e

oo

Marginal-Fermi-Liquid-Like Strange Metal Behavior D
without Pseudogap in Infinite-Layer Nickelates

Complex Quantum

Yu Fan,1 Zhitong An, 1 Xiang Ding, 1 Xingtian Sun,1 Zhihui Chen, 1 Shenglin Tang,1 Chihao Materials Group
Li, 1 Jiahao Ye, I Timur Kim,2 Haichao Xu, 1, 3, * Rui Peng, 1, 3, 7 and Donglai Feng4, |
IAdvanced Materials Laboratory, State Key Laboratory of Surface Physics, and Department of Physics, Fudan University, Shanghai 200433, China
2Diamond Light Source Ltd., Harwell Science and Innovation Campus, Didcot, OX11 ODE, United Kingdom
3Shanghai Research Center for Quantum Sciences, Shanghai 201315, China
4New Cornerstone Science Laboratory, Hefei National Laboratory, Hefei 230026, China

b
yee
Yoy
LA A
- -
-

From Challenge to Breakthrough: ARPES Study of Infinite-Layer Nickelates

ny
Pseudogap as a Hallmark of Cuprate Superconductors /’ _ _ N
| ————— /. Breakthrough: Quasiparticle-Resolved ARPES in >
Phase Diagram of La, Sr,CuO, A o o'H M k7 / \
IP(Underdoped . e 4 I .
B S —C ( Ped) 4 SEhe / Infinite-Layer Nickelates \
§ Normalc. I Ppi? ' i ' 0.40- ‘
1751 1100 ? l :
_ T & i _
O E i % | TARPES measurement 1
E 200 NON-FERMI LIQUID 175 X (0, m) i S % temperature g LaNiO,(001) LaNiO,(002) [
= o metal plate < | _ >
- PSEL|DO-GAP REGION *g [ *§’ >2 Toam=1-88 i; W W :
%'225 i qg). -0.25 — 0.0 T 01.25 : % _ é La, ,Ca, ,NiO,(001) ,,Ca, NiO,(002) I
= 5 o ldeta, S-i., et al., Phys. Rev. B, (2012) k, (m) i o / [
25013 1 25 .
250 g o ded He, R.-H., et al., Science, (2011) : O-OO—(l) | T | 7 T i :
273L2 . N o » Whether and how this phenomenon [ Temperature (K) I
0.1 0.2 0.3 ] [ High[ | ow ) I
Hole-/Sr-doping (x) extends to cuprate-like superconductors, I TR i . I
Chang, J., et al., Nat. Commun., (2013) such as infinite-layer nickelates? I ,,=-1.561 A" AU I
[ v,,=-0.995 eVA 0.2 :
2 s 8% A s
° ° ° ° ° W ~ w | e
Challenge: Reliable Gap Detection Requires High-Quality ARPES Spectra : . - . a1
. . . © Ly < -0.2 I g
pseudogap behavior Superconducting gap behavior : ;- g ; | . :
b 0.02 [ % E % - | i [
: . . I
. > A well-defined Fermi-edge cutoff : P . :
ha . . Renormalization | Renormalization g
= 0.04 and coherent quasiparticle i factor=3.1 06 ___ e :
; gg: spectral weight are required to : o6 s 'd'zk,, (A(-)})O 02 o :
S 0107 resolve possible gap opening. '| > By optimizing thin-film growth, surface preparation, and atomic- I
-0.12} ] ]
' B \\ hydrogen reduction, we achieve enhanced near-Erspectral ,'
| E-E (eV) . . . . .
0.2 0.0 0.2 e \\ weight and clear quasiparticle features, enabling reliable /
K (a) Vishik, .M., et al., Proc. Natl. Acad. Sci. U.S.A.,(2012). ic in infini - ’
Kondo, T, et al., Nature, (2009). /1M, etal, (2012) S, bseudogap analysis in infinite-layer nickelates. e
Experiment Results
1. Fermi surface topology of parent i ST T T T T TS
: pology or p 3. Gapless a Pocket with Momentum-dependent / AN
and optimally-doped films Quasiparticle Suppression in La, ;Ca, ,NiO, ! Conclusion \
LH+LV LaNiO, LH+LV HBHT I [
— 3 I a,.Ca__Ni aNi I
| La, Ca,,NiO, | LaNiO, i
l [
S 200-{% ¥ I 5 = I
E |8 [ § g :
N 2 >
£ 100 : é g i
| = = .
: -100 -50 0 -100 -50 0 I
I E - E. (meV) E - E. (meV) I
[ N (@ [
I L3, ;Cap,NIO, ;:/\ Integrated spectral weight () :
I : % < Lalio, [
| \ ST |
N | N L 7 [
.' I ’ ‘<: I
o | I
I v l
10 20 = : [ I
k (A) £ At e, -2 Ky I [
g Y [ : : I
X. Ding, Y. Fan, et al., National Science Review 11, nwae194 (2024). g 0.0) *. 0.0) I > The nea F-EF spectral weight is :
. . . 2 SR ] . rogressively suppressed
» Both LaNiO, and optimally doped (La,Ca)NiO, gt .2, O [ B £ HRS , , [ Prog Y P p. [
80 40 0 40 80 40 O 40 80 40 O 40 80 40 0 40 -80 40 O 40 80 40 0 40 -80 -40 O 40 toward ( O) accombpanied bv a I
eXhlblt Cuprate_“ke dXZ_ Z'derived Fermi_surface E - E_(meV) E - E_(meV) E - E_ (meV) E - E_(meV) E - E_(meV) E - E_ (meV) E - E_(meV) [ . p; . . . p . y [
y , o | linear ImX(w), indicating non- i
> The leading edge remains pinned at Ef. I Fermi-liquid scattering rather than '
2. B Band Remains Gapless > The quasiparticle peak is progressively suppressed from (A = /2, I qu 5 [
) I gap formation. [
across Different Momenta 1 /2) toward (,0). | i
» The linear E-dependence of ImX indicates marginal-Fermi-liquid-like scattering : oo meeesle :
° ° ° ° N S N SN N TN N TN TN (NN TN TN N SN N SN NN SN M BN K I
2 4. Stronger Incoherence without Gap Opening in Undoped LaNiO; | ,
; I 150% — I
HER R -
g , I Marginal-Fermi Liquid |
- —
' : : (7, 7) ‘ _— :
0 10 -10 00 10 10 00 10 -10 00 10 -1.0 00 1. - g I S "YW S
. - N K, (A K, (A K, (A K, (A" K, (A" § " I La,,Ca,,NiO, 5 I
E g \\ E_k1 \ E—kz E —k, E =y E =k, g I | I
2 N i i ON i 2 : :
g > : ke_ : ! : : 3 i 100% — Nickelate |
£ | £ (00 ! (0,0) \_~ (O,O)L&\‘_ (0,0) \ (og £ 11 LaNiO, SC. dome [
U GE S5 Lf B0 O <G — 10 £.100 50 0 50 -100 50 0 50 -100 B0 0 50-100 50 0 80 -100 30 0 80 040004 | ‘ T [
k, (A7) E - E_ (meV) E - E. (meV) E - E_ (meV) E - E_ (meV) E - E_(meV) K, (A" ‘ 0 02 0.3 0.4 ,
\ Hole doping p of the 3d,, ;band !
» The interstitial-s-dominated  band crosses E along » the a band still disperses continuously across Er near (m,0) \\\ ,/

~-----------------_'

both high-symmetry and off-symmetry directions

“*e-mail: 22113010001 @m.fudan.edu.cn Annual Academic Conference of Dept. Physics, Fudan University (2026



mailto:22113010001@m.fudan.edu.cn

