Y] 32 2 3R Acta Phys. Sin. Vol. 74, No. 17 (2025) 177403

T REBSHRER

WERENY LagNi, O, BEEIBILH R
RS RE

Makm EHR X
(LB, )M 510275)

(2025 4E 6 A 3 HIk#; 2025 4F 7 A 10 HUEMERR)

2023 4, FAT WUZ B4 T 2544 19 LagNipO7 5 78 & 1 T 80k BUEAT o il S Pt B, i 3E 5 80
ETH RO ARG B, 5 75 B WG — i 7 v i S A AN [ 5 T ) ) B P S FGE S LB, O I L R R AN T3
0T R AR B AR T LagNiL O B4 & W0 B 2 BUIE A i BERYRRE, s 5~ SRR N &2 2%, iy 1
2GRN G S T X A 9 Y PR A T OB, LR 22 ol 5 BRI T A7 A SCER IR LagNi, O S8 b W 78 R R (B
THE 7 T (0 T T R, e — SE AR W R AT RE 4 T L.

KR BAAY), AER LR S, BN, SROCHR RS

PACS: 74.25.—q, 74.70.-b, 31.15.aq, 71.15.Mb
CSTR: 32037.14.aps.74.20250711

1 5 =

H 1911 4E B 403 (H. Onnes) 76K 4R 4 30
IR T i i R LUK, P K — BAE T4
HA AR (T,) iAok 02 3300y
THRE MRS B Y BRI, 3T A
4 (electron-phonon coupling, EPC) #L#l ) BCS
(Bardeen-Cooper-Schrieffer) ¢ &4 JE1) Migdal-
Eliashberg 3t % BRISHAT M BE R ROC R T
RFNG G AR T A T . SR, X T — RS
A5 AU A, g e | B KR R
e N =N YD 5B L v B N e o VT N
RS S e IS, C N BER Y B
i R ARk —.

] S A R v TR R LA AR S
BCS MR =Y T, Rl sy, H T, 4T
AR X 8], He i HgBayCa,yCusOg, s (Hg-1223)

DOI: 10.7498/aps.74.20250711

ERIER T, = 134 KI¥, @& 5 F Al ik 164 K7, 0
Bl 1(a) B, B8 e Sk — i B 2 sl
Z 2 4 CuO, I, HA&ED RS 4549 . oo
R EANE B TR RN 3d9, &2\ R A 3 A
Jahn-Teller KN 500, H1AY 5 4> 3d PUE W IR,
HgokmE BT E2H Cu i 3d, . FLEELI K
SRHEM O 14 2p,, 2p, HUETTHR . BFFEIAN, KB
i 0 ] SR A S0 3 TR A i i B R R 2 A
ik JU NI T RURAIE, T/ MW R O A NS 2 T B
R B2 o ) J R R R DI B R AT A A, I
S A BERH I HL T B FX P AT A e
PE. — I, A A R AT S BE R/,
T ABAS 5 T U RERR A AR5, T DL S B
() T2 M AL AR S S Rk S, AATTHE
HA 3d o 4d PR G &R S Wb ak s -
TR R, ReRE AT R IR Ak kA
i Z Bl A SRR A Y, BIR R K B R
BT TR

*ER ARRIEERES (S 12494594) AR T RFASIE LI (HLHES: GDZX2401010) %Y IR

t BIEVEE. E-mail: wuwei69@mail.sysu.edu.cn
© 2025 FEYIEZS Chinese Physical Society

http://wulixb.iphy.ac.cn

177403-1


http://doi.org/10.7498/aps.74.20250711
https://cstr.cn/32037.14.aps.74.20250711
mailto:wuwei69@mail.sysu.edu.cn
mailto:wuwei69@mail.sysu.edu.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 2 3R Acta Phys. Sin. Vol. 74, No. 17 (2025)

177403

(¢) 150 oo

T/K

I4/mmm

W Tt run 1 O T2 run 1
A T run 2 A T™d ryn 2
& 7 run 3 O T run 3
® 79t run 4 O 7™ run 4
» T¢™ run 5 [> 7% run 5 v
T%°™ run 2 T n 3 2
TE°run 4| | 0.5 o
2

=

7
3
§

100 ¢

Metallic

50 F

A L

u
m J
0

(m]

1 (a) Y YBaCusOr , (YBCO) # AR SAKSE 5 (b) B LagNipO7 #8 S B iR IR Z5 )5 (c) LagNipO #1514 %

J17T B A A ] )

Fig. 1. (a) Crystal structure of the copper oxide superconductor YBa,CuzO; , (YBCO); (b) crystal structure of the nickel oxide

superconductor LagNiyO7; (¢) superconducting phase diagram of LagNi,O; under pressurel®).
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(14 Nd gSr oNiOy LI H E YOULIN B S 5% A8 Tt 32
2515 K MM M. IO R 40 Fgh iy 5 To R
ZHE ALY CaCuO, M) H g Z MU Z AL, L5~
K K Ar AR + o0 R 112 4143 IR 2 4588
ALt AR R T P02 AN el & B
() SmNiO, 55 P2 HEA AR MM R 5, R
PR AR AE TR Z T, B LA
PRSI IR AE & 2 Hp 23291, 2023 4F, BRIt
AT B T OB R, Sun & B BT OB AR
JZ LagNi,O; Bk, HmE T T, &k 80 K, &b
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Fig. 2. Electronic orbital structure and dispersion relation of LasNi,Oy: (a) Schematic of the NiO, bilayer structure of LazNi,O, the
red and blue shapes denote the 3d,2 and 3dzz,y2 orbitals, respectively, several key electron hopping terms are labeled: V de-

notes hybridization between the in-plane 3d_2_,2 and 3d,2 orbitals, ¢, represents the interlayer hopping of 3d_2 electrons, t;

-y

is the in-plane nearest-neighbor hopping of 3d,2_,2 electrons, and tl is the in-plane nearest-neighbor hopping of 3d,2 electrons;

-y
(b) low-energy band structure of LagNiyO; under high pressure (>14 GPa) obtained from DFT calculations; (c) Fermi surface un-

der high pressurel™; In panels (b), (c), warm colors indicate the contribution of the 3d,2_,2 orbitals to the energy bands, while

-y
cool colors represent the contribution of the 3d,2 orbitals. Results shown here demonstrate that under high pressure, the v band

crosses Fermi level, indicating the metallization of the o-bonding band.
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MR 18 Sr Ay ks 7B 4, W R 500 y ey
R4 BALIY, 5 Li% PIARPES LAY A .
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LB R Z [ 25 57, S — DA T R ) [R) .
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ARk (S ILIE 3), M JCBR 28 E AL N — gk
)& T Mott-Hubbard %1 Gk HL T2 5950,
A5 E M T 55 R2 (determinant qu-
antum Monte Carlo, DQMC) Fl3j Jj 2% 4 17 B
1 (dynamical mean-field theory, DMFT) {18 T
A1 F AU PUE Y 11 B 0E A A BT A i K R
(tight-binding) #B843> F] DFT A48 5 7 A0 H.AE
IR U = 7.0 eV, ARG J = 0.10—0.2U.
X — A EAE S B 57 T PR 2 8 3 R i 22
HACR A B Wa 58 BT ER I, TR E Y
6] Ni—O—Ni A HAEH, R4E 3d.. LT Z A7
TEAR R Y 2 0] SR md DGR, 5540 S Ak e T N s 2k
T RIRER A LL, I 3d,2 J2 (R fG JCHK 5 B B R AR 2.
M LagNiyO7 JZ N 3,2y FL T~ 22 [] B fi i 40 i G
B, BARAHLL)Z] 3d, IRERBEOCHRE/ MR 2, [HH
LTSRS ] 22, HR/INA RE 5 A b e 42
Z DX [H] 9 232 N S R fR6 PT EE AL, X — 25 R P

(a) (b) ® d-orbital
® p-orbital
UHB
i
>
%D U: : A
] T T
= Py B
1 1A
Vo
LHB i
+

LHB

Kl 3 Mott-Hubbard 44 % /& Fll charge-transfer £ 2% {4/~ & &

(a) & UM BR T ) Mott-Hubbard 48 4 fh; (b) K UH R

charge-transfer 46 2 {4 ; (c) 7£ SZBr A B v 2% B 45 22 W d-p SR B HL 7 25 0 B for 76 B8 B SC IR L F BE A, 7 9% K11 B 3T, Zhang-
Rice JAZSREMT HH B, J0h UHB {43 L IG 0754, LHB /AR T 184, CTB A F M w55 B4, ZRSB 13 Zhang-Rice LA REH

Ep R TR BESR, A RN AT AL HE I

Fig. 3. Schematic plots depicting the Mott-Hubbard insulators and charge-transfer insulators: (a) Mott-Hubbard insulator in the
large- U limit; (b) charge-transfer insulator in the large- U limit; (c) charge-transfer type correlated electronic states in real materials,
here the doping induced d-p correlated electronic states are considered, near Fermi level, the Zhang-Rice singlet band emerges. UHB
represents upper Hubbard band. LHB represents lower Hubbard band. CTB represents charge-transfer band. ZRSB represents
Zhang-Rice singlet band, Ep represents Fermi level and A denotes the charge-transfer gap.
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LagNiyO; JZ2 N 3d,2_ 2 BB Z 0], LLJJZ ] 3d,2 #1
T8 2 ()R DGR AT BRI R B, #0430
ST 5Ty i, AR RS TS
O 2= AR R IR N, AT & RS B 2R, A3
ST EE AN O 1 2p,, 2p, HUE, DL
TS O 1 2p, BUiE, SRJG /& Ni Y 3d,2 2 BULIE, T
3d,> P LS AZS 70 PR AunT, MG DL
b, LRI 3d.. PUIE. BRI, 3due_ye
BUEFOCHER Y O-2p,, 2p, HUEZN 1/4 M7, W/R
T — AR 55 M RE , 11 3d.» PLIBIH AR
TR, HAT B R 4 G Ni- 3d,2 Fil O-2p, X
I BB 7F % K 1 BT /R Y MY Zhang-Rice MU
REHY MR far FE AL BEPR (S LR 3)187). BRI &, X
—IHFSE 7R LagNigOy [ I o B i 4230 . oy
R RIRH E AL, 115 Mott-Hubbard %4 ) JoRR
R A A B R 2200 B, 3 AT R R B A B
HE AR I RN . e 5 R g R M R A
PRARLT, M FREIRJCIE S2 50 1 R B LagNi,O;
PR T H fer e A AR ) i S S AL R AE

SC G J7 i, ARPES M & 45 R ™ B oR, 1F
LagNiyO; H' 3d,2_,2 L B A /N — 26 1) i 7 5
AR (m*/mg~2—4), T 3d.» B8, 70| BLA H 5
() 5 BE RN (m* ) mg~5—9). DFT+DMFT #y it
AR 289 FILT AN A 0 S50 10 0 & 91 3d.,2 FLIE I
3d,2 2 PUIE EATAN A ) IR B

LagNi,O; [IREH &5 9% DFT 1R 77R UG,
A I PEAT T % B IR P A A LS AL
TCHUAHEL (random phase approximation, RPA)
LRI, RERALFREA 5 3d, PUEAHK
) Q = (0.25, 0.25) (r.lu.) HesRIE. FF5T#H iz M
DFT-+HSE06 iz s T 5 gt 4544, 45 & F #1138
WAL, G0N REAEAE HL g 2% B D AN B T
WIIEE LY, A REEE S I R WA BT 78, A
DFT+U %5 & 5 M R B BRITHE P R E R T
LagNiyOy s BOBHE R ML /D I, 3L DSS HE,
MR A 6 W, 5T 8, FEAS 2 A
JEBL DSS H1 SCS [WAFE, X — A5 AT LR AT-
f RS0 A B 104, H R RS B i R U AT
B A ] DETE29), RPAD B8 3% 4501
Bt % R akTE RO BN R, AR Al
fili / EL AT A P AR AR R S . B A R S 56 T AL
MIZER, LLANAS ) 25 B U 7 i e AR IR B Ty 55 1Y,
B8R SE—A~ A BRI R A BRI ] .

4 LagNiyOy # 5 3 #1 b fn g 7 38 16

TR RS, B ECN RE PR R A(K)
AR m B OB Z —. fEME L, A%
FETEP PG OUT , BOXS X ARPE — i 222 A~ B
RUE: — BB HL A 500 | T0 AR e S5 (]
Baras A EEHE; 2 PRI I ARFE. 2408
SRUR AR s BERCXT, FCXTRER RS A(K)
XA S kB BRFRYE, B REpR e 9ok
[T b/ v DM =R A 7 RS R NG LN SR R TS T
W IEAR Cu 8 i 22 (8] 1Y SR B DI T 3K 5y, 255
HARRIZEIE R A KT, HL RO R BRI
BAY AR d ¥, B A(k)~A(cosk, — cosk,) .
IS b, X T HEAZ 2B ZHELSN RS,
S - I T | BRI AR S () R B J2 ) /
BB RIS, FCTCX X B i 1] TR A AN [ 9%
KT b RERR pREUE 5 1Y s iR 39.96.97),

LagNi,O; #8 S b 3d,2 2 L8 Al 3d.2 FLiH
H R BUAE SR RE R BT, L nT BE B A Bl
- NSRS ARAAAR S, #1751 NiO, T8
it 3,2 FLIE 1Y 8 A B AE AT RS, D B Te] —
Ni JEF | 3d,2_ o BB 5 3d,2 B8 Z 8] 1Y HE R HE
4, HF7E LagNi,O; AT B2 A7 3 HAA AN [F) ok
TR 2 AR . 76308 1, X EOR[R A A BLAE
FHER i 2 [RIVE AT B S 3 2T AN R RE M L AR (R
BeXF BE B pREL A(k) B8 . — TS, 3d.-
BUIEZ 0], BOF 3d,2 2 BUIEJZ ] 2Z 8] i S 06
TS5 ] Jry el ), HE S0 P TR0 X6 X6 R P A )
T B, M) 2R 3d,2 2 BUIE AR QB AL i I )
A RE ST A 1Y d BRCXT.

TE LagNiyO; i FECA X BRI 7 1T, Yang
G108 ia iz B ACEE (FRG) L5 173U
Hubbard 8, 728/l & rh 45 B 1 AH B.AE HI 58
FERE, BT ATERk IR S s RO EERAN G
FAET, MATA RS S b 8 JR X BT (pair
hopping) 45 3d.» HLF "% B J7 [a] A9 )2 (0] B e 38 e n]
REERF L FAC 0T Y £ AR — 2T RPA 96t
¢ 1990 )25 b 3d,2 2 1 3d.2 BUTE AR AR BUZ
BB, WASE T i A BERkTE RSN s RO
PRYE. A VF 2 BT D010 #-EE 0] 1 s P
BEXTXIHRPE. BR T s IR BCXT AR, A BFIE 3 HAD
A ECRRFRYE, AN dye e /dyy 1), B0 d,, 5
s U 2 [B) B B 2 H00MT A T 1 T (1061081,
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TESH T, T 58HT LagNiO, # T HL k2
FERG R R B, 6T LagNi O Ms ATk 55t
FRPE ) S 6 38 LA R ). Andreev Jz 5 5121 109 i)
N, RGUTAEEZ AR I RERR, IHA BEBRAT 5
SRS, BB Lay,PrNiyO, R g o8 1% S0 50
AL B XL BEBRZE A8, AR EEE R TN 45 a]
SeME s W, SCRF s BT O 55— T 8 S R
ARPES Il it & 30 1 AT 19 55 A B PR 74,

8 75 58 U8 18 &, 76 RPA 8 35 3k V% 38 4 31 o)
(fluctuation exchange, FLEX) %5554 & Blig 115
B, A FOX X S K TH A RRAE AR A R R, Bk
Ifil % 5 K48 (nesting vectors) A BE 2% 55 F1 b 52 i
BCX XS FRTE. ©&f 258 A B, R L+
REHT 285 R4 U mT LA | RS X X () A A [105-108] 4y
R T ORI, BB A X SETE X X B )
WAL, FERAR d,, B, H0 R UG <R HL T 1Y
BOXT, RETAEA R B S B B H R . AR
MEHIeTHE I, Az HEET
1 (RMFET)MO {58 T XUZPILIE t-J B8, 2551
KW O H 3d,. JZ2 AR OCER IR B 1Y s Pl X BA
5 Fe E Mk, % & 3d.. PLBJZ MRS J =
0.18 eV I}, - FHE A8 IR B 59 W) 7,~80 K
AbF R — B . TS T 3d.2-3d,e 2 FLIE
B2 V- N e R AR . AR, A
15 FE N Y LagNi, O KB T 208 B 1) i {45 42
X Y 3d,e_,e BB I FEN, TN
FIRE SR, R R TP AT REVRBE d P AN d + is KT,
DL 4.

£ LagNi,O; # S FIE J7 M, Yang 55 M2 421
T W4 1Y LagNiyO, i 5 Bt X #iE (two-com-
ponent theory). HHIBINA, 7E LagNi,O; - T4
. 3d,2 BB R LU 2 ] SOBR R G R Ge 4t
—MRRAECXTRE, (2R THARH A, TR
PEIR, 3d,2 B LT S I UK R AH 61 A
T AHE, AT DG o 5 R 1/4 SR
3d,2 2 YU, BZIE ARG TR S0 T,
FLIGY T ) A A AR RS s, e BRI X Y
AR, L TE AR A AR SR AL Y R TE X6 BE 1Y [+
i, AR ALK I K i R TR, iR T,
A DA 3R T 35 3 Be i 4551 D8 e i e B
LagNi,O, BRI 8AG WAOCHE A — 2 3d.2
HL T IO MIRRE S 3 BE AR, IR 2L o RUBEEREATY 1Y
R . & 3d. I 3d,e e Z
[ — G RN AR L. 5ok DMFET
AR, SUZPHE Hubbard BLRI7E 5 44 8HH
PRI CA I SRR AL WO N

Lu &5 MT U AN 3d,2 Fl 3d,2 2 HL - Z [] b4
MG A, 6t 3d. WL 2] 1Y SOl Gk mT LA
id e, BUIE 22 6] A R S 15 08 B )Z 3d,2 2 B
. B 3d,. BT HiE A RS, MBA14 3] T
— N HET 3d,e e FUIE B FALIE XU 6T AHY. i
it slave-boson J7 A, M1 T E M s AT
XEZNE d PR, DL s + id IIRA RO, B
PRRBC R IR X S 0 A SR R CHR /
2 P SCTR ) LA DG, (HAS UL A2, FEILHS
B, JoR o BUERET 48 VR T n a2,

|
N ]

B
L

s 1

- U

—T
us —T T

Bl 4 —SEORTR]E S PR IR TE XT BE B PR AR B LagNipO7 BRI LIMETR  (a) s, (b) dy2_ 2 + s, (¢) dy2 2 3, 40

Y

BFRIERITCN REBRAT S, I R RO REBRAT 5, 1@ AR BE B 22 719 i DX 3 02 R AT 22 A [ 52 25 i) /L 7
BC X (pairing bonds) FEAFIN, BERT bR K AT AE 23 LU IR A9 T A2 A%, REI T o 1) o7 BB 7T BB Ak 10°)

Fig. 4. Projection of pairing gap functions with different symmetries onto the Fermi surface of LagNi,O;: (a) s,-wave, (b) dj2_,2 +

Yy

is,-wave, (c) d,2_,2 -wave; here warm colors represent positive pairing gap sign, and cool colors represents negative pairing gap

Y

sign, the white regions denote gap nodes where pairing gap vanishes. Note that the gap function may become more complicated

than illustrated, when multiple real-space electron pairing bonds coexist, potentially altering the positions of the gap nodes'*l,
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Fan 25 1161 | ) LagNi,O7 HA 5 XUZ il %1k
YA B A TH S5 46 1) £ BE &, IR TE LagNi O,
1, 3d,. fIKRE A R BE AR & AT RERR AN TR 22, DU
UL R FERE A T — N 3d,e e AU HA 5
JZ IR B A XUZ -t - TR Al iTdE AR
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HL 2 3d.2 fIRBE A B2, BCXTIR 3 T e 3d,2 J2
[ AC 4V E T, 303 J2 18] A BEmk & #2425, e anmg oy
. X JOIETRE o BUEHLE R 4 )E L
i M. 2) RO HL AR SR 3d,. kBB A
R, PR FAXE 32 3d,e e HL T RO AR, X BRZh
JIVET 3d. JR B SC I, 22 e, BLIE Z A] Y LR
FIA AL 3d,2 2 T 3) BT HELFRAE A B
P 3d,2_,2 BT F AR, HC X 3K 3h 7 B3R R T
3d,2_ 2 TR NECE JZMOCHRELN. A TIACh, X
RSN RE T 20 ZMEEH AR
FER S RGBT, N1Z EIFA—E e E
J¥, 7EE Y LagNi,O; # 3 41B A AT REIX 3 b
BT R A3, BUE BAE AN [A] (1) LagNi, O A5 F
(g SN N TiOEY/BL:E S Lo S Rl i i3 G e N i)
L. AR FE B HLE] T A B AN SE, JF42
AR G AR . FEERSIT TR, Hln RMFT,
5 RPA s k3, BEE YIS E U, e an
3dye_ye, 3d,2 FLFHIREAYAIR], S EON AT LI7E
AP FETF RS (3d,2 J21] L 3,22 )2 W)
Z I A4, et , — T DMFT #F55%F LagNiyO; #
SR W E W i Kanamori-Hubbard 55 %Y
TS T, 8. ZI SRR A 1R R Y
LT, B 3d,. 25 /BRI, KRG
PAFIAS [R]85 FEH 1828, BiH 25 7B 4R
/N (R o BUEEHLE A £ @A), REHH—4
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2t VA BRI OC R . XA 528 1Y

w T ARG, BB R G 7B ARAR L, WIE ] LI
el FH A E 2L X — & BAF AT LLCA LagNi,O,
HlBFEY o REERLE 48 L2 B oC R —
NG — I [ 15 01200,

KL TR X B R ey T, 2
WFFE A BT T R BRI, KR oE & BLH
FHLA TR EPC A2 LU RESCI U 2 i 80 K
R AR R (120124 A RS WU TE A EPC S5 H
- HH ELVE A O R A AT g SRR T
R PRI ] 43 B A B Sk S48 0 e e 200 ) A T
LagNi,O7 Fl Lay,NizOqq A HLF-75 R4 5 45053 71
4 0.05—0.07 #1 0.12—0.16, £ T -5 FHES
T T X6 35K TR 8} A R -2 S5 5 T R X 587N
B2, RIS R S ) TR T B AL Ry
A FUECT, S0 TERR 28R S A HEL Y 2 e (1260,

5 OBE. B W N
it

LagNi, O 15 &N 18 T L g R LK, 56
— PRI IR B RS TR K i ], i ETEA
RSB I = T LagNiyO; M5 T A
FITHL —FBE 1 JoT 1) 722 A 196127128 5 T R 2% i ]
SEELE T B S . E R R R
P R AR S B, LagNi,OF HAA 2L
AL 2l —3& Amam B Fmmm UL X 1 /mmm 1)
ZEAARAR 129, R IR T 2] o AR BRI 4 )8
k. K¥#45r DFT HHERX PR R AR e e
T B SR R SE . — 3 DFT 53T
R0 Amam B Fmmm ) S5 #1248 JL-F 5¢ 4 H
b %l AR H RO BN T SE B, A TR R U b A
F) B0 e g, B T PN R T R S B 25 R A AR
7iA Qin A1 Yang!" $2 | Al i 25 /B A SR
¢ Sl fin B4 ) LB F+ LagNi, O, 1) T, B 5
Huo %5 (1281 2% &z FH U o Bl (9 20 %0 1 ) ok 52 81
o BRI 4R AL, F8 A ¢ il 2 GPa Bl )
i RIAT ARy gl th BEAE SR OK Be gk, W] e sE B
S 3K — Fe A LK s S B 1 i B
(>14 GPa) ZiK.

W52, WSEEL o B &R AL A BESRE , TN
JEARRAFIH R, T ¢ 4had sl = 46 2 ook
JE B B 128N Besh, A VF 2 DFT A&
IRTH Lo RERIB AR, IRFAE T TR T 6] Ak e
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AR o S AR AL, LS RN I S,
WEERSES T, —WEi T AR ITR
(Ce-Lu) 1L La B HLFREH G5 H9 A8 4k 131, JEF
W 52 B0, A3 0 5% & 11 I T R AR
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SPECIAL TOPIC—Research progress on nickelate superconductors

Recent advances and prospects in theoretical study
of bilayer nickelate superconductor LazNi,O;"

ZHENG Yaoyuan MO Shicong WU Wei

(School of Physics, Sun Yat-sen University, Guangzhou 510275, China)

( Received 3 June 2025; revised manuscript received 10 July 2025 )

Abstract

The high-temperature superconductivity in bilayer nickelate LasNi,O; under high pressures, which was
discovered in 2023, has spurred intensive theoretical and numerical investigations. These studies aim to unravel
physical properties of LasNi,O; from various aspects, with particular emphasis on its pairing symmetry and
underlying superconducting mechanism. Moreover, significant effort has also been made to explore and predict
novel nickel-based superconductors related to LasNiyO;. This article reviews these recent advancements aimed
at elucidating the physical properties and superconducting mechanism of LasNiy,O;, whose multi-orbital
characteristics and intricate electronic correlations have spawned diverse theories for its pairing mechanism. In
this article, the recent findings on LagNi,O; are summarized regarding its macroscopic models, pairing
symmetry, normal state characteristics, and the structure of spin and charge density waves. Particular attention
is paid to the debate surrounding the role of o-bonding band metallization in superconductivity. Finally, this
article also presents an outlook on future studies crucial for advancing our understanding of LasNi,O;

superconductivity.

Keywords: nickelate, unconventional superconductivity, theory of superconductivity, strongly correlated
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