
• Experimental study of relaxation dynamics:
– Decay kinetics under VUV excitation and elementary processes in 

scintillators

• Spatial scales for processes in scintillators: 
– Solid solutions of scintillators

Localized states and electronic excitation mobility in 
solids with short order fluctuation of crystal structure

Andrei Belsky
Laboratoire de Physico‐Chimie des Matériaux Luminescents, 
Université Lyon 1, France



Auger processes & X-ray
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Ionization of Ce3+
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3D diffusion-controlled recombination
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Instant genetic 
capture

Delayed genetic 
capture

Escaped electrons 
(black sphere model)

Escaped electrons 
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LiYF4:Ce3+ time resolved excitation spectra
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Recovery of Ce3+ centers after ionization
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3 main parameters:
R0/Rc (thermalization radius to capture radius)

nnc (concentration of non-correlated carriers)

Rc
2/D (time of diffusion across capture sphere)



LiYF4:Ce3+ decays 
K. Ivanovskikh, A. Belsky, M. Reid, Y. Guyot, L. Nurtdinova, V. Semashko, M.‐F. Joubert, 

to be published 
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LiYF4:Ce3+ 10 eV



LiYF4:Ce3+ R0/Rc vs energy
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Coupled processes of thermalization and spatial 
diffusion

Mean square of the thermalization distance

Spatial distribution function

where thermalization length is

Thermalization length for one LO phonon branch
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LiYF4:Ce3+ R0/Rc vs energy
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LiLuF4:Ce3+ 9.58 eV

21



0 10 20 30 40 50 100 150 200 250 300
0.00

0.05

0.10

1

2

3

4

5

E e0
= 1 

eV
E e0

= 5 
eV

 ΩLO= 0.1 eV
 ΩLO= 0.01 eV
 ΩLO1= 0.1 eV,

          ΩLO2= 0.01 eV
 ΩLO1= 0.1 eV,

          ΩLO2= 0.08 eV

El
ec

tro
n 

en
er

gy
 E

 (e
V

)

Mean distance <r2>1/2 (nm)

kBT

( )02,10~ mme ==ε

High frequency phonons for LiYF4 and LiLuF4 have similar 
frequencies (Li and F vibrations), whereas vibrations which involve 
Lu have much lower frequencies than vibrations which involve Y. 
Therefore thermalization length for LiLuF4 is less than that for 
LiYF4.

Estimation of mean thermalization distance R0 for different initial 
kinetic energy energy (R.Kirkin, V.Mikhailin, A.N.Vasil’ev, IEEE TNS, DOI 

10.1109/TNS.2012.2194306)
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10 KeV electron excitation
of LuAG:Ce fiber d=1 mm

understanding the relaxation in real materials

Non‐uniform 
distribution of 
properties 

Meta‐scale
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More evident reason  is the modulation of 
band gap  by  variation of cations or anions 
ratio in solid solutions. It the case of very now 
(Zn,Cd)S solutions, and many  others.

In this type of solid solution the suppression / 
creation of local states in forbidden energy gap 
is possible. 

Spatial scales for processes 
Solid solutions of scintillators

Micro‐nano‐scale:
Modulation of crystal electronic structure



short‐range separation in solid solution may lead to 
formation of potential barriers limiting the e &h 
diffusion length. Clusterization should modify not only 
the edges of conductance and valence bands.  Phonon 
spectrum of the crystal and distribution of density of 
electronic states inside the bands may slow down hot 
carriers and

Spatial scales for processes 
Solid solutions of scintillators

Micro‐nano‐scale:
Short range separation of components of solid solutions



Ce-Doped (Lu,Gd)2SiO5:Ce

Light yield (a), energy resolution 
(b) at 662 KeV, and
afterglow (c) after 5 ms in LGSO:Ce
crystals vs Lu
concentration in host.

Pulse height spectra of some LGSO:Ce and 
LGSO:Ce,Ca crystals in comparison with 
BGO and LSO:Ce
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