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Comment on ‘“Anisotropic Scattering Caused by Api-
cal 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 materials, in this case the apical oxygen va-
cancy, Vo, that sits immediately above the planar Cu. How-
ever, 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 hop-
ping between the apical oxygen p, orbital and the Cu 3d,>_,
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 ma-
trix elements Vi that depend strongly on momentum. How-
ever, when ab-initio calculations are carried out, as in Ref. 2,
the impurity potential of the site-centered apical oxygen va-
cancy in LSCO is in fact dominated by the on-site term, to
the point that the Vg defect essentially acts as a point scat-
terer (see Fig. 1(a)), with matrix elements that are almost in-
dependent of momentum transfer . The reason for this dis-
crepancy is that by making symmetry arguments analogous
to those for hopping processes, Ref. 1 overlooks the strong
electrostatic contribution the Vg defect makes to the energy
of the Cu site immediately below it. 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 Vi .

Fermi surface: Overdoped LSCO undergoes a Lifshitz tran-
sition 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 impor-
tant consequences for physical properties such as superfluid
density [4] and conductivity [5]. Fermi-surface anisotropy
must also be present for impurity scattering to produce a
strongly angle-dependent scattering rate [y, a key assumption
in Ref. 1.

Self energies: The rich complexity of dirty d-wave su-
perconductors stems from the nontrivial and often surpris-
ing ways in which disorder alters almost all physical prop-
erties. The effects of disorder enter via the self energy, which
must be calculated carefully. In Ref. 1, a heuristic scattering
rate I’y is used to renormalize the quasiparticle energies via
w — w + il'y. This approach can work in the normal state,
but breaks down in a d-wave superconductor, where disor-
der 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 den-
sity 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
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FIG. 1. Defects in La,_,Sr,CuO, showing ab-initio impurity po-
tentials at surrounding Cu sites, from Ref. 2. (a) The site-centered
apical oxygen vacancy is nearly pointlike, with Vi, > V,, V4. (b) The
plaquette-centered Sr dopant is inherently extended in real space.

of momentum-dependent scattering (i.e., non-pointlike scat-
tering) of interest in LSCO, not only must the quasiparticle
energy be renormalized, 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 w — w + il'y is
simply inserted into the clean-limit expressions for gap equa-
tion, 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 con-
ductivity, but this has been neglected.

For a treatment of the disorder problem in overdoped
cuprates that explains these subtleties, see Ref. 2.
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