mathematical quantum field theory

mathematical quantum field theory is a rigorous and structured approach to
understanding quantum field theory (QFT) through the lens of pure
mathematics. It seeks to provide a solid foundation for the physical concepts
underlying quantum fields, particles, and their interactions by employing
advanced mathematical frameworks. This field combines elements of functional
analysis, algebra, topology, and differential geometry to tackle the
complexities inherent in quantum theories. Mathematical quantum field theory
not only aims to formalize the axioms of QFT but also to solve outstanding
problems related to renormalization, existence of models, and the behavior of
fields in different spacetime settings. These efforts lead to deeper insights
in both physics and mathematics, influencing areas such as statistical
mechanics, string theory, and condensed matter physics. The article will
explore fundamental concepts, key axioms, major mathematical structures, and
current research trends in mathematical quantum field theory.

e Foundations of Mathematical Quantum Field Theory
e Axiomatic Approaches to Quantum Field Theory

e Mathematical Structures in Quantum Field Theory
e Renormalization and Rigorous Results

e Applications and Current Research Directions

Foundations of Mathematical Quantum Field
Theory

The foundations of mathematical quantum field theory focus on establishing a
precise and consistent framework to describe quantum fields and their
dynamics. Unlike the traditional physics approach that relies heavily on
heuristic methods and perturbation theory, the mathematical formulation
demands rigorous definitions and proofs. Central to this foundation is the
notion of a quantum field as an operator-valued distribution acting on a
Hilbert space. These operators encode the creation and annihilation of
particles and satisfy commutation or anticommutation relations depending on
the particle statistics. The framework is designed to respect principles such
as locality, causality, and relativistic invariance, which are essential for
physical consistency. Furthermore, the interplay between space and time in
relativistic quantum fields requires careful mathematical treatment to avoid
inconsistencies and paradoxes. This foundational groundwork serves as the
bedrock upon which more advanced theories and models are constructed.



Axiomatic Approaches to Quantum Field Theory

Axiomatic quantum field theory provides a set of formal postulates intended
to characterize physically acceptable quantum field theories in a
mathematically rigorous manner. These axioms ensure that the theory adheres
to fundamental physical requirements while enabling rigorous analysis and
classification of models.

Wightman Axioms

The Wightman axioms form one of the earliest and most influential sets of
axioms in mathematical quantum field theory. They describe quantum fields as
operator-valued distributions acting on a Hilbert space and impose conditions
such as locality (fields commute or anticommute at spacelike separations),
Poincaré invariance, and the spectrum condition (positivity of energy). These
axioms facilitate the reconstruction of the entire theory from vacuum
expectation values known as Wightman functions. The approach is constructive
and allows for the application of powerful tools from functional analysis and
distribution theory.

Haag-Kastler Axioms (Algebraic QFT)

The Haag-Kastler framework, also known as algebraic quantum field theory,
utilizes the language of operator algebras to encode local observables
associated with regions of spacetime. This approach focuses on nets of C*-
algebras or von Neumann algebras indexed by open subsets of Minkowski space,
capturing locality and covariance through algebraic relations. The algebraic
method is particularly well-suited to addressing questions about the
structure of observables, superselection sectors, and the representation
theory of quantum fields. It provides a flexible and abstract formalism that
can be adapted to curved spacetimes and different physical contexts.

Constructive Quantum Field Theory

Constructive quantum field theory aims to build explicit examples of quantum
field theories that satisfy the axioms in a mathematically rigorous way. It
involves the use of functional integrals, probabilistic methods, and rigorous
renormalization techniques to show the existence of interacting quantum
fields in lower-dimensional spacetimes. Notable successes include the
construction of scalar fields with polynomial interactions in two and three
dimensions. These results provide valuable insights into non-perturbative
aspects of QFT and the mathematical control of divergences.



Mathematical Structures in Quantum Field Theory

Mathematical quantum field theory explores a variety of intricate structures
that encode the behavior and interaction of quantum fields. These structures
often arise from the need to reconcile physical intuition with mathematical
rigor, leading to deep connections across multiple branches of mathematics.

Operator Algebras

Operator algebras play a central role in the algebraic approach to quantum
field theory. The use of C*-algebras and von Neumann algebras allows for the
rigorous description of observables and the implementation of locality and
causality conditions. These algebras provide a framework to study
superselection rules, states, and representations that classify different
physical sectors of a theory.

Category Theory and Topological Quantum Field Theory

Category theory has become increasingly important in the study of quantum
field theories, especially in the context of topological quantum field theory
(TQFT). TQFTs are quantum field theories that depend only on the topology of
the underlying spacetime manifold rather than its metric structure. They are
characterized by functors from categories of cobordisms to categories of
vector spaces or algebras, linking geometry, topology, and algebra in
profound ways. This categorical perspective aids the classification and
construction of QFT models, particularly in low dimensions.

Functional Analysis and Distribution Theory

Functional analysis provides the tools necessary to handle infinite-
dimensional Hilbert spaces and operator-valued distributions that quantum
fields represent. Distribution theory is essential because quantum fields
cannot be defined as ordinary functions but rather as distributions acting on
test functions. These mathematical tools ensure that fields and their
correlations are well-defined and manageable within the theory.

Symmetry and Group Representations

Symmetry principles are foundational in quantum field theory, and their
mathematical formulation involves the representation theory of groups such as
the Poincaré group, gauge groups, and internal symmetry groups. Group
representations dictate the classification of particles, the form of
interaction terms, and conservation laws. Advanced concepts like supergroups
and quantum groups further extend the symmetry framework in mathematical
quantum field theory.



Renormalization and Rigorous Results

Renormalization is a fundamental concept in quantum field theory that
addresses the infinities arising in perturbative calculations. Mathematical
quantum field theory seeks to place renormalization on a rigorous footing and
prove the existence and properties of renormalized quantum field models.

Renormalization Group and Flow

The renormalization group describes how a quantum field theory changes as one
varies the energy scale at which the theory is probed. Mathematically, this
involves studying flows on spaces of coupling constants and effective
actions. The rigorous analysis of renormalization group flows helps to
understand universality, critical phenomena, and the stability of fixed
points in QFT.

Constructive Renormalization Techniques

Constructive quantum field theorists have developed methods such as cluster
expansions, phase space analysis, and multiscale decompositions to rigorously
control renormalization. These techniques have been successfully applied to
build interacting quantum field theories in low dimensions and to prove
perturbative renormalizability in certain cases. Such achievements mark
milestones in the mathematical understanding of renormalization.

Existence Theorems

One of the principal goals of mathematical quantum field theory is to prove
existence theorems for interacting quantum fields that satisfy the axioms and
exhibit physically relevant properties. While the full solution in four-
dimensional spacetime remains elusive, significant progress has been made for
two- and three-dimensional models. These theorems establish the mathematical
consistency and predictive power of quantum field theories beyond formal
perturbation expansions.

Applications and Current Research Directions

Mathematical quantum field theory has profound implications and applications
across both physics and mathematics. It continues to evolve with new research
addressing fundamental questions and expanding its scope.

Quantum Gauge Theories and Yang-Mills Theory

One of the most challenging problems in mathematical quantum field theory is



the rigorous construction and analysis of quantum gauge theories,
particularly Yang-Mills theories in four dimensions. These theories form the
backbone of the Standard Model of particle physics. Efforts focus on
establishing mass gaps, confinement, and non-perturbative phenomena within a
mathematically rigorous framework, which remains a major open problem.

Conformal Field Theory and String Theory

Conformal field theory (CFT) studies quantum field theories invariant under
conformal transformations and is deeply connected to string theory and
statistical mechanics. Mathematical quantum field theory provides the tools
to rigorously analyze CFT models, their representation theory, and modular
invariance properties. These insights contribute to the understanding of
critical phenomena and dualities in physics.

Applications to Statistical Mechanics and Condensed
Matter

Mathematical quantum field theory techniques are extensively applied to
problems in statistical mechanics and condensed matter physics. They help
describe phase transitions, critical exponents, and emergent phenomena in
many-body systems. The rigorous results obtained in QFT often translate into
precise mathematical statements about these complex physical systems.

Emerging Research Topics

e Quantum Field Theory on Curved Spacetimes: Studying QFT in general
relativistic settings to understand phenomena like Hawking radiation and
cosmological particle creation.

e Higher Category Theory and Extended QFTs: Extending the categorical
framework to capture more intricate topological and geometric
structures.

e Noncommutative Geometry and QFT: Exploring the impact of noncommutative
spacetime structures on quantum fields and interactions.

e Mathematical Aspects of Supersymmetry and Supergeometry: Formalizing
supersymmetric quantum field theories with rigorous mathematical tools.



Frequently Asked Questions

What is mathematical quantum field theory?

Mathematical quantum field theory is the rigorous mathematical study of
quantum field theory (QFT), focusing on providing a solid foundation for the
concepts and techniques used in physics to describe quantum fields and their
interactions.

Why is mathematical rigor important in quantum field
theory?

Mathematical rigor ensures that the formulations and results in quantum field
theory are well-defined, consistent, and free from ambiguities, which is
essential for advancing both theoretical understanding and applications in
physics.

What are some key challenges in mathematical quantum
field theory?

Key challenges include constructing interacting quantum field theories in
four dimensions, understanding renormalization rigorously, and establishing
the existence and properties of solutions to the theory's equations.

How does the concept of renormalization appear in
mathematical quantum field theory?

Renormalization is treated as a mathematical procedure to remove infinities
and define finite quantities in quantum field theories, often using
techniques from functional analysis, operator algebras, and probability
theory to justify and formalize the process.

What are recent developments or trends in
mathematical quantum field theory?

Recent trends include progress in constructive quantum field theory, the use
of algebraic and categorical methods, advances in understanding topological

quantum field theories, and connections with other areas like string theory,
condensed matter physics, and non-commutative geometry.

Additional Resources

1. Quantum Field Theory and the Standard Model by Matthew D. Schwartz

This book offers a comprehensive introduction to quantum field theory with a
focus on the Standard Model of particle physics. It balances mathematical
rigor with physical intuition, making it accessible to graduate students and



researchers alike. The text covers Feynman diagrams, gauge theories,
renormalization, and modern applications in particle physics.

2. Quantum Field Theory by Mark Srednicki

Srednicki’s text is widely regarded for its clear and systematic approach to
quantum field theory. It introduces path integrals, canonical quantization,

and perturbation theory with detailed examples. The book is well-suited for

self-study and includes numerous exercises to reinforce understanding.

3. An Introduction to Quantum Field Theory by Michael E. Peskin and Daniel V.
Schroeder

A classic textbook in the field, this book provides an in-depth treatment of
the fundamental concepts of quantum field theory. It emphasizes practical
calculations and physical insight, covering topics such as scattering
amplitudes, gauge theories, and renormalization. Its pedagogical style has
made it a favorite among graduate students.

4. Quantum Field Theory in a Nutshell by A. Zee

A. Zee's book offers an engaging and intuitive introduction to quantum field
theory, blending physical concepts with mathematical formalism. It covers
basic topics like scalar fields and gauge fields while also introducing
advanced ideas such as anomalies and topological aspects. The conversational
tone makes complex ideas approachable.

5. Local Quantum Physics: Fields, Particles, Algebras by Rudolf Haag

Haag’'s work is a foundational text in the algebraic approach to quantum field
theory. It explores the mathematical structures underlying local quantum
physics, emphasizing operator algebras and their role in field theory. This
book is ideal for readers interested in the rigorous mathematical formulation
of quantum field theory.

6. Quantum Field Theory: A Modern Introduction by Michio Kaku

This book presents quantum field theory with an emphasis on modern
developments and applications. Kaku covers canonical quantization, path
integrals, and gauge theories with clarity and includes discussions on string
theory and supersymmetry. It is suitable for advanced undergraduates and
beginning graduate students.

7. Mathematical Foundations of Quantum Field Theory and Perturbative String
Theory by Hisham Sati and Urs Schreiber (Editors)

This collection of essays and lectures addresses the rigorous mathematical
foundations of quantum field theory and perturbative string theory. It brings
together contributions from leading experts on topics like homotopy theory,
category theory, and topological quantum field theories. The volume is aimed
at researchers interested in the interface between mathematics and physics.

8. PCT, Spin and Statistics, and All That by Raymond F. Streater and Arthur
S. Wightman

A seminal text in axiomatic quantum field theory, this book rigorously
develops the foundational principles such as the PCT theorem, spin-statistics
connection, and locality. It uses a mathematical framework to clarify the



assumptions and consequences of quantum field theory. This work is essential
for those studying the theoretical underpinnings of the subject.

9. Quantum Field Theory for Mathematicians by Robin Ticciati

Designed specifically for mathematicians, this book bridges the gap between
mathematical rigor and physical intuition in quantum field theory. It
introduces the subject with an emphasis on functional analysis,
distributions, and representation theory. The text serves as a valuable
resource for readers seeking a mathematically precise approach to QFT.
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mathematical quantum field theory: Mathematical Quantum Field Theory and Related
Topics Joel S. Feldman, Lon M. Rosen, Université de Montréal. Centre de recherches
mathématiques, Natural Sciences and Engineering Research Council Canada, 1988 Suitable for
researchers and advanced graduate students in mathematical physics, this book constitutes the
proceedings of a conference on mathematical quantum field theory and related topics. The
conference was held at the Centre de Recherches Matheematiques of the Universite de Montreal in
September 1987.

mathematical quantum field theory: Mathematical Foundations Of Quantum Field
Theory Albert Schwarz, 2020-04-15 The book is very different from other books devoted to quantum
field theory, both in the style of exposition and in the choice of topics. Written for both
mathematicians and physicists, the author explains the theoretical formulation with a mixture of
rigorous proofs and heuristic arguments; references are given for those who are looking for more
details. The author is also careful to avoid ambiguous definitions and statements that can be found in
some physics textbooks.In terms of topics, almost all other books are devoted to relativistic quantum
field theory, conversely this book is concentrated on the material that does not depend on the
assumptions of Lorentz-invariance and/or locality. It contains also a chapter discussing application of
methods of quantum field theory to statistical physics, in particular to the derivation of the diagram
techniques that appear in thermo-field dynamics and Keldysh formalism. It is not assumed that the
reader is familiar with quantum mechanics; the book contains a short introduction to quantum
mechanics for mathematicians and an appendix devoted to some mathematical facts used in the
book.

mathematical quantum field theory: What Is a Quantum Field Theory? Michel Talagrand,
2022-03-17 Quantum field theory (QFT) is one of the great achievements of physics, of profound
interest to mathematicians. Most pedagogical texts on QFT are geared toward budding professional
physicists, however, whereas mathematical accounts are abstract and difficult to relate to the
physics. This book bridges the gap. While the treatment is rigorous whenever possible, the accent is
not on formality but on explaining what the physicists do and why, using precise mathematical
language. In particular, it covers in detail the mysterious procedure of renormalization. Written for
readers with a mathematical background but no previous knowledge of physics and largely
self-contained, it presents both basic physical ideas from special relativity and quantum mechanics
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and advanced mathematical concepts in complete detail. It will be of interest to mathematicians
wanting to learn about QFT and, with nearly 300 exercises, also to physics students seeking greater
rigor than they typically find in their courses. Erratum for the book can be found at
michel.talagrand.net/erratum.pdf.

mathematical quantum field theory: Mathematical Theory of Quantum Fields Huzihiro
Araki, 1999-10-22 This is an introduction to the mathematical foundations of quantum field theory,
using operator algebraic methods and emphasizing the link between the mathematical formulations
and related physical concepts. It starts with a general probabilistic description of physics, which
encompasses both classical and quantum physics. The basic key physical notions are clarified at this
point. It then introduces operator algebraic methods for quantum theory, and goes on to discuss the
theory of special relativity, scattering theory, and sector theory in this context.

mathematical quantum field theory: General Principles of Quantum Field Theory N.N.
Bogolubov, Anatoly A. Logunov, A. I. Oksak, I. Todorov, 1989-12-31 The majority of the memorable
results of relativistic quantum theory were obtained within the framework of the local quantum field
approach. The explanation of the basic principles of the local theory and its mathematical structure
has left its mark on all modern activity in this area. Originally, the axiomatic approach arose from
attempts to give a mathematical meaning to the quantum field theory of strong interactions (of
Yukawa type). The fields in such a theory are realized by operators in Hilbert space with a positive
Poincare-invariant scalar product. This classical part of the axiomatic approach attained its modern
form as far back as the sixties. * It has retained its importance even to this day, in spite of the fact
that nowadays the main prospects for the description of the electro-weak and strong interactions are
in connection with the theory of gauge fields. In fact, from the point of view of the quark model, the
theory of strong interactions of Wightman type was obtained by restricting attention to just the
physical local operators (such as hadronic fields consisting of "fundamental" quark fields) acting in a
Hilbert space of physical states. In principle, there are enough such physical fields for a description
of hadronic physics, although this means that one must reject the traditional local Lagrangian
formalism. (The connection is restored in the approximation of low-energy phe nomenological
Lagrangians.

mathematical quantum field theory: Quantum Field Theory: A Tourist Guide for
Mathematicians Gerald B. Folland, 2021-02-03 Quantum field theory has been a great success for
physics, but it is difficult for mathematicians to learn because it is mathematically incomplete.
Folland, who is a mathematician, has spent considerable time digesting the physical theory and
sorting out the mathematical issues in it. Fortunately for mathematicians, Folland is a gifted
expositor. The purpose of this book is to present the elements of quantum field theory, with the goal
of understanding the behavior of elementary particles rather than building formal mathematical
structures, in a form that will be comprehensible to mathematicians. Rigorous definitions and
arguments are presented as far as they are available, but the text proceeds on a more informal level
when necessary, with due care in identifying the difficulties. The book begins with a review of
classical physics and quantum mechanics, then proceeds through the construction of free quantum
fields to the perturbation-theoretic development of interacting field theory and renormalization
theory, with emphasis on quantum electrodynamics. The final two chapters present the functional
integral approach and the elements of gauge field theory, including the Salam-Weinberg model of
electromagnetic and weak interactions.

mathematical quantum field theory: Quantum Field Theory Bertfried Fauser, Jurgen
Tolksdorf, Eberhard Zeidler, 2009-06-02 The present volume emerged from the 3rd "Blaubeuren
Workshop: Recent Developments in Quantum Field Theory', held in July 2007 at the Max Planck
Institute of Mathematics in the Sciences in Leipzig/Germany. All of the contributions are committed
to the idea of this workshop series: To bring together outstanding experts working in the field of
mathematics and physics to discuss in an open atmosphere the fundamental questions at the frontier
of theoretical physics.

mathematical quantum field theory: Mathematical Quantum Theory I Joel S. Feldman,




Richard Gerd Froese, Lon M. Rosen, 1994-12-19 This book is the first volume of the proceedings of
the Canadian Mathematical Society Annual Seminar on Mathematical Quantum Theory, held in
Vancouver in August 1993. The seminar was run as a research-level summer school concentrating on
two related areas of contemporary mathematical physics. The subject of the first session, quantum
field theory and many-body theory, is covered in the present volume; papers from the second
session, on Schrodinger operators, are in volume 2. Each session featured a series of minicourses,
consisting of approximately four one-hour lectures, designed to introduce students to current
research in a particular area. In addition, about thirty speakers gave one-hour expository lectures.
With contributions by some of the top experts in the field, this book provides an overview of the state
of the art in mathematical quantum field and many-body theory.

mathematical quantum field theory: Quantum Field Theory and Gravity Felix Finster, Olaf
Muller, Marc Nardmann, Jurgen Tolksdorf, Eberhard Zeidler, 2012-02-08 One of the most
challenging problems of contemporary theoretical physics is the mathematically rigorous
construction of a theory which describes gravitation and the other fundamental physical interactions
within a common framework. The physical ideas which grew from attempts to develop such a theory
require highly advanced mathematical methods and radically new physical concepts. This book
presents different approaches to a rigorous unified description of quantum fields and gravity. It
contains a carefully selected cross-section of lively discussions which took place in autumn 2010 at
the fifth conference Quantum field theory and gravity - Conceptual and mathematical advances in
the search for a unified framework in Regensburg, Germany. In the tradition of the other
proceedings covering this series of conferences, a special feature of this book is the exposition of a
wide variety of approaches, with the intention to facilitate a comparison. The book is mainly
addressed to mathematicians and physicists who are interested in fundamental questions of
mathematical physics. It allows the reader to obtain a broad and up-to-date overview of a fascinating
active research area.

mathematical quantum field theory: Mathematical Quantum Field Theory and Related Topics
Joel S. Feldman, Lon M. Rosen, 1988

mathematical quantum field theory: Non-perturbative Quantum Field Theory: Mathematical
Aspects And Applications Jurg Frohlich, 1992-04-29 Compiled to illustrate the recent history of
Quantum Field Theory and its trends, this collection of selected reprints by Jurg Frohlich, a leading
theoretician in the field, is a comprehensive guide of the more mathematical aspects of the subject.
Results and methods of the past fifteen years are reviewed. The analytical methods employed are
non-perturbative and, for the larger part, mathematically rigorous. Most articles are review articles
surveying certain important developments in quantum field theory and guiding the reader towards
the original literature.The volume begins with a comprehensive introduction by Jurg Frohlich.The
theory of phase transitions and continuous symmetry breaking is reviewed in the first section. The
second section discusses the non-perturbative quantization of topological solitons. The third section
is devoted to the study of gauge fields. A paper on the triviality of Aw4 — theory in four and more
dimensions is found in the fourth section, while the fifth contains two articles on “random
geometry”. The sixth and final part addresses topics in low-dimensional quantum field theory,
including braid statistics, two-dimensional conformal field theory and an application to condensed
matter theory.

mathematical quantum field theory: Geometry and Quantum Field Theory Daniel S.
Freed, Karen K. Uhlenbeck, American Mathematical Society, Institute for Advanced Study
(Princeton, N.J.), 1995 The first title in a new series, this book explores topics from classical and
quantum mechanics and field theory. The material is presented at a level between that of a textbook
and research papers making it ideal for graduate students. The book provides an entree into a field
that promises to remain exciting and important for years to come.

mathematical quantum field theory: Quantum Field Theory I: Basics in Mathematics
and Physics Eberhard Zeidler, 2007-04-18 This is the first volume of a modern introduction to
quantum field theory which addresses both mathematicians and physicists, at levels ranging from



advanced undergraduate students to professional scientists. The book bridges the acknowledged gap
between the different languages used by mathematicians and physicists. For students of
mathematics the author shows that detailed knowledge of the physical background helps to motivate
the mathematical subjects and to discover interesting interrelationships between quite different
mathematical topics. For students of physics, fairly advanced mathematics is presented, which goes
beyond the usual curriculum in physics.

mathematical quantum field theory: Mathematical Aspects of Quantum Field Theory
Edson de Faria, Welington de Melo, 2010-08-12 Over the last century quantum field theory has made
a significant impact on the formulation and solution of mathematical problems and inspired powerful
advances in pure mathematics. However, most accounts are written by physicists, and
mathematicians struggle to find clear definitions and statements of the concepts involved. This
graduate-level introduction presents the basic ideas and tools from quantum field theory to a
mathematical audience. Topics include classical and quantum mechanics, classical field theory,
quantization of classical fields, perturbative quantum field theory, renormalization, and the standard
model. The material is also accessible to physicists seeking a better understanding of the
mathematical background, providing the necessary tools from differential geometry on such topics
as connections and gauge fields, vector and spinor bundles, symmetries and group representations.

mathematical quantum field theory: Quantum Field Theory G. B. Folland, 2013

mathematical quantum field theory: Quantum Field Theory: Perspective and
Prospective Cécile Dewitt-Morette, Jean-Bernard Zuber, 1999-03-31 Proceedings of the NATO
Advanced Study Institute, Les Houches, France, 15-26 June 1998

mathematical quantum field theory: From Classical to Quantum Fields Laurent Baulieu,
John Iliopoulos, Roland Sénéor, 2017 Quantum Field Theory has become the universal language of
most modern theoretical physics. This introductory textbook shows how this beautiful theory offers
the correct mathematical framework to describe and understand the fundamental interactions of
elementary particles. The book begins with a brief reminder of basic classical field theories,
electrodynamics and general relativity, as well as their symmetry properties, and proceeds with the
principles of quantisation following Feynman's path integral approach. Special care is used at every
step to illustrate the correct mathematical formulation of the underlying assumptions. Gauge
theories and the problems encountered in their quantisation are discussed in detail. The last
chapters contain a full description of the Standard Model of particle physics and the attempts to go
beyond it, such as grand unified theories and supersymmetry. Written for advanced undergraduate
and beginning graduate students in physics and mathematics, the book could also serve as a
reference for active researchers in the field.

mathematical quantum field theory: Mathematical Aspects of Quantum Field Theories
Damien Calaque, Thomas Strobl, 2015-01-06 Despite its long history and stunning experimental
successes, the mathematical foundation of perturbative quantum field theory is still a subject of
ongoing research. This book aims at presenting some of the most recent advances in the field, and at
reflecting the diversity of approaches and tools invented and currently employed. Both leading
experts and comparative newcomers to the field present their latest findings, helping readers to gain
a better understanding of not only quantum but also classical field theories. Though the book offers
a valuable resource for mathematicians and physicists alike, the focus is more on mathematical
developments. This volume consists of four parts: The first Part covers local aspects of perturbative
quantum field theory, with an emphasis on the axiomatization of the algebra behind the operator
product expansion. The second Part highlights Chern-Simons gauge theories, while the third
examines (semi-)classical field theories. In closing, Part 4 addresses factorization homology and
factorization algebras.

mathematical quantum field theory: Quantum Field Theory and Topology Albert S. Schwarz,
2013-04-09 In recent years topology has firmly established itself as an important part of the
physicist's mathematical arsenal. It has many applications, first of all in quantum field theory, but
increasingly also in other areas of physics. The main focus of this book is on the results of quantum




field theory that are obtained by topological methods. Some aspects of the theory of condensed
matter are also discussed. Part I is an introduction to quantum field theory: it discusses the basic
Lagrangians used in the theory of elementary particles. Part I is devoted to the applications of
topology to quantum field theory. Part III covers the necessary mathematical background in
summary form. The book is aimed at physicists interested in applications of topology to physics and
at mathematicians wishing to familiarize themselves with quantum field theory and the
mathematical methods used in this field. It is accessible to graduate students in physics and
mathematics.

mathematical quantum field theory: Topological Quantum Field Theory and Four Manifolds
Jose Labastida, Marcos Marino, 2005-02-14 The emergence of topological quantum ?eld theory has
been one of the most important breakthroughs which have occurred in the context of ma- ematical
physics in the last century, a century characterizedbyindependent developments of the main ideas in
both disciplines, physics and mathematics, which has concluded with two decades of strong
interaction between them, where physics, as in previous centuries, has acted as a source of new
mat- matics. Topological quantum ?eld theories constitute the core of these p- nomena, although the
main drivingforce behind it has been the enormous e?ort made in theoretical particle physics to
understand string theory as a theory able to unify the four fundamental interactions observed in
nature. These theories set up a new realm where both disciplines pro?t from each other. Although
the most striking results have appeared on the mathema-
calside,theoreticalphysicshasclearlyalsobene?tted,sincethecorresponding developments have helped
better to understand aspects of the fundamentals of ?eld and string theory.
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