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• Why LiF?
• Track morphology in LiF crystals: 

dependence on dE/dx, Eion ,Φ , Tirr

• Color centers beyond the track (z > R):
1) radiation sources; 2) distribution of color centers; 3)peculiarities 

for various ions

Open questions and outlook
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Primary defect creation in dielectric materials

1. Atomic collisions

2. Decay of electronic 
excitations of the lattice
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Energy conversion and defect creation in ionic crystals
by the exciton mechanism
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Scheme of track morphologyScheme of track morphology

×

ionizations

MC calculations by  S. Bouffard

core
radius 1-2 nm

energy ~ 0.3 Etot

halo
radius 10-40 nm

energy ~ 0.7 Etot



Track Track morphologymorphology in in alkalialkali halideshalides: : 
Different Different damagedamage via via dEdE//dxdx



Au 2187 MeV induced aggregation in 
NaCl at 300 K

NF decreases F Fn        NV3 further increase
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1 - nF(300 K) =5.5x1015cm-2       2 - nF(8 K) =7x1015cm-2

3 - nF(300 K) =3.3x1015cm-2  after 8 K
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Efficiency of color center creation at 8 and 300 K
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TSL in LiF and NaCl Crystals at 8 K

Defects with low thermal stability – low local heating in the track
No dependence on dE/dx

10 – 25 K  I centers (Lushchik et al. [3])    25 – 60 K H centers

LiF                          NaCl
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Defect separation lengths

Two lengths governing defect recombination and 
aggregation, NIM B 245 (2006) 204
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Separation of F and H centers in Frenkel pairs depends on local temperature 
during  pair creation;Lushchik et al.(1992); Spaeth et al.(1994)

nmalDl HFH 4.156~ min ==≥τ



Hillocks in LiF Irradiated with 1400 Pb ions
at 8 K and 300 K

1.Determined by aggregates
(track core damage)
2.Threshold dE/dx ~ 6 keV/nm
3.No dependence on Tirr

8 K
d = 19.5 ± 3 nm
h =  0.9 ± 0.2 nm

300 K
d = 18.3± 3 nm
h =  0.8 ± 0.2 nm

M. Lang et. al. Phys. Stat. Solidi (c) 4(2007) 1105



NaCl,

NIM B 225 (2005) 397

LiF,Dislocation density

NIM B 209 (2003) 93



2500 MeV 238U LiF
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Spatially resolved field gradient NMR, H. Stork et al.
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F center concentration in the depth beyond the track: 
decreasing with the thickness

X- ray
absorption

I = I0e- µd

nF(x) ~ exp(-x/l)

Exponential decrease
of the X – ray intensity

nF ~ Ix



Irradiation with 130 MeV 12C ions trough Al films

Eδ
nax ~ 16.7 keV

dAl = 100 µmdAl = 0 dAl = 200 µm

Pb

A B C
1.6 
GeV

d2 d2d1 d1 d2d1

k1 = D(B) / D(A) ; k2 = D(C) / D(A)

d1 ≈ 300 µm; d2 ≈ 3000 µm = 3 mm
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Transmission k = 0.74

EX ≈ 13 keV



130 MeV 12C 

d1 -8 300 – 500µm
d0 > R
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NF(zi) = NF(zi – 1)exp(-µXρz)
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2500 MeV U – ion induced F center absorption
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Similar results
with Pb, Au, Xe, 
etc.

F centers can be
detected at

Φ ≥ 3x1011ions/cm2

nF = 1.8x1015 cm-2 ; nF(z > R)/nF(z < R) ≈ 10-3



Defects beyond the track z > R
LiF

Defect creation processes
X-rays from δ electrons ≤ 24 keV

X-rays from projectile electrons ≤ 6 keV

d0 ≈ R d 2 – 3 mm
Elastic recoil atoms, li large

Fission products and neutrons
Nuclear reaction fragments and neutrons

Experiments with ions:
12-C 130 MeV R = 245 µm 2.5x1013

130-Xe 135 MeV R = 80 µm 5x1012

197-Au 2100 MeV R = 95 µm 5x1012

208-Pb 1600 MeV R = 69 µm 2x1012

238-U 2500 MeV R = 89 µm 5x1012



Bremsstrahlung Spectrum

12 keV corresponds to 0.1 nm



Conclusions
1. Alkali halides, especially LiF is an excellent

model for damage studies under ion irradiation
2. New phenomena were observed in LiF under ion

irradiation(dependences on dE/dx,Tirr, Eion, etc.)
3. The color centers beyond the track can be

produced by various processes: X-rays; recoil
atoms; nuclear reaction fragments

4. Damage creation beyond the ion track, probably, 
takes place in any solid

5. Additional experiments are necessary to clear the
mechanisms of defect creation beyond the track
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Penetration depth of δ electrons
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Transmission of the radiation
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k1 = 0.61 ± 0.07  k2 = 0.50 ± 0.07 ; hνx = 12 ± 2 keV



F center concentration in the depth beyond the track: 
decreasing with the thickness

X- ray
absorption

I = I0e- µd

nF(x) ~ exp(-x/l)

Exponential decrease
of the X – ray intensity

nF ~ Ix
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