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Types of radiation 

Interaction of radiation with the matter 

How we detect radiation and particles 

Future…
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Types of radiation
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Sources of radiation

Natural sources: Cosmic rays (μ, e, ν) and natural radiation (40K, U, Th … 222Rn)

Artificial sources: Accelerators for research in nuclear physics, materials, medicine 
Reactors for nuclear power generation (or research) 

and atomic bombs…

Types of radiation
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Sources of radiation

Natural sources: Cosmic rays (μ, e, ν) and natural radiation (40K, U, Th … 222Rn)

Artificial sources: Accelerators for research in nuclear physics, materials, medicine 
Reactors for nuclear power generation (or research) 

and atomic bombs…

Types of radiation

1 Sv = 1 joule/kilogram (of human tissue) 
- a biological effect.
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Interaction of light charged particles with the matter
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Interaction of radiation with the matter

Ionizing radiation has enough energy to ionize (kick off) electrons from atoms 
Depends on the energy and the nature of the radiation

Energy at least equal to the binding energy of the electron
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Why MeV?
In physics, the electron volt (symbol eV; also written electronvolt) is a unit of energy equal to approximately 

1.602×10−19 joule (symbol J). By definition, it is the amount of energy gained by the charge of a single electron 
moved across an electric potential difference of one volt.

mass-energy equivalence!
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Interaction of photons with the matter
I- Photoelectric effect

II- Compton effect

III- Pair production 
(antimatter yay!)
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Interaction of charged particles with the matter

Bragg curve
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Interaction of light-charged particles with the matter

Electrons produced by X-rays in air

Energy loss by ionization and radiation!
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Interaction of neutrons with the matter

Moderate

Capture Ionize (light target) Elastic (heavy 
target)
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Radiation detectors

Charge carriers Light emission

Solid state detectors 
Gas detectors

Organic and 
inorganic scintillators Our 

observable:
Electric
 pulse
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Plastic scintillators (Organic)

Molecular states: de-excitation 
by emitting photons

Timing applications: Faster response, shorter decay 
time of the fluorescence. 

Large area coverage at relatively low cost. 

Coupled to a photomultiplier tube (PMT): Conversion 
of light into electric pulse through multiple 
multiplication stages (dynodes)
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Crystal scintillators (Inorganic)

Electronic band structure: scintillation 
produced through impurities

Spectroscopy: Larger density means higher 
resolution and efficiency. 

For better performance are normally used 
together with solid state detectors (we will see 
this later in this talk!)
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Applications in medical physics
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I- Photoelectric effect

II- Compton effect

Remember!

Crystal scintillators (Inorganic) Plastic scintillators (Organic)

137Cs source: 662 keV

Spectroscopy with scintillators
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Organic scintillators for gamma-neutron discrimination
Remember!

Neutron moderates with water and carbon

Particles of different ionization powers 
produce longer or shorter pulses in the 

detector, resulting in different pulse shapes
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Inorganic scintillators for particle discrimination
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Gaseous detectors

II.- Ion Chamber: Measurement of the dose. 
Collection of charges

III.- Proportional counter: Proportionality 
between energy and charge collected.

IV.- Geiger-Muller: Counting with high 
efficiency gamma radiation, X-rays, and alpha 
and beta particles.
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Multisampling ionization chambers
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Tracking with gas detectors
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Cloud chamber
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Cloud chamber



NAL 15-Foot Bubble Chamber @ Fermilab
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Time Projection Chambers

A microscope for nuclear reactions
ALICE TPC @ CERN

Remember!



Active Target Time Projection Chamber (AT-TPC)
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Magnetic 
rigidity

Experiment 
Simulation/Reconstruction 

Reconstructed vertex

46Ar (4.5A MeV)

proton (C4H10)

Tracks of the particles in 3D
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Backup
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