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Fig. 1. The superconducting phase diagram of LazNi,O;
single crystals under ambient pressure to 104 GPal®.
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Fig. 2. (a) Conventional cell and primitive cell for LasNi,O; under high pressure; (b) band structure and (¢) DOS under different

pressures for primitive cell, the insert shows the DOS near the Ep 7.
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Table 1.

On-site energies €, and hopping integrals tgb of the bilayer two-orbital tight-binding model for LasNi,O; under

different pressures. Here, z and z denote the 3d,2_,2 /3ds,2_,2 orbitals, respectively. Note that the vertical interlayer dis-

tance is assigned as 1/2. The unit of pressure is GPa, and the unit of £, and tgb are eVP7,

Pressure Ex €z t%lxoo) tflzoo) t?foo) t?&o%) tféo%) tzclzlo) t(zlzlo) tg(glzoé)
14.1 0.728 0.402 -0.470 -0.118 0.235 0.008 -0.623 0.071 -0.018 -0.036
16.1 0.737 0.407 -0.476 -0.119 0.238 0.009 -0.629 0.071 -0.018 -0.037
19.7 0.747 0.411 -0.483 -0.121 0.242 0.009 -0.637 0.071 -0.018 -0.037
21.3 0.749 0.412 -0.486 -0.123 0.243 0.008 -0.640 0.071 -0.018 -0.037
25.7 0.761 0.416 -0.495 -0.125 0.247 0.009 -0.647 0.072 -0.018 -0.037
29.8 0.769 0.417 -0.501 -0.126 0.249 0.010 -0.651 0.072 -0.018 -0.036
40.0 0.803 0.426 -0.521 —-0.134 0.259 0.009 -0.674 0.071 -0.015 -0.040
50.0 0.833 0.437 -0.535 -0.139 0.269 0.010 -0.698 0.073 -0.016 -0.042
60.0 0.847 0.435 -0.552 -0.145 0.273 0.011 -0.703 0.075 -0.016 -0.040
70.0 0.871 0.447 ~0.566 -0.149 0.283 0.010 -0.723 0.073 -0.017 -0.041
80.0 0.896 0.453 -0.580 -0.153 0.287 0.009 -0.738 0.072 -0.015 -0.045
90.0 0.918 0.461 -0.593 -0.155 0.293 0.008 -0.753 0.071 -0.016 -0.046
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Fig. 3. (a) FRG flows of S~1 versus A in the SC, SDW, and CDW channels of LagNi,O, respectively, at pressures 14.1, 50, and
90 GPa with U= 3 eV, Jg = 0.4 eV; the left subfigure present the gap function on the Fermi surfaces, the right subfigure presents

the leading negative S(q) in the SDW channel, both subfigures are the results at pressure 50 GPal”; (b) phase diagram of super-

conducting T¢ versus pressure of LagNi,O;%7 the T and T™d are extracted from the experimental work®3l for comparison, the

DOS at the Er ( Np) versus pressure is also shown for comparison.
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SPECIAL TOPIC—Research progress on nickelate superconductors

Pressure dependence of superconducting transition
temperature in bilayer nickelate LazNi,O-:
Itinerant electrons and local spin picture’

LU Hongyan T WANG Qianghua ??
1) (School of Physics and Physical Engineering, Qufu Normal University, Qufu 273165, China)
2) (National Laboratory of Solid State Microstructures, School of Physics, Nangjing University, Nanjing 210093, China)

( Received 30 June 2025; revised manuscript received 23 July 2025 )

Abstract

Recent experimental studies on the bilayer Ruddlesden-Popper phase nickelate LasNi,O; have shown that
in the superconducting region, its superconducting transition temperature decreases monotonically from 83 K at
18 GPa as pressure further increases, exhibiting a nearly right-triangular temperature-pressure phase diagram
that is different from the dome-shaped diagrams observed in cuprates and iron-based superconductors under
either doping or pressure. It is important to understand this anomalous phase diagram in elucidating the
superconducting mechanism of LasNi,O,. Since the electron-phonon coupling mechanism cannot account for the
high superconducting transition temperatures in nickelate superconductors, in this work, the pressure
dependence of the transition temperature is investigated from the perspective of the itinerant electrons picture
and the local spin picture. By combining the density functional theory (DFT) and the unbiased singular-mode
functional renormalization group (SM-FRG) method, it is found that the pairing symmetry is consistently an
s+ -wave, driven by spin fluctuations that become progressively weakened under pressure, thereby decreasing in
the superconducting transition temperature, which is in qualitative agreement with the experimental
observation. On the other hand, we estimate that the pressure dependence in the local spin picture contradicts
with the experimental result. Therefore, the pressure dependence of superconducting transition temperature is
more consistent with the itinerant electrons picture. Admittedly, we only made a rough estimation based on the
local spin picture. It is expected that further and more detailed research will be conducted on the pressure
dependence of superconducting transition temperature from the local spin picture, providing deeper insights into

the underlying superconducting mechanism of LasNi,Oy.

Keywords: Ruddlesden-Popper phase nickelate, superconducting phase diagram, functional renormalization

group, itinerant electrons picture, local spin picture
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