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Abstract
Recent density functional theory (DFT) calculations for KFe2As2 have been
shown to be insuf� cient to satisfactorily describe angle-resolved photoemission
(ARPES) measurements as well as observed de Haas–van Alphen (dHvA) fre-
quencies. In the present work, we extend DFT calculations based on the full-
potential linear augmented plane-wave method by dynamical mean� eld theory
(DFT+DMFT) to include correlation effects beyond the local density approx-
imation. We present results for two sets of reported crystal structures. Our
calculations indicate that KFe2As2 is a moderately correlated metal with a mass
renormalization factor of the Fe3d orbitals between 1.6 and 2.7. Furthermore,
the obtained shape and size of the Fermi surface are in good agreement with
ARPES measurements and we observe some topological changes with respect to
DFT calculations such as the opening of an inner hole cylinder at theZ point. As
a result, our calculated dHvA frequencies differ greatly from existing DFT
results and qualitatively agree with experimental data. On this basis, we argue
that correlation effects are important to understand the -presently under debate-
nature of the superconducting state in KFe2As2.
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1. Introduction

KFe2As2 is the hole-doped end member of the well-studied BaŠx1 KxFe2As2 family of iron-
based superconductors [1] and it features superconductivity at=T 3.4 Kc without the need for
application of external pressure [2]. This material is presently under debate since the origin of
the superconducting phase and the pairing symmetry are still unclear [3–5], both on the
experimental and theoretical sides: recent laser-based angle-resolved photoemission (laser
ARPES) measurements found the superconducting order parameter to be of s-wave character
with octet line-nodes [6], while a theoretical study [7] based on functional renormalization
group considerations predicted a d-wave symmetry in agreement with measurements of thermal
conductivity [8]. However, other theoretical studies [9, 10] based on spin pairing theory within
the random phase approximation found that s- and d-wave pairing channels are strong
competitors in hole-doped Fe-based systems and, therefore, both are possible in KFe2As2.
Moreover, transport measurements under pressure [11] suggested the presence of a possible
phase transition from d-wave to s-wave around 1.75 GPa.

Also, strikingly, quantum oscillation experiments [12] predicted effective charge carrier
masses of up to m19 e with an average mass enhancement factor*m mband of about 9, while
estimates from ARPES [13] and cyclotron resonance experiments [14] yield mass
enhancements factors of about 3 for certain regions of the Fermi surface. On the theoretical
side, density functional theory (DFT) calculations for KFe2As2 show poor agreement to ARPES
data [13, 15, 16] and to de Haas–van Alphen (dHvA) frequencies [12, 17]. However, an existing
DFT+DMFT study [18] for KFe2As2 suggested an improved comparison of the Fermi surface
contour atkz = 0 with ARPES observations.

The importance of correlations in Fe-based superconductors has been pointed out in the
past by numerous studies. A method that has proven to be quite successful in capturing the
essential features of this class of correlated metals is DFT+DMFT [18–24]. Since accurate
knowledge of the electronic structure is essential for understanding both the normal and the
superconducting state in Fe-based superconductors, we perform here a comprehensive LDA
+DMFT investigation focused on features of the KFe2As2 compound that have not been dealt
with in past studies [18]. We critically benchmark our theoretical results with ARPES and
dHvA measurements to see in which way these results can improve our current understanding
of this system.

2. Methods

We combine DFT with dynamical mean-� eld theory in order to investigate the electronic
structure and the resulting dHvA frequencies of KFe2As2. Our calculations are based on the
experimentally determined tetragonalI mmm4 structures of KFe2As2 by Tafti et al [25], which
are given for pressure values starting at 0.23 GPa. We obtained a structure at zero pressure by
linear extrapolation of the available data points. A comparison of this structure to the existing
crystal structure by Rosza and Schuster [26] used in previous theoretical investigations shows
that while lattice parametersa, b, andc are consistent, the Asz position differs signi� cantly
between both structures. The Asz position was consistently determined over a large pressure
range in the above mentioned study by Taftiet al [25] and the Asz position determined by
Rosza and Schuster does not follow the trend shown by those data. Here we use the new
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structure with the following parameters:= =a b 3.8488 Å, c = 13.883 Å, fractional As
z = 0.140663. In the appendix we also present results for the Rosza and Schuster [26] structure.

For the DFT calculation we employed the full-potential linear augmented plane-wave
framework as implemented in WIEN2k [27], using the local density approximation (LDA) as
well as the generalized gradient approximation (GGA) by Perdew, Burke and Ernzerhof [28] to
the exchange-correlation functional. These calculations were converged self-consistently on a
grid of 726k points in the irreducible Brillouin zone. We performed calculations both, without
and with inclusion of spin–orbit coupling (SO).

In order to include the effect of local correlations we performed fully charge self-consistent
DMFT calculations, using modi� ed routines from the WIEN2K code. The projection from
Bloch eigenstates to the correlated Fe3d orbitals was carried out with our implementation [29]
of the projection method as described by Aichhornet al [30]. The energy window for the
projection onto the localized basis was chosen comparatively large, ranging fromŠ5 eV to 13
eV to capture the higher energy contribution of the Fe3d orbitals to the density of states arising
from the hybridization with the As4p orbitals.

The DMFT impurity problem was solved using the continuous-time hybridization
expansion quantum Monte Carlo solver as implemented in the ALPS [31] code. We employed
the Legendre polynomial representation [32] of the Green�s function and improved estimators
for the self-energy [33]. About ×6 106 Monte-Carlo sweeps were performed at an inverse
temperature� = 40 eV� 1, corresponding to room temperature. The interaction parametersU
andJ were chosen asU = 4 eV andJ = 0.8 eV in terms of Slater integralsF0, F2 andF4, where
for the Fe 3d-electrons we used=U F0, = +J F F( ) 142 4 , and =F F 0.6252 4 [34]. As the
double-counting correction the fully-localized limit [35, 36] (FLL) was used. All orbital
characters presented here are de� ned in a coordinate system which is rotated by°45 around the
crystallographicz axis, i.e. x and y are pointing along Fe–Fe nearest neighbour bonds. For
determining the LDA+DMFT excitation energies that we used to de� ne the Fermi surface, we
tracked the maximum of the real-frequency spectral function throughout the Brillouin-zone.
Analytic continuation of imaginary frequency data to the real frequency axis was performed by
using the Padé approximation for the impurity self-energy and we checked the results against
the stochastic analytic continuation method [37].

Two-dimensional cuts through the Fermi surface were extracted from WIEN2k on
200 × 200k point grids for the LDA calculations. The Fermi surface was interpolated linearly.

dHvA frequencies were calculated from the electronic band structure using our own
implementation of the dHvA frequency extraction algorithm by Rourke and Julian [38]. Band
energies were extracted on grids spanning the reciprocal unit cell with 27648k points for the
DFT(+SO) setups and 50 000k points for the DMFT calculations. To calculate the dHvA
frequencies we� rst � nd the area of the Fermi surface, which is directly proportional to the
observed experimental dHvA frequencies, on cuts through the Brillouin zone. A supercell in
reciprocal space is needed to capture orbits on the Fermi surface, which extend across multiple
unit cells. In the present case this happens because the two-dimensional Fermi surface sheets of
iron-based superconductors are open in thekz-direction. If the cut contains thekz-direction, the
area of the Fermi surface will be in� nite and not detectable even in the supercell approach. For
directions close, but not parallel to thekz-direction, the resulting orbits will be larger than the
reciprocal unit cell, but� nite, and hence become detectable in the supercell approach.

Furthermore the supercell approach allows for statistical evaluation of the results over an
ensemble of detected orbits. The deviation of the individual frequencies from the mean gives an
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estimate of how the discretization of the Fermi surface in� uences the results. We� nd this
in� uence to be negligible with the given resolution and interpolation techniques.

The dHvA orbit� nding procedure was carried out on a ×6.4 107 k point supercell grid
containing 64 reciprocal unit cells. The higherk point density in the supercell compared to the
input � les is achieved by tricubic interpolation [39]. We align the supercell with a� ctitious
magnetic � eld vector, which allows us to investigate the angular dependence of dHvA
frequencies. Here we varied the angle of the magnetic� eld from the (001) towards the (010)
direction in reciprocal space. In order to calculate the dHvA frequencies, the supercell is cut into
one k point thick slices perpendicular to the vector of the magnetic� eld. On these slices a
stepping algorithm detects crossings of the Fermi level between grid points and interpolates the
position of the Fermi surface linearly. Point ordering is ensured within the stepping algorithm. If
a closed orbit is detected, its area can be calculated from the geometry of the points
unambiguously. The three-dimensional Fermi surface is reconstructed by matching orbits slice-
by-slice. Only extremal orbits are singled out since non-extremal orbits do not contribute in
experiment. dHvA frequencies are calculated for the extremal orbits and their positions are
matched back to the reciprocal unit cell. Orbits with similar position and frequency are
averaged.

3. Results

3.1. Electronic structure

We � rst investigated the band structure of KFe2As2 obtained by the DFT calculation within
LDA and LDA+SO. Results obtained with the GGA functional were nearly identical to the
LDA result and are therefore not shown. At the� point (see� gures1(a) and2(a)) we see three
bands crossing the Fermi level, forming hole pockets of Fe 3dxy, 3dxz and 3dyz character. The
two outer hole pockets form cylinders alongkz between the� andZ points, while the cylinder of
the third inner hole pocket closes shortly beforeZ. This leads to two hole pockets at theZ point,
being mostly of Fe 3dxy, 3dxz yz character. Around thēM point, we observe very small hole
pockets with Fe 3dxy, 3dxz yz character, where the bands with mostly Fe3dxz yz character are
very shallow right aboveEF, which leads to a high sensitivity to input parameters and total
electron charge in the calculation.

By including the spin–orbit interaction we observe an overall repulsion between touching
or degenerate bands, which leads to clear separation of the hole pockets along the high
symmetry directions (see� gures1(c), (d)).

Comparing these DFT results to ARPES measurements [13, 15, 16] we � nd that the
agreement in size and shape of the hole pockets along the high symmetry directions is quite
poor. This disagreement has already been noted in the publications cited above. The inner two
pockets (� , � ) are too large while the outer one (� ) is too small. The topology of the Fermi
surface also differs from experimental observations. ARPES clearly shows a separated outer
hole cylinder at� , while the two inner ones overlap considerably [13, 15, 16]. The closure of
the inner hole cylinder is not seen in ARPES [13, 15, 16] or dHvA [12, 17] measurements,
leading to a third inner hole pocket atZ in experiments. Also, the hole pockets (� ) close toM̄
are too small in DFT.

When including correlations on the Fe3d orbitals via DMFT, the electronic structure of
KFe2As2 changes signi� cantly. Dynamical mean-� eld theory yields very similar results for both
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LDA and GGA initial calculations of the electronic structure. In what follows we present the
LDA+DMFT results. In the band structure shown in� gure 2 we observe a strong
renormalization of the bands around the Fermi level, with mass enhancements for the Fe3d
orbitals ranging from 1.56 to 2.72, as shown in table1.

These results are in agreement with a previous LDA+DMFT study [18], but still very
different from experimentally reported mass enhancements, that can reach values of up to 24 for
the small pockets (� ) and up to 6.9 for the large pockets (� , � , � ) in the centre of the reciprocal
unit cell [12, 17]. We attribute the discrepancy between our results and the experimentally
observed mass enhancements partly to the restriction of the interactions in our method to be
only of density–density type, since it is known that including the full four-index rotationally
invariant U-tensor can increase the resulting mass enhancements signi� cantly [19]. Also the
inclusion of other effects missing in our current LDA+DMFT method like non-local
correlations and electron–phonon interactions should be able to further reduce the differences
between theory and experiment. It was already pointed out in [17] that � attening of the bands
near the Fermi level caused by coupling to low-energy bosonic excitations [40] that originate
from strong spin� uctuations present in KFe2As2 [41–43], also contribute to the mass
enhancement, but are not accounted for in the DMFT method. On the other hand overall

Figure 1. Overview of Fermi surface cuts atkz = 0 and �=kz in KFe2As2 obtained
from DFT using the LDA exchange correlation functional with and without spin–orbit
coupling (SO). Inclusion of spin–orbit coupling only leads to small quantitative
changes, in particular a lifting of all apparent degeneracies of Fermi surface sheets.
Fermi surfaces are shown in the two-Fe Brillouin zone representation.
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bandwidth renormalization as seen in ARPES, which is independent of such low-energy
bosonic excitations, is well reproduced in DMFT. Therefore, our results support the
interpretation given in [17].

We also observe a reordering of bands along the high symmetry directions with signi� cant
changes in the size of the hole cylinders. Both the inner sheets (� , � ) at the� point atkz = 0
shrink in size, while the outer one (� ) gets enlarged, as seen in the LDA+DMFT Fermi surface
in � gure2. This is in better agreement with experimental observations. Moreover, we observe a
small overlap of the centre (� ) and middle hole pocket (� ) with small intersection nodes around
� , which are also observed in ARPES but were absent in the DFT calculation and previous
LDA+DMFT studies [18]. Most importantly, at �=kz around theZ point the band of mostly

Figure 2. The k-resolved spectral function and orbital-resolved Fermi surface of
KFe2As2 within LDA+DMFT (see detailed explanation in the text). The LDA bands
(black lines) are rescaled by the average mass enhancement of 2.04 for comparison.
Dominant orbital characters are indicated by the colour scale. Fermi surfaces are shown
in the two-Fe Brillouin zone representation.

Table 1. The orbital-resolved mass enhancements for the Fe3d orbitals in KFe2As2.

Orbital dxy dz
2

Šdx y2 2 dxz yz

*m
mLDA

2.72 1.89 1.56 2.02
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3dz2 character that was located just below the Fermi level is pushed aboveEF due to
correlations, opening the hole cylinder that was previously closed in the DFT calculation. By
also investigating the structure from Rosza and Schuster [26], we found a strong dependence of
the shape of this hole pocket on the As-zposition (see appendix). Within DFT alone, an opening
of a new hole pocket can be observed by increasing the As height above the Fe plane. Since the
band in question originates from the hybridization of Fe3d with As 4p states, it is extremely
sensitive to the arsenic position. The LDA+DMFT middle hole pocket aroundZ reduces in size
compared to LDA, forming an almostkz-dispersionless hole cylinder between the� and Z
points. In� gures3 and4 we show three-dimensional plots of the hole cylinders throughout the
Brillouin zone.

Recent ARPES experiments [13, 15, 16] and dHvA measurements [12, 17] also observe
three hole pockets around theZ point, agreeing well with our calculations. The strong Fe3dz2

character aroundZ reported from ARPES [16] is also reproduced by our calculation. A detailed
comparison shows, however, still some differences between theory and ARPES experiment: the
size of the middle hole pocket in thekx–ky-plane at both the� andZ points is smaller in ARPES,
while the inner pocket atZ seems to be larger compared to our results.

The small hole pockets at thēM point emerge from the crossing of two bands at an energy
of about 5 meV aboveEF, with very weak dispersion of one of the bands. Therefore, these
pockets are extremely sensitive to the Fermi level which makes them strongly dependent on the
details of the calculation like the double-counting scheme or the chosen DFT functional. On the
experimental side this indicates a strong dependence on the actual composition and possible
impurities in the sample; this is a possible explanation for the different sizes of these pockets in
ARPES experiments [13, 15, 16]. In the appendix we show that for the structure by Rosza and
Schuster [26] we indeed observe larger hole pockets at theM̄ point compared to results for the
structure of Taftiet al [25]. In our calculations, we carefully checked the results for different
double-counting procedures and analytic continuation methods and found overall qualitatively
good agreement. Finally, we note that in order to obtain a better agreement with experiment, the
middle hole cylinder would have to be shifted inside of the inner cylinder in our calculations.
This cannot be achieved by inclusion of local correlations only since in this system the

Figure 3. Three dimensional view of the Fermi surface obtained from LDA+DMFT in
the two-Fe Brillouin zone representation. (a) Shows the intersection nodes between the
inner (green) and middle (red) Fermi surface sheet. The con� guration used in
calculating de Haas–van Alphen frequencies is indicated by the colours. (b) Shows the
dispersion of the inner Fermi surface sheet along thekz-axis.

7

New J. Phys. 16 (2014) 083025 S Backes et al



necessary shifts of the band energies cannot be obtained with ak-independent self-energy only.
Instead, ak-dependent shift would be required to improve the agreement of the position of the
middle hole cylinder at� with experiments while retaining the otherwise satisfactory agreement
at otherk-points.

The Fermi surface obtained from LDA+DMFT offers a natural explanation for the
magnetic breakdown junctions between orbits� and � observed by Terashimaet al and it
[12, 17]. Taking SO into account will likely lift the exact degeneracies at the intersection nodes
as seen in our LDA+SO calculation. A shift of the maxima of the spectral function however
does not forbid transition processes between Fermi surface sheets if the spectral weight between
them remains� nite. We conclude that the degeneracy of the lines found in ARPES might be
due to both experimental resolution and overestimation of the distance between sheets in our
calculation. Furthermore we would like to point out that our Fermi surface strongly resembles
the octet line-node structure observed in laser ARPES measurements of the superconducting
order parameter [6].

3.2. dHvA effect

Comparing our� ndings to measurements of quantum oscillations [17] we can con� rm that DFT
is not able to describe the Fermi surface of KFe2As2 correctly. An overview of our results is

(a) (b)

(c) (d)

�  orbit

�  orbit �  orbit

�  orbit

kz
kxky

Figure 4. Three dimensional view of the Fermi surface obtained from LDA+DMFT in
the two-Fe Brillouin zone representation. (a) Shows the sheet that we attribute to the�
orbit observed in de Haas–van Alphen experiments. (b) Shows the cylinder attributed to
the� orbit. (c) Shows the cylinder attributed to the� orbit. The small cusps are artefacts
from the technical procedure that we carefully exclude in de Haas–van Alphen
calculations. (d) Shows the sheets that we attribute to the� orbits.
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presented in� gure5. LDA and LDA+SO calculations for the structure by Rosza and Schuster
are given in the appendix. They reproduce the DFT results by Terashimaet al [12, 17].

The two inner hole pockets (� , � ) around the� point are too large compared to
experimental frequencies, while the outermost hole pocket (� ) is too small (� gure5, left panel).
The size of the hole pocket close toM̄ (� ) is already well described in DFT. Adding SO already
shows the correct tendency to increase the size of the outer hole pocket and decrease the size of
the two inner hole pockets. Deviations from experimentally observed frequencies are
nevertheless large (� gure5, middle panel). The good agreement with experiment for the
largest and smallest frequencies comes with persisting disagreement for the two intermediate
frequencies.

In the LDA+DMFT calculation (� gure5, right panel) the two innermost orbits� �( , )
intersect around the� point (� gure2). For the analysis of the dHvA frequencies we take into
account the outermost and innermost possible con� guration of these two orbits as shown in
� gure4. The same con� guration was attributed to fundamental frequencies observed in dHvA
experiment [12, 17]. The outer hole pocket (� ) is considerably enlarged. As the corresponding
electronic band is� attened, it becomes susceptible to tiny energy shifts. Both inner hole pockets
(� , � ) are shifted to lower frequencies and thus decreased in size. The small orbit (� ) close toM̄
is enlarged around theZ point, but decreases in size around� as shown in� gure2. Therefore
we only � nd the maximum frequency for this sheet.

We would like to note that quantum oscillation experiments [44] and ARPES [13, 16]
reported the existence of a fourth very small pocket centred at theZ point which was not seen in
our calculations for the most recent structure. This fourth pocket is however present in the DFT
calculation when using the structure from Rosza and Schuster [26], but we found it to vanish
when adding correlations in LDA+DMFT, depending on the double-counting (see appendix).

Figure 5. Overview of de Haas–van Alphen frequencies in KFe2As2 calculated from
density functional theory and dynamical mean-� eld theory. Lines represent our
calculations, while crosses represent experimental frequencies taken from [17]. Colour
coding is the same as in� gure4. The� -orbit (innermost) is shown in green, while the
frequencies originating from the middle sheet (� ) are shown in red. The outermost orbits
(� , � ) are drawn in blue.
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The opening of the innermost hole pocket� is clearly observed in the LDA+DMFT
calculated dHvA frequencies by the appearance of a lower extremal frequency. As pointed out
before in the ARPES section, the middle hole cylinder would have to be decreased in size
considerably to match the experimental frequencies. This would in turn increase the enclosed
volume of the sheet labelled� and thus shift it toward experimentally observed values. A
comparison of experimental and LDA+DMFT frequencies for�B (001) is given in table2.

Furthermore we calculated effective masses averaged over extremal orbits on the Fermi
surface from the LDA+DMFT excitation energies. These masses correspond to the effective
masses observed in dHvA experiments (table3). Note that values given in this table areabsolute
masses in contrast to massenhancementsgiven in table1.

Qualitatively our calculation captures the trends that are observed in sheet-resolved
effective masses, however, as discussed above, the differences might be attributed to the
restriction to density–density type interactions and effects originating from other than
electron–electron interactions missing in DMFT, which increase effective masses seen in
dHvA experiments such as electron–phonon coupling.

For comparison with dHvA experiment, we have obtained the Fermi surface within LDA
+DMFT by tracing the maxima of the spectral function throughout the Brillouin zone. This
approach is insensitive to the broadening of the excitation energies. Experimentally observed
dHvA frequencies correspond to orbits with extremal areas and maximal spectral weight, which
we take into account with our method. Fermi surface plots generated from the maxima of the
spectral function can however mask the true extent of the Fermi surface pockets as seen in
ARPES experiments. To allow for a better comparison with ARPES experiments and to
visualize the broadening of the excitation energies, we show the orbital resolved spectral
function at the chemical potential in� gure6. Compared to the Fermi surface in� gure2 a strong
broadening of the bands can be observed, especially in the Fe 3dxy and3dxz yzorbitals. This is in
correspondence with the fact that these orbitals also have the strongest renormalization in LDA
+DMFT. The small pockets at thēM point can be seen to represent a very extended structure
with no well de� ned maxima. Note that in the Fermi surface plot obtained using spectral
function maxima (� gures2(b) and (c)) the true extent of these pockets is not properly accounted
for. From this we conclude that the spectral function in LDA+DMFT (� gure6) is better suited
for comparison with photoemission experiments.

Table 2. De Haas–van Alphen frequencies in kT (kiloTesla) for�B (001) obtained from
DMFT calculations compared to experimental values [17].

� l � h � l � h � l � h � l � h

Exp. 0.24 0.36 2.30 2.39 2.89 4.40 7.16—
LDA+DMFT — 0.42 4.05 4.20 0.94 3.25 6.62 6.81

Table 3. Electron orbit averaged effective masses inme for �B (001) obtained from
DMFT calculations compared to experimental values [17].

� � � Z � � � Z � � � Z � � � Z

Exp. 6.0 7.2 6.0 6.5 8.5 18.0 19.0 19.0
LDA+DMFT – 5.9 3.4 4.6 2.4 5.3 8.3 8.3
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4. Conclusion

In this paper we presented combined DFT with dynamical mean-� eld theory calculations of the
Fermi surface and dHvA frequencies in KFe2As2. We � rst showed that DFT calculations with
LDA or GGA exchange correlation functionals, with or without SO fail to reproduce the
experimentally observed electronic structure of KFe2As2.

Most notably, DFT predicts no third inner hole pocket at theZ point, which we� nd to
open in our LDA+DMFT calculation in agreement with experiment. We also obtain a
qualitatively correctkz dispersion of the iron bands, where between the� and Z points the
dispersion of the inner hole cylinder is greatly increased while the middle hole cylinder shows
almost no dispersion, giving a much better agreement with dHvA measurements when
identifying them in different order in experiment.

The intersection nodes we found on the inner two hole cylinders offer a natural explanation
for magnetic breakdown orbits observed in dHvA measurements [17].

The obtained effective mass-enhancements aboutŠ1.6 2.7 show that KFe2As2 is a
moderately correlated metal and thus a DFT calculation fails to capture the important features
that lead to the experimentally observed electronic structure. This has strong implications for
the obtained dHvA frequencies, where LDA+DMFT gives distinctively different results than
DFT. Our results are in better agreement with both ARPES [13, 16] and quantum oscillation
[12, 17] experiments. The observed strong� attening of electronic bands gives a possible
explanation for the spread of experimental results in this compound in terms of extreme

Figure 6. The orbital-resolved spectral function of KFe2As2 at kz = 0 andE = 0 for the
structure by Taftiet al [25]. The colour intensity indicates the value of the spectral
function. Sub� gure (f) shows the summed Fe 3d orbital contributions to the spectral
function.
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sensitivity to the experimental stoichiometry. We conclude that LDA+DMFT captures most of
the important correlation effects in KFe2As2 and such a treatment may be necessary in order to
understand the controversial nature of superconductivity in this system. This will be a subject of
future work.
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Appendix. Sensitivity analysis of the Fermi surface and dHvA frequencies

Previous theoretical work on KFe2As2 was based on the structural data obtained by Rosza and
Schuster [26], while new results for elevated pressure by Taftiet al [25] became available
recently. These structures differ most noticeably in the Asz-position, where the old structure

Figure A.1. The orbital-resolved Fermi surface of KFe2As2 within DFT for the
structural data by Rosza and Schuster [26]. Dominant orbital characters are indicated by
the colour scale. Fermi surfaces are shown in the two-Fe Brillouin zone representation.
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has a fractional coordinate ofz = 0.1475, while the new one yieldsz = 0.140663 by
interpolation to 0 GPa. Therefore, to interpret current theoretical investigations correctly, we
investigate the dependence of the Fermi surface and dHvA frequencies of KFe2As2 on the two
different structures and also on different double-counting methods within LDA+DMFT. We
also tested the dependence of these quantities upon considering LDA versus GGA and found
only minor changes. Here we present GGA results.

We � nd very different behaviour for the two structural con� gurations: the Fermi surfaces
for the Rosza and Schuster [26] structure can be seen in� gureA.1, to be compared to the Tafti
et al [25] structure in� gure1. The cut atkz = 0 is qualitatively identical but the Fermi surface
topology at theZ point is different, where the structure of Rosza and Schuster with the higher
As z-position features two additional inner hole pockets aroundZ. The inner one emerges from
a small hole pocket centred atZ, while the second inner one corresponds to the open� -hole
cylinder, which closes shortly before �=kz in the structure by Taftiet al [25]. From our
calculations we can deduce that the Asz-position is the key factor for the existence of these hole
pockets. This makes sense since their main orbital character is either Fe3dz2 or As 4p, giving
rise to a strong dependence on the Fe-As bonding distance. By lowering the Asz-position, and

Figure A.2. The orbital-resolved Fermi surface of KFe2As2 within GGA+DMFT using
the structural data by Rosza and Schuster [26]. Dominant orbital characters are indicated
by the colour scale. Fermi surfaces are shown in the two-Fe Brillouin zone
representation. AMF indicates the around mean-� eld, FLL the fully-localized limit
double-counting.
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thus enhancing the hybridization of the Fe 3d with the As4p orbitals, the two inner pockets
become smaller and� nally vanish.

In � gure A.2 we show cuts of the Fermi surface in LDA+DMFT, calculated for the
structure by Rosza and Schuster. The electronic structure depends on the double-counting
correction. With the FLL double-counting the fourth inner hole pocket stays present at theZ
point, whereas with the around mean-� eld (AMF) double-counting it vanishes. This can be
explained by the large As 4p character of the inner hole pocket, which makes it sensitive to the
double-counting method. Since AMF reduces the self-energy by a smaller degree than FLL, this
band is pushed below the Fermi level when using the AMF method. In the structure by Tafti
et al this band is farther away from the Fermi level already in the DFT calculation, lowering the
As 4p contribution to the density of states atEF. Therefore, we see only slight differences
between the two double-counting corrections in the Taftiet al structure without qualitative
changes. In� gureA.3 we show the dHvA frequencies for the structure by Rosza and Schuster.
The small orbits at thēM point are not shown as they give very low frequencies.
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