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Supersymmetric Quantum Mechanics SUSY QM stands as a remarkable intersection of quantum
mechanics and supersymmetry a type of symmetry relating bosons and fermions While initially
conceived as a toy model SUSY QM has evolved into a powerful tool with profound implications
across various fields providing fresh perspectives on longstanding problems in  physics  and
beyond This article aims to provide a comprehensive introduction demystifying its core concepts
and showcasing its practical applications Understanding the Fundamentals At the heart of SUSY
QM lies the concept of supersymmetry a symmetry that transforms bosons particles with integer
spin into fermions particles with halfinteger spin and vice versa This transformation is governed
by supercharges operators that connect the bosonic and fermionic sectors of the theory In the
simplest formulation we consider a Hamiltonian the operator describing the energy of a system
that  can  be  factorized  into  a  product  of  supercharges  H  Q QQ where  Q and  Q are  the
supercharges and Q is the Hermitian conjugate of Q This factorization implies a remarkable
relationship  between  the  energy  eigenstates  of  the  Hamiltonian  Specifically  it  leads  to  the
existence of superpartners pairs of bosonic and fermionic states with the same energy except for
the ground state which is always non degenerate Partner Potentials and Shape Invariance 2 One
of the key aspects of SUSY QM is the concept of partner potentials Given a potential Vx SUSY
QM allows us to construct a partner potential Vx sharing many properties with Vx including a
direct relationship between their energy spectra This construction is particularly powerful when
dealing  with  shapeinvariant  potentials  Shape  invariance  refers  to  potentials  whose  partner
potentials have the same functional form only differing by a parameter shift This property allows
for the exact solution of the Schrdinger equation for a class of potentials that are otherwise
difficult to solve analytically Examples include the harmonic oscillator and the Morse potential
crucial systems in various fields of physics and chemistry The Witten Index A Powerful Tool The
Witten index is a topological invariant in SUSY QM providing a robust measure of the difference
between  the  number  of  bosonic  and  fermionic  ground  states  Crucially  its  independent  of
continuous perturbations  of  the  potential  making  it  a  powerful  diagnostic  tool  The index is
calculated as Index Tr1F expH where F is the fermion number operator and is a parameter often
taken to zero A non zero Witten index indicates the presence of  unbroken supersymmetry
Applications and RealWorld Examples The applications of SUSY QM extend beyond theoretical
elegance Its implications are felt across several disciplines Quantum Field Theory SUSY QM
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serves as a simplified laboratory for understanding more complex supersymmetric quantum field
theories which are central to many extensions of the Standard Model of particle physics aiming to
unify forces and address issues like dark matter While experimental evidence for fullfledged
supersymmetry remains elusive SUSY QM provides valuable theoretical insights Nuclear Physics
SUSY QM has been applied to describe the spectra of certain nuclei providing a framework for
understanding their energy levels and transitions Studies have shown remarkable agreement
between  SUSY QM predictions  and  experimental  data  in  certain  cases  Condensed  Matter
Physics The formalism finds applications in describing certain aspects of  condensed matter
systems particularly those exhibiting quasiparticle excitations with specific properties For example
it  can be used to model systems with specific  types of  3 interactions Quantum Information
Science The unique properties of SUSY QM such as the existence of partner Hamiltonians are
being  explored  for  potential  applications  in  quantum computation  and  quantum information
processing Expert Opinions and Statistics While a precise statistic quantifying the number of
research papers employing SUSY QM is difficult to obtain a search on academic databases
reveals thousands of publications highlighting its relevance and applications Leading physicists
continue to  explore  SUSY QMs implications  emphasizing  its  role  as  a  powerful  theoretical
framework  and  potential  stepping  stone  for  deeper  understanding  of  supersymmetry  in
higherdimensional systems The continued research underscores its enduring importance and
relevance  Actionable  Advice  To  delve  deeper  into  SUSY  QM  I  recommend  starting  with
introductory texts on quantum mechanics and then focusing on specific monographs and review
articles dedicated to SUSY QM Familiarize yourself with linear algebra and operator theory as
they  are  essential  for  understanding  the  mathematical  formalism  Actively  engage  in
problemsolving focusing on the construction of partner potentials and the calculation of the Witten
index for  different  systems SUSY QM offers a unique blend of  mathematical  elegance and
practical  applicability  Its  core  principles  revolve  around  the  factorization  of  the  Hamiltonian
leading to the concepts of partner potentials shape invariance and the Witten index Applications
span diverse fields offering insights into quantum field theory nuclear physics condensed matter
physics  and  even  quantum  information  science  Although  experimental  verification  of
supersymmetry remains a challenge SUSY QM stands as a valuable tool providing a fertile
ground for research and contributing significantly to our understanding of the quantum world
Frequently  Asked  Questions  FAQs  1  What  is  the  significance  of  the  factorization  of  the
Hamiltonian in SUSY QM The factorization of the Hamiltonian into supercharges H Q QQ is
fundamental It  directly implies the existence of superpartners pairs of bosonic and fermionic
states with the same energy except for the ground state This symmetry between bosonic and
fermionic sectors is the hallmark of SUSY QM 2 How does SUSY QM relate to supersymmetric
quantum field theories 4 SUSY QM serves as a simplified onedimensional analogue of more
complex supersymmetric quantum field theories Studying SUSY QM provides valuable insights
into  the  fundamental  principles  of  supersymmetry  offering  a  testing  ground  for  ideas  and
techniques that can then be applied to higherdimensional systems in quantum field theory 3 What
are shapeinvariant potentials and why are they important Shapeinvariant potentials are potentials
whose partner potentials have the same functional form differing only by a parameter shift This
property allows for the exact analytic solution of the Schrdinger equation for these potentials
providing valuable solvable models in various contexts 4 What is the physical interpretation of the
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Witten index The Witten index is a topological invariant that counts the difference between the
number of bosonic and fermionic ground states Its robustness against continuous perturbations
makes it a powerful indicator of unbroken supersymmetry A nonzero Witten index signals the
presence of supersymmetry even under perturbations 5 What are some resources for learning
more about SUSY QM Several excellent textbooks and review articles are available A good
starting point would be introductory quantum mechanics texts followed by more specialized books
and papers focusing on SUSY QM Online resources including lecture notes and research articles
available  on  arXiv  also  provide  valuable  learning  materials  Searching  for  Supersymmetric
Quantum Mechanics on academic databases will yield numerous relevant publications

Supersymmetry In Quantum MechanicsSupersymmetric Quantum MechanicsSupersymmetric
Quantum Mechanics: An Introduction (Second Edition)Supersymmetric Methods in Quantum and
Statistical PhysicsSupersymmetric Methods in Quantum, Statistical and Solid State
PhysicsSupersymmetric Quantum Mechanics and GeometryNumerical Excited States in
Supersymmetric Quantum Mechanics (SUSY-QM)N-extended Supersymmetric Quantum
MechanicsNew Method of Quantum Mechanics and General Supersymmetric Quantum
MechanicsFun with Supersymmetric Quantum MechanicsSupersymmetric quantum
mechanicsSupersymmetric quantum mechanics based on higher excited statesSupersymmetric
Methods in Quantum, Statistical and Solid State Physics: Enlarged and Revised
EditionSupersymmetry and Quantum MechanicsSupersymmetric Quantum
CosmologySupersymmetric quantum mechanicsApplications of supersymmetric quantum
mechanicsDifferential Geometry Through Supersymmetric GlassesQuantum Cosmology - The
Supersymmetric Perspective - Vol. 2Evolution Problems in Supersymmetric Quantum Mechanics
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Moniz Kai-ming Cheng

this invaluable book provides an elementary description of supersymmetric quantum mechanics
which complements the traditional coverage found in the existing quantum mechanics textbooks it
gives physicists a fresh outlook and new ways of handling quantum mechanical problems and
also leads to improved approximation techniques for dealing with potentials of interest in all
branches of physics the algebraic approach to obtaining eigenstates is elegant and important and
all physicists should become familiar with this the book has been written in such a way that it can
be easily  appreciated by  students  in  advanced undergraduate  quantum mechanics  courses
problems have been given at the end of each chapter along with complete solutions to all the
problems the text also includes material of interest in current research not usually discussed in
traditional courses on quantum mechanics such as the connection between exact solutions to
classical soliton problems and isospectral quantum hamiltonians and the relation to the inverse
scattering problem

this is the first such text which will be directed to undergraduates our approach is to provide a self
contained exposition which begins with a review of the relevant introductory quantum mechanics
then segues into susyqm we concentrate on the essentials both in the chapters developing the
architecture and in the later chapters of applications while the text is designed to be accessible to
undergraduate students it should also be useful to graduate students and to researchers in the
field the text contains a large selection of examples and problems that illustrate the ideas and
their applications it is richly illustrated with figures that we have designed and produced we have
selected an attractive and relevant list of topics

we have written this book in order to provide a single compact source for undergraduate and
graduate students as well as for professional physicists who want to understand the essentials of
supersymmetric quantum mechanics it is an outgrowth of a seminar course taught to physics and
mathematics juniors and seniors at loyola university chicago and of our own research over a
quarter of a century

the idea of supersymmetry was originally introduced in relativistic quantum field theories as a
generalization of poincare symmetry in 1976 nicolai sug gested an analogous generalization for
non relativistic quantum mechanics with the one dimensional model introduced by witten in 1981
supersym metry became a major tool in quantum mechanics and mathematical sta tistical and
condensed iill l tter physics supersymmetry is also a successful concept in nuclear and atomic
physics an underlying supersymmetry of a given quantum mechanical system can be utilized to
analyze the properties of the system in an elegant and effective way it is even possible to obtain
exact results thanks to supersymmetry the purpose of this book is to give an introduction to
supersymmet ric quantum mechanics and review some of the recent developments of vari ous
supersymmetric methods in quantum and statistical physics thereby we will touch upon some
topics related to mathematical and condensed matter physics a discussion of supersymmetry in
atomic and nuclear physics is omit ted however the reader will find some references in chap 9
similarly super symmetric field theories and supergravity are not considered in this book in fact
there exist already many excellent textbooks and monographs on these topics a list may be found
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in chap 9 yet it is hoped that this book may be useful in preparing a footing for a study of
supersymmetric theories in atomic nuclear and particle physics the plan of the book is as follows

building on the earlier edition it now encapsulates the substantial developments that have been
made in supersymmetric quantum mechanics in recent years aimed at graduate students and
scientists this book provides a thorough review supersymmetric quantum mechanics and now
includes problems and solutions

one  reason  for  studying  supersymmetric  quantum mechanics  is  that  there  are  a  class  of
superpotentials w x which behave at large x as x sup cap alpha for which we know from general
arguments whether susy is broken or unbroken thus one can use these superpotentials to test
various ideas about how to see if supersymmetry is broken in an arbitrary model recently witten
proposed a topological invariant the witten index delta which counts the number of bosons minus
the number of fermions having ground state energy zero since if supersymmetry is broken the
ground state energy cannot be zero one expects if delta is not zero susy is preserved and the
theory is not a good candidate for a realistic model in this study we evaluate delta for several
examples and show some unexpected peculiarities of  the witten index for  certain choice of
superpotentials  w  x  we  also  discuss  two  other  nonperturbative  methods  of  studying
supersymmetry  breakdown  one  involves  relating  supersymmetric  quantum  mechanics  to  a
stochastic classical problem and the other involves considering a discrete but not supersymmetric
version of the theory and studying its behavior as one removes the lattice cuttoff in this survey we
review the hamiltonian and path integral approaches to supersymmetric quantum mechanics we
then discuss the related path integrals for the witten index and for stochastic processes and show
how they are indications for supersymmetry breakdown we then discuss a system where the
superpotential w x has assymetrical values at infinity we finally discuss nonperturbative strategies
for studying supersymmetry breakdown based on introducing a lattice and studying the behavior
of the ground state energy as the lattice cutoff is removed 17 references

building on the earlier edition this updated work now encapsulates the substantial developments
that have been made in supersymmetric quantum mechanics in recent years aimed at graduate
students and scientists it provides a thorough review of supersymmetric quantum mechanics and
now also includes problems and solutions

this timely volume provides the first comprehensive and coherent introduction to modern quantum
cosmology the study of the universe as a whole according to the laws of quantum mechanics in
particular it presents a useful survey of the many profound consequences of supersymmetry
supergravity in quantum cosmology ample introductory material is included ensuring this topical
volume is well suited as a graduate text researchers in theoretical and mathematical physics
applied maths and cosmology will also find it of immediate interest

back  in  1982  edward  witten  noticed  that  classical  problems  of  differential  geometry  and
differential topology such as the de rham complex and morse theory can be described in a very
simple and transparent way using the language of supersymmetric quantum mechanics since
then many research papers have been written on this subject unfortunately not all the results in
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this field known to mathematicians have obtained a transparent physical interpretation even if this
new physical technique has also allowed many mathematical results to be derived which are
completely new in particular hyper kaehler and the so called hkt geometry but in almost 40 years
no comprehensive monograph has appeared on this subject so this book written by an expert in
supersymmetric quantum field theories supersymmetric quantum mechanics and its geometrical
applications addresses this yearning gap it comprises three parts the first geometry gives basic
information on the geometry of real complex hyper kaehler and hkt manifolds and is principally
addressed to the physicist the second part physics presents information on classical mechanics
with ordinary and grassmann dynamics variables besides the author introduces supersymmetry
and dwells in particular on the representation of supersymmetry algebra in superspace and the
last and most important part of the book synthesis is where the ideas borrowed from physics are
used to study purely mathematical phenomena

we read in order to know we are not alone i once heard and perhaps it could also be suggested
that we write in order not to be alone to endorse to promote continuity the idea for this book took
about 10 years to materialize and it  is the author s hope that its content will  constitute the
beginning of further explorations beyond current horizons more speci cally this book appeals to
the reader to engage upon and persevere with a journey moving through the less well explored
territories in the evolution of the very early universe and pushing towards new landscapes p haps
during or after consulting this book this attitude and this willingness will be embraced by someone
somewhere and this person will go on to enrich our quantum cosmological description of the early
universe by means of a clearer supersymm ric perspective it is to these creative and inquisitive
young minds that the book is addressed the reader will not therefore nd in this book all the
answers to all the problems regarding a supersymmetric and quantum description of the early
universe and this remark is substantiated in the book by a list of unresolved and challenging
problems itself incomplete
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The digital age has revolutionized the way we
read, making books more accessible than ever.
With the rise of ebooks, readers can now carry
entire libraries in their pockets. Among the
various sources for ebooks, free ebook sites
have emerged as a popular choice. These sites
offer a treasure trove of knowledge and
entertainment without the cost. But what makes
these sites so valuable, and where can you
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find the best ones? Let's dive into the world of
free ebook sites.

Benefits of Free Ebook Sites

When it comes to reading, free ebook sites
offer numerous advantages.

Cost Savings

First and foremost, they save you money.
Buying books can be expensive, especially if
you're an avid reader. Free ebook sites allow
you to access a vast array of books without
spending a dime.

Accessibility

These sites also enhance accessibility.
Whether you're at home, on the go, or halfway
around the world, you can access your favorite
titles anytime, anywhere, provided you have an
internet connection.

Variety of Choices

Moreover, the variety of choices available is
astounding. From classic literature to
contemporary novels, academic texts to
children's books, free ebook sites cover all
genres and interests.

Top Free Ebook Sites

There are countless free ebook sites, but a few
stand out for their quality and range of
offerings.

Project Gutenberg

Project Gutenberg is a pioneer in offering free
ebooks. With over 60,000 titles, this site
provides a wealth of classic literature in the
public domain.

Open Library

Open Library aims to have a webpage for
every book ever published. It offers millions of
free ebooks, making it a fantastic resource for
readers.

Google Books

Google Books allows users to search and
preview millions of books from libraries and
publishers worldwide. While not all books are
available for free, many are.

ManyBooks

ManyBooks offers a large selection of free
ebooks in various genres. The site is user-
friendly and offers books in multiple formats.

BookBoon

BookBoon specializes in free textbooks and
business books, making it an excellent
resource for students and professionals.

How to Download Ebooks Safely

Downloading ebooks safely is crucial to avoid
pirated content and protect your devices.

Avoiding Pirated Content

Stick to reputable sites to ensure you're not
downloading pirated content. Pirated ebooks
not only harm authors and publishers but can
also pose security risks.

Ensuring Device Safety

Always use antivirus software and keep your
devices updated to protect against malware
that can be hidden in downloaded files.
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Legal Considerations

Be aware of the legal considerations when
downloading ebooks. Ensure the site has the
right to distribute the book and that you're not
violating copyright laws.

Using Free Ebook Sites for Education

Free ebook sites are invaluable for educational
purposes.

Academic Resources

Sites like Project Gutenberg and Open Library
offer numerous academic resources, including
textbooks and scholarly articles.

Learning New Skills

You can also find books on various skills, from
cooking to programming, making these sites
great for personal development.

Supporting Homeschooling

For homeschooling parents, free ebook sites
provide a wealth of educational materials for
different grade levels and subjects.

Genres Available on Free Ebook Sites

The diversity of genres available on free ebook
sites ensures there's something for everyone.

Fiction

From timeless classics to contemporary
bestsellers, the fiction section is brimming with
options.

Non-Fiction

Non-fiction enthusiasts can find biographies,
self-help books, historical texts, and more.

Textbooks

Students can access textbooks on a wide
range of subjects, helping reduce the financial
burden of education.

Children's Books

Parents and teachers can find a plethora of
children's books, from picture books to young
adult novels.

Accessibility Features of Ebook Sites

Ebook sites often come with features that
enhance accessibility.

Audiobook Options

Many sites offer audiobooks, which are great
for those who prefer listening to reading.

Adjustable Font Sizes

You can adjust the font size to suit your
reading comfort, making it easier for those with
visual impairments.

Text-to-Speech Capabilities

Text-to-speech features can convert written
text into audio, providing an alternative way to
enjoy books.

Tips for Maximizing Your Ebook
Experience

To make the most out of your ebook reading
experience, consider these tips.

Choosing the Right Device

Whether it's a tablet, an e-reader, or a
smartphone, choose a device that offers a
comfortable reading experience for you.
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Organizing Your Ebook Library

Use tools and apps to organize your ebook
collection, making it easy to find and access
your favorite titles.

Syncing Across Devices

Many ebook platforms allow you to sync your
library across multiple devices, so you can pick
up right where you left off, no matter which
device you're using.

Challenges and Limitations

Despite the benefits, free ebook sites come
with challenges and limitations.

Quality and Availability of Titles

Not all books are available for free, and
sometimes the quality of the digital copy can be
poor.

Digital Rights Management (DRM)

DRM can restrict how you use the ebooks you
download, limiting sharing and transferring
between devices.

Internet Dependency

Accessing and downloading ebooks requires
an internet connection, which can be a
limitation in areas with poor connectivity.

Future of Free Ebook Sites

The future looks promising for free ebook sites
as technology continues to advance.

Technological Advances

Improvements in technology will likely make
accessing and reading ebooks even more
seamless and enjoyable.

Expanding Access

Efforts to expand internet access globally will
help more people benefit from free ebook sites.

Role in Education

As educational resources become more
digitized, free ebook sites will play an
increasingly vital role in learning.

Conclusion

In summary, free ebook sites offer an
incredible opportunity to access a wide range
of books without the financial burden. They are
invaluable resources for readers of all ages
and interests, providing educational materials,
entertainment, and accessibility features. So
why not explore these sites and discover the
wealth of knowledge they offer?

FAQs

Are free ebook sites legal? Yes, most free
ebook sites are legal. They typically offer books
that are in the public domain or have the rights
to distribute them. How do I know if an ebook
site is safe? Stick to well-known and reputable
sites like Project Gutenberg, Open Library, and
Google Books. Check reviews and ensure the
site has proper security measures. Can I
download ebooks to any device? Most free
ebook sites offer downloads in multiple
formats, making them compatible with various
devices like e-readers, tablets, and
smartphones. Do free ebook sites offer
audiobooks? Many free ebook sites offer
audiobooks, which are perfect for those who
prefer listening to their books. How can I
support authors if I use free ebook sites? You
can support authors by purchasing their books
when possible, leaving reviews, and sharing
their work with others.
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