Intrinsic Bulk Superconductivity in Undoped PrNiO, VNE SHEM
as a Distinct Superconducting Regime
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What is the origin of superconductivity in the undoped infinite-layer (IL) nickelates?

Anomalous superconductivity in

undoped PrNiO, and NdNiO,
*STO capped. Is that necessary?

Doping level of undoped IL nickelates Possible different pairing symmetries in

are in SC dome of cuprates the underdoped regime Motivations

. . . . ** Why superconductivity in a “parent compound”?
o B —— STOBUC/PINIO,//STO | Undoped IRgickelates according d+is in the underdoped regime y sup Y P P
" o . to ARPES It bel . : S
= | £ CARE R 0.4 Bulk or interfacial origin?
(] >
6 151 _TN range meta . . -
E | 20 < el . d-wave “* New SC phase diagram in “underdoped regime”?
24 0 5 o \ Plaed | Stripe order competition 03] . .
> LY = | 7o o ** The robustness of the SC phase in undoped
w [ ' = — C,onfet »~ "~ =~
2 ol RN 5 +
x | N = e g - _ compounds?
ok 0 100 200 300 - frﬁ'é'r . d+lS . .
T K] A To. o +*»* Electronic structure of SC samples changed?
1 ) I 1 1 1 . 1 N~ S-Wave
0 50 100 150 200 250 300 Tsow \h \‘\ ,Tm
L U s "[[I ,,,,,,,,, | . . | \J ° °
Temperature [K] o Hor 010 005 0l0 015 020 025 +* Can the strong correlation picture of cuprates
Sahib H et al., Adv. Mater,, 37(16): 2416187(2025). T Holedoping, p Doping Ratio p

alone explain this SC phase?

C. T. Parzyck et al., PRX 15, 021048 (2025). Keimer B. et al., Nature 518(7538): 179-186(2015).

Experimental Results

1. Zero-resistance state in stoichiometric & bare PrNiO, 5. Electronic structure of SC PrNiO, and non-SC Pr, 4;Ca, ,;NiO,
Capping layers are not necessary to achieve this SC phase. 5.1 Similar electronic structure 5.2 Self-doping is enough to trigger SC.

Wang et al., PRB 102, 220501(R) (2020).
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5.3 Quantum-well states:
homogenous electronic states

*Though 5% Ca doping makes Ni 3d,, ,, closer to 1/8 doping,
no stripe order was found.

Dashed line: quantum resistivity per NiO, plane p,=0.85 mQ-cm
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*SC depth d,.=4.27 nm, comparable with thickness d=6.64 nm. Also supporting bulk SC origin.

4. High sensitivity of su perconductivity to hole-doping *PNO exhibit similar C, in-plane symmetry with PSNO. -> similar magnetic environment.
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* Slight hole-doping will suppress this phase. Strong-correlation picture can not explain alone.

* Can slightly hole-doping act as scattering sites? Such a SC phase requires a very high RRR?

* Extreme 2D magnetoresistance response + exceed Pauli limit, suggesting a

different unconventional SC mechanism with optimally-doped SC phase.
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