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Preface to the Third Edition

Laser Spectroscopy continues to develop and expand rapidly. Many new ideas
and recent realizations of new techniques based on old ideas have contributed
to the progress in this field since the last edition of this textbook appeared. In
order to keep up with these developments it was therefore necessary to include
at least some of these new techniques in the third edition.

There are, firstly, the improvement of frequency-doubling techniques in ex-
ternal cavities, the realization of more reliable cw-parametric oscillators with
large output power, and the development of tunable narrow-band UV sources,
which have expanded the possible applications of coherent light sources in
molecular spectroscopy. Furthermore, new sensitive detection techniques for
the analysis of small molecular concentrations or for the measurement of
weak transitions, such as overtone transitions in molecules, could be realized.
Examples are Cavity Ringdown Spectroscopy, which allows the measurement
of absolute absorption coefficients with great sensitivity or specific modula-
tion techniques that push the minimum detectable absorption coefficient down
to 107 cm™!! -

The most impressive progress has been achieved in the development of
tunable femtosecond and subfemtosecond lasers, which can be amplified to
achieve sufficiently high output powers for the generation of high harmon-
ics with wavelengths down into the X-ray region and with pulsewidths in
the attosecond range. Controlled pulse shaping by liquid crystal arrays allows
coherent control of atomic and molecular excitations and in some favorable
cases chemical reactions can already be influenced and controlled using these
shaped pulses.

In the field of metrology a big step forward was the use of frequency
combs from cw mode-locked femtosecond lasers. It is now possible to directly
compare the microwave frequency of the cesium clock with optical frequen-
cies, and it turns out that the stability and the absolute accuracy of frequency
measurements in the optical range using frequency-stabilized lasers greatly
surpasses that of the cesium clock. Such frequency combs also allow the syn-
chronization of two independent femtosecond lasers.

The increasing research on laser cooling of atoms and molecules and many
experiments with Bose-Einstein condensates have brought about some re-
markable results and have considerably increased our knowledge about the
interaction of light with matter on a microscopic scale and the interatomic in-
teractions at very low temperatures. Also the realization of coherent matter
waves (atom lasers) and investigations of interference effects between matter
waves have proved fundamental aspects of quantum mechanics.
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The largest expansion of laser spectroscopy can be seen in its possible and
already realized applications to chemical and biological problems and its use
in medicine as a diagnostic tool and for therapy. Also, for the solution of
technical problems, such as surface inspections, purity checks of samples or
the analysis of the chemical composition of samples, laser spectroscopy has
offered new techniques.

In spite of these many new developments the representation of established
fundamental aspects of laser spectroscopy and the explanation of the basic
techniques are not changed in this new edition. The new developments men-
tioned above and also new references have been added. This, unfortunately,
increases the number of pages. Since this textbook addresses beginners in this
field as well as researchers who are familiar with special aspects of laser spec-
troscopy but want to have an overview on the whole field, the author did not
want to change the concept of the textbook.

Many readers have contributed to the elimination of errors in the former
edition or have made suggestions for improvements. I want to thank all of
them. The author would be grateful if he receives such suggestions also for
this new edition.

Many thanks go to all colleagues who gave their permission to use fig-
ures and results from their research. I thank Dr. H. Becker and T. Wilbourn
for critical reading of the manuscript, Dr. H.J. Kélsch and C.-D. Bachem of
Springer-Verlag for their valuable assistance during the editing process, and
LE-TeX Jelonek, Schmidt and Vockler for the setting and layout. I appreci-
ate, that Dr. H. Lotsch, who has taken care for the foregoing editions, has
supplied his computer files for this new edition. Last, but not least, I would
like to thank my wife Harriet who made many efforts in order to give me the
necessary time for writing this new edition.

Kaiserslautern, Wolfgang Demtroder
April 2002



Preface to the Second Edition

During the past 14 years since the first edition of this book was published,
-the field of laser spectroscopy has shown a remarkable expansion. Many
new spectroscopic techniques have been developed. The time resolution has
reached the femtosecond scale and the frequency stability of lasers is now in
the millihertz range. 3

In particular, the various applications of laser speciroscopy in physics,
chemistry, biology, and medicine, and its contributions to the solutions of
technical and environmental problems are remarkable. Therefore, a new edi-
tion of the book seemed necessary to account for at least part of these novel
developments. Although it adheres to the concept of the first edition, several
new spectroscopic techniques such as optothermal spectroscopy or velocity-
modulation spectroscopy are added.

A whole chapter is devoted to time-resolved spectroscopy including the
generation and detection of ulirashort light pulses. The principles of coherent
spectroscopy, which have found widespread applications, are covered in a sep-
arate chapter. The combination of laser spectroscopy and collision physics,
which has given new impetus to the study and control of chemical reactions,
has deserved an extra chapter. In addition, more space has been given to op-
tical cooling and trapping of atoms and ions.

1 hope that the new edition will find a similar friendly acceptance as the
first one. Of course, a texbook never is perfect but can always be improved. I,
therefore, appreciate any hint to possible errors or comments concerning cor-
rections and improvements. I will be happy if this book helps to support teach-
ing courses on laser spectroscopy and to transfer some of the delight I have
experienced during my research in this fascinating field over the last 30 years.

Many people have helped to complete this new edition. I am grateful to
colleagues and friends, who have supplied figures and reprints of their work.
I thank the graduate students in my group, who provided many of the ex-
amples used to illustrate the different techniques. Mrs. Wollscheid who has
drawn many figures, and Mrs. Heider who typed part of the corrections. Par-
ticular thanks go to Helmut Lotsch of Springer-Verlag, who worked very hard
for this book and who showed much patience with me when I often did not
keep the deadlines.

Last but not least, I thank my wife Harriet who had much understand-
ing for the many weekends lost for the family and who helped me to have
sufficient time to write this extensive book.

Kaiserslautern, Wolfgang Demtréder
June 1995



Preface to the First Edition

The impact of lasers on spectroscopy can hardly be overestimated. Lasers rep-
resent intense light sources with spectral energy densities which may exceed
those of incoherent sources by several orders of magnitude. Furthermore, be-
cause of their extremely small bandwidth, single-mode lasers allow a spectral
resolution which far exceeds that of conventional spectrometers. Many exper-
iments which could not be done before the application of lasers, because of
lack of intensity or insufficient resolution, are readily performed with lasers.

Now- several thousands of laser lines are known which span the whole
spectral range from the vacuum-ultraviolet to the far-infrared region. Of
particular interst are the continuously tunable lasers which may in many
cases replace wavelength-selecting elements, such as spectrometers or inter-
ferometers. In combination with optical frequency-mixing techniques such
continuously tunable monochromatic coherent light sources are available at
nearly any desired wavelength above 100 nm.

The high intensity and spectral monochromasy of lasers have opened
a new class of spectroscopic techniques which allow investigation of the struc-
ture of atoms and molecules in much more detail. Stimulated by the variety
of new experimental possibilities that lasers give to spectroscopists, very lively
research activities have developed in this field, as manifested by an avalanche
of publications. A good survey about recent progress in laser spectroscopy
is given by the proceedings of various conferences on laser spectroscopy
(see “Springer Series in Optical Sciences”), on picosecond phenomena (see
“Springer Series in Chemical Physics™), and by several quasi-mongraphs on
laser spectroscopy published in *“Topics in Applied Physics”.

For nonspecialists, however, or for people who are just starting in this
field, it is often difficult to find from the many articles scattered over many
journals a coherent representation of the basic principles of laser spectroscopy.
This textbook intends to close this gap between the advanced research papers
and the representation of fundamental principles and experimental techniques.
It is addressed to physicists and chemists who want to study laser spec-
troscopy in more detail. Students who have some knowledge of atomic and
molecular physics, electrodynamics, and optics should be able to follow the
presentation.

The fundamental principles of lasers are covered only very briefly because
many excellent textbooks on lasers already exist.

On the other hand, those characteristics of the laser that are important for
its applications in spectroscopy are treated in more detail. Examples are the
frequency spectrum of different types of lasers, their linewidths, amplitude
and frequency stability, tunability, and tuning ranges. The optical compo-
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nents such as mirrors, prisms, and gratings, and the experimental equipment
of spectroscopy, for example, monochromators, interferometers, photon detec-
tors, eic., are discussed extensively because detailed knowledge of modern
spectroscopic equipment may be crucial for the successful-performance of an
experiment.

Each chapter gives several examples to illustrate the subject discussed.
Problems at the end of each chapter may serve as a test of the reader’s un-
derstanding. The literature cited for each chapter is, of course, not complete
but should inspire further studies. Many subjects that could be covered only
briefly in this book can be found in the references in a more detailed and of-
ten more advanced treatment. The literature selection does not represent any
priority list but has didactical purposes and is intended to illustrate the subject
of each chapter more thoroughly.

The spectroscopic applications of lasers covered in this book are restricted
to the spectroscopy of free atoms, molecules, or ions. There exists, of course,
a wide range of applications in plasma physics, solid-state physics, or fluid
dynamics which are not discussed because they are beyond the scope of this
book. It is hoped that this book may be of help to students and researchers.
Although it is meant as an introduction to laser spectroscopy, it may also
facilitate the understanding of advanced papers on special subjects in laser
spectroscopy. Since laser spectroscopy is a very fascinating field of research,
I would be happy if this book can transfer to the reader some of my excite-
ment and pleasure experienced in the laboratory while looking for new lines
or unexpected results.

I want to thank many people who have. helped to complete this book.
In particular the students in my research group who by their experimental
work have contributed to many of the examples given for illustration and who
have spent their time reading the galley proofs. ] am grateful to colleages
from many laboratories who have supplied me with figures from their pub-
lications. Special thanks go to Mrs. Keck and Mrs. Ofiiara who typed the
manuscript and to Mrs. Wollscheid and Mrs. Ullmer who made the draw-
ings. Last but not least, I would like to thank Dr. U, Hebgen, Dr. H. Lotsch,
Mr. K.-H. Winter, and other coworkers of Springer-Verlag who showed much
patience with a dilatory author and who tried hard to complete the book in
a short time.

Kaiserslautern, Wolfgang Demtréder
March 1981
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