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I. DETAILS OF THE SUSCEPTIBILITY AND
PAIRING CALCULATION

For calculating the susceptibility we used 30× 30× 10
k-point grids and an inverse temperature of β = 40 eV−1.
To calculate the pairing interaction, the susceptibility is
needed at k-vectors that do in general not lie on a grid.
Those susceptibility values are obtained using trilinear
interpolation of the gridded data.

The pairing interaction is constructed using ∼ 800
points on the three-dimensional Fermi surface. Con-
sequently, the solution of the gap equation is avail-
able only on those points scattered in three-dimensional
space. In order to obtain a graphical represen-
tation of the gap function on two-dimensional cuts
through the Brillouin zone, we used multiscale radial
basis function interpolation as implemented in ALGLIB
(http://www.alglib.net).

The Hubbard-Hund interaction Hint includes the on-
site intra (inter) orbital Coulomb interaction U (U ′), the
Hund’s rule coupling J and the pair hopping energy J ′.
We assume spin rotation-invariant interaction parame-
ters U = 2.4 eV, U ′ = U/2, and J = J ′ = U/4. Because
of the large bandwidth in the collapsed tetragonal phase,
these comparatively large values are necessary to bring
the system close to the RPA instability. Note however,
that the symmetry of the superconducting gap in this
system does not change, even if significantly reduced pa-
rameter values are considered.

The parameter values used in the RPA method are
renormalized with respect to those in the DFT+DMFT
method, because the electronic self-energy is neglected in
the usual RPA scheme1,2.

II. THREE DIMENSIONAL FERMI SURFACE

We extracted the three-dimensional Fermi surface of
collapsed tetragonal CaFe2As2 and KFe2As2 from FPLO
using 50 × 50 × 25 k-point grids in the two-Fe equiva-
lent Brillouin zone (Fig. 1). For CaFe2As2 only electron
pockets in the Brillouin zone corners are observed. The
three-dimensional hole pocket that arises from the bands
at M (π, π, 0) is so small that it is not detected here with
the given k-resolution. In KFe2As2 one of the hole cylin-
ders is highly dispersive, while the central hole cylinder
and the electron pockets located in the corners are nested
throughout the entire Brillouin zone.

FIG. 1. Three-dimensional Fermi surface of (a) collapsed
tetragonal CaFe2As2 and (b) collapsed tetragonal KFe2As2
(both at P = 21 GPa) shown in the two-Fe equivalent Bril-
louin zone. The Γ-point is located in the center of the dis-
played volume.

III. DFT BANDSTRUCTURE AND FERMI
SURFACE OF THE NON-COLLAPSED PHASE

UNDER PRESSURE

To verify that electron pockets in KFe2As2 do not grow
continously with applied pressure, but rather appear as a
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FIG. 2. (a) Electronic bandstructure in the one-Fe equiva-
lent Brillouin zone and (b) Fermi surface of the P ∼ 10 GPa
non-collapsed tetragonal (TET) phase of KFe2As2 at kz = 0.
The full plot of the Fermi surface spans the one-Fe equivalent
Brillouin zone, while the area enclosed by the grey lines is
the two-Fe equivalent Brillouin zone. The colors indicate the
weights of Fe 3d states.

result of the structural collapse, we have also prepared a
crystal structure at P ∼ 10 GPa, using the data from Ref.
3. The lattice parameters were chosen as a = 3.663 Å
and c = 13.0 Å. The fractional arsenic z-position (zAs =
0.35750) was again determined ab-initio via structural
relaxation using the FPLO code.

No qualitative changes in the bandstructure and Fermi
surface (Fig. 2) are observed compared to the ambient
pressure structure4. Most importantly, electron pock-
ets which are nested with the hole pockets in the Bril-
louin zone center are not present, even at high pressures
slightly below the transition from the tetragonal to the
collapsed tetragonal phase. We conclude that the appear-
ance of electron pockets is directly linked to the struc-
tural collapse.
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FIG. 3. (a) Electronic bandstructure in the one-Fe equivalent
Brillouin zone and (b) Fermi surface of the P = 0.53 GPa col-
lapsed tetragonal (CT) phase of CaFe2As2 at kz = 0. The full
plot of the Fermi surface spans the one-Fe equivalent Brillouin
zone, while the area enclosed by the grey lines is the two-Fe
equivalent Brillouin zone. The colors indicate the weights of
Fe 3d states.

IV. BANDSTRUCTURE, FERMI SURFACE
AND SUSCEPTIBILITY AT LOW PRESSURES

In the main paper we used crystal structures at P =
21 GPa for both materials of interest to ensure that
results are comparable. Here we show the electronic
bandstructure, Fermi surface and static susceptibility of
CaFe2As2 at low pressure (P = 0.53 GPa), right after
the structural collapse. We used the experimental struc-
tural parameters from Ref. 5, which are the same as in
our previous GGA+DMFT study6. The differences com-
pared to the high pressure results in the main text are
purely quantitative.

The electronic bandstructure and Fermi surface are
shown in Fig. 3. The static susceptibility is shown in
Fig. 4. The overall enhancement of the susceptibility
compared to the figures in the main text is a consequence
of the smaller bandwidth at low pressure. The particular
enhancement of the peak between X and M in the dxz di-
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FIG. 4. Summed static susceptibility (a) and its diagonal
components χaa

aa (b) in the eight-band tight-binding model
for CaFe2As2 (CT, P = 0.53 GPa) in the one-Fe Brillouin
zone. The colors identify the Fe 3d states.

agonal element of the susceptibility has its origin in the
hole band crossing the Fermi level at the M point, which
in turn contributes a small three-dimensional pocket.

V. DETAILS OF THE LDA+DMFT
CALCULATION

For our DMFT calculations we used a temperature of
290 K, i.e. an inverse temperature β = 40 eV−1. The
interaction parameters are defined in terms of Slater in-
tegrals7 with an on-site Coulomb interaction U = 4 eV
and Hund’s rule coupling J = 0.8 eV. As the double
counting correction we used the fully localized limit8,9

(FLL) scheme. Before the continuation of the imaginary-
frequency self-energy to the real axis by stochastic ana-
lytic continuation10, the calculation was converged with
2×107 Monte-Carlo sweeps for the solution of the impu-
rity model.

From the LDA+DMFT calculation we obtain the spec-
tral function on real frequencies from the analytically
continued self-energy as

Avv′(k, ω) = − 1

π
=
[

1

(ω + µ)δvv′ − εvv′(k)− Σvv′(k, ω)

]
,

(1)
where µ is the chemical potential, εvv′(k) = εv(k)δvv′ are
the eigenenergies of the LDA Hamiltonian and Σvv′(k, ω)
is the impurity self-energy upfolded to Bloch space by
projectors Pmv(k)(see Ref. 11 and 12)

Σvv′(k, ω) =
∑
m

P †mv(k) (Σmm(ω)− ΣDC)Pmv′(k), (2)

with the double-counting correction term ΣDC taken in
the fully-localized limit (FLL)8,9. The diagonal entries
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FIG. 5. The k-integrated spectral function (DOS) of KFe2As2
at P = 21 GPa as obtained within DFT compared to
LDA+DMFT. The upper panel (a) shows the total DOS,
with the DFT result (black line) and the renormalized
LDA+DMFT result (red line). The lower four panels show
the partial DOS of the Fe 3d orbitals: (b) 3dz2 , (c) 3dx2−y2 ,
(d) 3dxy and (e) 3dxz/yz orbital.

of this object are then integrated over all bands v and
k-points k to obtain the total density of states within
LDA+DMFT shown in Fig. 5 (a). Additional projection
onto the Fe 3d orbitals (denoted by index m) by

Amm′(k, ω) =

− 1

π
=

[∑
vv′

Pmv(k)
1

(ω + µ)δvv′ − εvv′(k)− Σvv′(k, ω)
P †m′v′(k)

]
,

(3)

is then used in the same fashion to obtain the orbital
resolved density of states shown in Fig. 5 (b)-(e).

The k-resolved spectral function shown in Fig. 6 was
obtained in the same manner, but only integrating over
all bands v in order to keep the k-dependence. The or-
bital resolved Fermi surfaces shown in Fig. 7 and Fig. 8
were obtained by evaluating Amm(ω) at the Fermi energy
(ω = ωF ) on a 200 × 200 k-grid in the two-Fe Brillouin
zone.

We observe moderate effects of renormalization and
broadening in the density of states (see Fig. 5) with
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FIG. 6. The k-resolved spectral function of KFe2As2 at
P = 21 GPa as obtained within LDA+DMFT. The red lines
show the DFT bandstructure for comparison, rescaled by the
average mass enhancement of 1.37. The labels on the x-axis
correspond to high-symmetry points in the two-Fe Brillouin
zone.

no significant change at the Fermi level. This is con-
firmed by the k-resolved spectral function (see Fig. 6).
Using the FLL double-counting correction, we do not ob-
serve any topological changes in the Fermi surface, which
closely resembles the DFT result (see Fig. 7 and Fig. 8).
However, we observe a closing of the pockets at Γ when
the nominal double-counting correction13 is considered.
This indicates that the LDA+DMFT results slightly de-
pend on the double-counting. Note that these changes
do not affect our conclusions regarding the superconduct-
ing pairing symmetry since only a small fraction of the
Brillouin zone around kz = 0 is affected. As the rel-
evant electron-hole nesting takes place around kz = π,
our superconducting pairing calculations based on the
DFT bandstructure should be robust with respect to the
effects of correlations.

Note that the Fermi surface plots (Fig. 7 and Fig. 8)
have to be rotated by 45◦ in the plane in order to compare
with the Fermi surface plots in the original paper. In
122 compounds the Z-point of the two-Fe Brillouin zone
corresponds to the M-point of the one-Fe Brillouin zone.
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FIG. 7. The kz = 0 Fermi surface of KFe2As2 at P = 21 GPa as obtained within LDA+DMFT in the two-Fe Brillouin zone.
Panel (a) shows the total spectral function, while panels (b)-(f) show the orbital resolved spectral function for the Fe 3d orbitals.

FIG. 8. The kz = π Fermi surface of KFe2As2 at P = 21 GPa as obtained within LDA+DMFT in the two-Fe Brillouin zone.
Panel (a) shows the total spectral function, while panels (b)-(f) show the orbital resolved spectral function for the Fe 3d orbitals.


