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Abstract.  A jump in the transmittance (from ~0.1 % to ~50 % for 
~1 ns) of an optical gate on a Mylar film (a thin aluminium layer 
on a Lavsan substrate) irradiated by nanosecond (10–7 – 10–8 s) 
pulses of a neodymium laser with an intensity up to 0.1 GW cm–2 
has been recorded. The mechanism of a fast (10–10 – 10–11 s) increase 
in the transmittance of the aluminium layer upon its overheating 
(without boiling) to the metal – insulator phase-transition tempera-
ture is discussed.

Keywords: neodymium laser, optical gate, aluminium film, metal – 
insulator transition, transparency wave.

1. Introduction 

One of the first available optical gates used to Q-switch the 
laser cavity, to decouple cascades in laser amplifiers (or a laser 
system from a target) and to carry out some other experi-
ments was a thin metal layer evaporated by laser radiation 
[1 – 8]. Despite the advantages of a gate based on an evapo-
rated metal layer (simple technology and low cost), it was a 
single-action device, which could not regain the initial low 
transmittance after actuation. Hence, this gate was soon 
replaced with electrooptic gates and bleaching dyes in laser 
setups. At the same time, experimental data on the function-
ing of a gate based on a metal layer are of interest for studies 
of the interaction of laser radiation with metals, which have 
been performed since the beginning of the 1960s [9 – 20].

In 1944, Zeldovich and Landau published a paper ‘On the 
relation between the liquid and the gaseous states of metals’ 
[21], where they pointed to the possibility of the metal – insu-
lator transition for an expanded metal at subcritical tempera-
tures. Later this suggestion was considered when discussing a 
sharp (by several orders of magnitude) decrease in the electri-
cal conductivity of mercury upon stationary heating [22]. It 
was noted [23] that localised electron states should be expected 
to arise when the metal density becomes sufficiently low. The 
current interruptions in conductors, observed in experiments 
with ‘exploding fine wires’ (up to the instant of evaporation 
and plasma formation) upon pulsed heating, were most likely 
caused by the metal – insulator phase transition [24, 25].

After the development of lasers capable of vaporising 
metals and forming a plasma on their surface, one could 
expect the metal – insulator phase transition induced by laser 
irradiation to be experimentally observed. Bonch-Bruevich et 
al. [9] found that focusing a neodymium laser beam onto 
metal (copper, aluminium, etc.) samples led to a change in 
their reflectance during the laser pulse. However, when inter-
preting this effect, the mechanism of the metal – insulator 
phase transition was not taken into consideration. Later on, 
the concept of the metal – insulator transition was repeatedly 
considered when performing theoretical analysis of laser 
ablation and explaining results of numerous experiments on 
the interaction of laser radiation with metal targets.

Batanov et al. [10] suggested that, when a bulk metal 
target is heated by a laser beam with an intensity of 107 – 
108 W cm–2, the metal – insulator transition should be accom-
panied by a new peculiar physical phenomenon: propagation 
of a transparency wave in the melt. In this interaction regime, 
the metal does not undergo boiling, despite the fact that the 
liquid metal becomes overheated to the metal – insulator 
phase-transition temperature Тmi during the laser pulse [10]. 
In accordance with this mechanism, the laser energy transmit-
ted through the melt is spent on heating the solid metal under 
the melt layer on the bottom of the melt crater and deepening 
the latter. Having taken the mechanism of transparency wave 
into account, Batanov et al. [10] explained the anomalous 
decrease in the reflectance of a metal surface during the laser 
pulse that was experimentally observed in [9]. A similar exper-
iment was performed later in [12] and explained taking into 
account the existence of a transparency wave at a metal – insu-
lator phase transition.

The experiments [15, 17, 18] on the interaction of nanosec-
ond laser pulses with metals and alloys also provided data 
indicative of the formation of a transparency wave in the radi-
ation – target interaction zone. An indirect confirmation of 
the occurrence of a transparency wave prior to boiling of a 
metal target subjected to nanosecond pulsed laser heating was 
the observation of the emission of melt droplets from the cra-
ter along the generatrix of a cone with a vertex on the crater 
bottom [15], as well as selective evaporation of melt compo-
nents with concentrations differing significantly from azeo-
tropic and enrichment of vapour with volatile components 
[17, 18].

An increase in transparency of thin metal layers subjected 
to pulsed laser radiation was first observed in experiments with 
metal films and foils [1 – 8]. In these experiments, two different 
mechanisms of the increase in metal transparency were consid-
ered: simple evaporation of a metal layer [1, 3, 5, 6] and the 
occurrence of the metal – insulator transition with propagation 
of a transparency wave in the evaporated metal [4, 7, 8].
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Here, we analyse the results of the experiments [2, 4, 8] on 
irradiation of a Mylar film (~0.05-µm Al layer on a Lavsan 
substrate) by nanosecond (10–7 – 10–8 s) neodymium laser 
pulses, where an increase in the transmittance of the Al layer 
by two to three orders of magnitude for a time tt » 1 ns 
(transmittance jump) was revealed. The mechanism of the fast 
(10–10 – 10–11 s) increase in transparency in this metal gate with 
allowance for the overheating of liquid metal (without boil-
ing) to the metal – insulator phase-transition temperature is 
discussed. An analysis of these experiments showed that the 
transmittance jump in the Al layer, which was observed in [4], 
is apparently the first direct experimental evidence for imple-
menting the metal – insulator phase transition under laser 
irradiation.

2. Experimental results 

Within the research aimed at developing a high-power laser 
oscillator [2], a gate based on an Al layer was used for the first 
time in a neodymium glass laser system with a peak power of 
~1 GW to decouple a rotating-prism Q-switched master 
oscillator from amplifier cascades and to sharpen the lead-
ing edge of amplified pulse. A schematic of the system is pre-
sented in Fig. 1a. Active elements (rods) Æ30 ´ 600 mm in 
size, made of KGSS-7 glass (Lytkarino Optical Glass Plant), 
positioned in GOS-300 laser heads (LOMO, St. Petersburg), 
were applied in the oscillator and two-cascade amplifier. The 
rod end faces were cut at a small angle (1.5° – 2°) to the rod 
axis. A plane-parallel plate made of K-8 glass was used as an 
output mirror in the oscillator. The gate (Mylar film) con-
sisted of a ~0.05-mm-thick Al layer deposited on a Lavsan 
tape with a width of 5 cm and thickness of ~20 mm; the tape 
was rewound by a special device after destruction of the Al 
coating by a laser shot. The initial transmittance K0 of the 
Mylar film for a weak signal at the laser wavelength l » 1.06 
mm did not exceed 0.1 %; hence, the oscillator was decoupled 
from the amplifier.

Pulses at the outputs of the oscillator and amplifier were 
recorded by a FEK-09 photocell connected to a C1-14 oscil-
loscope (oscillograms in Figs 1b and 1d) and by an FEU-15B 
photoelectron multiplier connected to a DESO-1 oscilloscope 
(oscillogram in Fig. 1c). In the absence of the Mylar film, the 
oscillator and amplifier rods were optically coupled and 
formed in fact a unified oscillator, which generated (in the 
Q-switched regime) several pulses with a width of 150 – 200 ns 
and an energy up to 80 J (Fig. 1c). With a film located at 
the oscillator output, a single pulse with a width of ~80 ns 
(Fig. 1b) and energy up to 10 J was formed in a 30-mm beam, 
which was directed (without focusing) to the film and then to 
the amplifier. After the film absorbed the initial part of the 
pulse (with a power density of 107 – 108 W cm–2), the Al layer 
was evaporated, and the rest of the pulse arrived at the ampli-
fier. Under these conditions, one would expect sharpening of 
the leading edge and a decrease in the pulse width by the time 
spent on heating the Al layer to evaporation. An oscillogram 
of a pulse with a width of ~50 ns and shortened leading edge 
(~10 ns) at the amplifier output is shown in Fig. 1d. The 
pulse energy was 60 J, the beam divergence was about 3 ´ 
10–3 rad, and the power exceeded 1 GW [2]; this set of param-
eters was an achievement for neodymium lasers at that time 
(1965).

An additional experiment was carried out to estimate the 
operating speed of the film gate (Fig. 2) [4, 8]. A Kerr-cell 
Q-switched laser beam (pulse width ~20 ns, energy up to 1 J, 
power density up to 108 W cm–2 [26]) was directed (without 
focusing) to the gate (Fig. 2a). Two rods made of KGSS-7 
glass, with a size of Æ10 ´ 120 mm and flat parallel end faces, 
were used in this laser. A cavity ~1 m long was formed by a 
mirror with a dielectric coating (having a reflectance of 
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Figure 1.  (a) Schematic of a rotating-prism Q-switched oscillator and 
a two-cascade amplifier based on KGSS-7 glass rods, in GOS-300 la-
ser heads, with a light beam diameter of 30 mm: ( 1, 2, 3 ) rods Æ30 ´ 
600  mm in size; ( 4 ) output oscillator mirror; ( 5 ) Mylar film with Al 
coating. (b – d) Oscillograms of pulses (b) at the oscillator output, (c) at 
the amplifier output in the absence of the Mylar film, and (d) at the 
output of the amplifier with a film gate.
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Figure 2.  (a) Schematic of the experiment on formation of pulses by a 
Q-switched oscillator with an optical gate based on a metallised Mylar 
film: ( 1 ) KGSS-7 glass rods Æ10 ´ 120 mm in size; ( 2 ) highly reflecting 
mirror; ( 3 ) Kerr cell; ( 4 ) K-8 glass plate; ( 5 ) Al-film gate; ( 6 ) prisms; 
( 7 ) light filters; ( 8 ) diaphragm; ( 9 ) C1-14 oscilloscope; ( 10) FEK-09 
photocell. (b – d) Oscillograms of pulses before the gate (on the left) and 
after passage through the gate and along a ~23-m path (on the right) 
for an Al layer exposed to (b) a non-diaphragmed beam and (c, d) a 
beam transmitted through diaphragms (c) 5 and (d) 1.5 mm in diameter.
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~100 % at the wavelength l » 1.06 mm) and a plane-parallel 
glass plate (a rod end face was also used as an output mirror).

It was found that, at a pulse energy density e < eth » 
0.4 J  cm–2, the Al layer was not evaporated (the eth value cor-
responded to the Al layer evaporation threshold). At e < eth, 
the entire pulse passed through the film was attenuated by a 
factor of ~103. To eliminate only the weak initial portion of a 
Q-switched oscillator pulse and select its main part, one must 
deal with e > eth. Under these conditions, if the energy density 
in the initial part of the pulse does not reach the threshold, the 
film delays this part of the pulse. With an increase in the pulse 
intensity, the inequality e > eth was satisfied, the gate became 
transparent, and the main part of the pulse passed through 
the gate with small loss. At e > eth, the Al layer was removed 
from the film in the irradiated area. The Lavsan base trans-
mittance Klav for a laser beam with an intensity up to 1010 W 
cm–2 was about 90 %. The integral (i.e., for the entire time of 
laser pulse) transmittance Kint of the film gate with increased 
transparency was ~50 % [4]. At e > eth, the Al film was vapo-
rised both by the total (without a limiting diaphragm) oscilla-
tor beam with a diameter of about 10 mm and by the central 
part of the beam, cut by a diaphragm (5 or 1.5 mm in diame-
ter) installed beyond the cavity.

The pulses at the input and (after the optical delay line on 
a path of ~23 m) output of the film gate were recorded using 
a FEK-09 photocell and a C1-14 oscilloscope. A comparison 
of the pulse oscillograms before and after the gate shows that 
a significant decrease in the width of the pulse leading edge is 
observed for only the beams cut by a diaphragm (Figs 2c, 2d). 
Irradiation of the film by a beam without a diaphragm barely 
changed the pulse leading edge after the gate (Fig. 2b). At the 
same time, the use of a diaphragm with a diameter of 5 mm 
reduced the leading edge of the transmitted pulse to ~5 ns 
(Fig. 2c), whereas in the case of the 1.5-mm diaphragm the 
leading edge was diminished to ~1 ns [4, 8]. The jump in the 
transmittance for the Mylar film gate was Kint /K0 = 102 – 103.

3. Discussion 

The results of shaping pulses by a film gate in the experiments 
performed according to the schemes in Figs 1 and 2 [2, 4, 8] 
can be explained by the spatial and temporal structure of laser 
beams, which is due to the nonuniform (over the active-ele-
ment cross section) development of lasing in Q-switched 
lasers. In the experiment within the scheme in Fig. 2, where 
the Mylar film was irradiated by a beam without a diaphragm, 
the spatial and temporal structure of the pulse led to a spread 
in transparency formation instants in the film throughout its 
cross section. Under these conditions, the pulse leading edge 
did not shorten (Fig. 2b). On the contrary, when the film was 
exposed to radiation coming from only a small region of the 
active medium (i.e., when a diaphragm was used), the spread 
in the transparency formation instants over the film cross sec-
tion decreased, and one could observe leading edge sharpen-
ing and pulse shortening (Figs 2c, 2d). The leading edge width 
for the 1.5-mm diaphragm (~1 ns) corresponded to the time 
resolution of channel detection, which gives grounds to expect 
even larger shortening of the pulse leading edge by a film gate.

The data of the experiment performed according to the 
scheme in Fig. 2 also suggest that specifically the nonuniform 
spatial and temporal distribution of intensity in the 30-mm 
beam in the laser system based on (Æ30 ´ 600)-mm active ele-
ments (Fig. 1) did not make it possible to observe high trans-
parency formation rates in the gate. Apparently, for the same 

reason, a fast increase in transparency was not revealed in 
other experiments with Al films [5, 6], where pulses transmit-
ted through a film had leading edge widths up to 10 ns.

Thus, an optical gate composed of an aluminium layer 
~0.05 mm thick on a Lavsan tape (Mylar) provided decou-
pling in an oscillator – amplifier laser system and sharpening 
of the leading edge of pulses transmitted through a gate in the 
experiments [2, 4, 8]. The result obtained (a decrease in the 
leading edge width to ~1 ns) revealed also that the evaporat-
ing metal layer becomes transparent at a high rate (likely, for 
a time shorter than 1 ns). When discussing the transmittance 
jump for an Al film in [4], it was indicated that a “possible 
mechanism of fast increase in transparency is the ‘decollec-
tivisation’ of conduction electrons in the expanding heated 
metal layer, i.e., metal – insulator transition”. However, the 
physical nature of the anomalously fast increase in transpar-
ency was not completely explained.

Recently, many experimental and theoretical studies have 
been devoted to the interaction of nanosecond laser pulses 
with metals (including aluminium targets) [13 – 20]. A theo-
retical analysis of the stationary evaporation from the surface 
of a bulk metal target for radiation intensities up to 108 W cm–2 
in the presence of the metal – insulator transition [14] showed 
that this regime can be implemented only in a relatively nar-
row intensity range. An increase in radiation intensity may 
lead to explosive (bulk) boiling of the superheated metastable 
phase and formation of plasma, as it was confirmed by exper-
iments and calculations for bulk targets and films [13 – 20].

As was shown in [4 –   – 8], Al films irradiated by nanosecond 
laser pulses become transparent in a limited range of laser 
intensities (107 – 108 W cm–2). In the experiment correspond-
ing to Fig. 2, the transparency-formation energy density eth » 
0.4 J cm–2 for an Al layer with a thickness h » 0.05 mm irradi-
ated by a pulse with a width of ~20 ns corresponds to a beam 
intensity of ~2 ´ 107 W cm–2 [4, 8]. If the thermal diffusivity 
of aluminium is known (k = 0.1 cm2 s–1) [6], one can estimate 
the film heating time: h2/k » 250 ps. Thus, the heating can be 
considered uniform and occurring simultaneously through-
out the entire film volume during the pulse.

Let us estimate the temperature to which an Al film with a 
thickness h » 0.05 µm can be heated as a result of the absorp-
tion of radiation with e = 0.2eth » 0.08 J cm–2 (80 % reflection 
is taken into account) for a film fragment 5 mm in diameter 
(fragment area S » 0.2 cm2 and volume V » 10–6 cm3). The 
aluminium mass m in this fragment (aluminium density r =  
2.7 g cm–3) is ~2.7 ´ 10–6 g. For the aluminium specific heat 
c = 940 J kg–1 K–1 [16], we find the temperature to which the 
film is heated by radiation with e = 0.2eth to be Th » 6500 K. 
The critical temperature for aluminum is Тc » 7400 K [27], 
and the metal – insulator transition temperature is Tmi » 0.8Тc 
[16]. Thus, the estimate shows that the Al layer with a thick-
ness h » 0.05 µm, irradiated by a laser pulse with an energy 
density eth » 0.4 J cm–2 in the experiment [4, 8], could be 
heated to the metal – insulator transition temperature. The 
metal density decreases upon heating, and, in principle, the 
metal – insulator transition may occur in the condensed phase 
at a temperature Tmi < Тc, a circumstance that was pointed to 
in [21].

In the case under consideration (Al layer), an insignificant 
expansion of metal leads most likely to an intermediate non-
stationary state with distorted interatomic bonds in the Al lat-
tice (because of their misorientation) in the first stage. In this 
state, conduction electrons are localised on atoms or atomic 
clusters, and the Al layer becomes transparent. Due to this, 
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the layer reflectance decreases, and the laser beam intensity 
penetrating the Al film increases. As a result, the film trans-
parency is maintained by the residual absorption of radiation 
in the film and the expansion of the heated Al layer.

The increase in the transparency of Al coatings with initial 
transmittances ranging from 0.05 % to 2 %, irradiated by 30-ns 
Nd laser pulses, was observed in [5] at e = 0.1 – 1.2  J cm–2. 
Apparently, it was also related to the metal – insulator transi-
tion in the expanding metal layer, although this mechanism of 
transparency formation was not considered in [5]. The thresh-
old (for transparency occurrence) laser pulse energy density 
was found to increase with an increase in the coating thick-
ness in [5]. The range of coating transparency formation was 
limited: the integral transmittance Kint(e) first increased with 
an increase in e and then decreased (at e > 1.5 J cm–2) [5].

Based on this behaviour of the dependence Kint(e) in [5] 
and the detection of transmittance jump in [4], one can sug-
gest that the Al layer becomes transparent in the following 
way. When the energy density reaches the threshold (for 
transparency formation in an Al layer with an initial thick-
ness h1) value eth1, the increase in temperature and decrease in 
aluminium density in the layer lead to the formation of par-
ticles (clusters of Al atoms)*. Small clusters with dielectric 
properties (in which electrons are localised) arise, which are 
responsible for the transmittance jump in Al coating.

Larger clusters of Al atoms retain metal properties. These 
(metal) clusters are responsible for the laser radiation absorp-
tion. With an increase in the laser pulse energy density (e > 
eth1), the number of small dielectric clusters increases, and 
coefficient Kint(e) increases, providing a transmittance jump 
in the Al coating. When passing through the boundary of the 
transparency formation range (e > 1.5 J cm–2), an increase in 
radiation intensity causes ionisation of Al atoms, due to 
which the transmittance of the forming plasma layer decreases.

The characteristic time tt of the transmittance jump, 
observed in an Al film with h » 0.05 mm [4, 8], can be esti-
mated on the assumption that the front of the transparency 
caused by the metal – insulator transition propagates in the 
film jointly with its expansion at a velocity u. The film free 
expansion velocity u under the experimental conditions of 
[4, 8] should not exceed the speed of sound in metallic alu-
minium (u < uAl » 5 ́  105 cm s–1); therefore, the transmittance 
jump time can be estimated as tt = 10–10 – 10–11 s. The high 
transparency formation rate made it possible to form a lead-
ing edge with a width (~1 ns) limited by only the time resolu-
tion of the detection channel for a Nd laser pulse transmitted 
through a Mylar film (Fig. 2d) [4, 8]. It was noted that the 
high rate of transparency formation in a film gate irradiated 
by nanosecond laser pulses in the experiments [5, 6] was 
‘obscured’ by the spatial and temporal structure of radiation 
in the laser beam irradiating the film.

The observed stepwise increase in the Al film transpar-
ency can be compared with the dynamics of transparency for-
mation as a result of metal evaporation from the surface at a 
successive decrease in the film thickness. The time necessary 
to completely evaporate and thus make transparent an Al 
film with h » 0.05 mm in this regime can be estimated as fol-
lows. Let us assume that a film fragment 5 mm in diameter is 
already heated (under the experimental conditions of [4, 8]) 
by the radiation of the laser pulse leading edge to the boiling 

temperature and continues to absorb radiation with a power 
density of 2 ́  107 W cm–2. Energy of 4 mJ is supplied to a frag-
ment with an area of 0.2 cm2 for 1 ns. With allowance for the 
film reflection, the absorbed energy is only 0.8 mJ. The latent 
evaporation heat of aluminium is Lb » 104 J g–1 [16]. The 
energy necessary to evaporate aluminium from the film frag-
ment is Qb = mLb » 27 mJ; to accumulate it, the film must be 
irradiated for ~33 ns. Therefore, the time necessary to evapo-
rate successively (layer-by-layer) an Al coating ~0.05 mm 
thick at a laser beam intensity of 2 ´ 107 W cm–2 exceeds the 
experimentally found time of transparency formation in the 
film by a factor of more than 30. This fact suggests that the 
observed stepwise increase in the film transparency is due to 
the metal – insulator transition in the expanding Al coating 
rather than its evaporation.

The experimental data of [2, 4 – 6, 8] indicate that an Al 
film, after absorbing the energy of the leading edge of a laser 
pulse with a width of 20 – 80 ns and passing from the initial 
metallic state to the new phase (metal – insulator transition), 
retains a rather high optical quality for several tens of nano-
seconds. Indeed, Al films could be used in laser systems 
[2, 4 – 6, 8] as optical gates for collimated laser beams. The 
transmittances (per pulse) Kint   for the Al films that were 
made transparent by nanosecond pulses turned out to be 
40 % – 80 % [5] and ~50 % [2, 4, 8]. The formation of laser 
beams with energies up to 60 J in the oscillator – amplifier sys-
tem with an Al film gate (Fig. 1) [2, 4, 8] indicates the absence 
of high scattering loss in the film for laser pulses with a width 
of ~50 ns passing through it. Apparently, the state of explo-
sive boiling of the film material with loss of optical homoge-
neity was not implemented in the experiments [2, 4, 8].

For the laser scheme presented in Fig. 2, the width of 
pulses with a cut leading edge, transmitted through a film 
with h » 0.05 mm at Kint » 50 % and along a path of ~23 m 
and then recorded by a photodetector, is ~30 ns (at the pulse 
base level). After this time, the thickness of the Al layer 
expanding with a velocity u < uAl does not exceed 150 mm. 
Thus, the above-reported experimental data and their analy-
sis make it possible to relate the transmittance jump (from 
~0.1 % to ~50 % for ~1 ns) in a thin Al film irradiated by 
nanosecond laser pulses [4, 8] to the metal – insulator phase 
transition in the aluminium layer overheated by laser radia-
tion without metal boiling. One can also suggest the existence 
of transparency (‘fed’ by laser radiation) in the Al film gate 
for several tens of nanoseconds; this state is provided by the 
thin expanding aluminium layer with optical characteristics 
allowing laser beam transport without significant distortions.

4. Conclusions

The experimental data on the ablation of Al films by neo-
dymium laser pulses with a width of 20 – 80 ns and intensity of 
107 – 108 W cm–2 and the results of their analysis suggest that 
the transparency of optical gates based on thin Al films irradi-
ated by nanosecond pulses in [2, 4 – 6, 8] may be due to the 
metal – insulator phase transition of the superheated liquid 
metal in the subcritical temperature range. However, the 
transparency of irradiated Al films was considered in [5, 6] as 
a result of evaporation of the film material. The relationship 
between the transparency formation in an Al film exposed to 
pulsed laser radiation and the metal – insulator transition was 
considered for the first time in [4]. The transmittance jump in 
an Al layer that was recorded in [4] (from ~0.1 % to ~50 % 
for ~1 ns) became, apparently, the first direct experimental 

* The formation of clusters with sizes beginning with 1 nm from atoms 
of a copper target heated to a temperature of ~4000 K under pulsed 
electron-beam impact was considered in [28].
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evidence for the metal – insulator transition under laser irra-
diation.

Note that the results obtained even in the 1960s are of 
interest for today’s research in this field [2, 4, 8], because they 
yield additional information about the interaction between 
laser radiation with intensities of 107 – 108 W cm–2 and metals 
in the near-critical temperature range. Currently, in view of 
the development of picosecond and femtosecond lasers and 
the progress in laser fusion, much attention is paid to exper-
iments on the interaction of laser radiation of high (above 
1013 W cm–2) intensities with different materials (including 
metal films and foils) [29 – 31]. At the same time, the physical 
pattern of the interaction between radiation of moderate 
intensities (107 – 108 W cm–2) and metals, with allowance for 
possible metal – insulator phase transition, has been studied 
insufficiently.

To gain a deeper insight into the dynamics of a stepwise 
increase in the transparency of a metal film under laser irra-
diation with intensities of 107 – 108 W cm–2, we believe it expe-
dient to use ultrashort laser pulses for diagnostics of a medium 
during transformation of its optical and physical parameters. 
An example of high-speed optical diagnostics of transient 
(transparent) states of materials (semiconductors, metals) 
subjected to ablation by femtosecond laser pulses with the 
formation of layered thin-film structures on the surface of tar-
gets (before the plasma formation threshold) was reported in 
[29], where interference effects caused by these structures were 
observed.
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