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The results presented in our original article were affected
by a bug in the workflow used for our density functional
theory plus dynamical mean-field theory (DFT+DMFT) cal-
culations. Within this workflow, which was based on the
implementation outlined in Ref. [1], a correction to the occu-
pation matrix within the correlated subspace is obtained after
each DMFT step, which is then used to recalculate the charge
density. This new charge density defines the effective potential
for the DFT Kohn-Sham (KS) Hamiltonian. Solving the KS
Hamiltonian in turn provides the input for the next DMFT
step. This procedure is then repeated until self-consistency is
obtained. For comprehensive details we refer to Ref. [1].

In short, the bug caused only the diagonal components of
the DMFT-corrected occupation matrix in the KS basis to
be properly included when updating the charge density for
the next DFT step, while the off-diagonal components of the
occupation matrix were essentially ignored. As a result, the
DFT+DMFT calculations in our work achieved charge self-
consistency only with respect to the diagonal occupations.

More specifically, the bug originated from the simultane-
ous update of charge density and KS wave functions during
the process of determining the electronic ground state within
the Vienna ab initio simulation package (VASP) [2,3]. In this
procedure, the KS eigenvalues and eigenstates are obtained
through an iterative diagonalization method, where each it-
eration also updates the charge density based on the current
KS states. Within the DFT+DMFT workflow, the charge
density is computed using both the updated KS states and
the DMFT-corrected occupations. These corrected occupa-
tions are computed using the projector functions [Pmν (k),
see Ref. [1]], which encode the transformation between the
KS states, |ψνk〉, and the correlated subspace basis, |χm〉.
Importantly, in the original workflow used in our article, the
projector functions were associated with the KS states from
the previous DFT iteration, and a few iterative optimization
steps were done between each DMFT step to converge the
new KS states after the charge density has been updated from
DMFT. However, during the numerical diagonalization, the
updated KS states will gain arbitrary phase factors, which do
not match the phases of the projector functions obtained from
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the KS states of the previous iteration. These arbitrary phase
factors cancel out when evaluating the diagonal components
of the charge density correction, but affect the off-diagonal
components in an uncontrolled way, thereby essentially ren-
dering the off-diagonal components to random noise.

This bug can in principle be corrected either by recal-
culating both the projector functions and the charge density
correction using the updated KS wave functions in each itera-
tive diagonalization step, or by using the exact diagonalization
algorithm in VASP. However, the latter makes the calculation
extremely costly. Hence, in practice, this means that one has
to recalculate the joined DFT+DMFT charge density after
each update to the Kohn-Sham states with the updated pro-
jector functions. After detecting the bug and discussing with
the authors of Ref. [1], we now updated the corresponding
TRIQS/DFTTools [4] interface and online documentation.
Furthermore, the implementation of DFT+DMFT utilized in
our calculations [5] has also been updated and corrected ac-
cordingly in version 3.2.0 [6].

The severity of this bug depends highly on the investigated
system, and thus has not been detected in the original imple-
mentation of Ref. [1], where only cases with high symmetry
have been tested. Even for the example of a monolayer of
SrVO3 with tetragonal symmetry investigated in Ref. [1],
the occupations within the t2g shell are purely diagonal, and
thus the recalculation of the charge density is completely
unaffected by this bug. However, for systems with lower
symmetry, such as strained orthorhombic CaVO3 and the rare-
earth nickelate compounds studied in our article, off-diagonal
occupations appear in the charge density update, and thus the
corresponding calculations were affected by the bug. As a
result, the effect of the charge density update on the results
was generally underestimated in our article, rendering these
calculations much closer to “one-shot” calculations, while
the overall qualitative trends discussed in our article remain
valid.

Specifically, for the case of the orbital polarization in
CaVO3, discussed in Sec. III A of our article, the cor-
rect charge self-consistent calculation leads to a somewhat
stronger suppression of the orbital polarization, as can be
seen in the upper panel of Fig. 1 for the case of strained
CaVO3. Furthermore, the correct charge density update now
also leads to a slightly larger shift of the critical U value for
the metal-insulator transition by 0.1 eV. For comparison, we
also include corresponding data obtained from charge-self-
consistent calculations using a different implementation based
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FIG. 1. Update to Figs. 2(c) and 2(d) in the original article.
Evolution of orbital occupation (top) and spectral weight at the
Fermi level Ā(0) (bottom) as a function of interaction strength U in
strained CaVO3. Comparison between “one-shot” (OS) and charge
self-consistent (CSC) calculations between VASP and QE, showing
the original and corrected VASP CSC calculations. Solid, dashed, and
dotted lines in the top panel refer to the three different t2g orbitals.

on QUANTUM ESPRESSO [7] (QE) that was not available at the
time of publication of our original article, which agrees very
well with the corrected VASP implementation.

For the charge ordered (or charge disproportionated) state
in LuNiO3, we had identified and discussed two competing
effects related to charge self-consistency in our original ar-
ticle. First, the use of DMFT occupations to evaluate the
double-counting corrections strongly favors a charge dis-
proportionated state, since the double-counting correction
effectively lowers the energy of the more occupied site relative
to the less occupied site, and thus provides a strong posi-
tive feedback mechanism supporting a charge redistribution.
While this is not strictly an effect of charge self-consistency,
the introduction of charge self-consistency does remove any
ambiguity of whether to use DFT or DMFT occupations to
evaluate the double-counting correction compared to one-
shot calculations. In the charge-self-consistent case, only the

DMFT occupations carry any physical meaning since they
determine the charge density for which the KS potential is
obtained. Therefore, all conclusions related to the use of
DMFT occupations to evaluate the double-counting correction
remain valid and are unaffected by the bug in our original
calculations.

The second effect discussed in our article was the effect of
the actual charge density update, which was found to suppress
the emergence of charge disproportionation compared to the
corresponding one-shot calculation (with DMFT occupations
used for the double-counting correction). This finding also
remains valid qualitatively, but was significantly underesti-
mated quantitatively by the bug related to the off-diagonal
components of the DMFT-corrected occupation matrix. The
full charge density update, with all off-diagonal components
correctly taken into account, leads to a significantly stronger
suppression of the corresponding charge redistribution. For
the values of U = 1.85 eV and J = 0.42 eV used for most
LuNiO3 calculations in our article, the charge disproportion-
ated state even becomes energetically completely unfavorable.
This has by now been demonstrated and discussed in Ref. [8],
and is also similar to what has been observed for the re-
lated case of potential charge disproportionation in SrCrO3

in Ref. [9]. A charge disproportionated state in LuNiO3, in
agreement with experimental observations, can nevertheless
be obtained by increasing U to values of U � 2.3 eV, which
has been explicitly demonstrated in Ref. [8] [see Fig. 4(a) in
that work, which can directly be compared with Fig. 5(a) of
our original article]. Furthermore, Ref. [8] also argues that
such a larger value of U ≈ 2.7 eV is in fact more realis-
tic for LuNiO3 and can be obtained from calculations using
the constrained random phase approximation with the correct
charge transfer energy, i.e., the energetic distance between the
transition metal d and ligand p bands.

In view of the new results and insights now available in
Ref. [8], we refrain from explicitly recalculating the corre-
sponding data presented in Figs. 4 and 5 of our original article
and instead refer to Ref. [8]. We further emphasize that the
results presented in our article should be interpreted as ob-
tained from a partial self-consistency with respect to only the
diagonal components of the occupations matrix.

We thank Alberto Carta for identifying and providing cru-
cial input for correcting the bug.
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