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In the last two decades, cosmology, particle physics, high energy astrophysics,

and gravitational physics have become increasingly interwoven. The intense

activity taking place at the intersection of these disciplines is constantly

progressing, with the advent of major cosmic ray, neutrino, gamma-ray, and

gravitational wave observatories for studying cosmic sources, along with the

construction of particle physics experiments using beams and signals of

cosmic origin.

This book provides an up-to-date overview of the recent advances and

potential future developments in this area, discussing both the main

theoretical ideas and experimental results. It conveys the challenges, but also

the excitement associated with this field. Written in a concise yet accessible

style, explaining technical details with examples drawn from everyday life, it

will be suitable for undergraduate and graduate students, as well as for other

readers interested in the subject. Color versions of a selection of the figures

are available at www.cambridge.org/9780521517003.
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Preface

This book provides an overview of topics in high energy, particle

and gravitational astrophysics, aimed mainly at interested undergraduates

and other readers with only a modest science background. Mathematics and

equations have been kept to a minimum, emphasizing instead the main con-

cepts by means of everyday examples where possible. I have tried to cover

and discuss in some detail all the major areas in these topics where significant

advances are being made or are expected in the near future, with discussions

of the main theoretical ideas and descriptions of the principal experimental

techniques and their results.

Cosmology, particle physics, high energy astrophysics and gravitational

physics have, in the last two decades, become increasingly closely meshed,

and it has become clear that thinking and experimenting within the isolated

confines of each of these disciplines is no longer possible. The multi-channel

approach to investigating nature has long been practiced in high energy accel-

erators involving the strong, the weak and the electromagnetic interactions,

whereas astrophysics has long been possible only using electromagnetic sig-

nals. This situation, however, is rapidly changing, with the advent of major

cosmic-ray, neutrino and gravitational wave observatories for studying cosmic

sources, and the building of particle physics experiments using beams and sig-

nals of cosmic origin. At the same time, theoretical physics has increasingly

concentrated efforts in attempts to unify gravity with the other three forces

into an ultimate theory involving all four. The intense activity in these fields

is beginning to open new vistas onto the Universe and our understanding of

Nature’s working on the very small and very large scales. In this book I have

sought to convey not only the facts but also the challenges and the excitement

in this quest.

I have been fortunate in my collaborators working in these fields and, at

my own university, in having colleagues active in the various areas discussed

x
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Preface xi

here. Among the latter, I am grateful to Irina Mocioiou, Yuexing Li, Niel Brandt,

Michael Eracleous, Derek Fox, Abe Falcone, L. Sam Finn, Paul Sommers, Douglas

Cowen and Stephane Coutu for providing me feedback and advice on individual

chapters. I am also grateful to my wife Deborah for suggestions on improving

the readability of the manuscript. Any remaining errors are my own.

Understanding our cosmic environment and its immense displays of power

is somewhat akin to experiencing a major storm at sea. One feels awe at its

vastness and violence, and also the desire to understand, as far as possible, how

it works and what causes it. I hope that this book will help its readers participate

in this experience.
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