Preface

This book describes the main topics in contemporary coretemetter physics in
a modern and unified way, using quantum field theory in thetfanal integral
approach. Rather than developing general formalisms andggformal deriva-
tions, an informal presentation is chosen based on analagié generalizations
of standard results in classical and quantum mechanicswastdtistical physics.

The book highlights symmetry aspects in acknowledgingrthath of the col-
lective behaviors of condensed matter systems at low teatyresemergeabove
a nontrivial ground state which spontaneously breaks thesstry of the system.
Such a breakdown of a continuous symmetry usually leads ptegs Nambu-
Goldstone modes, which endow the system with long-rangeelegions, and to
topologically stable defects. These emerging propertiesesponsible for most
startling phenomena in ordered states.

Field theories that provide agffectivedescription of the condensed matter
system under study take the central stage in this book, whereord dfective
is used in the double sense of beirffjatent, i.e., productive with minimalfgort,
and powerful. Such a description is viable because thelgettimicroscopic
length and time scales are often irrelevant for phenomelwmgtwavelength and
low frequency. Such phenomena are often dictated by umivéas/s instead.
The topics are studied typically by starting from a micrgscanodel. Irrelevant
degrees of freedom are subsequently integrated out patiwely to arrive at the
effective theory. The physical properties of the system undasideration are
finally extracted from theféective description, emphasizing their emerging nature
special to the long wavelength, low frequency corner.

To implement this program, simple, yet powerful calculattools rooted in
the functional integral approach to quantum fields are mtese One such tool
is the derivative expansion method which is repeatedly egedtegrate out ir-
relevant degrees of freedom. Often these are fermions.&fmidnic condensed
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matter systems at low temperatures, one-fermion-loopriborions to the &ec-
tive action can have profound implications which the deneexpansion method
efficiently summarizes in arflective action. The method is completely equivalent
to evaluating Feynman diagrams, and has the advantageraf beaightforward

to implement.

In conjunction with the emphasis offfective theories, the modern approach
toward renormalization is taken, in which a wave number fusointroduced to
set the scale beyond which the microscopic model under deraion ceases to
be valid. In this approach, the ctifds taken seriously and kept finite (as opposed
to taken to infinity at the end as is traditionally done in gdetphysics). The
effect of the unknown physics above the diife incorporated by redefining the
parameters of the original theory.

The independent presentation, free of historical congsaind based on func-
tional integrals, allows for a compact and self-containmedtment of the main
topics in contemporary condensed matter physics, most afhnwiave been rec-
ognized by Nobel Prizes in Physics. It was deemed not apiatepto include
exercises. Often these are used to hide technical detaitkislbook, which aims
to also be practical, many technical details are explicityrked out instead to
strengthen and widen the calculation skills of the studdntduding these details
was also deemed appropriate as some of the techniques usethka origin in
particle physics, and despite their virtues, are not comynapplied to condensed
matter physics. Their use reflects the author’s joy in olatgimesults more eas-
ily and faster than the more standard derivations. Refeeace relegated to the
Notes at the end of each chapter and are not included in tméngitext to avoid
interrupting the flow of the presentation. Although oridineferences are some-
times given, no attempt is made to systematically cite thgiral sources. The
prime purpose for including references in this book is tsmpstudents to sources
that may be helpful to them. Frequently, those sources #ed wihere a similar
approach is taken as advocated here. Excellent and adeesgibmaries of most
of the topics covered in this book can be found on thial web site of the No-
bel Foundation, as well as in the special Centennial Issiegfews of Modern
Physics,71, pp. S1-S488 (1999).

This book has been formatted with the use aliX, an extended document
preparation system that derives fromaXT on several computer platforms (HP,
IBM, and SUN) running some version ofstk (NEXTSTEP, Linux, and S$LaAris).
Without the powerful tools that come with thewd operating system, this project
would never haven been realized. This is especially trueferGNU Biacs
editor, or better, programming environment, which is plipane of the most
formidable computer programs ever written. Most of the figuinave been cre-
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ated with XiG, a drawing program for the X Windows System, and witkuG
PLOT, an interactive plotting program. Internet search engiasgecially GogtEk,
and the online dictionary and thesaurus provided by tive Development Group
were indispensable for this project. | am deeply indebtedlltthe people that
contributed to the amazing pieces of software used in tlugpt.

This book originates from lecture notes written for an ugdatuate course on
condensed matter physics that | taught atRree Universitat Berlin Germany
during the winter semester 199996. The lectures were repeated as a crash
course at th&Jniversidade Federal de PernambydRecife, Brazil in March 1996.
| am grateful to Professor G. Vasconcelos for inviting me famé grant from the
Conselho Nacional de Desenvolvimento Cientifico e Tecrmad@NPq). | thank
him and the other members of the Physics Department forwaimheartedness.

Parts of the material were presented at the Workshog@operative Phe-
nomena in Condensed Mattat Pamporovo, Bulgaria, March 1998 and at the
XL Cracow School of Theoretical Physics Quantum Phase Transitions in High
Energy and Condensed Matter PhysiZakopane, Poland, June 2000. It is a
pleasure to thank the organizers, Professor D. |. UzunolgaBian Academy of
Sciences, Sofia and Professor J. Spaisliywersytet Jagiellonski, Krakgwoland
for their invitation to lecture and their warm hospitaligge [Uzunov and Shopova
(1999)] and [Spatek (2000)] for the Proceedings. These radwanced lectures
were in part based on niyabilitationsschriff which carries the same title as the
main title of this book, and which can be found on th&X1v, an e-print service
at Cornell University. | would like to thank Dr. K. K. Phua, &sutive Chairman
of World Scientific Publishing Company, for suggesting totmy Habilitations-
schriftinto a textbook, and my editor, Mr. Alvin Chong, for his helpdssupport
on this project.

Chapters 2 and 4 served as a basis for a two-hour undergeadoatse on
Bose-Einstein condensation that | taught atlinéversitat Leipzig Germany dur-
ing the summer semester 2004. | am indebted to Professomiké Jar arranging
a visiting professorship and for providing a stimulatingl easant environment.

Finally, the support of the Institute of Theoretical Phgsit theFreie Univer-
sitat Berlinis greatly acknowledged.

Adriaan M. J. Schakel
Berlin
June 2008
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