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The recent discovery of superconductivity in the infinite-layer nickelate Nd;_,Sr,NiOs [1]
has attracted tremendous interest because the superconductivity occurs in the hole-doped
square lattice of the Ni™ ions, which have the same d° configuration as the Cu®* ions in
the cuprates. Therefore, information from the nickelates, namely, similarities to and differ-
ences from the cuprates, will help us to elucidate the mechanisms of the superconductivity
and the unusual normal-state properties of the cuprates from new perspectives. For such
purposes, experimental data from nickelates with as high quality as those from the cuprates
are indispensable. In a recent breakthrough in the Nd;_,Sr,NiOy thin-film synthesis us-
ing (LaAlO3)g.3(SroTaAlOg)o7 (LSAT) substrates, the growth and reduction conditions were
optimized and extended defects were eliminated, as reported in the recommended paper.
This allowed the authors of the paper to investigate the intrinsic transport properties of
Ndl_ISI‘INiOQ.

The recommended paper reports similarities between the nickelates and cuprates, in-
cluding the strange metal behaviors, p(T") o< T, near a quantum critical point (QCP) buried
behind the superconducting dome (7. dome). Here, the temperature at which the resistiv-
ity upturn occurs decreases with x and goes to zero at the QCP. This similarity between
the nickelates and cuprates is remarkable considering the differences between the two sys-
tems such as the Mott-Hubbard- versus charge-transfer-type electronic structures [2] and
the single-band versus multi-band structures [3,4]. In particular, in spite of the fact that
the parent compounds of the nickelates are metals due to the presence of electron pockets,
the phase diagram is qualitatively similar to that of the cuprates, as shown in Fig. 1.

Furthermore, the differences between the two systems are even more intriguing. Com-
pared to the cuprates, the nickelate show the following features:

(i) The T, dome is shifted toward higher hole concentrations by x ~ 0.05.

(ii) The QCP is shifted toward a lower hole concentration from = ~ 0.19-0.20 to 0.16.
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Figure 1: Phase diagram of Nd;_,Sr,NiOy (red) compared with that of the cuprate

Lay_,Sr,CuO, (LSCO, green) reported in the recommended paper. The charge-ordered
(CO) phase of La;_,Sr,NiOs has been adopted from Ref. [5].

metal phase which appears above the pseudogap temperature 7 is taken from Refs. [6-8],
and the CO phase from Ref. [9]. The resistivity upturn below 7. for LSCO has been mea-
sured under high magnetic fields, where the superconductivity is suppressed [10]

As for LSCO, the strange

As for (i), if T, is determined by the density of holes in the d,2_,2 band, the presence of the
electron pockets would increase the hole density and would shift the T, dome toward lower
x. It appears that, on the contrary, the presence of the electron pockets depletes the holes
in the d,2_,2 band, possibly through the formation of electron-hole pairs or excitons. The
sign change of the Hall coefficient Ry in the overdoped region (Fig. 1) would reflect the
shrinkage of the electron pockets and the recovery of the hole density with increasing x.

As for (ii), one should know first why the resistivity upturn occurs in the two systems. In
the recommended paper, it is pointed out that the upturn cannot be explained by an extrinsic
effect such as disorder but by an intrinsic electron correlation effect such as charge order (CO).
Figure 1 shows that the CO occurs at lower x in the nickelates [5] than in the cuprates [9],
which is correlated with the different QCP positions between the two systems. This in turn
suggests that CO plays a role in the formation of the QCP. The CO scenario is consistent with
the observation that the QCP occurs universally at x = 0.19—0.20 in various cuprates in spite



of the varying Fermi-surface shapes and topologies [11]. Other kinds of symmetry breaking
such as time-reversal symmetry breaking (TRSB) [12] and rotational symmetry breaking
(RSB) [13] have also been proposed as the origin of the QCP at z = 0.19 — 0.20 in the
cuprates. The latter scenarios have been tested by various experimental methods including
Kerr rotation for TRSB [14] and elasto-resistivity for RSB [15]. Similar experiments are
highly desired for the nickelates.

Now the recommended paper has given much deeper insight into the physics of the
nickelates than before, the next step would be to apply low energy spectroscopic tools such
as ARPES and STM/STS. As for the cuprates, at least for LSCO, transport and spectroscopy
show anomalies at the same ”pseudogap” temperature 7 [7,8] (Fig. 1). Studies on nickelates
using ARPES and/or STM/STS are challenging but will make the second breakthrough.

From the chemistry point of view, the difficulties in the synthesis of the superconducting
nickelates compared to the cuprates would be due to the unusual valence state of Nit. In
order to deduce electronic structure parameters such as the on-site Coulomb energy U and
the p-to-d charge-transfer energy A, and hence the Mott-Hubbard wversus charge-transfer
character [2], core-level photoemission spectroscopy combined with model calculations is
more accurate than x-ray absorption spectroscopy and inelastic x-ray scattering [16]. The
new high-quality thin films will allow one to perform bulk-sensitive hard x-ray core-level
photoemission and will give us a more quantitative information about chemical bonding in
the nickelates.
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