Van Hove singularities, chemical pressure and phonons: an angle-resolved
photoemission study of KFe2 As2 and CsFe2 As2
P. Richard,1, ∗ A. van Roekeghem,2 X. Shi,3, 4 P. Seth,5 B.-Q. Lv,3, 6, 7
T. K. Kim,8 X.-H. Chen,9, 10 S. Biermann,5, 11, 12 and H. Ding3, 6, 13

arXiv:1807.00193v2 [cond-mat.supr-con] 9 Oct 2018

1
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We report an angle-resolved photoemission spectroscopy (ARPES) study of KFe2 As2 and
CsFe2 As2 , revealing the existence of a van Hove singularity affecting the electronic properties. As a
result of chemical pressure, we find a stronger three-dimensionality in KFe2 As2 than in CsFe2 As2 , notably for the 3dz2 states responsible for the small three-dimensional hole-like Fermi surface pocket
reported by quantum oscillations. Supported by first-principles calculations, our ARPES study
shows that the van Hove singularity previously reported in KFe2 As2 moves closer to the Fermi level
under negative chemical pressure. This observation, which suggests that the large density-of-states
accompanying the van Hove singularity contributes to the large Sommerfeld coefficient reported for
the AFe2 As2 (A = K, Rb, Cs) series, is also consistent with the evolution of the inelastic scattering
revealed by transport under external pressure, thus offering a possible interpretation for the origin
of the apparent change in the superconducting order parameter under pressure. We find that the
coherent spectral weight decreases exponentially upon increasing temperature with a characteristic
temperature T ∗ . We speculate how the low-energy location of the van Hove singularity and the
presence of a low-energy peak in the phonon density-of-states can relate to the high-temperature
crossover observed in various electronic and thermodynamic quantities.

I.

INTRODUCTION

Conventional metals, in which delocalized electrons are
associated with Bloch wave functions, are well described
by the Fermi liquid theory. Departure from this behavior, usually attributed to electronic correlations, include
the renormalization of electronic bands and the loss of
spectral coherence, with signatures on electronic transport and thermodynamic properties. Among other Febased superconductors, AFe2 As2 (A = K, Rb, Cs) is
widely believed to be more correlated than most of its
cousins. This is based partly on theoretical grounds indicating that the strength of the electronic correlations
should increase towards half filling of the d shell [1–5],
and on experimental results suggesting heavy masses and
a crossover from coherent to incoherent occurring as we
increase temperature across the crossover temperature
T ∗ [6–8].
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Whether the electronic correlations are responsible for
the superconducting properties of these materials is debated. Although there is no consensus on the details
of the gap structure of AFe2 As2 (A = K, Rb, Cs), several experimental reports suggest the presence of nodes,
notably from angle-resolved photoemission spectroscopy
(ARPES) [9], thermal conductivity [10–14], specific heat
[15–17] and penetration depth [18, 19]. In a series of papers, Tafti et al. reported a sudden reversal in the pressure dependence of the superconducting temperature Tc
in AFe2 As2 [20–22], which was interpreted in terms of a
change in the order parameter from d-wave to s-wave at
a critical pressure Pc . Similar anomaly was also reported
in NMR studies under high-pressure [8, 23]. The pressure
studies of Tafti et al. also showed that while the inelastic
resistivity, defined as the resistivity ρ(T ) minus the residual resistivity ρ0 , varies linearly with pressure above Pc ,
a clear rise in ρ(T ) − ρ0 was found below Pc , indicating the appearance of an additional inelastic scattering
channel at low pressure and ambiant pressure conditions
[21, 22]. The origin of the additional inelastic component
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at low pressure, of its pressure dependence and of its link
to nodal superconductivity are unclear.
Due to its ability to determine the momentum-resolved
electronic structure not only at the Fermi energy (EF )
but also in a wide energy range below EF , ARPES is a
powerful tool for addressing the origin of inelastic scattering in AFe2 As2 and determine the possible implication
of strong electronic correlations. Here we show that while
the presence of strong electronic correlations in AFe2 As2
is undeniable, other parameters such as a van Hove singularity in the low-energy electronic structure, play critical
roles in shaping the rather peculiar properties of these
materials.
The main experimental results of this paper are presented in Sections III and IV. In Section III, we compare ARPES data recorded on KFe2 As2 and CsFe2 As2 ,
with the chemical substitution of K by Cs acting similarly to the application of a negative pressure [21, 22]. We
show that the 3dz2 states responsible for the small threedimensional hole pocket reported in quantum oscillation measurements [24] are less kz -dispersive in CsFe2 As2
than in KFe2 As2 , but that they are located closer to EF .
Interestingly, the van Hove singularity located midway
between the Γ and M points, directly on the nodal line
of the s± function, and identified previously as candidate
for the nodal behavior in KFe2 As2 [25], also moves closer
to EF with decreasing chemical pressure. Our observation offers a natural explanation 1) for the lower Sommerfeld coefficient in KFe2 As2 as compared to CsFe2 As2
[15, 16, 26, 27], 2) for the decrease of the non-linear component of the inelastic scattering with decreasing pressure towards Pc , and 3) for the change in the superconducting order parameter at Pc . In Section IV, we present
the temperature evolution of the ARPES spectrum of
KFe2 As2 up to 250 K. We show that the electronic spectral weight decreases exponentially with a characteristic temperature consistent with T ∗ reported with other
techniques [7, 8]. We discuss alternatives to the widely
accepted strong correlation origin of T ∗ in terms of the
the phonon density-of-states (PDOS) and of the complicated low-energy electronic structure from both sides of
EF revealed by the ARPES data.

II.

EXPERIMENT

High-quality single crystals of KFe2 As2 and CsFe2 As2
were grown by conventional self-flux methods [13].
ARPES measurements were performed at Beamline I05
of Diamond Light Source equipped with a VG-Scienta
R4000 analyzer. The energy and angular resolutions for
the angle-resolved data were set at 8 - 30 meV and 0.2o ,
respectively. The samples were cleaved in situ and measured at 7 K in a vacuum better than 5 × 10−11 Torr.
Additional measurements were performed on KFe2 As2
samples cleaved at either 10 K or 240 K and measured
between 20 K and 250 K, using σ-polarized photons of
70.5 eV energy, which probe the plane corresponding to

FIG. 1. (Color online) Core level spectra of KFe2 As2 and
CsFe2 As2 . The corresponding crystal structures are shown in
inset.

a perpendicular momentum kz = 0. Throughout the paper, we label the momentum values with respect to the
1 Fe/unit-cell Brillouin zone (BZ), and use c0 = c/2 as
the distance between two Fe planes.

III. KFe2 As2 VS CsFe2 As2 : TUNING THE VAN
HOVE SINGULARITY WITH CHEMICAL
PRESSURE

Photoemission is an experimental technique in which
electrons are excited out of a surface exposed to a
monochromatic light beam. Using the law of conservation of energy, photoemission allows us to trace an electronic spectrum characteristic of each material up to EF .
In Fig. 1 we compare the core level spectra of KFe2 As2
and CsFe2 As2 . Without any surprise, the spectrum of
KFe2 As2 contains peaks unique to K, notably the K3s
and K3p states, while the spectrum of CsFe2 As2 exhibits
Cs4d states not observed in KFe2 As2 . The rest of the
spectra are very similar, and we have to go into the details to see some differences.
ARPES is an advanced photoemission technique in
which not only the energy but also the momentum of the
photoemitted electrons are measured. Taking also into
account the law of conservation of momentum, ARPES
probes directly the momentum-resolved electronic band
structure, including constant energy maps. We show in
Fig. 2 a series of Fermi surface (FS) mappings recorded
on KFe2 As2 and CsFe2 As2 in the kz = 0 and kz = π
planes, under both σ and π configurations of polarization.
Although the FSs of KFe2 As2 and CsFe2 As2 have already
been reported and described in previous ARPES [9, 28–
31] and quantum oscillation studies [24, 32–34], some
comments need to be made. The FS patterns recorded
around the M (1, 0, kz = 0) and A (1, 0, kz = π) points
are practically equivalent, indicating that there is not
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much kz dispersion along M-A. The situation is different
along the (0, 0, kz ) direction. As expected, the intensity
patterns obtained around (0, 0, kz ) are different at kz = 0
(Γ) and kz = π (Z). For KFe2 As2 at kz = 0 and with σ
polarization (Fig. 2(a)), we distinguish clearly two hole
bands. The inner one is nearly doubly-degenerate, but π
polarization allows to resolve the two components (Fig.
2(b)). These three hole FS pockets are better resolved
at kz = π (Figs. 2(c) and 2(d)). An additional but small
FS is detected clearly at (0, 0, π). As we explain below,
this extra FS pocket is also present at kz = 0 and was
previously attributed to a surface state [29, 30].
Unexpectedly, the experimental FS intensity patterns
around Z = (0, 0, π) and Z 0 = (π, π, 0), which should
be equivalent considering the body-centered structure of
KFe2 As2 , are clearly different. Similarly, the FS intensity patterns around Γ = (0, 0, 0) and Γ0 = (π, π, π) differ.
The pattern found experimentally around Z 0 is more consistent with the one predicted theoretically by the local
density approximation (LDA) combined with dynamical
mean field theory (DMFT) for the Γ point, with one of
the FS pocket exhibiting a rather star-like shape (see
Fig. 2(b)[35] of Ref. [36]). Moreover, a large FS pocket
at (π, π, kz ), with the same size as the large one observed
at (0, 0, kz ), suggests a weak band folding from (0, 0, kz )
to (π, π, kz ), which could possibly arise from a surface
contribution or a kz averaging effect. It is also worth
mentioning that some of the FS intensity patterns obtained by ARPES are very similar to the peculiar ones
calculated by LDA+DMFT and displayed in Fig. 6 of
Ref. [36], notably for the dxz /dyz bands.
In order to obtain a more detailed representation of
the dispersion along the kz direction, we recorded the
photon energy (hν) dependence of a cut along Γ-M. The
results for hν varying between 20 and 90 eV are displayed
in Figs. 3(a) and 3(b) for KFe2 As2 and CsFe2 As2 , respectively. Within the sudden approximation and the
so-called three-step model with free-electron final state
for the photoemission process [37],
√ the momentum kz
can be approximated by |kz | = ( 2m/~)[Ekin + U0 −
(~k|| )2 /2m]1/2 , where Ekin is the kinetic energy of the
photoemitted electrons, k|| the in-plane component of
the electron before the photoemission, m the free-electron
mass and U0 the inner potential used as free parameter.
The conversion from hν to kz works well when choosing
U0 = 12 eV for both KFe2 As2 and CsFe2 As2 , although
the same hν values correspond to different kz due to the
difference in the c axis parameter.
Most of the spectral features do not disperse significantly along kz , except two. The first kz -dispersive feature is the α band, which is mainly formed by the even
combination of the dxz and dyz orbitals, with a sizable
dz2 component. In particular, this band gives rise to a
larger FS around the Z point than around Γ, as shown in
Figs. 3(a) and 3(b). Stronger photoemission intensity is
also found around the Z point, for ky = 0. Interestingly,
the size of this spot of intensity (the second kz -dispersive
feature) is comparable to that of the non-kz -dispersive SS

FIG. 2. (Color online) Comparison of the FSs (±5 meV integration) of KFe2 As2 (left column) and CsFe2 As2 (right column) at different kz values and under both σ and π polarizations. While the black double-arrow indicates the orientation
of the analyzer slit, the red double-arrows in (a) and (b) define
the orientation of the polarization for the σ and π configurations, respectively. The locations of high-symmetry points
and of the ε and α0 FSs are shown in (a) for the kz = 0 plane
and in (c) for the kz = π plane. The dashed lines in (a) correspond to the zero gap lines of the s± gap function. The color
code for the photoemission intensity is given in panel (d).

band marked by arrows in Fig. 3(a), which has been attributed previously to a surface state [29]. To gain more
insight about this issue, we show in Figs. 3(c) and 3(d)
the hν dependence of the normal photoemission energy
distribution curve (EDC) in KFe2 As2 and CsFe2 As2 , respectively. We observe a strong kz -dispersive feature attributed to the dz2 band. As emphasized by green circles
in Figs. 3(c), the surface state becomes stronger when
the dz2 band approaches EF , suggesting that the surface
probably originates from the dz2 orbital on the top layer
surface.
As we discussed above, the ARPES measurements pos-
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FIG. 3. (Color online) (a), (b) FS intensity map (±5 meV integration) in the ky − kz for KFe2 As2 and CsFe2 As2 , respectively.
The photoemission intensity color code is given in panel (a), as well as the kz values corresponding to the Γ (blue) and Z
(red) points. The data have been recorded over the same 20-90 eV photon energy range (σ polarization). (c), (d) Photon
energy dependence of the normal incidence EDC in KFe2 As2 and CsFe2 As2 , respectively. The dashed white curves represent
the dispersion of the dz2 band extracted from the ARPES data. The vertical blue and red dashed lines indicate the photon
energies, corresponding respectively to kz = 0 and kz = π, at which the EDCs in panel (e) have been recorded. The green
circles are used to emphasize a surface sate. (e) Comparison between the EDCs of KFe2 As2 and CsFe2 As2 measured at the
Γ (blue) and Z (red) points. The vertical lines mark the peak positions. (f) Comparison between the EDCs of KFe2 As2 and
CsFe2 As2 measured at V0 (blue) and Vπ (red) points. The vertical dashed lines in red and blue mark the peak positions in
KFe2 As2 whereas the black dashed line indicates the peak position in CsFe2 As2 . (g) LDA bands of KFe2 As2 and CsFe2 As2
calculated along Γ-M-Z at kz = 0.

sibly suffer from a kz averaging effect. Although this
would not affect much the weakly kz -dispersive bands,
the effect should be sizable for the dz2 band. In particular, we suspect that such kz averaging effect should
reduce the apparent dispersion along kz , and we cannot
exclude the possibility that this band crosses EF at the
Z point, forming a three-dimensional FS pocket, as proposed by quantum oscillation experiments [24]. In any
case, the dz2 band is certainly affected by the chemical pressure, as illustrated by the EDCs at the Γ and Z
points shown in Fig. 3(e). Indeed, the top of the band,
as determined by ARPES, shifts from 56 meV below EF
in KFe2 As2 to 25 meV below EF in CsFe2 As2 . Moreover, as expected from the smaller inter-layer distance
in KFe2 As2 , the kz variation for the dz2 band is larger
for this material, for which we record a 116 meV difference between the peak positions at Γ and Z, as compared
to 97 meV in CsFe2 As2 . This observation is consistent
with our LDA calculations, which show stronger threedimensionality in KFe2 As2 than in CsFe2 As2 .
We note that the presence of a dz2 band is a factor
that may contribute to reduce the strength of the electronic correlations. This situation is similar to that of
BaCr2 As2 , which is symmetrical to the BaFe2 As2 with
respect to the half-filled 3d, but which is much less correlated than its ferropnictide cousin [38, 39]. It was argued
that the admixture of the t2g (dxy , dxz and dyz ) and eg
(dz2 and dx2 −y2 ) orbitals found in BaCr2 As2 [38] was
detrimental to high-temperature superconductivity [40]

and that the increase p−d hybridization, which should be
affected by an increased dz2 character, can affect the electronic correlations by modifying the effective electronic
count in the 3d shell [41]. Nevertheless, a local density
approximation combined with dynamical mean field theory study rather suggests a slight increase in the electronic correlations by going along the K, Rb, Cs series,
mainly attributed to more localized dxy orbitals resulting
from a larger a lattice parameter [42].
A previous ARPES and scanning tunneling microscopy
(STM) study revealed the existence of a van Hove singularity in KFe2 As2 located only a few meV below EF
[25]. This van Hove singularity was also observed in firstprinciples calculations, though at higher energy [43]. The
momentum location of the van Hove singularity in the
kz = 0 plane (V0 ) and kz = π plane (Vπ ) are indicated
in Figs. 2(a) and 2(c), respectively. In Fig. 3(f) we compare the EDCs measured at both V0 and Vπ in KFe2 As2
and CsFe2 As2 . The van Hove singularity in KFe2 As2
moves from -15 meV at Vπ to -12 meV at V0 . As expected, the dispersion of the van Hove singularity along
kz is even smaller in CsFe2 As2 , and we find -10 meV for
its energy position at both V0 and Vπ , which is closer to
EF than in KFe2 As. These results are consistent with the
-15 meV and -11 meV energies reported in Ref. [44] for
KFe2 As2 and Cs0.94 K0.06 Fe2 As2 . Our result is also qualitatively consistent with the LDA calculations displayed
in Fig. 3(g), which show that the van Hove singularity
is closer to EF in CsFe2 As2 than in KFe2 As2 by 15 meV
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at both V0 and Vπ . Obviously, the location of the van
Hove singularity is critical for estimating the contribution
of the density-of-states at the Fermi level entering the
computation of the Sommerfeld coefficient, and a lack of
knowledge of its location can lead to overestimated electronic correlation strengths [43]. Although the Fe-based
superconductors exhibit relatively strong electronic correlations [5], the large density-of-states due to the proximity of the van Hove singularity likely contributes to
the large Sommerfeld coefficients reported for KFe2 As2
and CsFe2 As2 , rather than strong electronic correlations
alone. Such a conclusion was also drawn for the isostructural compound TlNi2 Se2 [45]. Heavy fermion behavior in TlNi2 Se2 was inferred from specific heat measurements [46], but ARPES and LDA calculations later revealed a weakly correlated electronic structure containing a van Hove singularity near EF [45]. Our current
results suggest an even larger Sommerfeld coefficient in
CsFe2 As2 than in KFe2 As2 , in agreement with specific
heat studies [15, 16, 26] reporting Sommerfeld coefficients
of 94 mJ/molK2 in KFe2 As2 [15] and 184 mJ/molK2 in
CsFe2 As2 [16]. Since the van Hove singularity is located
not too far from EF , it should be regarded as an important source of inelastic scattering that should fade as it
moves away from EF with chemical pressure (or external
pressure), in agreement with the transport measurements
of Tafti et al. [21, 22].

We now address the role of the van Hove singularity in
shaping the order parameter. We first recall that the sudden reversal of Tc under pressure, attributed to a change
in the order parameter, coincides with the loss of the
non-linear component in the inelastic resistivity [20–22],
which we here relate to a van Hove singularity. As noticed in a previous STM and ARPES study, the van Hove
singularity is located directly on the nodal line of the s±
gap function [25], not very far from the tip of the M-offcentered, petal-shape ε hole pocket [28]. Interestingly,
the tail of the van Hove singularity peak extends to zero
bias in the STM data, leading to a non-zero bias even in
the superconducting state [25]. It was argued that the
proximity of the tip of the ε pocket to the van Hove singularity may impose a zero amplitude to the gap at the
tip position [25], such as observed in heavily-hole-doped
Ba0.1 K0.9 Fe2 As2 [47]. In this scenario, the node in the
superconducting gap would appear as symmetry-imposed
as long as the non-linear inelastic resistivity component
associated with the van Hove singularity prevails. When
this component becomes negligible at Pc as a result of
a too large shift of the van Hove singularity away from
EF , the node in the gap structure is lifted, thus explaining the sudden change in the pressure dependence of Tc
[20–22], a change that does not require any modification
in the topology of the Fermi surface, in agreement with
the smooth evolution of the Hall coefficient with pressure [20–22], as well as with quantum oscillation measurements on KFe2 As2 under pressure [34].

FIG. 4. (Color online) (a) Schematic FS of KFe2 As2 . The
dashed circle labeled SS represents a surface state [29] discussed in Section III. The green line is the 1 Fe/unit cell BZ
boundary. The red double-arrow represents the direction of
the light polarization while the blue dashed line indicates the
cut along which all data have been recorded. (b) Low-energy
zoom of the ARPES intensity plot along Γ-M. The color scale
is the same as in panel (d). The arrow indicates the weak β
band with dxy orbital character. The dotted horizontal line
refers to EF . While the Greek symbols refer to bulk electronic bands, SS is associated to a surface state. The vertical
dashed line indicates the momentum location of the EDCs in
Fig. 5. (c) and (d) ARPES intensity plots recorded at 20 K
and 160 K, respectively, along the cut indicated in (a). The
color code for the intensity is given in panel (d). The dashed
lines indicate 50 meV below EF . (e) Fermi-Dirac function
(FD ) at 20 K and 160 K. The dashed line located 50 meV
below EF is a guide to indicate the energy range for which
the ARPES data are directly affected by the FD cutoff. (f)
EDC plot corresponding to the data in panel (c), recorded at
20 K. (g) Same as (f) but for the data in panel (d), recorded
at 160 K.

IV.

EFFECT OF THERMAL BROADENING ON
THE ELECTRONIC PROPERTIES

The schematic FS of KFe2 As2 at kz = 0, consistent
with early studies of this material [28, 29], is illustrated
in Fig. 4(a), along with the experimental configuration
for the temperature-dependent measurements. The data
presented in this section have been recorded along the
dashed line in Fig. 4(a), corresponding to the Γ-M direction. In Fig. 4(b) we show a low-energy zoom of the
ARPES cut measured at 20 K and identify the low-energy
features. The inner hole band observed near Γ is the surface state with dz2 character that we discussed in the
previous section. The strongest photoemission intensity
is found for the α0 band, which is the odd combination
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of the nearly-degenerate dxz /dyz bands. Although its intensity should be maximized in the current experimental
configuration (σ polarization), the β band with dxy orbital character, which is marked by an arrow in Fig. 4(b),
is barely visible. Also weak in intensity is the δ band,
which also carries a dominant dxy character and forms
the section of the holelike ε FS pocket closest to the M
point. Finally, we see very clearly the ε band forming the
outer part of the ε FS pocket (towards Γ), which has a
main dxz character along the Γ-M direction.
In Figs. 4(c) and 4(d) we compare the ARPES intensity plots over a slightly wider energy range, as measured at 20 K and 160 K, respectively. The corresponding EDC curves are displayed in Figs. 4(f) and 4(g),
respectively. All spectral features broaden with increasing temperature, which is easy to understand in terms
of an imaginary part of the self-energy Σ that increases
with temperature. Interestingly, a sharp contrast can
be seen between the α0 band and the bands located near
the M point. While the former band remains distinguishable at 160 K, the spectral intensity of the bands around
the M point is strongly suppressed. This effect is partly
due to the Fermi-Dirac cutoff. In Fig. 4(d) we compare the Fermi-Dirac function (FD ) at 20 K and 160 K.
At 160 K, the FD function deviates appreciably from 1
around 50 meV below EF . Since the bands forming the
ε pocket at M are very shallow, their spectral intensity
is naturally more affected and they seem washed out, as
we will demonstrate below.
In addition to becoming broader, the spectral features
become fainter with increasing temperature. To illustrate
this effect, we focus on the ε band, which is well isolated
and thus more suitable for a quantitative analysis. We
show in Fig. 5(a) the temperature evolution of the EDC
on the ε band, at the momentum position indicated by
a vertical dashed line in Fig. 4(b). The EDC at 20 K
shows a very sharp and intense peak at 8 meV of binding
energy. The intensity of this peak decreases progressively
with increasing temperature, and it is barely distinguishable above 180 K. In order to minimize complications
related to the proximity of that peak to EF , we first divide all the ARPES spectra by the Fermi-Dirac function
convoluted by the instrumental resolution function. The
results are displayed in Fig. 5(b). The conclusion regarding the decrease of the peak intensity with temperature
is the same. Interestingly, incoherent spectral intensity
builds up between the ε peak and the broad spectral feature at 330 meV corresponding to the high-energy tail
of the α0 band. Obviously, the ε band has gone from
a highly coherent state at low temperature to a more
incoherent one at high temperature. This conclusion is
consistent with recent Knight shift and resistivity measurements suggesting a coherent-incoherent crossover at
a characteristic temperature T ∗ estimated to 165 ± 25 K
in Ref. [7] and 145 ± 20 K in Ref. [8]. We note however
that the crossovers observed 165 K in Ref. [7] and at
145 ± 20 K in Ref. [8] correspond rather to crossovers
between two linear-in-temperature regimes of the resis-

FIG. 5. (Color online) (a) Temperature evolution of the EDCs
recorded at the momentum location indicated by the orange
vertical dashed line in Fig. 4(b). The EDCs have been shifted
for a better visualization. (b) Same as in (a) but after division of the EDCs by the FD function convoluted by the instrumental resolution function. The dashed curve indicates
the background at 20 K from which the EDC at the same
temperature was subtracted in order to extract the coherent
component. The top inset corresponds to the coherent component obtained by subtracting the EDCs by a background
(see the text). The bottom inset is the coherent factor normalized at 20 K corresponding to the area below the curves
in the top inset. The black curve is an exponential fit of the
data.

tivity. Coherence in the sense of Fermi liquid T 2 behavior
is in fact lost at much lower temperatures, of the order
of a few tens of K [48].
For a more quantitative description of the crossovers,
we extracted the coherent peak at each temperature after
removing a background such as the one illustrated in Fig.
5(b) for the 20 K spectrum. The results, displayed in the
top inset of Fig. 5(b), clearly show a loss of spectral
weight as temperature increases. The coherent weight
Z(T ) at each temperature corresponds to the area below the subtracted curves. As illustrated in the bottom
inset of Fig. 5(b), the coherent weight decreases exponentially with temperature, with a characteristic temperature T ∗ = 142 K obtained by fitting the data. Since the
choice of background used for extracting the coherent
components is far from unique, we estimate the uncertainty on T ∗ to about 20 K. Within uncertainties, the
values for the critical temperature of the crossover obtained from ARPES and from the Knight shift are thus
consistent.
In the framework of DMFT calculations, electronic correlations are predicted to increase as we approach the
half-filling of the d electronic shell or a subset of the d
bands isolated in energy [2–5]. This concept was successfully tested experimentally in the 122 family of 3d
transition metal pnictides, where the band renormaliza-
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FIG. 6. (Color online) (a)-(j) ARPES intensity plots of KFe2 As2 along the Γ-M direction, recorded at different temperatures.
The color code is given in panel (f). All spectrum have been divided by the FD function convoluted with the instrumental resolution function. (k) Extracted band dispersion near EF for the bands forming the ε pocket, recorded at different temperatures.
(l) Same as (k) but for the α band.

tion measured by ARPES increases monotonically from
BaCu2 As2 (3d10 ) to BaFe2 As2 (3d6 ) [49]. The complete
substitution of Ba by K in BaFe2 As2 corresponds to an
additional nominal decrease of 0.5 electron per Fe, and
thus stronger correlations are expected for the latter material [3]. Although local electronic correlations seem
a priori a good candidate for explaining the crossover
in the electrical resistivity and the Knight shift, it is
worth recalling that the β band with dxy character, which
ARPES measurements on the 122 ferropnictide materials
demonstrated to be more correlated than the others by
a factor of 2 [50], is already very incoherent at 20 K in
KFe2 As2 , way below the crossover temperature. Moreover, the fact that the loss of coherence can be fitted by
an exponential function suggests that the loss of coherence may come from a thermal process.
In order to find alternative explanations for the coherent to incoherent crossover, in Figs. 6(a)-6(j) we show the
temperature evolution of the KFe2 As2 spectra from 20 to
200 K. To minimize extrinsic effects related to the FermiDirac cutoff, we divide all the spectra by the FD function
convoluted by the instrumental resolution function. As
temperature increases and the FD function broadens, we
can access partly the band structure above EF . In particular, the data reveal a very complex electronic structure
at the M point. Together, the ε and δ bands form a “M”shape feature toping only a few meV above EF . At this
top, located around 0.2π/a away from the M point, the
hole-like ε and electron-like δ band dispersions hybridize
and open a very small gap. Although we cannot resolve
the portion of the δ band above the “M”-shape feature,
the continuation of the ε band is clearly visible and tops
slightly above EF .
Interestingly, our analysis suggests that the “M”-shape

feature shifts downwards with increasing temperature.
From 20 K to 120 K, temperature above which it becomes
difficult to trace the band dispersions precisely, this shift
is about 7.5 meV, as illustrated in Fig. 6(k). As indicated
in Fig. 6(k), a similar downward shift of 9 meV is observed for the α band. Such shifts of the band structure
are not unique to KFe2 As2 and stronger temperature effects have already been reported in Ba(Fe1−x Cox )2 As2
[51], Ba(Fe1−x Rux )2 As2 [52] and Fe1.06 Te [53]. For a
large part, these shifts are induced by the occupiedunoccupied asymmetry in the band structure.
The consequence of this shift in KFe2 As2 may be important since the data suggest that the ε pocket possibly
sinks below EF at some temperature above 120 K. Although the broadening of the Fermi-Dirac function at
such high temperature prevents us from calling this phenomenon a Lifshitz transition [54], one should not neglect the impact on the electronic transport properties
that may have the large density-of-states accompanying
a saddle point, as well as the top or the bottom of a band
located slightly below or above EF [43, 55]. Notably, recently we identified a van Hove singularity near EF in
KFe2 As2 [25], which we showed in Section III to contribute to the large Sommerfeld coefficient of this material [7] and for the sudden reversal in the pressure dependence of the superconducting transition temperature reported in AFe2 As2 (A = K, Rb, Cs) [8, 20–22]. Could the
van Hove singularity be also the origin of the crossover
at T ∗ ?
The behavior of T ∗ under pressure or following the
chemical substitution of K by Rb or Cs is qualitatively
consistent with the assumption that the van Hove singularity determines T ∗ , thus challenging previous interpretations of T ∗ [6, 7]. Within the van Hove singularity
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FIG. 7. (Color online) PDOS of KFe2 As2 and CsFe2 As2 (solid
lines), plotted using the left axis as a function of frequency
(bottom axis). The dashed lines refer to the corresponding resistivity curves extracted from Ref. [7], and plotted using the
right axis as a function of temperature (top axis). The shadow
areas are also extracted from Ref. [7] and correspond to the
ranges of the coherence temperature crossovers of KFe2 As2
(blue) and CsFe2 As2 (red).

scenario, the closer the van Hove singularity to EF , the
lower T ∗ should be because the large density-of-states accompanying the van Hove singularity is easier to activate
thermally. This effect seems to be captured by very recent calculations of the spin susceptibility for a one-band
Hubbard model near half-filling [56]. The decrease of T ∗
under substitution of K by Cs [8], i. e. with increasing
chemical pressure, is consistent with a shift of the van
Hove singularity towards lower binding energies (see Section III). In KFe2 As2 , T ∗ increases with applied pressure
[8], suggesting a shift of the van Hove singularity towards
higher binding energies also consistent with the effect of
chemical pressure (see Section III). We point out that
the same reasoning is also valid for the top and bottom
of bands found within about 30 meV above EF . It is also
important to note that although the small temperature
shift of the van Hove singularity away from EF that we
reported above would contribute to elevate T ∗ , the shift
is smaller than the thermal broadening.
Another candidate for explaining the anomaly at T ∗
are phonons. This possibility has been mentioned in
Ref. [8], which suggests that the decrease in resistivity could in principle be due to a small Debye temperature. In order to investigate this scenario, we calculated
the PDOS of KFe2 As2 and CsFe2 As2 within the LDA at
room temperature, including anharmonic effects as described in Ref. [57], using a 4 × 4 × 1 supercell of the
tetragonal paramagnetic phase. Using the proper scalings for the equivalence between frequency and temperature (1 THz = 47.99243 K), in Fig. 7 we overlap the
PDOS of KFe2 As2 and CsFe2 As2 with the corresponding resistivity curves extracted from Ref. [7]. Interestingly, the energy of the first main peak of the PDOS

coincides with the coherence crossover temperature obtained from the resistivity data. This peak is mainly
linked to states involving the cation (K or Cs), such that
we expect that the PDOS of RbFe2 As2 would also correspond to the T ∗ value reported for that compound [7],
simply based on the different atomic masses of K, Rb
and Cs. As shown in Ref. [58], it is then expected that
above T ∗ the resistivity will start to behave as a linear
function of temperature due to electron-phonon scattering. We also speculate that this phenomenon might explain the linear resistivity trends at high temperatures
observed in many Fe pnictides and discussed at length in
the literature. For instance, in the CaFe2 As2 family, the
change of resistivity from linear to quadratic behavior after the collapse transition might well result from the shift
of the phonon spectrum towards higher frequencies [59],
while the associated reduction of electronic correlations
is relatively small and mainly due to in-plane structural
changes rather than out-of-plane parameters [60].

V.

DISCUSSION

In this paper, we present evidence supporting the
idea that the large enhancement of the effective mass
in KFe2 As2 and CsFe2 As2 as compared to optimallydoped Ba1−x Kx Fe2 As2 is not caused by enhanced electronic Coulomb correlations due to the presence of large
Hund’s coupling alone, but that the existence of a van
Hove singularity in the vicinity of EF contributes significantly to the large Sommerfeld coefficient. We caution
that this does not mean that KFe2 As2 is uncorrelated.
On the contrary, the faint β band is a good indication
that the system is correlated. Similarly, while our results
indicate that the van Hove singularity and its variation
of position can trigger a change in the superconducting
order parameter, electronic correlations are still a likely
candidate for the driving force of Cooper pairing. Along
with spin-orbit coupling [43], electronic correlations beyond the simple density functional picture should also
determine the precise location of the van Hove singularity.
We discuss the temperature evolution of the electronic properties in terms of two crossover temperatures, a low-energy scale of the order of a few tens of
Kelvin, where Fermi liquid coherence is lost, and a highenergy scale identified previously from NMR measurements and related to a change between two different
rather linear regimes in the resistivity. The latter energy scale coincides with the energy scales of pronounced
first peaks in the phonon densities of modes for KFe2 As2
and CsFe2 As2 .
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VI.

SUMMARY

In summary, we compared the electronic structure of
KFe2 As2 and CsFe2 As2 using ARPES and first-principles
calculations. We show that although the Fermi surfaces
of these two materials are very similar, the electronic
structure of KFe2 As2 is more three-dimensional. Notably, a van Hove singularity previously reported in the
vicinity of EF in KFe2 As2 moves even closer to EF upon
negative chemical pressure, resulting in a larger Sommerfeld coefficient due to the increase in the density-of-states.
This van Hove singularity is the most likely candidate to
explain the high-energy crossover in the resisitivity the
temperature of which correlates with the sudden reversal in the pressure dependence of Tc . The momentum
location of the van Hove singularity on the nodal line of
the s± gap function, very near the ε FS, offers a possible explanation for this behavior, as it moves closer or
away to EF . We also showed that the spectral weight decreases exponentially with a characteristic temperature
T ∗ consistent with values reported previously using dif-
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S. Biermann, F. Rullier-Albenque, A. Forget, and D. Colson, Phys. Rev. Lett. 110, 167002 (2013).
R. S. Dhaka, S. E. Hahn, E. Razzoli, Rui Jiang, M. Shi, B.
N. Harmon, A. Thaler, S. L. Bud’ko, P. C. Canfield and
Adam Kaminski, Phys. Rev. Lett. 110, 067002 (2013).
Ping-Hui Lin, Y. Texier, A. Taleb-Ibrahimi, P. Le Fèvre,
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