
 

 

Program 

 

WEDNESDAY, JUNE 20, 2012 

17:45 - 19:45 Young scientists and students 5-minute talks & posters 

17:45 - 17:55 Kseniya Goroshko 
Analytical investigation of THz radiation generated by long two-color 
femtosecond pulses in a dielectric third-order nonlinear medium 

17:55 - 18:05 Egor Sedykh Software for control of continuous wave terahertz spectrometer 

18:05 - 18:15 Sergei Stremoukhov Terahertz response in two-color arbitrary polarized light 

18:15 - 18:25 Mariya Tsurkan Review: Impact of terahertz radiation on cell systems 

18:25 - 18:35 Anna Ezerskaya 
Investigation of the possibility of diagnostic cataract lenses of human’s 
eyes in the THz rang 

18:35 - 18:45 Vera Andreeva 
Low-frequency few-cycle pulses generation by four-wave mixing in 
femtosecond filament in gases 

18:45 - 18:55 Evgeniya Smetanina 
Interference nature of supercontinuum anti-Stokes wing in filamentation 
under anomalous GVD 

18:55 - 19:05 Irina Zhvania 
Plasma filament and spectral modification in the intense laser-cluster 
interaction 

19:05 - 19:15 Aleksander Dergachev Filamentation of femtosecond IR and UV laser pulses in focused beams 

 



 

Scientific school for students and young scientists 

 "Nonlinear optics and terahertz radiation" 

 

June 20-21,  2012 

M.V. Lomonosov MSU 

Moscow, Russia 

 

 

Book of Abstracts 

 

 

 

 

 

 

 

 



 

2 

 

Abstract— This study is unique in that it predicts  generation 

of THz  radiation in a field of two different-frequency fs pulses 

propagating in a third-order nonlinear medium without plasma 

occurrence (ie, at low intensities of input pulses). 

I. INTRODUCTION AND BACKGROUND 

 Hz range could be considered as practically unexplored at 

the moment, since the commercial devices are still being 

developed and investigated. In contrast to the 

neighbouring ranges of microwave and infrared radiation, THz 

range is quite difficult to obtain in practice. Despite the fact 

that many research laboratories possess plants to generate and 

research THz waves each experiment stays costly and difficult 

in performance. Therefore, it is important to develop 

theoretical and modeling methods of these phenomena. 

Effects that arise in the interaction of femtosecond pulses in 

third-order nonlinear medium are investigated in details by 

many scientific groups [1]. 

II. RESULTS 

In this work it is shown that the intensity of the generated 

combination frequencies has a quadratic dependence on the 

intensity of the main pulse and the linear dependence on the 

intensity of second-harmonic pulse. 
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Figure 1 Intensity of THz radiation as a function of the phase shift 

between the input pulses 

 

Generation efficiency varies depending on the spatial shift 

of the input pulses by a harmonic law, and the change period is 

quarter period of the fundamental radiation, or half period of 

the second harmonic.  

It is shown that the efficiency of energy transfer in THz 

power increases linearly with the increasing of cubically 

nonlinear medium layer. When the typical time of input pulses 

is less than 1 ps, generation efficiency remains constant, of the 

order of 10−7%,  , when typical time of the input pulses is greater 

than 1 ps, efficiency decreases logarithmically. 
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These results can be used for interpreting and predicting the 

results of experiments on the generation of THz radiation in 

the field of two femtosecond optical pulses in a medium with 

cubic nonlinearity and for  optimization of input parameters to 

improve the efficiency of generation of THz radiation. 
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Figure 2 Schematic diagram of the titanium-sapphire femtosecond laser 

system for generation of THz radiation 
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Abstract  

We have assembled a CW THz spectrometer and designed 

software to control the installation and automatically acquire the 

data. 

 

INTRODUCTION  

The frequency domain from 100 GHz to 10  is often 

referred as the “terahertz gap”. Depending on the techniques 

employed for the generation of the radiation it is called either a 

sub-mm or a far-infrared region. For a long time the THz 

frequency had been suffering from a significant lack of 

technological development, thus this part of the 

electromagnetic spectrum has recently drawn attention of 

scientists all over the world. For many applications it is 

alluring to use  THz radiation,  due to its transient position, 

which makes possible to gain detailed molecular information 

and easily penetrate normally diffusive materials. The most 

well-known THz application is security screening of airline 

passengers, however the astrophysical community has 

successfully been utilizing THz radiation for a number of 

decades during which it was providing significant information 

such as the visualization of objects hidden behind interstellar 

dust clouds. New applications of THz radiation heavily depend 

on the availability of powerful sources that can cover the entire 

THz band, and sensitive detectors with short response times at 

room temperature [1]. 

One of the most promising approaches for generation 

and detection of tunable terahertz  radiation with large 

scanning bandwidths and good signal-to-noise ratios is based 

on photomixing in photoconductive switch (PCS) devices 

fabricated in low-temperature-grown gallium arsenide (GaAs) 

and erbium arsenide:gallium arsenide (ErAs:GaAs). In the 

frequency-domain technique, continuous-wave (CW) terahertz 

radiation is produced through photomixing of the combined 

output of two single-frequency diode lasers in a PCS. In this 

heterodyne approach, the wavelength of one (or both) of the 

lasers is tuned to vary the terahertz output frequency. It is 

necessary to have special software to control laser parameters 

and tune laser wavelength. In this work such software has been 

developed.  

 

 

 

 

RESULTS 

  

 
Figure 1: Installation diagram. 

 

Our CW THz software module to control parameters of 

infrared laser is a simple-to-use program designed for 

researchers who need to study materials properties at THz 

frequencies with high resolution. The module was developed 

using NI LabVIEW graphical development environment.  The 

software can sweep from 100 GHz to 18 THz in a single linear 

rapid scan with frequency resolution better than 0.125 GHz or 

can 'frequency hop' between frequencies of interest to scan 

specific regions of the spectrum with varying degrees of 

resolution. It allows modifying of laser wavelength, laser 

power, modulation mode and other laser parameters. The 

software module has friendly user interface and it can be fully 

integrated into software for CW THz spectrometer. 
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Abstract—The terahertz radiation corresponds to wavelengths 

from 30 μm to 3 mm. With relatively low photon energy of 0.41 to 

41 meV, radiation within this frequency range is considered non-

ionizing. The peculiarity of the terahertz radiation lies in the fact 

that a significant part of the vibrational-rotational spectrum of 

water and many organic molecules including biologically active 

macromolecules (i.e. proteins and nucleic acids), as well as the 

frequencies of intermolecular interactions are located in its 

frequency range. Despite the recent technological applications of 

THz radiation in biology and biomedicine, which are based on the 

specific spectroscopic fingerprints of biological matter in this 

spectral region, very little is known about its interaction with 

biological systems. This is reflected in an increasing number of 

works, related to the study of possible effects that are caused by 

the absorption of THz radiation by various biological objects at 

different levels of biological organization. This review will 

consider some of them, devoted to effects on cellular systems. 

I. INTRODUCTION AND BACKGROUND 

The recent development of new sources to generate terahertz 

radiation with high spectral sensitivity and resolution allowed 

the creation of new technologies, ranging from 

telecommunication to biology and biomedicine. The study of 

the potential effects of THz radiation on biological systems is 

then an important issue in order to safely develop a large 

number of applications. Since energy of this radiation is 

comparable to the energy of hydrogen bonds, van der Waals 

forces of intermolecular interactions and charge-transfer 

reactions, it can cause nonlinear resonance mechanisms in 

biomolecules. This can lead to profound effects on the 

chemical and enzymatic kinetics. That may affect the normal 

functioning of a cell, an organ or an organism. It is better to  

start a systematic investigation of the effect of terahertz  fields 

on simple objects like cell cultures.  

A number of papers describe the changes of cell morphology 

and viability, as well as the ability to maintain the membrane 

potential, using THz radiation of different frequencies and 

power densities. Several studies have indicated both 

stimulatory and inhibitory effects on cell systems. Thus at 

paper (1) the authors report that an exposure to THz radiation 

at a frequency of 0.136 THz for 150 and 240 min results 

inhibition of cell growth at 2 and 7 times, respectively. 

Interestingly, other researchers do not observe these effects 

when they try to repeat the results of this work using the same 

methodology (2). Morphological changes and cell death of 7% 

of rat kangaroo kidney epithelial cells have been described in 

the paper (3).These effects were achieved by radiation with a 

frequency of 1.5 THz, a power density of 0.1 mW/cm
2
 and 

irradiation times from 1-10 minutes. The same result was 

statistically confirmed by significant increases in the inhibition 

of DNA synthesis in THz exposed cells, which was 

furthermore confirmed in a subsequent paper from the same 

authors (4). In the paper (5) authors observed an increase and 

decrease, respectively, in growth of yeast cells 

(Saccharomyces CEREVISIAE) under the influence of a 

continuous source of THz radiation with frequencies of 0.2-

0.35 THz and a power density of 5.8 mW/cm
2
. The appearance 

of lipid droplet-like inclusions in the cytoplasm of mouse stem 

cells was observed after a prolonged (540min) exposure to 

broadband THz radiation (centered at 10 THz with a power 

density of 1 mW/cm
2
) (6). In work (7) broadband pulsed THz 

radiation in the frequency range of 0.05 to 2 THz increases the 

stimulating effect on nerve cells growth with decreasing power 

of the used radiation (0.5 µW/cm
2
). 

II. CONCLUSIONS 

THz radiation, with a fundamental period in the pico-second 

range, is uniquely suited to control functions in molecular 

systems of central importance for living organisms. 

Unfortunately, the available data related to the influence of 

THz radiation on biological systems, and the understanding of 

the precise mechanisms governing this influence, are limited 

and the subject of debate. Due to the fact that both positive and 

negative effects are relevant, the study of the potential effects 

of THz radiation on biological systems and their mechanisms is 

an important issue.  
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Was revealed correlation between the optical density of the 

nucleus of the lens in terahertz range with its density, 

determined according to the classification of L. Buratti. 

Sealing of the lens fibers caused by senile cataract, increases 

the reflectivity of the lens in the THz range. The temporal 

structure of reflected THz signals allows to determine the 

spatial distribution of density in the lens. 

Terahertz radiation, having a high penetrating 

power and a relatively small scattering in the absence of 

ionizing effects
1
, can be used to diagnose eye diseases 

such cataract, which is the lead reason for the reduction 

vision in the world. 

Due to the urgency of implementing a number of 

problems the THz reflection spectra of modified lens 

cataract human's eyes with varying degrees of density of 

the nucleus was investigated in this paper. They were the 

lenses of the third and fourth degrees of density of 

classification L.Buratto. Medium Borzenka-Moroz was 

used to store lenses in the most natural state. 

To study reflection spectrum was used the THz 

spectrograph. It was found that the reflection of THz 

radiation frequency range from 0.6 to 0.9 THz from the 

cataract modified lens with 4-th power density of the 

nucleus was 20-30%, while the reflection from the cataract 

modified lens  with 3 - th power density of the nucleus was 

about 5-15% (Fig. 1). 

 

Fig. 1. Reflection spectra of the  cataract 

modified lens with varying degrees of density of the 

nucleus. 

The amplitude of the THz pulse reflected from 

the surface of the lens (Fig. 2) with the 4-th power density 

of the nucleus exceeds almost twice the amplitude of the 

pulse reflected from the surface of the lens of the 3-d 

degree of density. 

For a lens with a 3-d degree of density we observed two 

reflection THz pulse with a time delay between them 6 

ps, for 4-degree density of kernels we observed only one 

reflection, because virtually all lens is opacification. 

 

Fig. 2. Wave form of terahertz pulse reflected from 

the cataract modified lens with varying degrees of 

density of the nucleus 

  

The use of the THz reflectometric spectrometer 

allows to establish a correlation between the optical 

density of the lens’s nucleus in the terahertz range 

with its density, according to the classification of L. 

Buratto.  

Hardening of the lens‘s fibers caused by senile 

cataract increases the reflectivity in the THz range, 

that may allow the diagnosis of stage of disease 

development.  

The temporal structure of signal of the THz 

reflectometric spectrograph allow to determine the 

spatial distribution of density in the lens.  
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Abstract—Supercontinuum (SC) spectrum formation in 

filamentation under anomalous GVD regime in fused silica was 

investigated experimentally, numerically and analytically. It was 

found that the separate anti-Stokes wing of SC is the result of 

interference of the radiation from  broadband source, that moves 

along the filament emitting region in dispersive media.  

I. INTRODUCTION AND BACKGROUND 

Filamentation of femtosecond laser pulses in transparent media 

is accompanied by generation of a supercontinuum (SC) 

ranging from the UV to the near IR 
1-3

. The maximum positive 

frequency shift of the SC spectrum does not depend on the 

intensity of the laser pulse and the spectrum remains constant 

at different pulse energies that generate single and multiple 

filamentation 
4
. The analytical, numerical and experimental 

investigation of frequency-angular SC spectra in filamentation 

under different GVD is presented in 
5
. 

In this paper we demonstrate experimentally and analytically 

that in the regime of anomalous dispersion in fused silica an 

isolated anti-Stokes wing (ASW), which is located in the 

visible region of SC, is formed in femtosecond filament. We 

found that with increasing of femtosecond pulse central 

wavelength the spectral band of isolated ASW becomes 

narrower, the intensity of its spectral components and the 

detuning from the pulse central wavelength increases. We 

showed that ASW of the SC is formed due to peculiarities of 

interference and self-phase modulation of the light field in the 

anomalous GVD regime. 

The experimental setup consisted of a femtosecond laser 

source based on a tunable parametric amplifier (TOPAS) 

combined with a regenerative amplifier Spitfire Pro. 

Femtosecond laser pulses were focused by 50-cm silica lens on 

the front face of the fused silica sample, which represented an 

optically polished acute-angled wedge. The diameter of the 

beam waist was about 100 microns. Generated SC was 

collected by an achromatic lens to the monochromator with a 

matt plate at the entrance window. Spectroscopic 

measurements of SC in the range 400 ÷ 1100 nm were carried 

out with a monochromator Solar TII MS2004, the 

spectrometer dynamic range was about 10
3
. 

In the experiment the central wavelength of fs pulses was 

varied within the range from λ0 = 1200 nm, which corresponds 

to the zero GVD, up to λ0 = 2100 nm, which corresponds to 

the strong anomalous GVD in fused silica. Initial duration of 

used pulses was 70 ÷ 80 fs (FWHM). Their energy was 

increased from 2.2 μJ for pulses at the central wavelength 

λ0 = 1200 nm to 4.1 μJ for pulses at λ0 = 2100 nm, so the ratio 

Ppeak / Pcr ≈5. Analytically we have considered the interference 

of SC radiation, which according to 
6
 is coherent. Following 

the interference model 
7
 we obtained the pulse spectrum in the 

form of: 
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where ),(0 is a spectral amplitude of the broadband SC 

point source (we took 1),(0 ), which moves with pulse 

group velocity gv  along the emitting region with length l.  

II. RESULTS 

We have shown that the formation of isolated anti-Stokes 

wing of the SC in the femtosecond pulse at a wavelength of 

1200 ÷ 2100 nm in fused silica is a consequence of the 

characteristics of filamentation in the anomalous GVD. Effect 

of anomalous GVD on the spectrum of the supercontinuum is 

determined by two factors: first - increasing anti-Stokes 

spectral broadening due to a strong steepening of the pulse 

front, the second - the destructive interference of broadband 

supercontinuum radiation in the band between the isolated 

anti-Stokes wing and the broadened spectrum of the pulse. 

Interference model spectra )(S interf  agree qualitatively with 

spectra )(Sexp , which were obtained experimentally (Fig.1).  

 
Fig.1. SC Anti-Stokes wing spectra.  

This work was supported by Russian Fund for Basic Research 

grants № 11-02-00556-а and 11-02-90421-Укр_ф_а  
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Abstract—Production of plasma filament with multifocal 

structure under interaction of intense (I~1016 W/cm2) chirped 

femtosecond laser pulses with argon clusters is accompanied with 

effective laser energy deposition. As a result, the amplitude of 

trailing spectral components of laser pulse drops.  

 

I. INTRODUCTION AND BACKGROUND 

owadays the nonlinear processes induced by interaction 

of laser radiation with intensities exceeding I>10
15

 W/cm
2 

with clusters is an active area of research. High energy 

ions, electrons and hard X-ray could be generated effectively 

in cluster plasma. 

Propagation of focused femtosecond laser radiation in 

cluster media is accompanied with self-focusing and plasma 

channel formation, due to the evolution of the transient cluster 

polarizability induced by the laser pulse. The process of self-

focusing influence on efficiency of energy absorption and, 

thus, hard X-ray generation. 

Characteristic X-rays from cluster nanoplasma is an 

interesting problem since it contains information about the 

processes occurring in cluster nanoplasma and can be used for 

radiography of micro- and nanoobjects with high spatial and 

temporal resolution. 

In this work we study the peculiarities of plasma 

filament, generated in cluster jet after its interaction with 

chirped laser pulse and its spectral modifications as a result of 

effective laser energy absorption.  

II. RESULTS 

In our experiments we monitored plasma filament, 

generated in the cluster jet by intense (I~10
16

 W/cm
2
) chirped 

(t~300fs) laser pulses, with CCD camera. Simultaneously, we 

measured the integral X-ray yield in the range more than 

2.5keV and registered the spectrum of laser radiation. 

We have studied plasma filament structure depending on the 

lens focal plane position relatively to the jet axis. In the 

majority of cases we have observed long filament with the 

length that was much greater than the Rayleigh length.  

When the focal point is positioned in front of cluster jet 

axis (in the area of front jet edge), the long nonuniform 

filament with multifocal structure is generated (Fig.1a). Such 

focal point position corresponds to the maximal X-ray yield 

from cluster nanoplasma. Effective energy absorption and X-

ray generation occur in areas where the laser beam "collapses" 

and reaches its maximum intensity. That is, multifocal 

filamentation mode leads to effective laser-cluster interaction. 

To confirm the presence of self-focusing effect we 

positioned the focal point at the distance of ~3 mm before the 

cluster jet edge. In this case the divergent laser beam interacts 

with the nonlinear media and the filament is produced (Fig. 

1b). In this regime we also registered low X-ray yield. The 

interconnections between plasma filament structure and hard 

X-ray generation will be discussed in detail in “Laser Optics – 

2012” conference
1
.  

  
a b 

 Fig.1. Plasma filament image for focal plane (showed by 

arrow) positioned a) 3mm in front of the cluster jet; b) in the 

front edge of the cluster jet. 

 

We observed modification of spectrum of the chirped 

laser pulse interacted with clusters (Fig. 2). It was found that 

the amplitude of the spectral components of the rising edge of 

the pulse remains practically unchanged, while the amplitude 

of the spectral components of the trailing edge (coming within 

a few hundred femtoseconds) drops.  

The value of absorbed energy (that was estimated from 

the spectra) was of the order of 60% and corresponds to the 

value measured using opto-acoustic detector. 

 

Fig. 2. Spectral modifications of the chirped laser pulse 

interacted with cluster jet. 
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Abstract—Filamentation of IR and UV pulses in focused beams 

was studied numerically. Filament and plasma channel 

parameters for UV pulse show strong dependence from initial 

focusing whereas for IR pulse this dependence is insignificant. 

 

I. INTRODUCTION AND BACKGROUND 

EMTOSECOND laser pulse filamentation is characterized 

by the formation of high energy density region 

accompanied by plasma channel
1
. The values of laser field 

peak intensity and peak free electrons concentration are the 

product of dynamic balance of Kerr and plasma nonlinearities. 

Thus it is hard to influence on them by means of initial 

conditions. On the other hand these values determine filaments 

applications. We study how initial beam focusing influences 

on pulse filamentation in IR and UV ranges. 

In numerical simulations we took 100 fs (FWHM) laser 

pulses with central wavelength 800nm and 248 nm. For both 

cases initial beam radius was 4 mm and 2 focal lengths were 

studied: 50 m and 5 m. Energy of the pulses was chosen so 

that peak pulse power was equal to 10 critical powers of 

selffocusing (2.5 GW for 800 nm and 70 MW for 248 nm). 

Mathematical model took into account effects of diffraction, 

dispersion in air, delayed Kerr and plasma nonlinearities and 

attenuation due to ionization. For 800 nm we took ionization 

model based on PPT, for 248 nm for the studied intensities 

multiphoton ionization took place. 

II. RESULTS 

Fluence (top) and plasma concentration (bottom) 

distributions are presented for all 4 cases. We found that 

filament and plasma channel consist of several regions along 

propagation regions when geometrical focusing is weak. For 

tight focusing these regions merge into continuous one. Also 

for tight focusing filament propagates beyond linear focus 

whereas for weak focusing it disappears before it. 

It was found that such filament and plasma channel 

parameters like their radii, peak intensity, peak fluence, peak 

plasma concentration, linear concentration of free electrons 

(ordinary concentration integrated over cross-section) remain 

practically the same for different focusing for IR pulse. But for 

UV pulse the decrement in focal length changes peak intensity 

and peak fluence by several times and plasma concentrations 

more than by one order. 

This difference can be explained by different ionization 

rates for these wavelengths. For small intensities ionization 

rate is proportional to laser intensity to the power K, where K 

is minimal number of photons whose energy is more than 

ionization potential. For oxygen this parameter is 3 at 248 nm 

and 8 at 800 nm, for nitrogen – 4 and 11 respectively. Thus 

plasma nonlinearity is stronger for IR pulse and linear factors 

such as initial beam focusing influence slightly filament 

parameters. Therefore it is much simpler to control filament 

parameters for UV pulse. 

 

 

 
 

 
 

 
 

 

REFERENCES 

[1] A. Couairon, A. Mysyrowicz, “Femtosecond filamentation in transparent 
media”, Physics Reports, vol. 441, iss. 2-4, 2007, pp. 47-189.  

Alexander A. Dergachev
a
, and Svyatoslav A. Shlenov

b
 

a
 Physics Dept. Lomonosov Moscow State University, Moscow Russia 

 

Filamentation of femtosecond IR and UV laser pulses in focused beams 

F 

λ 
=

 8
0

0
 n

m
, 

f 
=

 5
 m

 
λ 

=
 8

0
0

 n
m

, 
f 

=
 5

0
 m

 
λ 

=
 2

4
8

 n
m

, 
f 

=
 5

0
 m

 
λ 

=
 2

4
8

 n
m

, 
f 

=
 5

 m
 



 

Participants Awarded for the best student report: 

1
st
 prize 

Evgeniya Smetanina 

2
nd

 prize 

Kseniya Goroshko 

Irina Zhvania 

Mariya Tsurkan 

3
rd

 prize 

Aleksander Dergachev 

Anna Ezerskaya 

Sergei Stremoukhov 

The Jury of the student session: 

Professor See Leang Chin    

Professor Andre Mysyrowicz 

Professor Xi-Cheng Zhang 

Professor Alexander M. Popov 

Professor Olga V. Tikhonova 

Professor Mikhail V. Fedorov  

Professor Andrei N. Stepanov 

Professor Valerii P. Kandidov  

Dr. Olga G. Kosareva 

Nikolai A. Panov  

 

 

 


