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The nonlinearity in an absorbing medium 
should be observable not only with respect to 

absorption. The latter is related to dispersion, and 
therefore the velocity of light propagation in the 

medium should, generally speaking, also depend on 
the power of light. For the same reason, the 

dependence on the light power, i.e., superposition 
violation, should also be observable in the general 
case in other optical properties of the medium in 
birefringence, dichroism, rotatory

 
power, etc.”

S.I. Vavilov

“Microstructure of Light;
 

Investigations and Studies”, 
USSR Academy of science,

 
1950 (marked with a first-

 degree Stalin Prize). 
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In the beginning of 1962 

the team of young scientists 

interested in “laser”
 

science 

development in MSU have 

emerged at the Faculty of 

Physics. R.V.Khokhlov
 become the ideologist of this 

team. At that time he was the 

associate professor of 

oscillations chair and he
 

 

completed his thesis for the 

degree of doctor of science.



One of his coworkers in 

laser science was S.A.Akhmanov, 

assistant of the radiophysics
 chair.

 
Later, this team leaded by 

Khokhlov
 

was called the 

nonlinear optics laboratory of the 

Faculty of Physics of MSU. It was 

the first laboratory of such kind in 

Soviet Union. 



Physics Faculty of MSU in 1960



Material equation in nonlinear medium

(1960)

S.A. Akhmanov, V.I. Zharikov
 

(1967)



Material equation in nonlinear medium

(2010)



Second harmonic generation

P.
 

Franken et al., 1961, 
Phys. Rev. Letts.

R.V. Khokhlov, 1962, 
Radiotekh. Elektron.

N.
 

Bloembergen et al., 
1962, Phys. Rev.



R.
 

Terhune
 

et al., 1963, 

Phys. Rev.
 

Letts.

S.A. Akhmanov,  A.I. Kovrigin
 

A.
 

Piskarskas, R.V. Khokhlov, 

1963, JETP Letts.



The third and high harmonics generation



1962

Optical parametric oscillators 



1965, Phys. Rev. Letts.

1965, JETP Letts.



Prominent results obtained in the field of nonlinear iProminent results obtained in the field of nonlinear interaction of nteraction of 

electromagnetic waves and number of principal experiments providelectromagnetic waves and number of principal experiments provided the ed the 

worldworld--wide reputation of the laboratory of nonlinear optics.wide reputation of the laboratory of nonlinear optics.



At that time S.A. Akhmanov
 and R.V. Khokhlov

 
have written 

the first in the world monograph 

on nonlinear optics: “The 

problems of nonlinear optics”
 (1964). This book reviewing the 

achievements of nonlinear 

optics during the first “laser”
 years greatly promoted rapid 

development of this new field of 

science in USSR.
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            At that time S.A. Akhmanov and R.V. Khokhlov have written the first in the world book in the field of nonlinear optics : “The problems of nonlinear optics” (1964). This book reviewing the achievements of nonlinear optics during the first “laser” years and gave powerful pulse to the development of this new field of science in USSR.



Laser beam self-focusing

1965, JETP Letts.





S.A. Akhmanov, N.I. Koroteev
 “Methods of Nonlinear Optics in 

Light Scattering Spectroscopy”, 
Nauka

 
publisher , 1981.

Nonlinear laser spectroscopy

http://ufn.ru/authors/photos/large/7fc09d80.jpg


Statistical nonlinear optics

A.S. Akhmanov, A.S. Chirkin, 
1966, Radiotekh. Elektron

Second  harmonicSecond  harmonic
intensityintensity

Harmonic Harmonic 
fundamental fundamental 

wavewave

NonharmonicNonharmonic
 fundamental fundamental 

wavewave



After R.V. Khokhlov’s
 

tragical

death in 1977 professor     

S.A.  Akhmanov
 

has headed the 

incorporated general physics and 

wave processes chair and managed it 

before his death in 1991. The group of 

scientists has formed a new chair –
 the quantum electronics chair headed 

by the academician L.V.  Keldysh

Now both chairs are located in the 

Nonlinear Optics Building, which 

construction have been initiated by 

Khokhlov
 

and finished in 1980.



1947–1998

In 1992 –
 

1998 General physics 

and wave processes chair and 

International laser center of 

Lomonosov
 

Moscow State University 

(which was founded in 1989  owing 

to the efforts of S.A. Akhmanov) 

headed by N.I. Koroteev.

Owing to his talent the Chair and 

the International laser center have 

withstood during the hard period of 

90th

 

years, when Russian science 

and education were experiencing 

many difficulties. 



Achievements, determining the current 
status of modern nonlinear optics

The mathematical basics of almost all the linear and nonlinear 
wave optics nowadays is the slowly varying envelope method, 
proposed by R.V. Khokhlov

 
in 1959-1961. This method was 

developed in research works of R.V. Khokhlov, S.A. Akhmanov, A.P. 
Sukhorukov

 
and their disciples. 



The idea of parametric amplification and generation of 

light proposed by R.V. Khokhlov
 

and S.A. Akhmanov
 

in 1962 

become the foundation of numerous  theoretical and 

experimental developments.
 

The first light parametric 

oscillator in Russia started in 1965. 

Achievements, determining the current 
status of modern nonlinear optics



Achievements, leading to the new trends 
in nonlinear optics and laser physics

o Application of nonlinear optics in the development of the wave-
 mixing spectroscopy methods for the medium diagnostics (including 

principally new method, coherent antistokes
 

light scattering (CARS)).

oo Statistical nonlinear optics.Statistical nonlinear optics.

o Development of the numerical solution methods for the problems 

of statistical nonlinear optics.

http://upload.wikimedia.org/wikipedia/commons/thumb/7/7a/Schoty_abacus.jpg/518px-Schoty_abacus.jpg
http://faki.fizteh.ru/index/string_news/n_3jakm2/mgu4.jpg


Nonlinear rotation of 
polarization ellipse
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The material equation in the approximation of the first order onThe material equation in the approximation of the first order on
 

the the 
spatial dispersion parameter spatial dispersion parameter 
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THG, CARS, 
self-focusing, 

nonlinear optical 
rotation and 
deformation

BioCARS
 

etc.

Achievements, leading to the new trends 
in nonlinear optics and laser physics



Nonlinear rotation and deformation of 
polarization ellipse

E
G

E
G

nonlinear crystal Ψ

0=Ψ

Ф
Ф

Symmetry classes 1 2 3 4
+ + + +

+ +

+ + + +

+ +

+

+ +

∞,23,6,3,432,422,4
∞∞∞ ,2,622,32
mmmm 4,34,24,4

mmmmmmmmm /4,3,/,3,/6,6,3,/4 ∞
mmmmmmmm ∞∞∞ ,/,/6,26,3

mmmm ∞,6,3



Nonlinear optical processes as the basis 
for creation powerful laser systems

S.А. Аkhmanov, V.М.
 

Gordienko,
V.T.

 
Platonenko et al, Quant. Electron., 1986.



PPolarization–compressed light

А.S. Chirkin, D.Yu. Parashuk,1993

Stokes 
parameters
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Medium with absorbing inhomogeneitiesMedium with absorbing inhomogeneities

Acoustical 
detector

Laserpulse

Physical principles and devices for the optoacoustic diagnosticsPhysical principles and devices for the optoacoustic diagnostics

id

Achievements, leading to the new trends in 
nonlinear optics and laser physics



Public recognition of the prominent results of 
MSU scientists in nonlinear optics

The Lenin prize (highest state prize in USSR)

1970. R.V.
 

Khokhlov and S.А.
 

Аkhmanov

“For the investigation of nonlinear

coherent interactions in optics”

1978. А.P.
 

Sukhorukov “For the discovery and

investigation of self-
 

focusing (with

G.А.
 

Askaryan, V.V.
 

Коrobkin, V.N.
 

Lugovoy,

N.F.
 

Pilipetsky, V.I.
 

Таlanov)

http://upload.wikimedia.org/wikipedia/commons/9/92/Lenin_Prize_Medal.JPG
http://upload.wikimedia.org/wikipedia/commons/9/92/Lenin_Prize_Medal.JPG


The USSR State Prize
E.S.

 
Voronin, V.S.

 
Solomatin, Yu.А.

 
Il’inskii “For the

1975    series of works devoted to the design of nonlinear
optical converters of IR-signals and images to visible
range”

 
(with I.N.Маtveev, N.D.

 
Ustinov)

D.N.
 

Klyshko, А.N.
 

Penin, V.V.
 

Fadeev “For the
1978    discovery and investigation of parametric light

scattering and its application in spectroscopy and
metrology”



The USSR State Prize
А.I.

 
Коvrighin, А.P.

 
Sukhorukov “For the theory

1984       and design of new generation of high-efficiency
nonlinear optical converters”

 
(with B.V.

 
Bokut’,

V.D.
 

Volosov,  V.G.
 

Dmitriev,
 

А.А.
 

Кulevskii,
А.S.

 
Piskarskas, T.R.

 
Rustamov, T.

 
Usmanov,

G.I.
 

Freidman)  



O.A. Aktsipetrov, P.K.
 

Kashkarov, V.I.
 

Panov
2002  “Electronic and atomic processes on the surfaces of

solid bodies”
 

(with Yu.
 

Aristov, A.M.
 

Ionov, V.G.
 

Lifshic,
V.N.

 
Ovsuk) 

The Russian Federation State Prize

O.V.Rudenko, A.S. Chirkin “Dynamics of intense 
noise

1997 waves and nonlinear patterns in media without
dispersion”

 
(with A.N. Malakhov, A.I. Saichev, 

S.A. Ribak, E.N. Pelinovsky,, V.E. Fridman)



Lenin’s komsomol prizes and State awards of Russian 
Federation for the young scientists

A.V. Andreev, A.M. Zheltikov, V.N. Zadkov, A.A. Karabutov, S.A. 
Shlenov, A.B. Fedotov

M.V. Lomonosov prize
 

(MSU)
S.A. Akhmanov, V.I. Emel’yanov, V.P. Kandidov, A.A. 
Karabutov, N.I. Koroteev, V.A. Makarov, O.V. Rudenko, A.P. 
Sukhorukov, R.V.Khokhlov, A.S. Chirkin

Public recognition of the prominent results of 
MSU scientists in nonlinear optics



L.V. Keldysh, V.A. Makarov, V.V. Mikhaylin (with
Yu.V. Коpaev, I.N. Zavestovskaya, V.N. Оchkin,
L.P. Presniakov, V.F. Elesin,

 
Т.V.Маrinina,

 
V.P.Shorin)

20042004 ““For the training of high quality specialists, new   For the training of high quality specialists, new   

scientific and educational technologiesscientific and educational technologies””

Public recognition of the scintific school of 
R.V. Khokhlov and S.A. Akhmanov

Russian Federation President Prize in the field 
of education

http://images.google.ru/imgres?imgurl=http://www.avanta.ru/new/Medal.gif&imgrefurl=http://www.avanta.ru/index.asp?Kod=18&usg=__HGY48itnW0ioMG5lxEKAfwbC9Ns=&h=328&w=206&sz=13&hl=ru&start=60&itbs=1&tbnid=yLEEA-YBSQpiuM:&tbnh=118&tbnw=74&prev=/images?q=%D0%9F%D1%80%D0%B5%D0%BC%D0%B8%D1%8F+%D0%BF%D1%80%D0%B5%D0%B7%D0%B8%D0%B4%D0%B5%D0%BD%D1%82%D0%B0+%D0%B2+%D0%BE%D0%B1%D0%BB%D0%B0%D1%81%D1%82%D0%B8+%D0%BE%D0%B1%D1%80%D0%B0%D0%B7%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F&start=54&hl=ru&newwindow=1&sa=N&ndsp=18&tbs=isch:1


2011 will be fiftieth anniversary of laser 
nonlinear optics

http://win-web.ru/img/sb/b/ahmanov_fizopt.jpg
http://razym.ru/uploads/posts/2010-03/1268588177_fizika-moshhnogo-lazernogo-izlucheniya.jpg


International Conferences on Coherent International Conferences on Coherent 
and Nonlinear Opticsand Nonlinear Optics

1965, Naroch1965, Naroch--LakeLake
2010, Kazan2010, Kazan



•• Fundamental problems of laser radiation interaction with matterFundamental problems of laser radiation interaction with matter
•• Nonlinear laser spectroscopy and optical diagnosticsNonlinear laser spectroscopy and optical diagnostics
•• Quantum opticsQuantum optics
•• Wave propagation in nonlinear medium and atmosphereWave propagation in nonlinear medium and atmosphere
•• Laser optoLaser optoacoustic 
•• Laser biophysics, chemistry and biomedicineLaser biophysics, chemistry and biomedicine
•• Physics of superstrong light fieldsPhysics of superstrong light fields
•• Nonlinear polarizational opticsNonlinear polarizational optics
•• Laser acoustics and nonlinear acousticsLaser acoustics and nonlinear acoustics
•• FemtoFemto--

 
and nanotechnologiesand nanotechnologies

•• Terahertz opticsTerahertz optics
•• Adaptive optics and systems with optical feedbackAdaptive optics and systems with optical feedback
•• Photonic crystal and microstructured fiber opticsPhotonic crystal and microstructured fiber optics

Research areas
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Initial pulse
45 fs, 5

 

mJ, 800 nm

Vessel with Ar

Professor
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А.B. Savel’ev, О.G. Kosareva,
ILC MSU, 2009

FilamentFilament

Filamentation of femtosecond laser pulses 
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1001000 m0 m
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Prof. Prof. 
V.P.KandidovV.P.Kandidov

Propagation of powerful femtosecond light 
pulses distances in atmosphere distances in atmosphere 

Associate prof.Associate prof.
S.A.ShlenovS.A.Shlenov

Associate prof.Associate prof.

 
O.G.Kosareva

1

1

2

2

3
3

4
4
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Nonlinear polarization optics

Incident Gaussian 
beam at ω

 
frequency

The beam at 2ω
 frequency reflected 

from chiral surface

Left circular 
polarization

Right circular 
polarization

V.A.Makarov, I.A.Perezhogin, 2006, 2009



Cross-section of reflected beam at sum frequency (normal incidence)

1−=M 01 <<− M 0=M 10 << M 1=M

Singular nonlinear polarization optics
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C-point of ‘lemon’
 

type in cross-section 
of second harmonic beam
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Light at the end of chiral medium

0=z

Lz =



Femtosecond pulses of superstrong light field: 
physics of matter under extreme conditions

ProfessorProfessor
V.M. GordienkoV.M. Gordienko

•Generation of supershort 
pulses in IR, visible and UV
•

 
Interaction of femtosecond 

pulses with plasma of modified 
targets

Professor
A.B. Savel’ev

It was shown at the first 
time, that the excitation of 
low-energy nuclear levels is 
possible in case of 
interaction of femtosecond 
laser pulse with intensity 
10101717WW//cmcm22 with target.
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Associate prof.Associate prof.
A.B.FedotovA.B.Fedotov

Prof. Prof. 
A.M.ZheltikovA.M.Zheltikov

Photonic crystal and microstructured fiber Photonic crystal and microstructured fiber 
opticsoptics

A.M. Zheltikov, Microstructured
 fiber optics

 

(2004)



Spectrometer

Yb oscillator
(100 fs, 400 mW, 

1058 nm, 70 MHz)

 PCF 

λ/2

PG

λ/2

PG

Solitons with different polarization in 
nonisotropic microstructured  fibers

А.М. Zheltikov, MSU



Self-conversion of laser frequency
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A.A.Golubkov, V.A.Makarov, 2010

The inverse nonlinear optical problem

1. How one can calculate                          on the base of
 known parameters all reflected and transmitted waves?

2. How many solutions does this problem have? 
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ProfessorProfessor
A.N. PeninA.N. Penin

THz spectroscopy and matter diagnostics

Associate Associate 
professorprofessor

A.P. ShkurinovA.P. Shkurinov

Dr.Sci. 
G.Kh. KitaevaG.Kh. Kitaeva

http://www.phys.msu.ru/upload/iblock/02c/211.gif
http://ufn.ru/authors/photos/large/b04139a8.jpg
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synchronic interactions



THANK YOU FOR YOUR 
ATTENTION!
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