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Elementary Particle Physics
The outcome of a close collaboration between mathematicians and mathematical
physicists, these lecture notes present the foundations of A. Connes noncommutative
geometry as well as its applications in particular to the field of theoretical particle
physics. The coherent and systematic approach makes this book useful for experienced
researchers and postgraduate students alike.
Dealing with the development of particle physics, in particular an area that has now
become known as phenomenology, the author presents a solid and clear motivation for
the developments witnessed by the particle physics community at both high and low
energies over that last 50 or 60 years. Including exercises and references to original
experimental and theoretical papers, as well as other useful sources, it will be essential
reading for all students and researchers in modern particle physics.
Introduces the fundamentals of particle physics with a focus on modern developments
and an intuitive physical interpretation of results.
Part of the Physics in a New Era series of assessments of the various branches of the
field, Elementary-Particle Physics reviews progress in the field over the past 10 years
and recommends actions needed to address the key questions that remain
unanswered. It explains in simple terms the present picture of how matter is
constructed. As physicists have probed ever deeper into the structure of matter, they
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have begun to explore one of the most fundamental questions that one can ask about
the universe: What gives matter its mass? A new international accelerator to be built at
the European laboratory CERN will begin to explore some of the mechanisms proposed
to give matter its heft. The committee recommends full U.S. participation in this project
as well as various other experiments and studies to be carried out now and in the
longer term.
An introductory course on nuclear and particle physics for undergraduate and earlygraduate students. It covers the fundamentals of both nuclear and particle physics,
giving emphasis to the discovery and history of developments in the field, and is
experimentally/phenomenologically oriented.
Meeting the need for a coherently written and comprehensive compendium combining
field theory and particle physics for advanced students and researchers, this book
directly links the theory to the experiments. It is clearly divided into two sections
covering approaches to field theory and the standard model, and rounded off with
numerous useful appendices. A timely volume for high energy and theoretical
physicists, as well as astronomers, graduate students and lecturers in physics. Volume
2 concentrates on the main aspects of the Standard Model by addressing its recent
developments and future prospects. Furthermore, it gives some thought to intriguing
ideas beyond the Standard Model, including the Higgs boson, the neutrino, the
concepts of the Grand Unified Theory and supersymmetry, axions, and cosmological
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developments.
The purpose of this textbook is to explain the Standard Model of particle physics to a
student with an undergraduate preparation in physics. Today we can claim to have a
fundamental picture of the strong and weak subnuclear forces. Through an interplay
between theory and experiment, we have learned the basic equations through which
these forces operate, and we have tested these equations against observations at
particle accelerators. The story is beautiful and full of surprises. Using a simplified
presentation that does not assume prior knowledge of quantum field theory, this book
begins from basic concepts of special relativity and quantum mechanics, describes the
key experiments that have clarified the structure of elementary particle interactions,
introduces the crucial theoretical concepts, and builds up to the full description of
elementary particle interactions as we know them today.

The goal of this essay is to discuss the future of discovery in particle physics. Its
primary motivation is the 2019 European Strategy update, which aims to
determine the future experimental and theoretical priorities for particle physics. A
key question is to understand what the standard theory (Standard Model) of
particle physics really is, which the author argues has been a foggy notion for
several decades which he clarifies. It then is to decide what motivated beyond
the Standard Model theories are to be targeted by experiment. This book brightly
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exposes these theories, and puts current particle physics research into its
historical context and points the way toward future work.
The book provides theoretical and phenomenological insights on the structure of
matter, presenting concepts and features of elementary particle physics and
fundamental aspects of nuclear physics. Starting with the basics (nomenclature,
classification, acceleration techniques, detection of elementary particles), the
properties of fundamental interactions (electromagnetic, weak and strong) are
introduced with a mathematical formalism suited to undergraduate students.
Some experimental results (the discovery of neutral currents and of the W± and
Z0 bosons; the quark structure observed using deep inelastic scattering
experiments) show the necessity of an evolution of the formalism. This motivates
a more detailed description of the weak and strong interactions, of the Standard
Model of the microcosm with its experimental tests, and of the Higgs mechanism.
The open problems in the Standard Model of the microcosm and macrocosm are
presented at the end of the book. For example, the CP violation currently
measured does not explain the matter-antimatter asymmetry of the observable
universe; the neutrino oscillations and the estimated amount of cosmological dark
matter seem to require new physics beyond the Standard Model. A list of other
introductory texts, work reviews and some specialized publications is reported in
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the bibliography. Translation from the Italian Language Edition "Particelle e
interazioni fondamentali" by Sylvie Braibant, Giorgio Giacomelli, and Maurizio
Spurio Copyright © Springer-Verlag Italia, 2009 Springer-Verlag Italia is part of
Springer Science+Business Media All Rights Reserved
This book is intended for the use of final-year undergraduates and first-year
postgraduates. The aim has been to concentrate on the 'Standard Model' and the
gauge symmetries because these form the core of the subject. Leptons, quarks
and forces are introduced at the beginning of the book, with a minimum of detail;
then follow the experimental techniques. After this introduction the gauge
theories are dealt with in order of increasing complexity. Attention is then focused
on the hadrons. Deep inelastic scattering ofhadrons is dealt with first, then
hadron spectroscopy and finally hadron interactions. Current developments
beyond the standard model appear in a last chapter. The appendices contain
mathematical detail and other material not included in the main text. These
appendices cover kinematic, cross-section and decay-rate formulae; Breit-Wigner
resonances; some Clebsch-Gordan coefficient tables; a table of particle
properties; a set of exercises and detailed answers; and the Dirac equation. One
appendix is devoted to calculating the scattering amplitudes for fermion + fermion
going to fermion + fermion, which is, if anything, the 'basic' process. The
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appendices, apart from tabulations, are mainly intended for the postgraduate,
though the interested undergraduate may also find them valuable. Up-to-date
references are given at the end of the book.
For graduate students unfamiliar with particle physics, An Introductory Course of
Particle Physics teaches the basic techniques and fundamental theories related
to the subject. It gives students the competence to work out various properties of
fundamental particles, such as scattering cross-section and lifetime. The book
also gives a lucid summary of the main ideas involved. In giving students a taste
of fundamental interactions among elementary particles, the author does not
assume any prior knowledge of quantum field theory. He presents a brief
introduction that supplies students with the necessary tools without seriously
getting into the nitty-gritty of quantum field theory, and then explores advanced
topics in detail. The book then discusses group theory, and in this case the
author assumes that students are familiar with the basic definitions and
properties of a group, and even SU(2) and its representations. With this
foundation established, he goes on to discuss representations of continuous
groups bigger than SU(2) in detail. The material is presented at a level that M.Sc.
and Ph.D. students can understand, with exercises throughout the text at points
at which performing the exercises would be most beneficial. Anyone teaching a
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one-semester course will probably have to choose from the topics covered,
because this text also contains advanced material that might not be covered
within a semester due to lack of time. Thus it provides the teaching tool with the
flexibility to customize the course to suit your needs.
The book explains in a precise and complete manner how elementary particle
physics has evolved over the past 50 years. The historical development of the
ideas that have shaped our thinking about the ultimate constituents of matter is
traced out. The author has been associated with some of the originators of
elementary particle theory and has made significant contributions to the field.
Here, he gives a first-person description of some of the main developments
leading to our present view of the universe.
Introduction to Elementary Particle Theory details the fundamental concepts and
basic principles of the theory of elementary particles. The title emphasizes on the
phenomenological foundations of relativistic theory and to the strong interactions
from the S-matrix standpoint. The text first covers the basic description of
elementary particles, and then proceeds to tackling relativistic quantum
mechanics and kinematics. Next the selection deals with the problem of internal
symmetry. In the last part, the title details the elements of dynamical theory. The
book will be of great use to students and researchers in the field of particle
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physics.
This is an introductory account of the physics of elementary particles and their
interactions, with a minimum of formal apparatus and an ease of reading which,
at present, is found in few other books in physics. It is designed for graduate
students and for physicists not specializing in the field. The various phenomena
are interpreted and correlated largely by means of elementary theoretical
arguments needing little background beyond a first course in quantum
mechanics. Numerous references to the original literature will allow the reader to
probe more deeply into the topics discussed. Selected topics include scattering,
photoproduction, K-mesons and hyperons, theoretical models, weak decay
processes, and analysis of recent experiments on nonconservation of parity.
Originally published in 1958. The Princeton Legacy Library uses the latest printon-demand technology to again make available previously out-of-print books
from the distinguished backlist of Princeton University Press. These editions
preserve the original texts of these important books while presenting them in
durable paperback and hardcover editions. The goal of the Princeton Legacy
Library is to vastly increase access to the rich scholarly heritage found in the
thousands of books published by Princeton University Press since its founding in
1905.
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Unitary Symmetry and Elementary Particles discusses the role of symmetry in
elementary particle physics. The book reviews the theory of abstract groups and
group representations including Eigenstates, cosets, conjugate classes, unitary
vector spaces, unitary representations, multiplets, and conservation laws. The
text also explains the concept of Young Diagrams or Young Tableaux to prove
the basis functions of the unitary irreducible representations of the unitary group
SU(n). The book defines Lie groups, Lie algebras, and gives some examples of
these groups. The basis vectors of irreducible unitary representations of Lie
groups constitute a multiplet, which according to Racah (1965) and Behrends et
al. (1962) can have properties of weights. The text also explains the properties of
Clebsch-Gordan coefficients and the Wigner-Eckart theorem. SU(3) multiplets
have members classified as hadrons (strongly interacting particles), of which one
characteristic show that the mass differences of these members have some
regular properties. The Gell-Mann and Ne-eman postulate also explains another
characteristic peculiar to known multiplets. The book describes the quark model,
as well as, the uses of the variants of the quark model. This collection is suitable
for researchers and scientists in the field of applied mathematics, nuclear
physics, and quantum mechanics.
The last few years have seen particular excitement in particle physics,
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culminating in the experimental confirmation of the W and Z particles. Ian
Kenyon, who was involved in the UA1 experiment at CERN that searched for the
particles, provides an introduction to particle physics and takes a refreshingly nonhistorical approach. The aim of the book has been to concentrate on the
'standard model' and the gauge symmetries because these form the core of the
subject. Leptons, quarks and forces are introduced at the beginning. After this
introduction the gauge theories are dealt with in order of increasing complexity.
Attention is then focussed on the hadrons - deep inelastic scattering of hadrons,
then hadron spectroscopy and finally hadron interactions. Current developments
beyond the standard model appear in the last chapter.
Unique in its coverage of all aspects of modern particle physics, this textbook
provides a clear connection between the theory and recent experimental results,
including the discovery of the Higgs boson at CERN. It provides a comprehensive
and self-contained description of the Standard Model of particle physics suitable
for upper-level undergraduate students and graduate students studying
experimental particle physics. Physical theory is introduced in a straightforward
manner with full mathematical derivations throughout. Fully-worked examples
enable students to link the mathematical theory to results from modern particle
physics experiments. End-of-chapter exercises, graded by difficulty, provide
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students with a deeper understanding of the subject. Online resources available
at www.cambridge.org/MPP feature password-protected fully-worked solutions to
problems for instructors, numerical solutions and hints to the problems for
students and PowerPoint slides and JPEGs of figures from the book.
An updated edition on the now completed Structural Model, providing an
invaluable synthesis of cutting-edge research for students and scientists.
Since the development of natural philosophy in Ancient Greece, scientists have
been concerned with determining the nature of matter's smallest constituents and
the interactions among them. This textbook examines the question of the
microscopic composition of matter through an accessible introduction to what is
now called 'The Physics of Elementary Particles'. In the last few decades,
elementary particle physics has undergone a period of transition, culminating in
the formulation of a new theoretical scheme, known as 'The Standard Model',
which has profoundly changed our understanding of nature's fundamental forces.
Rooted in the experimental tradition, this new vision is based on geometry and
sees the composition of matter in terms of its accordance with certain
geometrical principles. This textbook presents and explains this modern
viewpoint to a readership of well-motivated undergraduate students, by guiding
the reader from the basics to the more advanced concepts of Gauge Symmetry,
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Quantum Field Theory and the phenomenon of spontaneous symmetry breaking
through concrete physical examples. This engaging introduction to the theoretical
advances and experimental discoveries of the last decades makes this
fascinating subject accessible to undergraduate students and aims at motivating
them to study it further.
The observation of the scaling properties of the structure functions w and vw of
deep inelastic electron 1 2 nucleon scattering [1]+ has been taken by many
people as an indication for an approximate scale invariance of the world. It was
pointed out by Wilson [2], that in many field theories it is possible to assign a
dimension d to every fundamental field, which proves to be a conserved quantum
number as far as the most singular term of an operator product expansion at
small distances ((x-y) +a) is con- JJ cerned++. Later it was shown, at the
canonical level, that in many field theories the dimension of a field seems to be a
c:pod quantum number even in the terms less singular at small (x-y) , as long as
they all belong to the strongest \l light cone singularity (i. e. (x-y)2+a) [3]. The
assumption that this type of scale invariance on the light cone be present in the
operator product ex pansion of two electromagnetic currents has provided us with
a rather natural explanation of the observed scaling phenomena. We should like
to mention, however, that this ex planation cannot account for the precocity with
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which scaling is being observed experimentally in energy regions, in which
resonances still provide prominent contributions to the final states [4].
Provides fully updated coverage of undergraduate particle physics, including the
Higgs boson discovery, with an emphasis on physics over mathematics.
Notes of Elementary Particle Physics is a seven-chapter text that conveys the ideas on
the state of elementary particle physics. This book emerged from an introductory
course of 30 lectures on the subject given to first-year graduate students at the
University of Liverpool. The opening chapter deals with pertinent terminologies in
elementary particle physics. The succeeding three chapters cover the concepts of
transition amplitudes, probabilities, relativistic wave equations and fields, and the
interaction amplitude. The discussion then shifts to tests of electromagnetic
interactions, particularly the tests of quantum electrodynamics and electromagnetic
form factors. The final two chapters describe the invariance properties and problems in
weak and strong interactions. This book is of value to graduate elementary particle
physics teachers and students.
A fascinating and accessible book by Nobel laureates Richard Feynman and Steven
Weinberg.
The Standard Model is the most comprehensive physical theory ever developed. This
textbook conveys the basic elements of the Standard Model using elementary
concepts, without the theoretical rigor found in most other texts on this subject. It
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contains examples of basic experiments, allowing readers to see how measurements
and theory interplay in the development of physics. The author examines leptons,
hadrons and quarks, before presenting the dynamics and the surprising properties of
the charges of the different forces. The textbook concludes with a brief discussion on
the discoveries of physics beyond the Standard Model, and its connections with
cosmology. Quantitative examples are given, and the reader is guided through the
necessary calculations. Each chapter ends in the exercises, and solutions to some
problems are included in the book. Complete solutions are available to instructors at
www.cambridge.org/9781107406094.
This is the third edition of a text that is already well established as one of the standard
undergraduate books on the subject of elementary particle physics. Professor Hughes
has updated the whole text in line with current particle nomenclature and has added
material to cover important new developments. There is also a completely new major
chapter on particle physics and cosmology, an exciting subject that has become an
area of increasing importance in recent years. In this field much can be learned from
the way the subject has developed, and so, where this helps its understanding, a
historical treatment is used. Unlike other texts on this subject, at all stages the author
closely links theoretical developments to the relevant experimental measurements,
providing a sound foundation to what might otherwise be a rather abstract subject. He
also provides historical background where it will aid comprehension of the material.
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Old and New Problems in Elementary Particles provides information pertinent to
elementary-particle physics. This book examines the types of problems facing highenergy physicists. Comprised of 20 chapters, this book starts with an overview of the
fundamental properties of Dirac poles, with emphasis on the spin, the electric-dipole
moment, and the mass. This text then examines the applications of supergain antenna,
which is an interesting cautionary model against an oversimplified application of the
notion of indeterminacy. Other chapters explain the uninhibited adoption of a uniform
and natural experimental definition of resonance or particle with respect to hadrons.
This book illustrates as well how insight into strong-interaction dynamics may be
improved by a precise definition of the particle-resonance concept. The final chapter
deals with the derivation of the Alder–Weisberger relation, which links the ratio of the
two weak coupling constants of the nucleon with an integral over pion absorption crosssections. Physicists and researchers will find this book useful.
This is the first quantitative treatment of elementary particle theory that is accessible to
undergraduates. Using a lively, informal writing style, the author strikes a balance
between quantitative rigor and intuitive understanding. The first chapter provides a
detailed historical introduction to the subject. Subsequent chapters offer a consistent
and modern presentation, covering the quark model, Feynman diagrams, quantum
electrodynamics, and gauge theories. A clear introduction to the Feynman rules, using
a simple model, helps readers learn the calculational techniques without the
Page 15/20

File Type PDF Elementary Particle Physics
complications of spin. And an accessible treatment of QED shows how to evaluate treelevel diagrams. Contains an abundance of worked examples and many end-of-chapter
problems.
This introductory book, intended for general audiences, covers a broad range of
subjects in the elementary particle physics:gauge theory, quark model, parton model,
quantum chromodynamics, Weinberg-Salam theory, CP-violation, spontaneous
symmetry breaking, Higgs mechanism, Higgs particle, etc. Those subjects are
explained, plainly and mostly without using equations.
This book grew-how could it be otherwise?-out of a series oflectures which the author
held at the University of Heidelberg. The purpose ofthese lectures was to give an
introduction to the phenomenology of elementary particles for students both of
theoretical and experimental orientation. With the present book the author has set
himself the same aim. The reader is assumed to be familiar with ordinary nonrelativistic
quantum mechanics as presented, e.g., in the following books: Quantum Mechanics, by
L.1. Schiff (McGraw-Hill, New York, 1955); Quantum Mechanics, Vol. I, by K. Gottfried
(W.A. Benjamin, Reading, Ma., 1966). The setup of the present book is as follows. In
the first part we present some basic general principles and concepts which are used in
elementary particle physics. The reader is supposed to learn here the "language" of
particle physics. An introductory chapter deals with special relativity, of such funda
mental importance for particle physics, which most ofthe time is high energy, i.e., highly
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relativistic physics. Further chapters of this first part deal with the Dirac equation, with
the theory of quantized fields, and with the general definitions of the scattering and
transition matrices and the cross-sections.
This second volume of Elementary Particle Physics, "Foundations of the Standard
Model", concentrates on the main aspects of the Standard Model by addressing
developments from its establishments to recent progress and some future prospects.
Two subjects are clearly separated which cover dynamics of the electroweak and
strong interactions, but basso continuo throughout the book is a bridge between theory
and experiments. All the basic formulas are derived from the first principle, and
corrections to meet the experimental accuracy are explained. This volume is a logical
step up from volume I but can also be considered and used as an independent
monograph for high energy and theoretical physicists, as well as astronomers, graduate
students and lecturers in physics.
This volume contains the contributions to the INTERNATIONAL SUMMER INSTITUTE
ON THEORETICAL PHYSICS 1980 held from September 1st to September 12th in Bad
Honnef, Germany. This Institute was organized by Wuppertal University. It was the
eleventh in a series of Summer Schools on particle physics carried out by German
Universities. The Institute was aimed to review the present status of gauge theories in
elementary particle physics, with emphasis both on the phenomenological and formal
aspects. The first part of the volume covers the recent progress in the development of
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perturbative methods both in quantum chromodynamics (QCD) and flavor dynamics
(QFD). Applications to available data from electron positron storage rings and deep
inelastic scattering are discussed. The second part presents new results on classical
solutions and non-perturbative methods in gauge theories and related field theories like
non linear a-models. A very topical account is given on the application of Monte Carlo
methods within lattice gauge theories. At present these methods appear to be the most
promising technique to establish the quark confinement hypothesis within the
framework of non-Abelian gauge theories. The volume is closed with a progress report
on the present understanding of sup~rgravity and its relation to grand unification
schemes. The lectures on Grand Unified Theories given by Dr. D. V. Nanopoulos at the
Bad Honnef meeting can be found in the proceedings of the 1980 Rencontre de
Moriond (Ed. J. Tran Thanh Van).
This book provides a comprehensive overview of modern particle physics accessible to
anyone with a true passion for wanting to know how the universe works. We are
introduced to the known particles of the world we live in. An elegant explanation of
quantum mechanics and relativity paves the way for an understanding of the laws that
govern particle physics. These laws are put into action in the world of accelerators,
colliders and detectors found at institutions such as CERN and Fermilab that are in the
forefront of technical innovation. Real world and theory meet using Feynman diagrams
to solve the problems of infinities and deduce the need for the Higgs boson. Facts and
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Mysteries in Elementary Particle Physics offers an incredible insight from an eyewitness
and participant in some of the greatest discoveries in 20th century science. From
Einstein's theory of relativity to the spectacular discovery of the Higgs particle, this book
will fascinate and educate anyone interested in the world of quarks, leptons and gauge
theories. This book also contains many thumbnail sketches of particle physics
personalities, including contemporaries as seen through the eyes of the author.
Illustrated with pictures, these candid sketches present rare, perceptive views of the
characters that populate the field. The Chapter on Particle Theory, in a pre-publication,
was termed "superbly lucid" by David Miller in Nature (Vol. 396, 17 Dec. 1998, p. 642).
Contents: IntroductionPreliminariesThe Standard ModelQuantum Mechanics.
MixingEnergy, Momentum and Mass-ShellDetectionAccelerators and Storage
RingsThe CERN Neutrino ExperimentThe Particle ZooParticle TheoryFinding the
HiggsQuantum ChromodynamicsEpilogueAddendum Readership: Students, lay people
and anyone interested in the world of elementary particles. Keywords: Particle
Physics;Quantum Mechanics;Relativity;Quarks;Leptons;Gauge Theories;Higgs
ParticleReview: Reviews of the First Edition: "Veltman's life spans the history of particle
physics, from Antiparticles to Z bosons. So does his crystal clear book, which tells all
you want to know about the strange sub-nuclear world and the stranger scientists that
study it ... a thrilling tale about the world's tiniest things." Sheldon Glashow Nobel
laureate Boston University "I must congratulate you! The book you have written is truly
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a masterpiece. Not only have you explained the physics of the world of elementary
particles to the young aspiring student, but you have made it available to the intelligent
layman. On top of that you gave it the humanity it deserves; reading this book brought
me back to the most exciting period of my life in which every day brought a new
discovery and we all fought for recognition. I can truly say that there is no book like
this." Melvin Schwartz Nobel laureate Columbia University "Veltman's ... transparent
explanations of the abstract theories of quantum mechanics and special relativity, his
lucid accounts of esoteric subjects in particle physics, such as scaling, Higgs particle
and renormalizability ... are very impressive. The book will interest anyone who is
interested in the view of the physical world held by contemporary fundamental
physicists."T Y Cao Boston University "I greatly enjoyed finally reading a book that goes
into the details I always wanted ... Veltman has the courage to try a deeper level about
what we understand and what is simply fact ... Even if you have read books
popularizing physics befor
The new experiments underway at the Large Hadron Collider at CERN in Switzerland
may significantly change our understanding of elementary particle physics and, indeed,
the universe. Suitable for first-year graduate students and advanced undergraduates,
this textbook provides an introduction to the field
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