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TO QUESTION ABOUT NATURE AND MODELLING THE OPTICAL-INDUCED
CHERENKOYV RADIATION

The main problems of nature the optical-induced Cherenkov radiation are discussed. We show that this problem
are connected with problem of shork excitation of heterogeneous polarization the irradiated matter. With this point
of view the Cherenkov radiation is Nonlinear Optical (NLO) phenomenon. But classical NLO effects are phenomena with
homogeneous shock-excited polarization. Two aspects of modeling this phenomenon are observed. First, microscopic, is
based on synthesis A. Bohr theory of representation the Cherenkov radiation on the basis the scattering charge particles
in media. This theory gives hyperboloid of the shape of the particle's braking track in the medium. Generating cones
of Cherenkov radiation are formed by external normals to the A. Bohr hyperboloid. Second, macroscopic is based on I.Golub
model of formal analogy Snell law and Cherenkov radiation. Cherenkov speed is determined as speed of shock nonlinear
polarization of irradiated matter. Synthesis A. Bohr and 1. Golub models allow to determine the product of nonlinear
laser-induced refraction index and cpeed of nonlinear polarization. The essential difference between optically induced
and classical (obtained by gamma quanta or charged particles) Cherenkov radiation lies in the radiation distribution
spectrum. The classical spectrum is more homogeneous, since each particle "has" its own hyperboloid. For the optical
case, we have the number of cones, which is related to the mode structure of laser radiation. So for the TEM,, fashion
we have only one cone. That is why the radiation spectrum will be more heterogeneous, as in the classic case: ultraviolet
radiation will be in the central part, and infrared radiation will be at the edges. The observation of laser-induced
Cherenkov radiation is connected with problem of diffraction stratification and known as surface continuum radiation.

Key words: Cherenkov radiation, A. Bohr model, 1. Golub model, optical breakdown, Relaxen Optics, cascade
processes, shock processes, modeling.
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JO IIMTAHHA ITPO TPUPOAY TA MOAEJTIOBAHHA
OIITUYHO-IHAYKOBAHOI'O YEPEHKOBCBKOI'O BUITPOMIHIOBAHHSA

Obzosoproromucs 0cHO8HI nPobIEMU NPUPOOU ONMUYHO-THOYKOBAHO20 YEPEHKOBCLKO20 sunpominiosanns. I1oxkaszano, wo
YA npoodemMa nog'a3ana 3 npooemMor YOapHo20 30y0HceHHs HeOOHOPIOHOT nonapusayii onpomineHol pewosunu. 3 yiei mouxu
30py sunpominioganisi Yepenkoea € HeniHIHUM ONMUYHUM SeueM. Ane KiacuuHi epexmu HeiHilHOT ONMUKYU — ye A6uua
3 0OHOPIOHOI0 YOapHO-30Y0xcy8anoio noaapuzayieto. Cnocmepiearomscsa 06a acnekmu MOOeN08an s ybo2o asuwa. Ilep-
witl, MIKpockoniunuil, 3acHoganuii Ha meopii O. bopa npedcmagnents 4epenKo8cbKoeo BUNPOMIHIOBAHHS HA OCHOBI PO3Cito-
BAMHA 3APAOINCEHUX YACMUHOK Y cepedosuiyax. L] meopis dae 6uensio gopmu 2anbMieHo20 WISXY YACMUHKU 8 Cepe0osUiyi
y 8uens0i einepbonoioa. Teipi KOHyCU YEPEHKOBCHKO20 BUNPOMIHIOBAHHS YMEOPEHT 3068HIUHIMU HOPMATAMU 00 2inepbonoioa
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O. bopa. Ilo-0pyze, maxpockoniunuii bazyemuvcs na mooeni 1. Ionyba gopmanvroi ananozii 3axony Crenna ma Yepenxos-
CbKO20 BUNPOMIHIOBAHHS. YepeHKOBCHKA WEUOKICb BUBHAUAEMbCS K WBUOKICHb YOapHOT HeNiHIIHOT noaspu3ayii onpomi-
Henol pevosunu. Cunmes modeneti O. bopa ma 1. ['onyba 0036055€ gusHauumu 000ymMoK HeHIIHO20 1A3ePHO-IHOYKOBAHO20
NOKA3HUKA 3ATIOMAEHHS HA WEUOKICMb HeTIHINHOT noaspuzayii. Icmomua 8i0MiHHICIb ONMUYHO THOYKOBAHO20 8I0 KIACUY-
HO20 (OMPUMAHO020 2aMMA-KEAHMAMU 400 3aPAONCEHUMU YACMUHKAMU) YEPEHKOBCLKO20 BUNPOMIHIOBAHHS NONALAE 6 CNEK-
mpi po3nodiny eunpomintoeanis. Knacuunuti cnexmp 6inbus 00HOPIOHUIL, OCKIIbKU KOJCHA YACHKA «MAE» CEill 2inepoonoio.
st onmuuno20 UNAOKy Mu MAemMo KiibKiChb KOHYCI8, KA NO8'SI3aHaA 3 MOO0BOIO CHPYKIYPOIO J1A3EPHO20 BUNPOMIHIOBAH-
ua. Omorce, onst moou TEM,,, mu maemo e ooun kowyc. Tomy cnekmp eunpominioganns 6yoe Oinbut HeoOHOPIOHUM, K
i 6 KnacuuHOMy 8UNAOKY: yivmpagionenose sUNPOMIHIOBAHHA Oy0e 8 YeHMPATbHIL YacmuHi, a IHQpauepeore — no Kpasix.
CnocmepedicerHs 1a3epHo-iHOYKOBAHO20 YePEeHKOBCHKO20 BUNPOMIHIOBAHHS N08'A3aHe 3 NpobiemMoio Ouppaxyilinozo po3uia-
DVBaHHs | BI0OMO SIK NOBEPXHEEe KOHMUHYANbHE GUNPOMIHIOBANHS.

Kniwouosi cnosa: yepenroscoie sunpomintosanus, mooenv O. bopa, modens I. T'onyba, onmuunuii npooiil, peraxcayii-
Ha ONMUKA, KACKAOHI npoyecu, YOapHi npoyeci, MOOeI08AHHS.

Introduction

Cherenkov  radiation (Vavilov—Cherenkov
effect) is electromagnetic radiation emitted when
a charged particle (such as an electron) passes
through a dielectric medium at a speed greater
than the phase velocity (speed of propagation of
a wavefront in a medium) of light in that medium
(Bohr A., 1950; Frank, 1988; Golub, 1990; Jelly,
1958; Trokhimchuck, 2020; Trokhimchuck,
2022). A classic example of Cherenkov
radiation is the characteristic blue glow of an
underwater nuclear reactor. Its cause is similar to
the cause of a sonic boom, the sharp sound heard
when faster-than-sound movement occurs. The
phenomenon is named after Soviet physicist Pavel
Cherenkov (Frank, 1988; Jelly, 1958).

But Cherenkov radiation may be represented
as  Nonlinear  Optical phenomenon two
(Trokhimchuck, 2020; Trokhimchuck, 2022).
Therefore, we must researched this effect in more
widely sense as radiational relaxation of shock
nonlinear excited heterogeneous polarization. This
determination is more widely as traditional. It
conclude various ways of excited this polarization,
including laser irradiation.

The main problems of nature the optical-
induced Cherenkov radiation are discussed. We
show that this problem are connected with problem
of shork excitation if heterogeneous polarization
the irradiated matter. With this point of view the
Cherenkov radiation is Nonlinear Optical (NLO)
phenomenon (Trokhimchuck, 2020; Trokhimchuck,
2022). But classical NLO effects are phenomena
with homogeneous shock-excited polarization. Two
aspects of modeling this phenomenon are observed.
First, microscopic, is based on synthesis A. Bohr
theory of representation the Cherenkov radiation on
the basis the scattering charge particles in media.
This theory gives hyperboloid of the shape of the
particle's braking track in the medium. Generating
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cones of Cherenkov radiation are formed by
external normals to the A. Bohr hyperboloid
(Bohr A., 1950). Second, macroscopic is based
on [.Golub model of formal analogy Snell law
and Cherenkov radiation. Cherenkov speed is
determined as speed of shock nonlinear polarization
of irradiated matter. Synthesis A. Bohr and
I. Golub models allow to determine the product of
nonlinear laser-induced refraction index and cpeed
of nonlinear polarization (Trokhimchuck, 2020;
Trokhimchuck, 2022). The essential difference
between optically induced and classical (obtained
by gamma quanta or charged particles) Cherenkov
radiation lies in the radiation distribution spectrum.
The classical spectrum is more homogeneous, since
each particle "has" its own hyperboloid. For the
optical case, we have the number of cones, which
is related to the mode structure of laser radiation.
So for the TEM,,, fashion we have only one cone.
That is why the radiation spectrum will be more
heterogeneous, as in the classic case: ultraviolet
radiation will be in the central part, and infrared
radiation will be at the edges. The observation of
laser-induced Cherenkov radiation is connected
with problem of diffraction stratification and known
as surface continuum radiation (Trokhimchuck,
2020; Trokhimchuck, 2022).

Problems of the observation the Cherenkov
radiation and shock processes in matter as
Nonlinear (NLO) and Relaxed (RO) Optical
processes are connected with  acoustic
(thermal) and electromagnetic (plasma and
Nonlinear optical) nature (Trokhimchuck, 2020;
Trokhimchuck, 2022). These processes may be
connected with diffractive stratification of laser
beam, including self-focusing, self-trapping,
and after this generation of supercontinuum
radiation (ordered — Cherenkov radiation, and
disorder — plasma radiation) (Trokhimchuck, 2020;
Trokhimchuck, 2022).
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Concepts, modeling and discussions

On Fig. 1 experimental data, which are received
for sodium containing heat-pipe with 20 cm active
length and a Hiansh-type 10 kW peak dye laser, are
represented. The sodium density was 10— 10" cm .
The beam of 0,5 cm™! bandwigth laser was focused
by a lens into the sodium cell after special filtering.
The laser intensity at the focus was 10 MW/cm?
and is sufficient for the formation of self-trapped
filaments. The forward emission was photographed
by an Alphax B216 camera with f/number of 1,9,
placed after the sodium cell without any imaging
optics (Golub, 1986). The laser beam was blocked
with small on axis disc to prevent over-expose.

The spectral and angular properties of the
conical radiation are well-known (Golub, 1986).
The cone angle is 1° — 3° and increases as the
laser frequency approaches the atomic transition
and with increasing sodium density. The cone
spectrum is broad (5 — 10 ¢m™) and is to the
red of the transition. For small laser detuning
(5—10 cm™) the peak of conic emission is detuning.
For large laser detuning (6 — 20 cm') the peak
detuning exhibits saturation behavior; the limiting
value is at the dispersionless point — 589,4 nm
(Golub, 1986).

Two kinds of experiments were performed
to establish the surface character of the conical
emission. The light changes polarization of initial
beam in a linear case, with a direction determines
the difference of right and left polarizations. Self-

(a}

trapping of laser light close to the transition is due
to saturation effects, and this change in polarization
is expected to occur inside the filaments, where
saturation degree is maximum. In (Golub, 1986)
next conclusion was made: conical radiation is
generated at a nonsaturated region such as self-
trapped filament surface.

The question about spatial coherence of conical
radiation was observed in (Golub, 1986). It was
found that the angular and spectral distribution of
the conical radiation is independent of lens type.
The next conclusion was made the conical radiation
from various filaments add upp incoherently and
display no interference pattern.

The data of laser irradiated different 1 — 10 cm —
long cells containing H,O or D,O are represented
in Fig. 2 (Golub, 1990). In these experiments a
Quantel YG-471 mode-locked laser was used,
which produced 22-psec-duration pulses at 1,06
um of aup to 35 mJ energy or its second harmonic
15-psec-duration pulses of 12 mJ energy. A variefy
oflenses with focal lengths from 2 to 25 cm, capable
of producing intensities in the focal spot of up to
10" W/cm?. Several (usually 5 to 10) filaments were
produced by each pulse/ It was easier to produce
supercontinuum by focusing the laser beam with
long-focal-length lenses into the long cells, and the
threshold for supercontinuum in D,O was lower
than that in H,O. The supercontinuum was spread
in a circular reinbow, and for 1,06-um excitation
the generated photon energy increases with the off-

Fig. 1. The pattern of the conical radiation at sodium density 1,8-10" ¢ and
laser detuning of 0,2 nm to the blue of the D, transition. The laser radiation is
focused into the sodium cell bay a spherical lens (a) and by a cylindrical lens
(b). The laser beam is blocked with a small of on-axis disc. The focal line of
the cylindrical lens (b) is the long of horizontal line (Golub, 1986)
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Fig. 2. Supercontinuum generated in D,O by 0,53-um laser excitation.
The laser is focused into the cell (a) by a spherical lens or (b)
by a combination the spherical and cylindrical lenses. The laser beam
is blocked with a small of on-axis disc. The focal line of the cylindrical
lens (b) is the long of vertical line (Golub, 1990)

axis angle, while for 0,53-um excitation the pattern
is more complicated.

Data of Fig. 2 shown that spatial pattern of the
supercontinuum conic radiation is independent of
the focusing mode, leading one to conclude that
the origin of this emission is at the surface of the
filaments.

The possibility of generation the Cherenkov
radiation in Kerr media was observed in
(Trokhimchuck, 2020; Trokhimchuck, 2022). An
influence of velocity the motion of self-focusing
focus point and self-modulation on frequency-
angle spectra of radiation the parametric anti-Stoke
component of Brillouin scattering (Trokhimchuck,
2020; Trokhimchuck, 2022). The possibility
of generation Cherenkov radiation in this case
was proved.

The white-light continuum spectra for various
media are represented in (Trokhimchuck, 2020).
Ti:sapphire laser system based on the chirped-
pulse amplification technique produced a 1-mJ,
70-fs pulse at 10-Hz repetition rate. The center
wavelength was 785 nm, and the bandwidth was 20
nm. This fundamental pulse, which had a diameter
of 7 nm, was converted into second- and third-
harmonic pulses by doubling and tripling with
two 100-um-thick B-barium borate crystals. The
maximum output energies the second- and third-
harmonic pulses were 180 and 30 ./, respectively.

Conic part of filament radiation has continuum
spectrum: from ultraviolet to infrared. At first this
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effect was called superbroadening. Therefore it
may be interpreted as laser-induced Cherenkov
radiation (Golub, 1990; Trokhimchuck, 2020;
Trokhimchuck, 2022). The angle 20 in the vertex
of'an angle of Fig. 3 (e) is double Cherenkov angle.
In this case we have frozen picture of laser-induced
destruction of 4H-SiC (Okada, 2009; Okada, 2012)
with help Cherenkov radiation (Trokhimchuck,
2020; Trokhimchuck, 2022).

Imilar results were received for nanosecond
CO,-laser irradiation of potassium chloride
(Yablonovich, 1971).

The Cherenkov radiation is characterized by
two peculiarities (Frank, 1988; Golub, 1990;
Jelly, 1958; Trokhimchuck, 2020): 1) creation of
heterogeneous shock polarization of matter and,
2) radiation of this polarization. The methods of
receiving shock polarization may be various:
irradiation by electrons, vy-radiation, ions and
excitation with help pulse fields. The stratification
of this radiation on other type’s radiation (volume,
pseudo-Cherenkov a.o.) has relative character and
may be represented as laser-induced Cherenkov
radiation. Therefore in future we‘ll be represent
conical part of filament radiation as Cherenkov.

This fact may be certified with macroscopic and
microscopic ways.

First, macroscopic may berepresented according
to (Golub, 1990). The similarity between charge
particle and light-induced Cherenkov radiation one
can invoke the analogy between Snell’s law and
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Fig. 3. (a) Schematic illustration of the laser irradiated pattern. The
light propagation 0 direction (k) and electric field (E) are shown. (b)
Optical micrograph of the mechanically thinned sample to show cross
sections of laser-irradiated lines (200 ».//pulse). (c) Bright-field TEM image
of the cross section of a line written with pulse energy of 300 ».//pulse.
(d) Schematic illustration of a geometric relationship between the
irradiated line and the cross-sectional micrograph. (e) Magnified image
of a rectangular area in (¢) (Okada, 2009; Okada, 2012)

Cherenkov radiation (Golub, 1990). This natural
since both effects can be derived in the same
way from the Huygens interference principle. In
Fig. 4 (a) the point of intersection of a light pulse
impinging at an angle ¢ on a boundary between
two media moves with velocity V =%l cos o’ This
relation with Snell’s law, gives the Cherenkov
relation (Fig. 4(a)) [1].

cos6=%12 (m)V. (1)

This formula allows explain the angle differences
for various type of Cherenkov radiation. In this case
V' may be represented as velocity of generation the
optical-induced polarization too.

Thus the refraction law a light at the boundary
between two media is the same as the condition
for Cherenkov emission by a source moving
along the boundary. In nonlinear medium the
emitted frequencies may differ from the excitation
frequency. The Cherenkov relation is still valid
since the constructive interference occurs at a
given Cherenkov angle for each Fourier frequency
component of the light-induced nonlinear
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polarization. In a sense, one can speak about a
nonlinear Snell-Cherenkov effect (Golub, 1990).
The Cherenkov angle s = %2 (o) canalso be
derived from the conservation of the longitudional
component of of the linear momentum at a
boundary between two media along which a
nonlinear polarization is propagating (Fig. 4 (b))
(Golub, 1990). Using k = %, we obtains

(0)/ken (@) = Veu/ Vit = Gy (),

The role of the boundary can be played by the
surface of self-trapped filament. The nonlinear
polarization propagating along this surface will
result in a light-induced Cherenkov radiation
€80 =/ (w)V. The nonconservation of the
transverse component of the linear momentum can
be related to the uncertainty principle, AxAk > 1,
where Ax is the thickness of the boundary.

The microscopic mechanism of laser-induced
Cherenkov radiation is expansion and application
of Niels and Aage Bohrs microscopic theory
of Cherenkov radiation as part of deceleration
radiation on optical case (A. Bohr, 1950; N. Bohr,

cosO =k, ,,

(2

! pol
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Fig. 4. (a) Analogy between Snell’s law and Cherenkov radiation. The
point of intersection 0f a light pulse impinging upon a boundary two

media moves with velocity v = < Combining thls relation w2ith Snell’s

law one obtains the Cherenkov gelatlon, cosf =—— (b) The Cherenkov
angle relation can be obtained from the conservatlon of the longitudinal
component of a linear momentum at a boundary between to media along
which a nonlinear polarization is propagated (Golub, 1990).

1950; Kobzev, 2010). For optical case the Bohrs
hyperboloid must be changed on Gaussian
distribution of light for mode TEM,, or distribution
for focused light of laser beam (Trokhimchuck,
2020; Trokhimchuck, 2022). In this case Cherenkov
angle may be determined from next formula

O¢, + oy = % or O, = % s 3)

where o,— angle between tangent line and
direction of laser beam.

Focusing (or self-focusing) angle o, was
determined from next formula
tan o, = ﬁ/ : &)
sf

where d, — diameter of laser beam, (7 mm),

— length of self-focusing. In our case a, is
angle of focusing or self-focusing (Boyd, 2009;
Trokhimchuck, 2020; Trokhimchuck, 2022)

This formula is approximate for average angle o, .

The appearance of the conical part of the radiation
canbeexplained onthebasis ofthe microscopicnature
of the Cherenkov radiation (A. Bohr, 1950; Frank,
1988; Trokhimchuck, 2020; Trokhimchuck, 2022).
The first to draw attention to this were Niels and
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Aage Bohr (A. Bohr, 1950; N. Bohr, 1950), and
their theory was developed by I. M. Frank and his
student A. P. Kobzev (Frank, 1988; Kobzev, 2010).
From this point of view, Cherenkov radiation is the
inelastic radiation loss of the energy of the incident
particle in the medium (A. Bohr, 1950; Frank, 1988;
Kobzev, 2010), or in other words, the response of the
medium to its polarization by the incident particle.
Fig. 5 shows the scheme that underlies in the N.
and A. Bohrs theory (A. Bohr, 1950; N. Bohr, 1950).

0 Hy
= M’.,“._’/_‘é ////

""‘"rﬂ.

Fig. 5. To the explanation of the deceleration
the particle in a medium (A. Bohr, 1950)
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We will explain on the basis of Fig. 5. Consider
an electron that is at a point Q and collides with
a particle Z that flies at a distance p. At the same
time, the electron is under the influence of the
electrons surrounding it, and those electrons that
at the moment of time #' =7 -7/ were themselves
accelerated give the greatest part of the influence.

The electron at the point A at time ¢#’was in such
a phase of collision, which is ahead during time <
the phase of collision of an electron that is at point Q.
This lead time is equal to (A. Bohr, 1950)

rox
T=——=—.

5
s (5)

Introduce r* = x* + b* (Fig. 5), we receive from
(5) the next correlation

b? (x + 91y’ )2
’c? (yz - 1) - 9y’ (yz - 1)

The next conclusion is true: points with a
constant t are placed on a hyperboloid. The
electrons that "started" or "ended" collisions are
placed approximately on hyperboloids H, and H,

, that corresponds to the times f——ﬁ and .- +7
Thus the main part of the force with Wthh a matter
acts on an electron is between the hyperboloids H,
and H,. For the y >>1 main part of this region is
placed behind the electron at a distance equal or
greater than py.

The radiation itself occurs in the angle between
the perpendiculars to the surface of the hyperboloid,
which corresponds to both the angle of the
Cherenkov radiation and its broadband. We present
a formal theory of this phenomenon according to
(A. Bohr, 1950). In this case, the transverse part
of the field (between the perpendiculars to the
hyperboloid) is characterized by a vector potential,
which expands into a Fourier series

=1, (6)

dncQ (7)
where values with an asterisk denote complex
conjugate values. Here it is assumed that the field
is localized in the volume Q; and the unit vector
e, gives the direction of polarization. Amplitudes
g, in formula (7) are not fully determined; they
must satisfy even some of the conditions imposed
on their dependence on time.

In the approximation of the constant dielectric
constant and neglecting the magnetic properties of
the matter, we obtain the following equation

‘;itr = Zq}»‘;i}» +q;;1f7 ;11 =
A
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04
c? of

4
C

: ®)
where j is the current density, which corresponds
to a moving particle; ¢ — dielectric constant of the
matter. After multiplying equation (8) by A  and
integrating over the volume Q , we get

LlsA@). O

where x characterizes the position of the particle,
which is considered to be a point charge.
Frequencies are given by the formula

k.c
. 10
7 (10)
Next, we assume that the amplitude g, dependence

on time is harmonic exp(-i®A f). As a result of this
substitution, equation (9) takes the form

(qx +Qfx)+®i (qL +th)=

W, =

ze

—[1+ii](§-;1;(x)). (1)

.. 2
+0.q, =
ARG 2ec o, dt

If the particle moves at a constant speed, then
forx = 9¢ the right side of equation (11) it will
harmonically depend on time with frequency
(IEKQ). Equation (11) is reduced to the following
equation

k8

: )J(@A; (§r)). (12)

@,

g, + miQx = Zli . 1+ (
2ec {(k,ng)}

Thus, in this particular case, the dispersion of the
medium can be taken into account. Only according
to equation (12) it is necessary to substitute the
value for the dielectric constant, which corresponds
to the partial frequency.

As follows from equation (10), in the vacuum
the value o, > (k, - 9), is as 9 < c. In this case, the
solution of equation ( 12) will be forced oscillations
with constant amplitude. However, in metter
with 9 >c¢ for some wave numbers, we can get
o, = (lgx -8), what corresponds to the resonance
between the external force and the oscillator. In this
case, the oscillator will continuously absorb energy,
which corresponds to the actual Cherenkov radiation.
The resonance condition, which is described by
formula (10), corresponds to the Cherenkov radiation
angle ©9 =5~ (A. Bohr, 1950).

Using the Dirac functions, the general solution
of equation (12) can be written as follows

ze 1

"7 20, (75| o
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Using equation (13) we determine the force F,
that acts on the particle.

4, (81)= X404, (31)+ a4 (31), (14)

That according (13) give

Tele 9ol (59). s)
GG

Summing in two directions of polarization,
introducing (IZx -§):kx9y and moving to an
infinitely large volume we get (A. Bohr, 1950;
Frank, 1988; Kobzev, 2010)

Foo_ac

r

E, = -4’72’ Q

B k9’y 2
F, =zje jk dkj aekay) |~ Plo—koy)dv. (16)
where F, is the force component in the direction of

the particle velocity.
In calculating the integral (16), we turn to
the new variables, ® and z _§ yJe(k9y). Since

3dxdy = dodz, we get
c2
—B(l-27)dz, (17
( st(mz)jé( 2)dz, (17)

Z2 2 ®
F, == J'oad(o'f

where the last 1r1tegral is extended to the values of

z, for which -1<3 o00) <1 This integral is nonzero

only for z = 1, 1.e. when the condition is met

SM>C.

Thus, we finally get the value of the force acting

on the particle.
C2
9e>c

It coincides with the expression obtained by
Frank and Tamm for the Cherenkov radiation and
its spectral distribution (A. Bohr, 1950; Frank,
1988; Kobzev, 2010).

This model may be used for modeling the
optical-induced Cherenkov radiation two. In this
case we have more soft regime of excitation this
radiation.

Thereby microscopic modified Bohrs theory
and macroscopic Golub model are mutually
complementary methods.

The decreasing of Cherenkov angle and
product n,(®)V, ,, for increasing of laser
radiation intensity are corresponded to increasing
of nonlinear refractive index and decreasing
of velocity of polarization (multiphotonic and
multiwave processes).

In whole microscopic mechanism of laser-
induced Cherenkov radiation may be represented

Fooae
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as nonequilibrium spectrum of all possible
Nonlinear Optical phenomena in the local
points of propagation the laser beam. It may be
Raman and Brillouin scattering, up- and down-
conversion, generation of harmonics and various
interference of these processes and phenomena,
which are generated the continuous spectrum from
ultraviolet to infrared regions (Trokhimchuck,
2020; Trokhimchuck, 2022).

A significant difference between classical
and optically induced Cherenkov radiation in
the spectral distribution of radiation. This can be
explained on the basis of Fig. 5. The spectrum of
classical Cherenkov radiation is determined by a
set of hyperboloids that characterize the track of
each particle. The unevenness of the spectrum
is determined by the density of the stream of
incoming particles. In the optical case for the
single-mode regime, we have one (or several in the
case of diffraction stratification) cone (Fig. 3 (c)
and Fig. 3 (e)). Therefore, in this case, the spectral
distribution of radiation is more heterogeneous, the
short-wavelength part of the spectrum is located
closer to the center, and the long-wavelength part
is located closer to the edges.

From a microscopic point of view, the Mach
cone and its angle are determined by the cascade
processes of the formation of the nonlinear
polarization front, which is caused by a set of
nonlinear optical phenomena: from multiphoton
absorption to Brillouin to Raman scattering.
According to classic electrodynamics (Landau,
1971) maximal value of this angle determined
perpendiculartothesurface. whicharethe generators
of the Mach cone. The same radiation spreads
in the middle of this cone, if "collectivization"
("plasmization" or thermalization) of this process
does not occur during the irradiation. Otherwise,
the process will be determined by plasma and
temperature gradients, and radiation can be
generated in different directions (star effect, etc.)
(Trokhimchuck, 2020).

Cherenkov radiation with optical pumping may
be represented as Nonlinear Optical process with
velocity is less as light phase speed in irradiated
matter. In this case phase speed in matter has
physical nature: it is the electromagnetic speed of
“collective” motion the charge particles or charge in
matter. Therefore, in local scale we have Nonlinear
Optical processes, which are modulated of the
Mach cone the Cherenkov radiation (Fig. 3 (c)).
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It allows add the Niels and Aage Bohrs theory
about microscopic mechanism of Cherenkov
radiation (A. Bohr, 1950; Trokhimchuck, 2020;
Trokhimchuck, 2022).

Conclusions

1. Experimental data of continuous conic
radiation as optical-induced Cherenkov radiation
are analyzed.

2. Comparative analysis of main concepts of
Cherenkov radiation are represented.

3. Aproblem of nature laser-induced Cherenkov
radiation is discussed.

4. 1. Golub macroscopic model of Cherenkov
radiation as analogous of Snell effect is observed.

5. A. Bohr microscopic model was adapted for
problem of optical-induced Cherenkov radiation.

6. The synthesis of I. Golub and A. Bohr
models was used for the modeling the optical-
induced Cherenkov radiation.

7. Some applications of this phenomenon are
represented.
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