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Outline 



• High-energy heavy ions (M > 20 amu and E > 1 MeV/amu) are often 
referred to as swift heavy ions. 

• For swift heavy ions (SHI), the nuclear energy loss is generally 
negligible, but the electronic energy loss is sufficiently high to result 
in the creation of damage tracks in many materials.  

• The track is discontinuous or continuous trail of defects resulting from 
a dence electronic excitation deposited in a short time and in 
nanometric scale. 

• Radiation damage refers to the transfer of kinetic energy from an 
energetic incident particle to a solid and the resulting rearrangement 
of atoms in the solid. [1] 

Introduction – Track formation 



• Defects in alkali halides under various types of irradiations e.g. 
neutrons, photons, electrons, and Ions are studied extensively during 
the past few decades. 

• Lithium fluoride (LiF)  is an ionic crystal and an insulator. [2] 

• Lithium fluoride is an optoelectronic material having great applications 
in field of radiation dosimetry, optical isolators, detectors for ionizing 
radiation, in high power laser amplification and generation of ultra short 
pulses. [3] 

 

 

Introduction - LiF 



 

• The optical properties of this material can be modified by point and 
extended defects, created due to different types of particle irradiation.  

• The defect centers induced by ion irradiation in LiF are mainly F center, 
and more complex defects F-aggregate centers such as F2, F3 and F4. [2] 

Introduction - LiF 

• F centers – an electron on 
anion vacancy,  

• F2 centers – two electrons 
trapped in two anion vacancy,  

• F3
+ - two electrons trapped in 

three anion vacancy. [3] 



• The emission range is peaked at 530 nm and 670 nm, for F3
+ and F2, 

respectively. [4] 

Introduction - LiF 

[5] 

• Various experimental methods of 
luminescent spectroscopy are 
widely used in studies of radiation 
defects induced in transparent or 
semitransparent solids by any kind 
of ionizing radiation and by swift 
heavy ion bombardment. [4] 



• The aim of this study was finding of depth profiles of defects 
(color centers) in LiF insulating crystals irradiated with swift 
heavy ions by using photoluminescence technique.  

Aim 
Ion Energy (MeV)  

Fluence 
(ions/cm2) 

Kr 107 

5 x 1011 

7 x 1012 

5 x 1013 

Xe 167 

6 x 1011 

3 x 1012 

1 x 1013 

Bi 710 

4.6 x 1011 

5 x 1012 

1.4 x 1013 



Experimental Procedure 

1. Specimen 
2. Piezo stage (1 step – 1 μm) 
3. Irradiated area 
4. Irradiated surface 
5. Lens 
6. Semitransparent mirror 
7. Filter 
8. Mirror aperture 



• The specimen is mounted 
on the one-coordinate 
piezo stage, which moves 
with step of 1 μm along 
ion beam axis under fixed 
high aperture objective. 

Experimental Procedure 

• Photoluminescence spectra were 
collected for every step of piezo 
stage. 
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Results And Discussion – Kr, 107 MeV 
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Results And Discussion – Kr, 107 MeV 
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Results And Discussion – Xe, 167 MeV 
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Results And Discussion – Xe, 167 MeV 

Ion Ion energy, 
MeV 

dE/dX Elect., 
keV/nm 

dE/dX Nucl., 
keV/μm 

Projected 
range, μm 

Xe 167 18.24 0.061 15.79 
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Results And Discussion – Bi, 710 MeV 
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Results And Discussion – Bi, 710 MeV 
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• We were introduced to microluminescent technique. 

• Depth distribution of the luminescence intensity of F-type 
aggregate centers in LiF single crystals irradiated with swift 
heavy ions in track non-overlapping regime correlates with 
ionizing energy loss profiles.  

• It can be seen that for samples irradiated with same ions but 
with higher fluences most of the defects are distributed in 
narrow part at the end-of-range in region and that depth 
distribution correlates with nuclear energy loss profiles.  

 

 

Conclusions 
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