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Why scintillators?

What is scintillator?
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One of the most widely used particle 
detection techniques

Ionization -> Excitation -> Photons -> Electronic conversion 
-> Amplification

 Scintillator is a general term for substances that emit fluorescence when 

exposed to radiation such as X-rays and γ-rays, it is a type of phosphor. 

When radiation collides with this substance, it absorbs its energy and 

internal electrons move from the ground state (stable state) to the excited 

state (agitated state). When this electron returns to the original stable state, 

it releases its energy in the form of light emission (visible light or ultraviolet 

light), and this phenomenon is called scintillation.

The incident radiation can be measured quantitatively by photo-electrically 

converting / amplifying the emitted fluorescence with a photomultiplier 

tube (PMT) or the like. It is one of the common methods to measure invisible 

radiation
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https://www.m-chemical.co.jp/en/products/departments/mcc/ledmat/tech/1203830_7554.html#anc02
https://www.m-chemical.co.jp/en/products/departments/mcc/ledmat/tech/1203830_7554.html#anc01
https://www.m-chemical.co.jp/en/products/departments/mcc/ledmat/tech/1203830_7554.html#anc01
https://www.m-chemical.co.jp/en/products/departments/mcc/ledmat/tech/1203830_7554.html#anc01


Application of Scintillators
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History of scintillators



History of scintillators
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The development of scintillators for the 

detection of ionizing radiation has a 

very long history. 

Already in the late nineteenth century 

scintillating powders played an 

important role when alpha particle and 

X-rays were discovered.

After 1945 photomultiplier tubes 

combined with a scintillating

crystal became popular for radiation 

detection. 



7
Natural/Artificial Scintillators
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Natural  Scintillators
Stones

Fluorescent Meteorites

All the fluorescing lines here are terrestrial contaminants, 

calcium carbonate—caliche—deposited by water in cracks 

in the matrix and around angular clasts of this weathered 

breccia. Sample is 70mm wide. NWA 7900 LL6.
Image: University of Turku

https://www.meteorite-times.com/fluorescent-meteorites/


The mystery of a glowing natural stone 

solved!!9

❑ Glow-in-the-dark” materials

❑ There are also some natural minerals 

capable of afterglow.

❑ One such mineral is hackmanite, which can 

be found in Afghanistan, Greenland, 

Canada, and Pakistan that are capable of 

glowing in the dark.

❑ Scientists at the University of Turku have 

discovered the origin of the natural mineral’s 

glow that generates white luminescence in 
the dark.

✓ The most central elements behind the 

glow of natural hackmanite are sulfur, 

potassium, titanium and iron, and the 

correct balance of their concentrations.

✓ For this study, scientists combined 

experimental and computational data. They 

found that titanium glows at the core of 

hackmanite, and the afterglow is related to 

the transfer of electrons in the conduction 

band.



General Characteristics of scintillators

Principle:

 dE/dx converted into visible light

 Detection via photosensor[e.g. photomultiplier, human eye …]

Main Features:

 Sensitivity to energy

 Fast time response

 Pulse shape discrimination

Requirements

 High efficiency for conversion of excitation energy to fluorescent radiation

 Transparency to its fluorescent radiation to allow transmission of light

 Emission of light in a spectral range detectable for photosensors

 Short decay time to allow fast response
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Ideal scintillators



12 Scintillators

Three types

❑Organic

Crystal, liquid, plastic (most widely used in particle physics)

Lower light output but faster

❑ Inorganic

Crystal, glass

Higher light output but slower

❑ Polymeres (plastic scintillators)



Luminescent Dosimeters

 Luminescence refers to any technique which utilizes generation of optical photons in 

response to radiation as a surrogate for dose. This generally includes thermoluminescent

detectors (TLD), optically stimulated luminescence detectors (OSLD), organic/inorganic 

scintillators and Cherenkov radiation. 

❑ When impurities are added to certain crystals, charge trapping

occurs due to the added energy levels in the conduction-valence band gap. These 

additional energy levels act as traps for electrons and holes.

❑ Application of an external stimulus allows the trapped electrons and holes to escape 

allowing recombination at luminescent centers.

❑ It is this recombination process which leads to luminescence.

❑ Depending on the external stimulus, the dosimeters can be classified as TLD  (thermo-

luminescent dosimeter) or OSLD (optically stimulated luminescent dosimeter).
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14 Luminescent Dosimeters



Luminescence in thermally and optically 

stimulated luminescent detectors. 

(A) Irradiation leads to promotion of electrons from the valence band 

to conduction band. Electron and holes are subsequently trapped at trap 

centers which are introduced by doping impurities into crystals.

(B) An external stimulus in the form of heat or light is then provided 

to facilitate electron-hole recombination at luminescent center, which 

leads to production of optical photons.
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Organic Scintillators

 Some organic substances, such as those containing aromatic rings, release a 

small fraction of excitation energy as photons

 Polystyrene (PS) or polyvinyltoluene (PVT) 

 With the addition of a fluor to the base plastic (PS or PVT), the Forster mechanism 

(FRET) becomes the predominant mode of energy transfer 

❑ Organic scintillators are typically aromatic hydrocarbon compounds, that produce excited

states by ionizing radiation, and subsequently luminesce due to allowed π electron 

transitions between excited singlet state S10 to various different vibrational sub-levels of the 

ground singlet state.
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Organic scintillators

Aromatic hydrocarbon compounds:

e.g.    Naphtalene [C10H8]

Antracene [C14H10]

Stilbene [C14H12]
…

Scintillation is based on electrons of the C=C bond …

Very fast!

[decay times of 0 ns]

Scintillation light arises from

delocalized electrons in π-orbitals

Transition of ´free´ electrons …
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Organic Scintillators

Luminescence

Radiation emitted by an atom or molecule 
after energy absorption

Fluorescence

Radiation emitted from the lowest singlet 
vibrational level of an excited state

Generally true that a molecule will undergo internal 
conversion to the lowest vibrational level of its 
lowest excited state, regardless of the initial excited 
singlet state

t ~ 10-7 – 10-9 s

Phosphorescence

Radiation emitted from the lowest triplet 
vibrational level of an excited state, after 
intersystem crossing



❑ Inorganic Scintillators are crystals grown in high temperature furnaces and 

are typically Alkali Halides (i.e., NaI, CsI), Oxides (i.e., BGO) or Lanthium

Halides (i.e., LaB, LaC). 

❑ They have scintillation properties by virtue of their crystalline structure

19
Inorganic Scintillators

❑ Inorganic scintillators typically consist of single or polycrystalline materials, 

often doped with impurities that can act

as luminescent centers

❑ In the initial conversion phase, a largen umber of excited electrons and holes 

is created upon interaction of high energy photon or charged particle with the 

scintillator matrix, followed by thermalization and transport of created excited 

states to a luminescent center



Inorganic crystals

❖Materials:

Sodium iodide (NaI)

Cesium iodide (CsI)

Barium fluoride (BaF2)

…

❖Mechanism:

Energy deposition by ionization

Energy transfer to impurities

Radiation of scintillation photons

❖ Time constants:

Fast: recombination from activation centers [ns … μs]

Slow: recombination due to trapping [ms … s]

Energy bands

in impurity activated crystals

showing excitation, luminescence, 

quenching and trapping
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Typical processes of scintillation in (A) organic

and (B) inorganic scintillators

The process of scintillation in both material types follows a general mechanism 

composed of conversion, transport (migration), and luminescence. 

Nikl M. Scintillation detectors for x-rays. Meas Sci Technol. (2006) 17:R37–54. doi: 10.1088/0957-0233/17/4/R01
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Plastic Scintillators

Solvent is usually PVT or PS

Typical concentration of first fluor is 10g of 
solute / l of solvent

+Fast

+Relatively inexpensive

+Easily machined or extruded into fibers

+Can be loaded

-Ages or crazes with time

-Subject to radiation damage

-Attenuation length (1-3m) can be a problem 
for large counters

-No pulse height discrimination
22



Liquid Scintillators

Base is usually toluene, xylene, benzene

Typical concentration of primary fluor (e.g. 

PBD) is 3g of solute/liter of solvent

+Arbitrary shapes 

+Radiation resistant

+Can be loaded with B, Li or Pb, Sn for n or 

gamma detection

+Pulse height discrimination

-Toxic

-Messy

-Impurities can render useless
23
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Scintillators - comparison

Inorganic Scintillators

Advantages      high light yield [typical εSC ≈ 0.13]

high density [e.g. PbWO4: 8.3 g/cm3]

good energy resolution

Disadvantages complicated crystal growth

large temperature dependence

Organic Sintillators

Advantages   very fast

easily shaped

small temperature dependence

pulse shape discrimination possible

Disadvantages lower light yield [typical εSC ≈ 0.03]

radiation damage
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Oscilloscope traces from scintillation counters

Plastic scintillator

Inorganic crystal, NaI

Longer time scale for

fluorescence to occur

Scintillators - comparison
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Diffrent kinds of scintillators

Single crystals

Gas

Liquid

Powder

26



27
Single crystals
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Single crystal scintillators



Scitillators in Neutron detection
❖ Neutron detectors do not detect neutrons but products of neutron interaction!

James Chadwick, Nature 132 (1932) 3252
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General detection principle

❖ Neutron detectors do not detect neutrons but products of neutron interaction!

external converter (radiator)      converter = detector

Detection of a neutron is a sequential process

1. Interaction of the incident neutron: neutron transport

2. Transport of secondary particles to or within sensing elements

hadron, ion, photon transport

3. Primary ionization by secondary particles

4. Conversion to optical photons, gas amplification:

Transport of electrons and optical photons

5. Conversion to electrical signal
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Interaction of neutrons with matter
❖ Neutron detectors can only be detected after conversion to charged particles or photons:

Elastix scattering:                 AX(n,n)AX    → recoil nucleus AXZ+

Inelastic scattering:               AX(n,n´γ)AX → recoil nucleus AXZ+ , e-

Radiative capture:                 AX(n,γ)A+1Y    → e-

Neutron emission:                 AX(n,2n)A-1Y → radioactive daughter

Charged-particle emission:   AX(n,lcp)A´Y → (lcp = p, d, t, α), recoil nucleus A´YZ+

Fission:                                  n + AX → A1X1 + A2X2 + νn → fission fragments

cross section relevant 

for neutron detection
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Our experimental works in this field
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KCl:Ag single crystal
Pure KCl and Ag doped KCl crystals were grown using Czochralski
method. Prepared crystals showed wide transparency in the entire 
visible and IR regions. The presence of K, Cl and Ag elements
was confirmed by the EDX measurements. 
Doped crystal exhibited intense thermoluminescence (TL) and 
luminescence after X-ray and UV irradiation.
The luminescence study of Ag doped KCl crystal revealed that it 
could be used as a scintillator phosphor.
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Thermoluminescence response of doped sample showed a strong TL glow peak at 200 and proper 
linear ranges as a function of dose making it a promising candidate for dosimetry and photonic 
applications.



Ga & Gd doped ZnO Nanocomposites
Detection of Alpha, neutron, X-ray and 

proton beam
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S. Alamdari, M. Jafar Tafreshi, M. Sasani Ghamsari, “Preparation and characterization of gallium-doped zincoxide/polystyrene nanocomposite 

scintillator for alpha particles detection”, Applied Physics A, 125 (2019) 1-10
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We prepared flexible and cost-effective 

scintillation detectors

S. Alamdari, M.S. Ghamsari, M.J. Tafreshi, Novel scintillation properties by entrapping ZnO: Ga nanocrystals in epoxy polymer, Progress in Nuclear 

Energy, 130, (2020), 103495

M. Jafar Tafreshi, S. Alamdari, Facile synthesis of ZnO/CWO nanocomposite with brilliant enhanced optical response,Applied Radiation and Isotopes 

180 (2022) 110050 

M. Mazhdi, M.J. Tafreshi The investigation of scintillation properties of gadolinium doped zinc oxide nanoparticles for nuclear radiation detection 

Nuclear Inst. and Methods in Physics Research, A 959 (2020) 163604

Refs.Efficiency (%)Sample

Our work50.1ZnO:Ga PS composite

Our work60ZnO/CWO composite

Our work10.3ZnO:Gd nanoparticles

[1]44ZnS

[2]46.4CdWO4 polymer

[3]18ZnO film

[4]45-65EJ-440 

Our work1× 𝟏𝟎−𝟓ZnO:Ga epoxy composite

[5]0.45Li-glass(Ce)

[6]1ZnO/Bio-Plastic

[7]1.2× 𝟏𝟎−𝟑6LiF-PS

https://www.sciencedirect.com/science/journal/01491970
https://www.sciencedirect.com/science/journal/01491970/130/supp/C
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