Preface

Black holes are thought to be the final product of the complete gravitational
collapse of massive bodies. In the framework of standard physics, the spacetime
metric around astrophysical black holes should be well approximated by the Kerr
solution. However, macroscopic deviations from standard predictions may be
expected from a number of scenarios beyond Einstein’s theory of general relativity.
Astrophysical black holes are thus an ideal laboratory for testing strong gravity.

The main aim of this book is to discuss the electromagnetic techniques to study
the strong gravity region around astrophysical black holes. For completeness,
gravitational wave methods will be also reviewed, but only very briefly and without
the necessary details to start working on the corresponding line of research. This
book has not the ambition to be a complete manual on this research field.
Hopefully, it may be a good starting point. The reader should be already familiar
with the theory of general relativity (at a more advanced level than that one can
learn in an introductory course in an undergraduate program), while it is not
required a background in astronomy/astrophysics.

Chapters 1-5 provide a general introduction on some basic concepts. Some
topics are not necessary to understand the rest of the book (in particular some topics
in Chap. 2), and in such a case they are briefly reviewed without many details, but
they may be useful to get a complete overview of current knowledge on black
holes. Chapters 6-11 are the core of the book. Chapters 6—10 discuss the main
techniques to test astrophysical black holes with electromagnetic radiation.
Chapter 11 briefly reviews the approaches available with gravitational waves.
Chapters 12—-14 summarize the state of the art of tests of the Kerr black hole
hypothesis. Appendices A—F provide more details on some particular calculations,
briefly discuss some related topics not covered in Chaps. 1-14, or summarize some
useful formulas. The Glossary at the end of the book can be useful to learn/recall
some quite common terms.

I am particularly grateful to Alejandro Cardenas-Avendano for reading a pre-
liminary version of the manuscript and providing useful feedback. I thank Matteo
Guainazzi for useful comments and suggestions about the part devoted to X-ray
missions and X-ray data analysis, and Kostas Kokkotas about the part on

vii



viii Preface

gravitational waves. I would like also to thank Javier Garcia-Martinez, Jiachen
Jiang, Daniele Malafarina, Yueying Ni, James Steiner, and Jingyi Wang for valu-
able comments to improve the manuscript and for some figures. This work was
supported by the NSFC (grants 11305038 and U1531117), the Thousand Young
Talents Program, and the Alexander von Humboldt Foundation.

Shanghai, China Cosimo Bambi
December 2016



2 Springer
http://www.springer.com/978-981-10-4523-3

Black Holes: A Laboratory for Testing Strong Gravity
Bambi, C.

2017, ¥, 340 p. 123 illus., 117 illus. in color.,
Hardcover

ISBM: 978-8981-10-4523-3





