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The 10 ps challenge

• Requirements

– Faster emission

– Higher yield

– Emission directionality

BGO/BaF2 & BGO/EJ232
200 ps CTR

LYSO/BaF2 & LYSO/EJ232
100 ps CTR
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• Exciton confinement in quantum wells allows scintillation wavelength
engineering aand leads to efficient and sub-ns luminescence
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Local polarization field
Related to ion coordination 
and local symetry level

Electric dipole moment operator

Scintillator engineering to boost the 
light emission yield and rate



⚫ Decay time is driven by the electric dipole moment between the excited and 
fundamental states

• Properly designed quantum dot-based heterostructures produce directional coherent
phasing of dipoles over many unit cells and achieve Giant Oscillator Strength (GOS)

⚫ Crystal engineering limited so far to controling or compensating crystallographic
defects to limit afterglow and  improve radiation resistance

⚫ Can we engineer the oscillator strength?
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Wavelength engineering through  
quantum confinement

Protesescu et al., 2015

Confinement level
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CdSe nanoplatelets on LYSO plates

LYSO plate 200m thick
+ CdSe/CdS nanoplate film 20m thick

J.Grim, I. Moreels
ITT, Italy

372 nm laser
or X-rays

Streak
Camera

Focal spot

LYSO 
200m

20m CdSe 
film
deposition

optical 
table

R. Martinez Turtos et al., JINST_068P_06

540nm 420nm540nm 420nm 1ns
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Multi-exciton quantum confinement

Padilha et.al., Nano Lett. 2013, 925-932

ZnO:Ga QDs

Metal halide
Perovkites

CdSe/CdS
Nanoplatelets

InGaN/GaN
Quantum wells
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Towards a self-triggered lasing g-ray detector

• Ionization density per dE/dx event can reach

> 1020 eV/ cm3  ≈ 10J/cm3

• Ultrafast X-ray or g-ray self-triggered stimulated
emission is within reach

τR

τSE
CB

VB

τSE

detectable SE

Courtesy J.Grim, I.Moreels,  ITT, Italy
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Increasing the Photonic Density of States
with Hyperbolic Metamaterials

Isofrequency contour from dispersion formula: k =
2𝜋

𝜆
~ ω

𝑛

𝑐
~ 𝜔 𝜖

for isotropic dielectric material

Finite density of photonic states in dw

𝒌𝒙
𝟐

𝜺𝒛
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𝒌𝒚
𝟐

𝜺𝒚
+ 

𝒌𝒛
𝟐

𝜺𝒙
~ 𝝎𝟐

An intuitive counting
procedure in k-space

consists of calculating the 
volume between the 

isofrequency contours at 
ω(k) and ω(k) + ∆ω. 

for anisotropic hyperbolic material

Infinite density of photonic states in dw

𝒌𝒙
𝟐

𝜺𝒛
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Lowering Čerenkov threshold ?

• The Čerenkov effect offers the fastest energy conversion scheme from
charge particles to photons

• Čerenkov threshold (101 keV in LSO) can be strongly lowered  (↘100’s eV) 
in specifically designed nanostructured metamaterials

• Produce transition radiation constructive interference through resonant 
plasmonic states in photonic crystals 

• Related more formally to the Smith Purcell effect 
– A kind of Cerenkov or transition radiation emission ➝ free electron lasers 

– 𝜆 =
𝑎

𝑚

1

𝛽
− 𝑐𝑜𝑠𝜃 !! No velocity threshold !!

I. Kaminer et al., Nature Comm., 13 June 2016

Stack of Gold + SiO2

Cerenkov threshold
↘ 250eV

Cerenkov yield
↗️ > 100

D. Lu et al., Nat. Photon. 11, 2017
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Efficiency vs Spatial resolution challenge
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Optimization of a Multilayer Nanostructure 
to Enhance Imaging Characteristics (PSF)
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Nanophotonic Purcell scintillators

• Purcell effect: Spontaneous emission rate 
depends on its EM surrounding

Fp = Γ/Γ0 ≅ 𝜌/𝜌0 ∝ 𝐸
2

• For a dipole in a cavity - 𝐹P ∝
𝑄

𝑉

• Exploit in an untraditional way

E.M. Purcell, Phys. Rev. (1946)
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Nanophotonic Purcell scintillators

• Purcell effect: Spontaneous emission rate 
depends on its EM surrounding

Fp = Γ/Γ0 ≅ 𝜌/𝜌0 ∝ 𝐸
2

• Optimized multilayer structures

❖Higher efficiency

❖Control of emission angle 

❖Analytically solvable
Y. Kurman et al.,  PRL (2020) E.M. Purcell, Phys. Rev. (1946)
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Surpassing the 100 ps CTR barrier

• Metascintillator + Nanophotonics

• Replacing the fast layers with 
nanophotonic Purcell scintillators
– CsPbBr3 perovskite nanocrystals

– Silica

• Enhance the emission parallel to the layers

𝜸
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Surpassing the 100 ps CTR barrier

• Metascintillator + Nanophotonics

• CTR enhancement

𝐶𝑇𝑅 ∝
𝜏𝑟𝜏𝑑

𝜂
=

𝜏𝑟

𝜂Γ

• Rise time:     𝜏𝑟

• Decay time : 𝜏𝑑 = 1/Γ nanophotonics

• Efficiency:     𝜂 nanophotonics

maximize

minimize
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Surpassing the 100 ps CTR barrier

• Metascintillator + Nanophotonics

• Design strategy (minimize the CTR):

max
𝐝

න dθ η 𝐝 Γ θ; 𝐝 /Γ0

• Optimize over the thicknesses - 𝐝

efficiency spontaneous
emission rate

Dq
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Design Tool – Scint City

• Calculate the effective emission rate

• Optimize the effective emission rate 

• Optimize for the CTR

• Optimize for the point-spread-function (PSF)

Example of the design of a 
nanophotonic scintillator

A. Shultzman et al., Enhanced Imaging Using Inverse Design of 
Nanophotonic Scintillators, Advanced Optical Material (2023)
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Surpassing the 100 ps CTR barrier

Uniform DTR
(Detection time resolution)

DTR angular Enhancement by 1.65

Travel in parallel in the BGO

𝛾

A. Shultzman et al., Towards a second generation of metascintillators using the Purcell effect

Submitted to IEEE TRPMS, Feb 2024
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Conclusions and Future Directions

Conclusions

• Benefits of meta-nanophotonic scintillators

• Shaping the emission to be parallel

• Proposal to surpass the 100 ps CTR barrier 
and approach the 10ps target

– BGO-based ~ 100ps

– LYSO-based ~ 50 ps

A. Shultzman et al., Towards a second generation of 
metascintillators using the Purcell effect, submitted (2024)
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Introducing nanophotonics in scintillator science
First advocated at the IEEE NSS/MIC conference in Dresden in 2008


