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The researchers used nema-
tode biomass and the accumula-
tion rate of ostracodes as proxies
for ecosystem functions (e.g.,
productivity in an ecosystem).
They compared the taxonomic
and functional diversity of nema-
todes and ostracodes with these
proxies of ecosystem functioning
to investigate BEF relationships
over decadal to millennial time
scales and found generally pos-
itive, long-term relationships
between biodiversity and eco-
system functioning, consistent
with studies of BEF relationships
based on present-day spatial
analyses and short-term manip-
ulative experiments. However,
the deep-sea BEF relationships
over longer time scales are much
noisier than those inferred by

Quantum topological Hall

modern observational studies.
These relatively noisy BEF rela-
tionships suggest that environ-
mental changes over decadal
to millennial time scales may
affect biodiversity and biomass
independently, and these effects
may be much stronger than the
impacts of biodiversity on eco-
system functioning. This study
suggests that abiotic factors are
more important than biotic factors
in shaping the patterns of biodi-
versity and ecosystem functions
at macroevolutionary time scales
because the changes observed
over the decadal to millennial
time scales investigated in this
study are much shorter than the
approximate lifespan of a species
{(1-2 million years). This work
also implies that climate change

effect in noncoplanar

antiferromagnetic oxides

The integer quantum Hall
(1QH) effect, first discov-
ered in 1980 by von Klitz-
ing [1] (a 1985 Nobel Laureate),
is one of the most fascinating
discoveries in physics. When a
strong perpendicular magnetic
field is applied to a two-dimen-
sional (2D) electron gas (EG) at
low temperatures, the Hall con-
ductance is precisely quantized
due to Landau-level quantization,
and its values are an integer
(NC) multiple of the fundamental
conductance quantum (e*/h). In
1982, Thouless (a 2016 Nobel
Laureate) demonstrated that this
guantization is directly connected
to the topological property of the
2D bulk insulating states, charac-
terized by a topological invariant

called the Chern number (NC)
[2]. Intriguingly, the conductance
quantum number (NC) is exactly
equal to the number (NC) of dis-
sipationless chiral edge states
in the 2DEG plane [Figure 1(a)].
The topological interpretation of
the IQH effect implies that the
effect can also occur in other
time-reversal symmetry broken
systems with a topologically
non-trivial band structure in the
absence of the external magnetic
field, such as ferromagnetic top-
ological insulators, leading to the
so-called quantum anomalous
Hall (QAH) effect [Figure 1(b)], as
first proposed for a honeycomb
lattice model in 1988 by Haldane
[3] (2016 Nobel Laureate).
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may affect both diversity and
ecosystem functioning over long
time scales in the deep sea.
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Due to its intriguing nontriv-
ial topological properties and
the potential application of its
dissipationless edge states for
designing low-power consump-
tion electronics and spintronics,
extensive studies have been
performed to search for real
materials to host the QAH ef-
fect. Indeed, this extensive effort
culminated in the experimental
observation of the QAH effect in
Cr-doped (Bi,Sb),Te; ferromag-
netic topological insulator films in
2013 by Xue and coworkers [4].
Nevertheless, the QAH phase
appeared at extremely low tem-
peratures (less than 30 mK) due
to the small band gap, weak
magnetic coupling and low carri-
er mobility. These factors hinder
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further exploration of the exotic
properties of the QAH phase and
its applications.

The problems with weak
magnetic coupling and small
band gap could be overcome by
adopting 4d and 5d transition
metal atoms, which simultane-
ously have more extended d-or-
bitals and stronger relativistic
spin-orbit coupling (SOC). There-
fore, through ab initio density
functional calculations, we have
recently conducted a systematic
search for high-temperature QAH
phases in 4d and 5d transition
metal oxides. Indeed, we discov-
ered that layered rhodium oxide
K,-RhQO, in the noncoplanar an-
tiferromagnetic state is a QAH
insulator with a large band gap of
~0.2 eV and a Néel temperature
of a few tens of Kelvins [5] [Figure
2]. Furthermore, this QAH phase
is found to be unconventional
because it occurs in the anti-
ferromagnetic state without the
need for net magnetization and
SOC. The quantum topological
Hall effect caused by the nontriv-
ial topology of the noncoplanar

Figure 1. Schematic diagrams of chiral

antiferromagnetic structure in the
system is rather exotic [Figure
2(a)]. These findings thus show
that 4d and 5d metal oxides are
promising materials for exploring
exotic quantum phases and for
realizing advanced technological
applications such as low-power
consumption nanoelectronics
and oxide spintronics.
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Figure 2. Layered K,,RhO,.
antiferromagnetic structure. (b) Edge band diagram. The
gapless chiral edge states are denoted by red and blue
lines, and black lines represent the insulating bulk band
structure. (c) lllustration of the chiral edge states (orange
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