NONEQUILIBRIUM QUANTUM FIELD THEORY

Research into the nonequilibrium processes of quantum many body systems, and
the statistical mechanical properties of interacting quantum fields, constitutes a
fast developing and widely applicable area of theoretical physics.

Bringing together the key ideas from nonequilibrium statistical mechanics and
powerful methodology from quantum field theory, this book captures the essence
of nonequilibrium quantum field theory.

Beginning with the foundational aspects of the theory, the book presents
important concepts and useful techniques, discusses issues of basic interest such
as decoherence and entropy generation, and shows how thermal field, linear
response, kinetic theories and hydrodynamics emerge. It also illustrates how these
concepts and methodology are applied to current research topics such as nonequi-
librium phase transitions, thermalization in relativistic heavy ion collisions, the
nonequilibrium dynamics of Bose-Einstein condensation, and the generation of
structures from quantum fluctuations in the early Universe.

The book is divided into five parts, with each part addressing a particular stage
in the conceptual and technical development of the subject. Full derivations or
detailed plausibility arguments are presented throughout. This self-contained
book is a valuable reference for graduate students and researchers in particle
physics, gravitation, cosmology, atomic-optical and condensed matter physics.

This title, first published in 2009, has been reissued as an Open
Access publication on Cambridge Core.

ESTEBAN A. CALZETTA is a Professor in the Departamento de Fisica at
the Universidad de Buenos Aires and Researcher at CONICET, Argentina.

BEI-LOK B. HU is a Professor in the Department of Physics and a Fellow of
the Joint Quantum Institute at the University of Maryland, College Park.

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

J. Ambjgrn, B. Durhuus and T. Jonsson Quantum Geometry: A Statistical Field Theory Approach

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

J. A. de Azcéarrage and J. M. Izquierdo Lie Groups, Lie Algebras, Cohomology and Some
Applications in Physics*

O. Babelon, D. Bernard and M. Talon Introduction to Classical Integrable SystemsT

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

V. Belinkski 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'

M. Burgess Classical Covariant Fields

S. Carlip Quantum Gravity in 2 + 1 Dimensions’

P. Cartier and C. DeWitt-Morette Functional Integration: Action and Symmetries

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

M. Creutz Quarks, Gluons and Lattices'

P. D. D’Eath Supersymmetric Quantum Cosmology

F. de Felice and C. J. S. Clarke Relativity on Curved Manifolds

B. S. DeWitt Supermanifolds, 2™ editiont

P. G. O. Freund Introduction to Supersymmetry’

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

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

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

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

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

T. Gannon Moonshine Beyond the Monster: The Bridge Connecting Algebra, Modular Forms
and Physics

M. Gockeler and T. Schiicker Differential Geometry, Gauge Theories and Grtwity‘L

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: Introductiont

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

V. N. Gribov The Theory of Compler Angular Momenta: Gribov Lectures on Theoretical Physics

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. Iachello and P. van Isacker The Interacting Boson—Fermion Model

C. Ttzykson and J. M. Drouffe Statistical Field Theory, Volume 1: From Brownian Motion to
Renormalization and Lattice Gauge Them"y‘L

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

C. Johnson D-Branes'

P. S. Joshi Gravitational Collapse and Spacetime Singularities

J. I. Kapusta and C. Gale Finite-Temperature Field Theory: Principles and Applications, ond
edition

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

M. Le Bellac Thermal Field Theorjr

Y. Makeenko Methods of Contemporary Gauge Theory

N. Manton and P. Sutcliffe Topological Solitons

N. H. March Liquid Metals: Concepts and Theory

1. M. Montvay and G. Miinster Quantum Fields on a Lattice'

L. O’Raifeartaigh Group Structure of Gauge Theories’

T. Ortin Gravity and Strings

A. Ozorio de Almeida Hamiltonian Systems: Chaos and QuantizationJr

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 Geometrf

S. Pokorski Gauge Field Theories, 2™ edition’

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

Published online by Cambridge University Press



J. Polchinski String Theory Volume 2: Superstring Theory and Beyond
V. N. Popov Functional Integrals and Collective Ezcitations'

R. J. Rivers Path Integral Methods in Quantum Field Theory' )

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

C. Rovelli Quantum Gr(wity‘L

W. C. Saslaw Gravitational Physics of Stellar and Galactic SystemsJr

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

J. Stewart Advanced General Relativity'

T. Thiemann Modern Canonical Quantum General Relativity

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

A. Vilenkin and E. P. S. Shellard Cosmic Strings and Other Topological DefectsT
R. S. Ward and R. O. Wells Jr Twistor Geometry and Field Theory!

J. R. Wilson and G. J. Mathews Relativistic Numerical Hydrodynamics

fIssued as a paperback

Published online by Cambridge University Press



Published online by Cambridge University Press



Nonequilibrium
Quantum Field Theory

ESTEBAN A. CALZETTA
University of Buenos Aires and CONICET

BEI-LOK B. HU
University of Maryland

=4 CAMBRIDGE

P UNIVERSITY PRESS

Published online by Cambridge University Press



| CAMBRIDGE

UNIVERSITY PRESS

d

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/9781009289986

DOI: 10.1017/9781009290036
© Esteban A. Calzetta and Bei-Lok B. Hu 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/10.1017/9781009290036 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 10.1017/9781009290036

First published 2009
Reissued as OA 2022

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

ISBN 978-1-009-28998-6 Hardback
ISBN 978-1-009-29002-9 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/9781009289986
https://creativecommons.org/licenses/by-nc-nd/4.0
http://10.1017/9781009290036
http://10.1017/9781009290036
http://10.1017/9781009290036

