
Preface

Development of coherent radiation sources for a wavelength ‚ below 1 angstrom
(i.e., in the hard X-ray and gamma ray ranges) is a challenging goal of modern
physics. Sub-angstrom wavelength powerful spontaneous and, especially, coherent
radiation will have many applications in basic science, technology and medicine.
In particular, they may have a revolutionary impact on nuclear and solid-state
physics as well as on life sciences.

The present state-of-the-art lasers are capable of emitting electromagnetic
radiation from the infrared to ultraviolet range of the spectrum. Currently, there is
one Free-Electron Laser (FEL) operating in the X-ray range (‚ � 1 Å) [99].
Several other FEL X-ray facilities are either under construction or undergoing
advanced technical design work. Moving further, i.e., into the hard X-ray or/and
gamma ray band, is not possible without new approaches and technologies.

In this book we present and discuss one of such novel approaches. The main
phenomenon addressed is the radiation formed in a Crystalline Undulator. In this
device, the electromagnetic radiation is generated by a bunch of ultra-relativistic
particles channeling through a periodically bent crystalline structure. Such a
system becomes a source of intensive spontaneous monochromatic radiation and,
under certain conditions, also a source of the laser light. A laser based on the
crystalline undulator could produce photons with ‚ ¼ 0:01–0:1 Å (the corre-
sponding photon energy range is from tens to hundreds of keV up to MeV region).
Thus, its photon energy range starts where conventional FEL devices tail-off.

The feasibility of constructing a crystalline undulator is a very recent concept.
The aim of this book is to represent the underlying fundamental physical ideas as
well as the theoretical, experimental and technological advances made during the
last one and a half decades in exploring the various features of crystalline undu-
lators and the radiation formed in them. The book is addressed to a wide audience of
researches and students since the phenomenon of crystalline undulator entangles
the concepts from various research fields, such as material science, beam physics,
physics of radiation, solid-state physics, acoustics, etc., whereas its investigation
implies the use and further elaboration of a variety of theoretical and computational
methods, experimental techniques, and technological and engineering approaches.
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