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This book deals with both ultrafast laser and nonlinear optics technologies.
Over the past two decades, we have seen dramatic advances in the generation
of ultrafast laser pulses and their applications to the study of phenomena in
a variety of fields. It is now commonplace to produce picosecond (10-12 s)
pulses. New developments have extended this technology into the femto-
second (10-15 s) time region. Soon pulses consisting of just a single cycle will
be produced (i.e., 2 fs at 600nm). These ultrafast pulses permit novel investi-
gations to study phenomena in many disciplines. Sophisticated techniques
based on these laser pulses have given rise to instruments with extremely high
temporal resolution. Ultrafast laser technology offers the possibility of study-
ing and discovering key processes unresolved in the past. A new era of time-
resolved spectroscopy has emerged, with pulses so fast that one can now study
the nonequilibrium states of matter, test quantum and light models, and
explore new frontiers in science and technology. Ultrashort light pulses are a
potential signal source in future high-bit-rate optical fiber communication
systems. The shorter the pulses, the more can be packed into a given time
interval and the higher is the data transmission rate for the tremendous band-
width capacity of optical fiber transmission.

Nonlinear optics is an important field of science and engineering because
it can generate, transmit, and control the spectrum of laser pulses in solids,
liquids, gases, and fibers. One of the most important ultrafast nonlinear
optical processes is the supercontinuum generation—the production of
intense ultrafast broadband “white-light” pulses—that is the subject of this
book.

The first study on the mechanism and generation of ultrafast supercon-
tinuum dates back over 19 years to 1969, when Alfano and Shapiro observed
the first “white” picosecond pulse continuum in liquids and solids. Spectra
extended over ~6000cm-1 in the visible and infrared wavelength region. They
attributed the large spectral broadening of ultrafast pulses to self-phase 
modulation (SPM) arising from an electronic mechanism and laid down the
formulation of the supercontinuum generation model. Over the years, the
improvement of mode-locked lasers led to the production of wider super-



continua in the visible, ultraviolet, and infrared wavelength regions using
various materials.

The supercontinuum arises from the propagation of intense picosecond or
shorter laser pulses through condensed or gaseous media. Various processes
are responsible for continuum generation. These are called self-, induced-,
and cross-phase modulations and four-photon parametric generation. When-
ever an intense laser pulse propagates through a medium, it changes the
refractive index, which in turn changes the phase, amplitude, and frequency
of the pulse. However, when two laser pulses of different wavelengths 
propagate simultaneously in a condensed medium, coupled interactions
(cross-phase modulation and gain) occur through the nonlinear susceptibil-
ity coefficients. These coupled interactions of two different wavelengths can
introduce phase modulation, amplitude modulation, and spectral broaden-
ing in each pulse due to the other pulse using cross-effects.

An alternative coherent light source to the free electron laser, the super-
continuum laser source, can be wavelength selected and coded simultaneously
over wide spectral ranges (up to 10,000cm-1) in the ultraviolet, visible, and
infrared regions at high repetition rates, gigawatt output peak powers, and
femtosecond pulse durations.

Ultrafast supercontinuum pulses have been used for time-resolved absorp-
tion spectroscopy and material characterization. Supercontinuum generation
is a key step for the pulse compression technique, which is used to produce
the shortest optical pulses. Future applications include signal processing,
three-dimensional imaging, ranging, atmospheric remote sensing, and
medical diagnosis.

Thus far, a great deal of information on supercontinuum technology has
been obtained and has enhanced our understanding of how intense optical
pulses propagate in materials. These developments are most often found in
original research contributions and in review articles scattered in journals.
Textbooks do not cover these subjects in great detail. There is a need for a
book that covers the various aspects of ultrafast supercontinuum phenom-
ena and technology.

This book reviews present and past progress on the experimental and 
theoretical understanding of ultrafast nonlinear processes responsible for
supercontinuum generation and related effects such as pulse compression and
ultrashort pulse generation on a picosecond and femtosecond time scale. The
content of the chapters in the book is a mixture of both theoretical and
experimental material. Overviews of the important breakthroughs and devel-
opments in the understanding of supercontinuum during the past 20 years
are presented. The book is organized into 10 chapters.

Summarizing the highlights of the 10 chapters of the book:

In Chapter 1, Shen and Yang focus on the theoretical models and mecha-
nisms behind supercontinuum generation arising mainly from self-phase
modulation.
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In Chapter 2, Wang, Ho, and Alfano review the experiments leading to the
supercontinuum generation in condensed matter over the past 20 years.

In Chapter 3, Agrawal discusses the effects of dispersion on ultrafast light
pulse propagation and supercontinuum generation in fibers.

In Chapter 4, Baldeck, Ho, and Alfano cover the latest experimental obser-
vations and applications of the cross-interactions in the frequency, time,
and space domains of strong pulses on weak pulses.

In Chapter 5, Manassah reviews the theoretical models giving rise to many
phenomena from self-phase and induced modulations.

In Chapter 6, Suydam highlights the effect of self-steepening of pulse profile
on continuum generation.

In Chapter 7, Corkum and Rolland review the work on supercontinuum and
self-focusing in gaseous media.

In Chapter 8, Glownia, Misewich, and Sorokin utilize the supercontinuum
produced in gases for ultrafast spectroscopy in chemistry.

In Chapter 9, Dorsinville, Ho, Manassah, and Alfano cover the present and
speculate on the possible future applications of the supercontinuum in
various fields.

In Chapter 10, Johnson and Shank discuss pulse compression from the
picosecond to femtosecond time domain using the continuum and optical
dispersive effects of gratings, prisms, and materials.

The reader will find that these chapters review the basic principles, contain
surveys of research results, and present the current thinking of experts in the
supercontinuum field. The volume should be a useful source book and give
young and seasoned scientists, engineers, and graduate students an opportu-
nity to find the most necessary and relevant material on supercontinuum 
technology in one location.

I hope these efforts will stimulate future research on understanding the
physics behind supercontinuum technology and exploring new applications.

I wish to thank all the expert contributors for their cooperation in this
endeavor. Most thought it would not be completed. Special thanks goes to
Mrs. Megan Gibbs for her administrative and secretarial assistance. I grate-
fully acknowledge T. Hiruma for his continued support. I pay particular
tribute to my friend Stan Shapiro, who missed seeing the  outgrowth of our
first work in this field 20 years ago.

New York, New York Robert R. Alfano
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