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Fig. 1. Crystal structures of R-P phase layered nickelate oxides at the ambient and high pressure: (a) Monolayer La,NiOy; (b) bilay-

er LagNiy,O7; (c) trilayer La,NizOyy; the green, gray and red spheres represent La, Ni, and O atoms, respectively, the black dashed

lines indicate the distortion of the Ni—O octahedra along the ¢ direction in the bilayer and trilayer systems.

A AR S T . AR R, Ni—O iR 2
KA Jahn-Teller WA, F2 Ni—O JZIE i AEF i
254, X S AR Cu—O0 2 WA iy
B S XS LE. AR IR T, Ni—O NIRRT &
c I IEATHES, Ni—O AR BF 1, X —25 4
(YRR IA R o) 1 e R A 7o R G L, (RS
o E— 2 RS 2140,

3 R-PHHREHE SR ERE T4
3.1 E[ET La;Ni,O, BB RER 444
T BRI RS | L S AR S

SUREA MY 3d° HL T4 7Y 204205 55,y TG B
JEERFAR TR B SE I & BRI ST $ 8 T Y
T65. SR, XF R-P FHEILHE S i A5 00 AR
WA Z2 Hr b e A RN 3d0 A T 22591, L LagNi,O-
J i, B — RSN T R-P AR B Sk
FYFEA BB S F AR ) & 2 . BT Ni B 3d
FEL 2 [) R A B VR R AR, FEL TSI AR N X R 4L fE
YR BT 25 R s ok, L 2 s gL A
4 eV TEALECHEAEN (U). TEAFESAHEAEH]
B o, REATHEI T S B AYLS B BE, 115 oy A ty, AE
AR B FIRES, 53— EE B A5 2 S A 2
TORIE Y d,2 FUBE R TIRE 2 By DL 125192,

ed: o dz2,y2 dxy ed, o dyz

E—Ep/eV
E‘EF/GV

Energy

tog

K2 H—tFEHITE A (a) ®IE (AP) Al (b) B K (HP) T LagNiO7 B9 B 5 (19 5B 254 129, (c) A RHLIE 1 0y i FHEA 14
7R E K ; AB (antibonding band) 4 ) #7 , BB (bonding band) A il 4
Fig. 2. Orbital-projected band structures of LasNi,O; under (a) ambient pressure and (b) high pressure, calculated by density-func-

tional theory (DFT)I'®; (c) schematic illustration of the electron configurations in different orbitals®¥; AB represents antibonding

band, BB represents bonding band.
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Fig. 3. Band dispersions of LasNi,O; measured by ARPES at ambient pressure: (a) 3D plot of the electronic structure of LazNiy,O;
band dispersions along the (b) 'S, (¢) I'X, and (d) XS directions. The yellow curves are the DFT calculated band structure

after renormalized by a factor of 5. The white dashed lines are guides to eyes for the experimental band dispersions, indicating the

orbital-selective band renormalization!'?”. The experimental temperature is 18 K.
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Fig. 4. (a) DFT calculated three-dimensional Fermi surface (FS) of LagNi,Or; (b) two-dimensional projected calculation of three-

dimensional FS; (¢) FS map measured by ARPES at 18 K, the orange lines are the BZ of the conventional unit cell at the ambient

pressure; (d) F'S measured using a 7 eV laser at 40 K, the calculated FS is overlaid for comparison!'?7.
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Fig. 5. (a)—(c) Simulated symmetry of photoemission spectra of LagNi,O; using linearly vertical (LV) and linearly horizontal (LH)

polarization, the distance from the center defines the magnitude of the signal at a given angle along the FS, (a) an effective tight-
binding model with only Ni e, orbitals, (b) experiments, and (c) an effective tight-binding model with both Ni e, and O p orbitals;
(d), (f) (top) schematic illustration of wavefunctions at the indicated momenta along the FS with relative phases in red and blue (O
and Ni sites in red and silver, respectively), along with (bottom) the simulated ARPES dichroism (LV-LH) from the same model as
in (a), (c). (e) (top) Experimental geometry, showing the polarization vector of the light with respect to the in-plane orbitals, along

with (bottom) the experimental dichroism measured by ARPES!'].
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Fig. 7. (a) Experimental FS of La;NizO;, measured by ARPES. The BZ is overlaid as indicated by green lines; (b) FS measured
with a 7 eV laser corresponding to the blue dashed area in (a); (c), (d) band dispersions along the high-symmetry directions of
(¢) I'X and (d) I'S, data in (d) were collected along the red dashed line in (a)l*4.
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Fig. 8. (a) Comparison between ARPES measured band structure of LagNi,O; thin film (left) and bulk crystal (right)?%);
(b) ARPES measured band dispersions of LagNi,O; thin film with different orbitals characterized?'; (c) the superconducting gap
along the diagonal of the BZP'; (d) the leading edge shift of energy-distribution curves (EDCs) of the a band at selected tempera-

tures indicating the formation of the superconducting gap/2'?.
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Fig. 9. (a) Photoemission intensity map of the infinite-layer nickelate superconductor LaggCay,NiO, film at Ep measured at the
(a) I-M-X plane (k, = 0) and (b) Z-A-R plane (k, = w); (c), (d) photoemission spectra along the (c¢) M-I-M direction and (d) M-X-M
direction measured using 107 eV photons (k, = 0), the MDCs at Ep were overlaid to show the Fermi crossings/2'4.
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Fig. 10. (a) Fermi surface map of PryNizOg which emphasizes the hole pocket centered around the zone corners; (b)—(d) high-

symmetry cuts taken at temperature T = 22 K, the purple lines are the MDCs at the Fermi energy, band dispersions extracted

from the peak positions of MDCs (red dots) are plotted in the spectral?'fl.
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Fig. 16. Temperature-dependent transient reflectivity changes AR/R of LayNizO,y: (a) The false-color plot of temperature-depend-

ent transient reflectivity data of La,NizO,y; (b) typical temporal evolution of AR/R at selected temperatures. The black curves are

the phenomenological fit to the data; temperature dependence of the (c¢) amplitude and (d) relaxation time of the transient reflectiv-

ity change in LagNiyOy, red lines represent the fitting to the Rothwarf-Taylor modell
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Fig. 17. (a) Temperature-dependent transient reflectivity data of LasNi,O; (b) typical temporal evolution of AR/R at selected tem-
peratures, the black curves are the phenomenological fit to the data; (c), (d) temperature dependence of the (c) amplitude and
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Fig. 20. Temperature dependent pump-probe spectra measured at different pressures: (a)—(h) Corresponds to 0, 4.2, 8.2, 13.3, 16.7,

19.7, 26, and 34.2 GPa, respectively. The scatters in each panel are the extracted relaxation timescales!'27.
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Abstract

Nickel-based superconductors have attracted widespread attention due to their electronic configuration
similar to that of copper-based high-temperature superconductors. Recently, the discovery of superconductivity
with a transition temperature as high as 80 K in the bilayer nickelate LasNi,O; under pressure has not only
reignited research interest in nickel-based superconductors but also opened new avenues for the study of
unconventional superconductivity. Layered nickel-based superconductors are similar to copper- and iron-based
superconductors in crystal structure, superconducting properties, and electronic structure, but they also show
significant differences. A deeper investigation into the electronic structure of nickel-based superconductors is
expected to reveal the mechanisms behind these similarities and differences, which will further offer critical
insights into developing a unified theoretical model and deepen the understanding of unconventional
superconductivity. Moreover, the study of nonequilibrium ultrafast dynamics offers new perspectives and
regulations for unconventional superconductivity, which has become a vital tool. This paper focuses on the
electronic structure and ultrafast dynamics of Ruddlesden-Popper phase layered nickel-based superconductors,
systematically reviewing the successful applications of angle-resolved photoemission spectroscopy (ARPES) and
ultrafast optical spectroscopy in nickel-based superconductivity research. Specifically, the new properties of
different nickelates are compared, including strong electron correlation, Hund coupling, non-Fermi liquid
behavior, energy gap formation, and ultrafast electron dynamics. These advances offer important experimental
insights into elucidating the mechanisms of unconventional superconductivity and characterizing the properties

of their normal states in these materials.
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