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• The principles of detection of ionising radiation
• Interaction of charged and neutral particles with matter

• Gaseous sensors

• Semiconductor sensors

• Scintillators

• Sensor systems used in particle and nuclear physics
• Calorimeters

• Tracking detectors

• Neutrino detectors

What is this lecture about?



• The principles of detection of ionising radiation
• Bethe-Bloch formula and the concept of the Minimum Ionising Particle 

(MIP).

• ~ 2 MeV g-1cm2 is the key number to retain in your mind, for relativistic 
particles and all materials (except H).

• Bragg curve for ionising particles, most energy per unit length deposited 
at the end of their range (used in proton radiation cancer therapy).

• Electrons lose energy dominantly by bremsstrahlung (gamma radiation) 
above the critical energy which is in the range 115 to 7 MeV for the 
elements Be to U.

Key points from previous lecture



Photons



Photons

NOTE: These comments regarding the photoelectric 
effect is relevant up to photon energies ~ a few 100 keV

Dominant interaction below ~ 100 keV



Photons

1 barn = 10-24 cm2

M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98, 030001 (2018)



Photons

M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98, 030001 (2018)

 is the photon 
“mass attenuation 
length”

/  gives you the 
linear attenuation 
coefficient µ [cm-1]

NIST data: https://physics.nist.gov/PhysRefData/XrayMassCoef/tab3.html

60Co gamma 
rays

https://physics.nist.gov/PhysRefData/XrayMassCoef/tab3.html


Photons

Dominant interaction around 100 keV to 
about 10 MeV



Photons

Angular distribution is very dependent on 
the photon energy.

See also animation from Wolfram:
https://demonstrations.wolfram.com/Klein
NishinaFormulaForComptonEffect/

https://demonstrations.wolfram.com/KleinNishinaFormulaForComptonEffect/


Photons
Dominant interaction above 10 MeV



Photons

1 barn = 10-24 cm2

M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98, 030001 (2018)



Photons

M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98, 030001 (2018)

Probability that a photon interaction 
will produce an e+e- pair



Scattering of charged particles



Scattering of charged particles

Simulated using the SRIM Monte Carlo



Scattering 
of charged 
particles

M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98, 030001 (2018)



Scattering 
of charged 
particles

M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98, 030001 (2018)

A collimated beam of 100 keV 
electrons interacting with 
silicon. The tracks in red 
backscatter out of the 
material.



Scattering 
of charged 
particles

100 keV electrons interacting with silicon. These plots show the 
backscattered energy and angle of the electrons that leave the 
material.


