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Simulation Result

« Amplitude?t 191 I}tZE0| A 2| Absorption length 1, 7}

0.1mmetd FH= M LiEHE 2t

- Arrive Time : 0.00448039

> Arrive Time : H 0034271

= Arrive Time : 0.0288629

> Arrive Time : 1.13042

> Number of Scintillation photons produced in this event

» Number of Cerenkov photons produced in this event : 58
- Number of WLS photons produced in this event : 2904

» 7295<- the number of photon which goes in fiber
the number of photon which arrive at MPPC1

1<- the number of photon which arrive at MPPC2

10127

0 4 4 0 4 80 0 4 0 0 28 0 e 8 0 4 e 280 4 0 o 4 0 e 80 0 40 40 oo 4 80 o 4 C 40 4C
* Row * Wavelengt * Arrivetim *

e L b o o o o e e b R
* 0 * 516.47849 * 0.,0044803 *
* 1 * 491.21014 * 0.0034270 *
* 2 * 507.84869 * 0,0288629 *
o o o o 4o o 0 o o e o o o o o o 2 o o e o e o o o o e e e e o o o e

o o e e e e e o e o ok o e oo o o oo oot o e e ok e oo oo e e o o e e o o o o
* Row * Wavelengt * Arrivetim *
o o 0 o 0 o e o e e 0 o o e 2o o o oo o s o e 2 o o e o s o o o e o e e
* 0 * 478.52683 * 1.1304182 *

o o 0 o 0 o e o e e 0 o o e 2o o o oo o s o e 2 o o e o s o o o e o e e



Absorption Ratio

Critical Angle for total reflection in WLS fiber

- Refractive Index of core : 1.59

- Refractive index of cladding @ 1.49

critical angle 6, =sin” "

Assume that there is no attenuation and emission

occurs isotropically. Probability for total reflection is

2 X f f sinfdfdo _ox 0 06
P= =6%
I

« WLS Process2| = : 2904
« MPPCOf| =3t photon == : 4

« WLS Process =2 WLS fiberOf| A re-

emission = photonOI MUALRZ Ol &L
SHES IS If, MPPCH| =&t
photon2| == "o 12077} &[O{OF S}
X2t 47 = O|ECt Of 2 212 Z1tAS
ot & oI}



Visualization

- QIS 2QISH7| L3, fiber 2O A optical photonZ 10070 H = AA0tF
emission0| & O|FO0{X|=X| =QIMLCt

« 1 Z1} WLS Process2M absorptiont emission 2o 242 2Holgt
[

O -
= optical photonO| MEtAL Q10], fiber 812 = LIOI7} H 2|

A2 W absorptiondt



Solution : SetSpline(true)

« Optical photonO| FEFALZF [OLIX| Gi= O|R7F =&

%Ol E% EI‘%"O‘” EH'C')'H X-” [HE |__|-E|- I- N\X' (I_)_él_'E_l-_Tl_ g.IZII- [{34double Refractive_index_cladding[] =
oir 1,49, 1.4, 1.48, 1.49,
| ALt 1.49, 1.43, 1.4, 1.49,
1.4, 1.4, 1.4, 1.49,
= =0 HAs L 7 1.4, 1.4, 1.4, 1.49,
° [[|-E|-A-| le- EQO‘” %EEE To:lol't I:IO:|E<D:IO-|9| h EO“ 1.49, 1.43, 1.43, 1.49,
1.49
" |' N/ b
-> SetSpline(true); WLS_f iber _cladding_mot->AddProperty ('RINDEX", PhotonEnergy, Refractive_index_cladding, Num_entry)->SetSpline(true);

S M Z2E2M, i 2=E2 s AT AMA HEE =+

AAAAEI-

« &1 : SetSplineO| 2, Linear interpolation(M A E7HH, &
Yol Zt== HIY 2R o, 27t 2 d0[2t 715t
LIHX| gt=t2 8%t SN Sof Folk[X| &2
Tkl AE 7ot = YHOO0|CH
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+ 0|0 SetSpline® AtRSH A2 Refractive index, Tt
of e} I A BS}SIR| ROt -3 T [hafA] At

AL
L2 2 SetSplineg AFE5HY A8E = UL




MPPC counter

Arrive Time : 0.000605885

Arrive Time : 9.52315

Arrive Time : 17.874

Arrive Time : 1.36279

Number of Scintillation photons produced in this event : 8576
Number of Cerenkov photons produced in this event : 0

Number of WLS photons produced in this event : 240

2343<- the number of photon which goes in fiber

4<- the number of photon which arrive at MPPC1l

0<- the number of ohoton which arrive at MPPC2

. O B2 Optical photon0O| MPPCO|| &=
=HAX|2F MPPC counter?t HICHZ 5




MPPC counter

« MPPC2} Fiber AIO|0f| &2
Qt Fiber AIO|Q] 2 HE XtO0
reflectionO| 0| MBS S

Fiberdj| 9WOI = AL

=0| A A, Air
10| 2|5 Total
cozZ MPPCE

Number of Scintillation photons produced in this event : B684
Number of Cerenkov photons produced in this event : @

Number of WLS photons produced in this event : 59

357<- the number of photon which goes in fiber

B<- the number of photon which arrive at MPPC1

3<- the number of photon which arrive at MPPC2



Results

.25976<- time that photon goes in MPPC

.88798<- time that photon goes in MPPC . O O
.81158<- time that photon goes in MPPC ® Flber9.|- M PPC A|-O| _O_l 7|_|-7—:|| = HAO
},5031<- time that photon goes in MPPC

=0 0082<- time that photon goes in MPPC

.6006<- time that photon goes in MPPC s D:| E|‘%J_'_|' 7EI- Ol 7 | 2':—9_' 7E:|J__l|'E El‘

5.1231<- time that photon goes in MPPC I =
3.5008<- time that photon goes in MPPC
2.9967<- time that photon goes in MPPC OF O CIF&aLEO
1.14974<- time that photon goes in MPPC LS 11— photon O M PPC E = o|:||- =
ll Ugbh<- time that photon goes in MPPC

time that photon goes in MPPC

time that photon goes in MPPC OEI- _JIK_ Ol E|—

Scintillation photons produced in this event : 11732 AA °

Cerenkov photons produced in this event : 0
WLS photons produced in this event : 559

3828<- the number of photon which goes in fiber "‘l_ | O O:I X "‘| . re)
13<- the number of photon which arrive at MPPC1 e O X I_l-, I_-I O AbSO rpthn T re_
10<- the number of photon which arrive at MPPC2
()l AL r :
= photol| ==/ Fiber
[=1,

. . I_
. Event! emission I
Number of Cerenkov photons produced in this event : @ % [[|‘E|‘ Ol % = §I‘§ 6%_9_' aAI-O-” E

Number of Scintillation photons produced in this event : 7813
Number of WLS photons produced in this event : 138

896<- the number of photon which goes in fiber
2<- the number of photon which arrive at MPPC1 D x X -'-
5<- the number of photon which arrive at MPPC2
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G4VParticleChange: :CheckIt : the true step length is negative !! Difference: 0.0236793[MeV]
opticalphoton E=2.99741le-06 pos=0.00115291, 0.000259102, 0,199984

Energy Deposit (MeV):
Non-ionizing Energy Deposit (MeV):
Track Status H StopAndKill
G4ParticleChange::CheckIt : the local time goes back !! Difference: 0.000123218[ns] True Path Length (mm) -0.0237
opticalphoton .99741e-06 pos=0.00115728, 0.000275556, 0.2 global time=14.8983 local time=13.8234 proper time=0 Stepping Control : 0
First Step In the voulme
Mass (GeV)
Charge (eplus) H <]
MagneticMoment 0
Energy Deposit (MeV): o= 0*[e hbar]/[2 m]
Non-ionizing Energy Deposit (MeV): Position - x (mm) : 1.15
Track Status H i T _ .
True Path Length (mm) : Pos;t;on Y (mm) 0.259
Stepping Control H ?951t](-0n)' z (mm)
Mass (GeV) : ime (ns
Charge (eplus) : Proper Time (ns)
Magnetictioment Momentum Direct - x :
Position - x ; Momentum D::Lrect -y
Position - y . 9.259 Momentum Direct - 2z
Position - z (mm) : 200 Kinetic Energy (MeV):
;me ("i? (ns) : 13-3 Velocity (/c):
roper lime {(ns H . 3 -
Momentum Direct - x : 0.185 POlar}Zat%on x
Momentum Direct - y : 0.695 POlar?—Zat:!-on -y
Momentum Direct - z : 0.695 Polarization - z
Kinetic Energy (MeV): 3e-06
gg}g(riguéﬁ()x : 0.571 G4Exception-START
Polarization - y H -0.651 FHE G4Except10n : TRACKB@J
Polarization - 2z . 0.5 issued by : G4VParticleChange: :CheckIt
Touchable (pointer) : 0x7fffd2gfbage Step length and/or energy deposit was illegal
*++ Event Must Be Aborted *#*
GAException-END

0
hbar]/[2 m]
1.15




Code

GABoxx Scintillator_origin = new GdBox("Scintillator_origin", Scintillator_height / 2, Scintillator_width / 2, Scintillator_length / 2);

GdBox» Groovel = new G4Box("Groovel", Groove_heisht / 2, Groove_radius, (Scintillator_lenath) / 23

GATubs* Groove? = new G4Tubs ("Groowve?", 0, Groove_radius, (Scintillator_length) / 2, 90 * dea, 180 * deg):

GdlnionSolids Groove = new GdlnionSolid("Groove", Groovel, Groove?, 0, GdThreeVector (—(Groove_height/2), 0., 0.3

GdSubtractionSolids Scintillator3 = new G4SubtractionSolid("Scintillation3",Scintillator_origin, Groove, noRotation, GAThreeVector ((Scintillator_height - Groove_height) / 2, 0., 0.3);
Gilogicalvolumer Scintillatorl¥ = new GdlogicalVolume(ScintillatorS,scintillator, "Scintillatorly");

new GAPYP lacement (0, GAThreeVector (3, Scintillatorly, "Scintillator”, Worldl¥, false, 0, checkOverlaps):

FEEEITEATEET AR idiiiiidy Optical Cement Z77707 0707000000000 007000 EETEEEATER0ddqidddsidiiiiniidd
GATubs* WLS_totalS = new G4Tubs ("WLS_total3", 0, WLS_radius, Scintillator_lenath / 2, 0 % dea, 360 * deg):
GdSubtractionSolidx Optical_cementS = new G4SubtractionSolid("Optical_cementS", Groove, WLS_total3, noRotation, GdThreeVector (-(Groove_height / 23, 0, 0));
Gilogicalvolume* Optical_cemently = new Gdlogical¥olume(Optical_cementS, optical_cement, "Optical_cemently"):
new GAPYP lacement (0, G4ThreeVector (3cintillator_height / 2 - Groove_heisht / 2, 0, 07, Optical_cementlY, "Optical_cement”, WorldlV, false, 0, checkOverlaps);

FELEEEEEEEEEEEEEEEEEEEEE i E s WS_CORE FA 1A dddd il ddddddddddddddddddddssdd
GATubs* WLS_fiber_coreS = new G4Tubs("WLS_f iber_core3", 0, WLS_radius=0.97, Scintillator_lenath / 2, 0 » deg, 360 * deag):
Gilogicalvolumer WLS_fiber_corelV = new Gilogical¥olume(WLS_fiber_coreS, WLS_fiber_core, "WLS_fiber_corel¥"):

GAYPhys icalVolume WLS_f iber _corePV = new GIPYPlacement (0, GAThreeVector (Scintillator_height / 2 - Groove_height, 0, 0), WLS_fiber_corell, "WLS_fiber_core", WorldlV, false, 0, checkOverlaps):

FEEEEEESEEE 080 didi sy WS cladding /70080070708 EEEEAEEd R EiiTiiidiis

GATubs* WLS_fiber_claddingS = new G4Tubs ("WLS_f iber_claddingS", WLS_radius*0.97, WLS_radius, Scintillator_lenath / 2, 0 * deg, 360 * deg):

GiLogicalvolumes WLS_fiber_claddinglV = new GdlogicalVolume(WLS_fiber_claddingd, WLS_fiber_cladding, "WLS_fiber_claddinaly");

GAYPhys icalVolume WLS_f iber_claddingP¥ = new G4PYPlacement (0, GdThreeVector(Scintillator_height / 2 - Groove_height, 0, 07, WLS_fiber_claddinglV, "WLS_fiber_cladding", WorldlY, false

Gddouble Groove_radiug = 0.B<mm;
Gddouble WLS_radius = 0.5=mm;
Gddouble Groove_height = 0.9<mm;

Gddouble Wor ld_length = 0.5*m;

//Gadoub e Wor ld_lenght = 2.=m;
Gddouble Wor Id_width = 180.*mm;
Gddouble Wor Id_height = 150.%mm;

Gddouble Scintillator_length = 400.*mm; //z

//GAdouble Scintillator_length = 1410xm;  //z

Gddouble Scintil lator_width = 173.5«mm; //v

Gadouble Scintil lator_height = S.xmm; /4

G4Boxx Wor [dS = new G4Box("Mor |d3", Wor Id_height/2, World_width/2, World_length/2);

GALogicalVolume* WorldlY = new GdlogicalVolume(WorldS, Air, "Hor ldLV");

GAYPhys icalVolumes WorldPY = new GAPYPlacement (0, fine rotation
G4ThreeVector (), Jfat (00,00
Wor [dLY, Alits loaical volume
"Wor 14", /fits name
0. /fits mother  volume
false, /#no boolean operation

. /feopy number
check(Over laps) ; //overlaps checking



