PREFACE

The present volume includes plenary talks presented at the Inter-
national Advanced Research Workshop on “Modern Problems in Optics
and Photonics”, MPOP-2009. The Workshop was held in Armenia, from
27 August to 2 September, 2009. Hosts were Yerevan State University and
Institute for Physical Research of National Academy of Sciences. The Work-
shop was bestowed to the 90-th Anniversary of the Yerevan State Univer-
sity (http://www.ipr.sci.am/mpop/). It provided an opportunity to bring
together experienced and young scientists on various facets of modern op-
tics and photonics, to converse and consider the most recent developments
in these areas.

Modern laser optics and nanoscience are perhaps the fastest growing
areas of material research and technological development. Photonic science
is concerned mainly with optical investigations elaborating the new funda-
mental concepts, the generation and technological utilization of photons.
For the further development of optical and laser technologies the quest
for new materials and principles for generation, transmission, modulation,
signal processing, switching, amplification and manipulation of photons
are necessary. When photonics merges with nanoscience and nanotechnol-
ogy, spatial confinement considerably modifies light propagation and light-
matter interaction. It should also be noted that the impetuously growing
directions of quantum information and quantum computing are primarily
focused on the methods of quantum optics and novel composite materi-
als. Therefore, it is expected that photonic technologies progressively gain
importance in the 21st century.

Optics and laser research has a long lasting history in Armenia. In a
rapidly changing field like modern optics and photonics it is not so easy
exactly to formulate a standpoint of the field. Therefore, we as organizers
of the workshop have tried to cover large area of topics and problems in
this field. We hope that the workshop provides an impulse of the current
activity at the research frontier of the areas.

The 22 papers are the end result of highly selective review process. They
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represent the state of the art in quantum optics and spectroscopy of the
structured nonlinear media. This material is segregated into three chapters:
Quantum optics, Structured materials and Photonic processes, Nonlinear
optical effects and Spectroscopy.

Chapter I presents articles on quantum optical phenomena. In this chap-
ter, the different aspects of light propagation in atomic and nuclear media,
including phase control of light propagation through closed-loop atomic me-
dia and coherent control of nuclear forward scattering are discussed. In the
other part, high-order harmonic generation with strong laser pulses employ-
ing electron ionization-recollision from highly charged ions is investigated
in the relativistic regime. Generation of entangled light and superbunched
photons via laser-multiparticle interactions as well as entanglement phe-
nomena for matter waves is also studied. The Chapter contains discussion
on irreversible photon transfer in an ensemble of -type atoms as well as
a photonic diode. The results on applications of the frequency modulated
(chirped) laser pulses in atomic physics are presented. This Chapter also
elaborates on the investigation of quantum effects in a dissipative chaos
where the counterpart of the semiclassical Poincaré section in quantum
treatment is discussed. The prospect of utilizing quantum phases of light
in a single atom driven by multiple different modes of photons is presented
for possible quantum devices. Furthermore, the investigation of quantum
adiabatic dynamics, where the external field moves slowly in time and is
influenced by system’s state (feedback) is presented. The Chapter also in-
cludes a meticulous analysis of several versions of Landau-Zener transition
in nonlinear quantum systems.

Chapter II consists of papers mainly dedicated to structured nonlinear
media, quantum dots and photonic devices. The multiple interactions in su-
perlattice structures of nonlinear second-order material leading to the simul-
taneous quasi-phase matching of several parametric processes are discussed.
A review and original studies of integrated photonic device structures with
nanoscale features and sensitive applications are included in this chapter.
One and two electronic and excitonic states in quantum dots with the non
trivial geometries are discussed in the next article. The nanostructures are
considered as the basics of novel photonic devices. In the other part, the
properties of planar plasmonic structures and nonlinear metal-dielectric sub
wavelength waveguides are investigated. The Chapter also involves material
devoted to computer algebra study of structural and symmetry properties
of discrete dynamical systems. A complete analysis and characterization of
the bound and scattering states of two and three bosonic atoms in a one-
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dimensional optical lattice are presented. A vital phenomenon for atomic
polaritons in a cavity array for the interaction of two-level atoms with
quantized optical radiation in the strong coupling regime is also discussed.

Chapter III comprises articles on nonlinear optical effects and spec-
troscopy. The experimental investigations of formation of spectrally narrow
optical resonances based on resonant absorption and fluorescence processes
in an extremely thin vapor cells with smoothly variable thickness compa-
rable with the resonant wavelength is presented. The nonlinear magneto-
optical resonances in atomic rubidium in extremely thin cells are studied
both experimentally and theoretically with high accuracy. The other con-
tribution describes the modern problems of laser separation of isotopes in
atomic vapors. The Chapter also incorporates both theoretical and exper-
imental investigations of two-dimensional confined terahertz wave propa-
gation in gap plasmon waveguide formed by two cylindrical surfaces. The
complete characterization of the broadband similariton by means of the
chirp measurement through the technique of spectral compression and fre-
quency tuning in the sum-frequency generation process is presented in the
last article.
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