" Absorber: total energy: " << std::setw(7)
<< G4BestUnit(EnergyAbs,"Energy")
<<"  total track length: " << std::setw(7)



SteppingAction

e GeantdMWELEZESHDTIRATYITAIEIZHEIZNS

void SteppingAction::UserSteppingAction(const G4Step™ aStep) {
// get volume of the current step
G4VPhysicalVolume™ volume

= aStep->GetPreStepPoint()->GetTouchableHandle()->GetVolume();

// collect energy and track length step by step
G4double edep = aStep->GetTotalEnergyDeposit();

G4double stepl =0.;
if (aStep->GetTrack()->GetDefinition()->GetPDGCharge() !'=0.)
stepl = aStep->GetSteplength();

if (volume == detector->GetAbsorber()) eventaction->AddAbs(edep,stepl);
if (volume == detector->GetGap()) eventaction->AddGap(edep,stepl);



Makoto Asai (SLAC)

Ste p 2010 12 09 1110 1150_Scoring2.ppt

Step has two points and also “delta” information of a particle (energy loss on

the step, time-of-flight spent by the step, etc.).

Each point knows the volume (and material). In case a step is limited by a
volume boundary, the end point physically stands on the boundary, and it

logically belongs to the next volume.
Note that you must get the volume information from the “PreStepPoint”.

Boundary

Step

Post-step point
Pre-step point
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SDZE X9 o

« {5IZE[E ExNO2DetectorConstruction.cc
 SDIZLogicalVolumelZxfL T&§%9 5

#include "ExNO2TrackerSD.hh”
#include "G4SDManager.hh"

G4VPhysicalVolume* ExNO2DetectorConstruction::Construct()
{

G4SDManager* SDman = G4SDManager::GetSDMpointer();

G4String trackerChamberSDname = "ExN02/TrackerChamberSD";
ExNO2TrackerSD* aTrackerSD = new ExNO2TrackerSD( trackerChamberSDname );
SDman->AddNewDetector( aTrackerSD );

logicChamber->SetSensitiveDetector( aTrackerSD );

} [ LogicalVolume~NDRA U Z (VU FL—EDWVIEE) J
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Appendix



How To Install G4

# install qt4 and cmake in advance

S mkdir /data/g4/4.9.5p01
S cd /data/g4/4.9.5p01

(download geant4 source file)

S mkdir RHEL5S
S mkdir install
S cd RHEL5S

S ../../cmake-2.8.8-Linux-i386/bin/cmake -DGEANT4_INSTALL_EXAMPLES=ON -
DCMAKE_INSTALL_PREFIX=../install -DGEANT4_INSTA

LL_DATA=ON -DGEANT4_USE_QT=ON -DGEANT4_USE_RAYTRACER_X11=ON -
DGEANT4 USE_OPENGL _X11=ON -DBUILD SHARED LIBS=OFF -DBUILD
_STATIC_LIBS=ON ../geant4.9.5.p01

S make install



