
MIT Department of Nuclear Engineering                           22.104   S2002 

Scintillation Detectors

22.104  Spring 2002



MIT Department of Nuclear Engineering                           22.104   S2002 

General Issues

l Sensitivity

l Detector Response

l Energy Resolution

l Response Function

l Response Time

l Detector Efficiency

l Dead Time
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Basic Concept

l Radiation interacts in material

l Energy converted to photons

l Photons collected by photodetector

l Photodetector produces electrical signal
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Scintillation Detector
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Energy resolution and “quantum sinks”

initial interaction

collection of photons

quantum efficiency
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Do Statistics Dominate the Resolution?
Location Number of "Quanta" Factors

Initial Interaction Typical efficiency ~ 10 to 
15% for scintillators

Energy deposited
Conversion efficiency

Geometric Collection 
Efficiency

Varies with geometry
Typical collection 

efficiency may be ~ 25%

Size of Scintillator
Surface finish

Index of refraction
PMT cathode uniformity

Variations are not 
statistical

Quantum Efficiency Depends on cathode 
material

PMTs around 20%
Photodiodes ~ 80%

Spectral response of 
cathode

Uniformity across total 
area

Detector Gain PMT ~ 105 or more
Photodiodes ~ 1

Avalanche PD ~ 100's

Must be large enough to 
overcome subsequent 

amplifier electronic 
noise
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Key Properties of Scintillators

l Sensitivity to Energy

l Fast Time Response

l Pulse shape discrimination
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Basic Scintillator Materials

l Inorganic phosphors
– ZnS, GdOS, LaOS

l Inorganic crystals
– NaI, CsI, CdWO, BGO, BaF, YSO, LSO 

l Gases
– Xe, Ar, Ne

l Glasses
– Li, B

l Organic liquids and plastics
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Other detectors

l Cherenkov light
– requires very high velocity charged particles

– example is β β detection

l Neutron detection
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Steps in scintillation detection process

l radiation interacts with material

l energy transferred to molecular or crystal level

l energy emitted in form of photons

l photons collected by photodetector

l photodetector produces electrical signal

l processed by subsequent electronics
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Scintillator Mechanisms
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Inorganic Scintillators
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Organic Scintillators
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Plastic Scintillators
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Non-linear Effects in Plastic Scintillators
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Photodetectors

l Photomultiplier Tubes (PMT)
– fast response time

– large areas

– bulky and unstable

l Photodiode
– high quantum efficiency

– large areas difficult

l Avalanche Photodiode
– high quantum efficiency

– high gain

– large areas difficult
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Quantum Efficiencies of Cathodes
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Energy Resolution of PMT
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MCP
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Readout of Scintillators
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Fiber Readout
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X-ray transmission measurements

l good geometry experiments

l detector efficiency

l dynamic range

l stability

l counting vs. integration

l statistical noise

l other noise sources
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X-ray detectors for tomography

l scintillators
– cadmium tungstate

– sodium iodide

– cesium iodide

l xenon detectors
– ionization

– scintillation
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Positron Emission Tomography

l efficiency at 511 keV

l time resolution important

l design tradeoffs
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Design decisions

l statistical noise

l dynamic range

l energy resolution

l artifacts

l stability

l requirements for electronics


