
Comment on “Anisotropic Scattering Caused by
Apical Oxygen Vacancies in Thin Films of Overdoped
High-Temperature Cuprate Superconductors”

In Ref. [1], Wang et al. address an important problem in
the overdoped cuprates, taking the first steps toward
understanding the structure of real defects in these materi-
als, in this case the apical oxygen vacancy VO that sits
immediately above the planar Cu. However, the approach
taken has some issues, which we outline in this Comment.
Impurity potentials.—The primary assumption of

Ref. [1], based on symmetry arguments, is that since there
is no hopping between the apical oxygen pz orbital and the
Cu 3dx2−y2 orbital immediately below it, the leading
couplings from the apical oxygen are to the next-
nearest-neighboring Cu sites. This leads them to a real-
space scattering potential for the vacancy that has no on-site
term, and hence scattering matrix elements Vk;k0 that
depend strongly on momentum. However, when ab initio
calculations are carried out, as in Ref. [2], the impurity
potential of the site-centered apical oxygen vacancy in
La2−xSrxCuO4 (LSCO) is in fact dominated by the on-site
term, to the point that the VO defect essentially acts as a
point scatterer [see Fig. 1(a)], with matrix elements that are
almost independent of momentum transfer q. The reason
for this discrepancy is that by making symmetry arguments
analogous to those for hopping processes, Ref. [1] over-
looks the strong electrostatic contribution the VO defect
makes to the energy of the Cu site immediately below it,
and is therefore missing the important isotropic contribu-
tion of the VO defects. Nevertheless, there does exist a
source of extended impurity potentials in LSCO—the
plaquette-centered Sr dopants [Fig. 1(b)]—which give rise
to strongly momentum-dependent Vk;k0 . Note that in
Ref. [1], scattering rate parameters Γs and Γd are used to
fit to experiment, so the key qualitative differences between
Refs. [1] and [2] do not appear at the level of final results.

Fermi surface.—Overdoped LSCO undergoes a Lifshitz
transition at which the van Hove singularity passes through
the Fermi level [3]. As a result, the Fermi surface is far from
isotropic, and the density of states and Fermi velocity vary
strongly with angle and doping, in contrast to the circular
Fermi surface assumed in Ref. [1]. This anisotropy has
important consequences for physical properties such as
superfluid density [4] and conductivity [5]. Fermi-surface
anisotropy must be present for impurity scattering to
produce a strongly angle-dependent scattering rate Γθ, a
key assumption in Ref. [1].
Self-energies.—The rich complexity of dirty d-wave

superconductors stems from the nontrivial and often
surprising ways in which disorder alters almost all physical
properties. The effects of disorder enter via the self-energy,
which must be calculated carefully. In Ref. [1], a heuristic
scattering rate Γθ is used to renormalize the quasiparticle
energies via ω → ωþ iΓθ. This approach can work in the
normal state, but breaks down in a d-wave superconductor,
where disorder leads to self-energies with nontrivial energy
dependence. Physically speaking, the disorder in a d-wave
superconductor breaks pairs and thereby modifies the
energy-dependent density of states, which alters the phase
space for recoil, which in turn changes the scattering rate
and therefore the amount of pair breaking. The whole
process must be treated self-consistently, as a function of
energy. In addition, for the types of momentum-dependent
scattering (i.e., nonpointlike scattering) of interest in
LSCO, not only must the quasiparticle energy be renor-
malized, but also the d-wave gap. In Ref. [1] there is no
self-consistent treatment of the self-energies and no explicit
gap renormalization: the substitution ω → ωþ iΓθ is
simply inserted into the clean-limit expressions for gap
equation, superfluid density, and conductivity.
Vertex corrections.—Finally, the types of momentum-

dependent potentials considered in Ref. [1] have strong
forward-scattering character, which enhances the electrical
current. As a result, vertex corrections (small-angle scatter-
ing corrections) must be included in the calculation of two-
particle properties such as superfluid density and optical
conductivity, but this has been neglected.
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FIG. 1. Defects in La2−xSrxCuO4 showing ab initio impurity
potentials at surrounding Cu sites, from Ref. [2]. (a) The site-
centered apical oxygen vacancy is nearly pointlike, with
V0 ≫ V2; V4. (b) The plaquette-centered Sr dopant is inherently
extended in real space.

PHYSICAL REVIEW LETTERS 131, 049701 (2023)

0031-9007=23=131(4)=049701(2) 049701-1 © 2023 American Physical Society

https://orcid.org/0000-0003-2971-8764
https://orcid.org/0000-0001-6143-4038
https://orcid.org/0000-0002-1001-2238
https://orcid.org/0000-0003-0375-7386


Received 6 June 2022; accepted 21 June 2023; published
25 July 2023

DOI: 10.1103/PhysRevLett.131.049701

[1] D. Wang, J.-Q. Xu, H.-J. Zhang, and Q.-H. Wang, Aniso-
tropic Scattering Caused by Apical Oxygen Vacancies in
Thin Films of Overdoped High-Temperature Cuprate Super-
conductors, Phys. Rev. Lett. 128, 137001 (2022).

[2] H. U. Özdemir, V. Mishra, N. R. Lee-Hone, X. Kong, T.
Berlijn, D. M. Broun, and P. J. Hirschfeld, Effect of rea-
listic out-of-plane dopant potentials on the superfluid

density of overdoped cuprates, Phys. Rev. B 106, 184510
(2022).

[3] T. Yoshida, X. J. Zhou, K. Tanaka, W. L. Yang, Z. Hussain,
Z. X. Shen et al., Systematic doping evolution of the under-
lying Fermi surface of La2−xSrxCuO4, Phys. Rev. B 74,
224510 (2006).

[4] N. R. Lee-Hone, J. S. Dodge, and D. M. Broun, Disorder and
superfluid density in overdoped cuprate superconductors,
Phys. Rev. B 96, 024501 (2017).

[5] N. R. Lee-Hone, V. Mishra, D. M. Broun, and P. J. Hirschfeld,
Optical conductivity of overdoped cuprate superconductors:
Application to La2−xSrxCuO4, Phys. Rev. B 98, 054506
(2018).

PHYSICAL REVIEW LETTERS 131, 049701 (2023)

049701-2

https://crossmark.crossref.org/dialog/?doi=10.1103/PhysRevLett.131.049701&domain=pdf&date_stamp=2023-07-25
https://doi.org/10.1103/PhysRevLett.131.049701
https://doi.org/10.1103/PhysRevLett.131.049701
https://doi.org/10.1103/PhysRevLett.131.049701
https://doi.org/10.1103/PhysRevLett.131.049701
https://doi.org/10.1103/PhysRevLett.128.137001
https://doi.org/10.1103/PhysRevB.106.184510
https://doi.org/10.1103/PhysRevB.106.184510
https://doi.org/10.1103/PhysRevB.74.224510
https://doi.org/10.1103/PhysRevB.74.224510
https://doi.org/10.1103/PhysRevB.96.024501
https://doi.org/10.1103/PhysRevB.98.054506
https://doi.org/10.1103/PhysRevB.98.054506

