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Superconductivity

Nd, gSr, ,NiO,/SrTiO, thin films (9 — 11 nm = 30 unit cells)
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Nd, gSr, ,NiO,

Li et al., Nature 572, 624 (2019)
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Superconductivity

Nd, ¢Sr, ,NiO,/SrTiO, thin films (9 — 11 nm = 30 unit cells)
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Open questions

Superconductivity

nickelates: paramagnetic metals vs. cuprates: AFM insulators

multiband?

type-II?

role of the
interface?

conventional

The temperature-dependent
normal-state Hall coefficient Ry(T) is given in Fig. 3c. Ry for NdNiO,
is negative at all temperatures, whereas it undergoes a sign change at
about 55 K for Nd §Sr( ,NiO,. This feature, as well as the overall mag-
nitude of Ry, are inconsistent with the expectations for simple hole
doping of a single electronic band, and suggest a more complex Fermi
surface. This may be consistent with calculations of the electronic band
structure of LaNiO,, which find multiple electron and hole pockets that
have different orbital contributions® and that vary with the Coulomb
interaction.

The fact that Re(V},) does not approach zero at low
temperatures resembles measurement results of a 40-nm-thick infinite-
layer copper oxide film with T; =~ 10.8 K and extrapolated London
penetration depth A (T = 0) = 2.2 pm (ref. *!). This indicates that Ay
for Ndy §Sr(2NiO; is similarly large compared to the film thickness.
Given the numerical uncertainties arising from the finite sample size
(substantially wider films show indications of laterally inhomogeneous
reduction), the order parameter symmetry and the scale of disorder, we
did not attempt to extract A (ref. *2). Nevertheless, these data suggest
that this is a type-II superconductor

We further note that the interface between the infinite-
layer nickelate and the SrTiOj; substrate (Fig. 1) hosts a strong polar
discontinuity®. Depending on how this electrostatic boundary condi-
tion is resolved, there may be transport contributions from interface
states. However, the comparison between NdNiO, and Nd, gSr ,NiO,
demonstrates that this alone does not lead to superconductivity here.

electron-phonon coupling SC?
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Electronic band structure



Electronic band structure

R3*Ni'*(0?), (R=La, Pr,Nd)

3d° configuration of Ni!*, isoelectronic with Cu?* 4
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Electronic band structure

R3*Ni'*(0?), (R=La, Pr,Nd)

3d° configuration of Ni!*, isoelectronic with Cu?*
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Electronic band structure

The La (Nd) 5d,2 band crossing the Fermi level can naturally o

explain the metallic character of the RNiO, nickelates

However, hole Fermi surface still needs to be somehow

excluded to explain the Hall data. (???)
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Electronic band structure

Electron-phonon coupling is not enough to mediate superconductivity

DOS  o?F(w)
701 ?"::::.-:. ;
601 ] TABLE 1. Electron-phonon interaction A and the logarithmic
_ N average of phonon frequencies calculated for NdNiOz with
501 ----- o1 different width of the Gaussian smearing. The T, values are
= 0 ; 4 evaluated using the Allen-Dynes formula with p* = 0.1.
)
E 20, Smearing width (Ry) A win (K) T. (K)
3 0.04 0.22 283 0.00
20 1 0.06 0.28 258 0.06
0.08 0.32 249 0.24
101
0 I— v
r X M r 2 R A 7 0.00 0.25

Nomura et al.; arXiv:1909.03942v1



Electronic band structure

Spin fluctuations (weak coupling RPA approach) -> d-wave superconducting gap

Hubbard model t-J model

1
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Wu et al.; arXiv:1909.03015
Shakakibara et al.; arXiv:1909.00060



Electronic band structure

Mott insulator vs charge-transfer insulator in the Zaanen-Sawatzky-Allen scheme

Mott insulator Ni 4'0
10 times smaller superexchange in the nickelates
E
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Jiang, Berciu & Sawatzky; arXiv:1909.02557



Electronic band structure

Nd and La 5d bands crossing the Fermi level 17 B VAN VAN
Kondo physics, beyond Kondo lattice (heavy fermions) and t-J model (cuprates) -

RKKY -> exchange
holon - (S = 1) doublon excitations -> self-doped Mott state
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Electronic band structure

. _ oe? VEUF
London penetration depth (N5t = T ]gs ds {% (1 + 2%}

AT = 0)
AT = 0) is just a band-structure property!

Uemura plot
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Nickelates: i) are potential room-temperature superconductors,
ii) or have nothing to do with cuprates,
iii) or their electronic band structure needs to be seriously revisited

Bernardini, Olevano & Cano; arXiv:1910.13269



Electronic band structure

LDA + DMFT

Ryee et al.; arXiv: 1909.05824



