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This book is a systematic exposition of conformal methods and how they can
be used to study the global properties of solutions to the equations of Einstein’s
theory of gravity. It shows that combining these ideas with techniques of the
theory of partial differential equations can elucidate the stability of the basic
solutions of the theory. Introducing the differential geometric, spinorial and PDE
background required to gain a deep understanding of conformal methods, this
text provides an accessible account of key results in mathematical relativity over
the last 30 years, including the stability of de Sitter and Minkowski spacetimes.
For graduate students and researchers, this self-contained account includes
useful visual models to help the reader grasp abstract concepts and a list of
further reading, making this the perfect reference companion on the topic.

This title, first published in 2017, has been reissued as an Open Access
publication on Cambridge Core.

JUAN A. VALIENTE KROON is a Reader in Applied Mathematics at Queen
Mary University of London. He was a Lise Meitner fellow of the Austrian
Science Fund (FWF), an Engineering and Physical Sciences (EPSRC) Advanced

Research fellow and he specialises in various aspects of mathematical general
relativity.

Published online by Cambridge University Press



CAMBRIDGE MONOGRAPHS ON MATHEMATICAL PHYSICS
General Editors: P. V. Landshoff, D. R. Nelson, S. Weinberg

S. J. Aarseth Gravitational N-Body Simulations: Tools and Algom'thmsJr

J. Ambjgrn, B. Durhuus and T. Jonsson Quantum Geometry: A Statistical Field Theory
App'roachJr

A. M. Anile Relativistic Fluids and Magneto-fluids: With Applications in Astrophysics and
Plasma Physics

J. A. de Azcarraga and J. M. Izquierdo Lie Groups, Lie Algebras, Cohomology and Some
Applications in PhysicsT

O. Babelon, D. Bernard and M. Talon Introduction to Classical Integrable S’ystemsT

F. Bastianelli and P. van Nieuwenhuizen Path Integrals and Anomalies in Curved SpaceT

D. Baumann and L. McAllister Inflation and String Theory

V. Belinski and E. Verdaguer Gravitational Solitons

J. Bernstein Kinetic Theory in the Expanding Universe

G. F. Bertsch and R. A. Broglia Oscillations in Finite Quantum Systems'

N. D. Birrell and P. C. W. Davies Quantum Fields in Curved Space]L

K. Bolejko, A. Krasinski, C. Hellaby and M-N. Célérier Structures in the Universe by Exact
Methods: Formation, Evolution, Interactions

D. M. Brink Semi-Classical Methods for Nucleus-Nucleus ScatteringJr

M. Burgess Classical Covariant Fields’

E. A. Calzetta and B.-L. B. Hu Nonequilibrium Quantum Field Theory

S. Carlip Quantum Gravity in 241 Dimensions

P. Cartier and C. DeWitt-Morette Functional Integration: Action and Sy’mmetriesT

J. C. Collins Renormalization: An Introduction to Renormalization, the Renormalization Group
and the Operator-Product EzpansionlL )

P. D. B. Collins An Introduction to Reg?e Theory and High Energy Physics'

M. Creutz Quarks, Gluons and Lattices

P. D. D’Eath Supersymmetric Quantum CosmologyT

J. Dereziniski and C. Gérard Mathematics of Quantization and Quantum Fields

F. de Felice and D. Bini Classical Measurements in Curved Space-Times

F. de Felice and C. J. S Clarke Relativitg on Curved ManifoldsT

B. DeWitt Supermanifolds, 2nd edition

P. G. O. Freund Introduction to Supersym'metryT

F. G. Friedlander The Wave Equation on a Curved Space-Time’

J. L. Friedman and N. Stergioulas Rotating Relativistic Stars

Y. Frishman and J. Sonnenschein Non-Perturbative Field Theory: From Two Dimensional
Conformal Field Theory to QCD in Four Dimensions

J. A. Fuchs Affine Lie Algebras and Quantum Groups: An Introduction, with Applications in
Conformal Field Theory'

J. Fuchs and C. Schweigert Symmetries, Lie Algebras and Representations: A Graduate Course
for Physicistst

Y. Fujii and K. Maeda The Scalar-Tensor Theory of Gravitation®

J. A. H. Futterman, F. A. Handler, R. A. Matzner Scattering from Black Holes’

A. S. Galperin, E. A. Ivanov, V. I. Ogievetsky and E. S. Sokatchev Harmonic Superspace’

R. Gambini and J. Pullin Loops, Knots, Gauge Theories and Quantum Gravity

T. Gannorfl Moonshine beyond the Monster: The Bridge Connecting Algebra, Modular Forms and
Physics

M. Gockeler and T. Schiicker Differential Geometry, Gauge Theories and Gravity'

C. Gémez, M. Ruiz-Altaba and G. Sierra Quantum Groups in Two-Dimensional Physics’

M. B. Green, J. H. Schwarz and E. Witten Superstring Theory Volume 1: Introduction

M. B. Green, J. H. Schwarz and E. Witten Superstring Theory Volume 2: Loop Amplitudes,
Anomalies and Phenomenology

V. N. Grill?ov The Theory of Complex Angular Momenta: Gribov Lectures on Theoretical
Physics

J. B. Griffiths and J. Podolsky Exzact Space-Times in Einstein’s General Relatim’t@ﬂL

S. W. Hawking and G. F. R. Ellis The Large Scale Structure of Space- Time’

F. Iachello and A. Arima The Interacting Boson Model

F. Tachello and P. van Isacker The Interacting Boson-Fermion Modelt

C. Itzykson and J. M. Drouffe Statistical Field Theory Volume 1: From Brownian Motion to
Renormalization and Lattice Gauge TheoryT

C. Ttzykson and J. M. Drouffe Statistical Field Theory Volume 2: Strong Coupling, Monte Carlo
Methods, Conformal Field Theory and Random Systems’

G. Jaroszkiewicz Principles of Discrete Time Mechanics

C. V. Johnson D-Branes'

P. S. Joshi Gravitational Collapse and Spacetime Singularitiest

Published online by Cambridge University Press



J. L Kap?sta and C. Gale Finite- Temperature Field Theory: Principles and Applications, 2nd
edition

V. E. Korepin, N. M. Bogoliubov and A. G. Izergin Quantum Inverse Scattering Method and
Correlation Functions

M. Le Bellac Thermal Field Theory'

Y. Makeenko Methods of Contemporary Gauge Theory'

N. Manton and P. Sutcliffe Topological Solitons'

N. H. March Liquid Metals: Concepts and TheoryJr

I. Montvay and G. Miinster Quantum Fields on a Lattice'

L. O’Raifeartaigh Group Structure of Gauge Theories'

T. Ortin Gravity and Strings, 2nd edition

A. M. Ozorio de Almeida Hamiltonian Systems: Chaos and QuantizaiﬁionT

L. Parker and D. Toms Quantum Field Theory in Curved Spacetime: Quantized Fields and
Gravity

R. Penrose and W. Rindler Spinors and Space-Time Volume 1: Two-Spinor Calculus and
Relativistic Fields’

R. Penrose and W. Rindler Spinors and Space-Time Volume 2: Spinor and Twistor Methods in
Space-Time GeometryJr

S. Pokorski Gauge Field Theories, 2nd edition’

J. Polchinski String Theory Volume 1: An Introduction to the Bosonic IStTiTLgT

J. Polchinski String Theory Volume 2: Superstring Theory and Beyond'

J. C. Polkinghorne Models of High Energy Processes'

V. N. Popov Functional Integrals and Collective Excitations'

L. V. Prokhorov and S. V. Shabanov Hamiltonian Mechanics of Gauge Systems

A. Recknagel and V. Schiomerus Boundary Conformal Field Theory and the Worldsheet
Approach to D-Branes

R. J. Rivers Path Integral Methods in Quantum Field TheoryT

R. G. Roberts The Structure of the Proton: Deep Inelastic Scatteringfr

C. Rovelli Quantum Gram'tyT

W. C. Saslaw Gravitational Physics of Stellar and Galactic Systems’

R. N. Sen Causality, Measurement Theory and the Differentiable Structure of Space-Time

M. Shifman and A. Yung Supersymmetric Solitons

H. Stephani, D. Kramer, M. MacCallum, C. Hoenselaers and E. Herlt Ezact Solutions of
FEinstein’s Field Equations, 2nd edition’

J. Stewart Advanced General Relativity®

J. C. Taylor Gauge Theories of Weak Interactions’

T. Thiemann Modern Canonical Quantum General Relatim’tyT

D. J. Toms The Schwinger Action Principle and Effective Actiont

A. Vilenkin and E. P. S. Shellard Cosmic Strings and Other Topological Defects*

R. S. Ward and R. O. Wells, Jr Twistor Geometry and Field Theory’

E. J. Weinberg Classical Solutions in Quantum Field Theory: Solitons and Instantons in High
Energy Physics

J. R. Wilson and G. J. Mathews Relativistic Numerical Hydrody’rmmicswL

T. Ortin Gravity and Strings

D. Baumann and L. McAllister Inflation and String Theory

S. Raychaudhuri and K. Sridhar Particle Physics of Brane Worlds and Extra Dimensions

T Available in paperback

Published online by Cambridge University Press



Published online by Cambridge University Press



Conformal Methods in General
Relativity

JUAN A. VALIENTE KROON

Queen Mary University of London

=4 CAMBRIDGE

') UNIVERSITY PRESS

Published online by Cambridge University Press



| CAMBRIDGE

UNIVERSITY PRESS

Shaftesbury Road, Cambridge CB2 8EA, United Kingdom
One Liberty Plaza, 20th Floor, New York, NY 10006, USA
477 Williamstown Road, Port Melbourne, VIC 3207, Australia
314-321, 3rd Floor, Plot 3, Splendor Forum, Jasola District Centre, New Delhi — 110025, India
103 Penang Road, #05-06/07, Visioncrest Commercial, Singapore 238467

Cambridge University Press is part of Cambridge University Press & Assessment,
a department of the University of Cambridge.

We share the University’s mission to contribute to society through the pursuit of
education, learning and research at the highest international levels of excellence.

www.cambridge.org
Information on this title: www.cambridge.org/9781009291347

DOI: 10.1017/9781009291309
© Juan A. Valiente Kroon 2022

This work is in copyright. It is subject to statutory exceptions and to the provisions
of relevant licensing agreements; with the exception of the Creative Commons version the
link for which is provided below, no reproduction of any part of this work may take
place without the written permission of Cambridge University Press.

An online version of this work is published at doi.org/10.1017/9781009291309 under a
Creative Commons Open Access license CC-BY-NC-ND 4.0 which permits re-use,
distribution and reproduction in any medium for non-commercial purposes providing
appropriate credit to the original work is given. You may not distribute derivative works
without permission. To view a copy of this license, visit
https://creativecommons.org/licenses/by-nc-nd/4.0

All versions of this work may contain content reproduced under license from third parties.
Permission to reproduce this third-party content must be obtained from these third-parties directly.

When citing this work, please include a reference to the DOI 10.1017/9781009291309

First published 2017
Reissued as OA 2022

A catalogue record for this publication is available from the British Library.

ISBN 978-1-009-29134-7 Hardback
ISBN 978-1-009-29133-0 Paperback

Cambridge University Press & Assessment has no responsibility for the persistence
or accuracy of URLs for external or third-party internet websites referred to in this
publication and does not guarantee that any content on such websites is, or will remain,
accurate or appropriate.

Published online by Cambridge University Press


http://www.cambridge.org
http://www.cambridge.org/9781009291347
https://creativecommons.org/licenses/by-nc-nd/4.0

