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Particle detection Principle



Particle Interactions:  Examples



Energy Lass by Ionisation : Bethe-Bloch Formula



Bathe-Block: - Classical derivation 



Bethe-Bloch Formula



Energy loss of pions in Cu

Minimum ionising Particles:
βɣ = 3-4 

dE/dx falls :  b-2

dE/dX rises: ln(bg)-2 Relativistic rise

Saturation at large bg due to 
Density effect ( correction d)



Understanding Bethe-Bloch



Understanding Bethe-Bloch



dE/dx Fluctuations

Bethe-Block describe the mean energy loss. ; measurement via 
energy loss ΔE in a material with thickness ΔX  with

ΔE  =  𝑛=1
𝑁 𝛿𝐸n N = no. of collisions,  𝛿𝐸 is the energy loss in a single collision

Ionisation loss  𝛿𝐸 is statistically 
Distributed. 

So called
Energy loss “straggling “

It is a complicated problem-
e.g. thin absorbers gives
Landau distribution.



dE/dX Fluctuations – Landau Distribution



Particle Energy Deposit:



Energy loss by electrons

Bethe-Bloch formula needs modifications

Incident and target electrons have same mass
Scattering of identical indistinguishable particles

Different energy loss for electrons and positrons at low energy as positrons are not
Identical as electrons. Need different treatment



Bremsstrahlung



Bremsstrahlung- Critical Energy



Total Energy loss of Electrons:



Total Energy Lass - Muons



Cherenkov Radiation:

• The fast time dependent change of the polarisation
of the medium  can create observable  Coherent effects ---

Cherenkov  radiation

• For v < c/n fast reduction of induced field in the medium

• For v > c/n propagation of EM wave  in possible 
and observed



Cherenkov Radiation in various media
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Cherenkov Radiation - Properties



Cherenkov Radiation- Application



Cherenkov Radiation: Application



Cherenkov  Ring : Super-Kamiokande



Transition Radiation Detector

Transition radiation occurs if a relativistic 
Particle  ( large ɣ) passes the boundary between 
two media of different refraction indices.

This effect can be explained due to 
rearrangement of  electric fields.



Transition Radiation: ATLAS Example



Interactions of photons with matter
• Photons are far more penetrating than charged particles of similar 

energy.

• Photon interact with matter through the following processes:

– Photoelectric effect.

– Compton effect.

– Pair production

• Interaction Probability:

– linear attenuation coefficient, μ

The probability of an interaction per unit distance traveled

Dimensions of inverse length (eg. cm-1)

N = N0 e-μX

– The coefficient μ depends on photon energy and on the material 
being traversed.

•    mass attenuation coefficient :  μ/r

• The probability of an interaction per g cm-2 of material traversed.

• Units of cm2 g-1



Interactions of photons with matter



Compton Scattering

Maximum energy transfer



Photon Interactions: Pair Production



Scintillators:



Scintillators:  Basic setup



Scintillation Mechanism in Inorganic crystals:



Inorganic crystals:



Application: CMS EM Calorimeter



Light output & PMT Sensitivity



Inorganic Scintillators - Properties



Organic Scintillators:



Plastic & Liquid scintillators:



Wavelength shifting:



Properties of Organic Scintillator:



Inorganic vs. Organic Scintillator



Transferring light from scintillator  to photo detectors:



Photon Detection:





PMT Dynode gain:



Micro Channel Plate:



Silicon Photomultipliers:



Use of Scintillators:

• Time of flight detector

• Energy measurement ( Calorimeter)

• Hodoscopes ( Fiber trackers)

• Trigger system


