
Position dependency
Choi Jae Min

2019-11-27 1



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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Reference

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
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Fitting result with exp([0]+[1]*x)
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Fitting attenuation graph

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

• >> 기본적으로 위치와 관계없이 scintillator 내부에서 반사되어
균일하게 있는 빛이 있고, 추가적으로 위치에 관계된
exponential 함수가 존재한다?
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Fitting results
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Cosmic ray test
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Cosmic ray test
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Fitting Results – 26.5 mm

2019-11-27 18



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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Fitting function

• Landau convoluted with Gaussian + cosine^2 ?
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Landau distribtuion

5mm scintillator 6mm scintillator
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Landau Convoluted with Gaussian

5mm scintillator 6mm scintillator
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Thinner Scintillator

1mm scintillator 
with Landau distribution

1mm scintillator 
with Lan-Gau distribution
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Attenuation Graph
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MPPC arriving point
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Number of pixels

• In S13360-6050PE, 

photosensitive area is 6.0 mm 

X 6.0 mm

• The number of pixels is 14,400.

• Therefore, the size of one pixel 

is 0.05 mm X 0.05 mm
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Example for arriving point

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

Particle : mu+, Energy : 1.0 GeV, Position 829 mm, azimuthal angle : random2019-11-27 34



MPPC efficiency(before)

• According to data simulated before, 

MPPC efficiency is more than 99% when 

the number of photon arrived MPPC is 

about 50.

• However, in previous slide, efficiency of 

MPPC is 95%.

• Therefore, we can confirm that it is 

better to get position where photon is 

dead.
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Data Scan

• 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.

Depth photon is dead
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Cross talk

• Since there is depth where photon is 

dead, I 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.
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Data Analysis

• The number of photon arrived MPPC will be determined in ROOT not 

Geant4. 
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Effect of Aluminum box
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Sensitive Detector for Aluminum box

• 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.
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