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This resource delves into the intricacies of dispersion complex analysis and optical spectroscopy, build-
ing upon classical theory as found in prominent works like Springer Tracts in Modern Physics. It also
thoroughly addresses conceptual physics, offering a robust framework for concept development and
practical application, making it ideal for students and researchers aiming to solidify their understanding
in advanced physics.
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Dispersion, Complex Analysis and Optical Spectroscopy

This book is devoted to dispersion theory in linear and nonlinear optics. Dispersion relations and
methods of analysis in optical spectroscopy are derived with the aid of complex analysis. The book
introduces the mathematical basis and derivations of various dispersion relations that are used in
optical spectroscopy. In addition, it presents the dispersion theory of the nonlinear optical processes
which are essential in modern optical spectroscopy. The book includes new methods such as the
maximum entropy model for wavelength-dependent spectra analysis.

Dispersion, Complex Analysis and Optical Spectroscopy

This book is devoted to dispersion theory in linear and nonlinear optics. Dispersion relations and
methods of analysis in optical spectroscopy are derived with the aid of complex analysis. The book
introduces the mathematical basis and derivations of various dispersion relations that are used in
optical spectroscopy. In addition, it presents the dispersion theory of the nonlinear optical processes
which are essential in modern optical spectroscopy. The book includes new methods such as the
maximum entropy model for wavelength-dependent spectra analysis.

Dispersion Forces |l

In this book, a modern unified theory of dispersion forces on atoms and bodies is presented which
covers a broad range of different aspects and scenarios. Macroscopic quantum electrodynamics is
applied within the context of dispersion forces. In contrast to the normal-mode quantum electrody-
namics traditionally used to study dispersion forces, the new approach allows to consider realistic
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material properties including absorption and is flexible enough to be applied to a broad range of
geometries. Thus general properties of dispersion forces like their non-additivity and the relation
between microscopic and macroscopic dispersion forces are discussed. It is demonstrated how the
general results can be used to obtain dispersion forces on atoms in the presence of bodies of various
shapes and materials. In particular, nontrivial magnetic properties of the bodies, bodies of irregular
shapes, the role of material absorption, and dynamical forces for excited atoms are discussed. This
volume 2 deals especially with quantum electrodynamics, dispersion forces, Casimir forces, asymptotic
power laws, quantum friction and universal scaling laws. The book gives both the specialist and those
new to the field a thorough overview over recent results in the context of dispersion forces. It provides
a toolbox for studying dispersion forces in various contexts.

Springer Tracts in Modern Physics

Experimental advances in helium atom scattering spectroscopy over the last forty years have allowed
the measurement of surface phonon dispersion curves of more than 200 different crystal surfaces
and overlayers of insulators, semiconductors and metals. The first part of the book presents, at a
tutorial level, the fundamental concepts and methods in surface lattice dynamics, and the theory

of atom-surface interaction and inelastic scattering in their various approximations, up to the recent
electron-phonon theory of helium atom scattering from conducting surfaces. The second part of the
book, after introducing the experimentalist to He-atom spectrometers and the rich phenomenology of
helium atom scattering from corrugated surfaces, illustrates the most significant experimental results
on the surface phonon dispersion curves of various classes of insulators, semiconductors, metals,
layered crystals, topological insulators, complex surfaces, adsorbates, ultra-thin films and clusters. The
great potential of helium atom scattering for the study of atomic scale diffusion, THz surface collective
excitations, including acoustic surface plasmons, and the future prospects of helium atom scattering
are presented in the concluding chapters. The book will be valuable reading for all researchers and
graduate students interested in dynamical processes at surfaces.

Atomic Scale Dynamics at Surfaces

Time-Resolved Spectroscopy in Complex Liquids is intended to introduce the experimental researchers
to state-of-the-art techniques in the study of the dynamics of complex liquids. The contributors con-
centrate on time-resolved optical spectroscopy, which recently produced many relevant results and
new information about complex liquids. This is an emerging topic of soft-matter science and this book
provides the most up-to-date account of new development.

Time-Resolved Spectroscopy in Complex Liquids

This monograph addresses researchers and students. It is a modern presentation of time-dependent
methods for studying problems of scattering theory in the classical and quantum mechanics of
N-particle systems. Particular attention is paid to long-range potentials. For a large class of interactions
the existence of the asymptotic velocity and the asymptotic completeness of the wave operators is
shown. The book is self-contained and explains in detail concepts that deepen the understanding. As a
special feature of the book, the beautiful analogy between classical and quantum scattering theory
(e.g., for N-body Hamiltonians) is presented with deep insight into the physical and mathematical
problems.

Scattering Theory of Classical and Quantum N-Particle Systems

From the reviews: "This is a book that should be found in any physics library. It is extremely useful for all
graduate students, Ph.D. students and researchers interested in the quantum physics of light." Optics
& Photonics News

Quasielastic Neutron Scattering for the Investigation of Diffusive Motions in Solids and Liquids

This book presents a survey of modern theoretical techniques in studies of radiative transfer and light
scattering phenomena in turbid media. It offers a comprehensive analysis of polarized radiative transfer,
and also discusses advances in planetary spectroscopy as far as aerosol layer height determination
is of interest. Further, it describes approximate methods of the radiative transfer equation solution for
a special case of strongly scattering media. A separate chapter focuses on optical properties of Black
Carbon aggregates.

Elements of Quantum Optics



This book presents the Generalized Multipole Technigue as a fast and powerful theoretical and compu-
tation tool to simulate light scattering by nonspherical particles. It also demonstrates the considerable
potential of the method. In recent years, the concept has been applied in new fields, such as simulation
of electron energy loss spectroscopy and has been used to extend other methods, like the null-field
method, making it more widely applicable. The authors discuss particular implementations of the
GMT methods, such as the Discrete Sources Method (DSM), Multiple Multipole Program (MMP), the
Method of Auxiliary Sources (MAS), the Filamentary Current Method (FCM), the Method of Fictitious
Sources (MFS) and the Null-Field Method with Discrete Sources (NFM-DS). The Generalized Multipole
Technique is a surface-based method to find the solution of a boundary-value problem for a given
differential equation by expanding the fields in terms of fundamental or other singular solutions of this
equation. The amplitudes of these fundamental solutions are determined from the boundary condition
at the particle surface. Electromagnetic and light scattering by particles or systems of particles has
been the subject of intense research in various scientific and engineering fields, including astronomy,
optics, meteorology, remote sensing, optical particle sizing and electromagnetics, which has led to the
development of a large number of modelling methods based on the Generalized Multipole Technique for
guantitative evaluation of electromagnetic scattering by particles of various shapes and compositions.
The book describes these methods in detail.

Springer Series in Light Scattering

This book is the first detailed and comprehensive guide to the theory of optical band shape of
guest-molecule-doped crystals, polymers and glasses. Its main focus is on the dynamics of a single
molecule, measured with the help of a train of photons emitted at random time moments.

The Generalized Multipole Technique for Light Scattering

This is the first comprehensive treatment of the interactions of atoms and molecules with charged
particles, photons and laser fields. Addressing the subject from a unified viewpoint, the volume reflects
our present understanding of many-particle dynamics in rearrangement and fragmentation reactions.

Selective Spectroscopy of Single Molecules

This book addresses the basic physical phenomenon of small-angle scattering (SAS) of neutrons,
x-rays or light from complex hierarchical nano- and micro-structures. The emphasis is on developing
theoretical models for the material structure containing self-similar or fractal clusters. Within the sug-
gested framework, key approaches for extracting structural information from experimental scattering
data are investigated and presented in detail. The range of parameters which can be obtained pave
the road towards a better understanding of the correlations between geometrical and various physical
properties (electrical, magnetic, mechanical, optical, dynamical, transport etc.) in fractal nano- and
micro-materials.

Many-Particle Quantum Dynamics in Atomic and Molecular Fragmentation

Advances in the Theory of Atomic and Molecular Systems, is a collection of contributions presenting
recent theoretical and computational developments that provide new insights into the structure, prop-
erties, and behavior of a variety of atomic and molecular systems. This volume (subtitled “Dynamics,
Spectroscopy, Clusters, and Nanostructures”) deals with the topics of “Quantum Dynamics and Spec-
troscopy”, “Complexes and Clusters”, and “Nanostructures and Complex Systems”. This volume is an
invaluable resource for faculty, graduate students, and researchers interested in theoretical and com-
putational chemistry and physics, physical chemistry and chemical physics, molecular spectroscopy,
and related areas of science and engineering.

Small-Angle Scattering (Neutrons, X-Rays, Light) from Complex Systems

This book is devoted to one of the most interesting and rapidly developing areas of modern nonlinear
physics and mathematics - the theoretical, analytical and advanced numerical, study of the structure
and dynamics of one-dimensional as well as two- and three-dimensional solitons and nonlinear waves
described by Korteweg-de Vries (KdV), Kadomtsev-Petviashvili (KP), nonlinear Schrodinger (NLS) and
derivative NLS (DNLS) classes of equations. Special attention is paid to generalizations (relevant to
various complex physical media) of these equations, accounting for higher-order dispersion corrections,
influence of dissipation, instabilities, and stochastic fluctuations of the wave fields. The book addresses



researchers working in the theory and numerical simulations of dispersive complex media in such fields
as hydrodynamics, plasma physics, and aerodynamics. It will also be useful as a reference work for
graduate students in physics and mathematics.

Advances in the Theory of Atomic and Molecular Systems

This book brings together and discusses for the first time detailed analyses of the experiments

with trapped ions, experiments on quantum beats, coherent population trapping, electromagnetically
induced transparency (EIT), electromagnetically induced absorption, creation of dark-states polaritons,
subluminal and superluminal light, realization of a Fock state, and interference experiments in atom
optics on atom grating, momentum distribution, and atom tunneling. This book is unique in many
respects and will fill a gap in the literature.

Solitary Waves in Dispersive Complex Media

The development of linear-scaling density functional theory (LS-DFT) has made ab initio calculations
on systems containing thousands of atoms possible. These systems range from nanostructures to
biomolecules. These methods rely on the use of localized basis sets, which are optimised for the
representation of occupied Kohn-Sham states but do not guarantee an accurate representation of
the unoccupied states. This is problematic if one wishes to combine the power of LS-DFT with

that of theoretical spectroscopy, which provides a direct link between simulation and experiment. In
this work a new method is presented for optimizing localized functions to accurately represent the
unoccupied states, thus allowing theoretical spectroscopy of large systems. Results are presented for
optical absorption spectra calculated using the ONETEP code, but the method is equally applicable
to other spectroscopies and LS formulations. Other topics covered include a study of some simple
one dimensional basis sets and the presentation of two methods for band structure calculation using
localized basis sets, both of which have important implications for the use of localized basis sets within
LS-DFT.

Quantum Interference and Coherence

Much progress has been made in scattering theory since the publication of the first edition of this
book fifteen years ago, and it is time to update it. Needless to say, it was impossible to incorporate

all areas of new develop ment. Since among the newer books on scattering theory there are three
excellent volumes that treat the subject from a much more abstract mathe matical point of view

(Lax and Phillips on electromagnetic scattering, Amrein, Jauch and Sinha, and Reed and Simon

on quantum scattering), | have refrained from adding material concerning the abundant new mathe
matical results on time-dependent formulations of scattering theory. The only exception is Dollard's
beautiful "scattering into cones" method that connects the physically intuitive and mathematically clean
wave-packet description to experimentally accessible scattering rates in a much more satisfactory
manner than the older procedure. Areas that have been substantially augmented are the analysis of
the three-dimensional Schrodinger equation for non central potentials (in Chapter 10), the general
approach to multiparticle reaction theory (in Chapter 16), the specific treatment of three-particle
scattering (in Chapter 17), and inverse scattering (in Chapter 20). The additions to Chapter 16 include
an introduction to the two-Hilbert space approach, as well as a derivation of general scattering-rate
formulas. Chapter 17 now contains a survey of various approaches to the solution of three-particle
problems, as well as a discussion of the Efimov effect.

Optical Absorption Spectra Calculated Using Linear-Scaling Density-Functional Theory

Since the early days of modem physics spectroscopic techniques have been employed as a pow-
erful tool to assess existing theoretical models and to uncover novel phenomena that promote the
development of new concepts. Conventionally, the system to be probed is prepared in a well-defined
state. Upon a controlled perturbation one measures then the spectrum of a single particle (electron,
photon, etc.) emitted from the probe. The analysis of this single particle spectrum yields a wealth

of important information on the properties of the system, such as optical and magnetic behaviour.
Therefore, such analysis is nowadays a standard tool to investigate and characterize a variety of
materials. However, it was clear at a very early stage that real physical compounds consist of many
coupled particles that may be excited simultaneously in response to an external perturbation. Yet, the
simultaneous (coincident) detection of two or more excited species proved to be a serious technical
obstacle, in particular for extended electronic systems such as surfaces. In recent years, however,



coincidence techniques have progressed so far as to image the multi-particle excitation spectrum in an
impressive detail. Correspondingly, many-body theoretical concepts have been put forward to interpret
the experimental findings and to direct future experimental research. This book gives a snapshot of the
present status of multi-particle coincidence studies both from a theoretical and an experimental point
of view. It also includes selected topical review articles that highlight the achievements and the power
of coincident techniques.

Scattering Theory of Waves and Particles

This volume contains the lectures and seminars presented at the NATO Advanced Study Institute on

"Coherence in Spectroscopy and Modern Physics," the seventh course of the International School of

Quantum Electronics, affiliated with the "Ettore Majorana" Centre for Scientific Culture, Erice, Sicily. The
Institute was held at Villa LePianore (Lucca), Versilia, Italy, July 17-30, 1977. The International School
of Quantum Electronics was started in 1970 with the aim of providing instruction for young researchers
and advanced students already engaged in the area of quantum electronics or wishing to switch to this
area from a different background. From the outset the School has been under the direction of Prof. E. T.
Arecchi, then at the University of Pavia, now at the University of Florence, and Dr. D. Roess of Siemens,
Munich. Each year the Directors choose a subject of particular interest, alternating fundamental topics
with technological ones, and ask colleagues specifically competent in a given area to take the scientific
responsibility for that course.

Many-Particle Spectroscopy of Atoms, Molecules, Clusters, and Surfaces

Neutrinos can arguably be labeled as the most fascinating elementary particles known as their small
but non-zero rest mass points to new mass generating mechanisms beyond the Standard Model,
and also assigns primordial neutrinos from the Big Bang a distinct role in shaping the evolution of
large-scale structures in the universe. The open question of the absolute neutrino mass scale will

be addressed by the Karlsruhe Tritium Neutrino (KATRIN) experiment, currently under construction.
This thesis reports major contributions to developing and implementing new laser-spectroscopic
precision tools to continuously monitor the isotope content of the windowless gaseous tritium source
of KATRIN. The method of choice, Raman spectroscopy, is ideally suited for in-situ monitoring of all
six hydrogen isotopologues. In a series of beautiful experiments the author obtained two independent
novel calibration methods, first based on a comparison of experimental Raman depolarization ratios
with corresponding quantum-chemical calculations, and second on a gas sampling technique. Both
methods yield consistent cross-calibration results and, as well as yielding improvements in precision,
will be of major importance in reducing systematic effects in long-term neutrino mass measurements.
The methods developed in this thesis also have great potential to further broaden the applications of
Raman spectroscopy to study extended sources such as in atmospheric physics.

Coherence in Spectroscopy and Modern Physics

This thesis unites the fields of optical atomic clocks and ultracold molecular science, laying the
foundation for optical molecular measurements of unprecedented precision. Building upon optical
manipulation techniques developed by the atomic clock community, this work delves into attaining
surgical control of molecular quantum states. The thesis develops two experimental observables that
one can measure with optical-lattice-trapped ultracold molecules: extremely narrow optical spectra, and
angular distributions of photofragments that are ejected when the diatomic molecules are dissociated
by laser light pulses. The former allows molecular spectroscopy approaching the level of atomic clocks,
leading into molecular metrology and tests of fundamental physics. The latter opens the field of ultracold
chemistry through observation of quantum effects such as matter-wave interference of photofragments
and tunneling through reaction barriers. The thesis also describes a discovery of a new method of
thermometry that can be used near absolute zero temperatures for particles lacking cycling transitions,
solving a long-standing experimental problem in atomic and molecular physics.

Accurate Calibration of Raman Systems

An exploration of the intersection of particle physics, astrophysics, and cosmology known as as-
troparticle physics. Extreme electromagnetic conditions present in puslars and other stars allow for
investigations of the role of quantum processes in the dynamics of astrophysical objects and in the
early Universe. Based in part on the authors' own work, this book systematically describes several
methods of calculation of the effects of strong electromagnetic fields in quantum processes using



analytical solutions of the Dirac equation and Feynmann diagrams at both the loop and tree levels. The
consideration is emphasized at the two limiting cases: the case of a very strong magnetic field, and
the case of a crossed field. The presentation will appeal to graduate students of theoretical physics
with prior understanding of Quantum Field Theory (QFT) and the Standard Model of Electroweak
Interactions, as well as specialists in QFT wishing to know more about the problems of quantum
phenomena in external electomagnetic fields.

High Precision Optical Spectroscopy and Quantum State Selected Photodissociation of Ultracold
88Sr2 Molecules in an Optical Lattice

The investigation of scattering phenomena is a major theme of modern physics. A scattered particle
provides a dynamical probe of the target system. The practical problem of interest here is the scattering
of a low energy electron by an N-electron atom. It has been difficult in this area of study to achieve
theoretical results that are even qualitatively correct, yet quantitative accuracy is often needed as

an adjunct to experiment. The present book describes a quantitative theoretical method, or class of
methods, that has been applied effectively to this problem. Quantum mechanical theory relevant to
the scattering of an electron by an N-electron atom, which may gain or lose energy in the process,

is summarized in Chapter 1. The variational theory itself is presented in Chapter 2, both as currently
used and in forms that may facilitate future applications. The theory of multichannel resonance and
threshold effects, which provide a rich structure to observed electron-atom scattering data, is presented
in Chapter 3. Practical details of the computational implementation of the variational theory are given
in Chapter 4. Chapters 5 and 6 summarize recent appli cations of the variational theory to problems
of experimental interest, with many examples of the successful interpretation of complex structural fea
tures observed in scattering experiments, and of the quantitative prediction of details of electron-atom
scattering phenomena.

Electroweak Processes in External Electromagnetic Fields

High resolution helium atom scattering can be applied to study a number of interesting properties of
solid surfaces with great sensitivity and accuracy. This book treats in detail experimental and theoretical
aspects ofthis method as well as all current applications in surface science. The individual chapters

- all written by experts in the field - are devoted to the investigation of surface structure, defect
shapes and concentrations, the interaction potential, collective and localized surface vibrations at
low energies, phase transitions and surface diffusion. Over the past decade helium atom scattering
has gained widespread recognitionwithin the surface science community. Points in its favour are
comprehensiveunderstanding of the scattering theory and the availability of well-tested approximation
to the rigorous theory. This book will be invaluable to surface scientists wishing to make an informed
judgement on the actual and potential capabilities of this technique and its results.

Variational Methods in Electron-Atom Scattering Theory

A concise textbook bridging quantum theory and spectroscopy! Designed as a practical text, Quantum
Mechanical Foundations of Molecular Spectroscopy covers the quantum mechanical fundamentals
of molecular spectroscopy from the view of a professional spectroscopist, rather than a theoretician.
Written by a noted expert on the topic, the book puts the emphasis on the relationship between
spectroscopy and quantum mechanics, and provides the background information and derivations of the
subjects needed to understand spectroscopy including: stationary energy states, transitions between
these states, selection rules, and symmetry. The phenomenal growth of all forms of spectroscopy
over the past eight decades has contributed enormously to our understanding of molecular structure
and properties. Today spectroscopy covers a broad field including the modern magnetic resonance
techniques, non-linear, laser and fiber-based spectroscopy, surface and surface-enhanced spec-
troscopy, pico- and femtosecond time resolved spectroscopy, and many more. This up-to-date resource
discusses several forms of spectroscopy that are used in many fields of science, such as fluores-
cence, surface spectroscopies, linear and non-linear Raman spectroscopy and spin spectroscopy. This
important text: Contains the physics and mathematics needed to understand spectroscopy Explores
spectroscopic methods the are widely used in chemistry, biophysics, biology, and materials science
Offers a text written by an experienced lecturer and practitioner of spectroscopic methods Includes
detailed explanations and worked examples Written for chemistry, biochemistry, material sciences, and
physics students, Quantum Mechanical Foundations of Molecular Spectroscopy provides an accessible
text for understanding molecular spectroscopy.

Helium Atom Scattering from Surfaces



This text offers a brief introduction to the dispersion relations as an approach to calculate S-matrix
elements, a formalism that allows one to take advantage of the analytical structure of scattering
amplitudes following the basic principles of unitarity and causality. First, the case of two-body scat-
tering is considered and then its contribution to other processes through final-state interactions is
discussed. For two-body scattering amplitudes, the general expression for a partial-wave amplitude

is derived in the approximation where the crossed channel dynamics is neglected. This is taken as
the starting point for many interesting nonperturbative applications, both in the light and heavy quark
sector. Subsequently crossed channel dynamics is introduced within the equations for calculating the
partial-wave amplitudes. Some applications based on methods that treat crossed-channel dynamics
perturbatively are discussed too. The last part of this introductory treatment is dedicated to the further
impact of scattering amplitudes on a variety of processes through final-state interactions. Several
possible approaches are discussed such as the Muskhelishvili-Omnes dispersive integral equations
and other closed formulae. These different formalisms are then applied in particular to the study of
resonances presenting a number of challenging properties. The book ends with a chapter illustrating
the use of dispersion relations in the nuclear medium for the evaluation of the energy density in nuclear
matter.

Quantum Mechanical Foundations of Molecular Spectroscopy

This book develops the theory of the null-field method (also called T-matrix method), covering almost
all aspects and current applications. This book also incorporates FORTRAN programs and simulation
results. Worked examples of the application of the FORTRAN programs show readers how to adapt or
modify the programs for their specific application.

A Brief Introduction to Dispersion Relations

Particle characterization is an important component in product research and development, manufac-
ture, and quality control of particulate materials and an important tool in the frontier of sciences, such as
in biotechnology and nanotechnology. This book systematically describes one major branch of modern
particle characterization technology - the light scattering methods. This is the first monograph in particle
science and technology covering the principles, instrumentation, data interpretation, applications,
and latest experimental development in laser diffraction, optical particle counting, photon correlation
spectroscopy, and electrophoretic light scattering. In addition, a summary of all major particle sizing
and other characterization methods, basic statistics and sample preparation techniques used in
particle characterization, as well as almost 500 latest references are provided. The book is a must

for industrial users of light scattering techniques characterizing a variety of particulate systems and for
undergraduate or graduate students who want to learn how to use light scattering to study particular
materials, in chemical engineering, material sciences, physical chemistry and other related fields.

Light Scattering by Systems of Particles

This book is based on the course in theoretical nuclear physics that has been given by the author for
some years at the T. G. Shevchenko Kiev State University. This version is supplemented and revised to
include new results obtained after 1971 and 1975 when the first and second editions were published.
This text is intended as an introduction to the nonrelativistic theory of po tential scattering. The analysis
is based on the scattering matrix concept where the relationship between the scattering matrix and
observable physical quantities is considered. The stationary formulation of the scattering problem is
presented; particle wave functions in the external field are obtained. A formulation of the optical theorem
is given as well as a discussion on time inversion and the reci procity theorem. Analytic properties of the
scattering matrix, dispersion relations, and complex moments are analyzed. The dispersion relations
for an arbitrary di rection scattering amplitude are proven, and analytic properties of the amplitude in
the plane of the complex cosine of the scattering angle are studied in detail.

Particle Characterization: Light Scattering Methods

The advances in the theory of diffraction gratings and the applications of these results certainly deter-
mine the progress in several areas of applied science and engineering. The polarization converters,
phase shifters and filters, quantum and solid-state oscillators, open quasi optical dispersive resonators
and power compressors, slow-wave structures and patter forming systems, accelerators and spec-
trometer; that is still far from being a complete list of devices exploiting the amazing ability of periodic
structures to perform controlled frequency, spatial, and polarization selection of signals. Diffraction



gratings used to be and still are one of the most popular objects of analysis in electromagnetic theory.
The further development of the theory of diffraction gratings, in spite of considerable achievements, is
still very important presently. The requirements of applied optics and microwave engineering present
the theory of diffraction gratings with many new problems which force us to search for new methods
and tools for their resolution. Just in such way there appeared recently new fields, connected with the
analysis, synthesis and definition of equivalent parameters of artificial materials — layers and coatings,
having periodic structure and possessing features, which can be found in natural materials only in
extraordinary or exceptional situations. In this book the authors present results of the electromagnetic
theory of diffraction gratings that may constitute the base of further development of this theory which
can meet the challenges provided by the most recent requirements of fundamental and applied science.
The following issues will be considered in the book Authentic methods of analytical regularization,
that perfectly match the requirements of analysis of resonant scattering of electromagnetic waves by
gratings; Spectral theory of gratings, providing a reliable foundation for the analysis of spatial — frequen-
cy transformations of electromagnetic fields occurring in open periodic resonators and waveguides;
Parametric Fourier method and C-method, that are oriented towards the efficient numerical analysis of
transformation properties of fields in the case of arbitrary profile periodic boundary between dielectric
media and multilayered conformal arrays; Rigorous methods for analysis of transient processes and
time-spatial transformations of electromagnetic waves in resonant situations, based on development
and incorporation in standard numerical routines of FDTD of so called explicit absorbing boundary
conditions; New approaches to the solution of homogenization problems — the key problem arising in
construction of metamaterials and meta surfaces; New physical results about the resonance scattering
of pulse and monochromatic waves by periodic structures, including structures with chiral or left-handed
materials; Methods and the results of the solutions of several actual applied problems of analysis and
synthesis of pattern creating gratings, power compressors, resonance radiators of high capacity short
radio pulses, open electromagnetic structures for the systems of resonant quasi optics and absorbing
coatings.

Scattering Theory

Scattering theory provides a framework for understanding the scattering of waves and particles. This
book presents a simple physical picture of diffractive nuclear scattering in terms of semi-classical
trajectories, illustrated throughout with examples and case studies. Trajectories in a complex impact
parameter plane are discussed, and it stresses the importance of the analytical properties of the phase
shift function in this complex impact plane in the asymptotic limit. Several new rainbow phenomena are
also discussed and illustrated. Written by Nobel Prize winner Roy J. Glauber, and Per Osland, an expert
in the field of particle physics, the book illustrates the transition from quantum to classical scattering,
and provides a valuable resource for researchers using scattering theory in nuclear, particle, atomic
and molecular physics.

Modern Theory of Gratings

In this monograph we describe an important and relatively new class of phenomena in the field of
high-resolution atomic spectroscopy: the interference effects manifest in the angular distribution and
polarization of spontaneous radiation and absorption by atoms. Although the quantum-theoretical
descrip tion of these interference effects is quite subtle, it turns out - as so often in quantum mechanics
- that a simple classical or semi-classical description offers much insight and can even explain
guantitative features. In this presentation, however, we attempt to give the full story. Beginning with
the simple semi classical description, we then present the quantum-mechanical analysis based on the
density-matrix formalism and the statistical tensor. The remaining two chapters discuss experimental
observations and data analysis. A great variety of effects have now been observed and can be used to
obtain highly accu rate information about hyperfine structure, atomic constants, interaction con stants,
etc. The authors have assumed only a basic knowledge of quantum mechanics and electromagnetism,
thus making the book accessible to those beginning a graduate studies program. It is also aimed at
practising spectroscopists and all researchers for whom atomic spectroscopy is an important tool - for
these readers it will hopefully offer some new solutions and ideas for furthering their research. February
1993 E. B. Alexandrov M. P. Chaika G. I. Khvostenko Contents 1. Introduction .......................
...... 8 2. Classical Description of Interference Phenomena in Radiation 2. 1 The Classical Oscillator
Model of Atomic Emission . .

Asymptotic Diffraction Theory and Nuclear Scattering



This volume is based on the outcome of a workshop held at the Institute for Mathematics and Its
Applications. This institute was founded to promote the interchange of ideas between applied mathe-
matics and the other sciences, and this volume fits into that framework by bringing together the ideas
of mathematicians, physicists and chemists in the area of multiparticle scattering theory. The correct
formulation of scattering theory for two-body collisions is now well worked out, but systems with three or
more particles still present fundamental challenges, both in the formulations of the problem and in the
interpretation of computational results. The book begins with two tutorials, one on mathematical issues,
including cluster decompositions and asymptotic completeness in N-body quantum systems, and the
other on computational approaches to quantum mechanics and time evolution operators, classical
action, collisions in laser fields and in magnetic fields, laser-induced processes, barrier resonances,
complex dilated expansions, effective potentials for nuclear collisions, long-range potentials, and the
Pauli Principle.

Interference of Atomic States

This book provides the first coherent account of a well-known approach to the problem of light scattering
by small anisotropic particles. In this extended second edition the authors have encompassed all the
new topics arising from their recent studies of cosmic dust grains. Thus many chapters were deeply
revised and new chapters were added. The book addresses a wide spectrum of applications.

Multiparticle Quantum Scattering with Applications to Nuclear, Atomic and Molecular Physics

This volume contains papers associated with the conference "Atomic Spectra and Collisions in External
Fields I\

Scattering from Model Nonspherical Particles

This book presents the proceedings of the course "Spectroscopy and Dynamics of Collective Excita-
tions in Solids" held in Erice, Italy from June 17 to July 1, 1995. This meeting was organized by the
International School of Atomic and Molecular Spectroscopy of the "Ettore Majorana” Centre for Sci-
entific Culture. The purpose of this course was to present and discuss physical models, mathematical
formalisms, experimental techniques and applications relevant to the subject of collective excitations
in solids. By bringing together specialists in the field of solid state spectroscopy, this course provided a
much needed forum for the critical assessment and evaluation of recent and past developments in the
physics of solids. A total of 83 participants came from 57 laboratories and 20 different countries (Austria,
Belgium, Brazil, Denmark, Finland, France, Germany, Greece, Israel, Italy, Japan, The Netherlands,
Norway, Portugal, Russia, Spain, Switzerland, Turkey, the United Kingdom, and the United States).
The secretaries of the course were Stamatios K yrkos and Daniel Di Bartolo. 45 lectures divided in 13
series were given. In addition 8 (one or two-hour) "long seminars," 1 "special lecture," 2 interdisciplinary
lectures, 29 "short seminars,” and 16 posters were presented. The sequence of lectures was in
accordance with the logical development of the subject of the meeting. Each lecturer started at a rather
fundamental level and ultimately reached the frontier of knowledge in the field.

Atomic Spectra and Collisions in External Fields

ways in which the magnetic interaction between neutrons and magnetic moments can yield information
on the magnetization densities of thin ?Ims and multilayers. | commend the organizers for having
organized a group of expert lecturers to present this subject in a detailed but clear fashion, as the
importance of the subject deserves. Argonne, IL S. K. Sinha Contents 1 The Interaction of X-Rays (and
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Spectroscopy and Dynamics of Collective Excitations in Solids

The aim of the book is to give a coherent and comprehensive account of quantum scattering theory
with applications to atomic, molecular and nuclear systems. The motivation for this is to supply the
necessary theoretical tools to calculate scattering observables of these many-body systems. Concepits,
which are seemingly different for the atomic/molecular scattering from those for nuclear systems, are
shown to be the same once the physical units such as energy, length are diligently clarified. Many-body
resonances excited in nuclear systems are the same as those in atomic systems and come under
the name of Feshbach resonances. We clarify this. We also lean heavily on semi-classical methods to
explain the physics of quantum scattering and especially the interference seen in the angle dependence
of the cross section. Having in mind a wider readership, the book includes sections on scattering in two
dimensions, which is of use in surface physics. Several problems are also included at the end of each
of the chapters.

X-ray and Neutron Reflectivity

Scattering Theory of Molecules, Atoms, and Nuclei
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