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Landau convoluted with Gaussian

 According to Bethe-Bloch formula, energy deposit on thin scintillator
follows the Landau distribution.

 The statistical functions such as the capture in WLS process and
reflection follow the Gaussian distribution.

 Therefore, Landau convoluted with Gaussians should be used as fitting
function.

« Because it is impossible to convolute from —infinite to +infinite,
integration range is from +-5sigma.
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Fitting result with
Landau distribution
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Fitting Results — 26.5 mm
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Fitting Results — 227 mm
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Fitting Results — 428 mm
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Fitting Results — 628 mm
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Fitting Results — 829 mm
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Fitting Results — 1030 mm
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Fitting Results — 1231 mm
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Fitting Results — 1432 mm
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Attenuation Graph

The number of photon
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Fitting result with exp([0]+[1]*x)

Graph
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Fitting attenuation graph

« Well fitted function : [0]*Tmath:Exp(x/[1])+[2]

e >> 7|2H o2 QK| BHA Q10| scintillator LSOl Al BFALE| O
mUStA = 20| UL, FIHH O = {|X|0f ZtA =
exponential &7 =X 2rCt?



Fitting results

Graph Graph
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Cosmic ray test



Cosmic ray test
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INg Results — 26.5 mm
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Fitting Results — 227 mm

MPPC1_hist MPPC2_hist
o MPPC1_hist - MPPC2_hist
— Entries 1000 35 — Entries 1000
C Mean 52.25 - Mean 52.41
s Std Dev 26.58 wbE Std Dev 26.67
- %2/ ndf 88.13/118 = x* 1 ndf 105.3/123
- width 4.162 = 0.522 - width 5.428 = 0.503
20— MPV 38.8+0.7 25 } MPV 36.82 + 0.57
- normalization_factor 975.9 £ 33.1 - normalization_factor 961.5 £ 32.7
C sigma_gaussian 9.393 £0.826 20 i sigma_gaussian 6.744 £ 0.975
15— C
- 15—
10— -
C 10—
5f— -
- S
o - L a0 1 0 . . o1y 0 - St 11 i | L 1 e oy
0 200 250 300 350 o 200 250 300 350
MPPC3_hist MPPC4_hist
MPPC3_hisl MPPC4_hist
Entries 1000 22 Entries 1000
% Mean 78.46 Mean 79.05
Std Dev 39.08 20 Std Dev 39.74
%2/ ndf 139.6 / 156 18 %2 [ ndf 167.7 / 160
20 width 8.034 =1.100 width 11+£14
MPV 5717 £1.03 1€ MPV 53.55 + 0.98
ngrmalizatianffactor 959.4 + 35.0 14 normalization_factor 9426 + 33.2
sigma_gaussian 13.63 +1.73 sigma_gaussian 5186 £4.313

o
|II||\II\|IIII|I\Il‘lllllll

HwIHIHIllllIIIIIIIITIII'IHIIII|H||Il||l

[ R R N .

o

2019-11-27




Fitting Results — 428 mm
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Fitting Results — 628 mm
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Fitting Results — 829 mm
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Fitting Results — 1030 mm
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Fitting Results — 1231 mm
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Fitting Results — 1432 mm

MPPC1_hist
MPPC1_hist
- Entries 1000
16— Mean 96
- Std Dev 46.41
18— %° / ndf 168.2 /189
r width 11.75£1.28
12— MPV 71.76 £1.19
- normalization_factor 937.4 £ 345
10— sigma_gaussian -14.76 £+ 2.32
8l
s
4f— )1
2
N i | Il
0 A . . i
0 50 300 350
MPPC3_hist
MPPC3 hist
- Entries 1000
C Mean 48.3
0 Std Dev 2352
- %%/ ndf 136.2/115
s width 4.658 £ 0.498
- MPV 37.61+0.54
- normalization_factor 932.9 +32.7
20— sigma_gaussian -7.684£0.918
15 :—
10 :—
si—
0 J =4 1 4l Ll 1
0 50 100 150 200 50 300 350
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20

MPPC2_hist

o

MPPC2_hist
- Entries 1000
E Mean 100
— Std Dev 50.73
- %2/ ndf 149.5/ 200
- width 1438 £1.45
- MPV 71.15+1.20
— normalization_factor 983.5+36.3
o sigma_gaussian -13.31£2.94
| | | 1 e o e Fl.. -m—.—ﬂﬂ;:l:ﬂ-_
50 100 150 200 250 00 350
MPPC4_hist
MPPC4_hist
C Entries 1000
C Mean 50.07
— Std Dev 25.38
- %2/ ndt 91.83/121
- width 5.379 £ 0.527
— MPV 3761055
: normalization_factor 990.9 +33.9
- sigma_gaussian -7.255 £1.037
Al LI 1
150 200 250 300 350
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Fitting function

e Landau convoluted with Gaussian + cosine”2 ?



700

600

500

400

300

200

100

Landau distribtuion

Total_Energy Deposit

htemp

Entries

Mean 0.8629
Std Dev 0.1302
%2 [ ndf 1392 /68
Constant 3781+ 58.2
MPY 0.7715 + 0.0009
Sigma 0.03429 £ 0.00040

|I_‘-‘T"‘-|_L|—-—l-.__l_

2019-11-27

1 1.2 1.4

5mm scintillator

16 1.8
Total_Energy_Deposit

Total _Energy Deposit

htemp
— Entries 10000
80O — Mean 1.036
— Std Dev 0.14
- 2 / ndf 1482 / 51
700 Constant 4530 + 70.1
— - MPY 0.939 + 0.001
600 — Sigma 0.03976 + 0.00047
500 —
400
300
200— T
100 i
0 :I PR N A NN N T N YT T N N N A A o e
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

6mm scintillator

Total_Energy Deposit
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450

400

350

300

250

200

150

100

50

Landau Convoluted with Gaussian

Edep_hist

Edep hist
Entries 10000
Mean 0.8629
Std Dav 0.1302
%2 4 ndf 942 6 /94
width 0.02567 + 0.00064
MPY 0.7767 £ 0.0013

normalization factor 94 +£1.0

sigma_gaussian  0.04117 £ 0.00144

L0120 o1 e e S N Y R BRI

(=]

0.2 0.4

2019-11-27

0.6 0.8 1 1.2

5mm scintillator

1.4 1.6 1.8 2

Edep_hist
_ Edep_hist
— Entries
400 — Mean
- Std Dev
30— 2/ ndi 754.7 /94
= wilth 0.03064 + 0.00075
300 — MPY 0.9441 + 0.0014
— normalization_factor 959 +1.0
250 — sigma_gaussian —0.04748 £ 0.00142
200 [—
150 —
100 [—
50—
0 :I PR T A T T N N W O N RN BN | T =
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 E
6mm scintillator
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Thinner Scintillator

Total Energy Deposit Edep_hist
htemp Edep hist
1600{— Entries 10000 - Entries 10000
— Mean 0.1725 600 —
C Std Dev 0.05758 - Mean 0.1723
1400— %2/ ndf 162.6 / 62 C St Dev 0.05658
C Constant 8590 £ 134.6 - 22/ ndf 134.9 /146
- MPV 0.1425 £ 0.0002 500 — it 0008685 £ 0.000155
1200— Sigma 0.009363 + 0.000115 C widt - +0.0001
C L MPY 0.1407 £ 0.0002
1000 - 400 —_ normalization_factor 30.27 £ 0.30
= n sigma_gaussian 0.004197 + 0.000399
800 — C
C 300 |—
600— -
- 200|—
400 — r
200 100 :—
0 e | i T B R eyt b Lo 0 0 Ly 0 1 — J
0 01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 00 IR R N N N S T S W ! P R TR

=]
=]
R
=]
(]
=
=
=]
o
=]
o

Total_Energy Deposit

Tmm scintillator Tmm scintillator
with Landau distribution with Lan-Gau distribution
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Attenuation Graph

Attenuation
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The number of photon

110

100

90

80

200 400 600 800 1000 1200 1400
position[mm]

70

D_LIIII|IIII‘I|II|IIII|IIII|IIII‘I|II|III

2019-11-27



MPPC arriving point



10.1 £ 0.1

Number of pixels N

* In S13360-6050PE, :
photosensitive area is 6.0 mm Luas e i
. \\\ /&:‘cﬁ %
X 6.0 mm < 0 e
i T 4
$0.5 /ﬂ H =

* The number of pixels is 14,400. U=t/

74402 HY—E
AT B AI—Y

» Therefore, the size of one pixel

. / IJ— F#E: Fe-Ni-Cog%
Y — RALER: Audt v ¥
IS 0.05 mMmm X 0.05 mm o o e e
Fu T ESRE:
Ny—0R0ZEEELLTXY = 203

A—F1 »OEER. Ny - EEE Y
@o—Pp—o® =A0.1 mmEEl EASIESHUET.
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Example for arriving point

dead_position_y:dead_position_z {dead_position_x != 0}

Entries
Mean x

Std Dev x

52
0.3

Meany -0.2542

1.565
1.645

| std Dev y

Particle : mu+, Energy : 1.0 GeV, Position 800 mm ~ 858 mm, azimuthal angle : random

2019-11-27

dead_position_y:dead_position_z {dead_position_x != 0}

| Entries 52
SV T S, N - o Mean x 0.3
_ Meany -0.2542
| Std Devx  1.565
StdDevy 1.645
08—t b WA E T b .
06— L= == T 0 DR H (]
0d—t o b 0 LELE LT 0T L] b
02— bt =L TEHEE T |
G T f T T I T T I T T T T I
3 2 -1 -2 -3 -3210123
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Example for arriving point

dead_position_y:dead_position_z {dead_position_x != 0} dead_position_y:dead_position_z {dead_position_x != 0}

Entries 44 T Entries 44
Mean x 0.6108 RO RSSO OO e Mean x 0.6108
Meany -0.1963 = Meany -0.1963

227, ~..|StdDevy  1.562 - StdDevy 1.562

Rasticle’: mu+, Energy : 1.0 GeV, Position 829 mm, azimuthal angle : random 34



MPPC efficiency(before)

 According to data simulated before,
Graph

MPPC efficiency is more than 99% when
the number of photon arrived MPPC is
about 50.

0.95

0.9

« However, in previous slide, efficiency of
MPPC is 95%.

0.85

0.8

* Therefore, we can confirm that it is

0.75

e
~

better to get position where photon is
dead.

°||||||

1 1 1 1 1 1 1 1 1 1 1 1 1 1
2000 4000 6000 8000 10000



Data Scan

o4 4 4 o b e o b o o e o e e o oo ko ok ok ok ok ok Rk R Rk R R kR B Rk Rk
t* Alllvetlm ¥ dead poql:

* Row
e o o o o o e o e
*

* Wavel

s
a4

* 531.
* 472,
* 509,
* 495,
* 495,
* 551,
* 527.
3 * 553,
* 472,
* 519,
- 502.
* 504,
- 485,
- 521,
* 512,
* 540, 3
* 496,
* 546,

* 490,43
* 498.
* 511.
* 493,
© 518.

22641 * 18.3

47511 *
12506 *
27173 *
26786 *
01655 *
81229 *
46687 *
60051 *

12.5950095
99,941598
21.649616
71.416503
10 9&99

46118 * 14.
58047 * ".

60251 *
16280 *

12003
25806

79542 *
92738 * 1!
91074 * 2
47158 * :

18.65733
34,111081
. 6447434

* 28.825205

16.786160
30.050188
10.,241898
16.935684
.117979
.131770
.027399

_981’
1079 -

-0.075 ¢
: -0.075 -
- 0.0891191 -
© -0.,209955 -
- 0.0012118 -
: -0.075 -
-0.075 ¢
p.232719 -
-0.075 ¢
-0.075 °
-0.075 -
B.244389 -
-0.075 ¢
D.044862
-0.075 -
-0.075 -
-0.075 -
-0.075 ¢
-0.075 -

Depth photon is dead

dead posi

1

88p3 *

.S?EIGEI(_: *
27259& * ]

-2 5211 31 *

2.1748794 * 0,
-1.420504 *
1.3976723 *
0.3406711 *
1.6694592 *
2.9068549 *
-1.830788 *
1.1895995 #*
-1.541462 *
-1.164062 *

2 e e e e e e e e e o e e e o o ot o o e o e e e
dead posi *

%

1747 *
-1.855543 =
- 0.,5927234 *
- -2,658202 *
* -1,481539 *
* 0.5969254 *
* 2,89609044 =
-2.127291 *

.6596897 *

. 1850482

. 2949582

.2017119 *
.9159489 *

. E:UCJZUU *
240764 *
),468463 *
2.260504 *
1.5346593 *
-1.113880 *
1.0157293 *
2.6960930 *

4315671 *

Geant4 is not support photoelectric effect for
optical photon.

Therefore, we should kill optical photon is
StackingAction.

When simulating in the above way, there is
depth where photon is dead.

Therefore, assuming photons die at the
surface of MPPC, we should recalculate
position photons die by making use of
momentum of photons.



Cross talk

* Since there is depth where photon is
dead, | wondered if we could
calculate the cross talk through it.

« However, the cross talk occurs in the
near infrared region(780 nm ~ 3000
nm), and considering the emission
spectrum of WLS fiber, there is no
near infrared photon.

2019-11-27
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Data Analysis

« The number of photon arrived MPPC will be determined in ROOT not
Geant4.

B T TS R 4k o4k T o4k ok ok o o e
Row * Wavelengt * iveti | | || i * momentum_ * momentum_
ook ok ook ke
¢ . 2.9231450 .07e- 7.534e-07
’ .875503 * D.075 * 0,9502090 * 0.0116243 * -1,85e-06 * 1,257e-06 *
2.55629 .910957 * 0.075 * 2.8250027 * 1. Ob999 * -9,12e-07 3.995e-07 *
. 11195 - '..196&9& * C * P9 * . o * *
4.56695 - ) *
.88691 h.200614 * 5 % * * 3e-C
3.45756 * .'.815216 * 0.075 * '. 3 1 * 0.4 ..’ * =2,27e-06 *
.09974 * 17, * 0.075 * 0. 46 * 2.4 h85 * -2.03e-06 *

A ( D J * 2. * ! 076e 06 * 1. -(b * -4 Qbe 07 *
50741 * 11.4! * 5 * -0.0243 15 * h46 * -1,93e-06 * D6 * -5 e-07 *

'.40479 671 * 0.075 * -O.US&S:& * 0, p741 * -3,18e-07 *
* : * -0.075 * -1.528035 * -0. h32 * -2.05e-06 * 8 5e-07 * 1. 4&0& 06 *
-0.075 * -: * -1.644626 * -1,94e-06 * 6 * -6.84e-07 *
-0.075 * 1. * 0,7445573 * -1.,71e-06 * .3 * §,58%e-07 *
* 8 4291596 * -0.075 * -: 57 * -2.582119 * -2.03e-06 * 5 5b7e 07 * 1.002e-06 *
- 77.985204 * -0.075 * -2.: 28 * -0.071967 * -2.03e-06 * 5. b&ge 07 * 1.445e-06 *
- 26.261815 * -0.075 * -1. 57 * 2.0020439 * '.11e 06 * 9,430e-07 * 2,371e-07 *
* 9 105099b * 0,0099399 * -0.620876 * -0.911878 - .012e-06 * 8. A7 * 1.064e-06 *
i : * -0.075 * -C P8 * 0.9137909 * -2.,20e-06 * - * -4,77e-07 #*
. * -0.075 * -2.042¢ * 1 ! * -2.0le-06 * 6.079& 08 * 1.. *
7 920871 * -0,234805 * -2.¢ hh * 2,9664514 * 7,168e-07 * 7.793e-07 *

-.i@51j2 * 75 * 1.: 407 * 0.8601464 * -2.05e-06 * 1,377e-06 *

. 75405 * * 0,2166104 * -1.2 * 0,94 P4 * 1,956e-06 * -6.64e-07 *

.95530 * '..827229 * -0.075 * '.b49911 * 0. H3 * -2,23e-06 * 1.,073e-06 *




Effect of Aluminum box



Sensitive Detector for Aluminum box

W0 o 4 0 40 0 80 40 0 o 4 0 40 9 o0 240 2 0 2 0 0 40 2 o0 28 0 o e 40 4 o 40 4 o e
* Row * Al boxl c * Al box1 d *
W0 o 4 0 40 0 80 40 0 o 4 0 40 9 o0 240 2 0 2 0 0 40 2 o0 28 0 o e 40 4 o 40 4 o e
& EJ & 4 I.._‘I_E; 4 =+ E: =+
W0 o 4 0 40 0 80 40 0 o 4 0 40 9 o0 240 2 0 2 0 0 40 2 o0 28 0 o e 40 4 o 40 4 o e

root [3] t5 -> GetEntries()

(Long long) 153
root [4] t7 -> GetEntries()
(Llong long) 225
root [5] t9 -> GetEntries()
(long long) 124
root [6] t11 -> GetEntries()
(long long) 228

* There are too many photons

which hit aluminum box.

« Considering the number of
photon which arrived MPPC, 3500

of photons are from scintillator.

» Therefore, select the photon

which is not from scintillator,



