Preface

Periodic focusing and cyclic accelerators, transport systems and stor-
age rings have a wide range of applications ranging from basic sci-
entific research in high energy and nuclear physics, to applications
such as spallation neutron sources, heavy ion fusion, tritium produc-
tion, and nuclear waste treatment. Of particular importance, at the
high beam currents and charge densities of practical interest, are the
effects of the intense self fields produced by the beam space charge
and current on determining the detailed equilibrium, stability and
transport properties, and the nonlinear dynamics of the system. In-
tense charged particle beams (or charge bunches), like one-component
nonneutral plasmas, are a many-body collection of charged particles
which exhibit a broad range of collective phenomena, such as plasma
waves and instabilities. Moreover, the intense self fields in a charged
particle beam can have a large influence on the detailed dynamics
and stability behavior of the beam.

During the past decade, the common physics of one-component
nonneutral plasmas and intense charged particle beams has become
increasingly evident. Indeed, many important scientific advances
have been made, both in terms of theoretical understanding and in-
strumentation techniques, since the properties of intense charged par-
ticle beams and laboratory-confined nonneutral plasmas were inves-
tigated using similar theoretical formalisms in Physics of Nonneutral
Plasmas (Addison Wesley, 1990; reissued by World Scientific, 2001).
Of course an intense charged particle beam (or charge bunch), when
considered in the beam frame, is in fact a one-component nonneutral
plasma, which would be expected to exhibit many collective prop-
erties similar to laboratory-confined pure ion plasmas or pure elec-
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tron plasmas. In this regard, there is an extensive literature on the
collective properties and nonlinear dynamics of laboratory-confined
nonneutral plasmas which is relevant to the general subject matter
of this book.

Physics of Intense Charged Particle Beams in High Energy Ac-
celerators has been prepared as a graduate-level text which covers a
broad range of topics related to the fundamental properties of the
collective processes and nonlinear dynamics of intense charged par-
ticle beams. The subject matter is treated systematically from first
principles using a unified theoretical approach, and the emphasis is
on the development of basic concepts that illustrate the underlying
physical processes in circumstances where intense self fields play a
major role in determining the evolution of the system. The statisti-
cal models used to describe the properties of intense charged particle
beams are based on the Vlasov-Maxwell equations, the macroscopic
fluid-Maxwell equations, or the Klimontovich-Maxwell equations, as
appropriate, and extensive use is made of theoretical techniques de-
veloped in the description of one-component nonneutral plasmas, and
multispecies electrically-neutral plasmas, as well as established tech-
niques in accelerator physics, classical mechanics, electrodynamics
and statistical physics. These approaches are found to provide re-
markably tractable and robust theoretical frameworks for describing
the detailed nonlinear dynamics and collective processes in intense
charged particle beams, including regimes where the intense self fields
produced by the beam space charge and current play a major role in
determining the detailed evolution of the system.

Physics of Intense Charged Particle Beams in High Energy Accel-
erators includes 75 problems and 71 figures and illustrations. Because
of the book’s emphasis on basic physics principles, and the thorough
presentation format, it is intended to have a broad and lasting appeal
to graduate students and researchers in the field.
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