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Unified Understanding of Nambu-Goldstone Bosons

Haruki Watanabe and Hitoshi Murayama

abstract: Spontaneous symmetry breaking is an important concept that
applies to particle physics to nuclear, condensed matter, cold atomic,
astrophysics, to even early universe cosmology, chemistry, and biology.
In particular, continuous symmetries produce Nambu-Goldstone bosons
that govern the phenomena at long wavelengths and small energies.
However, answers to truly basic questions, such as the number of
Nambu-Goldstone bosons or their dispersion relations, had been an-
swered on case-by-case basis without a general framework. The authors
recently proposed a framework to understand Nambu-Goldstone bosons
in a unified fashion. This work extends the celebrated Nambu-Gold-
stone theorem in Lorentz-invariant systems. We demonstrate what had
not been clear and what is now using explicit examples of magnets and

crystals.
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Atomic Resolution Holography

Kouichi Hayashi

abstract: Atomic resolution holography is a relatively new method,
which can record 3D atomic arrangements using X-ray, neutron and
electron beams and secondary emissions, such as X-ray fluorescence.
By what structure is wanted (surface, bulk, heavy element or light ele-
ment), one must choose the kind of the beam. In the present article, I
show the basic principles of the atomic resolution holography and our
experimental results on X-ray, neutron and electron holography. More-
over, I discuss its characteristics compared with other structural analy-
sis methods and describe perspectives of the atomic resolution hologra-

phy as a next generation analytical method.
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Development of Novel Superconductors Using the
Chemistry of Arsenic

Minoru Nohara and Kazutaka Kudo

abstract: Comparable energy of the Cu 3d and O 2p orbitals in copper
oxides provides a platform for high-temperature superconductivity,
known as a charge-transfer insulator. Even in iron-based superconduc-
tors, the Fe 3d and As 4p orbitals are energetically close, which induce
the formation/breaking of As—As bonds depending on the filling of the
Fe 3d band. CaFe,As; represents a typical example of this case, where
the disappearance/appearance of superconductivity results from the for-

mation/breaking of As—As bonds along the c-axis by a change in the

electronic dimensionality. In Cajo(PtsAsg) (Fey— Pt,Asy) s, in-plane As—
As bonds are formed, resulting in high-temperature superconductivity
at 38 K. In SrPt,As,, all the As—As bonds are broken, and a stack of al-
ternate normal PtAs layers and inverse AsPt layers is created. As a re-
sult, charge transfer occurs from the AsPt layer to the PtAs layer, giv-
ing rise to an insulating AsPt layer and a pseudo-two-dimensional
electronic system in the PtAs layer. Thus, superconductivity is observed
at 5.2 K. This report serves as an introduction to the tuning of the elec-
tronic state and material design for a high-temperature superconductor
using the chemistry of arsenic, with the abovementioned three com-

pounds as examples.
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Recent Development of Novel Orbital Physics in Iron-Based
Superconductors
Seiichiro Onari and Hiroshi Kontani

abstract: In the iron-based superconductors, strong orbital fluctuations
are expected to be realized by experimental results such as structure
transition, softening of elastic modulus and nematic order. These phe-
nomena in the normal state, which cannot be described in the frame-
work of the mean-field approximation, are important in understanding
the mechanism of superconductivity. Recently, we have found that
strong orbital fluctuations are caused by vertex corrections, which are
many-body effects beyond the mean-field approximation. By the pres-
ent theory, a comprehensive understanding of the electron state and the
phase diagram has been achieved. The orbital fluctuations favor the
S++-wave superconducting state, and a variety of gap function can be

reproduced by the competition between orbital and spin fluctuations.
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