Geant4 simulation on the light yield
of BTOF prototypes
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Introduction

* In order to find the condition that maximizes light yield,
simulation was performed by changing the light guide,

thickness of scintillator, and type of MPPC.



Shape of Scintillator
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The number of photons [counts]
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length [cm] length [cm]
Area 10 mm X 90 mm 10 mm X 45 mm 5mm X 45 mm
The number of photon at the
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end of scintillator
the number of photons per
2.34 3.00 3.71
area(/mm?)
The number of photons 165.4 188.2 196.6
The number of photoelectrons 58.83 66.79 69.81




Width dependence
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InNe numper or pnotons [Counts]

Thickeness of scintillator = 15 mm
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™ Photon density is unchanged
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The number of photons [counts]

9000

Scintillator length

8000

7000

6000

5000

4000

3000

2000

1000

|\HI‘\\I\‘I\I\‘\IH‘III\‘IHI'\HIJ\MI

e

0 80
length [cm]

900 mm

The number of photons [counts]

9000 = 9000
g g P
8000w S 8000fw
Ce 2 Ce
F% s F e
70001 " 2 7000 ‘e
— - a - -
E % 5 Eooe,
6000— ., § 6000 ‘.,
= ", E = %o,
= 5 E
5000— S 5000—
e 2 E
c L E
4000— 4000—
3000— 3000—
2000 2000
1000 1000— l-‘-\
Ei [T BN R RIS ARSI I AN EITArI S STEATE B, SR E. e b Lo b Lo Ly LY |
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
length [cm] length [cm]

1000 mm

1100 mm

The number of photons [counts]

9000

8000

7000

6000

5000

4000

3000

2000

1000

T

W

‘IHI‘\IH‘IHI‘\I\\l\l\ll\l\\l\\lu

l....
o,

10 20 30 40 50

1200 mm

60 70 80
length [cm]

Scintillator length

900 mm

1000 mm

1100 mm

1200 mm

The number of photon at

the end of scintillator

733.40

757.27

791.62

834.54

the number of photons

per area

3.26

3.37

3.52

3.71

The number of photons

188.5

190.5

191.2

196.6

The number of

photoelectrons

66.88

67.72

67.85

69.81




Types of MPPC(with light guide1, 10mm)

MPPC type 3050PE 6050PE 4050HS
MPPC area X Number 3mm X 3mm X 8 6bmm X 6 mm X5 4mmX4mmX8
Total MPPC area(mm?) 72 AZ_E 180 ﬁj_zl 1 128
50 l_ﬂp'-'jzs_c(‘:) 0 (Ta=25 °C)
40 g 50 /\
9 / /\\ g o / \\
= l \ é 30
PDE i oo \ L \
wf A g N
., N & 10
0 Ii NN N
B (nm) Wavelength (nm)
The number of photons 188.2 X 2.45 461.3 X0.715 330
The number of photoelectrons 66.79 163.7 X O_‘9>42 154.2
Converting ratio 0.355 0.355 0.467




Conclusion

« We performed Monte Carlo study on shape of BTOF and effect of
MPPC with GEANT4

- Photon detection efficiencys and refractive index are given by
HAMAMATSU Ltd.

- As cross-section of scintillator gets smaller, as area covered with

MPPC increases, the light yield increases.

- 4050SH MPPC has higher efficiency an 3050PE or 6050PE
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Scintillator definition
(e 7] 57

Light Output (% Anthracene)

Density : 1.023 g/cm?

Santillation Efficiency (photons/1 MeV e7) 10,200 | 9,700 . . _
Wavelength of Maximum Emission {(nm) 391 391 RefraCtlve |ndex - 1 58
Light Attenuation Length (cm) - 120 « Attenuation Iength = 120 cm
Rise Time (ns) 0.5 | 05 » Scintillation efficiency = 9700 / 1 MeVee
Decay Time (ns) 1.4 1.5
Pulse Width, FWHM (ns) 1.2 1.3
No. of H Atoms per cm* (x10%%) 215 | 515 EJ-228 AND EJ-230 EMISSION SPECTRUM
No. of C Atoms per cm? (x1022) 4.69 4.69 10
No. of Electrons per cm? (x1023) 3.33 3.33 f\
Density (g/cm?) 1.023 1.023 0.8
| a

Polymer Base Polyvinyltoluene = 0.8
Refractive Index 1.58 =

_ : _ S 0.4
Softening Point 75°C <
Vapor Pressure Vacuum-compatible 0.2

Coefficient of Linear Expansion 7.8 x 107 below 67°C ./ """-—._,___:___

Light OQutput vs. Temperature At 60°C, L.O. = 95% chthat at %GFC 350 375 400 425 450 475 $00
No change from -60°C to 20°C

: : WAVELENGTH (nm)
Temperature Range -20°C to 60°C
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Shape



3050PE — without light guide
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3050PE - light guide1
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3050PE - light guide?2
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Thickness



3050PE — without light guide 15mm
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3050PE - light guide1 15mm
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3050PE - light guide2 15mm
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900 mm
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1000 mm
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1100 mm
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1200 mm

1200

1000

800

600

400

200

NP

NP {SD_id == 0}
htemp
B Entries 10000
- Mean 196.6
— Std Dev 48.77
I B AR T T T T T T T M A M|
100 200 300 400 500 600 700 800

1000

800

600

400

200

NPE {SD_id == 0}

htemp

Entries
Mean
Std Dev

10000
69.81
18.6

150




MPPC



3050PE - light guide2 15mm
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4050PE
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0050PE
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