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Understanding the Fermi surface and low-energy excitations of iron or cobalt pnictides is crucial
for assessing electronic instabilities such as magnetic or superconducting states. Here, we propose
and implement a new approach to compute the low-energy properties of correlated electron materi-
als, taking into account both screened exchange beyond the local density approximation and local
dynamical correlations. The scheme allows us to resolve the puzzle of BaCosAss, for which standard
electronic structure techniques predict a ferromagnetic instability not observed in nature.

PACS numbers: 71.27.4a, 71.45.Gm, 71.10.-w, 74.70.Xa, 79.60.-1

The discovery of unconventional superconductivity in
iron pnictides and chalcogenides in 2008 has aroused
strong interest into the Fermi surfaces and low-energy
excitations of transition metal pnictides and related
compounds. Angle-resolved photoemission spectroscopy
(ARPES) has been used to systematically map out quasi-
particle dispersions, and to identify electron and hole
pockets potentially relevant for low-energy instabilities
[IH7]. Deunsity functional theory (DFT) calculations have
complemented the picture, yielding information about or-
bital characters [], or the dependence of the topology of
the Fermi surface on structural parameters or element
substitution [9, 10]. DFT within the local density ap-
proximation (LDA) or generalized gradient schemes has
also served as a starting point for refined many-body
calculations addressing band renormalizations and quasi-
particle dispersions directly from a theoretical perspec-
tive (see e.g. Ref. [ITHI8]), and its combination with
dynamical mean field theory (LDA+DMFT) [19-25] is
nowadays the state-of-the-art ab initio many-body ap-
proach to low-energy properties of transition metal pnic-
tides. Despite tremendous successes, however, limita-
tions have also been pointed out e.g. in the descrip-
tion of the Fermi surfaces. Prominent examples include
Ba(Fe,Co)aAse [26] or LiFeAs [I4, 27]. Interestingly,
many-body perturbation theory approximating the self-
energy by its first order term in the screened Coulomb in-
teraction W (so-called “GW approximation”) results in
a substantially improved description: calculations using
the quasi-particle self-consistent (QS)GW method [2§]
have pinpointed non-local self-energy corrections to the

LDA Fermi surfaces not captured in LDA4+DMFT as piv-
otal [27]. Yet, as a perturbative method, GW cannot be
expected to describe materials away from the weak cou-
pling limit [29], and the description of incoherent regimes
[13, [17] including coherence-incoherence crossovers [30],
local moment behavior [I5] or the subtle effects of doping
or temperature changes [I7] are still reserved for DMFT.

In this Letter, we propose and implement a new
approach to the spectral properties of correlated elec-
tron materials taking into account screened exchange
beyond the local density approximation and correla-
tions as described by dynamical mean field theory with
frequency-dependent local Hubbard interactions. The
approach can be understood as a simplified and ex-
tremely efficient version of the combined GW+DMFT
method [31], as a non-perturbative dynamical generalisa-
tion of the popular “COulomb-Hole-Screened-EXchange”
(COHSEX) scheme [32], or as a combination of gen-
eralized Kohn-Sham schemes [33], B4] with DMFT. We
demonstrate the validity of our combined “Screened Ex-
change+dynamical DMFT” (“SEx+DDMFT”) scheme
by calculating the spectral function of BaCosAsy for
which detailed ARPES results are available [35] [36]. Fi-
nally, our work sheds new light on the physical justifi-
cations of electronic structure techniques that combine
density functional with dynamical mean field theory, by
revealing a subtle error cancellation between non-local
exchange interactions and dynamical screening effects,
both neglected in standard methods.

Our target compound, BaCogAss, is isostructural to
the prototypical parent compound of the so-called 122



iron-based superconductors, BaFesAs,. Replacing Fe by
Co, however, increases the filling to a nominal d” con-
figuration of the 3d states, with drastic consequences:
whereas compounds with filling around the d® configu-
ration exhibit characteristic power law deviations from
Fermi liquid behavior above often extremely low coher-
ence temperatures [I7], in the d” compound BaCoyAs,
ARPES identifies clearly defined long-lived quasi-particle
bands with relatively weak mass renormalizations [35].
Nevertheless, the electronic structure of this compound
raises puzzling questions concerning its paramagnetic be-
havior. Indeed, standard electronic structure calcula-
tions predict a huge density of states at the Fermi level,
which, given the large Stoner parameter of Co, would
be expected to trigger an instability towards a ferro-
magnetic state [37]. The density of states of the iso-
electronic compound SrCosAsy presents the same fea-
tures, but the maximum appears to be just below the
Fermi level [38]. Still, in SrCozAs; — also a paramag-
net — important antiferromagnetic fluctuations have been
measured, possibly competing with ferromagnetic order
[38, 39]. CaCogAss, Cag gSrg.1CogAsy and CaCop geAsy
exhibit magnetic phases with in-plane ferromagnetism at
low temperatures [40H42]. ARPES data of BaCogAssy
show that there is indeed a flat band (dominantly of
dy2_,2 character) very close to the Fermi surface, albeit
less filled than predicted by LDA calculations [35] B6],
suggesting BaCozAss to be on the verge of a transi-
tion [53]. These properties make the compound an ideal
benchmark system, on which to test new theoretical ap-
proaches.

We start our analysis by comparing results for the
spectral function calculated within different state-of-the-
art electronic structure techniques to the ARPES spec-
tral function of Ref. [35] (Fig. [1). Specifically, we anal-
yse the Kohn-Sham band structure of DFT-LDA and
the spectral functions of standard LDA+DMFT and
LDA+DMFT with frequency-dependent local Hubbard
interactions U (w). The latter scheme will be abbreviated
in the following as “LDA4+DDMFT” to stress the dou-
bly dynamical nature of the theory, which determines a
frequency-dependent self-energy in the DMFT spirit but
does so extending DMFT to frequency-dependent inter-
actions. Details of the scheme can be found in Refs.
[1°7,[43] and the supplementary material. The effective lo-
cal interactions used in the DMFT calculations were ob-
tained within the constrained random phase approxima-
tion in the implementation of [44]. For LDA+DDMFT,
the full frequency-dependence of the monopole term,
Fy(w) (see supplementary) is retained in the calculation.
The effective local problem with dynamical U is solved
self-consistently by means of a continuous-time Monte
Carlo algorithm [45] [46] that we have implemented within
the TRIQS toolbox [47].

Electronic bands in the energy window between the
Fermi level and -2 eV binding energy are states of pre-
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Figure 1: BaCogAsg photoemission spectra, replotted from
Ref. [35]. Superimposed are (a) the Kohn-Sham band
structure of DFT-LDA (b) spectral function of standard
LDA+DMFT with U(w = 0) [only those parts that ex-
ceed 2 states/eV are shown| (c) spectral function within
LDA+DDMFT with U (w) [same representation as in (b)].

dominant Co-3d character, and undergo — even in this
quite moderately correlated compound — a non-negligible
band renormalisation, as compared to the LDA band
structure (panel a). Standard LDA+DMFT (panel b)
captures this effect, leading to a reduced bandwidth in
good agreement with the ARPES results. When dy-
namical screening effects are taken into account (panel
¢), additional renormalisations occur, corresponding to
the electronic polaron effect discussed in Ref. [48], and
the overall bandwidth reduction appears to be overesti-
mated. We will, however, argue below that one should
not conclude from this analysis that dynamical screen-
ing effects are absent. Rather, non-local exchange —
routinely neglected in DFT-based techniques — reshapes
and widens the quasi-particle band structure, and the
apparent success of LDA+DMFT in obtaining the cor-
rect quasi-particle bandwidth relies on an error cancel-
lation when both dynamical screening and non-local ex-
change are neglected in the calculation of the spectral



function. We will now substantiate this claim by ex-
plicitly including screened exchange, and performing a
DMEFT calculation with fully dynamical Hubbard inter-
actions based on the following one-particle Hamiltonian:
Hy = Hpartree + Hspe where the first term denotes
the Hamiltonian of the system at the Hartree mean-
field level, evaluated at the self-consistent DFT-LDA
density. Hgp, is a screened Fock exchange term, cal-
culated from the Yukawa potential % with
screening length A (see supplementary). This scheme
can be understood as the next generation after the re-
cent LDA4+DDMFT scheme, by replacing the local Kohn-
Sham exchange-correlation potential of DFT by a non-
local screened Fock exchange correction [54].

Figure 2: Comparison of bandstructures of BaCogAsg in the
k. = 0 plane calculated within QSGW (red), LDA (green)
and Screened-Exchange (black).

We first analyze the band structure corresponding to
Hy alone, in comparison to the LDA band structure and
the one obtained from QSGW (in the implementation of
[49]), see Fig.[2} As expected, the inclusion of non-local
exchange in Hj increases the delocalization of electrons,
particularly for the bands crossing the Fermi level, and
thus widens them as compared to the LDA electronic
structure. In QSGW, this effect is overcompensated by
correlation-induced band-narrowing, and the bandwidth
of Cobalt d-like bands is about 15 % smaller than in
LDA. These comparisons highlight the fact that — taking
the screened exchange band structure as a reference — the
effective exchange-correlation potential of DFT not only
incorporates exchange (in a local fashion), but also mim-
ics band renormalisations due to correlations (yet with-
out keeping track of the corresponding spectral weight
transfers). In addition, the SEx correction induces inter-
esting modifications of the low-energy band structure as
compared to the LDA; we will come back to this point
below.

We finally turn to the results of our new scheme: Fig.
displays the spectral function within “SEx+DDMFT”.
Panel (b) displays again the ARPES data, but this time
the maxima of the SEx+DDMFT spectral function are
superimposed to the color spectrum. The overall spec-
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Figure 3: BaCogAsg within Screened Exchange+DDMFT
(with U(w)): (a) spectral function (b) bands extracted from
the maxima of panel a and superimposed on ARPES data as

in Fig. [T
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Figure 4: Bands along the I'M kpath, extracted from the
spectral function calculated by SEx+DDMFT with U(w) su-
perimposed on ARPES data from Ref. [35]. The ARPES data
are represented as a second derivative of the photoemission
intensity, on a colour scale ranging from blue to white. The
QSGW band structure is also given (white dashed lines).

trum from SEx+DDMFT is very close to the experi-
ment: bandwidth, Fermi surface and band renormalisa-
tions close to the Fermi level are correctly predicted.

The orbital-resolved electron count obtained with
SEx+DDMFT is displayed in Tab. [l and compared to
the LDA, SEx, LDA4+DMFT and LDA4+DDMFT elec-
tron count. The orbital polarization from LDA is re-
duced by correlations, and nearly suppressed within



Table I: Number of electrons in Cobalt-d Wannier func-
tions within the LDA, SEx, SEx+DDMFT, LDA+DMFT and
LDA+DDMFT.

e— e— e— e— e—
Nipa "sex "SEx+DDMFT "LDA+DMFT "LDA{DDMFT

d,2 1.64 1.66 1.63 1.61 1.62
dy2_,2 149 1.27 1.37 1.53 1.59
dry 1.74 1.78 1.72 1.67 1.63
dzzyy- 1.69 1.73 1.68 1.64 1.62
total 8.24 8.16 8.08 8.09 8.09

LDA+DDMFT. Conversely, screened exchange increases
the orbital polarization, and the final SEx+DDMFT re-
sult still displays stronger orbital polarization than LDA.
This trend can be directly related to the weakly disper-
sive dg2_,2 states discussed above: as in the SEx band
dispersion of Fig. [2] the effect of screened exchange is
to push the flat d,2_,2-like band away from the Fermi
level, to the point of suppressing the electron pocket at
the I' point. This does not correspond to the experi-
mental spectrum, and indeed it is corrected by includ-
ing correlations. Fig. [ displays the low-energy spec-
tra along the I'M direction comparing SEx+DDMFT
and LDA+DMFT overlaid onto the second derivative of
the ARPES data [50], together with the QSGW band
dispersion. The electron pocket at I' is recovered in
SEx+DDMFT, and the fraction of dz2_,2 electrons in-
creases. Within LDA, the flat band is nearly filled along
the I'M direction, and even more so when we take into ac-
count correlations. According to ARPES, this flat band
should be occupied only in a small electron pocket at T,
containing about 0.18 e". This result is consistent with
the absence of ferromagnetism. Indeed, this flat band
lying on the Fermi surface would imply a high density of
states at the Fermi level that could trigger a Stoner insta-
bility. We extract from the SEx+DDMFT calculations
a DOS at the Fermi energy of 0.97 states/eV/Co/spin.
Assuming a Stoner parameter of ~ 0.9 eV this leaves us
slightly below the onset of Stoner ferromagnetism [55].
The QSGW scheme also provides an overall good de-
scription, including the position of the d,2_,» band, its
filling and its related Fermi wavevector. Taking non-
local exchange into account is thus necessary to capture
the physics of BaCosAss, and our SEx+DDMFET scheme
performs well for these subtle effects.

Finally, a few comments are in order to put our new
computational scheme into perspective. As far as coarse
features such as the bandwidth are concerned, standard
LDA+DMFT and the new SEx+DDMFT give compa-
rable results, giving an a posteriori explanation for the
success of LDA4+DMFT calculations with static inter-
actions. For total energy calculations within DFT, it
is well-known that there are subtle error cancellations
between the exchange and correlation contributions in
approximate density functionals. Here, we evidence a

similar behavior for spectral properties. The effect of
dynamical screening as incorporated in the high-energy
tail of the dynamical Hubbard interaction U(w) can
roughly be understood by a band narrowing by a factor
Zp = exp (— [, dwSU(w)/(rw?)) [B6]. For BaCozAss,
we find dynamical screening to be non-negligible, with
Zp ~ 0.6. LDA+DDMFT doublecounts this narrowing
effect, as the bandwidth has already been decreased by
correlations hidden in the effective exchange-correlation
potential of DFT, with respect to the Hartree-Fock or
SEx bandstructure (see Fig. . Thus, starting a many-
body calculation from LDA raises not only the usual
well-known double counting questions related to the en-
ergetic position of correlated versus itinerant states, but
even more serious ones related to the double counting of
screening processes. Our SEx+DDMFT scheme avoids
these issues, providing a more solid foundation for the
investigation of dynamical screening effects. On a more
pragmatic level, the similarity of the LDA+DMFT and
SEx+DDMFT spectral functions also suggests that er-
ror cancellations between dynamical screening and non-
local exchange, both absent in LDA+DMEFT, make this
scheme suitable at least for questions concerning the over-
all bandwidth reduction of correlated electron systems.
Finer details related to the very low energy behavior or
Fermi surface topologies, on the other hand, might re-
quire explicit exchange corrections as introduced in the
present work.

In summary, we have shown that screened exchange
combined with dynamical correlations provides an excel-
lent description of the low-energy physics in BaCogAs,.
In contrast to perturbative schemes, it can be expected
that our non-perturbative method can be extended to
regimes with arbitrarily strong correlations, making it a
promising tool for probing the finite temperature normal
state of iron pnictide and chalcogenide superconductors.
For BaCoyAs;, we show that the flat d,2_,2-band in the
immediate vicinity of the Fermi level is extremely sensi-
tive to an accurate treatment of screened exchange, and
that this effect is key to the paramagnetic nature of the
compound. Pump-probe photoemission would be use-
ful to experimentally locate the flat band and guide the
search for new ways to tune its exact energetic position,
thus directly playing on possible Fermi surface instabili-
ties.
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In this supplementary material, we give further details
explaining the motivation, implementation and techni-
cal aspects of the proposed combined Screened Exchange
Dynamical Mean Field scheme with Dynamical interac-
tions “SEx+DDMFT”.

I. THE COMBINED SCREENED EXCHANGE
DYNAMICAL MEAN FIELD (SEX+DMFT)
SCHEME

A. DMotivation and general idea

The screened exchange dynamical mean field technique
“SEx+DDMFT” is motivated by the observation that
the first non-local corrections to standard LDA+DMFT
can be understood as screened exchange terms. Indeed,
within the GW approximation (GWA) it has been shown
recently [ST] [S2] that for whole classes of materials (the
focus was in particular on iron pnictides), the GW cor-
rection to LDA can be split into two contributions: a dy-
namical but local self-energy ¥,.(w) and a k-dependent
but static self-energy ¥,,;,.(k). Obviously, if such a sepa-
ration were strictly valid over all energies, the static con-
tribution would be given by the Hartree-Fock self-energy,
since the dynamical part of the self-energy vanishes at
high frequency. However, in reality, such a decomposition
holds to a good approximation in the low-energy regime
that we are interested in, with a static offset ¥,;0c(k)
which is quite different from the Fock exchange term.
Here, we identify this contribution as a screened exchange
self-energy, leading to a decomposition of the GW self-
energy Yow (k,w) =1i>_, Gk + q,w +v)W(q,v) into
Yew(k,w) = GW (v = 0) + [GW]ioca

where the first term is a screened exchange contribu-
tion arising from the screened interaction W evaluated
at zero frequency. In the practical implementation we
replace it by its long-wavelength limit: in this ¢ — 0
limit, the RPA-screened Coulomb potential W reduces to
a simple Yukawa-form, which we discuss below. Within
the GWA, the dynamical local term is simply given by a
GW self-energy evaluated using a local propagator Giocai
and the local screened Coulomb interaction Wi,eq;. In the
SEx+DDMFT scheme, however, we go a decisive step
further and evaluate this term from a dynamical impu-
rity problem as in DDMFT. In contrast to the GWA, it
is therefore determined non-perturbatively. For weakly
correlated materials such as BaCosAs, we expect the
GWA to be quite accurate, and the non-perturbative and
the perturbative evaluation should qualitatively coincide.
This corresponds indeed to our finding of SEx+DDMFT
results being close to the GW ones (see main text). The
SEx+DDMFT is however not limited to this case, mak-

ing it a promising perspective for investigations in the
strongly correlated metal regime.

B. Formulation

Thanks to its static nature, the screened exchange
self-energy correction to the LDA Hamiltonian can
be directly incorporated into a revised one-particle
Hamiltonian Hy = Hppa — VEPA + Vsg,. The
SEx+DDMFT scheme consists then in performing
DDMEFT starting from the general multi-orbital Hamil-
tonian H = Hy + H;y — Hy. where H;,; is the
dynamical generalisation of the usual Hubbard and
Hund interaction terms. To indeed be able to write it
in a Hamiltonian fashion, we decompose it into a static
part which we restrict to density-density-interactions
Hintstar = %Zz ng;ﬁm/g/ Umam’a’(V = Oo)nimanim’a’
(where the sums i,j run over the Co-3d orbitals) and
an additional part introducing screening bosons and
their coupling to the physical electrons: Hcreening =

Zi fw dw |:)\w ng nirna’(b;‘r,w + bi,w) +w (biwbi,w + %):| .
Such a formulation has been discussed in the recent
generalisation of LDA4+DMFT to dynamical Hubbard
interactions in Refs. [S3| [S4].  Alternatively, if an
action formulation is chosen, Hj;,; corresponds to the
Hubbard interactions where the monopole term (the
Slater integral Fp) is frequency-dependent.  Hy. is
the double-counting correction introduced in order
to remove from the screened exchange Hamiltonian
those contributions of the interaction that are explicitly
treated in a many-body fashion in the form of H;,;. For
details, see Section [[E]

C. Screened exchange term and screening length

The screened exchange contribution Hg g, is calculated
as Fock exchange with the screened potential W#P4 (g —

2
0,v = 0) — —4freoq2jﬁ.
Fermi wavevector or inverse screening length. It can be
expressed as k%, = —62661P0(q = 0,v = 0) where — in
a metallic system such as BaCosAss — the static polar-
ization P°(0,0) is well approximated by the one of the
homogeneous electron gas at low temperature kT < €p:
PY%0,0) — —p(er). The problem of calculating the
screened exchange term therefore boils down to determin-
ing the effective screening length. Starting from the LDA
DOS (6.94 states/eV/unit cell), we obtain a screening
wavelength of 1.88 ay ! with ao the Bohr radius. How-
ever, as argued above, one of the main consequences of
the electronic exchange and correlation effects is precisely

Here, krp is the Thomas-



the rearrangement of the electronic states in the imme-
diate proximity of the Fermi level, and a concomitant re-
duction of the density of states. Indeed, a SEx+DDMFT
calculation with the LDA screening length results in a
reduction of states at the Fermi level, given by a zero-
frequency spectral function of 4.66 states/eV /unit cell,
corresponding to a screening wavelength of 1.54 a O
thus becomes clear that the true challenge consists in
a self-consistent determination of the effective screening
length. For computational reasons, however, and since
the precise value of the DOS at the Fermi level is — for
the same reasons as the subtle Fermi surface modifica-
tions discussed above — a quantity very hard to converge,
we mimic convergence by choosing an ad hoc screening
wavelength of 1.33 ay ! corresponding to half the LDA-
DOS. Since this is approximately the value we eventually
find for the value of the spectral function on the Fermi
level (4.26 states/eV/cell — which corresponds to about
1.47 ay!), this choice can be considered as a poor man’s
self-consistency.

For the screened Hartree-Fock calculation performed
within Wien2k [S5] [S6], we calculate the matrix-elements
for a second variational procedure on 150 bands, on a grid
of 7x7x7 k-points.

D. Interactions

1. Static Hubbard and Hund Interactions

The interactions are determined from the constrained
random phase approximation (cRPA) in the implemen-
tation of [S7]. In the zero-frequency limit, we obtain the
Slater integrals F°(0) = 2.9, F2(0) = 6.9 and F*(0) =
5.1 calculated on a grid of 4x4x4 k-points, which we use
to determine the orbital-dependent coefficients U,/ of
density-density interactions, including Hund’s exchange
Jmm’, in a standard Slater parametrisation [S§]. We find
J = 0.86 and the interaction matrices in the cubic basis
dy2, dy2_ 2 dmy, dgs, dyz at w=0:

2
0 1.66 1.66 2.41 2.41

1.66 0 2.66 1.91 1.91

UZ% lsiater = | 1.66 2.66 0 1.91 1.91
241 191 191 0 1.91

2.41 191 1.91 1.91 0

3.87 2.40 2.40 2.90 2.90

2.40 3.87 3.06 2.56 2.56

UZ% /|stater = | 2.40 3.06 3.87 2.73 2.56

2.90 2.56 2.56 3.87 2.56
2.90 2.56 2.56 2.56 3.87

2. Dynamical interactions

The cRPA method also gives us access to the
frequency-dependence of the interactions.
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Figure S1: (a)Frequency-dependent real and imaginary parts
of the monopole screened Coulomb interaction Fj_,,(w);
(b)Corresponding bosonic spectral function pp(w).

The full frequency-dependent monopole integral F¥(w)
is displayed in Figure along with the corresponding
bosonic spectral function ppg(w) with the notations of
Ref. [S9]. The imaginary part of F° has a minimum
around 22 eV, which corresponds to the main plasmon.
At this frequency the real part of F° is multiplied by
4, going from a low-frequency regime to a high-frequency
regime. Still, a non-trivial frequency dependence persists
at lower frequencies, and that is why the spectrum of pg
shows many features and a broad repartition of the spec-
tral weight. Formally, the bosonic renormalization factor
(within the notations of Ref. [S4]) would be Z5=0.59.

E. Double-counting

The Hubbard Hamiltonian used in DMFT contains a
Hartree term. However, the Hartree energy from the
input (whether it is LDA or calculated from a Yukawa
potential) is already taken into account in the DFT
part. For this reason, one needs to introduce a cor-
rection term introduced to avoid double-counting part
of the Coulomb interactions. Here, we use an orbital-



dependent double counting term derived as a mean field
approximation of the Hubbard terms: Vpco(m,o) =
Yot ot gm,e U(mo,m'e’) < npior >ppr. We note that
in the absence of orbital polarization one would recover
the usual “around mean field” (AMF) formula [S10]. The
values of < 1o >ppr are taken from the DFT starting
point — the LDA or SEx calculation.

Table I. Orbital-resolved value of double-counting for LDA
and SEx, and effective mass of Cobalt-d Wannier functions in
SEx+DDMFT, LDA+DMFT and LDA4+DDMFT.

DCrpa DCsga ngx+U(w) szA+U(o) mEDAJrU(w)

d,2 18.665 18.552 1.74 1.26 1.95
dy2_,2 18.493 18.159 1.86 1.27 1.90
dzy 18.719 18.628 1.68 1.25 1.94
drzty- 18.599 18.415 1.68 1.24 1.90

The values of the double counting term are displayed
in Table[ll

F. Screened EXchange+Dynamical Mean Field
Theory: Link to GW+DMFT and COHSEX

The above decomposition of the self-energy, which es-
sentially consists in singling out the local term, is remi-
niscent of the combined GW+DMFT scheme [S11], in
which local and non-local parts of the self-energy are
treated within DMFT and GW respectively. Indeed, the
SEx+DMFT scheme can be understood as a simplified
version of GW+DMFT, where the non-local self-energy
is approximated by the screened exchange term.

Alternatively, the SEx+DDMFT scheme can also be
understood as a dynamical generalisation of Hedin’s
Coulomb-hole-screened-exchange (COHSEX) approxi-
mation [S12]. In that scheme, a static approximation
to the self-energy is constructed from two terms: first,
a screened exchange term analogous to the one we treat
here, and second the Coulomb-hole, a local correction ex-
pressing the suppression of the charge-charge correlator
in the vicinity of an electron. In SEx+DDMFT, the latter
term is determined in a dynamical and non-perturbative
manner from a local impurity model (that is, by DMFT
with dynamical interactions).

II. FURTHER PERSPECTIVES

We finally comment on two remaining discrepan-
cies between our theoretical spectral functions and the

ARPES spectra of Fig. 4 (main text). At one fourth of
the I'M path, the isolated feature at -0.4 eV is proba-
bly due to spin-orbit coupling, as a QSGW calculation
with spin-orbit interactions (not shown) lets us foresee.
Around the X point (see Fig. 3(b) of the main text),
our theoretical data does not match the Fermi surface
deduced from the ARPES spectrum. However, we note
that this point is not a high-symmetry point and it is con-
sequently difficult to identify it with certainty. Moreover,
the ARPES cuts correspond to a single photon energy,
and in the free electron final state approximation for a
given photon and binding energy the sum k% + kﬁ is con-
stant. This means in our case that for the “k, = 07
cut the k, at the M point is actually lower by about
0.327 /¢’ compared to the I' point and at the X point it
is about 0.167 /¢’ lower (where ¢’ is the distance between
two CoAs planes). Given the precision of our comparison,
we consider that we might be within the error bars. Fur-
ther combined ARPES and SEx+DDMFT studies will
be needed to assess the respective limitations in preci-
sion inherent to theory and experiments.
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