INTRODUCTION

At the time of the publication of this volume, more than fifty years have
passed since the appearance in The Physical Review of Philip W. Ander-
son’s landmark paper titled Absence of Diffusion in Certain Random Lat-
tices.! During the decades since, the phenomenon predicted and explained
in that paper became known as “Anderson localization” and has been widely
recognized as one of the fundamental concepts in the physics of condensed
matter and disordered systems. Anderson’s 1977 Nobel Prize, shared with
Nevill Mott and John Van Vleck, is based in part on that seminal paper.

Anderson was initially motivated to understand the influence of disorder
on spin diffusion and on electron transport. In the years since, the concepts
and results that he created have found their way across a wide range of
other topics. Among them are nano— and meso—scale technology, seismology,
acoustic waves, quantum optics, ultracold atomic gases, localization of light.

The chapters contributed by Phil Anderson, David Thouless and T. V.
Ramakrishnan explain clearly some of the early history of the understanding
of the localization phenomenon. Earlier discussions of the background and
content of Anderson’s 1958 paper may be found in Thouless’ 1970 review?
and in Anderson’s 1977 Nobel Lecture.?

In the area of electron transport, not much was done on the localization
problem for more than a decade after the 1958 paper. What might be called
the modern era of localization began in the 1970s, with the introduction of
scaling ideas by Licciardello and Thouless,* Wegner® and Schuster.® As a
matter of fact, it was the Schuster paper that set Phil Anderson, Don Liccia-
rdello, T. V. Ramakrishnan, and I thinking about the statistical mechanics
analogy, one—parameter scaling and the beta function of scaling theory. The
consequence was our 1979 Physical Review Letter,” often called the “gang of
four” paper (“G4”). As is well known, we concluded that the metal-insulator
transition is continuous, i.e. there is no minimum metallic conductivity and
that all states in two dimensions are localized. The history of these develop-
ments is beautifully reviewed by David Thouless in his contribution to this
volume.
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There are a number of papers that are not often quoted now, although
they made significant impact when they appeared. Here, I take this oppor-
tunity to mention some of them and to place them in historical context. The
functional integral formulation for correlation functions of a disordered elec-
tron system and disorder averaging by means of the n — 0 replica trick was
developed by several people, notably Amnon Aharony and Yoseph Imry.®
John Cardy, in 1978,° reformulated the functional integral representation
and the n-replica method. He showed how to control the saddle point of the
equivalent Ginzburg—Landau action and obtained power laws for the energy
dependence of the density of states.

Following upon G4, Shinobu Hikami, Anatoly Larkin and Yosuke
Nagaoka!® incorporated scattering mechanisms with different symmetries
(spin—orbit scattering, magnetic impurities), inelastic scattering, and cru-
cially, magnetic field into the treatment of the crossed graphs of Langer and
Neal,'! which are the basis of the scaling behavior derived in G4. Here, the
magnetoresistance was derived and this became, and remains, the diagnostic
of choice for all subsequent experiments. In this connection, see the chapters
of Bergmann, Dynes and Giordano in this book.

Around 1980, there were a number of discussions!? of the equivalence of
the localization problem and the matrix nonlinear ¢ model. An especially
transparent derivation was given by Shinobu Hikami in 1981.'% He showed
how the systematic perturbative treatment of the relevant diffusion prop-
agators in the particle-hole (“diffuson”) and particle-particle (“cooperon”)
channels leads to an effective Hamiltonian of the nonlinear o model. His anal-
ysis of the propagators and their interaction vertices became the standard
basis for subsequent perturbative treatments of various effects, including
in particular early analyses'? of the effect of electron—electron interactions.
The development of matrix nonlinear ¢ model methods is reviewed by several
contributors to this volume: Efetov, Mirlin et al., Pruisken.

The physics of Anderson localization has had a pervasive influence on a
broad variety of fundamental concepts and phenomena, including the quan-
tum Hall effect, quantum criticality, symmetry and random matrix theory,
multifractality, electron—electron interaction in disordered metals. These and
other issues are explored in many of the chapters of this book.

Some of the pioneers in the field of disordered systems, both theorists and
experimentalists, have contributed to this volume. It is a mark of the vitality
of Anderson localization physics (and indeed of the contributors) that while
a few chapters are essentially historical, the others report results of current
research. Unfortunately, space constraints have prevented a comprehensive
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survey of all the past and current developments. In spite of this limitation
the hope is that the reader will acquire an appreciation of the history of the
physics of localization and its current manifestations.
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