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Modelling of processes responsible for nonlinear absorption
of UV laser radiation in ionic crystals

V S Kurbasov, P B Sergeev

Abstract. Two models of interaction of UV and VUYV laser
radiation with MgF,, CaF,, and BaF, crystals are consid-
ered. In the first version, the laser radiation wavelength falls
into the absorption region of F centres, in the second ver-
sion it is located in the short-wavelength region of the H
centre absorption wing. The photodissociation of F, com-
plexes in crystals into two holes is shown to be an efficient
mechanism of defect formation in the crystal structure. The
consideration of these and other processes of relaxation of ele-
ctronic excitation allows one to explain many experimental ef-
fects produced by ionising and laser radiation in ionic crystals.

1. Introduction

MgF> and CaF; crystals are transparent to photons with
energy up to 11 and 10 eV, respectively. They are extensi-
vely used for the fabrication of a variety of optical elements
of excimer and other UV lasers, and the MgF, crystal virtu-
ally remains the only fairly reliable material for the fabri-
cation of output laser windows for the VUV region. How-
ever, the transmission of these crystals, as that of other op-
tical materials, decreases in the course of work with high-
intensity short-wavelength laser radiation [1—5]. This decre-
ase is caused mainly by the formation of colour centres
during relaxation of electronic excitations produced through
nonlinear absorption of intense laser radiation [4—8].

In high-power electron-beam-excited lasers, as in free-
electron lasers, the material of windows is simultaneously
exposed to x-rays or fast electrons in addition to laser radia-
tion [9, 10]. However, the factors having detrimental effect
upon laser windows may be useful for various technological
problems related to optical-material processing, and there-
fore the theoretical description of the interaction of high-
intensity short-wavelength laser radiation with wide-gap crys-
tals is a topical problem.

It is known that the exposure of crystals to any ionising
radiation acting on them only via the electronic subsystem
leads to almost the same induced absorption, which is
observed both at the moment of irradiation and after it.
This absorption takes place at crystal lattice defects formed
during relaxation of electronic excitations.
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In the case of fluorides of rare-earth elements, ionisation
occurs mainly in the anion sublattice and is accompanied by
the formation of a free electron and a hole (a fluorine atom).
The potential energy of this electron-hole pair relaxes in the
system of levels of excitons and two pairs of anion Frenkel
defects, namely, an interstitial fluorine ion (/ centre) and
an anionic vacancy (o centre) and also an interstitial fluorine
atom (V, and H centres) and an electron localised on an
anionic vacancy (F centre). Each of these colour centres has
its own absorption spectrum and, in addition to the ground
state, a series of intermediate electronic states characterised
by certain lifetimes [6 -8, 11, 12].

It is obvious that the analysis of induced absorption in
these crystals in different regimes of their exposure to ionising
and laser radiation should be carried out taking into account
many interrelated processes, which requires the use of numer-
ical methods.

The aim of this paper is to reveal on the basis of numerical
simulation the main features of relaxation of electronic exi-
tations in crystals of fluorides of rare-earth elements tak-
ing into account the effect of UV laser radiation on relaxation
processes. Here, we consider models of the kinetics of relaxa-
tion of electronic excitations when the laser radiation wave-
length falls into the absorption band of F or H centres in
MgF,, CaF,, and BaF; crystals.

2. Absorption of laser radiation by F centres

The irradiation of MgF,, CaF,, and BaF; crystals with an
electron beam produces there strong absorption bands at
275, 400, and 600 nm, respectively, with the half-width of
~ 100 nm. This absorption is attributed to F centres [6, 11,
12]. However, the two-level approximation is insufficient
for its description. The point is that the absorption bands
are characterised by a large set of relaxation times from
~107° to ~ 15!

This is explained by the fact that an important stage of
the electron-hole pair relaxation during the formation of
Frenkel defects is the formation of self-trapped excitons
(STEs) upon the electron capture by ¥V, centres. They may
be found in two ground states, namely, the singlet state S;
and the triplet state S;. The cross sections for absorption
in the S; and S; states (g5 and gg) virtually coincide with
the absorption cross section of stable F' centres (gg). This
is caused by the fact that STEs can be represented as a
pair of F and ¥y centres spaced by a minimum distance,
each of them having its own structure of the absorption spec-
trum, which is close to the structure of the spectrum of long-
lived defects.
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The absorption of an energy quantum transfers F centres
and the electron component of excitons to one of the possible
excited states (F* and S™) lying near the ionisation threshold.
These highly excited objects are large in size and have a high
probability to capture into their interaction sphere a pair
centre and relax with it to the ground lattice state. The
absorption of a quantum is accompanied by shaking the near-
est environment of a defect, which also favours an increase in
its relaxation rate [13]. This is confirmed by numerous facts of
bleaching an active medium of F centres lasers. In the model
presented below, this effect is taken into account by choosing
a higher relaxation rate K73 in comparison with the rate K.

The experimental facts presented above and their modern
interpretation [6 — 8, 11 —13] determined the choice of 11 elec-
tronic states that should be taken into account in the analysis
of the action of ionising and laser radiation on crystals. In the
gas-kinetic approximation, one may treat these states as par-
ticles and describe their interaction with one another and
laser radiation by a system of linear differential equations
for the balance of concentrations of the corresponding com-
ponents [14]. The use of this approach for revealing the basic
features of relaxation of electronic excitations in a crystal in
the presence of laser radiation in the first approximation is
quite justified.

When laser radiation falls into the absorption band of F
centres, the system of kinetic equations for concentrations
[14] was found to be best acceptable among many other equa-
tions tried by us. It includes large information on the key
processes of formation and transformation of electronic exci-
tations in the anion sublattice of halide crystals [6 -8, 11—13]
and has the form
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where n and p are the free-electron and hole concentrations;
W, is the rate of ionisation produced by an external ioniser;
g; is the absorption cross section for the ith component at
the laser radiation wavelength; J is the laser radiation inten-
sity in photon ecm 2 s7!; K;; are the rate constants of reac-
tions between the components i and j (the number of a com-
ponent coincides with the number of its kinetic equation in
the above system of equations); 7; are relaxation times; 1
are relaxation times of the ith component in the jth one; Xj;
are yield factors of the corresponding reactions; 82 is the
rate of state formation through two-photon absorption;
and f is the two-photon absorption coefficient. The condi-
tions of conservation of charge and number of atoms in a
lattice give two additional relations

n+F +F=p+Vi+H, H+I=F +F+o.

At first glance, the system of equations presented above is
cumbersome and contains many parameters. However,
almost all these parameters have been found during a hun-
dred years of study of ionic crystals or can be estimated on
the basis of experimental results.

The constants K;3; and K;;, determine the rate of free-
electron trapping to higher levels of 7 and o centres. The
constant K7 describes a more complicated multistage proc-
ess of electron capture by the H centre, which transforms into
the I centre, and because of this it is somewhat smaller than
the first two constants. In our calculations, we used for these
parameters the values obtained in the experiments on the
measurement of free-electron lifetime [6-8, 11, 12], which
are obviously understated. However, our calculations showed
that an increase in these values had almost no effect on the
final results.

A similar situation is observed for the hole self-trapping
time 7,. Absorption is insensitive to its decrease starting
with 7, = 107'% 5. The experimental value of 7, is ~ 107 !!s
[6, 7]. The rate of spontaneous transformation of ¥} centres
into a pair of long-lived H and o centres (1/73) is the first
parameter that was completely chosen in the course of debug-
ging the model starting from the experimental fact that the
yield factor of long-lived F~ centres during the relaxation
of electron-hole pairs in MgF» does not exceed 5% [6]. The
values of 7, and K, and of 7, and K3 for n ~ 10" cm~*
were chosen taking into account the fact that the S; and
S, states are formed in a time not greater than 107'% s [6—
8, 11, 12].
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The lifetimes of singlet (z5) and triplet () states of exci-
tons in MgF,, as in many other crystals, are known with
a rather high accuracy [6, 7]. The constants for quenching
these states by electrons (K5 and K4) were estimated from
the assumption that the cross section for this process was
~ 107" cm2. The rates of yield of long-lived H and F centres,
which are determined by the times 757 and 747, were chosen in
the course of debugging the model. The mixing of these states
by electrons was introduced by analogy with similar processes
in excimer lasers, using correction for different collision cross
sections.

The rates of interaction of ‘heavy’ particles (K75, K79,
Kg11, Kop1, Kjgp1) are relatively low because of low linear
velocities of their motion in a crystal. However, even the high-
est rates of the interaction used in the model have almost no
effect on the finite absorption of UV laser radiation on the
100-ns interval of integration of the equations under consid-
eration. An exact knowledge of these constants will be
important for modelling relaxation processes on longer
time intervals and in the case of the second model, which
is described below.

Emission of XeF, KrF, and ArF lasers with photon ener-
gies of 3.5, 5.0, and 6.3 eV falls into different regions of the
absorption band of F centres in MgF,, and therefore the
model was debugged by comparing its predictions with the
experimental results [3, 6, 9, 10, 15, 16].

The experimental results of primary importance were the
conservation of the form of excimer laser pulses after their
transmission through MgF, samples at the moment of their
irradiation with an electron beam and the absorption recor-
ded under these conditions [9, 10, 16]. The conservation of the
form of probe laser pulse indicated to two important facts,
which are taken into account in the structure of equations.

(1) The relaxation time of the major absorbing compo-
nents does not exceed several nanoseconds. This means
that quasi-stationary absorption induced by an electron
beam in the F center band in a MgF> crystal is caused mainly
by self-trapped excitons.

(2) The efficiency of production of long-lived F and H-
centres is not greater than 5% of the total number of self-
trapped excitons. Otherwise, a noticeable increase in absorp-
tion would be observed by the end of a 80-ns pulse of ionising
radiation.

When debugging the system of kinetic equations by com-
paring its solutions with the experiments on absorption
induced by an electron beam, we took into account the exper-
imental distribution of specific absorbed irradiation dose
along the sample D(x) [9, 10], which specified the ionisation
rate in the form W;(x) = D(x)/3TE,, where x is the coordi-
nate along a sample; T is the pulse duration; and E, is the
band gap of a crystal (3E, is the average energy of elec-
tron-hole pair production). Because the laser radiation in-
tensity in these experiments was ~ 1 MW cm ™2, the product
pJ 2 was almost equal to zero, and electronic excitations in a
crystal were produced by an electron beam.

The optical density 4 was calculated by integrating
induced absorption obtained from equations (Ks= 045"+
05S| + 0653 + 03 F* + 09F + ajg + fJ) over the sample
thickness, and the result was compared with the experimental
value. Here, absorption is mainly determined by S, S3, and F
centres. The cross section for laser radiation absorption by
these complexes (65 = g = a9) was used in simulation of ex-
perimental data. The quantities 75 and 747 and also X5 = Xy
and Xj;, which determine the concentrations of the corre-

sponding short and long-lived absorbing components, were
found to be rigidly related to these cross sections. The agree-
ment of calculated and experimental data on absorption in-
duced by ionising radiation, the form of a probing laser pulse
transmitted through a sample (Fig. 1), and residual absorp-
tion was obtained within the limits of 20 % of the nominal
values chosen for the above parameters of the model.
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Figure 1. Pulses of an electron beam ( /), KrF laser radiation incident on a
MgF; sample (2), and transmitted laser radiation (3).
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Figure 2. Time behaviour of component concentrations in a MgF, sample
exposed to an electron beam with a specific power of 100 MW cm™> (a)
and to laser radiation with an intensity of 1 GW cm 2 (b). Shapes of laser
and electron beam pulses are shown in Fig. 1.
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Ta6a.1.
Version 1 Version 2 Version 3
Companents Concentration /em ™ Absorptlon _1  Concentration/cm™? Absorptlon _ Concentration/cm ™ Absorptlon 1
coefficient /cm coefficient /cm coefficient/cm
Electrons 59 x 10" - 53 x 105 - 1.3 x 10' -
Holes 1.3 x 10" - 6.3 x 10" - 4.7 % 10" -
Vi 43 % 10'° - 4.5% 10 - 1.5 % 10" -
S* 23 %101 46x% 1073 9.1 x 10" 1.8 %1073 3.6 x 10" 72% 1073
Sy 43 x 10 2.94 9.8 x 10 6.8 x 1073 2.1 % 10" 1.5 x 1072
S5 4.8 x 10" 3.29 9.9 % 10" 7.0 x 1073 2.1 % 10" 1.5 x 1072
H 6.2 x 10" - 2.5% 10 - 42 %105 -
F* 2.1 %107 40x% 1073 1.5 % 10" 3.0x 1073 6.2 x 10" 12%x 1072
F 4.1 x 10'° 2.8 9.6 x 10" 6.7x 1073 25%x 10" 1.8 x 1072
« 55x 10" 54 %1077 10'¢ 107 3.7 x 10! 3.7x 107
1 3.7 % 10'° - 9.2 x 10" - 4.0 x 10' -
Ky/em™) 9.1 271072 7.0-1072
BJ/em! - 151073 31074

The coefficients entering into the above equations had the
following values: Kj3=5x10%cem3s™!, K, =2x107%
em3s LK =3x10%em3s7!, K, =107 em3s7!, K5 =
10%em3s™!, Kg=Kes=5x10"cm?s™!, Ko= 107°
em?s!, Kig=10""cm3s™!, Kyg=10""cm3s™!, Kz =
107 em3 57!, Ky =107 em3 57!, Koy = 1071 em3 57!,
Ko =10"cm3s™; 1,=10" 5, 73=10"7 5, 174=
10705, 15=10"%s, 15,=6x107" s, 1s=10"*s, 157 =6
x1077 s, 74 = 5x1071 5; 6, =2 x 107® cm?2, 05 = 04 = 07
=7x107" cm2, o3 =2 x 107 em2, 679 = 1072° cm? (the
values of ¢; correspond to A =248 nm); X5 = Xy = 0.45,
X47 = 0.03. The time behaviour of concentrations of the com-
plexes taken into account in the model for two regimes of
irradiation of MgF, samples by an electron beam and laser
radiation is shown in Fig. 2.

The model with the coefficients presented above was tes-
ted by comparing its predictions with the experimental results
on nonlinear absorption of KrF laser radiation in MgF; [15].
In these experiments, the intensity of the 80-ns laser pulse was
~ 0.1 —0.5 GW cm 2, and nonlinear absorption was meas-
ured to be 0.05 cm GW ™. For this case, we set in the mo-
del W, =0, and B was taken equal to 0.003 cm GW .. This
value of § was obtained by using picosecond pulses [17].

The absorption of two photons with a total energy of
10 eV by a MgF; crystal can induce the electronic transition
from the valence band to one of the high exciton levels. In our
equations, this corresponds to the S* state. When modelling
the above experiments, we refined the values presented above
for a4, ag, and ay. The resulting nonlinear absorption pre-
dicted by the model for this case agrees with the experi-
mental data for J < 0.6 GW cm 2 (Fig. 3). For higher laser
radiation intensities, the calculated absorption increases by a
factor of about two.

In this case, the reason responsible for an increase in non-
linear absorption in experiments with nanosecond pulses (see
the table) becomes also clear. In the case of a long pulse, self-
trapped excitons and F centres formed upon two-photon
absorption of laser radiation have time to convert several
additional quanta, which accounts for an increase in nonlin-
ear absorption in this regime. In this case, pulses whose
duration exceeds the formation time for the major absorbing
centres (here, they represent STESs), which is not greater than
10710 g [6, 8, 11, 12], may be treated as long.

The concentrations in a MgF» crystal calculated for the
components taken into account in the model and the contri-
bution of these components to absorption of laser radiation at
the wavelength 248 nm by the middle of a 80-ns irradiation
pulse are presented in the table.

For version 1, we present results obtained upon irradia-
tion of MgF, by an electron beam with a specific power of
100 MW cm 2. This specific power was reached in the near-
surface region of a crystal irradiated by an electron beam
with the energy density of 0.5 J cm™> [16]. The intensity of
probing laser radiation was 1 MW cm 2.

For versions 2 and 3, we present the concentrations of
components in experiments where MgF, was exposed only
to laser radiation with intensity of 0.5 and 1.0 GW cm™2,
respectively. One can see from the last two rows of the table
an extent to which absorption by intermediate complexes in
these two versions exceeds two-photon absorption. The
time behaviour of component concentrations for the first
and third versions is shown in Fig. 2.

0.75

Ky /em™!

0.15 +
0.10 -

0.05 -

0 0.5 L0 15 I/GW cm ™

Figure 3. Calculated (curve) and experimental [15] (points) dependences of
the transmission 7" of a MgF, crystal 1 cm thick on the KrF laser intensity
(a) and the calculated dependence of absorption Ky in MgF, at
A = 248 nm on the laser radiation intensity (b).
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For simplification, the dependences Sz(¢), 1(¢), and Vi (?)
are not presented in Fig. 2a because S3(#) coincides with S, (z),
1(¢) coincides with F(f), and the dependence V' (¢) is simple,
namely, the concentration monotonically increases from
approximately 2 x 10'® cm ™ at the beginning of a pulse to
4.5 x 10'® cm™* at the end. Fig. 2b presents no dependences
Vi(9), H(?), and o(¢). For V, and H centres, concentrations in
the 10 — 100-ns range are almost constant and approximately
equal to 1.5 x 10'® and 4.2 x 10" cm™2, respectively, and the
dependence () coincides with 7(z).

Using the model analysed here one can also qualitatively
describe the experimental data on the ray strength of MgF> at
A = 248 nm for 80-ns pulses [15]. The calculation shows that a
crystal exposed to breakdown laser radiation intensities taken
from the experiment is heated up to the melting temperature,
and this is a criterion of the onset of laser damage of optical
materials [18]. Note that in this case the coefficients entering
into the system of basis equations are assumed to be constant
throughout the range of temperature variation from 300 to
1600 K. It is obvious that this assumption should be verified
in detail before using the model for the quantitative descrip-
tion of crystals under study in extreme conditions of their
exposure to high-intensity laser radiation.

In conclusion of the section we note the following result
predicted by the model. The saturation intensity for absorp-
tion induced by laser radiation in MgF> in the quasi-sta-
tionary regime at 2 = 248 nm is ~ 10 MW cm 2. An experi-
mental test of this statement will be decisive for the veri-
fication of the validity of the model.

3. Absorption of laser radiation
by F,- complexes

When moving into the UV region, one can observe in the
absorption spectrum of crystals wide absorption bands of
Vi and H centres behind the absorption band of F centres.
These new defects represent an F, -molecule localised in one
or two anionic sites of a lattice and insignificantly differ
only in the internuclear distance [6—8, 11, 12]. Their stron-
gest absorption bands in the UV region virtually merge to-
gether [11, 12]. The capture of a quantum in the region of
the fundamental absorption band of these centres causes a
decomposition of the F, molecule into the F~ ion and a
free hole [8, p. 73], which rapidly localises.

This process can be described using the slightly modified
above system of equations. One should bear in mind that
absorption by all centres taken into account in the first model
will have a considerably smaller cross section. Here, the final
electron state (the conduction band) is changed as well. More-
over, absorption by ¥y and H centres and by the hole com-
ponent of STEs is added to the model. After absorbing a pho-
ton, centres are reconstructed for ~ 100 ps, and the process
repeats.

As the laser radiation wavelength is decreased, the
kinetics of electronic relaxation in crystals retains the specific
features mentioned above until the laser photon energy be-
comes sufficient to transfer a binding electron of Vy or H
centres to excitonic levels or the conduction band. In the latter
case, the photon energy close to E, is required. The threshold
energy required for the transition to excitonic level is lower
and approximately equal to the difference between the
band gap and the Rydberg energy for the corresponding crys-
tal. For MgF; and CaF,, the threshold energy of such transi-
tions is 5 — 6 €V, and the value for BaF5 is close to 7 eV. We

did not manage to find exact data on these transitions, but
they are mentioned in the literature (see [8], p. 113). Impurity
levels can also take an active part in this process.

The F> ‘molecule’ formed in a crystal from an F, mole-
cule after the electronic transition to an excitonic or impurity
level with a relatively long lifetime is unstable. In a time of
~ 10712 s, the ‘holes’ incorporated into this molecule fly
apart, loose their energy, and are localised by producing
new V) and H centres or STEs. In this process, the absorption
of one high-energy photon results in the production of two
new absorbing centres.

In this case, the basis system of kinetic equations includes
the terms taking into account centre phototransformations.
As a result, it takes the form

d %
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d
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do W 8
0. 4= Ek + (03 F* 4 0oF)J

— (Kyon + KgioH + K111 + a19/)0,

dr y
11. @ KysnH — (Kgi 1 F* + Ko F + Kjo112)1,
dH* H*
12. —=o0HJ] ——.
dt o7 J T12

This system of equations represents the previous system
with an additional equation for H*, for the F atom with a
large kinetic energy, which is located in one of the lattice
interstices. Moreover, it includes many new phototransitions
with absorption cross sections ¢,,; and o, (m =4, 5, 6),
which describe absorption by electron and hole components
of the corresponding STEs. Relaxation processes are desc-
ribed by the same terms as in the first model. In this case,
additional equations appearing from the condition of conser-
vation of charge and number of atoms take the form

n+F +F=p+Vi+H+H",

H+I+H =F +F+o.

The total absorption in this version is determined in the
following way:

Ky = (03Vi + 028" + 05,5 + 06253 + 07H)
+(O’41S* +O’5151 +661S3 ‘i’()'ngs< +O’9F+O’100€)
=03(Vi+ 8"+ 81+ 83+ H) +03(S™ + F)

+09(S1 + 83+ F) + o000+ BJ.

These relations follow from the fact that absorption by V}
and H centres and by the hole component of STEs has
approximately the same cross sections (o3 = g4 = 65, =
g¢» = 07), as well as absorption by highly excited complexes
(03 = 0g41) and F centres of various nature (o5, = g¢; = 09).

This model was verified using the experimental data for
CaF; [15, 16, 19]. Calculations show that here, at laser radi-
ation intensities above 0.1 GW cm ™2, multiple absorption
of photons by each colour centre during long pulses provides
a considerably higher energy release in comparison with
direct two-photon absorption.

To demonstrate substantial difference in the behaviour of
crystals under the action of laser radiation in the first and sec-
ond models, consider equations for the total concentration N
of quasi-particles in a lattice. For this purpose we sum equa-
tions of the corresponding systems, from the second equation
to the last one, and find

AN s, s )
—— =B — | 2 2(KgF* + Ky F)H
dt Ts Te
+2(Ks11 F* + Ko F)I + 2K 1 Q)

=pJ?—R~PBJ?—uN?,

dN

E = ﬁJZ + (O'3Vk +20’42S* +20’52S1

420685 +0,H)J — R~ pJ* +6,NJ —uN>. (2

The last expressions in (1) and (2) were obtained in the
following way. The component concentrations were repre-
sented in the form x»;N, where x; is the fraction of the
given component in N. After that N and N> were factored
out, and the terms remaining in brackets were denoted by
u and o, which gave the resulting relations.

One can see from (1) that the first model gives in the
quasi-stationary regime the concentration N = (ﬂ/u)l/ 2J.
In this regime, the expression for the absorption coefficient

K5 takes the form
1/2
ﬁ + (OS] <E> :|J
o

1\/2
L+ (m)

where a,; is the effective cross section for absorption by all
defects. It is evident that the expression in square brackets
represents the coefficient showing an extent to which non-
linear absorption for long pulses is higher than the corres-
ponding two-photon absorption for short pulses. One can
see from (1) and (3) that quasi-particles in the first model
are produced only through two-photon absorption (or due
to another ioniser).

In the second model, quasi-particles are additionally pro-
duced through one-photon absorption of laser radiation by
Vi and H centres and by the hole component of STEs. If
the production of absorbing complexes is dominated by
the linear mechanism, which is realised in the presence of
impurity defects with concentration of 10> cm™ and above,
we find from (2) that the concentration in the quasi-station-
ary regime is N = (g, /p)J. In this case, the expression for the
effective nonlinear absorption takes the form

2 2
K5 = (ﬁ-f——oez).]: (1-1-—062)/”‘ Q)
2 up

One can see that here nonlinear absorption for long pulses
is also considerably higher than two-photon absorption for
short picosecond pulses. This can explain a high nonlinear
absorption measured in Ref. [19] for 80-ns laser pulses with
A =248 nm in CaF, with impurities.

In each model, concentration reaches a stationary level
under the action of a rectangular laser pulse in its own re-
gime. In the first model, N linearly increases with time at
the initial stage. In the second model, the number of particles
exponentially increases, which gives evidence of the ava-
lanche nature of the development of laser radiation ab-
sorption [20]. However, in both cases, the summary quasi-
particle concentration in quasi-stationary regions linearly
depends on the laser radiation intensity.

A similar increase in nonlinear absorption for long pulses
was observed for semiconductors exposed to IR laser radia-
tion [21]. In this case, additional absorption was provided by
free electrons. For wide-gap crystals exposed to UV laser
radiation, most notably to VUV radiation, the contribution
of free electrons to absorption sharply decreases. Here, ab-
sorption is governed by other quasi-particles, with natural

Ks = BJ + 0N =

BJ, 3)
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frequencies of electronic transitions close to the laser radia-
tion frequency.

From equations (1)—(4), it follows that the two-particle
recombination coefficient K4;; and the cross section for dis-
sociative disintegration of ¥ centres into two holes o3 are of
critical importance in the models. According to our calcula-
tions, precisely these factors make the dominant contribution
to u and to o.; and o,. Because of this, the determination of
K11 and a3 is of prime importance in adapting a model to a
concrete crystal or a concrete laser radiation wavelength.

This is of particular importance for the second model,
which is considerably more complicated than the first one
and requires the analysis of a considerably larger number of
details, which is beyond the scope of this paper. Because of
this, concrete examples of application of the second model
will be analysed elsewhere, and here we only present the con-
clusions obtained from analytical expressions (2) and (4).

4. Conclusions

Thus, the description of the interaction of intense UV and
VUV laser pulses of duration above 1 ns with crystals of
fluorides of rare-earth elements requires a consideration of
the electronic states formed in crystals upon recombination
of electron-hole pairs. This is caused by the fact that the
energy absorbed up on transitions between these states is
tens times greater than that for the classical two-photon ab-
sorption.

We analysed two versions of numerical models, which
describe in the gas-kinetic approximation the behaviour of
the electronic states of crystals as quasi-particles. In the first
version, the laser radiation wavelength lies in the absorption
region of F centres, and in the second version it lies in the
region of H centre dissociation into two holes. Both models
describe mechanism responsible for an increase in nonlinear
absorption of laser radiation in MgF,, CaF,, and BaF; crys-
tals for nanosecond pulses in comparison with picosecond
pulses. The models can also be used for the description of
experiments with simultaneous action of ionising and laser
radiation on crystal.

The models proposed in the paper are based on the mod-
ern concepts of defect formation and relaxation in the anion
crystal sublattice. These processes are much alike not only in
the group of MgF,, CaF», and BaF> crystals considered here,
but also in other ionic crystals, in particular, in alkali halide
crystals. Because of this, upon the appropriate choice of coef-
ficients in the systems of kinetic equations presented here,
they can be used for the analysis of experiments on the action
of ionising and laser radiation in this wide class of optical
materials.
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