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Geometry Test

 [n visualization, it can be seen
that there is a gap between two
slide, tub and box which are

drawn in yellow color.

« Figure of enlarged fiber section



Geometry Test
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### Run 0 start.
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* G4Track Information: Particle = neutron, Track ID = 1, Parent ID = 0
D R R T T T L I Ty

Step# X (mm) Y (mm) Z(mm) KinE(MeV) dE(MeV) StepLeng TrackLeng NextVolume ProcName

0 100 0 0 le+03 0 0 0 World initStep

1 2.5 0 0 le+03 0 97.5 97.5 Optical_cement Transportation

2 2.1 0 0 le+03 0 0.4 97.9 WLS_fiber cladding Transportation
3 2.08 0 0 le+03 [} 0.015 97.9 WLS_fiber_ core Transportation

4 1.12 0 0 le+03 1] 0.97 98.9 WLS_fiber_cladding Transportation
5 1.1 0 0 le+03 1] 0.015 98.9 Optical_cement Transportation

6 1 0 0 le+03 0 0.1 99 Scintillator Transportation

7 =2.5 0 0 le+03 0 3.5 102 World Transportation

8 -75 0 0 le+03 0 72.5 175 oOutOfwWorld Transportation

Number of Scintillation photons produced in this event
Number of Cerenkov photons produced in this event : 0
Number of WLS photons produced in this event : 0
0<- the number of photon which goes in fiber
0<- the number of photon which arrive at MPPC1
0<- the number of photon which arrive at MPPC2
number of event = 1 User=0.000000s Real=0.002919s Sys=0.000000s [Cpu=0.0%]
File simulateDCV.root has been saved.
WARNING: 1 event has been kept for refreshing and/or reviewing.
"/vis/reviewKeptEvents" to review them one by one.
"/vis/enable", then "/vis/viewer/flush" or "/vis/viewer/rebuild" to see them accumulated.

Session :

« By shooting neutron, we can see where the neutron passes.

* And we can confirm that there is no gap between the two solids.



WLS Process Test

« WLS Process consists of two process. One is absorption, and

the other is emission.

« Absorption process is the process by which electron absorbs

light and be excited.

* Emission process is the process by which electron emits the

photon and be stable.



WLS Process Test

* First of all, to check that emission
process works well, we shot photons of
430nm wavelength.

* In order to see the exact emission
wavelength, it is necessary to emit light
that is larger than the minimum
emission wavelength.

« We can get the wavelength of photon

produced in WLS fiber by making use of

sensitive detector of WLS fiber,
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Result of Visualization - Emission

« There are photons which are traveling in the opposite direction to the shooting

direction.



WLS Process Test - Emission
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Figure of Emission spectra of Y-11 fiber(blue line)
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Figure of wavelength of photons produced OpWLS Process

By comparing wavelength graph with emission spectra, we can confirm that OpWLS

emission process works well.



WLS Process Test - Absorption

» To test absorption process in WLS process, we shot

mtwith 1 GeV to scintillator.

 Scintillator emitted photons by scintillation process

with energy deposited by .

« And WLS fiber absorbed photons based on absorption

spectra.

* For these reasons, to understand absorption spectrum,

both two factors need to be considered.

 To distinguish absorbed photons, we used 'if(aTrack ->

GetTrackStatus == fStopAndKill)" Geant4 code.
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Figure of Emission spectra of EJ-200 Scintillator
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Figure of Absorption spectra of Y-11 fiber



Amplitude

WLS Process Test - Absorption

Emission of scintillator X Absorption of WLS-fiber absorption_wavelength {absorption_wavelength != 0}
x10° htemp
11— - Entries 4450519
i 350— Mean 435.4
L - Std Dev 14.97
/ 300
0.8— -
— / C
- / \ 250 —
06— =
L 200—
04— / N 150~
B 100{—
0.2— C
B 50—
- S -
0 I " e R T A T T s S 0_1 TR R R T N R P A TR N TR TR AN SN TR SN SN SN S NN
380 400 420 440 460 80 400 450 500 550 600
Wavelength absorption_wavelength
« Figure of Absorption spectra considered two factors » Figure of wavelength of photons absorbed OpWLS Process

By comparing wavelength graph with absorption spectra, we can also confirm that

OpWLS absorption process works well.



WLS Process Test - Absorption

« Let's take a look at the process before checking the number of photons which are absorbed.
« In WLS process, there are two types of absorption process.

* One is the absorption leading to re-emission, called WLS absorption.

« The other is the absorption without re-emission, called absorption.

« In our code, we set range of wavelength of WLS absorption from 354nm to 500nm and range of wavelength of absorption from
500nm to 700nm.

- Y-7,Y-8, Y-11
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-04
06

. 400 500 600 700
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Wavelength[nm]
» Figure of WLS Absorption spectra of Y-11 fiber « Figure of Absorption spectra of Y-11 fiber without re-emission
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WLS Process Test - Absorption

absorption_wavelength {absorption_wavelength != 0} absorption_wavelength {absorption_wavelength |= 0 && absorption_wavelength > 431}
htemp | htemp
10000 Entries 10132 Entries 132
Mean 430.6 Mean 4653
StdDev 4.146 10 Std Dev 9.805
» To check efficiency of WLS Process, we shot photons of 430nm \
wavelength in WLS-fiber. 6000

4000

*  We shot 10000 of photons.

2000

« We can confirm that self absorption spectra of fiber match up with results

ol b Lo Lo Lo Lo bova Lo Lo
430 440 450 460 470 480 490 500 510

0 i
absorption_wavelength 430 440 450 460 470 480 490

Of SlmUlatIOﬂ. Eggsurplmnf&guelengm
+ Figure of Absorption spectra

. o - Figure of Absorpti f length |
+  However, the number of photons which are absorbed in fiber is 10132, 'gure of Absorption spectra for wavelength larger

. . . . than 431nm
and the number of photons which are re-emitted by WLS emission is
emission_wavelength {emission_wavelength = 0}
10098. so0= Emrie:mmpmage Emission of fiber X Absorption of fiber
C Mean 499.8 §
*  After subtracting 2, that the number of photons which is not in range for ~ © B e I
WLS absorption, there is difference between WLS absorption and F .
emission. e
C 015
. . . . . . . ZDD;
» According to this simulation, we can confirm that efficiency of WLS C o1
Process is not 1. 100~ 005
- Efficiency of WLS Process is about 0.99684. T T R TR R R T e

« Figure of Emission spectra » Figure of Self absorption spectra



WLS Process - Absorption

The number of absorbed photons = 4450519

The number of absorbed photons with

wavelength larger than 500nm = 631

The number of absorbed photons in range of

WLS absorption = 4,449,888

The number of emitted photons = 4,422,198
Difference = 4,449,888 — 4,422,198 = 27,690

Calculated efficiency of WLS Process =
0.99377
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absorption_wavelength {absorption_wavelength != 0}

%10° htemp

| Entries 4450519 |
Mean 435.4
SdDev 1497
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absorption_wavelength

« Figure of Absorption spectra

absorption_wavelength {absorption_wavelength > 500.3}

htemp

Entries 631
Mean 516.4
Std Dev  18.44

|| Aol o WMo+ nole

L L
500 520 540 560 580 600 620
absorption_wavelength

Figure of Absorption spectra without re-emission
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emission_wavelength {emission_wavelength |= 0}
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Figure of emission spectra
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The number of photons arrived at MPPC

Total Energy Deposit

PTTTT

htemp

Entries 10000
Mean 0.8635
Std Dev 0.1311

o
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Total_Energy Deposit

Figure of Energy Deposit on scintillator by pi+

MPPCcounter
htemp

- Entries 10000
900 — Mean 14.25
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Figure of the number of photons arrived at MPPC which are at the end of fiber
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Landau Distribution in energy deposit



Determination of time

* In GA0OpWLS, there is 'UseTimeProfile’ which is determine the

creation time of photon.

* In our code, we use ‘UseTimeProfile(delta)’ in physics lists and
AddConstProperty("WLSTIMECONSTANT", .5*ns)" in detector

construction.

* These mean that photon will be created after 0.5ns from

absorption by WLS Process.



Arriving Time at MPPC

Arrivetime_MPPC1
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Figure of arriving time at MPPCT

Arrivetime_MPPC1

htemp
— Entries 70988
Mean 16.96
Sid Dev 15.87
I N T I R B B R Ly oty o bav v b by
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Figure of arriving time at MPPC2
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Physical meaning in distribution of arriving time
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absorption_wavelength {absorption_wavelength = 0 && absorption_wavelength > 500}

hiemp
Entries 2
Mean 507.4
Std Dev 4.079

503 504 505 506 507 508 500 510 511 512
absorption_wavelength

« Figure of Absorption spectra for
wavelength larger than 500nm
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