2020 FEEFRZFEFR

S D IE ERH D 72 8 D
W7z7s B EFERME T B s

JIRESEE S RES

2021 £ 4 A 27 H



TS

JRF % FRCHMEETF DG FICHANTIERICZ WAL ERFE T (FHEFRER) TIERRERKE 1R
RAMENFHERINTE 2, 2oME (B EE) 2T 24, [ BEPETFRHELZHWTHEL
TWb, 2D/, B v FHEFEHEL T, FEEXEHAL T, ZoMEriEns %, 0
EFFAETIE, B keV~F MeV Y IRZ I VX —TH 25, KEEKORHEIIIFENZ L H 5,
ZZT. BEFRPETFEZNET 257 TR RO LT - 72,

Hriz e PR A I, TERE LTz magro & FREN 2 KU HSE & hile & FEIEH 2 /N
MHERD 2 O FREZRD, WHTOEMZHZTEIORBDNRDOLNS, KD magro &,
FIALF —HETF ORI R Z VD, KT 2L F—FEFORERIRINE W, Fo, BHE
DEFMKFEER R LN TLES 2, TAXNVF—DREPEV L WO EAD 2, L TN
hile 1Z, BT AL F—FETOMENENIKE VD, BRI F —FETORHIIERI/NX WV, B8
ROGFRFENE & T3V F — DRI L CQIEXME R W, £ 2T il iEFHIEERICIE. magro
P RCE T AL F =1 U THRHEEIERA A E < B hile DLEIEZ 3L F =120 U THRHFIERIK
ZWZ k., hile L FBERCHHTFZALF —DRHERWHIEDFEER Z & R DIGATKIEIED 2
WZEehRDHND,

DB R S s & 5 ol e Bfs L. BERSEESPHEREZESH LT, £
OFER, (1) B ANLF—DOMHMEEZRE S TIHIE. /A X2HEL 3412 PMT % 2 fEfEH
L7z[AREHIZITS 2 8 E BRI ROBIT/NIZT 2 e NEETH S, (2) BTHRLF—0D
MHESEEZKRELTEHIE, SVFL—XDBEWI EBAEETH S, (3) FHEFIILY —DEE
BWHPED A2, BORITHEEE SRV INITH 2 Z e NEETH %, (4) VIKAZHERT 25
W, S FL—RD EESNABICL. 74 b4 RZ2 0 FL—RDBRFIIEMT LI eBEnE
NEEZ B L 7=,

7. Geantd 12X 2> I 2L —¥ a e, BB ENROGIREIEICOWTEHE L.,
POWIEIRS KM 2 RE L. &gz 7394 > L TEIEL 7,

ZOFRITEF RS R, B RRIRE IR E LT, BRI MRRE & T 3L — BMEIC O W T DA
P O MEREFHIERR 21T o 7o Z OFER. FA R F I HIAR DIRG9 R EEDS hile L [FIEETH 5 Z
Y. ¥l L F - hile KD FEINILREZeBbhroTz, Lo T, EROHFMTHEIRIC
AT, Rz F =T OMEMIROBERBIFTE 2 Z e b o7,



BE 1
Bl1E KA 1

1.1 BB OREMINCIT T . . o o o 1

1.2 BT HAEE . . 2

1.3 BBFEFMET . . o 2
FT2E HUEFORERZE

2.1 HPETFORIERE ...

2.2 TOF I . . . 3
FI3E FEIAYFRHEBRIKRD SN 3R 5

3.1 TERDFMEFRRIIEE . .

3.2 I E R ERICRD A MERE . . . 6
FA4E  Geantd ZAVEWEHBOTH TV

4.1 B x A F—hETFOMHERIR .

4.9 B L —FEFOBIIIER

4.3 BRI RAE ALTOF « « o o o o e 10

4.4 MR GIAERAORERR) . . . 11

4.5 FRIR SRR OES: . . 13
FTHE Geantd ZTRVREEDOTH 1Y 14

5.1 Geantd DY . . 14

5.2 FEERA R 15

5.3 PMT 1EDOBHBICOWT . . o e e 17

5.4 PMT 2MEDBHERIZOWNT . . . 23
FOE RERNLGREROTHTY 27
BTE  (EEEFERER 29



7.1
7.2
7.3

B8E

BOE

HIEF

BE Xk

gk A

R DMEREDTIE . . . . oo
IXOUXF—BEOREE . . . .

PERERIMIZBR D BIRETO F & &

SEORE

=Rt

FRALM Geantd DI—F

1

37

38

39

40

41



E1E

X 5

1.1 HEFERZOEERRICHITT

RIN—E, BT FRCH PG IR TIERICZ WL S BARRERFETHICOWT, £
DR HEHZRIAL TV Z e ZHEE LTW5, BRTROERHEENL, £ DR TFOMEMMEED &
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¥— B, 2 (2.1) ZHOTRET 2 HIETH 3,

B =y (1 ) (2.1)
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TOF D = x V¥ —7fRRE AFE 1Z. R (2.2) D kS 1cRI N5,

AE = 2En\/(%>2 + (tTAOtF>2 (2.2)
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RN (4.1) ORIGHFEIE, K (4.2) TRDZ Z e TE 5,

e=1—exp[— ((Hos x 107%* - AL -dy) + (Ccs x 1072 - AL - d¢))] (4.2)

AL AR OEZ [mm]
Hes @ 'H O KGR [barns]
dy @ ¥ F L =20 H OFFEEE [/mm?]
Cos : 12C O RIEWTHERE [barns]|
do @ ¥ FL—2H0 12C OEBEE [/mm3)]

Sl ¥ ¥ F L — IR EEED X BCA0S V2720, K 4.2 [11]125 % & 5 72 BC408
WZDOWTOEBEREZ W5,

Atomic Composition BC-408
No. H Atoms per cc (x10%2) 5.23
No. C Atoms per cc (x10%2) 474
Ratio H.C Atoms 1.104
3.37

No. of Electrons per cc (x1023)

4.2 BC408 Ho H JFET ¥ C JHTDEEEE
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K (4.3) 25, BRIDIEE Atrop 23k < B5MIZ. AL 2VNE WV, LAKEV, At AVRE W,

TdH b,
2 2
AtTOF x AFE = 2En <£> + ( At ) (43)
L tror

L. mFORATIERE. trop @ RATICE L KM, E, @ PHEFZILF—

HIET, YV FL—RDBEIPREVIEPBEL R oD, PV FL—XDEIDNENVZY, F
HFORITHREDMZE AL BRKEL 570, REDMREE Atror DELR->TLES, ZOFER
Mz 212, FHETFORITHERE L 2 KEL 33080 H 5, FEBE. L = 1500 mm &5 KZREIC
L75E, N (43) ZAHVTHET 2, K46 D L5112, EXZ2KRELLTH, XIF LMD REE
Atror DELI ROV EDRDD 5,

0.4
< 0.3 £= 3 weV
E 0.2 E =2 MeV
<01 //Tg’:ﬂ/l\/\,eV/
0

BEHEZEDE X [mm]

4.6 JEE CIHEDIRE Atror DB
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K47 SUFL—XOEEFEDIZOVWTON

FEFEDLTIEN S, YU FL—XDOBESNAFBICTEZ ., 74 M IA REBFICHERT S 2
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- MR e ERERA S DY S
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AE, : BHIRARDIBEE TOIRIILX—oHREE

4.10 Atk & itk © DI IEEE Atror DHER

X410 26bh 3 ko112, NAFKO—HOEZXH) 130 mm 22 7-H7-H T, BHoGEL Ot
KW 11E2BZ 2, XoT, 130 mm U T THIURTFERICT 2 Z 2 I k38 /NE L, FHIR
PHOWTHREEZRWEE X T2,

12



4.5 FHEIPEFIRHEORERMF
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- PMT 2@ L CIRREHEI
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- MR 2 EREE A S DY %

I UFL—RODIE L NATE

- I4 MHA RBRAITERT 5
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A/ +H++++ b

// Geometry.cc
J B o o o o o oy

//#include <CADMesh.hh>
#include "Geometry.hh"

#include "SensitiveDetectors.hh"
#include "MyMessenger.hh"

#include "G4Box.hh"

#include "G4Tubs.hh"

#include "G4EllipticalTube.hh"
#include "G4Polycone.hh"
#include "G4Polyhedra.hh"
#include "G4Trap.hh"

#include "G4Trd.hh"

#include "G4Tet.hh"

#include "G4Cons.hh"

#include "G4GenericTrap.hh"
#include "G4Sphere.hh"

#include "G4ExtrudedSolid.hh"
#include "G4ScaledSolid.hh"
#include "G4UnionSolid.hh"
#include "G4SubtractionSolid.hh"
#include "G4IntersectionSolid.hh"
#include "G4LogicalVolume.hh"
#include "G4PVPlacement.hh"
#include "G4VPhysicalVolume.hh"
#include "G4ThreeVector.hh"
#include "G4RotationMatrix.hh"
#include "G4Transform3D.hh"
#include "G4NistManager.hh"
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#include "G4VisAttributes.hh"
#include "G4SystemOfUnits.hh"
#include "G4OpticalSurface.hh"
#include "G4lLogicalBorderSurface.hh"
#include "G4lLogicalSkinSurface.hh"
#include "G4UserLimits.hh"
#include "G4SDManager.hh"
//#include "CADMesh.hh"
#include "myParameter.hh"
!/
Geometry: :Geometry()

scinti_surf(@), reflector_surf(@), reflector_surf2(@), dielectric_surf(@), cath
ode_surf (@), fStepLimit(®), LV_world(NULL), fWorldMaterial(NULL), housing_ratio(1.000
1)

.{
//G4double minEkin = 1.0%eV;
//fStepLimit = new G4UserLimits(DBL_MAX,DBL_MAX,DBL_MAX,minEkin);
fMessenger = new MyMessenger(this);
}
!/
//
Geometry: :~Geometry()
{
delete fSteplLimit;
delete fMessenger;
}
!/
G4VPhysicalVolume *Geometry::Construct()
//
{

using GVC = G4ThreeVector;

using GTR = G4Transform3D;

// Construct materials

scinti_surf = new G40OpticalSurface("scinti_surface");
reflector_surf = new G4OpticalSurface("reflector_surface");
reflector_surf2 = new G4OpticalSurface("reflector_surface2");
dielectric_surf = new G40OpticalSurface("dielectric_surface");
cathode_surf = new G4OpticalSurface("cathode_surface");
ConstructMaterials();

ConstructSurfaces();

//auto reflector = G4Material::GetMaterial("G4_TEFLON");
//auto air = G4Material::GetMaterial("G4_AIR");

auto BC4@8 = G4Material::GetMaterial("G4_PLASTIC_SC_VINYLTOLUENE");
auto acrylic = G4Material::GetMaterial("G4_PLEXIGLASS");

auto aluminum = G4Material::GetMaterial("G4_Al");

auto vacuum = G4Material::GetMaterial("G4_Galactic");

auto glass = G4Material::GetMaterial("G4_Pyrex_Glass");

// Option to switch on/off checking of volumes overlaps
G4bool checkOverlaps = true;

// Define 'World Volume'
// Define the shape of solid
G4double leng_X World = 4.0 * m; // X-full-length of world
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Z;

4.0 x m; // Y-full-length of world
4.0 % m; // Z-full-length of world

G4double leng_Y_World
G4double leng_Z_World

G4Box *SL_world = new G4Box("SL_world", leng_X_World / 2.8, leng_Y_World / 2.0, 1
eng_Z World / 2.9);

// Define logical volume

LV_world = new G4LogicalVolume(SL_world, vacuum, "LV_world", o, @, 8);
// Placement of logical volume

G4int copyNum_World = @; // Set ID number of world

G4VPhysicalVolume *PV_World = new G4PVPlacement(GTR(), "PV_World", LV_world, o, f
alse, copyNum_World, checkOverlaps);

// Define volumeID and variable

G4int Mother_ID
G4int Scinti_ID
G4int Guide_ID = 3;
G4int PMT_ID = 4;
G4int Cathode_ID = 5;
G4int PMT2_ID = 6;
G4int Cathode2_ID = 7;

1;
2;

GVC vctl[10];

vet[@] = GVC();

vet[1] = GVC(@, @, -127. % mm);

vct[2] = GVC(-24. % mm, -24. % mm, -308.5 *% mm);
vct[3] = GvC(@e, @, 127. % mm);

G4RotationMatrix rot[17], rot45y, rot9ex, rot9@y, rot3lz, rot%90z, rotl8ez,

rot[@] = G4RotationMatrix();
rot45y.rotateY(45 * deg);
rot90x.rotateX (9@ * deg);
rot90y.rotateY (9@ * deg);
rot90z.rotateZ(9@ * deg);
rotl80z.rotateZ(180 * deg);
rot270z.rotateZ(270 * deg);

// Build plastic scintillator

//G4double Scinti_R = 18 * cm;
G4double Thickness = 29 * mm;
G4double PMT_W = 26.2 % mm;
G4double PMT_L 32.5 *x mm;
G4double PMT_C 30 * mm;
G4double Cathode W 23 * mm;
G4double Cathode_T 0.8 * mm;

G4double Guide L 40 x mm;
G4double Guide_S 10 * mm;

G4double Flight_length = 1.5 % m;

G4double Hexagon_r = 108 *x mm;

G4double Hexagon_rr = Hexagon_r * sqrt(3) / 2 *x mm;

G4double Hexagon_length = sqrt(1500 * 1500 — Hexagon_r * Hexagon_r) * mm;
G4double z1[] = {@, Thickness};

G4double rIi[] {0, 0};

G4double r01[] {Hexagon_rr, Hexagon_rr};

rot27e
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G4double z2[] = {-Guide_L / 2, Guide_L / 2};
G4double PMT_W2 = (PMT_W + ((PMT_C - PMT_W) / 2)) * 2;
G4double r02[] = {Hexagon_rr, (PMT_W2 * sqrt(3) + PMT_W) / 4};

G4Box *SL_Mother = new G4Box("SL_Mother", Hexagon_r * 1.1, Hexagon_r * 1.1, (Thic
kness + Guide_L + Guide_S + PMT_L) * 1.1);

G4LogicalVolume *LV_Mother = new G4lLogicalVolume(SL_Mother, LV_world->GetMaterial
(), "LV_Mother", @, 0, 0);

G4VPhysicalVolume *PV_Mother = new G4PVPlacement(GTR(rot9@y, GVC(Flight_length, @
, 8)), LV_Mother, "PV_Mother", LV_world, false, Mother_ID, checkOverlaps);

G4Polyhedra *SL_Mother2 = new G4Polyhedra("SL_Mother2", @ x degree, 360 % degree,
6, 2, z1, rI1i, r01);

G4lLogicalVolume *LV_Mother2 = new G4lLogicalVolume(SL_Mother2, LV_world->GetMateri
al(), "LV_Mother2", @, @, 0);

G4RotationMatrix(0., 0., 0.);
G4ThreeVector(®, 0, Hexagon_length — Flight_length - Thickness)

auto rotatoin_1
auto position_1

auto trans3D_1 = G4Transform3D(rotatoin_1, position_1);
G4VPhysicalVolume *PV_Mother2 = new G4PVPlacement(trans3D_1, LV_Mother2, "PV_Moth
er2", LV_Mother, false, Mother_ID, checkOverlaps);

G4Polyhedra *SL_Scinti = new G4Polyhedra("SL_Scinti", @ * degree, 360 * degree, 6
, 2, z1, rIi1, r01);

G4LogicalVolume *LV_Scinti = new G4lLogicalVolume(SL_Scinti, BC4@8, "LV_Scinti", @
, 0, 0);

auto rotatoin G4RotationMatrix(e., 9., 0.);

auto position G4ThreeVector(®, @, Hexagon_length — Flight_length);

auto trans3D = G4Transform3D(rotatoin, position);

G4VPhysicalVolume *PV_Scinti = new G4PVPlacement(trans3D, LV_Scinti, "PV_Scinti",
LV_Mother, false, Scinti_ID, checkOverlaps);

G4Trd *SL_Guidel = new G4Trd("SL_Guidel", Hexagon_r, PMT_W2 / 2, (Hexagon_r * sqr
t(3)) / 2, PMT_W / 2, Guide_L / 2);

G4Polyhedra *SL_Guide2 = new G4Polyhedra("SL_Guide2", @ x degree, 360 * degree, 6
, 2, z2, rI1, r02);

G4IntersectionSolid *SL_Guide3 = new G4IntersectionSolid("SL_Guide3", SL_Guidel,
SL_Guide2);

G4Box *SL_Guide4 = new G4Box("SL_Guide4", PMT_W2 / 2, PMT_W / 2, Guide_S / 2);

auto rotatoin_ G4RotationMatrix(@e., 0., 0.);

auto position_ G4ThreeVector(®, ©, (Guide_L / 2) - Guide_S + (Thickness / 2));

auto trans3D_4 = G4Transform3D(rotatoin_4, position_4);

G4UnionSolid *SL_Guide = new G4UnionSolid("SL_Guide", SL_Guide3, SL_Guide4, trans
3D_4);

G4LogicalVolume *LV_Guide = new G4lLogicalVolume(SL_Guide, acrylic, "LV_Guide", @,
e, 9);

4 =
4 =

G4RotationMatrix(@e., 8., 0.);
G4ThreeVector(®, @, Hexagon_length — Flight_length + (Guide_L /

auto rotatoin_5
auto position_5
2) + Thickness);
auto trans3D_5 = G4Transform3D(rotatoin_5, position_5);
[l G4VPhysicalVolume *PV_Guide = new G4PVPlacement(trans3D_5, LV_Guide, "PV_Guide",
LV_Mother, false, Guide_ID, checkOverlaps);

44




G4Box *SL_PMT = new G4Box("SL_PMT", PMT_W / 2, PMT_W / 2, PMT_L / 2);
G4lLogicalVolume *LV_PMT = new G4lLogicalVolume(SL_PMT, glass, "LV_PMT", @, @, 8);

auto rotatoin_é G4RotationMatrix(e., 0., 0.);

auto position_é G4ThreeVector(-PMT_C / 2, @, Hexagon_length - Flight_length + T
hickness — 1.0 + Guide_L + Guide_S + (PMT_L / 2));

auto trans3D_6 = G4Transform3D(rotatoin_é, position_6);

G4VPhysicalVolume *PVY_PMT = new G4PVPlacement(trans3D_é, LV_PMT, "PV_PMT", LV_Mot
her, false, PMT_ID, checkOverlaps);

G4Box *SL_PMT_Cathode = new G4Box("SL_PMT_Cathode", Cathode_W / 2, Cathode_W / 2,
Cathode_T / 2);

G4LogicalVolume xLV_PMT_Cathode = new G4LogicalVolume(SL_PMT_Cathode, aluminum, "
LV_PMT_Carhode", @, @, 0);

auto rotatoin_7 = G4RotationMatrix(@., 0., 0.);

auto position_7 = G4ThreeVector(®, @, —(PMT_L / 2) + 3 % (Cathode_T / 2));

auto trans3D_7 = G4Transform3D(rotatoin_7, position_7);

G4VPhysicalVolume *PV_PMT_Cathode = new G4PVPlacement(trans3D_7, LV_PMT_Cathode,
"PV_PMT_Cathode", LV_PMT, false, Cathode_ID, checkOverlaps);

G4Box *SL_PMT2 = new G4Box("SL_PMT2", PMT_W / 2, PMT_W / 2, PMT_L / 2);
G4LogicalVolume %LV_PMT2 = new G4lLogicalVolume(SL_PMT2, glass, "LV_PMT2", 9, @, @
)

auto rotatoin_8 = G4RotationMatrix(e., 0., 0.);

auto position_8 = G4ThreeVector(PMT_C / 2, @, Hexagon_length - Flight_length + Th
ickness - 1.0 + Guide_L + Guide_S + (PMT_L / 2));

auto trans3D_8 = G4Transform3D(rotatoin_8, position_8);

G4VPhysicalVolume *PV_PMT2 = new G4PVPlacement(trans3D_8, LV_PMT2, "PV_PMT2", LV_
Mother, false, PMT2_ID, checkOverlaps);

G4Box *SL_PMT_Cathode2 = new G4Box("SL_PMT_Cathode2", Cathode_W / 2, Cathode_W /
2, Cathode_T / 2);
G4LogicalVolume xLV_PMT_Cathode2 = new G4lLogicalVolume(SL_PMT_Cathode2, aluminum,
"LV_PMT_Carhode2", @, @, 8);

auto rotatoin_9 = G4RotationMatrix(@., 0., 0.);

auto position_9 = G4ThreeVector(@, @, —(PMT_L / 2) + 3 % (Cathode_T / 2));

auto trans3D_9 = G4Transform3D(rotatoin_9, position_9);

G4VPhysicalVolume *PV_PMT_Cathode2 = new G4PVPlacement(trans3D_9, LV_PMT_Cathode2
, "PV_PMT_Cathode2", LV_PMT2, false, Cathode2_ID, checkOverlaps);

// Define colors -> SetVisAttributes( new G4VisAttributes(TRUE,G4Colour(re
d ,green,blue ,Opacity)) );

LV_world->SetVisAttributes(new G4VisAttributes(TRUE, G4Colour(1.0, 1.0, 1.9, 0.1)
)); //white T RA{LFALSED T 2 &t BN B2 &HD. EhENLR I L.

LV_Mother->SetVisAttributes(new G4VisAttributes(TRUE, G&4Colour(l1.e, 1.0, 1.9, 0.0
))); / /& & FE
[l Lv_Mother2->SetVisAttributes(new G4VisAttributes(TRUE, G4Colour(1.@, 1.0, 1.0, @.
0))); / /&%

LV_Scinti->SetVisAttributes(new G4VisAttributes(TRUE, G4Colour(e.e, 1.0, 1.0, 1.0
1)) //cyan
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LV_Guide->SetVisAttributes(new G4VisAttributes(TRUE, G4Colour(©.0, 1.0, 0.9, 0.4)

)); //green
LV_PMT->SetVisAttributes(new G4VisAttributes(TRUE, G4Colour(@.45, ©.25, 0.9, 0.8)
)); //brown

LV_PMT_Cathode->SetVisAttributes(new G4VisAttributes(TRUE, G4Colour(1.0, 1.0, 0.0
, 1.0))); //yellow

LV_PMT2->SetVisAttributes(new G4VisAttributes(TRUE, G4Colour(@.45, 0.25, 0.0, 0.8
))); //brown

LV_PMT_Cathode2->SetVisAttributes(new G4VisAttributes(TRUE, G4Colour(l1.0, 1.0, 0.
8, 1.8))); //yellow

/11717 BR& R

G4SDManager xSDman = G4SDManager::GetSDMpointer();

SensitiveDetectors *MySensitiveDetectors = new SensitiveDetectors("MySensitiveDet
ectors");

LV_Scinti->SetSensitiveDetector(MySensitiveDetectors); // Add sensitivity t
o the logical volume

LV_PMT_Cathode->SetSensitiveDetector(MySensitiveDetectors); // Add sensitivity t
o the logical volume

LV_PMT_Cathode2->SetSensitiveDetector(MySensitiveDetectors); // Add sensitivity t
o the logical volume

SDman->AddNewDetector(MySensitiveDetectors);

// Surfaces

new G4LogicalBorderSurface("Scinti_reflector", PV_Scinti, PV_Mother, reflector_su

rf);
new G4LogicalBorderSurface("Guide_reflector", PV_Guide, PV_Mother, reflector_surf
2);
new G4lLogicalBorderSurface("Border_Ul", PV_Scinti, PV_Guide, dielectric_surf);
new G4lLogicalBorderSurface("Border_D1", PV_Guide, PV_Scinti, dielectric_surf);
new G4lLogicalBorderSurface("Border_U2", PV_Guide, PV_PMT, dielectric_surf);
new G4LogicalBorderSurface("Border_D2", PV_PMT, PV_Guide, dielectric_surf);
new G4LogicalBorderSurface("Cathode_SF", PV_PMT, PV_PMT_Cathode, cathode_surf);
new G4LogicalBorderSurface("Scinti_reflector2", PV_Scinti, PV_Mother2, scinti_sur
f);
new G4lLogicalBorderSurface("Border_U4", PV_Guide, PV_PMT2, dielectric_surf);
new G4lLogicalBorderSurface("Border_D4", PV_PMT2, PV_Guide, dielectric_surf);
new G4lLogicalBorderSurface("Cathode_SF2", PV_PMT2, PV_PMT_Cathode2, cathode_surf)
H
return PV_World;
}
!/
//
void Geometry::ConstructMaterials()
//
{

auto nistManager = G4NistManager::Instance();

G4double photonEnergyl[] =

{2.384 % eV, 2.431 % eV, 2.480 % eV, 2.538 % eV,
2.583 % eV, 2.638 % eV, 2.695 % eV, 2.755 % eV,
2.818 % eV, 2.883 % eV, 2.952 % eV, 3.024 x eV,
3.100 * eV, 3.179 % eV, 3.263 % eV, 3.351 % eV,
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3.444 % eV};
const G4int nEntries = sizeof(photonEnergy) / sizeof(G4double);

G4Material *air = nistManager->FindOrBuildMaterial("G4_AIR"); // Air
G4double refractiveIndexA[] = {1.00, 1.00, 1.00, 1.0,

1.00, 1.00, 1.00, 1.00,

1.00, 1.00, 1.00, 1.00,

1.00, 1.900, 1.00, 1.00,

1.00};
assert(sizeof(refractiveIndexA) == sizeof(photonEnergy));
G4MaterialPropertiesTable *MPT_air = new G4MaterialPropertiesTable();
MPT_air->AddProperty("RINDEX", photonEnergy, refractiveIndexA, nEntries);
G4cout << "Air G4MaterialPropertiesTable" << G4endl;
MPT_air->DumpTable();
air->SetMaterialPropertiesTable(MPT_air);

G4Material *kvacuum = nistManager->FindOrBuildMaterial("G4_Galactic"); // vacuum
G4double refractiveIndexV[] = {1.00, 1.00, 1.00, 1.600,

1.00, 1.00, 1.00, 1.00,

1.00, 1.00, 1.00, 1.00,

1.00, 1.00, 1.00, 1.00,

1.00};
assert(sizeof(refractiveIndexV) == sizeof(photonEnergy));
G4MaterialPropertiesTable *MPT_vac = new G4MaterialPropertiesTable();
MPT_vac—->AddProperty("RINDEX", photonEnergy, refractiveIndexV, nEntries);
G4cout << "Vacuum G4MaterialPropertiesTable" << G4endl;
MPT_vac->DumpTable();
vacuum->SetMaterialPropertiesTable(MPT_vac);

G4Material *BC4@8 = nistManager->FindOrBuildMaterial("G4_PLASTIC_SC_VINYLTOLUENE"

G4double refractiveIndexP[] = {1.58, 1.58, 1.58, 1.58,
1.58, 1.58, 1.58, 1.58,
1.58, 1.58, 1.58, 1.58,
1.58, 1.58, 1.58, 1.58,

1.58%};

assert(sizeof(refractiveIndexP) == sizeof(photonEnergy));

G4double absorptionP[] = {3800 * mm, 3800 * mm, 3800 * mm, 3800 * mm,
3800 * mm, 3800 * mm, 3800 * mm, 38600 *x mm,
3800 * mm, 3800 * mm, 3800 * mm, 3800 *x mm,
3800 * mm, 3800 * mm, 3800 * mm, 3860 *x mm,
3800 *x mm};

assert(sizeof(absorptionP) == sizeof(photonEnergy));

G4double scintilFast[] = {0.92, ©0.04, 0.07, 0.12,
0.18, ©0.26, 0.41, 0.54,
9.82, 1.9, 0.82, 0.5,
9.21, 0.11, 0.07, 0.03,
0.02};
assert(sizeof(scintilFast) == sizeof(photonEnergy));
G4double scintilSlow[] = {0.82, ©.04, ©.07, 0.12,
0.18, 0.26, 0.41, 0.54,
9.82, 1.0, 0.82, 0.5,
0.21, ©.11, .07, 0.03,
0.02};
assert(sizeof(scintilSlow) == sizeof(photonEnergy));
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G4MaterialPropertiesTable *MPT_pla = new G4MaterialPropertiesTable();

MPT_pla->AddProperty("RINDEX", photonEnergy, refractiveIndexP, nEntries)
—>SetSpline(true);

MPT_pla—->AddProperty("ABSLENGTH", photonEnergy, absorptionP, nEntries)
—>SetSpline(true);

MPT_pla->AddProperty("FASTCOMPONENT", photonEnergy, scintilFast, nEntries)
—>SetSpline(true);

MPT_pla—->AddProperty("SLOWCOMPONENT", photonEnergy, scintilSlow, nEntries)
—>SetSpline(true);

MPT_pla->AddConstProperty("SCINTILLATIONYIELD", 8060. / MeV);

//MPT_pla—>AddConstProperty("PROTONSCINTILLATIONYIELD",17./MeV);

MPT_pla—->AddConstProperty("RESOLUTIONSCALE", 1.8);

MPT_pla—->AddConstProperty("FASTTIMECONSTANT", 2.1 * ns);

MPT_pla->AddConstProperty("FASTSCINTILLATIONRISETIME", @.9 * ns);

MPT_pla->AddConstProperty("SLOWTIMECONSTANT", 2.1 * ns);

MPT_pla->AddConstProperty("SLOWSCINTILLATIONRISETIME", @.9 % ns);

MPT_pla->AddConstProperty("YIELDRATIO", 1.0);

G4cout << "BC-488 G4MaterialPropertiesTable" << Gé4endl;

MPT_pla—->DumpTable();

BC408->SetMaterialPropertiesTable(MPT_pla);

BC408->GetIonisation()->SetBirksConstant(birks_coefficient * mm / MeV);

G4Material *PMT_glass = nistManager->FindOrBuildMaterial("G4_Pyrex_Glass");
G4double refractiveIndexG[] = {1.473, 1.473, 1.473, 1.473,

1.473, 1.473, 1.473, 1.473,

1.473, 1.473, 1.473, 1.473,

1.473, 1.473, 1.473, 1.473,

1.473};
assert(sizeof(refractiveIndexG) == sizeof(photonEnergy));
G4double absorptionG[] = {100 * mm, 100 * mm, 100 * mm, 100 x mm,
100 * mm, 100 * mm, 100 * mm, 100 * mm,
100 * mm, 100 * mm, 100 * mm, 100 * mm,
100 * mm, 100 * mm, 100 * mm, 100 * mm,
100 *x mm};

assert(sizeof(absorptionG) == sizeof(photonEnergy));

G4MaterialPropertiesTable *MPT_glass = new G4MaterialPropertiesTable();

MPT_glass—>AddProperty("RINDEX", photonEnergy, refractiveIndexG, nEntries)
->SetSpline(true);

MPT_glass—>AddProperty("ABSLENGTH", photonEnergy, absorptionG, nEntries)
—>SetSpline(true);

G4cout << "PMT glass G4MaterialPropertiesTable" << G4endl;

MPT_glass—>DumpTable();

PMT_glass—->SetMaterialPropertiesTable(MPT_glass);

G4Material #*acrylic = nistManager—->FindOrBuildMaterial("G4_PLEXIGLASS"); // 7 7 >

G4double refractivelIndexAC[] = {1.5, 1.5, 1.5, 1.5,

1.5, 1.6 16, 1.5

1.5, 1.5, 1.5, 1.5,

1.5, 1.5, 1.5, 1.5,

1.5%};
assert(sizeof(refractiveIndexAC) == sizeof(photonEnergy));

G4double absorptionAC[] = {2000 x mm, 2000 % mm, 2000 * mm, 2000 *x mm,
2000 *x mm, 2000 *x mm, 2000 * mm, 2000 * mm,
2000 x mm, 2000 x mm, 2000 *x mm, 2000 * mm,
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2000 *x mm, 2000 * mm, 2000 *x mm, 2000 * mm,
2000 * mm};
assert(sizeof(absorptionAC) == sizeof(photonEnergy));
G4MaterialPropertiesTable *MPT_acrylic = new G4MaterialPropertiesTable();
MPT_acrylic->AddProperty("RINDEX", photonEnergy, refractiveIndexAC, nEntries)
->SetSpline(true);
MPT_acrylic->AddProperty("ABSLENGTH", photonEnergy, absorptionAC, nEntries)
—>SetSpline(true);
G4cout << "Acrylic Light guide G4MaterialPropertiesTable" << G4endl;
MPT_acrylic—>DumpTable();
acrylic->SetMaterialPropertiesTable(MPT_acrylic);

nistManager->FindOrBuildMaterial("G4_TEFLON"); // TEFLON

nistManager—->FindOrBuildMaterial("G4_Al"); // Aluminium
G4cout << G4endl << "The materials defined are : " << G4endl << G4endl;
G4cout << *(G4Material::GetMaterialTable()) << Gé4endl;

}

/!

volid Geometry::ConstructSurfaces()

!/

{

const G4int num = 2;
G4double ephoton[num] = {2.034 % eV, 4.136 * eV};

scinti_surf->SetType(dielectric_dielectric);

scinti_surf->SetModel(unified);

//scinti_surf->SetFinish(polished); //without reflector
scinti_surf->SetFinish(polishedbackpainted);
//scinti_surf->SetFinish(groundbackpainted);

G4double RefractivelIndex5[num] = {1.@, 1.0}; //ERICEWE O BT =
//G4double reflectivity5[num] = {@.98, 0.98}; //RS# O K& =ZE //On_Specular
G4double reflectivity5[num] = {0.96, 0.96}; //RE M DO KHFHE //On_lambert
//G&4double specularSpike5[num] = {1.e, 1.9}; /RS M EFEEK S //0n_Specular
G4double specularSpike5[num] = {6.0, 0.0}; //K&# (& &5 //On_lambert
G4double specularLobe5[num] = {0.0, 0.0}; //On_lambert

G4double backScatter5[num] = {8.0, 0.0}; //0n_lambert
G4MaterialPropertiesTable *MPT_scinti = new G4MaterialPropertiesTable();
MPT_scinti->AddProperty("RINDEX", ephoton, RefractiveIndex5, num);
MPT_scinti->AddProperty("REFLECTIVITY", ephoton, reflectivity5, num);
MPT_scinti->AddProperty("SPECULARSPIKECONSTANT", ephoton, specularSpike5, num);

MPT_scinti->AddProperty("SPECULARLOBECONSTANT", ephoton, specularLobe5, num); //0

n_lambert

MPT_scinti->AddProperty("BACKSCATTERCONSTANT", ephoton, backScatter5, num); //0

n_lambert
G4cout << "Scinti Surface G4MaterialPropertiesTable" << G4endl;
MPT_scinti—>DumpTable();
scinti_surf->SetMaterialPropertiesTable(MPT_scinti);

/! REMTCHFEEREB > - TWVWDIERH. BRICEVWESREZREL TW3,
reflector_surf->SetType(dielectric_dielectric);
reflector_surf->SetModel(unified);
reflector_surf->SetFinish(polishedbackpainted);
//reflector_surf->SetFinish(polished); //without reflector
//reflector_surf->SetFinish(groundbackpainted);
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G4double RefractivelIndex[num] = {1.0, 1.0}; //ERICEWEBOREIFE

G4double reflectivityllnum] = {0.98, 0.98}; //RH M ® kK& ZE //0On_Specular
//G4double reflectivityl[num] = {8.96, 0.96}; //RFAH DK ZE //On_lambert
G4double specularSpikel[num] = {1.@, 1.0}; //KEMIEFEE K& //0n_Specular
//G4double specularSpikel[num] = {@.0, 0.0}; //RE#MIEEA K E //On_lambert
//G4double specularLobellnum] = {0.0, ©.0}; //On_lambert

//G4double backScatteri[num] = {@.@, 0.0}; //0n_lambert

/17> IN— kK& FEE (1 -Lobe-Spike-back)

G4MaterialPropertiesTable *MPT_reflector = new G4MaterialPropertiesTable();
MPT_reflector->AddProperty("RINDEX", ephoton, RefractiveIndex, num);
MPT_reflector->AddProperty("REFLECTIVITY", ephoton, reflectivityl, num);
MPT_reflector->AddProperty("SPECULARSPIKECONSTANT", ephoton, specularSpikel, num)

//MPT_reflector->AddProperty("SPECULARLOBECONSTANT", ephoton, specularLobel, num)
i //0n_lambert
//MPT_reflector->AddProperty("BACKSCATTERCONSTANT", ephoton, backScatterl, num);
//0n_lambert
G4cout << "Reflector Surface G4MaterialPropertiesTable" << G4endl;
MPT_reflector->DumpTable();
reflector_surf->SetMaterialPropertiesTable(MPT_reflector);

/I RV THEEEXREZEEBE - TWVWDIERHE. HMRICFVWEREEZERELTWS,

reflector_surf2->SetType(dielectric_dielectric);

reflector_surf2->SetModel(unified);

reflector_surf2->SetFinish(polishedbackpainted);

//reflector_surf2->SetFinish(polished); //without reflector

//reflector_surf2->SetFinish(groundbackpainted);

G4double RefractiveIndex2[num] = {1.0, 1.0}; //BRICEWEBOEIX

G4double reflectivity4l[num] = {0.98, 0.98}; //KE#M O KEZF //0On_Specular

//G4double reflectivity4[num] = {0.96, 0.96}; //EH M DO R E E //0On_lambert

G4double specularSpike4[num] = {1.0, 1.9}; //RS M $EE K& //0n_Specular

//G4double specularSpike4[num] = {0.0, 0.0}; //RHEMIEEA K& //0n_lambert

//G4double specularLobe4[num] = {0.0, ©.0}; //On_lambert

//G4double backScatter4[num] = {0.0, 0.0}; //0n_lambert

//IZ > NN— kKR ZFEEF (1 -Lobe-Spike-back)

G4MaterialPropertiesTable *MPT_reflector2 = new G4MaterialPropertiesTable();

MPT_reflector2->AddProperty("RINDEX", ephoton, RefractivelIndex2, num);

MPT_reflector2->AddProperty("REFLECTIVITY", ephoton, reflectivity4, num);

MPT_reflector2->AddProperty("SPECULARSPIKECONSTANT", ephoton, specularSpike4, num
)i

//MPT_reflector2->AddProperty("SPECULARLOBECONSTANT", ephoton, specularlLobe4, num
); //0n_lambert

//MPT_reflector2->AddProperty("BACKSCATTERCONSTANT", ephoton, backScatter4, num);

//0n_lambert

G4cout << "Reflector Surface2 G4MaterialPropertiesTable" << G4endl;

MPT_reflector2->DumpTable();

reflector_surf2->SetMaterialPropertiesTable(MPT_reflector2);

// BFEAHARTOERE., ZLRILOFENICRK S,
dielectric_surf->SetType(dielectric_dielectric);
dielectric_surf->SetModel(unified);
dielectric_surf->SetFinish(polished);
//pla_glass—>SetSigmaAlpha(sigma_alpha);

G4double reflectivity2[num] = {0.999, 0.999};

G4double specularSpike2[num] = {1.08, 1.8}; //MEOFTHEREH S5 O K &
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);

}

//Z Y IN—hREEF (1 -Lobe-Spike-back)

G4MaterialPropertiesTable *MPT_dielectric = new G4MaterialPropertiesTable();
MPT_dielectric—->AddProperty("REFLECTIVITY", ephoton, reflectivity2, num);
MPT_dielectric->AddProperty("SPECULARSPIKECONSTANT", ephoton, specularSpike2, num

G4cout << "dielectric - dielectric Surface G4MaterialPropertiesTable" << G4endl;
MPT_dielectric—>DumpTable();
dielectric_surf->SetMaterialPropertiesTable(MPT_dielectric);

// PMT® photocathode® 3= M »

cathode_surf->SetType(dielectric_metal);

cathode_surf->SetModel(glisur);

cathode_surf->SetFinish(polished);

G4double reflectivity3[num] = {@.0, 0.0};

G4double photocath_EFF[num] = {1., 1.}; //Enables 'detection' of photons
//G4double photocath_ReR[numl]l={1.92,1.92};

//G4double photocath_ImR[numl={1.69,1.69};

G4MaterialPropertiesTable *MPT_cathode = new G4MaterialPropertiesTable();
MPT_cathode->AddProperty("REFLECTIVITY", ephoton, reflectivity3, num);
MPT_cathode->AddProperty("EFFICIENCY", ephoton, photocath_EFF, num);
//MPT_cathode->AddProperty("REALRINDEX", ephoton, photocath_ReR, num);
//MPT_cathode->AddProperty("IMAGINARYRINDEX", ephoton, photocath_ImR,num);
G4cout << "Photo Cathode Surface G4MaterialPropertiesTable" << G4endl;
MPT_dielectric—>DumpTable();
cathode_surf->SetMaterialPropertiesTable(MPT_cathode);

void Geometry::SetWorldMaterial(G4String materialName)

i

G4NistManager *nistManager = G4NistManager::Instance();

G4Material *pttoMaterial =
nistManager—->FindOrBuildMaterial(materialName);

if (fWorldMaterial != pttoMaterial)

.{
if (pttoMaterial)
.{
fWorldMaterial = pttoMaterial;
if (LV_world)
LV_world->SetMaterial(fWorldMaterial);
G4cout
<< G4endl
<< "————> The World is made of " << materialName << G4endl;
}
else
{
G4cout
<< G4endl
<< "—-> WARNING from SetWorldMaterial : "
<< materialName << " not found" << G4endl;
}
}
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PhysicsList.cc # &3 2 V/HAMHAAEH DR

L/ +++++tt bbb bbb bbb bbb bbb

// PhysicslList.cc
// [Notel] Based on "G4 Basic Example: B3"

J I et o LI T T S B T

#include "PhysicslList.hh"

#include "G4HadronElasticPhysicsHP.hh"
#include "G4StoppingPhysics.hh"

#include "G4IonPhysics.hh"

#include "G4DecayPhysics.hh"

#include "G4RadioactiveDecayPhysics.hh"
#include "G4EmStandardPhysics.hh"
#include "G4EmLivermorePolarizedPhysics.hh"
#include "G4EmLivermorePhysics.hh"
#include "G4EmPenelopePhysics.hh"
#include "G40OpticalPhysics.hh"

#include "G4StepLimiterPhysics.hh"
//#include "GammaNuclearPhysics.hh"
#include "QGSP_BERT_HP.hh"

#include "G4HadronPhysicsQGSP_BERT_HP.hh"
#include "G4HadronicProcessStore.hh"
//#include "G4fissionEvent.hh"

#include "myParameter.hh"

//
PhysicsList::PhysicsList()
: G4VModularPhysicsList()

/!
{
G4int verbose = @;
verboselevel = 8;
// Default physics
RegisterPhysics(new G4DecayPhysics(verbose));

// EM physics
RegisterPhysics(new G4EmLivermorePhysics{verbose));
//RegisterPhysics(new G4EmLivermorePolarizedPhysics(verbose));
//RegisterPhysics(new G4EmPenelopePhysics(verbose));//included
s—san
//RegisterPhysics(new G4EmLowEPPhysics(verbose));
//RegisterPhysics(new G4EmDNAPhysics(verbose));

// Hadron Elastic scattering
RegisterPhysics( new G4HadronElasticPhysicsHP(verbose) );

// Hadron Physics
RegisterPhysics( new G4HadronPhysicsQGSP_BERT_HP(verbose));
G4HadronicProcessStore::Instance()->SetVerbose(verbose);

positron, used pil
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// Stopping Physics
RegisterPhysics( new G4StoppingPhysics(verbose));

// Ion Physics
RegisterPhysics( new G4IonPhysics(verbose));

// Gamma-Nuclear Physics
//RegisterPhysics( new GammaNuclearPhysics("gamma"));

// Optical physics
G40pticalPhysics* MyOpticalPhysics = new G4OpticalPhysics(verbose);
RegisterPhysics( MyOpticalPhysics );
MyOpticalPhysics—>Configure(kCerenkov, _photon_tracking_);
MyOpticalPhysics—>Configure(kScintillation, _photon_tracking_);

// Radioactive decay
RegisterPhysics(new G4RadioactiveDecayPhysics(verbose));

// User limits

//RegisterPhysics(new G4SteplLimiterPhysics(verbose));
}
!/
PhysicsList::~PhysicsList()
//
{}

!/
void PhysicslList::SetCuts()
//
{

G4VUserPhysicsList::SetCuts();
}

SensitiveDetectors.cc > I 2 L —3 3 VHEREHR O S

e e T B o L m r o o b T
// SensitiveDetectors.cc

F e B I s 0 s i o B B B T D I o 0 o = S S e
#include "SensitiveDetectors.hh"

#include "G4TouchableHistory.hh"
#include "G4Step.hh"

#include "G4VProcess.hh"
#include "G4HCofThisEvent.hh"
#include "G4RunManager.hh"
#include "Analysis.hh"

#include "G4SystemOfUnits.hh"
#include "G4ParticleGun.hh"
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#tinclude "PrimaryGenerator.hh"
#include "myParameter.hh"

1/
SensitiveDetectors::SensitiveDetectors(G4String name) //each SESSION
: G4VSensitiveDetector(name)

//
{
event = 0;
runtmp = @;

b

1/

SensitiveDetectors::~SensitiveDetectors()

1/

{
b
1/

void SensitiveDetectors::Initialize(G4HCofThisEvent *) //begin of each EVENT
!/

{
nPhoton = 8;
hitPhoton =
init_E = @.;
En = 0.;
edep = 0.;
hittime = 180. * ns;
firsttime 100. * ns;
decaytime -1080. * ns;
preTrack = 9;
event++;
if (runid > runtmp)
{

0;

runtmp = runid;
event = 1;
}
mVol_ID = ©;
neutron_ID = 1;
Scinti_E = {0.};
Scinti_E_ee = {0.};
Scinti_T = {0.};
Scinti_direct = {0};
Scinti_phot = {0};
Scinti_PMT_E {0};
Scinti_PMT_T = {0};
Scinti_PMT2_E = {@}; //PMT_added
Scinti_PMT2_T = {@}; //PMT_added
Scinti_hitpos = {0., ©., 8.};
//std::cout<<"+++++ eventID="<<event<<" +++++"<<std::endl;

}

/7
void SensitiveDetectors::EndOfEvent(G4HCofThisEvent *) //end of each EVENT

//
{
if (En > 0)

[t
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//PrimaryGeneratorx mysetup;

//Ekin = mysetup->fpParticleGun->GetParticleEnergy();
G4AnalysisManager *analysisManager = G4AnalysisManager::Instance();
analysisManager—>FillNtupleIColumn(®, runid);
analysisManager->FillNtupleIColumn(1, event);
analysisManager—->FillNtupleDColumn(2, En);
analysisManager—->AddNtupleRow();

//std::cout << " emit photon is " << nPhoton << std::endl;

}
//
G4bool SensitiveDetectors::ProcessHits(G4Step *aStep, G4TouchableHistory *) //each ST
EP
!/
.{

//const G4Step* cStep = aStep;
G4int nTrack = aStep->GetTrack()->GetTrackID();
G4int volumeID = aStep->GetPreStepPoint()->GetTouchableHandle()->GetCopyNumbe
r();
//G4cout<<volumeID<<G4endl;
switch (volumeID)
{
case 2: //in the Scinti
if (nTrack == 1)
{
En = aStep—>GetTrack()->GetVertexKineticEnergy();
if ((@ > aStep->GetDeltaEnergy()) && ((Scinti_T[0] == @) || (
Scinti_T[@] > aStep->GetPostStepPoint()->GetGlobalTime())))
{
//if ((@ < aStep->GetTotalEnergyDeposit()) && ((Scint
i_T[e] == @)||(Scinti_T[@] > aStep—>GetPostStepPoint()->GetGlobalTime()))) {
Scinti_T[@] = aStep->GetPostStepPoint()->GetGlobalTim
e();

Scinti_hitpos[@] aStep->GetPostStepPoint()->GetPosi

tion().x();

Scinti_hitpos[1] = aStep->GetPostStepPoint()->GetPosi
tion().y();

Scinti_hitpos[2] = aStep->GetPostStepPoint()->GetPosi
tion().z();

if (nTrack != neutron_ID)

{

Scinti_direct[@] = 3; //inelastic, others
}
else if (aStep->GetPreStepPoint()->GetKineticEnergy()
== aStep->GetTrack()->GetVertexKineticEnergy())

.{

Scinti_direct[@] = 1; //direct
}
else
{

Scinti_direct[@] = 2; //elastic
}

}
Scinti_E[@] += aStep->GetTotalEnergyDeposit();
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if ((Scinti_PMT_T[@] == @) || (Scinti_PMT_T[@] > aSte
p—->GetPostStepPoint()->GetGlobalTime()))
{
Scinti_PMT_T[@] = aStep->GetPostStepPoint()-»>
GetGlobalTime();

}

break;

//PMT_added
case 6: //in the Scinti PMT2
if ("opticalphoton" == aStep->GetTrack()->GetParticleDefinition()->Ge
tParticleName())
{
// G4cout<<aStep—>GetPostStepPoint()->GetTouchable()->Ge
tCopyNumber()<<G4endl;
if (7 == aStep->GetPostStepPoint()->GetTouchable()->GetCopyNu
mber())
{ //hit photocathode
Scinti_PMT2_E[@]++;
if ((Scinti_PMT2_T[@] == @) || (Scinti_PMT2_T[@] > a$S
tep->GetPostStepPoint()->GetGlobalTime()))
{
Scinti_PMT2_T[@] = aStep->GetPostStepPoint()-
>GetGlobalTime();

}
break;

}

return true;
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