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☁　Human Sense and Detector

☁　Particle Identification



Human Sense and Detector
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Eyes Neurons Brain

Sense Signal Cognition

Detectors Cables,
Circuits Computer

Can you trust human sense ?



Importance of Detector

Nishina School　2012.10.03

Detector innovation can arise new physics

Telescope (1590) → Newton Mechanics (17C)

Velocity of Light (1873) → Special Relativity (1905)

Spectroscopy of Hydrogen → Quantum Mechanics



Human Sense and Detector 2
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Eyes

Shapes

Colors

Of course, Light

Detector

Position

Energy

Particle Identification



Particle Identification
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Mass Identification

P = mγβ       :  momentum
E = m(γ-1)   :  kinematic energy
β                  :  velocity

We need
  2 of 3.

Special Detectors
Neutron counter, Cherenkov counter,
Shower counter, Muon counter … etc.

& Z.



Momentum Measurement
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Charge : q

Magnetic field : B

Curvature radius : R

P / q = 0.3 × B ・ R

[MeV/c]       [kgauss]  [cm]

[GeV/c]            [T]       [m]

[TeV/c]             [T]      [km]



Requirement for Momentum Measurement
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Position Resolution

Thin Material



Multiple Scattering
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Z: particle charge

X0: radiation length
x: material thickness



Radiation Length
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Energy Measurement
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Energy Loss Total Energy

All deposited energy



Requirement for Energy Measurement
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Energy Resolution

Thick Material

DetectorDetector
IonizationIonization

energyenergy
 I ( I (eVeV))

EnergyEnergy
resolutionresolution
@ 5MeV@ 5MeV

ScintillationScintillation 100 ~ 500100 ~ 500 1.1 ~ 2.4 %1.1 ~ 2.4 %
GasGas 3030 0.6 %0.6 %

SemiconductorSemiconductor 33 0.2%0.2%



Velocity Measurement
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β = L (T1 - T2) / c

L

T1 T2



Requirement for Velocity Measurement
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Timing Resolution

Thin Material



Special Detectors
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Neutron Counter
Neutron

Proton

Scintillator

Cherenkov Counter

θ
cos θ = 1 / nβ



Special Detectors 2
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Shower Counter

e- ,  γ
Electromagnetic shower

CsI, BGO, GSO

Muon Counter

μ

Lead Glass

Fe + Counter



Total Detector System (Belle)
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Data Taking
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Particle
Detector

Amp. Analog to Digital

Circuits

PC
1. Generating some signals
2. Amplification
3. Analog to Digital Conversion and Logic
4. Getting into Computer and Analysis



Summary
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❖　You need detectors to investigate nature,
because you cannot feel particles and nuclei.

❖　You have to build and/or be familiar with
detectors for your own experiments.

from this afternoon


