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Preface

In early studies of high-T,. superconductivity (HTSC), the role of electron-phonon
interaction (EPI) in cuprates was questioned by researchers because some impor-
tant properties of the cuprates could not be explained by conventional BCS theory
[1]. For instance, the isotope effect in the cuprates is not evident as in conventional
superconductors. Many theories were proposed to account for the mechanism of
HTSC, such as resonating valence bond (RVB) theory (2], strong coupling theory
(3], spin exciton model [4], t — J model [5] and so on. But it was soon realized that
these new theories were inadequate to explain the mechanism of HTSC. At the
same time, substantial electron-phonon interaction became visible in the cuprates.
In 2001, Lanzara et al., using angle-resolved photoemission spectroscopy (ARPES),
observed for the first time that there was an abrupt change of the electron ve-
locity at 50-80 meV in the different families of the cuprates which was referred
to as the “kink” in the electronic dispersion [6]. Interestingly, however, the most
likely candidate responsible for this “kink” was really the strong interaction be-
tween electrons and phonons. Meevasana interpreted this “kink” as the result of
the coupling between electrons and special phonons with some collective behavior
[7]. Subsequently, it was found that the isotope effect in high-T, superconduc-
tors was not negligible, as previously thought, but instead it was nontrivial. For
example, Khasanov directly observed evident oxygen isotope (¢0/'%0) effect on
the in-plane penetration depth of YBCO film [8]. And Iwasava found a distinct
oxygen isotope shift near the electron-phonon coupling “kink” in the electronic
dispersion of BSCCO system, which demonstrated the dominant role of the EPI in
the cuprates [9].

Of course, a lot of researchers did not agree with the EPI scenario. For
instance, Allen thought the EPI in the cuprates could not induce their d-wave
symmetry [10]. This was just the difference between the high T, superconductors

and conventional superconductors, whose wave function was of s-wave symmetry.
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Another important fact was that the pseudogap existed universally in the high T,
cuprate superconductors [11]. Further, it was shown that there are two distinct
energy scales and quasiparticles in the cuprates, one with larger energy corre-
sponding to the pseudogap and the other one with smaller energy corresponding to
the superconducting gap [12, 13]. This has raised an important question whether
the pseudogap and the d-wave symmetry are induced by the EPI? Although the
experiments mentioned above indicated the important significance of the EPI, the
relationship between the pseudogap and the EPI and that between the d-wave sym-
metry and the EPI were not clearly clarified. In order to explain the mechanism of
HTSC, one must answer these two questions inevitably.

Polarionic or bipolaronic models have been proposed to explain how the EPI or
lattice dynamics in the cuprates determines the HTSC [14-16]. In conventional su-
perconductors, the energy of phonons is just considered, and the symmetry of wave
function is s-type. With the strong anisotropy of HT'SC, the anisotropy of phonons
should be taken into account which may induce d-wave symmetry. It was suggested
that quasi-two-dimensional charge carriers weakly coupled with the anisotropic
phonons undergo a quantum phase transition from conventional s-wave symme-
try to unconventional d-wave symmetry. Therefore, the anisotropic phonons and
thereby the anisotropic EPI are responsible for the d-wave pairing in the cuprates.

In spite of this, the strong anisotropy of phonons must arise from the anisotropy
of the crystalline structure. It may be from some special local structure in the
cuprates [17]. What is the particularity of the phonons in the cuprates? One must
find the answers from the crystalline structure.

As more and more important results on the EPI and lattice dynamics have
been discovered, it is felt most timely to edit a book that includes these issues.
Because the field has grown indeed so vastly there is always the risk that I may
be missing a number of important publications for which, I hope, the reader will
generously excuse me.

The book contains the experimental and theoretical studies about the EPI.
The experimental part covers the results of ARPES, isotopic effect, elastic neutron
scattering study of electron-phonon and lattice role and so on. The theoretical part

covers the electron-phonon, polaron and bipolaron aspects, also includes a number
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of other related papers supporting lattice role.

I would like to thank all the contributors for their support and encouragement
to create this book. They are (in alphabetical order): Prof. Alexandrov at Lough-
borough University UK, Dr. Aiura at Tokyo University of Science, Prof. Kresin
at Lawrence Berkeley, Dr. Koikegami at Japan and Nanoelectronics Research In-
stitute, Prof. Lanzara at University of California, Berkeley, Prof. Pintschovius at
Forschungszentrum Karlsruhe, Germany, Prof. Reznik at University of Colorado
Boulder, Prof. Wolf at University of Virginia, Dr. Weyeneth and Prof. Mueller at
Universitdt Ziirich, and Prof. Zhao at UCLA.

Han Zhang
Peking University, China
Sept 26, 2012
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Colloquium: Electron-Lattice Interaction
and Its Impact on High 7.

Superconductivity*

V. Z. Kresin,! S. A. Wolf 2

L Lawrence Berkeley Laboratory, University of California, Berkeley, California
94720, USA
2 Department of Materials Science and Engineering and Department of Physics,
University of Virginia, Charlottesville, Virginia 22904, USA

Abstrct In this Colloquium, the main features of the electron-lattice interaction
are discussed and high values of the critical temperature up to room temperature
could be provided. While the issue of the mechanism of superconductivity in the
high T, cuprates continues to be controversial, one can state that there have been
many experimental results demonstrating that the lattice makes a strong impact
on the pairing of electrons. The polaronic nature of the carriers is also a manifes-
tation of strong electron-lattice interaction. One can propose an experiment that
allows an unambiguous determination of the intermediate boson (phonon, magnon,
exciton, etc.) which provides the pairing. The electron-lattice interaction increases

for nanosystems, and this is due to an effective increase in the density of states.

I. Introduction

This Colloquium addresses the current experimental and theoretical situation con-
cerning the importance of the interaction between electrons and the crystal lattice

in novel superconducting systems, especially in high T, cuprates. It will be demon-

* Reprinted with the permission from V. Z. Kresin, S. A. Wolf. Original published in Rev.
Mod. Phys. 81, 481-501 (2009).



