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Abstract Modifications of the structure and mechanical
properties in LiF crystals irradiated with MeV-energy Au
ions have been studied using nanoindentation, atomic force
microscopy and optical spectroscopy. The nanostructuring
of crystals under a high-fluence irradiation (above 1013

ions/cm2) was observed. Nanoindentation tests show a
strong ion-induced increase of hardness (up to 150–200%),
which is related to the high volume concentration of com-
plex color centers, defect aggregates, dislocation loops and
grain boundaries acting as strong barriers for dislocations.
From the depth profiling of the hardness and energy loss
it follows that both nuclear and electronic stopping mecha-
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nisms of MeV Au ions contribute to the creation of damage
and hardening. Whereas the electronic stopping is dominat-
ing in the near-surface region, the effect of elastic displace-
ments prevails in deeper layers close to the projectile range.

1 Introduction

Beams of swift heavy ions with MeV–GeV energy have in-
creasingly gained an interest for their application in a struc-
tural modification of materials and an improvement of their
optical, electrical and other properties [1].

Peculiarities of a heavy-ion interaction with dielectrics
are a fast energy deposition in a time scale shorter than the
defect creation time, a high excitation density and a high
gradient of absorbed energy in the ion track [2–5]. In LiF
crystals heavy ions create fast electrons, which after a ther-
mal relaxation induce electronic excitations of the lattice
(excitons, electron–hole pairs). These lattice excitations af-
ter self trapping produce F –H Frenkel pairs (where the F

center is an anion vacancy with a localized electron (va
+e)

and the H center is an interstitial halogen molecule X−
2 ).

A higher dose (fluence) of the irradiation at room tem-
perature leads to the transformation of primary F and H

centers into more complex electron (F2,F3,F4) and hole
(V3) centers (the V3 center is a three-halide molecule X−

3 =
X0X−X0 in the lattice), halogen molecules (H + H → X2)

and their clusters (nX2) [2, 6].
An irradiation of LiF with ions in the MeV energy range

shows some peculiarities relative to GeV ions. The MeV
ions exhibit a comparable or higher elastic (nuclear) energy
loss [6, 7]. Nevertheless, a more detailed analysis of the en-
ergy deposition of displaced atoms (recoils) shows that even
for 3-MeV Au ions, where the elastic energy loss is twice
the electronic one, the interaction of recoils with the crys-
tal leads to a 66% fraction of the energy deposited into the
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Table 1 Energy (Eion) and charge (q) of incident Au ions, calculated
inelastic (ionization) energy loss fraction (% of Eion) and range (R) for
Au ions of different energies in LiF

Eion, Ion Inelastic losses, % of Eion Ion
MeV charge range R,

q µmIons Recoils Total

3 +2 30.9 35.5 66.4 0.67

5 +2 38.7 33.4 72.1 1.14

10 +4 49.9 29.2 79.1 2.29

12 +4 53.0 28.0 81.0 2.75

15 +6 58.5 24.4 82.9 3.49

electronic subsystem [8]. Having a projected range of a few
micrometers, the MeV ions induce a volume concentration
of color centers more than one order of magnitude higher
than the GeV-energy ions with the same absorbed energy.
The high volume concentration of primary Frenkel pairs, on
the one hand, leads to a high electron–hole center recom-
bination and, on the other hand, to more efficient coagula-
tion processes leading to a formation of Fn centers as well
as halogen molecules (X2) and their aggregates [6]. These
processes strongly depend on flux (beam current density)
and fluence [9]. The coagulation of ion-induced defects pro-
duces strong modifications in the structure and properties of
the target material. A high-fluence irradiation of LiF with
swift heavy ions induces a pronounced increase of the in-
dentation hardness which is sensitive to defect aggregates as
strong obstacles for dislocations [10]. Indentation tests can
provide information about defect aggregates on the surface
as well as in the bulk of irradiated crystals.

In the presented study the modification of the structure
and mechanical properties of LiF crystals irradiated with 3–
15 MeV Au ions has been performed using optical absorp-
tion spectroscopy, nanoindentation, chemical etching and
atomic force microscopy.

2 Experimental

Experiments were performed on nominally pure LiF sin-
gle crystals grown from the melt in an inert atmosphere
(Korth Kristalle, Germany). Main trace impurities were Mg
and Na with the concentration of 20 ppm. The density of
grown-in dislocations in the non-irradiated samples was
about 5 × 104 cm−2. Thin platelets were cleaved from a
crystal block along the (100) planes. Crystals were irradi-
ated at the Tandetron accelerator in Porto Alegre (Brazil)
with 3-, 5-, 10- , 12- and 15-MeV Au ions at fluences
of 1012–2 × 1014 ions/cm2 and ion beam current densities
(ibeam) from 6.2 to 150 nA/cm2. The flux (ϕ) can be esti-
mated as ϕ = 6.24 × 109 × ibeam/q ions cm−2 s−1, where

q is the charge of the ion (Table 1). In order to compare
effects induced by MeV- and GeV-ion irradiations, LiF sam-
ples were irradiated at the UNILAC linear accelerator of
the GSI, Darmstadt with 2.2-GeV Au ions at a fluence of
1012 ions/cm2 with a flux of ∼ 108 ions cm−2 s−1. All ir-
radiations were performed at room temperature and under
normal incidence of the ions to the (100) cleavage face of
the crystals. The irradiation parameters for LiF crystals and
also the values of inelastic energy loss fraction (% of Eion)

and range (R) for Au ions which were calculated using the
SRIM 2010 code [7] are presented in Table 1.

Optical spectroscopy was performed using a double-
beam spectrometer (ATI Unicam UV4) in the spectral range
of 190–700 nm. In this study only electron color centers
(F,F2,F3,F4) were tested, whereas the complementary V3

centers have absorption in the vacuum UV spectral region
(maximum at 114 nm) inaccessible with our equipment.

Nanoindentation tests were performed by a MTS G200
nanoindenter with a Berkovich diamond tip (curvature
<20 nm) using the basic and continuous stiffness measure-
ment techniques. Measurements were conducted at a load
resolution <50 nN, a displacement resolution ≥1 nm, a
strain rate of 0.05 s−1 and a harmonic frequency of 45 Hz.
The nanoindenter was calibrated using a reference sample
of fused silica. The hardness, Young’s modulus and stan-
dard deviation of the measurements were calculated from
experimentally obtained loading–unloading curves by the
MTS TestWorks 4 software. Results were averaged from 10
individual measurements. Indentation tests were conducted
on the irradiated surface in ambient air at room tempera-
ture. The depth profiles of hardness and modulus were ob-
tained from the indentation tests on sample cross sections
prepared by cleaving perpendicular to the irradiated sur-
face. The distance of indents from the irradiated surface was
measured by optical microscopy. The structural defects in
irradiated crystals were revealed by chemical etching in a
saturated aqueous FeCl3 solution. The surface topography
was studied with a Veeco CPII atomic force microscope in
tapping mode using standard silicon probes with a tip radius
of 10 nm.

3 Results

3.1 Color centers

The irradiation with 3–15 MeV Au ions in LiF produces
Frenkel pairs (F –H ) with a high volume concentration. This
is illustrated in Fig. 1 for LiF irradiated with 15-MeV Au
ions to a fluence of 5 × 1013 ions/cm2 at two different flux
(ϕ) values (ϕ1 = 6.5×1010 and ϕ2 = 1.6×1011 ions/cm2 s).
At the larger flux the number of created color centers is
higher due to the enhanced formation of di-halide molecules



Nanostructuring and hardening of LiF crystals irradiated with 3–15 MeV Au ions 1123

Fig. 1 Optical absorption spectra for LiF crystals irradiated with
15-MeV Au ions at fluence 5 × 1013 ions/cm2. The ion beam flux val-
ues were 2.6 × 109 ions cm−2 s−1 and 6.2 × 1010 ions cm−2 s−1

and their clusters, which prevents the recombination of mo-
bile H centers with electron color centers [6].

The concentrations of F and F2 centers can be estimated
from the absorption spectra using the Smakula–Dexter for-
mula [4]

nF = 9.48 × 1015 × DF (1)

and

nF2 = 4.42 × 1015 × DF2, (2)

where DF and DF2 are the optical densities at the max-
imum of the absorption spectra for F (250 nm) and F2

(445 nm) centers, respectively. According to (1), the num-
ber of created F centers for the higher flux (Fig. 1) is
nF = 1.2×1016 cm−2 with the volume concentration NF =
nF /R ∼ 3.4 × 1019 cm−3. Such volume concentration is
much higher than in crystals irradiated with GeV Au ions
having the same absorbed energy [4, 5]. The high value of
NF stimulates the formation of Fn centers. We can estimate
the concentration for Fn centers using the formula (2) with
the approximation that the F2 centers are dominating. The
ratio nF2/nF = 0.47, which is also remarkably higher than
for GeV Au ions with the same absorbed energy (cf. [4],
where nF2/nF = 0.2). At a higher flux the efficiency of F

center aggregation increases and higher concentrations of
F3 and F4 centers are produced according to the reactions
F2 + F → F3 and F3 + F → F4. The maxima of the ab-
sorption spectra of F3 centers are at 317 and 377 nm and for
F4 centers at 518 and 540 nm, respectively. The increased
concentrations of F3 and F4 centers lead to an extension of
the absorption around the F2 peak (Fig. 1).

Taking into account the high volume concentration of de-
fect aggregates in crystals irradiated with 3–15 MeV Au
ions, we can expect a stronger ion-induced effect on me-
chanical properties.

Fig. 2 Hardness (a) and Young’s modulus (b) on the irradiated surface
as a function of indentation depth for samples irradiated with 15-MeV
Au ions at the fluence of 5 × 1013 ions/cm2. The measured values for
a non-irradiated LiF crystal are reported for comparison

3.2 Ion-induced changes of hardness and modulus

Nanoindentation tests showed a remarkable ion-induced in-
crease of hardness which depends on the fluence and the ion
energy. In order to exclude the effect of a softer bulk mate-
rial, measurements were performed in a limited indentation
depth range (≤ 0.3 of the thickness of the irradiated layer) in
accordance with the recommendations for a given hardness
ratio of irradiated and non-irradiated material [11].

Figure 2 demonstrates a typical result for the sample irra-
diated with 15-MeV Au ions. The hardness on the irradiated
surface exceeds the hardness of a non-irradiated crystal by
150%, providing the evidence of a severe ion-induced dam-
age and a formation of strong obstacles for dislocations. The
ion-induced change of Young’s modulus is comparatively
small (about 15%, Fig. 2b) and lies in the typical range for
stress-induced variations of modulus. Moreover, the sign of
the effect changes from positive on the irradiated surface to
negative in deeper layers, thus following the change of ion-
induced stresses from compressive on the surface to tensile
at the vicinity of the interface between irradiated and non-
irradiated areas.

The dependence of hardness on fluence for all applied
ion energies is shown in Fig. 3. The ion-induced hardening
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Fig. 3 Hardness as a function of fluence for LiF irradiated with 3-, 5-,
10- and 15-MeV Au ions. The irradiation is performed at an ion beam
current density of 100 nA/cm2. The measured value for the irradiation
with 2.2-GeV Au ions is also reported

is observed at fluences above the threshold of 1012 ions/cm2.
The hardness increases with the fluence and saturates at the
fluence of 1014 ions/cm2. The saturation value of hardness
(∼4.5 GPa) exceeds by a factor of three the hardness of a
virgin crystal. The hardness data for all applied ion ener-
gies settle on a common curve, thus indicating that the ion-
induced hardening is nearly independent of energy. Obvi-
ously, such behavior emerges from the fact that the local de-
posited energy (E/R) in the investigated range of ion ener-
gies is almost constant (see Table 1). However, an increase
of the energy leads to an increase of the depth of the hard-
ened layer in accordance with the change of the ion range.

Depth profiles of the hardness were measured on the
cross section of irradiated crystals. A detailed study was per-
formed on samples irradiated with 15-MeV Au ions with
the flux of 2.6 and 6.2 ions cm−2 s−1. To access the near-
surface region, results are supplemented with the hardness–
indentation depth data from measurements on the irradiated
surface. Hardness as a function of the distance from the ir-
radiated surface is plotted in Fig. 4a. The hardness curve
displays two maxima: (1) on the irradiated surface and (2)
close to the end of the ion pass. A stronger hardening on the
surface is typical for irradiations with swift heavy ions [10].
The hardening maximum in bulk is sensitive to the ion beam
current density and increases with the current. The hardened
zone is slightly extended beyond the projectile range. In or-
der to compare the nanoindentation data with the fraction of
the energy actually absorbed by the target material, we used
the SRIM code in the mode of a detailed calculation with
full damage cascades as described in [8]. It was taken into
account that the primary knocked target atoms have the en-
ergy high enough to deposit a considerable fraction of the
energy in inelastic collisions inside the material. The calcu-
lated data of the electronic energy loss contributed both by

Fig. 4 (a) The depth profile of hardness of LiF irradiated with 15-MeV
Au ions; the density of ion beam current was 6.2 and 150 nA/cm2;
(b) the calculated depth profiles of electronic energy loss (circles, left-
-hand axis) and fluorine vacancies, created by elastic displacements
(open squares, right-hand axis)

projectile ions and recoils and the calculated profile of fluo-
rine vacancies created by elastic displacements for 15-MeV
Au ions are plotted in Fig. 4b. From the comparison of depth
profiles of the hardness and the energy loss, it follows that
both nuclear and electronic stopping mechanisms of MeV
Au ions contribute to the creation of damage and hardening.
Whereas the electronic stopping is dominating in the near-
surface region, the effect of elastic displacements prevails in
deeper layers close to the projectile range.

To compare effects produced by MeV and GeV ions,
the nanoindentation tests were performed also on LiF sam-
ples irradiated with 2.2-GeV Au ions at the fluence of
1012 ions/cm2, at which ion tracks strongly overlap and the
effect of the ion-induced hardening saturates. An observed
increase in the hardness in the case of the GeV-ion irradia-
tion reaches up to 3.9 GPa, which is in accordance to the pre-
vious research results [10]. To achieve the same hardening
by MeV ions a higher fluence is required (see Fig. 3) but the
absorbed energy in comparison to GeV ions is lower. The
irradiation at an ion beam current density of 100 nA/cm2

corresponds to the flux of 3.12 × 1011 ions cm−2 s−1 for
3- and 5-MeV, 1.56 × 1011 ions cm−2 s−1 for 10-MeV
and 1011 ions cm−2 s−1 for 15-MeV Au ions. The flux
for 2.2-GeV Au ions was ϕ ≈ 108 ions cm−2 s−1. The ab-
sorbed ion energy Eion × � for 2.2-GeV Au ions (� =
1012 ions/cm2) is 2.2 × 1021 eV/cm2 and for 3-MeV Au
ions (� = 1014 ions/cm2) is 3 × 1020 eV/cm2.
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Fig. 5 AFM images of the
irradiated surface: (a) after
irradiation with 3-MeV Au ions
at � = 1012 ions/cm2 and
(b) after irradiation with
15-MeV Au ions at
� = 5 × 1013 ions/cm2; AFM
images of the sample’s cross
section: (c) after irradiation with
15-MeV Au ions at
� = 5 × 1013 ions/cm2 and
(d) after irradiation with
2.2-GeV Au ions at
� = 1012 ions/cm2

3.3 Ion-induced modifications of structure

Investigations of the structure were performed on the irra-
diated surface and on the cross section of samples prepared
by cleaving perpendicular to the irradiated surface. Detailed
studies were performed on samples irradiated with 3- and
15-MeV Au ions. In order to reveal structural defects, sam-
ples were treated by a chemical etching. The results of the
optical and atomic force microscopy (AFM) study showed
that the density of dislocations in non-irradiated crystals
varies in the range of 5 × 104 to 106 cm−2 depending on
a cleavage procedure. After an irradiation at fluences up to
5 × 1012 ions/cm2, a large amount of new dislocations was
revealed (Fig. 5a). Their density increased with the fluence
and reached about 109 cm−2. Etch pits of ion-induced dislo-
cations were smaller compared to those for pre-existing dis-
locations. In many cases etch pits were flat bottomed, as is
typical for prismatic dislocations of vacancy and interstitial
types. The identical orientation of dislocation etch pits gives
the evidence for a maintained single-crystalline structure of
the irradiated samples.

After the irradiation at the fluence 1013 ions/cm2 first in-
dications a nanostructuring were observed. At the fluence
5 × 1013 ions/cm2 the irradiated layer became uniformly
nanostructured. AFM images of the irradiated surface show
a structure consisting of clusters with the size of 50–150 nm
(Fig. 5b). The three-dimensional image of the sample’s cross
section shows the irradiated layer consisting of columnar
grains (Fig. 5c). The thickness of the nanostructured layer
(∼3.5 µm) coincides with the calculated range of 15-MeV
Au ions in LiF. The formation of a nanostructure in LiF
samples was also observed under the irradiation with 2.2-
GeV-energy Au ions. The irradiated layer consists of long
columnar grains with a cross section of about 50–100 nm
(Fig. 5d). Its structure on the irradiated surface is similar to
that shown in Fig. 5b.

The thermal stability of nanostructures was assessed by
annealing irradiated samples at 750 K for 10 min. A re-
covery of the structure and the hardness after the annealing
was observed. An exception was the samples irradiated at
the highest current density (150 nA/cm2) for which a small
residual effect of hardening and an increased density of dis-
locations was observed.
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Fig. 6 Optical images of the deformation zone around indents (after chemical etching): (a) on the virgin surface, (b) and (c) on surfaces irradiated
with 3-MeV Au ions at the fluences of 1012 and 5 × 1013 ions/cm2, respectively

Figure 6 shows the evolution of the deformation zone at
the indentation test. In non-irradiated samples a typical dis-
location rosette is formed, confirming the dislocation glid-
ing on {110} planes along the 〈110〉 axis. After an irradia-
tion at moderate fluences, a dislocation rosette shows indi-
cations of a dislocation hindering. In samples, which were
nanostructured under the high-fluence irradiation, no prefer-
able directions of the deformation were observed, and the
deformation mode was similar to that for isotropic solids
where the maximum of stress and deformation is produced
against the centers of indenter faces (Fig. 6c). A crack pat-
tern around the indent is formed, indicating immobilization
of dislocations by radiation defects.

4 Discussion

The optical absorption spectra for LiF irradiated with Au
ions of MeV energy show the formation of a broad spectrum
of damage products, such as single F centers, F2,F3,F4,
as well as F+

3 etc. The concentration of produced Fn cen-
ters and defect aggregates achieved by an irradiation with
3–15 MeV ions is higher than that for GeV Au ions [6, 8, 9].
The structural study reveals additional defects, such as dis-
locations and grain boundaries.

A strong ion-induced increase of the indentation hard-
ness as a structure-sensitive characteristic is observed. The
deformation at the indentation test occurs under a high local
stress and the produced dislocations are moving at a high
velocity (up to 105 cm/s [12]) that allows surmounting point
defects, single color centers and other comparatively weak
obstacles. As a result, single defects play a minor role in
the ion-induced hardening. However, weak obstacles can re-
duce the mobility of dislocations moving at low velocity, as
follows from measurements of the arm length of a disloca-
tion pattern around indents [10, 13]. The nanohardness is

sensitive mainly to dislocations, closely spaced aggregates
of radiation defects and grain boundaries. According to the
additivity rule, the resulting hardening is a superposition of
different strengthening phenomena.

Discrete obstacles, particularly in the form of precipi-
tates, aggregates of point defects of various types and even
nanoscale cavities can alter the hardness by the dispersion
strengthening mechanism. According to Orowan’s model,
the stress (σ) required for a dislocation to pass an array of
particles spaced at the distance λ is given by

σ = σ0 + αGb

λ
, (3)

where σ0 is the yield strength of the non-irradiated crys-
tal, G is the shear modulus, b denotes the Burgers vector
and α characterizes the obstacle strength [14]. An identi-
cal relation holds for the indentation hardness. Brief esti-
mates performed by (3) using the hardness of the matrix
H0 = 1.5 GPa, G = 45.8 GPa, b = 2.84 × 10−10 m and
α = 1 show that a detectable increase of the hardness is ex-
pected at the average obstacle spacing λ < 200 nm. Such
conditions are fulfilled at high-fluence irradiations at the
stage of track overlapping.

The strength properties of crystalline solids strongly de-
pend on the density of dislocations. It is well established that
dislocation loops of vacancy and interstitial types are formed
in alkali-halide crystals by different kinds of high-dose irra-
diation under conditions of saturation and an aggregation of
single defects [15, 16]. Another source of dislocations are
the ion-induced elastic stresses, which in irradiated samples
can reach a critical value [17]. Accumulation of dislocations
under a high-fluence irradiation leads to a formation of dis-
location networks and their transformation to grain bound-
aries. Such evolution of the structure ensures a reduction of
ion-induced elastic stresses. Ion-induced dislocations cause
an increase of the flow stress and the hardness. The flow
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stress (τ) is related to the density of dislocations (ρ) through
Tailor’s relationship

τ = τm + βGb
√

ρ, (4)

where G is the shear modulus of the matrix and τm is its
flow stress; β is a constant, which varies in the range of
0.05–1.5 [14]. Estimates by (4) show that strength properties
markedly increase at dislocation densities above 107 cm−2.
This limit of the created dislocation density is surpassed in
irradiation experiments presented here.

The nanostructuring of LiF under the irradiation creates a
large volume fraction of boundaries. Grain boundaries serve
as obstacles for dislocations and have a significant impact on
mechanical properties, e.g. yield strength and hardness. For
many materials the yield strength (σ) is related to a grain
size (d) through the Hall–Petch equation

σ = σ0 + kd−1/2, (5)

where σ0 and k are constants [18, 19].
As shown in Fig. 3, the hardness of the nanostructured

LiF saturates at about 4.5 GPa. Obviously, further increase
of the hardness is limited due to the initiation of a brittle
fracture in the indentation zone as shown in Fig. 6c. How-
ever, a remarkable hardening is observed before the stage
of a uniform nanostructuring that confirms a considerable
strengthening by dislocations, colloids and other aggregates
of point defects.

The dislocations and grain boundaries serve as sinks for
mobile radiation defects and seeds for a nucleation and a
growth of defect aggregates, thus affecting the aggregation
and annihilation processes of single defects. Besides, the
segregation of defects on dislocations and grain boundaries
reduces their mobility and facilitates the ion-induced hard-
ening.

The irradiation effects are largely controlled by the en-
ergy absorbed in the target material and by concentrations
of point defects which are introduced during displacement
cascades. A comparison between depth profiles of hardness
and energy loss is given in Fig. 4. A stronger hardening on
the irradiated surface can be related to a higher electronic
energy loss at a vicinity to the surface and partially also to
specific surface processes. The collision of high-energy ions
with the crystal surface causes a variety of phenomena, such
as a sputtering of target atoms and a segregation of mobile
radiation defects on the surface. The above-mentioned pro-
cesses can lead to the compositional and structural change.
Additional modifications could be caused during the post-
irradiation stage by the environmental attack. The second
maximum of hardness is observed in the bulk of the irradi-
ated layer close to the end of the ion path, where a produc-
tion of vacancies and interstitials in displacement cascades
displays a maximum and an aggregation of single defects

is facilitated. As shown in Fig. 4a, this maximum increases
with the ion beam current. Such effect can be explained by
the noticeable rise of the creation efficiency for the aggre-
gates of F centers and intrinsic lithium colloids under con-
ditions when a high fluence is accumulated with a high flux
of ions [8, 9]. At high flux and fluence the concentration of
H centers is high and the interaction between them takes
place. Such interaction leads to a formation of hole cen-
ters, di-halide molecules and fluorine bubbles and reduces
the number of free H centers which are able to recombine
with F centers. As a result, the concentration of F centers
increases and their aggregation is facilitated.

Structural modifications of LiF are of a special interest.
In contrast to many insulators, LiF does not amorphize even
under a high dose of irradiation. This property is charac-
teristic for materials with a strong ionic bonding. An irra-
diation with swift ions typically leads to the formation of
a composite-like structure in which the crystalline LiF ma-
trix is interwoven with linear ion tracks and embedded with
nanometer-sized defect aggregates. Studies of the nano-
structuring are concerned mainly with modifications of the
surface topography, including an ion-induced formation of
hillock- or crater-type nanostructures and figures of ion sput-
tering [20, 21]. Fragmentation processes, which lead to the
reduction of the grain size, are observed in polycrystalline
LiF films under the irradiation with MeV-energy Au ions
[22]. The present study shows that the high-fluence irradia-
tion of LiF single crystals with MeV–GeV Au ions leads to
the formation of the bulk nanostructure consisting of grains
with nanoscale dimensions.

5 Conclusion

The ratio of concentrations of complex Fn to single F cen-
ters in LiF crystals irradiated with 3–15 MeV Au ions is
higher than in case of GeV Au ions with a similar absorbed
energy. This explains higher changes in mechanical prop-
erties under the MeV-ion irradiation. The strong hardening
(up to 150–200%) of LiF crystals under the irradiation with
MeV-energy Au ions is observed. Structural studies reveal
the formation of dislocations and nanostructuring under the
high-fluence irradiation. The ion-induced hardening is re-
lated to dislocation impeding by assemblies of defect aggre-
gates, such as dislocation loops of vacancy and interstitial
types, grain boundaries, molecular fluorine clusters, lithium
colloids etc.

Both nuclear and electronic stopping mechanisms of
MeV Au ions in LiF contribute to the damage creation and
hardening. Whereas the electronic stopping is dominating in
the near-surface region, the effect of elastic displacements
prevails in deeper layers, close to the projectile range.
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