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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



MySimVer1.mac

• /GsimPhysicsListFactory/QGSP_BERT/buildAndRegister

• /GsimPrimaryGeneratorActionFactory/GsimGeneralParticleSource/buildAndRegister gps

• /gps/particle mu-

• /gps/energy 2.0028 GeV

• /gps/position 0 0 -1.507 m

• /GsimDetector/world/e14/target0/setParameters 50 50*mm 10*mm

• /GsimDetector/world/e14/target0/setOuterMaterial G4_PLASTIC_SC_VINYLTOLUENE

/run/beamOn 10000



Detector’s elements

• G4_PLASTIC_SC_VINYLTOLUENE
• Density: 1.032 (𝑔𝑔/𝑐𝑐𝑐𝑐3)
• H: 10
• C: 9
• I: 64.7 (eV)



Myout_PLASTIC_SC_VINYLTOUENE.root



Calculation value & Simulation value

• Calculationvalue : −𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

=2.22579

• Simulation value : 1.644



Why?

Calculation
• Z = 33.31
• I = 355(eV)

simulation
• I = 64.7(eV)
• Z=?
• I/Z=12+7/Z             (Z<13)

• I/Z=9.76+58.8Z−1.19 (Z≥ 13)



Gain curve
• 4    const int n_points = 5;
• 5    double x_vals[n_points] = {3.176,3.204,3.230,3.255,3.279};
• 6    double y_vals[n_points] = {2.696,2.932,3.182,3.362,3.527};
• 7 // double y_errs[n_points] = {0.418,0.684,1.18,1.68,2.26};
• 8 // double y_errs[n_points] = {-0.379,-0.165,0.0719,0.0225,0.354};
• auto f  = new TGraphErrors(n_points,x_vals,y_vals,nullptr,y_errs);
• 13      f->SetTitle("Gain_curve");
• 14      f->GetXaxis()->SetTitle("ln[High Voltage]");
• 15      f->GetYaxis()->SetTitle("ln[Mean]");
• 20 auto g = new TF1("gain_curve","[0] + [1]*x",2,3);
• f->Fit(g);
• 26 f->SetMarkerStyle(22);
• 27 f->Draw("AP");



Gain curve

• 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

• 𝑘𝑘𝑘𝑘=8.153


	Gain, Geant4
	Shot Muon into scintillator with 2 GeV/c
	Bethe-Bloch formula
	슬라이드 번호 4
	슬라이드 번호 5
	MySimVer1.mac
	Detector’s elements
	Myout_PLASTIC_SC_VINYLTOUENE.root
	Calculation value & Simulation value
	Why?
	Gain curve
	Gain curve

