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Shot Muon into scintillator with 2 GeV/c

• Determine the volume of the scintillator at 1𝑐𝑐𝑐𝑐3

• Energy unit is MeV
• Length unit is cm
• Use table 2.1 in Techniques for Nuclear and Particle Physics 
Experiments



Bethe-Bloch formula

• -𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 2𝜋𝜋𝑁𝑁𝑎𝑎𝑟𝑟𝑒𝑒2𝑚𝑚𝑒𝑒𝑐𝑐2𝜌𝜌
𝑍𝑍
𝐴𝐴
𝑧𝑧2

𝛽𝛽2
ln 2𝑚𝑚𝑒𝑒𝛾𝛾2𝑣𝑣2𝑊𝑊𝑚𝑚𝑚𝑚𝑚𝑚

𝐼𝐼2
− 2𝛽𝛽2 − 𝛿𝛿 − 2 𝐶𝐶

𝑍𝑍

• 𝑟𝑟𝑒𝑒 ∶ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
• 𝑚𝑚𝑒𝑒 ∶ 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
• 𝑁𝑁𝑎𝑎 ∶ 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑜𝑜′𝑠𝑠 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛
• 𝐼𝐼 ∶ 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
• 𝑍𝑍 ∶ 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
• 𝐴𝐴 ∶ 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑜𝑜𝑜𝑜 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
• 𝜌𝜌 ∶ 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑜𝑜𝑜𝑜 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚



• 𝑧𝑧 ∶ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑜𝑜𝑜𝑜 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑖𝑖𝑖𝑖 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑜𝑜𝑜𝑜 𝑒𝑒
• 𝛽𝛽 = 𝑣𝑣

𝑐𝑐
𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

• 𝛾𝛾 = 1
1−𝛽𝛽2

• 𝛿𝛿 ∶ 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
• 𝐶𝐶 ∶ 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
• 𝑊𝑊𝑚𝑚𝑚𝑚𝑚𝑚 ∶ 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑖𝑖𝑖𝑖 𝑎𝑎 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
• 𝐼𝐼 = 64.7 ∗ 10−6
• 𝐶𝐶0 = −3.2
• 𝑎𝑎 = 0.1610
• 𝑋𝑋1 = 2.49, 𝑋𝑋0 = 0.1464
• 𝑚𝑚 = 3.24
• η = 𝛽𝛽𝛽𝛽



• 𝑊𝑊𝑚𝑚𝑚𝑚𝑚𝑚 ≅ 2𝑚𝑚𝑒𝑒𝑐𝑐2η2 (∵M>>𝑚𝑚𝑒𝑒) = 364.234
• 𝛿𝛿 = 4.6052𝑋𝑋 + 𝐶𝐶0 + 𝑎𝑎 𝑋𝑋1 − 𝑋𝑋 𝑚𝑚 (∵𝑋𝑋0 < 𝑋𝑋 < 𝑋𝑋1 ), 𝑋𝑋 = 1.27596
• 𝑝𝑝 = 𝑚𝑚𝑚𝑚

1−𝑣𝑣𝑐𝑐
2

∴𝑣𝑣 = 0.9986𝑐𝑐

• 𝑍𝑍𝑒𝑒𝑒𝑒𝑒𝑒 = ∑𝑎𝑎𝑖𝑖𝑍𝑍𝑖𝑖 = 33.1
• 𝐴𝐴𝑒𝑒𝑒𝑒𝑒𝑒 = ∑𝑎𝑎𝑖𝑖𝐴𝐴𝑖𝑖 = 61.5429

• −𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

=2.22579



Scintillator



Scintillator(1cm*1cm*1cm)



# of Photons

• QE = # 𝑜𝑜𝑜𝑜 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
# 𝑜𝑜𝑜𝑜 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

• # of photons = # 𝑜𝑜𝑜𝑜 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
𝑄𝑄𝑄𝑄

• Gain = 
𝐼𝐼𝑝𝑝
𝐼𝐼𝑘𝑘

= 𝑒𝑒𝑝𝑝/𝑡𝑡

𝑒𝑒𝑘𝑘/𝑡𝑡
# 𝑜𝑜𝑜𝑜 𝑒𝑒𝑝𝑝

# 𝑜𝑜𝑜𝑜 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

• # 𝑜𝑜𝑜𝑜 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = # 𝑜𝑜𝑜𝑜 𝑒𝑒𝑝𝑝
𝑄𝑄𝑄𝑄∗𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔

• 𝐼𝐼𝑝𝑝 ∶ 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
• 𝐼𝐼𝑘𝑘 ∶ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑡𝑡𝑡𝑡 1𝑠𝑠𝑠𝑠 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐



PMT



Number of photon entering PMT

20ns

1500mV



Charge 

• I=q/t
• V=IR

• q= 𝑉𝑉∗𝑡𝑡
𝑅𝑅

• q= 1
2
∗ 1500𝑚𝑚𝑚𝑚∗20𝑛𝑛𝑛𝑛

50Ω
= 3 ∗ 10−10𝐶𝐶 𝑒𝑒 = −1.602176634 ∗ 10−19C

• # 𝑜𝑜𝑜𝑜 𝑒𝑒𝑝𝑝 = 1.87 ∗ 109



QE

• QE(%) = 124
λ

×
𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 (𝑚𝑚𝑚𝑚

𝑊𝑊
)

• 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 90 𝑚𝑚𝑚𝑚
𝑊𝑊

• λ = 400𝑛𝑛𝑛𝑛
• QE=27.9%



# of Photons

• # 𝑜𝑜𝑜𝑜 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = # 𝑜𝑜𝑜𝑜 𝑒𝑒𝑝𝑝
𝑄𝑄𝑄𝑄∗𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔

• # 𝑜𝑜𝑜𝑜 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 1.87×109

27.9% ∗3×107
= 2.23 ∗ 102



Gain(𝜇𝜇)측정

• 𝜇𝜇 = 𝐴𝐴 ∗ 𝑉𝑉𝑘𝑘𝑘𝑘

• 𝑉𝑉: 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑛𝑛: # 𝑜𝑜𝑜𝑜 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝐴𝐴: 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
• 𝜇𝜇1
𝜇𝜇2

= (𝑉𝑉1
𝑉𝑉2

)𝑘𝑘𝑘𝑘 𝑘𝑘𝑘𝑘: 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙, graph of ln 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 − ln 𝑉𝑉



To do list

• Need to draw and fit histogram : ln(mean)-ln(V) for get kn
• Draw graph of gain ratio
• Study bethe-bloch formula
• Study of Geant4 and simulate 
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