mathematical gauge theory

mathematical gauge theory is a fundamental framework in modern mathematics and theoretical
physics that explores the interplay between geometry, topology, and field theory. It serves as a
bridge connecting abstract mathematical concepts with the physical phenomena observed in particle
physics and quantum field theory. This theory revolves around the idea of gauge symmetry, which
underpins the behavior of fundamental forces and particles. The mathematical structures involved
include fiber bundles, connections, and curvature, all of which contribute to understanding gauge
fields and their dynamics. This article delves into the origins, core concepts, key mathematical
frameworks, and applications of mathematical gauge theory, providing a comprehensive overview of
this intricate subject. The discussion further extends to the relevance of gauge theory in topology,
geometry, and modern physics, illustrating its broad impact across disciplines. Below is a detailed
table of contents to guide the exploration of these topics.
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Historical Background of Mathematical Gauge Theory

The development of mathematical gauge theory is deeply rooted in both physics and mathematics,
emerging initially from the study of electromagnetism and evolving through the 20th century. The
original concept of gauge invariance was introduced by Hermann Weyl in the early 1920s, who sought
to unify electromagnetism and gravitation through scale transformations. Later, this idea was adapted
to phase transformations in quantum mechanics, leading to the modern understanding of gauge
symmetry as a fundamental principle in field theories.

As quantum field theory matured, the notion of gauge invariance became essential for describing the
interactions of elementary particles. The introduction of non-abelian gauge theories by Chen Ning
Yang and Robert Mills in 1954 marked a turning point, expanding the scope of gauge theory beyond
electromagnetism to encompass the weak and strong nuclear forces. This breakthrough catalyzed
extensive mathematical investigations into the geometric and topological aspects of gauge fields.

Mathematicians such as Michael Atiyah, Simon Donaldson, and Edward Witten have since contributed
significantly to the formal development of gauge theory, applying it to solve deep problems in
geometry and topology. Their work has underscored the profound connections between gauge theory
and other mathematical disciplines, solidifying its role as a cornerstone of modern mathematical
physics.



Core Concepts and Mathematical Structures

The foundation of mathematical gauge theory lies in several key concepts that formalize the idea of
gauge invariance and field interactions. Central among these are fiber bundles, connections,
curvature, and gauge transformations. These structures provide the language and tools necessary to
describe gauge fields rigorously.

Gauge Symmetry

Gauge symmetry refers to the invariance of a physical system under certain local transformations,
often represented by Lie groups. This symmetry implies the existence of conserved quantities and
dictates the form of interactions in gauge theories. In mathematical terms, gauge symmetry
manifests as the action of a gauge group on a fiber bundle, preserving the physical content of the
theory despite local changes in the field configuration.

Fiber Bundles

Fiber bundles are geometric objects that formalize the notion of a space parameterized by another
space. In gauge theory, principal fiber bundles play a crucial role, with the gauge group serving as the
fiber. These bundles encapsulate the global and local structure of gauge fields, allowing for the
systematic study of their properties and transformations.

Connections and Curvature

Connections on fiber bundles provide a way to differentiate sections and define parallel transport,
essential for describing gauge fields mathematically. The curvature associated with a connection
measures the failure of parallel transport to be path-independent and corresponds physically to the
field strength of a gauge field. Understanding connection and curvature is fundamental to formulating
gauge-invariant actions and equations of motion.

Principal Fiber Bundles and Connections

Principal fiber bundles serve as the geometric setting for mathematical gauge theory, encoding the
symmetry and topological properties of gauge fields. A principal bundle consists of a total space, a
base space, and a structure group that acts freely and transitively on the fibers.

Connections on these bundles define horizontal distributions that enable the comparison of fibers at
different points, facilitating the definition of covariant derivatives. The curvature of a connection is a
two-form that provides a local measure of gauge field strength, playing a critical role in the
formulation of gauge-invariant Lagrangians and field equations.

Mathematical Definition of Principal Bundles

Formally, a principal bundle \( P\) over a base manifold \( M \) with structure group \( G ) is a fiber
bundle \( \pi: P \to M) equipped with a right action of \( G\) on \( P\) that is free and transitive on



each fiber. This structure allows the encoding of symmetry operations as transformations within the
fiber.

Connections as Gauge Fields

A connection on a principal bundle can be viewed as a Lie algebra-valued one-form \( A\) on \( P\)
that is equivariant under the group action and reproduces the Lie algebra generators on vertical
vectors. This connection form translates physically into the gauge potential, serving as the
fundamental field in gauge theories.

Yang-Mills Theory and Its Mathematical Formulation

Yang-Mills theory is a pivotal example of a non-abelian gauge theory, extending the concept of gauge
invariance to non-commutative symmetry groups. Its mathematical formulation relies on principal
bundles and connections, with the Yang-Mills action functional constructed from the curvature of the
connection.

This theory forms the basis for understanding the strong and weak nuclear forces within the Standard
Model of particle physics and has inspired extensive mathematical research into the analysis of
solutions to the Yang-Mills equations.

Yang-Mills Action and Equations

The Yang-Mills action is defined as the integral over the base manifold of the square of the curvature
form, using an invariant inner product on the Lie algebra. The resulting Euler-Lagrange equations,
known as the Yang-Mills equations, describe critical points of this functional and correspond to
physically relevant gauge field configurations.

Instantons and Topological Aspects

Instantons are special solutions to the Yang-Mills equations characterized by finite action and non-
trivial topology. These solutions have profound implications in both physics and mathematics,
connecting gauge theory with four-dimensional topology and leading to advances in the study of
smooth structures on manifolds.

Applications in Topology and Geometry

Mathematical gauge theory has become a powerful tool in topology and differential geometry,
providing methods to classify manifolds and study their properties. Techniques derived from gauge
theory have led to breakthroughs in understanding the structure of four-manifolds and the invariants
that distinguish different smooth structures.



Donaldson Theory

Donaldson theory applies solutions of the Yang-Mills equations to produce invariants that can
distinguish smooth four-manifolds. This approach has resolved longstanding questions in topology and
demonstrated the deep interplay between gauge theory and geometric structures.

Seiberg-Witten Theory

Seiberg-Witten theory, a refinement of gauge-theoretic approaches, utilizes monopole equations to
define invariants that are often simpler to compute than Donaldson invariants. This theory has
provided new insights into the topology of four-manifolds and has influenced numerous developments
in geometric analysis.

Gauge Theory in Modern Physics

In modern physics, gauge theories constitute the foundation of the Standard Model, describing
electromagnetic, weak, and strong interactions. The mathematical formalism of gauge theory enables
precise predictions and a unified understanding of particle interactions through symmetry principles.

Standard Model and Gauge Groups

The Standard Model is constructed from gauge theories based on the groups \( U(1) \), \( SU(2) \), and
\( SU(3) \), representing electromagnetic, weak, and strong forces respectively. Each gauge group
corresponds to a principal bundle with associated gauge fields mediating the fundamental forces.

Quantum Field Theory and Gauge Fixing

Quantum field theory incorporates gauge theory by quantizing gauge fields while addressing
redundancies via gauge fixing methods. These procedures are essential for defining consistent
quantum theories and computing physical observables.

Beyond the Standard Model

Extensions of gauge theory play a central role in theoretical attempts to unify all fundamental forces,
including theories of grand unification and string theory. Mathematical gauge theory continues to
provide the language and tools necessary for exploring these advanced frameworks.

Summary of Key Elements in Mathematical Gauge
Theory

e Gauge symmetry as a fundamental invariance principle



e Principal fiber bundles encoding geometric structure

e Connections representing gauge potentials

e Curvature describing field strengths

e Yang-Mills theory as a central model for non-abelian gauge fields

» Topological and geometric applications through Donaldson and Seiberg-Witten theories

e Foundational role in the Standard Model and modern physics

Frequently Asked Questions

What is a mathematical gauge theory?

A mathematical gauge theory is a framework in differential geometry and theoretical physics that
uses connections on fiber bundles to describe fields and their symmetries, particularly in the context
of particle physics and geometry.

How do gauge theories relate to fiber bundles?

Gauge theories are formulated using fiber bundles where the gauge fields correspond to connections
on these bundles, and gauge transformations correspond to changes in the trivialization of the
bundle.

What is the role of the gauge group in gauge theory?

The gauge group is a Lie group that represents the symmetries of the theory; it acts on the fibers of
the fiber bundle, and gauge transformations are maps valued in this group that preserve the physical
content.

Can you explain the significance of Yang-Mills theory in
mathematical gauge theory?

Yang-Mills theory is a fundamental example of a non-abelian gauge theory that has deep
mathematical structures, including connections, curvature, and moduli spaces, and plays a central
role in both mathematics and physics.

What are connections and curvature in the context of gauge
theory?

Connections are differential-geometric objects that define a notion of parallel transport on a fiber
bundle, and curvature measures the failure of parallel transport to be path-independent, encoding the
field strength in physics.



How does gauge theory contribute to the understanding of
topology?

Gauge theory links geometry and topology by using solutions to gauge field equations, like instantons
or monopoles, to study topological invariants of manifolds, leading to breakthroughs such as
Donaldson and Seiberg-Witten invariants.

What is the importance of moduli spaces in gauge theory?

Moduli spaces classify equivalence classes of solutions to gauge-theoretic equations (like flat
connections or instantons) and are central objects in understanding the geometric and topological
properties of manifolds.

How are gauge theories used in string theory and quantum
field theory?

In string theory and quantum field theory, gauge theories describe the fundamental interactions by
associating gauge fields to particles, enabling the unification of forces and the study of quantum
properties of fields.

What is a gauge transformation mathematically?

Mathematically, a gauge transformation is an automorphism of a principal fiber bundle that changes
the local trivialization but preserves the overall geometric structure, corresponding to a smooth map
from the base manifold to the gauge group.

What recent advances have been made in mathematical
gauge theory?

Recent advances include deeper understanding of higher gauge theories, categorification, the study
of gauge theory in higher dimensions, and applications to geometric representation theory and
quantum topology.

Additional Resources

1. "Gauge Fields, Knots and Gravity" by John Baez and Javier P. Muniain

This book provides an accessible introduction to gauge theory with a focus on its geometric and
topological aspects. It explores the interplay between gauge fields, knot theory, and general relativity,
making complex ideas approachable for advanced undergraduates and beginning graduate students.
The text includes numerous illustrations and exercises to aid understanding.

2. "Geometry, Topology and Physics" by Mikio Nakahara

Nakahara's book is a comprehensive resource that covers the mathematical foundations of gauge
theory, including fiber bundles, connections, and characteristic classes. It bridges the gap between
pure mathematics and theoretical physics, making it valuable for students in both disciplines. The text
also delves into applications such as instantons and monopoles.



3. "The Geometry of Physics: An Introduction" by Theodore Frankel

This book offers a thorough treatment of the geometric concepts underpinning modern gauge
theories. It covers differential geometry, Lie groups, and fiber bundles, all essential tools for
understanding gauge fields. Frankel's clear explanations make it suitable for advanced
undergraduates and graduate students interested in mathematical physics.

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

While primarily a quantum field theory textbook, Schwartz provides detailed discussions on non-
abelian gauge theories and the role they play in the Standard Model of particle physics. The book
balances rigorous mathematics with physical intuition and includes numerous examples and problem
sets.

5. "Gauge Theory and Variational Principles" by David Bleecker

This text presents gauge theory from the perspective of variational calculus and geometric analysis. It
systematically develops the theory of connections and curvature on principal bundles and discusses
their physical significance. The book is well-suited for readers interested in the mathematical
elegance behind gauge theories.

6. "Topology, Geometry and Gauge Fields: Foundations" by Gregory L. Naber

Naber's book serves as a foundational text linking topology and geometry to gauge field theory. It
introduces key concepts like fiber bundles, characteristic classes, and index theory with clarity and
rigor. The work is ideal for mathematicians and physicists seeking a solid grounding in the subject.

7. "An Introduction to Gauge Theory and the New Physics" by lan J.R. Aitchison

This book offers an accessible introduction to gauge theories aimed at physicists new to the subject. It
covers the historical development, basic principles, and applications in particle physics, including the
Higgs mechanism. The conversational style and numerous examples help demystify complex topics.

8. "Instantons and Four-Manifolds" by Daniel S. Freed and Karen K. Uhlenbeck

Focused on the mathematical aspects of gauge theory, this book explores instantons and their role in
the topology of four-manifolds. It provides rigorous treatments of moduli spaces and the analytical
techniques used in gauge theory. This text is suitable for graduate students and researchers
interested in geometric analysis and topology.

9. "The Geometry of Four-Manifolds" by S.K. Donaldson and P.B. Kronheimer

A classic reference in the field, this book investigates the deep connections between gauge theory
and four-dimensional topology. It covers Donaldson invariants, moduli spaces of instantons, and the
application of gauge theory to differentiable structures on manifolds. The text is mathematically
sophisticated and aimed at advanced graduate students and researchers.
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mathematical gauge theory: Mathematical Gauge Theory Mark ]J.D. Hamilton, 2017-12-06
The Standard Model is the foundation of modern particle and high energy physics. This book
explains the mathematical background behind the Standard Model, translating ideas from physics
into a mathematical language and vice versa. The first part of the book covers the mathematical
theory of Lie groups and Lie algebras, fibre bundles, connections, curvature and spinors. The second
part then gives a detailed exposition of how these concepts are applied in physics, concerning topics
such as the Lagrangians of gauge and matter fields, spontaneous symmetry breaking, the Higgs
boson and mass generation of gauge bosons and fermions. The book also contains a chapter on
advanced and modern topics in particle physics, such as neutrino masses, CP violation and Grand
Unification. This carefully written textbook is aimed at graduate students of mathematics and
physics. It contains numerous examples and more than 150 exercises, making it suitable for
self-study and use alongside lecture courses. Only a basic knowledge of differentiable manifolds and
special relativity is required, summarized in the appendix.

mathematical gauge theory: Mathematical Gauge Theory Mark J.D. Hamilton, 2017

mathematical gauge theory: Differential Geometry and Mathematical Physics Gerd Rudolph,
Matthias Schmidt, 2017-03-22 The book is devoted to the study of the geometrical and topological
structure of gauge theories. It consists of the following three building blocks:- Geometry and
topology of fibre bundles,- Clifford algebras, spin structures and Dirac operators,- Gauge
theory.Written in the style of a mathematical textbook, it combines a comprehensive presentation of
the mathematical foundations with a discussion of a variety of advanced topics in gauge theory.The
first building block includes a number of specific topics, like invariant connections, universal
connections, H-structures and the Postnikov approximation of classifying spaces.Given the great
importance of Dirac operators in gauge theory, a complete proof of the Atiyah-Singer Index Theorem
is presented. The gauge theory part contains the study of Yang-Mills equations (including the theory
of instantons and the classical stability analysis), the discussion of various models with matter fields
(including magnetic monopoles, the Seiberg-Witten model and dimensional reduction) and the
investigation of the structure of the gauge orbit space. The final chapter is devoted to elements of
quantum gauge theory including the discussion of the Gribov problem, anomalies and the
implementation of the non-generic gauge orbit strata in the framework of Hamiltonian lattice gauge
theory.The book is addressed both to physicists and mathematicians. It is intended to be accessible
to students starting from a graduate level.

mathematical gauge theory: The Mathematical Foundations of Gauge Theories Kishore
B. Marathe, Giovanni Martucci, 1992 Theoretical physicists tend to discuss their theories in the
language of mathematics. However, the adequate mathematical formulation may not yet be available
when the physical law is first discovered. Mathematical physicists trying to develop the relevant
mathematics for these theories, may obtain new insights into old mathematical structures or may
even disclose entirely new structures. Gauge Theory is such a gift from physics to mathematics. This
volume presents a self-contained development of a differential geometric formulation of gauge
theories, in particular, the theory of Yang-Mills fields. theoretical physics and pure and applied
mathematics who are acquainted with the elements of the theory of differential manifolds. It enables
the reader to apply this theory to gauge theories and to understand the role of gauge theories in
high energy physics, gravitation theory and electromagnetism.

mathematical gauge theory: Modern Differential Geometry in Gauge Theories Anastasios
Mallios, 2005-12-14 This is original, well-written work of interest Presents for the first time
(physical) field theories written in sheaf-theoretic language Contains a wealth of minutely detailed,
rigorous computations, ususally absent from standard physical treatments Author's mastery of the
subject and the rigorous treatment of this text make it invaluable

mathematical gauge theory: Gauge Theory and the Topology of Four-Manifolds Robert
Friedman, John W. Morgan, This text is part of the IAS/Park City Mathematics series and focuses on
gauge theory and the topology of four-manifolds.

mathematical gauge theory: Some Elementary Gauge Theory Concepts Hong-Mo Chan,




Sheung Tsun Tsou, 1993 Gauge theory, which underlies modern particle physics as well as the
theory of gravity, and hence all of physics as we know it today, is itself based on a few fundamental
concepts, the consequences of which are often as beautiful as they are deep. Unfortunately, in view
of the pressure to cover aspects of the theory that are necessary for its many important applications,
very little space is usually devoted in textbooks and graduate courses to the treatment of these
concepts. The present small volume is an attempt to help in some degree to redress this imbalance
in the literature.The topics covered are elementary in the sense of being basic, not in the sense of
being shallow or easy. Although all will already feature at the classical field level, and most even
before the introduction of an action principle, they often lead one to pose some quite profound
questions, so that much of the material treated is by necessity at the front line of research. The
approach adopted is physically motivated, although there is no hesitation in introducing
mathematical concepts when they are a help to understanding. In the presentation, little is assumed
of the reader, and no pains has been spared to make the whole volume understandable to
researchers in other fields and to graduate students, provided that the reader is willing to devote
sufficient effort required by the subject matter. On the other hand, neither has there been any
conscious attempt to avoid essential difficulties, or to trivialise concepts which are intrinsically
abstruse. It is thus hoped that the result will be enjoyable reading for researchers and students
alike.

mathematical gauge theory: Geometrodynamics of Gauge Fields Eckehard W. Mielke,
1987-12-31 No detailed description available for Geometrodynamics of Gauge Fields.

mathematical gauge theory: The Theory of Gauge Fields in Four Dimensions H. Blaine
Lawson, 1985 Presents an examination of the work of Simon Donaldson. This book offers foundation
work in gauge theory (Uhlenbeck, Taubes, Atiyah, Hitchin, Singer, et al.) which underlies
Donaldson's work. It is suitable for geometric topologists and differential geometers.

mathematical gauge theory: Chern-Simons Gauge Theory: 20 Years After Jorgen E.
Andersen, Jorgen Ellegaard Andersen, 2011 In 1989, Edward Witten discovered a deep relationship
between quantum field theory and knot theory, and this beautiful discovery created a new field of
research called Chern-Simons theory. This field has the remarkable feature of intertwining a large
number of diverse branches of research in mathematics and physics, among them low-dimensional
topology, differential geometry, quantum algebra, functional and stochastic analysis, quantum
gravity, and string theory. The 20-year anniversary of Witten's discovery provided an opportunity to
bring together researchers working in Chern-Simons theory for a meeting, and the resulting
conference, which took place during the summer of 2009 at the Max Planck Institute for
Mathematics in Bonn, included many of the leading experts in the field. This volume documents the
activities of the conference and presents several original research articles, including another
monumental paper by Witten that is sure to stimulate further activity in this and related fields. This
collection will provide an excellent overview of the current research directions and recent progress
in Chern-Simons gauge theory.

mathematical gauge theory: Loops, Knots, Gauge Theories and Quantum Gravity Rodolfo
Gambini, Jorge Pullin, 2000-07-03 Now in paperback, this text provides a self-contained introduction
to applications of loop representations and knot theory in particle physics and quantum gravity.
Loop representations (and the related topic of knot theory) are of considerable current interest
because they provide a unified arena for the study of the gauge invariant quantization of Yang-Mills
theories and gravity, and suggest a promising approach to the eventual unification of the four
fundamental forces. This text begins with a detailed review of loop representation theory. It then
goes on to describe loop representations in Maxwell theory, Yang-Mills theories as well as lattice
techniques. Applications in quantum gravity are then discussed in detail. Following chapters move
on to consider knot theories, braid theories and extended loop representations in quantum gravity. A
final chapter assesses the current status of the theory and points out possible directions for future
research.

mathematical gauge theory: Gauging What's Real Richard Healey, 2007-09-27 Gauge



theories have provided our most successful representations of the fundamental forces of nature. But
how do such representations work? Healey aims to answer this question, and defends a distinctive
thesis which proves that loops rather than points are the locations of fundamental properties.

mathematical gauge theory: An Elementary Primer for Gauge Theory K. Moriyasu, 1983
Gauge theory is now recognized as one of the most revolutionary discoveries in physics since the
development of quantum mechanics. This primer explains how and why gauge theory has
dramatically changed our view of the fundamental forces of nature. The text is designed for the
non-specialist. A new, intuitive approach is used to make the ideas of gauge theory accessible to
both scientists and students with only a background in quantum mechanics. Emphasis is placed on
the physics rather than the formalism.

mathematical gauge theory: Topology, Geometry, and Gauge Fields Gregory L. Naber,
2013-03-14 This volume is intended to carryon the program initiated in Topology, Geometry, and
Gauge Fields: Foundations (henceforth, [N4]). It is written in much the same spirit and with
precisely the same philosophical motivation: Mathematics and physics have gone their separate
ways for nearly a century now and it is time for this to end. Neither can any longer afford to ignore
the problems and insights of the other. Why are Dirac magnetic monopoles in one-to-one
correspondence with the principal U(l) bundles over S2? Why do Higgs fields fall into topological
types? What led Donaldson, in 1980, to seek in the Yang-Mills equations of physics for the key that
unlocks the mysteries of smooth 4-manifolds and what phys ical insights into quantum field theory
led Witten, fourteen years later, to propose the vastly simpler, but apparently equivalent
Seiberg-Witten equations as an alternative? We do not presume to answer these questions here, but
only to promote an atmosphere in which both mathematicians and physicists recognize the need for
answers. More succinctly, we shall endeavor to provide an exposition of elementary topology and
geometry that keeps one eye on the physics in which our concepts either arose in dependently or
have been found to lead to a deeper understanding of the phenomena. Chapter 1 provides a synopsis
of the geometrical background we assume of our readers (manifolds, Lie groups, bundles,
connections, etc. ).

mathematical gauge theory: Seiberg Witten Gauge Theory Matilde Marcolli, 1999-12-15

mathematical gauge theory: Methods of Contemporary Gauge Theory Yuri Makeenko,
2002-08-15 This 2002 book introduces the quantum theory of gauge fields. Emphasis is placed on
four non-perturbative methods: path integrals, lattice gauge theories, the 1/N expansion, and
reduced matrix models, all of which have important contemporary applications. Written as a
textbook, it assumes a knowledge of quantum mechanics and elements of perturbation theory, while
many relevant concepts are pedagogically introduced at a basic level in the first half of the book.
The second half comprehensively covers large-N Yang-Mills theory. The book uses an approach to
gauge theories based on path-dependent phase factors known as the Wilson loops, and contains
problems with detailed solutions to aid understanding. Suitable for advanced graduate courses in
quantum field theory, the book will also be of interest to researchers in high energy theory and
condensed matter physics as a survey of recent developments in gauge theory.

mathematical gauge theory: Quantum Field Theory III: Gauge Theory Eberhard Zeidler,
2011-08-17 In this third volume of his modern introduction to quantum field theory, Eberhard
Zeidler examines the mathematical and physical aspects of gauge theory as a principle tool for
describing the four fundamental forces which act in the universe: gravitative, electromagnetic, weak
interaction and strong interaction. Volume III concentrates on the classical aspects of gauge theory,
describing the four fundamental forces by the curvature of appropriate fiber bundles. This must be
supplemented by the crucial, but elusive quantization procedure. The book is arranged in four
sections, devoted to realizing the universal principle force equals curvature: Part I: The Euclidean
Manifold as a Paradigm Part II: Ariadne's Thread in Gauge Theory Part III: Einstein's Theory of
Special Relativity Part IV: Ariadne's Thread in Cohomology For students of mathematics the book is
designed to demonstrate that detailed knowledge of the physical background helps to reveal
interesting interrelationships among diverse mathematical topics. Physics students will be exposed



to a fairly advanced mathematics, beyond the level covered in the typical physics curriculum.
Quantum Field Theory builds a bridge between mathematicians and physicists, based on challenging
questions about the fundamental forces in the universe (macrocosmos), and in the world of
elementary particles (microcosmos).

mathematical gauge theory: New Dualities of Supersymmetric Gauge Theories Jorg
Teschner, 2015-11-17 This book reviews a number of spectacular advances that have been made in
the study of supersymmetric quantum field theories in the last few years. Highlights include exact
calculations of Wilson loop expectation values, and highly nontrivial quantitative checks of the
long-standing electric-magnetic duality conjectures The book starts with an introductory article
presenting a survey of recent advances, aimed at a wide audience with a background and interest in
theoretical physics. The following articles are written for advanced students and researchers in
quantum field theory, string theory and mathematical physics, our goal being to familiarize these
readers with the forefront of current research. The topics covered include recent advances in the
classification and vacuum structure of large families of N=2 supersymmetric field theories, followed
by an extensive discussion of the localisation method, one of the most powerful tools for exact
studies of supersymmetric field theories. The quantities that have been studied in this way are
partition functions, expectation values of line operators, and supersymmetric indices. The book also
reviews recently discovered connections between SUSY field theories in four dimensions and
two-dimensional conformal field theory. These connections have a counterpart in relations between
three-dimensional gauge theories and Chern-Simons theory; the book’s closing chapters explore
connections with string theory.

mathematical gauge theory: Gauge Theory and Symplectic Geometry Jacques Hurtubise,
Francois Lalonde, 1997-03-31 Gauge theory, symplectic geometry and symplectic topology are
important areas at the crossroads of several mathematical disciplines. The present book, with
expertly written surveys of recent developments in these areas, includes some of the first expository
material of Seiberg-Witten theory, which has revolutionised the subjects since its introduction in late
1994. Topics covered include: introductions to Seiberg-Witten theory, to applications of the S-W
theory to four-dimensional manifold topology, and to the classification of symplectic manifolds; an
introduction to the theory of pseudo-holomorphic curves and to quantum cohomology; algebraically
integrable Hamiltonian systems and moduli spaces; the stable topology of gauge theory, Morse-Floer
theory; pseudo-convexity and its relations to symplectic geometry; generating functions; Frobenius
manifolds and topological quantum field theory.

mathematical gauge theory: Topology, Geometry and Gauge fields Gregory L. Naber,
2010-11-11 Like any books on a subject as vast as this, this book has to have a point-of-view to guide
the selection of topics. Naber takes the view that the rekindled interest that mathematics and
physics have shown in each other of late should be fostered, and that this is best accomplished by
allowing them to cohabit. The book weaves together rudimentary notions from the classical gauge
theory of physics with the topological and geometrical concepts that became the mathematical
models of these notions. The reader is asked to join the author on some vague notion of what an
electromagnetic field might be, to be willing to accept a few of the more elementary
pronouncements of quantum mechanics, and to have a solid background in real analysis and linear
algebra and some of the vocabulary of modern algebra. In return, the book offers an excursion that
begins with the definition of a topological space and finds its way eventually to the moduli space of
anti-self-dual SU(2) connections on S4 with instanton number -1.
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