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The Neutrino Story: One Tiny Particle’s Grand Role in the Cosmos Oct 08 2020 Every second of every day, we are exposed
to billions of neutrinos emitted by the Sun, and yet they seem to pass straight through us with no apparent effect at all. Tiny
and weakly interacting this subatomic particle may be, but this book will show you just how crucial a role it has played in the
evolution of the elements in the universe, and eventually, ourselves. We first start with an introduction to the basics of
subatomic physics, including brief backgrounds on the discoveries that set the stage for major 20th century advances. The
author, a distinguished theoretical physicist who has researched neutrinos for over thirty years, next explains in nontechnical
language how and why the neutrino fits into the wider story of elementary particles. Finally, the reader will learn about the
latest discoveries in the past half century of neutrino studies. This semi-popular science book will appeal to any physics
students or non-specialist physicists who wish to know more about the neutrino and its role in the evolution of our universe.
High Energy Astrophysical Neutrinos Dec 30 2019 This book provides a pedagogical introduction to the likely sources of
these neutrinos, their propagation and detection mechanisms. Detection of high energy neutrinos of extragalactic origin has
led to an interdisciplinary field of research, involving astronomy, astrophysics and particle physics. An extensive review of
various detectors and the observations is provided that consolidates the latest findings. Above a few tens of TeVs, neutrinos
are conceived as more reliable messengers for astronomy than photons as these photons get absorbed in the background
photon field. Determining the neutrino spectrum not only helps in exploring astrophysical objects like AGN, GRB, etc. but
also allows us to study particle physics at unprecedented energies. This introductory book is intended to help advanced
undergraduate and graduate students to get into the subject with ease, and it simultaneously caters to practicing theoretical or
experimental physicists as a reference book.
Neutrino Physics Sep 06 2020 Nobel Symposium 129 on Neutrino Physics was held at Haga Slott in Enk”ping, Sweden
during August 19-24, 2004. Invited to the symposium were around 40 globally leading researchers in the field of neutrino
physics, both experimental and theoretical.The dominant theme of the lectures was neutrino oscillations, which after several
years were recently verified by results from the Super-Kamiokande detector in Kamioka, Japan and the SNO detector in
Sudbury, Canada. Discussion focused especially on effects of neutrino oscillations derived from the presence of matter and
the fact that three different neutrinos exist. Since neutrino oscillations imply that neutrinos have mass, this is the first
experimental observation that fundamentally deviates from the standard model of particle physics. This is a challenge to both
theoretical and experimental physics. The various oscillation parameters will be determined with increased precision in new,
specially designed experiments. Theoretical physics is working intensively to insert the knowledge that neutrinos have mass
into the theoretical models that describe particle physics. The lectures provided a very good description of the intensive
situation in the field right now. The topics discussed also included mass models for neutrinos, neutrinos in extra dimensions

as well as the ?seesaw mechanism,? which provides a good description of why neutrino masses are so small.This book is A4
size and in full color.
Fundamentals of Neutrino Physics and Astrophysics Nov 01 2022 Our Universe is made of a dozen fundamental building
blocks. Among these, neutrinos are the most mysterious - but they are the second most abundant particles in the Universe.
This book provides detailed discussions of how to describe neutrinos, their basic properties, and the roles they play in nature.
Spaceship Neutrino Apr 25 2022 Try to imagine a spaceship that could pass right through the Earth without even noticing it
was there. And one that could cross the vastness of space at the speed of light, and then penetrate into the very heart of
subatomic matter to seek out its fundamental structure. Imagine, then, a particle that is almost nothing that can tell you almost
everything about the structure of matter and the evolution of the Universe. Impossible? In fact, all of these descriptions can be
applied to the neutrino, a subatomic particle that is so elusive it is almost undetectable. Spaceship Neutrino charts the history
of the neutrino, from its beginnings in the 1930s, when it was postulated as a way of explaining an otherwise intractable
problem in physics, to its crucial role in modern theories of the Universe. Christine Sutton is well known for her popular
science writing. In this book she describes how the detection and measurement of neutrino properties have tested technology
to its limits, requiring huge detectors, often located deep in mines, under mountains or even under the sea. As part of the story
she explains without the use of mathematics how our understanding of the structure of matter and the forces that hold it
together have come from work with neutrinos, and how these insignificant particles hold the key to our understanding of the
beginning and the end of the Universe. This fascinating, well-written and highly illustrated book will be enjoyed by anyone
with an interest in modern physics or astronomy, from school level right through to the professional scientist.
I'm a Neutrino: Tiny Particles in a Big Universe Jan 23 2022 An accessible and visually arresting picture book about one
of the universe's most mysterious particles for the youngest scientific minds Before you finish reading this sentence, trillions
upon trillions of neutrinos will have passed through your body. Not sure what a neutrino is? Get an up-close-and-personal
introduction in this dazzling picture book from MIT Kids Press, told in lilting rhyme from the neutrino’s point of view and
filled with mind-bending, full-bleed illustrations that swirl and splash the cosmos to life. Some of the smallest bits of matter
known to exist—and they exist everywhere—neutrinos are inspiring cutting-edge and Nobel Prize–winning research. Here,
playful text and watercolor illustrations blended with photographs distill the concept of these mysterious particles down to its
essence. “Know Your Neutrinos” end notes provide context for each spread, amplifying the science and making complex
astrophysics and physics concepts approachable. This indispensable STEM title urges children to dream of contributing their
own discoveries.
Neutrino Astrophysics Jan 11 2021 Results from various disciplines provide an up-to-date discussion of topics in neutrino
astrophysics, a field currently revolutionized by the availability of new observational facilities.
Neutrino Nov 28 2019
Introduction to the Physics of Massive and Mixed Neutrinos Aug 25 2019 For many years neutrino was considered a
massless particle. The theory of a two-componentneutrino,whichplayedacrucialroleinthecreationofthetheoryof
theweakinteraction,isbasedontheassumptionthattheneutrinomassisequalto zero. We now know that neutrinos have nonzero,
small masses. In numerous exp- iments with solar, atmospheric, reactor and accelerator neutrinos a new p- nomenon, neutrino
oscillations, was observed. Neutrino oscillations (periodic transitionsbetweendifferent?avorneutrinos? ,? ,?
)arepossibleonlyifneutrino e ? ? mass-squareddifferencesaredifferentfromzeroandsmalland?avorneutrinosare “mixed”. The
discovery of neutrino oscillations opened a new era in neutrino physics: an era of investigation of neutrino masses, mixing,
magnetic moments and other neutrino properties. After the establishment of the Standard Model of the el- troweak interaction
at the end of the seventies, the discovery of neutrino masses was the most important discovery in particle physics. Small
neutrino masses cannot be explained by the standard Higgs mechanism of mass generation. For their explanation a new
mechanism is needed. Thus, small neutrino masses is the ?rst signature in particle physics of a new beyond the Standard
Model physics. It took many years of heroic efforts by many physicists to discover n- trino oscillations. After the ?rst period
of investigation of neutrino oscillations, manychallengingproblemsremainedunsolved.Oneofthemostimportantisthe problem
of the nature of neutrinos with de?nite masses. Are they Dirac n- trinos possessing a conserved lepton number which
distinguish neutrinos and antineutrinos or Majorana neutrinos with identical neutrinos and antineutrinos? Many experiments
of the next generation and new neutrino facilities are now under preparation and investigation. There is no doubt that exciting
results are ahead.
Weigh Them All! Dec 10 2020 The three neutrinos are ghostly elementary particles that exist all across the Universe.
Though every second billions of them fly through us, they are extremely hard to detect. We used to think they had no mass,
but recently discovered that in fact they have a tiny mass. The quest for the neutrino mass scale and mass ordering (specifying
how the three masses are distributed) is an extremely exciting one, and will open the door towards new physics operating at
energy scales we can only ever dream of reaching on Earth. This thesis explores the use of measurements of the Cosmic
Microwave Background (the oldest light reaching us, a snapshot of the infant Universe) and maps of millions of galaxies to
go after the neutrino mass scale and mass ordering. Neutrinos might teach us something about the mysterious dark energy

powering the accelerated expansion of the Universe, or about cosmic inflation, which seeded the initial conditions for the
Universe. Though extremely baffling, neutrinos are also an exceptionally exciting area of research, and cosmological
observations promise to reveal a great deal about these elusive particles in the coming years.
Neutrino Mass Apr 13 2021 Reviews the current state of knowledge of neutrino masses and the related question of neutrino
oscillations. After an overview of the theory of neutrino masses and mixings, detailed accounts are given of the laboratory
limits on neutrino masses, astrophysical and cosmological constraints on those masses, experimental results on neutrino
oscillations, the theoretical interpretation of those results, and theoretical models of neutrino masses and mixings. The book
concludes with an examination of the potential of long-baseline experiments. This is an essential reference text for workers in
elementary-particle physics, nuclear physics, and astrophysics.
A Search for Muon Neutrino to Electron Neutrino Oscillations in the MINOS Experiment Apr 01 2020 The centerpiece
of the thesis is the search for muon neutrino to electron neutrino oscillations which would indicate a non-zero mixing angle
between the first and third neutrino generations (?13), currently the “holy grail” of neutrino physics. The optimal extraction
of the electron neutrino oscillation signal is based on the novel “library event matching” (LEM) method which Ochoa
developed and implemented together with colleagues at Caltech and at Cambridge, which improves MINOS’ (Main Injector
Neutrino Oscillator Search) reach for establishing an oscillation signal over any other method. LEM will now be the basis for
MINOS’ final results, and will likely keep MINOS at the forefront of this field until it completes its data taking in 2011.
Ochoa and his colleagues also developed the successful plan to run MINOS with a beam tuned for antineutrinos, to make a
sensitive test of CPT symmetry by comparing the inter-generational mass splitting for neutrinos and antineutrinos. Ochoa’s
in-depth, creative approach to the solution of a variety of complex experimental problems is an outstanding example for
graduate students and longtime practitioners of experimental physics alike. Some of the most exciting results in this field to
emerge in the near future may find their foundations in this thesis.
Neutrino Hunters Mar 25 2022 A renowned astrophysicist presents a fascinating exploration into the world of neutrinos,
incredibly small bits of matter that hold the secrets of the universe, and the lives of the scientists who chase them in hopes of
redefining how we think about physics, cosmology and our lives on Earth. 15,000 first printing.
Neutrino Physics Jul 05 2020 Neutrino physics remains one of the most exciting fields of fundamental physics today. The
neutrino's position at the intersection of particle physics, astrophysics, and nuclear physics ensures continuing interest in the
subject. Major activities at accelerators like Fermilab, KEK and CERN, in addition to underground facilities like Gran Sasso,
Kamioka and Sudbury, continue to enhance our understanding of the origins and properties of neutrinos, and their
implications for the Standard Model and cosmology. Neutrino Physics provides an up to date and comprehensive introduction
to the subject as well as an invaluable resource for researchers in physics and astrophysics. Starting with a brief historical
overview the author proceeds to review fundamental neutrino properties, the neutrino mass question, and their place within
and beyond the Standard Model. The final chapters examine the role of neutrinos in modern astroparticle physics, cosmology
and the dark matter problem. The book concludes with a summary of the current status of neutrino physics and the
implications of recent results. Written to be accessible to readers from different backgrounds in nuclear, particle or
astrophysics and with a detailed reference list, this title will be essential for any researcher or advanced student who needs to
understand modern neutrino physics.
Neutrino Cosmology Feb 21 2022 A self-contained guide to the role played by neutrinos in the Universe and how their
properties influence cosmological and astrophysical observations.
Physics of Massive Neutrinos Oct 27 2019 Neutrinos play a decisive part in nuclear and elementary particle physics, as well
as in astrophysics and cosmology. Some of their most basic properties, such as their mass and charge conjugation symmetry,
are largely unknown. This book focuses on what we know and may hope to know about the mass of the neutrino and its
particle-antiparticle symmetry. Topics include neutrino mixing, neutrino decay, neutrino oscillations, double beta decay, solar
neutrinos, supernova neutrinos and related issues. The authors stress the physical concepts, and discuss both theoretical and
experimental techniques. This updated second edition differs from the first in that it contains an expanded coverage of
experimental results and theoretical advances. Since publication of the first edition, many issues that were at that time
unresolved, such as tritium beta decay and reactor neutrino oscillations, have been clarified and are discussed here. Also
included is an expanded coverage of solar and supernova neutrinos. This book deals with one of the most intriguing issues in
modern physics, and will be of value to researchers, graduate students and advanced undergraduates specializing in
experimental and theoretical particle physics and nuclear physics.
Probing Particle Physics With Neutrino Telescopes Feb 09 2021 This book introduces the reader to how fundamental
topics in particle physics can be studied with the largest neutrino telescopes currently in operation. Due to their large size,
reaching cubic-kilometer volumes, and their wide energy response, these unusual detectors can provide insight on neutrino
oscillations, dark matter searches or searches for exotic particles, new neutrino interactions or extra dimensions, among many
other topics.Lacking a man-made neutrino 'beam', neutrino telescopes use the copious flux of neutrinos continuously
produced by cosmic rays interacting in the Earth's atmosphere, as well as neutrinos from astrophysical origin. They have

therefore access to neutrinos of higher energies and much longer baselines than those produced in present accelerators, being
able to search for new physics at complementary scales than currently available in particle physics laboratories around the
world.Written by carefully chosen experts in the field, the book introduces each topic in a pedagogical way apt not only to
professionals, but also to students or the interested reader with a background in physics.
Sterile Neutrino Dark Matter Nov 20 2021 This book is a new look at one of the hottest topics in contemporary science, Dark
Matter. It is the pioneering text dedicated to sterile neutrinos as candidate particles for Dark Matter, challenging some of the
standard assumptions which may be true for some Dark Matter candidates but not for all. So, this can be seen either as an
introduction to a specialized topic or an out-of-the-box introduction to the field of Dark Matter in general. No matter if you
are a theoretical particle physicist, an observational astronomer, or a ground based experimentalist, no matter if you are a grad
student or an active researcher, you can benefit from this text, for a simple reason: a non-standard candidate for Dark Matter
can teach you a lot about what we truly know about our standard picture of how the Universe works.
The State of the Art of Neutrino Physics Jun 03 2020 A brief history of neutrino / S. Bettini -- Introduction to the
formalism of neutrino oscillations / G. Fantini, A. Gallo Rosso, V. Zema and F. Vissani -- Neutrino oscillation detectors and
methods / D. Autiero -- Solar neutrinos and matter effects / A. Smirnov -- Atmospheric neutrinos / K. Okumura -- Probing the
atmospheric sector with accelerator experiments / C. Pistillo and C. Wilkinson -- The measurement of theta13 with reactors
and accelerators / F. Di Lodovico -- Neutrinos from supernovae and other astrophysical sources / K. Scholberg -- High
energy astrophysical neutrinos / F. Halzen -- Sterile neutrinos: an introduction to experiments / J. Conrad and M. Shaevitz -Dirac and majorana neutrinos, double beta decay / J.-L. Vuilleumier -- Low energy neutrino interactions / A. Szelc -- Theory
and phenomenology of mass ordering and CP violation / P. Coloma and S. Pascoli -- Beyond the neutrino standard model / J.
Lykken
The Physics of Neutrino Interactions Sep 18 2021 A comprehensive introduction to neutrino physics with detailed
description of neutrinos and their properties.
The Physics Associated with Neutrino Masses Mar 01 2020 This eBook is a collection of articles from a Frontiers Research
Topic. Frontiers Research Topics are very popular trademarks of the Frontiers Journals Series: they are collections of at least
ten articles, all centered on a particular subject. With their unique mix of varied contributions from Original Research to
Review Articles, Frontiers Research Topics unify the most influential researchers, the latest key findings and historical
advances in a hot research area! Find out more on how to host your own Frontiers Research Topic or contribute to one as an
author by contacting the Frontiers Editorial Office: frontiersin.org/about/contact.
Solar Neutrino Physics May 27 2022 A guide to the fascinating interplay between particle physics and astrophysics that
highlights the discovery of neutrino oscillations Written by three international experts on the topic, Solar Neutrino Physics
offers a review of the status of solar physics with its strong link to neutrino physics. The book explores constitutive physics
and the governing equations of standard solar models. The authors also review the theory of neutrinos in the Standard Model
and the related detector experiments. The book contains a summary of the results from various experiments and develops a
coherent view of the current state-of-the-art of solar neutrino physics. Solar Neutrino Physics shows how solar models can be
calibrated with the observational constraints of the age, mass, radius, and luminosity of the sun. The authors present general
evolutionary properties of the sun as a star, past and future. They also discuss the solar neutrino production via the pp-chains
and CNO-cycle, including the important role of the chemical composition of the sun. A very important source of information
about the solar interior is offered by helioseismology, the study of solar oscillations. This important book: Presents a highlevel overview of the field of solar neutrino physics Brings together data and their interpretation of results obtained at various
solar neutrino observatories Combines the theory of nuclear reactions with solar neutrino experiments Contains a review of
SNO+, JUNO, LENA, Hyper-Kamiokande, and DUNE. Written for astronomers, physicists, and high energy physicists,
Solar Neutrino Physics contains a review of the field of neutrino physics, the relevant equations, and the impact of matter on
the behavior of neutrino oscillations.
The Search for the Neutrino Sep 26 2019
Massive Neutrinos in Physics and Astrophysics Nov 08 2020 Summarizes the theoretical, phenomenological, and
astrophysical aspects relevant to research on the possibility of a massive neutrino. Designed as an introduction to the subject
for readers familiar with field theory, group theory, and the basic concepts in particle physics; and as a quick reference for old
hands in the field. Annotation copyrighted by Book News, Inc., Portland, OR
Neutrino Physics and Astrophysics Aug 06 2020 The scientific program of these important proceedings was arranged to
cover most of the field of neutrino physics. In light of the rapid growth of interest stimulated by new interesting results from
the field, more than half of the papers presented here are related to the neutrino mass and oscillations, including atmospheric
and solar neutrino studies. Neutrino mass and oscillations could imply the existence of a mass scale many orders of
magnitudes higher than presented in current physics and will probably guide scientists beyond the standard model of particle
physics.
Current Aspects of Neutrino Physics Jun 15 2021 This book, written by leading experts of the field, gives an excellent up-to-

date overview of modern neutrino physics and is useful for scientists and graduate students alike. The book starts with a
history of neutrinos and then develops from the fundamentals to the direct determination of masses and lifetimes. The role of
neutrinos in fundamental astrophysical problems is discussed in detail.
Neutrino Sep 30 2022 A history of the neutrino discusses how the atomic particle was sought and found, and how it allows
astronomers to perform more in-depth research about distant galaxies and stars.
Neutrino 81 Jun 23 2019
The Physics of Massive Neutrinos Jul 25 2019 This book explains the physics and phenomenology of massive neutrinos. The
authors argue that neutrino mass is not unlikely and consider briefly the search for evidence of this mass in decay processes
before they examine the physics and phenomenology of neutrino oscillation. The physics of Majorana neutrinos (neutrinos
which are their own antiparticles) is then discussed. This volume requires of the reader only a knowledge of quantum
mechanics and of very elementary quantum field theory.
Physics of Neutrinos May 03 2020 This book provides a survey of the current state of research into the physics of neutrinos.
It is presented in a form accessible to non-specialists and graduate students, but will also be useful as a handbook for
researchers in this field. The reader finds here a global view of the areas of physics in which neutrinos play important roles,
including astrophysics and cosmology. The book is intended to be self-contained: Starting from the standard theory of
electroweak interactions, the key notions are explained in detail and the fundamental equations are derived explicitly, so that
readers can understand their precise content. Prime emphasis is given to the mass of neutrinos and its implications. The first
eight chapters deal mostly with well-established knowledge whilst later chapters probe into research problems.
Neutrino Physics Dec 22 2021 Neutrinos play an intriguing role in modern physics linking central questions of particle
physics, cosmology and astrophysics. The contributions in this book reflect the present status of neutrino physics with
emphasis on non-accelerator or beyond-accelerator experiments. Since a nonvanishing neutrino mass would yield an
important boundary condition for GUT, SUSY or Superstring models and since neutrinos are the best candidates for dark
matter in the universe, the many efforts to look for a neutrino mass, ranging from neutrino oscillation experiments using
reactors, accelerators or the sun as neutrino sources, to tritium decay experiments and the search for neutrinoless double beta
decay, are described in some detail. One of the sections is devoted to neutrinos from collapsing stars, including the supernova
SN 1987 A. Possibilities for detecting cosmological neutrinos are discussed and an outlook to future experiments is given.
Neutrino Physics and Astrophysics Oct 20 2021 Neutrino '80 held at the Ettore Majorana Center for Scientific Culture in
Erice, was the tenth of a series of International Confer ences on Neutrino Physics and Astrophysics. It also marked the fiftieth
anniversary of the first mention, by Wolfgang Pauli, of a neutral particle emitted in beta decay. The conference occurred at a
very propitious time in neutrino physics: the possibility of a non-zero neutrino mass and of neutrino oscillations has obvious
implications of great importance in neutrino astrophysics and cosmology, as well as in the grand unified theories. In order to
encourage contacts and discussions among the various experts in different branches of neutrino physics and astrophysics, the
conference was based only on plenary sessions, and mainly on review talks. Short communications were accepted only if they
bore new and unexpected results which could not be covered in the appro priate review. I would like to thank the participants
for their understanding of this often unpopular rule. I take this opportunity to express my gratitude to the members of the
International Advisory Committee, to George Marx, Secretary of the on-going International Neutrino Committee, to the
rapporteurs and session chairmen. Thanks are especially due to Antonino Zichichi, Director of the Ettore Majorana Centre for
Scientific Culture, for the warm and generous hospitality extended to us, and to Alberto Gabriele and Pinola Savalli for their
untiring efforts to make our stay in Erice as enjoyable as fruitful.
Neutrino Physics and Astrophysics Aug 18 2021 This book contains chapters based on 9 of the lectures delivered at the
Enrico Fermi School of Physics "Neutrino Physics and Astrophysics", held from 25 of July to 5 August 2011. The event was
organized by the Italian Physical Society (SIF) jointly with the International School of Astro-particle Physics (ISAPP), a
network whose aim is to build up an astro-particle community of both astrophysicists and particle physicists. Included are
chapters on Neutrino oscillation physics (B. Kayser); Double-beta decay (E. Fiorini); Light neutrinos in cosmology (S.
Pastor); Neutrinos and the stars (G.G. Raffelt); High energy neutrinos and cosmic rays (G. Sigl); Methods and problems in
low-energy neutrino experiments (G. Ranucci); Methods and problems in neutrino observatories (M. Ribordy); New
technologies in neutrino physics (L. Oberauer); and Perspectives of underground physics (A. Bettini). These are a followed
by a section on the results presented in the form of posters by the Ph.D. students attending the school. The book will be of
interest not only to participants of the school, but also to other Ph.D. students and young physicists.
Neutrino Physics Jan 29 2020 A revised overview of modern neutrino physics, covering all major areas of interest.
The Physics of Neutrinos Aug 30 2022 The physics of neutrinos--uncharged elementary particles that are key to helping us
better understand the nature of our universe--is one of the most exciting frontiers of modern science. This book provides a
comprehensive overview of neutrino physics today and explores promising new avenues of inquiry that could lead to future
breakthroughs. The Physics of Neutrinos begins with a concise history of the field and a tutorial on the fundamental
properties of neutrinos, and goes on to discuss how the three neutrino types interchange identities as they propagate from

their sources to detectors. The book shows how studies of neutrinos produced by such phenomena as cosmic rays in the
atmosphere and nuclear reactions in the solar interior provide striking evidence that neutrinos have mass, and it traces our
astounding progress in deciphering the baffling experimental findings involving neutrinos. The discovery of neutrino mass
offers the first indication of a new kind of physics that goes beyond the Standard Model of elementary particles, and this book
considers the unanticipated patterns in the masses and mixings of neutrinos in the framework of proposed new theoretical
models. The Physics of Neutrinos maps out the ambitious future facilities and experiments that will advance our knowledge
of neutrinos, and explains why the way forward in solving the outstanding questions in neutrino science will require the
collective efforts of particle physics, nuclear physics, astrophysics, and cosmology.
Neutrinos May 15 2021 Neutrinos are one of the most abundant particles in the universe. Because they have very little
interaction with matter, however, they are incredibly difficult to detect. Neutrinos are similar to the more familiar electron,
with one crucial difference: neutrinos do not carry electric charge. Because neutrinos are electrically neutral, they are not
affected by the electromagnetic forces which act on electrons. Three types of neutrinos are known. Each type or 'flavour' of
neutrino is related to a charged particle (which gives the corresponding neutrino its name). Hence, the 'electron neutrino' is
associated with the electron, and two other neutrinos are associated with heavier versions of the electron called the muon and
the tau. The book presents citations from the literature for the last three years from the journal literature and the existent book
literature. Access is provided by subject, author and title indexes.
A Modern Introduction to Neutrino Physics Jun 27 2022 A deeper understanding of neutrinos, with the goal to reveal
their nature and exact role within particle physics, is at the frontier of current research. This book reviews the field in a
concise fashion and highlights the most pressing issues and areas of strongest topical interest. It provides a clear, selfcontained, and logical treatment of the fundamental physics aspects, appropriate for graduate students. Starting with the
relevant basics of the SM, neutrinos are introduced, and the quantum mechanical effect of oscillations is explained in detail.
A strong focus is then set on the phenomenon of lepton number violation, especially in 0nbb decay, as the crucial probe to
understand the nature of neutrinos. The role of neutrinos in astrophysics, expected to be of increasing importance for future
research, is then described. Finally, models to explain the neutrino properties are outlined. The central theme of the book is
the nature of neutrino masses and the above topics will revolve around this issue.
Introduction to the Physics of Massive and Mixed Neutrinos Jul 29 2022 Small neutrino masses are the first signs of new
physics beyond the Standard Model of particle physics. Since the first edition of this textbook appeared in 2010, the Nobel
Prize has been awarded "for the discovery of neutrino oscillations, which shows that neutrinos have mass". The measurement
of the small neutrino mixing angle $\theta_{13}$ in 2012, launched the precision stage of the investigation of neutrino
oscillations. This measurement now allows such fundamental problems as the three-neutrino mass spectrum - is it normal or
inverted? – and the $CP$ violation in the lepton sector to be tackled. In order to understand the origin of small neutrino
masses, it remains crucial to reveal the nature of neutrinos with definite masses: are they Dirac neutrinos possessing a
conserved lepton number, which distinguishes neutrinos and antineutrinos, or are they Majorana neutrinos with identical
neutrinos and antineutrinos? Experiments searching for the neutrinoless double beta decay are presently under way to answer
this fundamental question. The second edition of this book comprehensively discusses all these important recent
developments. Based on numerous lectures given by the author, a pioneer of modern neutrino physics (recipient of the Bruno
Pontecorvo Prize 2002), at different institutions and schools, it offers a gentle yet detailed introduction to the physics of
massive and mixed neutrinos that prepares graduate students and young researchers entering the field for the exciting years
ahead in neutrino physics.
Neutrino Oscillations Jul 17 2021 Neutrino oscillation (N.O.) is the only firm evidence of the physics beyond the Standard
Model of particle physics and is one of the hottest topics in elementary particle physics today. This book focuses on the N.O.,
from its history to the future prospects, from the basic theories to the experiments. Various phenomena of N.O. are described
intuitively with thorough explanations of the fundamental physics behind well-known formulations. For example, while many
textbooks start with a discussion of the mixing matrix, this book stresses that N.O. is caused by the transition amplitudes
between different neutrino flavors, and that the purpose of N.O. experiments is to measure transition amplitudes and think of
its origin. The current understanding of neutrino oscillation is also summarized using the most up-to-date measurements,
including the recently measured neutrino mixing angle ?13, and the future prospects of N.O. studies are described as well.
The level of this book makes it a bridge between introductory textbooks and scientific papers.
Neutrino Physics in Present and Future Kamioka Water??erenkov Detectors with Neutron Tagging Mar 13 2021 This book
discusses the upgrade of the Super-Kamiokande (SK) detector, which consists in the addition of a salt of gadolinium into the
detector’s water, the goal being to endow it with a very high-efficiency ability to detect neutrons: the SuperK-Gd project.
This will substantially improve the scientific value of the SK detector because, among others, neutron production is related to
the matter–antimatter character of the interacting neutrino. In this book the authors develop several procedures for
maximizing the impact of neutron tagging in various physics analyses involving a broad range of neutrino energy. They
thoroughly study the impact of new backgrounds introduced by Gd in key physics analyses, most remarkably including the

search for the Diffuse Supernova Neutrino Background. At GeV energies, the neutron tagging improvements are evaluated by
performing a complete neutrino oscillation sensitivity study using atmospheric and long baseline neutrinos, with a focus on
the neutrino mass hierarchy and the leptonic CP violation. In order to prove the relevance of neutron tagging with the
available data, the authors apply the neutron-tagging tools developed here to the 4th phase of the SK detector, which is
already capable of detecting a low fraction of the neutrons produced through hydrogen-neutron captures. A global oscillation
analysis of the SK’s atmospheric neutrino data is also conducted.
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