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double density = 1.390*g/cm3;
double a = 39.95*g/mole;

GAMaterial™ mat IAr = new

G4aMaterial (""liquidArgon',z=18.,a,density);



N ME: nF-1EaY

- BFHORTHEH TESR (L)
a = 1.01*g/mole;

G4Element* ele H = new
G4Element(*'Hydrogen' ,symbol="H",z=1.,a);

a = 16.00*g/mole;
G4Element™* ele O = new G4Element(''Oxygen',symbol=""0",z=8.,a);
density = 1.000*g/cm3;
G4AMaterial®* H20 = new G4Material ("Water' ,density, ncomp=2);
G4int natoms; //7F¥
H20->AddElement(ele_H, natoms=2);
H20->AddElement(ele_ 0O, natoms=1);
. EE
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a = 14.01*g/mole;

G4Element* ele N = new
G4AElement(name="Ni1trogen",symbol="N",z=7.,a);

a = 16.00*g/mole;

G4Element* ele O = new
G4Element(name=""Oxygen" ,symbol=""0"",z=8.,a);

density = 1.290*mg/cm3;

G4Material™ Alr = new
G4Material (name="Air" ,density, ncomponents=2);

G4double fracMass; //ZFE#
Alr->AddElement(ele_N, fracMass=70.0*perCent);
Alr->AddElement(ele_0O, fracMass=30.0*perCent);



ME: BEEeY

c HoMLOERNI=MEPTRNLLLME

- REZRDEELLTESR
G4Element* ele C = . ; // define ‘“carbon” element
G4AMaterial™* Si102 = ..; // define “quartz” material

G4AMaterial* H20 = ..; // define “water” material

density = 0.200*g/cm3;
GAMaterial™ Aerog = new

G4AMaterial ("'Aerogel’ ,density,ncomponents=3);
Aerog->AddMaterial (S102, fractionmass=62.5*perCent) ;
Aerog->AddMaterial (H20 ,fractionmass=37.4*perCent);
Aerog->AddElement (ele_C ,fractionmass= 0.l1*perCent);
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e Bl.IRFAREBED-HDIRMEIZY

G4lsotope* i1so U235 = new G4lsotope(“U235", 1z=92, 1a=235,
a=235.0439242*g/mole);

G4lsotope™ 1so U238 = new G4lsotope “U238", 1z2=92, 1a=238,
38.0507847*g/mole);

G4Element* ele enrichedU = new G4Element(*‘enriched U"
symbol=*U" , ncomponents=2);

ele _enrichedU->AddIsotope(iso U235, abundance=5.*perCent);
ele_enrichedU->AddlIsotope(iso U238, abundance=95.*perCent);

T{ERLE
G4AMaterial®™ mat _enrichedU =

new GAMaterial(*‘U for nuclear power generation' , density=
19.050*g/cm3 , ncomponents = , kStateSolid );

mat_enrichedU->AddElement( ele_enrichedU , fractionmass = 1 );



G4Material DB

e GA4MateriallZBH:EFFont=-E&
- aE.EH KB EE
— PIEBIEEROL/NTA—FZEET D
— WER. RINELHEDEEE S5 25 LHAHE

o fl: [IE
— BE.XHEEETD
(dE/dXDEH B2 &S B)

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

G4AMaterial®™ CO2 = new G4Material (“CarbonicGas', density,
ncomponents=2, kStateGas, temperature, pressure);

CO2->AddElement(ele_C,natoms = 1);
CO2->AddElement(ele _O,natoms = 2);

kStateGasldG4Material.hnh[CEEZSN TULVSFHIZEE, i
kStateUndefined, kStateSolid, kStateLiquid, kStateGasD 4FE$EH 5.

FE) EELREZEEXEERTELL
universe_mean_density (=1.e-25*g/cm3) ELNST O—/NILEMNFOHRAEBEINTLVS



NIST material database In

Geant4
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National Institute of Standards and Technology (NIST)DT—2~X—X A’
Geant4|ZHRY AnusnTLYS (http://physics.nist.gov/PhysRefData)



NIST Elements from Isotopes

14 Si 22
23
24
25
26
27
28
AS
30
31
32
33
34
35
36
37
38
39
40
41
42

m

22.03453
23.02552
24.011546
25.004107
25.992330
26.98670476

error

27.9769265327 (20)

28.97649472
29.97377022
30.97536327
31.9741481
32.978001
33.978576
34.984580
35.98669
36.99300
37.99598
39.00230
40.00580
41.01270
42.01610

©)

Q)

(7)
(23)
(17)
(15)
(40)
(11)
(13)
(29)
(43)
(54)
(64)
(75)

%) A
28.0855(3)
92.2297 (7)
4.6832 (5)
3.0872 (5)

*Natural isotope compositions
300072 L E DEIBCIA DN EZ SN TS



Geant4|ZH [F7AHNIST materials

### Elementary Materials from the NIST Data Base ### Compound Materials from the NIST Data Base
Z  Name ChFormula density(g/cm~3) I(eV) N Name ChFormula  density(g/cm”3) I(eV)
1 G4 _H H 2 8.3748e-05 19.2 13 G4_Adipose_Tissue 0.92 63.2
2 G4 _He 0.000166322 41.8 1 0.119477
3 G4_Li 0.534 40 6 0.63724
4 G4 _Be 1.848 63.7 7 0.00797
5 G4 B 2.37 76 8 0.232333
6 G4 C 2 81 11 0.0005
7 ez g\ N 2 0.0011652 82 12 2e-05
8 G4 O 0 2 0.00133151 95 15 0.00016
9 G4 F 0.00158029 115 16 0.00073
10 G4 Ne 0.000838505 137 17 0.00119
11 G4 Na 0.971 149 19 0.00032
12 G4 Mg 1.74 156 20 2e-05
13 G4 Al 2.6989 166 26 2e-05
14 G4 _Si 2.33 173 30 2e-05
4 G4 _Air 0.00120479 85.7
6 0.000124
: 7 0.755268
 NIST Elementary Materials 8 0 231781
— H-=>Ct (Z=1298) 2 G4 _Csl o 04-102?27 553.1
 NIST compounds 53 0.47692
- Eg, G4 ADIPOSE_TISSUE_ICRP = G
l\

« HEP and Nuclear Materials
— E.g. liquid Ar, PbWO,,

e NIST materialE1—H—FE ZDmaterialz
ltbﬁé;t:ﬁ)__rﬁb



NIST: {s5LVA

e FEHLIAY—ALI—TIAR:
G4ANistManager* manager = G4NistManager::Instanceﬁz;/’HADZLE
G4Element* elm = manager->FindOrBui ldElement(“symb”, G4bool 1s0);

G4Element* elm = manager->FindOrBuildElement(G4int Z, G4bool iso0);

G4AMaterial® mat manager->FindOrBui ldvaterial (““name”, G4bool 1s0);

G4Material™ mat = manager->ConstructNewMaterial (““name”, G4_WATER
const std::vector<G4int>& Z, G4 _AIR%E
const std::vector<G4double>& weight,

G4double density, G4bool 1s0);

G4double i1sotopeMass = manager->GetMass(G4int Z, G4int N);

e Ul commands

/material/nist/printElement & E&EINT-elementZzxRR
/material/nist/listMaterials €& EF&HENf-materialZ&R T~



A ARN)— |



SHAN—EEETS

W EESHS5XG4VUserDetectorConstructionZ ¢ & L 11— — BN EZRHVS5X%
EETDH

Construct()Bi#i #3495
1) RTHHEXEmaterialz E &
QCFAN)—TEERT D
1. shape/solid% & &
2. logical volume% &
3. VolumeZEil &
4. W57z 5 %% (optional)
5. sensitive detectors / scorers ZE &L . ¥ I3 dvolumelZE&E T 5, (optional)
6. AI#R 1k (visualization) @14 % 5 %z % (optional)

mainf# a1 —Y—-5XEG4RunManager|ZE&E 9 5



G4V UserDetectorConstruction



G4V UserDetectorConstruction

A4 FId: GaVUserDetectorConstruction.hh,v 1.4 2001707711 10:08:533 gunter Exp 3
A4 GEAMT4 tag FMame: geantd-05-00-patch-01 $
£

g#1frdef GdvlserDetectorConstruction_h
golefine GdvlserDetectorConstruction_h 1

class G4VPhysicalVolume;

class description:

This 1s the abstract base class of the user's mandatory initialization class
for detector setup. It has only one pure wirtual method Construct() which is
invoked by G4RunManager when it's Initialize() method is invoked.

The Constructi) method must return the G4YPhysical¥Volume pointer which represents
the world wvolume.

class L4VlUserlDetectorConstructlion
d
public:
G4WlserDetectorConstruction(])
virtual “G4¥UserDetectorConstruction();

public:
virtual G4¥PhysicalVolume* Construct() = 0;




“My” detector construction

#1fndef MyDetctorConstruction_h
#define MyDetctorConstruction h 1
#include “G4VUserDetectorConstruction.hh”
class MyDetctorConstruction
> public G4VUserDetectorConstruction
{
public:
G4VUserDetectorConstruction();
virtual ~G4VUserDetectorConstruction();
virtual G4VPhysicalVolume* Construct();
public:
// set/get methods 1f needed
private:
// granular private methods 1f needed
// data members 1Tt needed
}s
#endit
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3DDME

— G4VSolid -- B, %
— G4LogicalVolume - ¥ &, BZE/E ., User Limits

daughter physical volumes <&

— G4VPhysicalVolume — Z&, [EE45E

7

G4VSolid

oK., Tk

G4VPhysicalVolume

G4LogicalVolume

+ ME

D7 AN —(ZEEFHEE
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D5 ADER

G4VSolid o G4LogicalVolume & G4VPhysicalVolume
G4Box G4Material GAVisAttributes | = apvplacement
G4Tubs G4VSensitiveDetector

G4PVParameterised




Solid and shape



Solids

Geantd TE &1 TLY4Solid:

— CSG (Constructed Solid Geometry) solids
» G4Box, G4Tubs, G4Cons, G4Trd, ...

— Specific solids (CSG like)
» G4Polycone, G4Polyhedra, G4Hype, ...

— BREP (Boundary REPresented) solids
 G4BREPSolidPolycone, G4BSplineSurface, ...

« Any order surface

— Boolean solids

» G4UnionSolid, G4SubtractionSolid, ...

— Tessellated solid and Extruded solid




CSG: G4Box, G4Tubs

G4Box(const G4String &pname, // name
G4double half x, // X
G4double half vy, /7Y
G4double half z); // Z

G4Tubs(const G4String &pname, // name
G4double pRmin, // i1nner radius
G4double pRmax, // outer radius
G4double pDz, // Z half length
G4double pSphi, // starting Phi
G4double pDpht); // segment angle




Other CSG solids

G4Para
(parallelepiped)

G4Trd

(92)
>
| -
@)
T
<
O

ELTIE

IKRIZ

BETE TS
Section 4.1.2 of Geant4 Application

Developers Guide 58

a

ETOF A
G40rb

(full solid sphere)

G4Sphere



Specific CSG Solids:
G4Polycone

G4Polycone(const GA4String& pName,
G4double phiStart,
G4double phiTotal,
G4i1nt numRZ,
const G4double r[],
const G4double z[]);

e numRZ - numbers of corners in the r,z space

e |, z-coordinates of corners




Other Specific CSG solids

GATet
(tetrahedra)

G4TwistedTrd

G4TwistedBox  G4TwistedTrap

GA4llipticalCone 2 TOFAALELRSRIBIL T I

Section 4.1.2 of Geant4 Application
Developers Guide 518

G4TwistedTubs



BREP Solids

« BREP = Boundary REPresented Solid
o SolidZfEDIT5I N THREREESNZE
— 5. ILAAD6ME
— @, ZRHAWDIEEROHEE
» elementary BREPS
— Splines(RFZ4Y), B-Splines(RLIT-RTS5(),
NURBS (Non-Uniform B-Splines)
e advanced BREPS
« Advanced BREPS[ZCADTREILI-ET /L%

YA EZBELTNS




Boolean Solids

e Sold [FT7—ILEEEZFE-THETES:
— G4UnionSolid, G4SubtractionSolid, G4lntersectionSolid
— WERHM: 22Dsolid, 1D2NDT—ILEER, KU 2& B Dsolid DZEHE (optional)
— 2B ®Msolid [Z1ZFE B MDsolid DEZRIZH L TR ESIND

— J—ILEBED#HERDs0lideEd, CDEIITLTIHFB DsolidbmADERIZLST
Eont-solidIZ#EE TE 5,
o #HEEINBSolidlEZCSGTHthMBoolean solidTHELY,
e ¥ZE: Boolean solidf D CSG solidD#IZLEFIL TS vFx2 P D= D EH E R AV
Z5

G4UnionSolid G4SubtractionSolid G4IntersectionSolid




Boolean solid

OpenGL, VRMLZE TIFR A ALY
RayTracer#{# > THa<



Boolean Solids — 43I

G4VSolid* box = new G4Box(*‘Box',50*cm,60*cm,40*cm);
G4VSolid* cylinder
= new G4Tubs(“Cylinder”,0.,50.*cm,50.*cm,0.,2*M Pl*rad);
G4VSol1d* union
= new G4UnionSolid(''Box+Cylinder", box, cylinder);
G4VSol1d* subtract
= new G4SubtractionSolid("'Box-Cylinder', box, cylinder,
O, G4ThreeVector(30.*cm,0.,0.));
G4RotationMatrix* rm = new G4RotationMatrix();
rm->RotateX(30.*deqg);
G4VSol1d* 1ntersect
= new G4lIntersectionSolid("'Box&&Cylinder™,
box, cylinder, rm, G4ThreeVector(0.,0.,0.));
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G4LogicalVolume

G4LogicalVolume(G4VSolid *pSolid,
G4AMaterial *pMaterial,
const G4String &name,
G4Fi1eldManager *pFieldMgr=0,
G4VSensitiveDetector *pSDetector=0,
G4UserLimits *pULimits=0);
e {IEEEELLISDvolumelZBT 5T R THEHREST
AV AL—ILRIDBIE R D LI7EEHD
— WIRESTIE (G4VSolid)
— ME. BRERM. ARk (visualization)E T4
— daughter volume D i &
— 415, User limits,
— Region
o Solid~DRAZENUIITIXLMFZELY,
o FIYUXLTFTBEHDTAF AN —TIEmaterial~DRA A EnUlll TIXULMFELY,
o« EEIVFRELTIETHERELGLY



ABLERBOHE

« SolidDIAEZFTRE TES:
G4double GetCubicVolume();
— [FEAEDCSG solidIZDWTIFIEEELRATENETEINS,
ZFh Lot D solidlZ[EMonte Carlo R IZLBEE @A SN
%,
o UXAN)—&R(FEIEXZD—E)DE = [Ilogical volumeh
LETETES:
G4double GetMass(G4bool forced=false)




G4VPhysicalVolume



LogicalVolumeZEEd 5

ROLEMGOYUA
G4PVPlacementZ{£5 : physical volume®3a> XS94 D—D
R LogicalVolumeZ#HVolume DEEZR D DIEE LM EIZEL,

G4PVPlacement( G4RotationMatrix* pRot,
const G4ThreeVector& tlate,
G4LogicalVolume* pCurrentLogical,
const G4String& pName,
G4LogicalVolume* pMotherLogical,
G4bool pMany, G4int pCopyNo,
G4bool pSurfChk=false )

pRotlERotationMatrix

ZDESIZE5Z2-15E . BN BLogicalVolume TIZE<EER D AMNEERT S,
EEICYZERERSE St X TMatrixz{Eb &, H AR IZEERT 5D TEE,
5|%&ELTE % SRotationMatrixlZFTHEEL TELILENH S,

tlate X FEITBEIZTE5Z 5T

pCopyNol. EILLogicalVolumeZ{E->TL D% PhysicalVolumeZ
B==WMEEICDTHaE—F 2/ —,

pMany(E & [EfE> TV #72D TEIZFalse TKLY,

G4PVPlacementTED 1 DDAV A AV A IE—D D H 35 (B &n) LMK R LAELD T,
BE=ULZ HnewTERT 5,



EEBDEATHEVTR)VRFEEZLIZWMEEIZIXG4ATransform3D&E{E D,

AVARSO2DE1BI BN EIERT S A RDEIEETRIIX,
F25|MICTFTREOARNINLEEZTES,

e Motherédaughter R =, FEIEZEHZ S H 5
« Daughterz[Ed
« DaughterZFi&<

51) /lexamples/novice/N04/src/ExN04DetectorConstruction.cc
flmemememm oo muon counters
/I As an example of CSG volumes with rotation
G4VSolid * muoncounter_box
= new G4Box("muoncounter_box",muBox_width,muBox_thick,
muBox_length);
G4LogicalVolume * muoncounter_log
= new G4LogicalVolume(muoncounter_box,Scinti,"mucounter_L",0,0,0);
G4VPhysicalVolume * muoncounter_phys;
for(int i=0; i<nomucounter ; i++)

{
G4double phi, x, y, z;

phi = 360.*deg/nomucounter*i; N
X = muBox_radius*std::sin(phi); <

y = muBox_radius*std::cos(phi); \
z=0.*cm;

G4RotationMatrix rm;

rm.rotateZ(phi); 11Z8FEHY D [ElER

muoncounter_phys
= new G4PVPlacement(G4Transform3D(rm,G4ThreeVector(x,y,z)),
muoncounter_log, "muoncounter_P",
experimentalHall_log,false,i);




World volume%E

e Mother volume = 0¢&9° 3
o [AIER7ZL
e RRIZEL

G4VPhysicalVolume* experimentalHall _phys

= new G4PVPlacement( O,
G4ThreeVector(0., 0., 0.),
experimentalHall log, “expHall”,0,
false, 0);

return experimentalHall_phys; //world volume~®DRA>4%iRT



By



BRHSBDOT AN —ZERT D

N N VAT sTmm————— ogical Voltima e -2
G4VvVSol1d* p’BOXSOHd = + ngdhdal shanstiity siets. o
new G4Box(“aBoxSolid”, N
’,{[-*m, 2.*m, 3.*m); / /
ZTeToR yer-1 AV/e VT Soifol=To)'q Mol HE-JNNNNE SNSRI P 4
new G4LogicalVolume( pBoxSolid, :
pBoxMaterial, “aBoxLog”, G, 0, 0); :
G4VPhysicalVolume* aBoxPhys = ! Physical volime : ;
new G4PVPlacement( pRotatior, . + rotation and position :
GAThreeVector(posX, posY, p6sz), & :
pBoxLog, “aBoxPhys”, pMotherLoy, :
d, copyNo); L
: 3 :
- $% valumelxZDmother volumeDHERIZE M 5,
daughter volume Mz & & [E1#x(%Z Dmother volume
TOA—AINEZRRTRERT S,

mother volumeDHFILAZNDA—HILEEZEZRDR R LD,
— Daughter volumeigmother volumem dtddsttils Tkt M Aztvs -~



O AN)—DFEE

—DMlogical volumeZ—[EILL LERET HZEM ——(
TE%, —DHAVNEENLEDvolumeEHS .’
mother volumelZELZ EMNTES
mother-daughter® B {% & G4LogicalVolumenh®
HORMTHAZLITER
— %t Lmother volumeZ1EIL LERET HE. T
N ThdaughterlFEEICKY ., TTD
mother physical volumelZIRNn5Z &2 5
(It DT RTDvolumeZTELICE
£ =—%7iphysical volume THITNILESELY,
— world volumeld” O—/\)LEZRETEERT B,
world volume® il H Y B—/\)LEERZ R D
RREiD
— %i‘y’JO){ﬁEli’j‘n—/&‘)bféE#%—E%'G%i%ﬂn




Geometry collision detection



Volume[El T DcollisionlEZEFS 7m0
—F EHhtrackingM gLy

G4PVPlacement( G4RotationMatrix* pRot,
const G4ThreeVector& tlate,
G4LogicalVolume* pCurrentLogical,
const G4String& pName,
G4LogicalVolume* pMotherLogical,
G4bool pMany, G4int pCopyNo,
G4bool )

T BEFrusAREND

FIREA T
Checking overlaps for volume muoncounter_P ... OK!

BEERNMRHSINLEZEENHD
Checking overlaps for volume muoncounter_P ...
WARNING - G4PVPlacement::CheckOverlaps()
Overlap is detected for volume muoncounter_P
with caloM_P volume's
local point (-401.016,-1213.5,-10), overlapping by at least: 77.804 cm

*** G4Exception : InvalidSetup

issued by : G4PVPlacement::CheckOverlaps()
Overlap with volume already placed !
*** This is just a warning message.

AN SD T, T/IAVITRFEIFIZESICEESTTHLET,
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7=
— [RIL{K,

FEH

TR EIZHHMEL

- HAWNE, HOoMLOERNT-MWEZTHED

e NIST material data base

« MHBEEDEENR (DFA)—)

— 3D,

e

« Solid/shape

e Logica

| volume

* Physical volume
— G4PVPlacementy SR & {EH sz EMGE A iEZ S LT






Why / Where materials ?

¢ Geantd TEMLTWWAMFAEITMEBREIL. ECNEDIITMETHAINITIKTF
EXS

G4elonisation - G4VEnergyLossProcess: :Bui ldDEDXTable( ... )

o TAAN)—(EEMBEE)EERT SLEFIC. A—HF —I(Flogical volumelZ¥EZBEHERD
[FTHZEMNERSND

G4LogicalVolume: :G4LogicalVolume ( G4VSolid* solid,
G4AMaterial®™ material, const G4String name, ... )



G4VSolid

« HWRISTR,GeantdTDTATD
solid[xECh ik EEND,

« It defines but does not implement all
functions required to:

— compute distances between the

shape and a given point
— check whether a point is inside om0

WGetDe] taPhiA, | |

wGetouterfad

the shape AT

— compute the extent of the shape

1 saerracy

— compute the surface normal to e —
the shape at a given point

« 1—H¥—[XB% B 5 Tsolid class%
EHZEMNTES et ooy | o)

SGATorws ()
QGetRI mi )

eGetine mF’ﬂn‘. o RGetRtor] )
ﬁmﬁlmdgmt with | | emecsphi()

al T 5 RS
SGetouterfadiws( ) CRETERD,
Wtstammlm' .
B GetS LA rtTh o




Tessellated (EHF 14U D) solids

e G4TessellatedSolid
— LOADETEZSINT=— & Zsolid (G4VFacet)
« mIX=AR (G4TriangularFacet) HAHLIEEHHR
(G4QuadrangularFacet)
— CADDEY AN N BRI FHIRIREEBRT HT-HICEELR
EIEY
— BARMICEERI HEELTSES:
» By providing the vertices of the facets in anti-clock wise order, in
absolute or relative reference frame

— GDML binding




A CAD imported assembly
with tessellated solids - release 8.1



G4ExtrudedSolid (fiL H & 71=)

G4ExtrudedSolid is a specific case of
tessellated solid.

G4ExtrudedSolid is a solid which
represents the extrusion of an
arbitrary polygon with fixed outline in
the defined Z sections.

The z-sides of the solid are the

scaled versions of the same polygon.

The solid is implemented as a
specification of G4TessellatedSolid.
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