
Preface

This Springer Brief emerged from meetings of Working Group 1 (WG1) of the
European Cooperation in Science and Technology (COST) action MP0905 ‘‘Black
Holes in a Violent Universe’’ which started in 2010. WG1 (chaired by X.C.) is
devoted to the study of quantum effects in black hole physics. The term ‘‘quantum
black holes’’ (in the title of both the Working Group and this book) refers to black
holes for which quantum effects are physically significant. This is a very broad
field, ranging from primordial black holes to ones which have mass close to the
Planck scale (defined below). Quantum black holes are fascinating objects as they
offer a connection between general relativity and quantum mechanics. The most
celebrated quantum effect associated with black holes is Hawking radiation.
Another important challenge is to understand when black holes form and in par-
ticular when the collision of two particles at very high energy will form a black
hole. These are some of the raison d’êtres of our Working Group.

Quantum effects are significant for primordial black holes, which could play a
very important cosmological role and even be a source of dark matter. Further-
more, one of most important developments in particle physics of the last 20 years
has been the realisation that the Planck scale at which quantum gravitational
effects become important could be much lower than the traditional value of 1019

GeV. Indeed, if there are more than four dimensions in nature, it could potentially
be within reach of the CERN Large Hadron Collider (LHC). This idea has trig-
gered significant research which has furthered our understanding of quantum black
holes. While so far there is no hint of black holes at the LHC, the data have set
some of the tightest limits to date on the Planck scale. Furthermore, the possibility
of creating Planckian quantum black holes at colliders was a motivation
for ground-breaking theoretical studies of black hole production and decay
mechanisms.

In WG1 we have been fortunate to bring together experts in the field of
quantum black holes. It was thus the perfect opportunity to review the state of the
art of the field. This book is the result of interactions among the members of this
working group. Our aim is to have a general introduction to the topic, describing in
some detail the theoretical advances that have taken place since the 1970s while
being less rigorous in the more speculative parts. In particular, for low-scale
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quantum gravity black holes, we have not described the current experimental
limits in detail as these are evolving constantly as the LHC data grow. Note that
we define ‘‘quantum black holes’’ as the ones for which quantum effects are
important, although the term is sometimes used more restrictively, to refer to holes
for which quantum gravitational effects are important.

We hope that this book will be useful to researchers, advanced undergraduate and
graduate students. We assume some familiarity with general relativity, quantum
theory and particle physics at the undergraduate level. Throughout this book we use
the space-time signature (-, ? ,…, ?). At various points in this book, we will use
relativistic units in which both Newton’s gravitational constant G and the speed of
light c are equal to unity, as well as electromagnetic Gaussian units in which the
Coulomb force constant (4pe0)-1 = 1. In our discussion of black hole thermody-
namics we will also set the reduced Planck’s constant �h and the Boltzmann constant
kB equal to one. Using the constants G, �h and c, we can construct a fundamental

length-scale LP ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffi

�hG=c3
p

� 1:6� 10�35 m, mass-scale MP ¼
ffiffiffiffiffiffiffiffiffiffiffi

�hc=G
p

� 2:2�
10�8 kg � 1:2� 1019 GeV=c2 and time-scale tP ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffi

�hG=c5
p

� 5:4� 10�44 s.
These are known as the Planck scales and quantities are given in these units when we
use relativistic units. When we discuss space–times with more than four dimensions,
we denote the number of space–time dimensions by d = n ? 4, with n being the
number of ‘‘extra’’ dimensions. We use the notation M� to denote the mass of the
Sun (� 2� 1030 kg), which is a useful mass-scale for astrophysical objects.

Although we had to identify a subset of authors from WG1 to collaborate on
this book, we wish to thank all the members of this Working Group. This book
would not have been possible without the support of the COST action MP0905.
In particular we would like to thank Silke Britzen, the chair of our action, the
members of the core group (Antxon Alberdi, Andreas Eckart, Robert Ferdman,
Karl-Heinz Mack, Iossif Papadakis, Eduardo Ros, Anthony Rushton, Merja
Tornikoski and Ulrike Wyputta in addition to X.C.) and all the members of this
action for fascinating meetings and conferences.

We also thank Victor Ambrus, Steven Giddings, Matt Hewitt, Stephen Hsu and
Carl Kent for helpful comments on early drafts of this work. Chapter 4 incorpo-
rates some material from a recent paper by Bernard Carr, Kazunori Kohri, Yuuiti
Sendouda and Jun’ichi Yokoyama. [Physical Review D 81, 104019 (2010)]. B.C.
thanks his collaborators for an enjoyable collaboration and the American Physical
Society for authorization to reproduce this material.
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B.C. was supported by a JSPS/Royal Society bilateral grant and he acknowledges
hospitality received from the Research Centre for the Early Universe (RESCEU) in
Tokyo University. The work of E.W. was supported by the Lancaster-Manchester-
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Jacques and Hélène for their love and support. B.C. expresses appreciation to his
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wife Mari, whom he sometimes neglected as a result of his work on this book, for
her love and understanding. E.W. thanks her parents, Richard Jackson and friends
for their continuous support and encouragement.
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