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Topicality 

 Tissue equivalent dosimetric crystals LiF:Mg,Ti (TLD-100) 

are widely used in individual γ – dosimetry. At present time 

one conducts intensive research for studying eventual 

application of this type of detectors for dosimetry of heavy 

ions and fast neutrons used for treatment of cancer (for 

example in neutron capture therapy). The determining role 

in the thermal emission mechanism of dosimetric crystals of 

LiF:Mg,Ti (TLD-100) at high excitation density was played 

by impurity-vacancy complexes formed by their own defects 

of the crystal lattice and activators ions.  



Topicality 

 The first model of electron-hole recombination suggests that 
the process of thermoluminescence in LiF starts with the 
thermal release of electrons from impurity centers. Then 
electrons are recombined with holey Vf and VK centers, mobile 
at room temperature, which are in turn products of decay 
three-fluorine F3

– molecules.  

 The second interstitial-vacancy model considers that F-
centers and interstitial halogen atoms are formed at the same 
time during irradiation. When migrating the Mobile H-centers 
are trapped near impurities and dislocations. In this case 
thermoluminescence peaks arose due to recombination mobile 
interstitial halogen atoms or more complex defects (containing 
interstitial halogen atoms) released thermally for traps with 
F-centers and their aggregates. 



Topicality 
 

Question nature of kinetic particles and centers of their 

recombination still remains open. It is important to 

understand, which particles are kinetics. It means which 

particles are released from localization centers, and migrate 

and recombine with other particles, leading to emission of 

quanta in the process of thermally stimulated luminescence. 

Generally, the analysis of literature data shows that the 

mechanism of thermoluminescent conversion of centers in 

this type of crystals is the subject of scientific discussion. 
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Thermal emission curve of a 

dosimetric crystal LiF: Mg, Ti 



Block diagram of a 

thermoluminescence spectrometer 



Temperature dependences of the 

luminescence intensity of F2 and F3
+ 

color centers in the temperature range 

from 50 to 490 °C 



Luminescence spectrum of the 

crystal after annealing 
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Spectral-kinetic characteristics 



Main types of radiation color 

centers in LiF crystals 

Center type 
Absorption 

maximum, nm 

Absorption 

peak half-width 

Luminescence 

maximum, nm 

Emission 

peak half-

width 

Lifetime, ns Source 

F3 (R1) 320 ~40 нм ? ? 16,2 Baldacchini 

F3 (R2) 380 ~40 нм 480 ? 15,9 Kurobori 

F3
+ 450 ~70 нм 535 ~80 нм 8,76 Nahum 

F3
- 800 ~100 нм 900 ~250 нм ? Baldacchini 

F2 441 ~30 нм 680 ~150 нм 18,7 Baldacchini 

F2
+ 640 ~150 нм 900 ~250 нм 30,5  Baldacchini 

F2
- 870 ~180 нм 1110 ~200 нм   Baldacchini 

N2 540       20,6 Kurobori 



Schematic of a setup for irradiating crystals with 

femtosecond laser radiation and studying the 

spectral-kinetic characteristics of the 

luminescence of the defects created. 



 
Photographs of the spatial distribution of the 

luminescence intensity of crystals irradiated with a series 

of 5, 125, 625, and 3125 femtosecond laser pulses, 

respectively (from top to bottom) 

 
 



Spatially selective thermoluminescence 

spectroscopy 



Conclusions 

 In the high temperature range from 430 to 490 ° C, the 

photoluminescence spectra show an increase in the band with a 

maximum at 510 nm, which is due to the formation of new color 

centers. The nature of these centers is currently not defined. The 

spectral and kinetic characteristics of these centers have been studied 

and it has been suggested that they are complexes of impurity defects 

and products of decay of color centers. It is shown that the effect of 

laser radiation during annealing on gamma-irradiated lithium 

fluoride crystals accelerates the transformation of F2 and F3
+ centers. 

This is explained by the fact that, in addition to thermally activated 

processes, in the ground state, there are processes of activation of 

excited states of centers populated under laser irradiation. 



Conslusions 

The axial dependences of the distribution of the light 

sum accumulated by the crystal in the course of 

femtosecond laser irradiation properly reflect the 

spatial distribution of the concentration of 

luminescent defects in the induced channel. 
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