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There’s no ultimate scintillator



High optical 
transparency

High radiopurity

Low-cost, scalability, 
mass-manufacturable

Transparency and radiopurity require 
advanced purification methods and 

continuous quality control

High light yield Liquid

Molecular motions in a liquid phase 
enable additional non-radiative energy 

loss channels



serendipitycook and look

The accidental discoveryThe Edisonian approach of trial and error 

Two major strategies in scintillation research

Example: BGOExample: NaI:Tl



When choosing 8 notes out of 12 tones where order matters 
and with repetitions…

Number of permutations: 128 = 429981696

If playing the motif takes 8 seconds…

…trying all permutations takes 112 years of playing 24/7 365 days



serendipitycook and look enlightenment

The accidental discoveryThe Edisonian approach of trial and error The rational design

Marvin Weber (2002) presented a review on the 
inorganic scintillators of ”today and tomorrow”
Updated by Pieter Dorenbos (2019)

Scintillation light and pulses 
detected with the human eye A PMT invented

Lanthanide activated 
scintillators were developed

High melting point oxide 
single crystals

High energy resolution scintillators
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2 nm – 15 nm 15 nm – 10 m

Microphysics Macrophysics
Light scattering
Radiative transport
Trace impurity absorption

Resonant energy transfer
D-A interactions
Molecular diffusion
Rotation
Solvent effects

Molecular physics
Electronic/vibrational 
states
Electronic transitions
Quantum efficiency
Photoluminescence
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Challenges

• Most of photophysical data have been collected in so called “neat 
solutions” 

• There are no reliable models how to derive photophysical 
properties of high concentration solutions from diluted solution 
properties

• Trying to define photophysical properties in a mechanistic way 
may fail due to emergent effects. Examples: stilbene QE in 
solution

• Impurities may dominate the system response, very hard to deal 
with
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Properties = Composition + Structure
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Linear range: 0.05 OD

4 OD?

WbLS Sample
LAS/LAB/9-mcarbazole
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Why ultrafast spectroscopy?



Why laser spectroscopy?

Scintillation Laser spectroscopy



Scintillation properties Ultrafast laser spectroscopy

Mechanisms

The ultimate grand piano



Ultrafast photoluminescence setup 
coming soon!



Questions?
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