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W v 7 —OHMLED S OEERE d[0], d[1],d[2]. (H)y FROEIRIT A %2 7R3 ERR
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1.1 Bellell 2E&

Bellel Bt & 1%, &A1 LF — AT D SuperKEKB fli#E#s & Belle I HlE 45 % W
TBYHHF. 7L 7 b Fr—anFrromAERIZICE T2 CP MMt L 7+ >
RO ZAE L., HEHGRTSEE OZRE WS B TH LWYHIERIOKEZERRT 5 2 &
ZIviared2EBRHEAERTDH 2,

1.2 SuperKEKB hN&2s

SuperKEKB Ji#251% 7GeV OE T & 4GeV DIGE T2 EZ2 ¥, B HT - & B HEFX%
BUDHET2RABKTEGELI ST 4 TERT 2 IR 3oL 5 —EZR M IEEE T H 2,
KEKB H##R» &7 v 77— R&h, 202046 A 15 HIZV I 7 7 14 2.22 x 103 em 2571
RER L, ThRBTEOL 2, 2 ToEEOEH R MEREO P THARSELI /> T7 4T
H%,

%mﬂ@KBME%é¢®ﬁfﬂ%n1mf?o%Uy7®ﬁ§u%3mnfﬂT%11m@
HED M ANVNTHBEIN TV D, & RF EFHCIEo N, EFRRINES CILE S 1R
HER(High Energy Ring) 12 ASf & ﬂ“CI':F'EIEI DRI %, BBETIX3.5GeV £ THEL /-7
TE2LBENCYTTEYHL, BETFEX VYV IV VI TE—LDIT I v XY A% PP
LER(Low Energy Ring) IZASt S TRF LRI D IZEHET 2, &V v 7 TESN-ET L HE
TS HEZEME S & 512 Belle I HIESAHRB N TN
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1.3 Bellell AlI7E 2R

Belle I #iH#51%, HXEAECTET - BETFE—2 2B BEERO—HERIT =281 TE2HL
LT, B2 7REEOMHSREHASDEIMEZRO, MHSRIAND S 3. €7 B
Wit >V arN—7 v 7 2BERPE N, OO TFORBEEAEEBK T 2N —7 v 7 2K
HERZH T 2 2 & Hiz, ZDIMUDH RIS R & & b ICH BN T ORIMIERZ BN T %,
ftnTtZ7asr L) Y4 X=IF 2L ryarzBitids, TOP A vy X —, BB X —&—,
Sa—kT - KA TRESETH 2, K2 TRTEBAI DY X —Z— 1L THIZBRN S,

Pixel Detector (PXD)
Silicon Vertex Detector (SVD)
Central Drift Chamber (CDC)
TOP counter (TOP)
Aerogel RICH counter (ARICH)

Electromagnetic Carolimeter (ECL)

KL/ Muon Detector (KLM)

2 BelleIl filiE a2 DR

1.4 BHEHIOUA—H—

Bellell ZBRTHWA BRI B Y X —X—F> > FL—& 2 LT CI(T)) #EHmEFHAL, 22T
BRI Lo i X —HRICI Y v FL—va v eHAatlT, TOYrFL—RIEHE
& LT PIN-PD Z#lAaGbE LM 8736 AL E NS, BT A LX—DETFRNTD
B AT 2 L BRES v 7 —ZR L. =3 LXF—%2K5, RBBERIE 225 CsI(T) #fk
X 30cm DEEDHD, AR TOIELALYDIINF—2NHTELEL BN TE S0, =
FOLF —BRE RAINCBEREE OVRAICE L, TOEEBEMORKE XL AFRFOZ AL
F—2MET 3,

1.41 Csl(Tho>FL—4%

PYFL—REIE, FMENFRASF LTI AL —EBLREZREZ T, ZACERLTY Y FL—
YavHEMINERNETIWETH S, PV FL—RIZERNTZ2eRIZAFLVERMAEKL L
A v FL— RSV F L — 2B S, Bellell HIEHROBHR A B Y X —X— I Xh
T2 CsI(TD I3RS RS v FL—XTh S, WSS Y F L —RBIERIKRE VDT
FNF—DREED R L. BE., FTESDPRKEVLD v ROMILEERE W Wo R R Fo, &
DF=DIT v FROBHNTHE L TV S, CsI(T1) FHEE 4.53 g/cm3. FOLEHH 50,000 KT /MeV



CEETHD, LrLEDSFEEOBEREIN lus L RWd, @A /o7 4 BETENY 2
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BRPEARITI 2, P REERTIE—ICHEL, NERICERIHAE T 5, HZETLTFINENRE
I L, BF - EfLNZE2 2. NEOERIC L D EFIE N REERAoEEA, EfLIE P R
BRI OBMARE T2 Z 2 ICK D BUNEORE L TEXEEDEREINS, T 7+ XA
A — FOFBHTH 3,

PIN B 7 b &4 F— NiZ P ABRER e N AREAROBICEEFLERD I ErtA S 2
o, ZOIEH»EL LTEZILL, KMaRE LTEET 27D DHIINEEDHEEZ(KL T
%3,

1.5 FU2 v T -0

FEEPOMHARICIE, BB X —X—IZHHIN TV ET - FBE FEZIC X 2 BRI
BT 2 vy BT TR, E—b2BRBIMH>TELIZE - N0 I 77T FD 4y RBET 5,
CsI(T1) FERIFFDAR L 72 & 5 CHERBERBBRE WD, Ny 27592 RORL LT v T I
LALVD ERES 70T e AMEE 25, BHEO I B Y X — & — ORI 53 fRREC (L E 77 i RE
WENTBERZE S, Z2TIZANF DRV AR LR 6ND XTI 7 7T
FONBERET 2 2D TE S, ZOMMERE Y > v 7 — MR & R,

Bellell EEETENY 777V Y R vy BPEMEETHRET 28y b ARy M, ©— AMEZEED
5 lem BEN7AMIBICH 2 Z e HHIALTE D, 7V ¥ v v —MHEICEPR A AN 3 2 & E %
Rl 2 Z e TEIUR, ERADPORD A BRENY I TSI RO~y BT 50T
2rHEZbND,

1.6 BHEvIT—ICELBIRILF—DRAE

v RREEANCAS T 2 EHR, a v T P UEEL BT - BEFMERE WOIMEEERE S
%, Bellell B & 5 RFEN FEBRTHEITARE y O AN F =13+ MeV L ETH 2 DT,
YE I AR C SHEFRIZET - BETNERNETDH 5,

BT BETERCIGASFHET DT I F—551.022MeV (BT, BB TFOFIEER 0.511MeV
D2fFEDTHNF =) U LDGE, MEDRFEHETET - BBEFEERTIREDZ L TH
5, AFEFREBIANF—2KoTHEL, EFLHBEBFIETOIAINT %2525, £
EREINET - BETOPTARIANY =2 FHO5E 3 WEF CHEICHBIBR 2 2 3,



HIENG & X, R TV EFRD Y —a VTR L K> 3L X —% v e LTS 3
HRTHH, BEONIWVWETRHBETTHEHECHENS, EFOZILE =28+ MeV M LD
BIIIFIEN TICHBICRET 2, WHEEEKRT 20T, BETEA4 4+ b3 Es 2 Z2ick
2 BHHER ZHIBHEGNIC & 2 AL F—HED L 2, GIERFCEC R v RO AL F -2+
FITENGETEICET - BEFEREZEZ T,

Z D & IZHIENE £ BT - BT AERAEEHNICRIET 2 Z e 2B Y 7 — WS, ¥V
FL—XNTEEY ¥ V=R IN2 L BEFRHGEFOI ALY —HBREY VY FL—>a VM
ZHLHANT T INF—2HET 5,



2 Geant4 IC&kB>=al—>3ay
21 Geantd V7 boxT7

Geant4 \IWEH 2 @B T 2N TOMHAEEREZS I 21— a3 >33V —Ll*xy b THD3, BT
FOLF —PIHERERE, THAE RO THHEIATWS, FHEER C++ TH 5, Geantd
BERFNIGCTRA R SR LTEINTED, VIR ZELDRAv =D %Y =)L
F v bR, Geantd ZEBOHIE T 0 7S 2% o TEY, 2—F—DHMNIZIEL THIE S 1
TR ERELYI 2L —varEFETTE2IeNTE S,

22 BB

FHLZ Geantd V7 b7 27D AN—2 3 106 TH D, 64bit 7—F 727 F ¥ — D CentOS7
Linux [(iFNA F VR = flET v 77 0250 —Ra—FREL YA =L L DTH
5, ¥Ial—¥a X ERENTz root 7 7 4 VDIENTIZMENFTE © Macintosh (28535 L T
'f—j“o?}:o

23 2Zal—Ya3vORE

Geantd Y — R 32— R Ry r —=YHIZPGREINTWEH > T 7 hu ) X—X—OFETH 5
exampleB4a (DUF Bda) #Z L TR L7,

TV % T —HHEBOMBIE T 7 T 4 TRINAE 725 BGO My v FL—Re vV —HDE
TR ETFOmBMNEL RS 2 Si MHSEERAICKE LY > K4 v FRITH 2, BGO #ifh
PUFL—&RY SiHEREMHAG DR D% llayer & L. layer #E & L7z, llayer Ot & A
DEIFIMFOBEHAI Y X —&—0D CsI(T]) FFOWHE L[ T 5.5cm & L7z, BGO OEAK
1 G RTH % 11.2mm, Si MHBDOREAZ—HRIVREATH S 0.3mm & L7z, T THHAEL
. BT F DB FOWEFTHIEFICED, TOZRLF=HIFEET 1/e TP T IR
THb, Fl. SiRHSREEBROBROY 7 Eziob DL L,



5.5cm - SiRiE
AFAME
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1Lay

11.2mm 0.3mm

3 Ty —MHEROEESF X Y

stc 74 L7 PVIEIPNTVNSEY —X32—FD 5%, BdDetectorConstruction.cc,
B4RunAction.cc, B4aEventAction.cc. B4aSteppingAction.cc, MUHEENMIET 2\ y X —
77 ANERE LT,

PIalb—YarrIETTd oot 77 ANDPMER S NS, root 7 7 ANEENIT S~
7 7 ANMER L., B ZiTo7z, BT~ 17 7 A MOV TEROETHENR S,

23.1 BGO#HRIVFL—%

BGO (G r~v=v sl 2~<R) FRYVEKSESS > F 1L —2D0—HETH5, BGO > F
L—RBKTHAS T2 T3 F—1BEMIEZ D ¥— 27 E 480nm DRROHIEDHEHKT 3,
FIRFERFEE 300ns, X 7.13g/cm3, BATEEX 11.2mm TH 2, 7V ¥+ 7 —MH# layer
®D BGO #fhs > F L —ZIEHE 5.5cm, # 5.5cm, EA 11.2mm OEHFEROKELZ >, 7V > %
-0 T 7T 4 TWRINEE 72T,

232 Sitkitgs

TV Ty U —MHER llayer @ Si M ZRIEHME 5.5cm, # 5.5cm, JEA 0.3mm DFERDIEIRE b
5. BGO MY v F L —XOBRICEE T 5, Si MO 2.33g/cm® TH %,

Si A ZE 7 A EEEROb O T2 2 e T TOEBMNEZRHT 5, AZEDS I 2
L—2aryTlR& SiBESREE 7 ricnElL, 2721 Bo L ¥ —8BROMHE% root D
Ntuple TEE T 2EHIRFET 2 L5 R 7 7 02 BE L,

233 YZal—>3>a—RoHuE

FVIFND Geantd XN—T 2> 106 DY —RAA =R R F=IZH V7 Hhnr)) X—X
DL L TIER SN TV exampleB4 13> v 7 — 24K - FZEI B 2MIUAER D 280, BT X
EGETOIANF—HEZHRET2HEE T LTOF v v F2B/IET VT & LRI



%o TW\W5, WIAE T TOZ AN F—IBRDBUERRICR S LS5, BEORKZIWHHKS VFL—
ZOHAGI Y LT BGO MMICEESMZ 2 L dIT, ¥y v THDZ Y o HEABIEEHRE 35
BEE. ST OEENTE [6) THRCEBX ATV 5,

BGO., ¥V aryed, Geantd Xy 75 —IJIHMED NIST 7V 77T —XXN—ZAHUIEE S h
TW5DT, ZDL I — F% G4NistManager 77 7 A D FindOrBuildMaterial BI{ T3 F
HExZ L oTW5, IAD Mother Volume DE DMHARI A X MV 2 ANTFHEE THET 2D,
ETE2ECRDIMIOARY 2 — L TH 2 World &, HEDOKRKTILTWD,

B4DetectorConstruction.cc T Si A Gap FicH7= b, z ., y #/5H D75 EEZE kR
ETAEH ndivx, ndivy ZEES L. % Si ¥27 L OERE —RICEAH TR S 72DB LB S ITH
727 FETHS ipix 1FFNOFE ix ITOHRE iy THVWTHK L, ZL T, E7 L
WA X MY EESLTIRD 729IZ Gap #%7 @ PV(PhysicalVolume) T® % £GapPV %4 ¥ L
720 PV &3 Physical Volume D Z ¥ 2451, RELLWHED Y I 2L —>ay L TREIN S,

B4RunAction.cc THE 7t L DT 2 V¥ —BREFDIFHRE G5 X % Ntuple Z/ERK L.
B4EventAction.cc T# Ntuple IZ¥ 7 L EBD T 1L ¥ —{8%% Fill § 5,

B4aSteppingAction.cc TIAY 7 LILHITHE U 7 step DT 2 ILF —4HKD 50keV ML LD E
WLAY—FZL 7L FEBL BT RNF—IBROE%R AddGap BAEICH B LTHES, Z
Z T 50keV OIfR%Z D1} 7z DIFE X 300pum @ Si #iHH#5 % Minimum Ionizing Particle(MIP) %3
BWIE S BBED T A NF — R 0.1MeV TH 2 Z 6. ZD 50% TH 5 50keV Z2E & L 722
5TH %, AddGap BEI# ¥ 1X B4aEventAction.hh A TER SN TWAHEMTH D, Gap HHT4
U7 L ¥ —485L% step . volume ., D% D Si MHIR T AL BIE LEDOE 2B
THb, step Ll 12D event HTD 1 DOHAEHD I L 2F S,

*1gszd, TILF—BERICHEEZRIT I E eV EDO T 3L F —IBEOBBEEMIHEE L RIITIRETH S
DT, ZOHIENES I 2=y a R TITbL I, T~ BOHTITS DAIE LW,
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//--==
// Gap

. Xt yEIAEOSEISE EE
caint naivy = 5, =— (55D 1.T1cmx1.1cmAICHEIT 2182

auto gapS
= new G4Box("Gap", // its name
calorSizeXY¥/ndivx/2, calorSizeXY/ndivy/2, gapThickness/2);
// its size has been modified.

auto gapLV

= new G4LogicalVolume(gapS, // its solid
gapMaterial, // its material
"Gap"); // its name

// GI Added 20201210. t°7 t)b%%

for(G4int ix=0; ix<ndivx; ++ix){
for(G4int iy=0; iy<ndivy; ++iy){
G4int ipix = ix*ndivx+iy;
fGapPV[ipix]= new G4PVPlacement (
0, // no rotation
G4ThreeVector (-calorSizeXY/2+(ix+0.5)*calorSizeXY/ndivx,
-calorSizeXY/2+(iy+0.5)*calorSizeXY/ndivy,
absoThickness/2), // its position
gapLV, // its logical volume
"Gap", // its name
layerLV, // its mother volume
false, // no boolean operation
ipix, // copy number,should be incremented.
fCheckOverlaps); // checking overlaps

4 B4DetectorConstruction.cc D#:, SiMHERTICE /22 Gap T DAV PF T
0y A bDEBELRETRT,

if ( volume == fDetConstruction->GetAbsorberPV() ) {
// KM Added 20200216.
G4int lyrid
= step->GetPreStepPoint()->GetTouchableHandle()->GetReplicaNumber(1);
fEventAction->AddAbs (edep, stepLength, lyrid);
// fEventAction->AddAbs(edep,steplength); // original
}
for(G4int ipix=0; ipix<3025 ; ++ipix){
if ( volume == fDetConstruction->GetGapPV(ipix) ) {
if( edep > 0.05 ){ //GI Added 20210202.
// get layer number (replica Number)
// KM Added 20200216.
G4int lyrid
= step->GetPreStepPoint ()->GetTouchableHandle()->GetReplicaNumber (1) ;
// GI Added 20201030.
fEventAction->AddGap(edep,stepLength,lyrid,ipix); // GI Added 20201030.
// fEventAction->AddGap (edep,stepLength,lyrid); // KM Added 20200216.
// fEventAction->AddGap(edep,steplLength); // original.
}

}

5 B4aSteppingAction.cc Dk, Si MHERETICL /22 Gap HT DA VI F LTS
Z LB DEERERT,
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3 T—HROMIE LR
3.1 @Hh=oO7r71IL

Geantd ¥ 21— a Y&FETT 3 % layer ® BGO 727 7 4 7RIS Si ¥ 27 kL EBDO T
INF—HBROEEEZIAAL root 7 7 A VBMER I NS, ZTD root 7 7 4 VEFAIAA, v Ff
DEPRA M FHR T 2 ETo~oa 7 7 A V% 2EEER L7z, root ¥ 7 vid C++ S3ib
fﬁ&?é&ﬁf%b BAERNCRD 2 D v, F/NIEZBEH U TN TR/ N OS2 i

FRORZHELLDOD2HHETH 2, UTTID 22007075 AZDONTERS,

3.2 FBWRGE

it~ 27 0 DNEIZERBNT 2 2 THMOE SO & event BICZ(L T 2 16HZ HLD & 5 #R o
WAKAITE S, BiFIMUTO 1. THD, BEZ 2. I 2EEOE~7 0 icdt@Tth 22, 3. 0F
[EVARE = VA

1. HE7 e BOHLEDEREZEST 5,
7B F—HRERE L 22 TD event I LTH\ETHE, ZZTERL
JAEZERS ¥V —HOBETELEGETOEGNE L T 5,

2. Si HERD & layer BICERKS ¥ 7V —DOHLIBEZIRET %,
Si¥ZENLDITANF—{BRTEAZDILELEZRD, ZOD layer DEWES ¥ 7 —DHIL
e Lz,

3. 3layer £ % 2. TEMS v V—DHFIMLEZHFOLNLHEI. HLRTZHIZLITED v ##
DEPRFTAIZIRET 5,
~y FROER TR DE T BB, BUERTEIC X 2 ik e /N IRIC K 2 HIE TR E1T S
2D T 0 S AR L 72,

321 BEMICEIRT BHE

IR DB T/ R0 6 OO AR/ R I2EMEREL. 0% v ROFRG L
ERAE

v RO ASEIZS I 2L —2 2 ORI (2,y,2) = (0,0,0) & %%Lfﬁb\:nﬁ%ﬂwé
D THREEBNTH6IIRT, AFHIEE (2,y,2) = (0,0,0) KEE Lz, ZOHE. FfK
T3~ ROBIRA NGNS 0 ¥ A0 ¢ D 2 BRTHEE S, momuliutk%ggﬁgez
¢ THRFZHAMICEREMIL., FETRDLZEHS v+ 7 —OHIDNLED 5 DEEEE d[0], d[1], d[2]
DA x? BN 225, Orad<f<Zrad,-Frad<¢<Zrad OHFHT 0.001rad 3OZ1L
XET, 0— ¢ FHIKICTY v FRE EL\%®§%¥ﬁ%T®X ZEHHE L. Rhodborr 3,
AFFETIE, v 8D (2,y,2) = (0,0,1) DA AT 2EMHTS I 2L —2ary%2i7okDT ¢
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DHIPHZ KR 2 BRI T 272012 Lo & LT 21T - 72,

Y ROERS

d[0]=R[0]xsin(ptheta[0])

AR (

(0,00)

6 BT 2358, (£)y BOTRSMERTEREEE L, & layer OB ©
v —DHLALIE D & DR d[0], d1], d[2]. ()Y BOBRA R RS R L B v 7 — 0
DR TR 5 DI R D /71cD T Olayer 1513 3 d[0] 2B L > TR L

0 ¢ ZHWT, BRKRT 2 v BMOTAZRTHEMANRY M UE V,=(sinfcosg,sinfsing,cosf) &
zEN5, (z,y,2) = (0,0,0) DEH S i FH layer TRAZBRS v 7 —DOHLIEETONRY b
L% 8Ly TORZ ML LEERGAZRTRZ DLORT % pthetali] £ 55 (i =0,1,2),
pthetali] &,

pthetali] = arccos (RL[ZZ] -V,)(1=0,1,2)

CEDRDBND, 22T Rl Er OKESTHB, ¥ v 7 —OHRLIEY + BOFRA %

RS ERR e OEREE d[i] 1%
d[i] = RJ[i] sin(pthetali])(i = 0,1, 2)

JhKRDON S,

dli) DD 2 THH, INDBRNEZRZED 0, ¢ % 01F Orad 75 Frad OHFT, ¢
& Trad 55 Trad ORFATZNZA 0.001rad $ORMIE ¥ 50— 7% [ LTHE L,

322 MRITMABRN_FE

B/ NEICHRARZZ A TR ERBUER E OB, Z L. AFMIELZEERTICT7 4 v b TR ZILER
HIFE TR VDT x2 BNDEMFE IR D IAEROX B/ T2 Z 21T Lk,

Y RRDF AR TRXT ML% (e1,e9,1) THRT, v IROAFRDBEIEZ (x0,90,0) £ L. ZTZ
R LTy BROAMERT, N7 MLEMIEL. % layer TROZBHS v 7 —OHULLED 5
Si M B OFEAR T DFERE d[0], d[1], d[2] D% 2 & L. TOHF/Ne R 254 E2FHET 5,
2T xg, yo,€1,62 DANRTRX—=R—=T 4 v N TH 5,

13



rROBIETAE

ro i [2)
(XO’@ Vo z

As7E

T NN RIEE AT 358, + BOAAERTORY ML (e1,e2,1) REE L,
% layer @ Si BHERD FEARCRRER L7 BRES + 7 — DL EE D & OBifE% d[0], d[1], d[2]
&35,
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/// BdDetectorConstruction.cc

/// brief Implementation of the B4DetectorConstruction class
// KM modification starts 2020 Jan. 6th.

// GI modification starts 2020 Oct. 14th.

#include "B4DetectorConstruction.hh"

#include "G4Material.hh"
#include '"G4NistManager.hh"

#include "G4Box.hh"

#include "G4LogicalVolume.hh"

#include "G4PVPlacement.hh"

#include "G4PVReplica.hh"

#include "G4GlobalMagFieldMessenger.hh"
#include "G4AutoDelete.hh"

#include "G4GeometryManager.hh"
#include "G4PhysicalVolumeStore.hh"
#include "G4LogicalVolumeStore.hh"
#include "G4SolidStore.hh"

#include "G4VisAttributes.hh"
#include "G4Colour.hh"

#include "G4PhysicalConstants.hh"
#include "G4SystemOfUnits.hh"

// Magnetic Field (check whether nullptr means 0)
G4ThreadLocal

G4GlobalMagFieldMessengers
B4DetectorConstruction::fMagFieldMessenger = nullptr;

// Constructor of B4DetectorConstruction.
B4DetectorConstruction: :B4DetectorConstruction()
: G4VUserDetectorConstruction(),
fAbsorberPV(nullptr),
//fGapPV(nullptr), // original.
fCheckOverlaps(true)
{
for(G4int i=0; 1i<3025 ; ++i){
fGapPV[i]=nullptr;
}

by

// Destructor.

B4DetectorConstruction: :~B4DetectorConstruction()
{

}

// Construct() function returns G4PhysicalVolumex.
G4VPhysicalVolumex B4DetectorConstruction::Construct()

{

// Define materials
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DefineMaterials();

// Define volumes
return DefineVolumes();

}

// Define materials.
void B4DetectorConstruction::DefineMaterials()
{
// NIST is GEANT4 Material Database. Instance() func. is static.
auto nistManager = G4NistManager::Instance();
// Air, BGO and Si defined using NIST Manager.
nistManager->FindOrBuildMaterial("G4_AIR");
nistManager->FindOrBuildMaterial("G4_BG0");
nistManager->FindOrBuildMaterial("G4_Si");
// Liquid argon material (original example).
// G4double a; // mass of a mole;
// G4double z; // z=mean number of protons;
// G4double density;
// new G4Material("liquidArgon", z=18., a=39.95xg/mole,
density=1.390%g/cm3);
// The argon by NIST Manager is a gas with a different density

// Print materials
G4cout << *(G4Material::GetMaterialTable()) << G4endl;
}

// Define Volumes.
G4VPhysicalVolumex B4DetectorConstruction::DefineVolumes()
{
// Geometry parameters
G4int nofLayers = 3; // Presampler.
G4double absoThickness = 11.2xmm; // BGO 1X@.
G4double gapThickness = 0.3xmm; // Si thickness.
//G4double gapThickness = 10.xmm; // Si thickness.
G4double calorSizeXY = 5.5%cm; // Same cross section as Belle
CsI.

auto layerThickness absoThickness + gapThickness;
auto calorThickness nofLayers *x layerThickness;
auto worldSizeXY = 1.2 *x calorSizeXY;

auto worldSizeZ 1.2 x calorThickness;

// Get materials, sould be consistent with DefineMaterials().
auto defaultMaterial = G4Material::GetMaterial("G4_AIR");

auto absorberMaterial = G4Material::GetMaterial("G4_BG0");
auto gapMaterial = G4Material::GetMaterial("G4_Si");

// Get materials (original example).

// auto defaultMaterial = G4Material::GetMaterial("Galactic");
// auto absorberMaterial = G4Material::GetMaterial("G4_Pb");
// auto gapMaterial = G4Material::GetMaterial("liquidArgon");

// When one of material definitions fails, should exit with a
message.

25



if ( ! defaultMaterial || ! absorberMaterial || ! gapMaterial ) {
G4ExceptionDescription msg;
msg << "Cannot retrieve materials already defined.";
G4Exception("B4DetectorConstruction::DefineVolumes()",
"MyCode0@001", FatalException, msg);

}

//———

// World

Vo

auto worldS

= new G4Box("World", // its name
worldSizeXY/2, worldSizeXY/2, worldSizeZ/2); // its

size

auto worldLV
= new G4LogicalVolume(

worlds, // its solid
defaultMaterial, // its material
"World"); // its name

auto worldPV
= new G4PVPlacement (

9, // no rotation
G4ThreeVector(), // at (0,0,0)
worldLV, // its logical volume
"World", // its name
9, // its mother volume
false, // no boolean operation
Q, // copy number
fCheckOverlaps); // checking overlaps

//

// Calorimeter

//

auto calorimeterS

= new G4Box("Calorimeter", // its name
calorSizeXY/2, calorSizeXY/2, calorThickness/2); //
its size

auto calorLV
= new G4LogicalVolume(

calorimetersS, // its solid
defaultMaterial, // its material
"Calorimeter"); // its name

new G4PVPlacement (

9, // no rotation
G4ThreeVector(), // at (0,0,0)

calorlLV, // its logical volume
"Calorimeter", // its name

worldLV, // its mother volume
false, // no boolean operation
Q, // copy number



fCheckOverlaps); // checking overlaps

//————=
// Layer
[/
auto layerS
= new G4Box('"Layer", // its name
calorSizeXY/2, calorSizeXY/2, layerThickness/2); //
its size

auto layerLV
= new G4LogicalVolume(

layers, // its solid
defaultMaterial, // its material
"Layer"); // its name

new G4PVReplica(

"Layer", // its name

layerLV, // its logical volume
calorlLV, // its mother

kZAx1is, // axis of replication
nofLayers, // number of replica

layerThickness); // witdth of replica

[/ ———————
// Absorber
//———————
auto absorberS
= new G4Box("Abso", // 1its name
calorSizeXY/2, calorSizeXY/2, absoThickness/2); //
its size

auto absorberlLV
= new G4LogicalVolume(

absorbers, // its solid
absorberMaterial, // its material
"Abso"); // its name

fAbsorberPV

= new G4PVPlacement (
Q, // no rotation
G4ThreeVector(@., 0., —gapThickness/2), // its
position

absorberLV, // its logical volume
"Abso", // its name
layerLV, // its mother volume
false, // no boolean operation
9, // copy number
fCheckOverlaps); // checking overlaps

//——

// Gap

/=
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//——

// Modify : 55 x 55 1.0x1.0mm2 Si pads for 5.5x5.5cm2 cross
section.

// GI modificated 2020 Oct. 26th.

G4int ndivx = 55;

G4int ndivy = 55;

auto gapS

= new G4Box("Gap", // its name

calorSizeXY/ndivx/2, calorSizeXY/ndivy/2, gapThickness/2);
// its size has been modified.

//auto gapS

// = new G4Box("Gap", // its name
// calorSizeXY/2, calorSizeXY/2, gapThickness/2);
// its size has been modified.
auto gapLV
= new G4LogicalVolume(
gaps, // its solid
gapMaterial, // its material
"Gap"); // its name
// KM Added

// Tfor(G4int ix=0; ix<ndivx; ++ix){
//  for(G4int iy=0; iy<ndivy; ++iy){

// fGapPV

// = new G4PVPlacement (

// 0, // no rotation

// G4ThreeVector(—calorSizeXY/2+(ix+0.5)*calorSizeXY/
ndivx,

// —calorSizeXY/2+(iy+0.5)*calorSizeXY/
ndivy,

// absoThickness/2), // its position

// gapLv, // its logical volume

// "Gap", // its name

// layerLV, // its mother volume

// false, // no boolean operation

// ixkndivx+iy, // copy number, should be
incremented.

// fCheckOverlaps); // checking overlaps

//}

//}

// GI Added 20201210.
for(G4int ix=0; ix<ndivx; ++ix){
for(G4int iy=0; iy<ndivy; ++iy){
G4int ipix = ixkndivx+iy;
fGapPV[ipix]
= new G4PVPlacement( 0, // no rotation
G4ThreeVector(-calorSizeXY/2+
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(ix+@.5)*calorSizeXY/ndivx,

—calorSizeXY/2+
(iy+@.5)*calorSizeXY/ndivy,

absoThickness/2), // its

position

gapLV, // 1its logical
volume

"Gap", // its name

layerLV, // its mother
volume

false, // no boolean
operation

ipix, // copy number,

should be incremented.
fCheckOverlaps); // checking overlaps

// original.

// fGapPV
// = new G4PVPlacement (
// 0, // no rotation
// G4ThreeVector(@., 0., absoThickness/2), // its
position
// gapLV, // its logical volume
// "Gap", // 1its name
// layerLV, // its mother volume
// false, // no boolean operation
// 0, // copy number, should be
incremented.
// fCheckOverlaps); // checking overlaps
//
// print parameters
//
G4cout
<< G4endl
<<
1 1] <<
G4endl
<< "———> The calorimeter is " << noflLayers << " layers of: [ "
<< absoThickness/mm << "mm of " << absorberMaterial->GetName()
<< [} + 1

<< gapThickness/mm << "mm of " << gapMaterial->GetName() << " ]
" << G4endl

<<
1 1 <<

G4endl;

//
// Visualization attributes

//
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worldLV->SetVisAttributes (G4VisAttributes::GetInvisible());

auto simpleBoxVisAtt= new G4VisAttributes(G4Colour(1.0,1.0,1.0));
simpleBoxVisAtt—>SetVisibility(true);
calorLV->SetVisAttributes(simpleBoxVisAtt);

//

// Always return the physical World
//

return worldPV;

by

// Magnetic field.
void B4DetectorConstruction::ConstructSDandField()
{
// Create global magnetic field messenger.
// Uniform magnetic field is then created automatically if
// the field value is not zero.
G4ThreeVector fieldValue;
fMagFieldMessenger = new G4GlobalMagFieldMessenger(fieldValue);
fMagFieldMessenger->SetVerboselLevel(1);

// Register the field messenger for deleting
G4AutoDelete::Register(fMagFieldMessenger);
¥

(END)
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/// \file B4RunAction.cc

/// \brief Implementation of the B4RunAction class
// KM Modification starts 20200108

// GI Modification starts 20201014

#include "B4RunAction.hh"

#include "B4Analysis.hh"

#include "G4Run.hh"

#include "G4RunManager.hh"
#include "G4UnitsTable.hh"
#include "G4SystemOfUnits.hh"

// GI Added 20201026
#include <sstream>

// RunAction constructor
B4RunAction: :B4RunAction()

{

: G4UserRunAction()

// set printing event number per each event
G4RunManager: : GetRunManager()—->SetPrintProgress(1);

// Create analysis manager
// The choice of analysis technology is done via selection of a

namespace

// in B4Analysis.hh
auto analysisManager = G4AnalysisManager::Instance();
G4cout << "Using " << analysisManager—->GetType() << G4endl;

// Create directories
//analysisManager—>SetHistoDirectoryName("histograms");
//analysisManager—>SetNtupleDirectoryName('"ntuple");
analysisManager—>SetVerboselLevel(1);
analysisManager—>SetNtupleMerging(true);

// Note: merging ntuples is available only with Root output

// Book histograms, ntuple

// Creating histograms
analysisManager—>CreateH1("Eabs","Edep in absorber", 100, 0.,

800xMeV) ;

analysisManager—>CreateH1("Egap","Edep in gap", 100, 0., 100xMeV);
analysisManager—>CreateH1("Labs","trackL in absorber", 100, 0.,

1xm) ;

analysisManager—>CreateH1("Lgap","trackL in gap", 100, 0., 50xcm);

// Creating ntuple

analysisManager—>CreateNtuple("B4", "Edep and TrackL");
analysisManager—->CreateNtupleDColumn("Eabs");
analysisManager—>CreateNtupleDColumn("Egap");
analysisManager—>CreateNtupleDColumn("Labs");
analysisManager—>CreateNtupleDColumn('"Lgap");

// KM Add 20200216, energy deposit in each layer.
analysisManager—>CreateNtupleDColumn("EabsL0@");
analysisManager—>CreateNtupleDColumn("EgapL0");
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analysisManager—>CreateNtupleDColumn("EabsL1");
analysisManager—>CreateNtupleDColumn("EgapL1");
analysisManager—>CreateNtupleDColumn("EabsL2");
analysisManager—>CreateNtupleDColumn("EgapL2");
// GI Add 20201026, energy deposit in each pixel
G4int nl = 3;
G4int ndivx = 55;
G4int ndivy = 55;
std::stringstream ss;
for (G4int i1=0; il<nl; ++il){
for (G4int ix=0; ix<ndivx; ++ix){
for(G4int iy=0; iy<ndivy; ++iy){
ss.str("");
ss<<"EgapL'"<<il<<"P"<<ndivxkxix+1iy;
analysisManager—->CreateNtupleDColumn(ss.str().c_str());
¥

b
b
analysisManager—>FinishNtuple();

}

// Destructor
B4RunAction: :~B4RunAction()
{
delete G4AnalysisManager::Instance();

}

// Begin of RunAction

void B4RunAction::BeginOfRunAction(const G4Runx /xrunx/)

{
//inform the runManager to save random number seed
//G4RunManager: :GetRunManager()—->SetRandomNumberStore(true);

// Get analysis manager
auto analysisManager = G4AnalysisManager::Instance();

// Open an output file

//

G4String fileName = "B4";
analysisManager—>0OpenFile(fileName);

by

// End of RunAction
void B4RunAction::EndOfRunAction(const G4Runx /xrunx/)
{
// print histogram statistics
//
auto analysisManager = G4AnalysisManager::Instance();
if ( analysisManager—>GetH1(1) ) {
G4cout << G4endl << " ————> print histograms statistic ";
if(isMaster) {
G4cout << "for the entire run " << G4endl << G4endl;
I

else {
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G4cout << "for the local thread " << G4endl << G4endl;
}

G4cout << " EAbs : mean ="
<< G4BestUnit(analysisManager—>GetH1(@)->mean(), "Energy")
<< n rms = n
<< G4BestUnit(analysisManager—>GetH1(0)->rms(), "Energy") <<
G4endl;
G4cout << " EGap : mean ="
<< G4BestUnit(analysisManager—>GetH1(1)->mean(), "Energy")
<< " rms = n
<< G4BestUnit(analysisManager—>GetH1(1)->rms(), "Energy") <<
G4endl;

G4cout << " LAbs : mean ="
<< G4BestUnit(analysisManager—>GetH1(2)->mean(), "Length")
<< 1 rms = 1
<< G4BestUnit(analysisManager—>GetH1(2)->rms(), "Length") <<
G4endl;
G4cout << " LGap : mean ="
<< G4BestUnit(analysisManager—>GetH1(3)->mean(), "Length")
<< 1 rms - 1
<< G4BestUnit(analysisManager—>GetH1(3)->rms(), '"Length") <<
G4endl;

}

// save histograms & ntuple

//
analysisManager—->Write();
analysisManager—>CloseFile();

5
(END)
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/// \file B4aEventAction.cc

/// \brief Implementation of the B4aEventAction class
// KM modification starts 20200108

// GI modification starts 20201014

#include "B4aEventAction.hh"
#include "B4RunAction.hh"
#include '"B4Analysis.hh"

#include "G4RunManager.hh"
#include "G4Event.hh"
#include "G4UnitsTable.hh"

#include "Randomize.hh"
#include <iomanip>

// Constructor
B4aEventAct10n :B4aEventAction()
: G4UserEventAction(),

fEnergyAbs(0.)
fEnergyGap(0.)
fTrackLAbs(0.)
fTrackLGap(0.)

{}

// Destructor
B4aEventAction: :~B4aEventAction()
{}

’
’
’

// Initialization per event
void B4aEventAction::BeginOfEventAction(const G4Eventx /xeventx/)
{

// initialisation per event

fEnergyAbs = 0.;
fEnergyGap = 0.;
fTrackLAbs = 0.;
fTrackLGap = 0.;

// KM Added 20200216 Energy Deposit in each layer.
for(G4int i=0; i<3; ++1){

fEnergyAbsLyr[i] 0.;

fEnergyGapLyr[i] = 0.;

// GI Added 20201026, Energy Deposit in each pixel.
G4int ndivx = 55;
G4int ndivy = 55;
for(G4int ix=0; ix<ndivx; ++ix){
for(G4int iy=0; iy<ndivy; ++iy){
G4int ipix = ndivx*ix + iy,

fEnergyGapL@OPix[ipix] = .,
fEnergyGapL1Pix[ipix] = 0.;
fEnergyGapL2Pix[ipix] = 0.;
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// Event function.
void B4aEventAction::EndOfEventAction(const G4Eventx event)

{

// Accumulate statistics
//

// get analysis manager

// KM Histogram and Ntuple creation is done inside RunAcrion.
// GI Ntuple creation of each pixel is done inside RunAcrion.
// G4AnalysisManager::Instance() returns corresponding the pointer

(static).

auto analysisManager = G4AnalysisManager::Instance();

// fill histograms
analysisManager—>FillH1(@, fEnergyAbs);
analysisManager—>FillINtupleDColumn(1l, fEnergyGap);
analysisManager—>FillINtupleDColumn(2, fTrackLAbs);
analysisManager—>FillNtupleDColumn(3, fTrackLGap);
// KM Added 20200216, Energy Deposit in each Layer.
for(G4int i=0; i<3; ++i){
G4int iptrAbs = ix2 + 4;
G4int iptrGap = ix2 + 5;
analysisManager—>FillINtupleDColumn(iptrAbs, fEnergyAbsLyr[il]);
analysisManager—>FillNtupleDColumn(iptrGap, fEnergyGapLyrl[il);
Iy
// GI Added 20201026, Energy Deposit in each pixel.
G4int ndivx = 55;
G4int ndivy = 55;
for(G4int ix=0; ix<ndivx; ++ix){
for(G4int iy=0; iy<ndivy; ++iy){
G4int ipix = ixkndivx + 1iy;
G4int iptrL@ = ipix + 10;
analysisManager—>Fil1INtupleDColumn(iptrL@,

fEnergyGapL@OPix [ipix]);
¥

b
for(G4int ix=0; ix<ndivx; ++ix){
for(G4int iy=0; iy<ndivy; ++iy){
G4int ipix = ixkndivx + 1iy;
G4int iptrLl = ipix + 10 + ndivxxndivy;
analysisManager—>FilWNtupleDColumn(iptrL1,

fEnergyGapL1Pix [ipix]);
¥

b
for(G4int ix=0; ix<ndivx; ++ix){
for(G4int iy=0; iy<ndivy; ++iy){
G4int ipix = ixkndivx + 1iy;
G4int iptrL2 = ipix + 10 + 2*kndivxxndivy;
analysisManager—>FillNtupleDColumn(iptrL2,

fEnergyGapL2Pix [ipix]);
¥

b
analysisManager—>AddNtupleRow();
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// Print per event (modulo n)

//

auto eventID = event—->GetEventID();

auto printModulo = G4RunManager::GetRunManager()-
>GetPrintProgress();

if ( ( printModulo > @ ) && ( eventID % printModulo == 0 ) ) {

G4cout << "-——> End of event: " << eventID << G4endl;
G4cout
<< " Absorber: total energy: " << std::setw(7)
<<
G4BestUnit(fEnergyAbs,"Energy")
<< " total track length: " << std::setw(7)
<<
G4BestUnit(fTrackLAbs,'"Length")
<< G4endl
<< " Gap: total energy: " << std::setw(7)
<<
G4BestUnit(fEnergyGap, "Energy")
<< " total track length: " << std::setw(7)
<<

G4BestUnit(fTrackLGap,'"Length")
<< G4endl;
}

}
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/// \file B4aSteppingAction.cc

/// \brief Implementation of the B4aSteppingAction class
// KM : Modification starts 20200107.

// GI : Modification starts 20201030.

#include '"B4aSteppingAction.hh"

#include "B4aEventAction.hh"

#include "B4DetectorConstruction.hh"

#include "G4Step.hh"
#include "G4RunManager.hh"

B4aSteppingAction: :B4aSteppingAction(
const B4DetectorConstructionx
detectorConstruction,
B4aEventActionx eventAction)
: G4UserSteppingAction(),
fDetConstruction(detectorConstruction),
fEventAction(eventAction)

{}

B4aSteppingAction: :~B4aSteppingAction()
{}

void B4aSteppingAction::UserSteppingAction(const G4Stepx step)

{
// Collect energy and track length step by step

// get volume of the current step
auto volume = step—>GetPreStepPoint()->GetTouchableHandle()-
>GetVolume();

// energy deposit
auto edep = step—>GetTotalEnergyDeposit();

// step length

G4double steplLength = 0.;

if ( step—>GetTrack()->GetDefinition()->GetPDGCharge() !'= 0. ) {
stepLength = step—>GetStepLength();

if ( volume == fDetConstruction->GetAbsorberPV() ) {

// KM Added 20200216.

G4int lyrid

= step—>GetPreStepPoint()->GetTouchableHandle()-
>GetReplicaNumber(1);

fEventAction—>AddAbs(edep, stepLength, lyrid);

// fEventAction—->AddAbs(edep,stepLength); // original
¥

for(G4int ipix=0; ipix<3025 ; ++ipix){
if ( volume == fDetConstruction->GetGapPV(ipix) ) {
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if( edep > 0.05 ){ //GI Added 20210202.
// get layer number (replica Number)
// KM Added 20200216.
G4int lyrid
= step—>GetPreStepPoint()->GetTouchableHandle()-
>GetReplicaNumber(1);

// get pixel number in the layer

// GI Added 20201030.

//G4int Pixid

// = step—>GetPreStepPoint()->GetTouchableHandle()-
>GetCopyNumber(0);

// check program
// G4cout << "-Lyrid:" << -l-yrld << 1 ;
// G4cout << "Pixid:" << ipix << "\n" ;

fEventAction->AddGap(edep, stepLength, lyrid, ipix); // GI
Added 20201030.
// fEventAction->AddGap(edep,stepLength,lyrid); // KM Added
20200216.
// fEventAction—->AddGap(edep,stepLength); // original.
}

I
b
by
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# Macro file for example B4

#

# To be run preferably in batch, without graphics:
# % exampleB4[a,b,c,d] run2.mac

#

#/run/numberO0fWorkers 4

/run/initialize

#

# Default kinemtics:

# electron 50 MeV in direction (0.,0.,1.)
/gun/particle gamma

/gun/energy 1000 MeV

#/gun/position 600 600 @ mm
#/gun/direction 0 0 1

#

# 1000 events

#

/run/printProgress 100

/run/beamOn 100

43



6. BUERH RIS L DT 21T S ftr~2om 7 7 £ )L

44



/lroot_macro2.cpp
//20201126 Written by Gl.
/[This program analyzes 3layer's case.

#include <iostream>

#include "TFile.h"

#include "TTree.h"

#include <sstream>

#include <math.h>

#include <cassert> //Added to use vector.

#include <vector> //Added to use vector.

#include <numeric> //Added to calculate inner products.
#include <iterator> //Added to calculate inner products.

/lanalyze function - -- -- 1/
std::vector<double> LeastSquares(double pos0,double pos1,double pos3,double
pos4,double pos6,double pos7)

{
double Pl = acos(-1.0);

double calorSizeXY = 55.0 ;

double absoThickness = 11.2 ;

double gapThickness = 0.3 ;

double pos2 = absoThickness+gapThickness/2;
double pos5 = absoThickness*2+gapThickness*3/2;
double pos8 = absoThickness*3+gapThickness*5/2;

double R[3]; //length from incident position
double d[3]; //length from Vgamma vector
for(int i=0; i<3; ++i){

Rli]=0.;

dli] =0.;
}

double d2 = 9999.0;
std::vector<double> angle = {100.,100.};
std::vector<double> Vgamma = {0.,0.,0.};

/I for(double px=-0.30; px<=0.30; px+=0.1X

/I for(double py=-0.30; py<=0.30; py+=0.1X
for(double phi=-P1/2; phi<=P1/2; phi+=0.001){
for(double theta=0.0; theta<PI/2; theta+=0.001){

Vgamma[0] = sin(theta)*cos(phi);
Vgamma[1] = sin(theta)*sin(phi);
Vgammal2] = cos(theta);

/I double posd0 = pos0 - px;
/I double posdi1 = pos1 - py;
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/I double posd3 = pos3 - px;
/I double posd4 = pos4 - py;
/I double posd6 = pos6 - px;
/[ double posd7 = pos7 - py;

R[O] = sqrt( pow(pos0,2.0) + pow(pos1,2.0) + pow(pos2,2.0)); //layer0
R[1] = sqrt( pow(p0os3,2.0) + pow(pos4,2.0) + pow(pos5,2.0)); //layeri
R[2] = sqrt( pow(pos6,2.0) + pow(pos7,2.0) + pow(pos8,2.0)); //layer2

double ptheta[3];

ptheta[0] = acos((pos0*Vgamma[0]+pos1*Vgamma[1]+pos2*Vgammal[2])/
R[0]); //layerO

ptheta[1] = acos((pos3*Vgamma[0]+pos4*Vgamma[1]+pos5*Vgamma[2])/
R[1]); /Nayer1

ptheta[2] = acos((pos6*Vgammal[0]+pos7*Vgamma[1]+pos8*Vgammal2])/
R[2]); /Nlayer2

double pd2 =0.;

for(int i=0; i<3; ++i){
d[i] = R[i]*sin(pthetali]);
pd2 += d[i]*d[i];

}

if(pd2 < d2){
d2 = pd2;
angle[0] = theta; // theta
angle[1] = phi; // phi

Il x=px;
Iy =py;
}

}

}
I/
N}

std::cout << "d2=" << d2 << std::endl;
std::cout << "theta=" << angle[0] << std::endl;
std::cout << "phi=" << angle[1] << std::endl;

return angle;

}

//main program -- -- -- - 1
void root_macro2(){

/I Set pixel positions.

int nl = 3;

int ndivx = 55;

int ndivy = 55;

double calorSizeXY =55.0 ;
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double absoThickness = 11.2 ;
double gapThickness = 0.3 ;
double pos_define[3025][2];

for(int ix=0; ix<ndivx; ++ixX{
for(int iy=0; iy<ndivy; ++iy){
int ipix = iX*ndivx+iy;
pos_define[ipix][0] = -calorSizeXY/2+(ix+0.5)*calorSizeXY/ndivx;
pos_define[ipix][1] = -calorSizeXY/2+(iy+0.5)*calorSizeXY/ndivy;

}
}
/I readfile.
TFile* f = new TFile("B4test_3L3025P_1000MeVgamma.root");
TTree* tt = (TTree*)f -> Get("B4");

int nEvent = tt -> GetEntries(); // Get the number of total entris.
/I std::cout << "the number of event : " << nEvent << std::endl;

/I Set histogram.

TH1D* hpos0 = new TH1D("pos[0]","pos[0];[mm];",150.0,-30.0,30.0)

TH1D* hpos1 = new TH1D("pos[1]","pos[1];[mm];",150.0,-30.0,30.0)

TH1D* hpos3 = new TH1D("pos[3]","pos[3];[mm];",150.0,-30.0,30.0);

TH1D* hpos4 = new TH1D("pos[4]","pos[4];[mm];",150.0,-30.0,30.0);
(" )
(" )

TH1D* hpos6 = new TH1D("pos|[6]","pos[6];[mm];",150.0,-30.0,30.0
TH1D* hpos7 = new TH1D("pos[7]","pos[7];[mm];",150.0,-30.0,30.0

TH1D* hpixl0 = new TH1D("hit in layer0","hit in layer0",3025.0,0.0,3024.0);
TH1D* hpixl1 = new TH1D("hit in layer1","hit in layer1",3025.0,0.0,3024.0);
TH1D* hpixI2 = new TH1D("hit in layer2","hit in layer2",3025.0,0.0,3024.0);

TH1D* hnofpixl0 = new TH1D("the number of pixels hit in layer0","the number of
pixels hit in layer0",25.0,0.0,24.0);

TH1D* hnofpixl1 = new TH1D("the number of pixels hit in layer1","the number of
pixels hit in layer1",25.0,0.0,24.0);

TH1D* hnofpixI2 = new TH1D("the number of pixels hit in layer2","the number of
pixels hit in layer2",25.0,0.0,24.0);

TH1D* htheta = new TH1D("theta","theta;[radian];",40.0,0.,1.0);
/I TH1D* hphi = new TH1D("phi","phi",64.0,-1.6,1.6);

//Set Canvas.

TCanvas* hcpos0 = new TCanvas("hcpos0","hcpos0",600,600)

TCanvas® hcpos1 = new TCanvas("hcpos1","hcpos1",600,600)

TCanvas* hcpos3 = new TCanvas("hcpos3","hcpos3",600,600);

TCanvas* hcpos4 = new TCanvas("hcpos4","hcpos4",600,600);
( )
( )

TCanvas* hcpos6 = new TCanvas("hcpos6","hcpos6",600,600
TCanvas* hcpos7 = new TCanvas("hcpos7","hcpos7",600,600

TCanvas* hcpixl0 = new TCanvas("hcpixI0","hcpixI0",600,600);
TCanvas™ hcpixl1 = new TCanvas("hcpixI1","hcpixI1",600,600);
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TCanvas* hcpixl2 = new TCanvas("hcpixI2","hcpixI2",600,600);

TCanvas™ hcnofpixl0 = new TCanvas("hcnofpixI0","hcnofpixI0",600,600);
TCanvas* hcnofpixl1 = new TCanvas("hcnofpixI1","hcnofpixI1",600,600);
TCanvas* hcnofpixl2 = new TCanvas("hcnofpixI2","hcnofpixI2",600,600);

TCanvas™ hctheta = new TCanvas("hctheta","hctheta",600,600);
/I TCanvas* hcphi = new TCanvas("hcphi","hcphi",600,600);

// Initialize array (Egap in each pixel).

double Epix[nl*ndivx*ndivy];

for(int i=0; i<nl*ndivx*ndivy; ++i){
Epix[i] = 0.;

}

// Give address to Branch of each pixel's Egap.
std::stringstream ss;

for(int il=0; il<nl; ++il¥
for(int ix=0; ix<ndivx; ++ix}
for(int iy=0; iy<ndivy; ++iyX
int ipix = ndivx*ix+iy;
int iEpix = ipix + iI"ndivx*ndivy;
ss.str("");
ss << "EgapL" << il << "P" << ipix ;
tt -> SetBranchAddress(ss.str().c_str(),&Epix[iEpix]);
}
}
}

// Give address to Branch of each layer's Egap.
double EgapL[3];
for(int il=0; il<nl; ++il¥

EgapL]il] =0.;
}
tt -> SetBranchAddress("EgapL0",&EgapL[0]);
tt -> SetBranchAddress("EgapL1",&EgapL[1]);
tt -> SetBranchAddress("EgapL2",&EgapL[2]);

/]---- -- -- -1/

/I Analyze.

/l 1.search for position electron went through in each layer
/l 2.connect two positions

/]---- -- -- -/l

/I 1.search for position electron went through in each layer -- 1
double pos[9];
pos[2] = absoThickness+gapThickness/2;
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pos[5] = absoThickness*2+gapThickness*3/2;
pos[8] = absoThickness*3+gapThickness*5/2;

for(int event=0; event<nEvent; ++event){
tt->GetEntry(event);
Std::COUt << Nkkkkkkhkkkhkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkkhkkhkkhkkhkhkkhkkhkkhkkhkkhkkhkkkkhkkhkkkkkkkxll << Std::endl;
std::cout << "event:" << event << std::endl;

pos[0] = 0.;

pos[1] =0.;

pos[3] =0.;

pos[4] =0.;

pos[6] = 0.;

pos[7] =0.;

std::vector<double> angle = {110.,110.};

int npix[3];

for(int i=0; i<3; ++i)
npix[i] = 0.;

}

for(int il=0; il<nl; ++il{
for(int ix=0; ix<ndivx; ++ix){

for(int iy=0; iy<ndivy; ++iyX
int ipix = ndivx*ix+iy;
int iEpix = ipix + iI*ndivx*ndivy;

if(Epix[iEpix]>0.05)

ss.str("");

ss << "EgapL" << il << "P" << ipix;

std::cout << ss.str().c_str() << ":" << Epix[iEpix] << std::endl;

poslil*3] = poslil*3] + pos_define[ipix][0]*Epix[iEpix]/EgapL][il]; // being
divided by Egap of the layer, later.

poslil*3+1] = poslil*3+1] + pos_define[ipix][1]*Epix[iEpix]/EgapL][il]; // being
divided by Egap of the layer, later.

++npix[il];
if(il==0X
hpixI0 -> Fill(ipix);
Yelse if(il==1){
hpixI1 -> Fill(ipix);
} else if(il==2){
hpixI2 -> Fill(ipix);
}
}
}
}
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if(npix[il]==0){
posJil*3] = -9999.0;
poslil*3+1] = -9999.0;
}
}

std::cout << "npix[0]:" << npix[0] << std::endl;
std::cout << "npix[1]:" << npix[1] << std::endl;
std::cout << "npix[2]:" << npix[2] << std::endl;

hnofpixIO -> Fill(npix[0]);
hnofpixI1 -> Fill(npix[1]);
hnofpixI2 -> Fill(npix[2]);

for(int i=0; i<9; ++i){
std::cout << "pos[" << i << "]=" << pos]i] << std::endl;

}

/I 2.connect two positions -- -- -

if( npix[0] != 0 && npix[1] != 0 && npix[2] != 0}
angle = LeastSquares(pos[0],pos[1],pos[3],pos[4],pos[6],pos[7]);
htheta -> Fill(angle[0]);
// hphi -> Fill(angle[1]);

std::cout << "theta=" << angle[0] << ",phi=" << angle[1] << std::endl;

}

hposO -> Fill ;
hpos1 -> Fill
hpos3 -> Fill
hpos4 -> Fill
hpos6 -> Fill
hpos7 -> Fill

}

pos[0]
pos[1]
pos(3]
pos[4]
pos[6]
pos[7]

. . . o, —
S —

hcposO0 -> cd();

hposO0 -> Draw();

hposO0 -> SetLineColor(2);

/I hcposO0 -> Print("pos[0]_B4test_3L3025P_1000MeVgamma.pdf");

hcpos1 -> cd();

hpos1 -> Draw();

hpos1 -> SetLineColor(2);

/Ihcpos1 -> Print("pos[1]_B4_3L121P_1000MeVgamma.pdf");

hcpos3 -> cd();
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hpos3 -> Draw();
hpos3 -> SetLineColor(2);
/I hcpos3 -> Print("pos[3]_B4test_3L3025P_1000MeVgamma.pdf");

hcpos4 -> cd();

hpos4 -> Draw();

hpos4 -> SetLineColor(2);

/Ihcpos4 -> Print("pos[4]_B4_3L121P_1000MeVgamma.pdf");

hcpos6 -> cd();

hpos6 -> Draw();

hpos6 -> SetLineColor(2);

/I hcpos6 -> Print("pos[6]_B4test_3L3025P_1000MeVgamma.pdf"');

hcpos7 -> cd ();

hpos7 -> Draw();

hpos7 -> SetLineColor(2);

/Ihcpos? -> Print("pos[7]_B4_3L121P_1000MeVgamma.pdf");

hcpixI0 -> cd ();

hpixIO -> Draw();

hpixl0 -> SetLineColor(2);

//hcpixIO -> Print("hitl0_B4_3L121P_1000MeVgamma.pdf");

hcpixl1 -> cd ();

hpixI1 -> Draw();

hpixI1 -> SetLineColor(2);

//hcpixI1 -> Print("hiti1_B4_3L121P_1000MeVgamma.pdf");

hcpixI2 -> cd ();

hpixI2 -> Draw();

hpixI2 -> SetLineColor(2);

//hcpixI2 -> Print("hitl2_B4_3L121P_1000MeVgamma.pdf");

hcnofpixI0 -> cd ();

hnofpixI0 -> Draw();

hnofpixl0 -> SetLineColor(2);

/I henofpixIO -> Print("the number of pixels hit in layer0_B4check2.pdf");

hcnofpixl1 -> cd ();

hnofpixI1 -> Draw();

hnofpixl1 -> SetLineColor(2);

/I henofpixl1 -> Print("the number of pixels hit in layer1_B4check2.pdf");

hcnofpixI2 -> cd ();

hnofpixI2 -> Draw();

hnofpixI2 -> SetLineColor(2);

/I henofpixI2 -> Print("the number of pixels hit in layer2_B4check2.pdf");

hctheta -> cd();
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htheta -> Draw();
htheta -> SetLineColor(2);
/I hctheta -> Print("theta in B4_3L121P_1000MeVgamma.pdf");

/I hephi ->cd();

/I hphi -> Draw();

/I hphi -> SetLineColor(2);

/I hephi -> Print("phi in B4_3L121P_1000MeVgamma.pdf");

/I tt -> Draw("EgapLOP60");
/I tt -> Draw("EgapL1P60");
/I tt -> Draw("EgapL2P60");

}
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/lroot_macro5.cpp

//20201126 Written by Gl.

/[This program analyzes 3layer's case.

/[Try to change analyze function of root_macro2.cpp.

#include <iostream>

#include "TFile.h"

#include "TTree.h"

#include <sstream>

#include <math.h>

#include <cassert> //Added to use vector.

#include <vector> //Added to use vector.

#include <numeric> //Added to calculate inner products.
#include <iterator> //Added to calculate inner products.

/lanalyze function - - - 1
std::vector<double> LeastSquares(double pos0,double pos1,double pos3,double
pos4,double pos6,double pos7)

{
double Pl = acos(-1.0);

double calorSizeXY = 55.0 ;

double absoThickness = 11.2 ;

double gapThickness = 0.3 ;

double pos2 = absoThickness+gapThickness/2;
double pos5 = absoThickness*2+gapThickness*3/2;
double pos8 = absoThickness*3+gapThickness*5/2;

std::vector<double> gamma = {100.,100.,100.,100.,100.}; /{x0,y0,e1,e2,theta}

double A=0.; // X
double B=0.; //Y
double C=0.; //Z
double D =0.; // XZ
double E=0.; //YZ
double F =0.; // Z"2
double R=0.;

A = pos0 + pos3 + pos6;

B = pos1 + pos4 + pos7;

C = pos2 + pos5 + pos8;

D = pos0*pos2 + pos3*pos5 + pos6*pos8;

E = pos1*pos2 + pos4*pos5 + pos7*pos8;

F = pow(pos2,2.0) + pow(pos5,2.0) + pow(pos8,2.0);

gammal[2] = (3*D-A*C)/(3*F-C*C); //e
gammal[3] = (3*"E-B*C)/(3*F-C*C); //e2
gamma[0] = (A*F-C*D)/(3*F-C*C); //x0
gamma[1] = (B*F-C*E)/(3*F-C*C); //y0
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/[Fix(x0,y0) - --
/l[gammal2] = XZ/Z22; /le1
/lgammal3] = YZ/Z2; //e2
/l[gamma[0] =0.; //x0
/l[gamma[1] =0.; //yO

R = sqrt( pow(gamma[2],2.0) + pow(gamma[3],2.0) + 1);
gamma[2] = gamma[2]/R;
gamma[3] = gamma[3]/R;

gammal4] = acos(1/R); //theta

return gamma,;

}

//main program-------- - " ) 4
void root_macro5(){

/I Set pixel positions.

int nl = 3;

int ndivx = 55;

int ndivy = 55;

double calorSizeXY =55.0 ;
double absoThickness = 11.2 ;
double gapThickness = 0.3 ;
double pos_define[3025][2];

for(int ix=0; ix<ndivx; ++ix}{
for(int iy=0; iy<ndivy; ++iy){
int ipix = iX*ndivx+iy;
pos_define[ipix][0] = -calorSizeXY/2+(ix+0.5)*calorSizeXY/ndivx;
pos_define[ipix][1] = -calorSizeXY/2+(iy+0.5)*calorSizeXY/ndivy;

}
}

/ readfile.

TFile* f = new TFile("B4test_3L3025P_1000MeVgamma.root");
TTree* tt = (TTree*)f -> Get("B4");

int nEvent = tt -> GetEntries(); // Get the number of total entris.
/] std::cout << "the number of event : " << nEvent << std::endl;

/I Set histogram.

TH1D* hpos0 = new TH1D("pos[0]","pos[0];[mm];the number of
events",150.0,-30.0,30.0);

TH1D* hpos1 = new TH1D("pos[1]","pos[1];[mm];the number of
events",150.0,-30.0,30.0);

TH1D* hpos3 = new TH1D("pos[3]","pos[3];[mm];the number of
events",150.0,-30.0,30.0);
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TH1D* hpos4 = new TH1D("pos[4]","pos[4];mm];the number of
events",150.0,-30.0,30.0);

TH1D* hpos6 = new TH1D("pos[6]","pos[6];mm];the number of
events",150.0,-30.0,30.0);

TH1D* hpos7 = new TH1D("pos[7]","pos[7];mm];the number of
events",150.0,-30.0,30.0);

TH1D* hpixl0 = new TH1D("hit in layer0","hit in layerO;pixel ID;the number of
events",3025.0,0.0,3024.0);

TH1D* hpixl1 = new TH1D("hit in layer1","hit in layer1;pixel ID;the number of
events",3025.0,0.0,3024.0);

TH1D* hpixI2 = new TH1D("hit in layer2","hit in layer2;pixel ID;the number of
events",3025.0,0.0,3024.0);

TH1D* hnofpixl0 = new TH1D("the number of pixels hit in layerQ","the number of
pixels hit in layerO;the number of pixels hit in layerO;the number of
events",25.0,0.0,24.0);

TH1D* hnofpixI1 = new TH1D("the number of pixels hit in layer1","the number of
pixels hit in layer1;the number of pixels hit in layer1;the number of
events",25.0,0.0,24.0);

TH1D* hnofpixI2 = new TH1D("the number of pixels hit in layer2","the number of
pixels hit in layer2;the number of pixels hit in layer2;the number of
events",25.0,0.0,24.0);

TH1D* htheta = new TH1D("theta","theta;[radian];the number of
events",40.0,0.,1.0);

/I TH1D* hphi = new TH1D("phi","phi",64.0,-1.6,1.6);

TH1D* hx0 = new TH1D("x0","x0;[mm];the number of events",150.0,-30.0,30.0);

TH1D* hy0 = new TH1D("y0","y0;[mm];the number of events",150.0,-30.0,30.0);

TH1D* he1 = new TH1D("e1","e1;;the number of events",200.0,-1.0,1.0);

TH1D* he2 = new TH1D("e2","e2;;the number of events",200.0,-1.0,1.0);

//Set Canvas.
TCanvas* hcpos0 = new TCanvas("hcpos0","hcpos0",600,500);
TCanvas* hcpos1 = new TCanvas("hcpos1","hcposi1",600,500

( )
( )
TCanvas* hcpos3 = new TCanvas("hcpos3","hcpos3",600,500);
TCanvas* hcpos4 = new TCanvas("hcpos4","hcpos4",600,500)
( )
( )

TCanvas* hcpos6 = new TCanvas("hcpos6","hcpos6",600,500
TCanvas® hcpos7 = new TCanvas("hcpos7","hcpos7",600,500

TCanvas* hcpixl0 = new TCanvas("hcpixI0","hcpixI0",600,500);
TCanvas™* hcpixl1 = new TCanvas("hcpixI1","hcpixI1",600,500);
TCanvas™ hcpixI2 = new TCanvas("hcpixI2","hcpixI2",600,500);

TCanvas* hcnofpixl0 = new TCanvas("hcnofpixI0","hcnofpixI0",600,500);
TCanvas* hcnofpixl1 = new TCanvas("hcnofpixI1","hcnofpixI1",600,500);
TCanvas™ hcnofpixl2 = new TCanvas("hcnofpixI2","hcnofpix|2",600,500);

TCanvas* hctheta = new TCanvas("hctheta","hctheta",600,500);
/I TCanvas* hcphi = new TCanvas("hcphi","hcphi",600,600);
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TCanvas* hcx0 = new TCanvas("hex0","hex0",600,500);
TCanvas* hcy0 = new TCanvas("hcyQ","hcy0",600,500);
TCanvas* hce1l = new TCanvas("hce1","hce1",600,500);
TCanvas* hce2 = new TCanvas("hce2","hce2",600,500);

/I Initialize array (Egap in each pixel).

double Epix[nl*ndivx*ndivy];

for(int i=0; i<nl*ndivx*ndivy; ++i){
Epix[i] = 0.;

}

// Give address to Branch of each pixel's Egap.
std::stringstream ss;

for(int il=0; il<nl; ++il¥
for(int ix=0; ix<ndivx; ++ix){
for(int iy=0; iy<ndivy; ++iy){
int ipix = ndivx*ix+iy;
int iEpix = ipix + iI*ndivx*ndivy;
ss.str("");
ss << "EgapL" << il << "P" << ipix ;
tt -> SetBranchAddress(ss.str().c_str(),&Epix[iEpix]);
}
}
}

// Give address to Branch of each layer's Egap.
double EgapL[3];
for(int il=0; il<nl; ++ilX

EgapL]il] =0.;
}
tt -> SetBranchAddress("EgapL0",&EgapL[0]);
tt -> SetBranchAddress("EgapL1",&EgapL[1]);
tt -> SetBranchAddress("EgapL2",&EgapL[2]);

//---- -- -- -1/

/l Analyze.

/I 1.search for position electron went through in each layer
/l 2.connect two positions

//---- - -- -/l

// 1.search for position electron went through in each layer
double pos[9];

pos[2] = absoThickness+gapThickness/2;

pos[5] = absoThickness*2+gapThickness*3/2;

pos[8] = absoThickness*3+gapThickness*5/2;

for(int event=0; event<nEvent; ++eventy
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tt->GetEntry(event);

ST ICOUL < M**HHskxx ek xx sk s xx kR xR EHRRS R ot mand|:
std::cout << "event:" << event << std::endl;

pos[0] = 0.;

pos[1] =0.;

pos[3] =0.;

pos[4] =0.;

pos[6] = 0.;

pos[7] =0.;

std::vector<double> gamma = {110.,110.,110.,110.};

int npix[3];

for(int i=0; i<3; ++i){
npix[i] = 0.;

}

for(int il=0; il<nl; ++ilX
for(int ix=0; ix<ndivx; ++ix){

for(int iy=0; iy<ndivy; ++iyX
int ipix = ndivx*ix+iy;
int iEpix = ipix + il*ndivx*ndivy;

if(Epix[iEpix]>0.05)

ss.str("");

ss << "EgapL" << il << "P" << ipix;

std::cout << ss.str().c_str() << ":" << Epix[iEpix] << std::endl;

poslil*3] = poslil*3] + pos_define[ipix][0]*Epix[iEpix])/EgapL][il]; // being
divided by Egap of the layer, later.

poslil*3+1] = poslil*3+1] + pos_define[ipix][1]*Epix[iEpix]/EgapL][il]; // being
divided by Egap of the layer, later.

++npix]il];
if(il==0){
hpixI0 -> Fill(ipix);
Yelse if(il==1){
hpixI1 -> Fill(ipix);
} else if(il==2){
hpixI2 -> Fill(ipix);
}
¥
}
}
if(npix[il]==0)

poslil*3] = -9999.0;
poslil*3+1] = -9999.0;
}
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}

std::cout << "npix[0]:" << npix[0] << std::endl;
std::cout << "npix[1]:" << npix[1] << std::endl;
std::cout << "npix[2]:" << npix[2] << std::endl;

hnofpixI0 -> Fill(npix[0]);
hnofpixI1 -> Fill(npix[1]);
hnofpixI2 -> Fill(npix[2]);

for(int i=0; i<9; ++i){
std::cout << "pos[" << i << "]=" << pos]i] << std::endl;

}

/I 2.connect two positions -- -- -- ---//

if( npix[0] != 0 && npix[1] != 0 && npix[2] != 0}
gamma = LeastSquares(pos[0],pos[1],pos[3],pos[4],pos[6],p0s[7]);
htheta -> Fill(gammal[4]);
// hphi -> Fill(angle[1]);

hx0 -> Fill(gammal0]);
hyO -> Fill(gamma[1]);
he1 -> Fill(gamma[2]);
he2 -> Fill(gamma[3])

}

)

hposO -> Fill(pos[0]
hpos1 -> Fill(pos[1]

( )
( );
hpos3 -> Fill(pos[3]);
hpos4 -> Fill(pos[4])
( )
( )

hpos6 -> Fill(pos[6]
hpos7 -> Fill(pos[7]
}

hcposO0 -> cd();

hposO0 -> Draw();

hpos0 -> SetLineColor(2);

// hcposO0 -> Print("pos[0]_B4test_3L3025P_1000MeVgamma.pdf");

hcpos1 -> cd();

hpos1 -> Draw();

hpos1 -> SetLineColor(2);

// hcpos1 -> Print("pos[1]_B4test_3L3025P_1000MeVgamma.pdf");

hcpos3 -> cd();
hpos3 -> Draw();
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hpos3 -> SetLineColor(2);
// hcpos3 -> Print("pos[3]_B4test_3L3025P_1000MeVgamma.pdf");

hcpos4 -> cd();

hpos4 -> Draw();

hpos4 -> SetLineColor(2);

// hcposé4 -> Print("pos[4]_B4test_3L3025P_1000MeVgamma.pdf");

hcpos6 -> cd();

hpos6 -> Draw();

hpos6 -> SetLineColor(2);

//Ihcpos6 -> Print("pos[6]_B4test_3L3025P_1000MeVgamma.pdf");

hcpos7 -> cd ();

hpos7 -> Draw();

hpos7 -> SetLineColor(2);

/Ihcpos7 -> Print("pos[7]_B4test_3L3025P_1000MeVgamma.pdf");

hcpixI0 -> cd ();

hpixIO -> Draw();

hpixI0 -> SetLineColor(2);

//hcpixIO -> Print("hitl0_B4test_3L3025P_1000MeVgamma.pdf");

hepixI1 -> cd ();

hpixI1 -> Draw();

hpixl1 -> SetLineColor(2);

//hcpixI1 -> Print("hitl1_B4tet_3L3025P_1000MeVgamma.pdf");

hcpixI2 -> cd ();

hpixI2 -> Draw();

hpixI2 -> SetLineColor(2);

/IhcpixI2 -> Print("hitl2_B4test_3L484P_1000MeVgamma.pdf");

hcnofpixIl0 -> cd ();

hnofpixIO -> Draw();

hnofpixl0 -> SetLineColor(2);

//IhcnofpixIO -> Print("the number of pixels hit in layer0O_B4check2n.pdf");

hcnofpixI1 -> cd ();

hnofpixI1 -> Draw();

hnofpixl1 -> SetLineColor(2);

/Ihcnofpixl1 -> Print("the number of pixels hit in layer1_B4check2n.pdf");

hcnofpixI2 -> cd ();
hnofpixI2 -> Draw();

hnofpixI2 -> SetLineColor(2);
//IhcnofpixI2 -> Print("the number of pixels hit in layer2_B4check2n.pdf");

hex0 -> cd ();
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hx0 -> Draw();
hx0 -> SetLineColor(2);
hcx0 -> Print("xO0right in B4test_3L3025P_1000MeVgamma.pdf");

hcy0 -> cd ();

hyO -> Draw();

hyO -> SetLineColor(2);

hcy0 -> Print("yOright in B4test_3L3025P_1000MeVgamma.pdf");

hcel -> cd ();

he1 -> Draw();

he1 -> SetLineColor(2);

hce1 -> Print("e1right in B4test_3L3025P_1000MeVgamma.pdf");

hce2 -> cd ();

he2 -> Draw();

he2 -> SetLineColor(2);

hce2 -> Print("e2right in B4test_3L3025P_1000MeVgamma.pdf");

hctheta -> cd();

htheta -> Draw();

htheta -> SetLineColor(2);

hctheta -> Print("theta5right in B4test_3L3025P_1000MeVgamma.pdf");

/I tt -> Draw("EgapLOP60");

/I tt -> Draw("EgapL1P60");
/I tt -> Draw("EgapL2P60");

}
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