
Scintillators and photodetectors

1. Generation of Optical Photons
2. Transport of Optical Photons
3. Detection of Optical Photons



1) Generation of Optical Photons

A) Organic (molecular) scintillators

Naphtalene: 
π-electron system

Advantages:
• Fast
• No  need for Xtals

liquids, glasses, …

Disadvantages:
• inefficient
• Non-linear (quenching)
• not good for γ’s



The electronic levels:

Phosphorescence
(slow)

1) Prompt fluorescence
2) Phosphorescence
3) Delayed fluorescence

Complicated time structure



Non-linearity: Birk’s law

• Interaction between two (or more) excited 
molecules Non-radiative decay = quenching

Becomes more important with increasing 
ionization density non-linearity.  
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How to avoid re-absorption?

Natural Stokes shift (not enough) Wavelength shifters 
via additional scintillators
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b) Inorganic crystalline scintillators (NaI:Tl)
Origin does not stem from molecular energy levels 

but from band-structure levels.
Advantages:
• Good efficiency
• Good linearity
• Radiation tolerance
Disadvantages:
• Relatively slow
• Crystal structure needed (small and expensive)
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Summary:
• Organics (molecular): 

fast, large, cheap; inefficient, non-linear
• Inorganics (crystalline):

Efficient, rad-hard; slow, small
• Noble liquids:

Large, cheap, inefficient
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2) Transport of optical photons

Often it is unavoidable or even desirable to 
have the photo-detector remote from the 
scintillator:
– Space limitations (particle detectors)
– Photodetector out of the magnetic field
– Couple a large scintillator surface (volume) to a 

single photo-detector
– …
Use optical wave guides: Total internal 

reflection at interface with material with 
lower index of reflection.



2) Transport of optical photons

“Adiabatic”; for better time 
resolution (path length is 
position independent)

Liouville’s Theorem: 
Phase space volume (area x angle) is preserved



2) Transport of optical photons
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Photodetectors:

Goal: Conversion of the fluorescent light into 
an electrical signal that can subsequently 
be digitized.

Requirements:
• High Quantum Efficiency: QE = Nphotoelectrons/Nphotons

• Minimum time spread (keep time resolution)
• Good lifetime
• Large dynamic range
• …



(still) the workhorse: 
Photo Multiplier Tubes (PMT’s)



PMT’s can have different shapes and size

a) Venetian blind
(simple, efficient)

b) Box and grid
(simple, efficient)

c) Linear focusing
(good time resolution)

d) Circular cage
(compact)

e) Mesh dynodes
(good in B fields)

f) Foil dynodes
(position sensitive)



Photo-cathode and first dynode stage are the critical components.





Special structures: Micro-channel plates

Characteristics:



Hybrid Photo diodes (HPD)

Combination of:
• Photocathode (like in a PMT)
• Vacuum electron acceleration structure
• Silicon detectors (direct detection of electrons)

Electron backscattering 
of silicon diodes



Avalanche Photodiodes
Solid state detectors with internal amplification
(c.f. proportional counter)
Charge carriers are
accelerated sufficiently to 
form additional electron-
hole pairs

impact ionization

Creation of a particular
multiplication zone:

An electron-hole pair is created
on the left by incident light



Silicon PM’s = Pixellated avalanche diodes; 
run in Geiger mode (very high gain)

• Small dimensions ~ 300 μm pixel size
• Insensitive to B-fields  
• Low voltages
• High gains (strong signals)
• Relatively cheap.



DESY is very active 
in developing 
Calorimeters for ILC



Comparison of various photo-detectors



Summary
Scintillators and photo-detectors
1. Generation of Optical Photons
2. Transport of Optical Photons
3. Detection of Optical Photons

1) Generation: Organic and inorganic scintillators; noble 
gasses and liquids

2)Transport: waveguides; wavelength shifters; optical 
fibers.

3)Detection: PMT; HPD; APD or SiPM.

Each component and combination has its own advantage 
and disadvantage. Application specific (HEP, Photon 
Science, Medical Imaging, Industrial Imaging
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