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SCATTERING OF GINZBURG-FRANK
AND CHERENKOV TYPES UNDER SELF-FOCUSING
OF NANOSECOND LASER PULSES IN LIQUIDS'

We study the dynamics of nonlinear optical processes such as self-focusing, self-phase mod-
ulation, and stimulated Raman scattering in Kerr-liquids under the nanosecond laser pulse
excitation. The results prove the existence of the transition Ginzburg—Frank-type effect, which
promotes the appearance of new spectral components of the laser radiation at the medium
boundary. The generation of extended anti-Stokes frequency-angular bands of stimulated Ra-
man scattering is explained. When the velocity of a self-focusing focal spot matches the phase
velocity of the non-linear polarization at the anti-Stokes Raman frequency and the phase ve-
locity of the scattered axial radiation, the most intense frequency-angular bands appear. They
are described by the equations typical of the Cherenkov radiation.
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1. Introduction

The self-focusing (SF) of laser pulses in the nanosec-
ond range in a Kerr medium leads to the movement
of a focal spot [1]. The focal spot speed vy, is defined
by the laser pulse envelope. At the front and back of
a pulse, vg, takes positive and negative values and is
not limited by the speed of light in vacuum [2].

In the practical aspect, SF creates a new situation —
the dynamics of nonlinear optical processes such as
the self-phase modulation (SPM) and the stimulated
Raman scattering (SRS), which cannot be achieved
within other technical methods.

Previously, we identified the stop point location of
a focal spot [3], possibility of Cherenkov-type radi-
ation of SRS under SF [4], effect of SF on angular
spectra of SRS [5], angle-selective inverted SRS [6],
frequency dependence of anti-Stokes SRS on the fo-
cal spot speed in the approach of “ideal thin lens”
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[7], transition effect of SPM [8], and physical mecha-
nism of anti-Stokes SRS of the Cherenkov type under
SPM [9].

Now, it is possible to state the principles of the
Ginzburg-Frank transition and the Cherenkov (or
Vavilov—Cherenkov) superluminal scattering [10] un-
der SF of nanosecond laser pulses in Kerr liquids.

2. Consideration and Analysis

A simplified scheme for describing the processes is
presented in Fig. 1. The focal spot has velocity [2]
Ufp = UsqVgr/ (Ut + Ugr,), which can exceed the light
speed ¢ in vacuum (vgq — velocity of focal z¢ distance
change, vy, — group speed of laser radiation).

The laser spot has velocity vg, = vegg = 0 for the
top of a laser pulse. At this stop-point of a laser spot,
classical SRS can be observed, which has asymmetric

1 The paper was presented at the XXIII Galyna Puchkovska
International School-Seminar “Spectroscopy of Molecules
and Crystals”.
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Fig. 1. Simplified scheme for describing the processes
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Fig. 2. Experimental frequency-angular spectrum of the Che-
renkov-type scattering (a) in the coordinates angel () — wave-
length (M) and frequency-spatial spectrum of the transition-
type scattering (b) in the coordinates: lateral coordinate (z) —
wavelength () for a ruby laser at 20 ns, 0.5 J pulse in toluen
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indicatrix for the parametric scattering. However, the
indicatrix asymmetry is another question.

When the focal spot is closer to the exit of a
cuvette, the Cherenkov-type superluminal scattering
can be observed for parametric SRS. The experimen-
tal frequency-angular spectrum of the Cherenkov-
type scattering is presented in Fig. 2, a for the first
anti-Stokes (1AS) SRS in toluene under the excita-
tion by a ruby laser in the coordinates: scattering
angle (0) — wavelength (\). As the focal spot crosses
the exit boundary of a cuvette, Ginzburg—Frank
transition-type scattering is observed for the laser
radiation. An experimental frequency-spatial spec-
trum of the transition-type scattering is presented in
Fig. 2, b for the ruby laser radiation (L) in the coor-
dinates: lateral coordinate (z) — wavelength (). The
maximum Stokes frequency shifts in reverse centime-
ters (cm™!) are indicated in Fig. 2.

A general qualitative similarity for the axial scat-
tering is observed. This is a result of the mutual SPM-
effect of the laser radiation. The maximum Stokes fre-
quency shift Avjag for the first anti-Stokes SRS is
about 3 times more than the laser shift Avy, because
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vias = 2v;, — vy and Avias = 2Avr + Avg = 3Avg,
(here vg is the Stokes component frequency). The
maximum Stokes frequency shift Avoag for the sec-
ond anti-Stokes SRS is about 7 times more than Avy,,
seeing voas = 2v1as — VL, Avoas = 2Avias+Avy =
= 7AI/L.

For the maximal value Av; of the frequency
Stokes-shift caused by the transition effect for the
laser radiation, it is possible to derive the analytical
expression:

Avp = vpAng{z =L} M,

where z is a longitudinal coordinate, Ang{z = L}
is an increment of the refractive index at the focal
point at the distance z = L (at the medium bound-
ary), vgg {z = L} — a velocity of the focal point at the
medium boundary (without considering the difference
between times, which are necessary for the pulse frag-
ments to reach the focal point), and ¢ — the speed of
light.

The maximum energy density of axial (6 = 0) 1AS
radiation is located at the frequency determined
by conditions, which are similar to those for the
Cherenkov radiation: equality of the phase veloci-
ties of electromagnetic waves vpy, {w} at the frequency
w and the phase velocity v,p0 of a polarization at
the anti-Stokes Raman frequency w,. The axial fre-
quency shift in toluene is (w {0 =0} —w,) /27c =
= —197 cm™ 1.

For 6 # 0 and vg, = vapo, the frequency-angular
branches are related by the expression

cos 8 = vph (W) /Vapo
that gives a parabola for cosf ~ 1 — 6%/2.

3. Conclusions

The Ginzburg-Frank (transition effect) — type and
Cherenkov (superluminal effect) — type radiations are
analyzed at the nanosecond laser pulse excitation in
the spectra of a laser and SRS.

1. At the transition effect, the maximum frequency
shift of the laser radiation appears, when the focal
point of self-focusing intersects the exit boundary of
the medium, and the phase delay of SFM before and
after the focal point is uncompensated.

2. The SRS Cherenkov-type radiation appears at
the coincidence of self-focusing focal point speed, the
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phase velocity of a nonlinear polarization at the anti-
Stokes Raman frequency and the phase velocity of
scattered SRS-radiation. This is a result of the su-
perluminal speed of the focal point and the velocity
of a nonlinear polarization.

It will be if interest to analyze the mutual im-
pact of the Ginzburg—Frank and Cherenkov effects
on SRS.

1. Y.R. Shen. The Principles of Nonlinear Optics (Wiley-
interscience, 2003).

2. A. Ivanisik, P. Korotkov, G. Ponezha. Temporal dynamics
of focal point location under self-focusing of nanosecond
laser pulses. Ukr. J. Phys. Opt. 15, 1 (2014).

3. A.L. Ivanisik, V.I. Malyi, G.V. Ponezha.The spatial-
angular structure of the anti-Stokes emission under the
stimulated Raman scattering of light in a Kerr fluid. Optika
1 Spektroskopiya 80, 212 (1996).

4. A.L Ivanisik, V.I. Malyi, G.V. Ponezha. Cherenkov-type
radiation under conditions of Raman light scattering in
self-focusing liquids. Optics and Spectroscopy 82, 410
(1997).

5. A.L Ivanisik, V.I. Malyi, G.V. Ponezha. On the influence
of a self-focusing on the angular spectra of SRS. Opitka ¢
Spektroskopiya 85, 88 (1998); Optics and Spectroscopy 85,
78 (1998).

6. A.I. Ivanisik, V.I. Malyi, G.V. Ponezha. The spectral-
angular manifestations of a competition of the Raman
and parametric processes under SRS in self-focusing me-
dia. Opitka i Spektroskopiya 85, 512 (1998); Optics and
Spectroscopy 85, 469 (1998).

7. A.L Ivanisik, G.V. Ponezha. Spectrum of anti-Stokes stim-
ulated Raman scattering from the moving focal regions of

ISSN 2071-0186. Ukr. J. Phys. 2018. Vol. 63, No. 4

self-focusing. Optika i Spektroskopiya 90, 699 (2001); Op-
tics and Spectroscopy 90, 625 (2001).

8. S.0. Dudka, A.I. Ivanisik, A.V. Konopatskiy, P.A. Ko-
rotkov. Transition effect at the medium vacuum interface
under the self-phase modulation of a light pulse. Ukr. J.
Phys. 51, 140 (2006).

9. A.L Ivanisik, O.Iu. Isaienko, P.A. Korotkov, G.V. Ponezha.
Phase modulated parametric anti-Stokes stimulated Ra-
man scattering of Cherenkov-type in self-focusing areas of
exciting radiation. Ukr. J. Phys. 57, 1000 (2012).

10. I.M. Frank. Vawilov-Cherenkov Radiation:Theoretical As-

pects (Nauka, 1988). Received 26.11.17

A.I Isanicix

PO3CIFOBAHH{ I'NH3BYPI'A-®OPAHKA TA
YEPEHKOBCBKOI'O TUIIIB 3A CAMOP®OKYCYBAHHA
HAHOCEKYH/JHUX JTABEPHIIX

IMITVJIBCIB ¥V PIJVMHAX

Pesmowme

Hocuifpkeno nauHaMiKy HeMIHIHHO-ONTHYHHMX IIPOLECIB (camo-
dokycyBanHs, ¢da30Ba CAMOMOMYJIALIs, BHMYIIEHe KOMOiHa-
uiifne posciloBaHHs) y KepIBCbKUX piamHax 3a 1il HAHOCEKYH-
JHUX JIa3epHUX IMIIYyJbCiB. Pe3synbratén JOBOASATH HasBHICTH
nepexigaoro edexry tumy ['im3bypra-®Ppanmka, s#Kwit mIOpO-
JPKy€ HOBI CIIEKTPaJIbHI KOMIIOHEHTU JIA3€PHOI'0 BHUIIPOMiHIO-
BaHHSI Ha MexXi cepegoBuma. [losicHeHO reHeparito IPOTIXKHUX
9aCTOTHO-KYTOBUX CMYT' BUMYIIIEHOI'O KOMOIHAIIITHOrO po3ciro-
BaHHsI. Y BHUNAJKYy 30iraHHS MBUIAKOCTI (POKAJIBHOI TOYKH 3
Gdaz0BoOIO MBUAKICTIO HEIHINHOI HMOApU3aIil Ha aHTUCTOKCO-
Biif KOMOiHaliiiHiil YacTOoTi Ta Pa30BOIO MIBHIKICTIO PO3CISHO-
o aKCiaJbHOIO BUIIPOMIHIOBAHHSI BUHHKAIOTHb HAMiHTEHCHBHI-
mri CMyru, sKi OIUCYIOTBCH DIBHAHHSMH, XapaKTEPHUMU IJIs
“E€PEHKOBCHKOI'O BUIIPOMIHIOBAHHSI.
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