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We report an angle-resolved photoemission spectroscopy (ARPES) study of KFesAs; and
CsFeyAss, 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 KFez Ass than in CsFez Ass, no-
tably for the 3d,2 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 KFesAss 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 AFesAsa (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 7. 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 behav-
ior, usually attributed to electronic correlations, include
the renormalization of electronic bands and the loss of
spectral coherence, with signatures on electronic trans-
port and thermodynamic properties. Among other Fe-
based superconductors, AFesAsy; (A = K, Rb, Cs) is
widely believed to be more correlated than most of its
cousins. This is based partly on theoretical grounds in-
dicating that the strength of the electronic correlations
should increase towards half filling of the d shell [IH5],
and on experimental results suggesting heavy masses and
a crossover from coherent to incoherent occurring as we
increase temperature across the crossover temperature

T* [68).
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Whether the electronic correlations are responsible for
the superconducting properties of these materials is de-
bated. Although there is no consensus on the details
of the gap structure of AFesAss (A = K, Rb, Cs), sev-
eral experimental reports suggest the presence of nodes,
notably from angle-resolved photoemission spectroscopy
(ARPES) [0, thermal conductivity [I0H14], specific heat
[I5HIT] and penetration depth [I8] [19]. In a series of pa-
pers, Tafti et al. reported a sudden reversal in the pres-
sure dependence of the superconducting temperature T,
in AFepAsy [20H22], which was interpreted in terms of a
change in the order parameter from d-wave to s-wave at
a critical pressure P,. 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 p(7") minus the resid-
ual resistivity pg, varies linearly with pressure above P,,
a clear rise in p(T) — po was found below P., indicat-
ing the appearance of an additional inelastic scattering
channel at low pressure and ambiant pressure conditions
[211 [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 Er, ARPES is a
powerful tool for addressing the origin of inelastic scat-
tering in AFes Asy and determine the possible implication
of strong electronic correlations. Here we show that while
the presence of strong electronic correlations in AFesAss
is undeniable, other parameters such as a van Hove singu-
larity 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 pre-
sented in Sections [[II] and [[V] In Section [[I} we com-
pare ARPES data recorded on KFesAsy and CsFegAss,
with the chemical substitution of K by Cs acting simi-
larly to the application of a negative pressure [21,22]. We
show that the 3d.2 states responsible for the small three-
dimensional hole pocket reported in quantum oscilla-
tion measurements [24] are less k.-dispersive in CsFegAsg
than in KFesAsy, but that they are located closer to Ep.
Interestingly, the van Hove singularity located midway
between the I and M points, directly on the nodal line
of the s4 function, and identified previously as candidate
for the nodal behavior in KFegAsy [25], also moves closer
to Er with decreasing chemical pressure. Our observa-
tion offers a natural explanation 1) for the lower Som-
merfeld coefficient in KFeyAsy as compared to CsFesAsy
[15] 16, 26], 27], 2) for the decrease of the non-linear com-
ponent of the inelastic scattering with decreasing pres-
sure towards P., and 3) for the change in the supercon-
ducting order parameter at P.. In Section[[V] we present
the temperature evolution of the ARPES spectrum of
KFezAsy up to 250 K. We show that the electronic spec-
tral weight decreases exponentially with a characteris-
tic temperature consistent with 7™ reported with other
techniques [7 [§]. We discuss alternatives to the widely
accepted strong correlation origin of 7% in terms of the
the phonon density-of-states (PDOS) and of the compli-
cated low-energy electronic structure from both sides of
Er revealed by the ARPES data.

II. EXPERIMENT

High-quality single crystals of KFesAsy and CsFegAss
were grown by conventional self-flux methods [I3].
ARPES measurements were performed at Beamline 105
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 0.2°,
respectively. The samples were cleaved in situ and mea-
sured at 7 K in a vacuum better than 5 x 10~!! Torr.
Additional measurements were performed on KFeyAss
samples cleaved at either 10 K or 240 K and measured
between 20 K and 250 K, using o-polarized photons of
70.5 eV energy, which probe the plane corresponding to
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FIG. 1. (Color online) Core level spectra of KFeasAsy and

CsFesAsy. The corresponding crystal structures are shown in
inset.

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

III. KFezAs; VS CsFezAsy: 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 conserva-
tion of energy, photoemission allows us to trace an elec-
tronic spectrum characteristic of each material up to Ep.
In Fig. [T] we compare the core level spectra of KFe;Asg
and CsFepAsy. Without any surprise, the spectrum of
KFeyAsy contains peaks unique to K, notably the K3s
and K3p states, while the spectrum of CsFe;Ass exhibits
Cs4d states not observed in KFeyAsy. The rest of the
spectra are very similar, and we have to go into the de-
tails 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 (F'S) mappings recorded
on KFegAss and CsFegAss in the k, = 0 and &k, =
planes, under both ¢ and 7 configurations of polarization.
Although the FSs of KFes Asy and CsFes Ass have already
been reported and described in previous ARPES [0, 28
31] and quantum oscillation studies [24], [B2H34], some
comments need to be made. The FS patterns recorded
around the M (1,0,k, = 0) and A (1,0,k, = m) points
are practically equivalent, indicating that there is not



much k, dispersion along M-A. The situation is different
along the (0,0, k,) direction. As expected, the intensity
patterns obtained around (0,0, k) are different at k, = 0
(T') and k, = 7 (Z). For KFeyAsy at k, = 0 and with o
polarization (Fig. [2[a)), we distinguish clearly two hole
bands. The inner one is nearly doubly-degenerate, but =
polarization allows to resolve the two components (Fig.
[2(b)). These three hole FS pockets are better resolved
at k. = 7 (Figs. J(c) and[2(d)). An additional but small
FS is detected clearly at (0,0,7). As we explain below,
this extra FS pocket is also present at k., = 0 and was
previously attributed to a surface state [29] [30].

Unexpectedly, the experimental FS intensity patterns
around Z = (0,0,7) and Z' = (m,m,0), which should
be equivalent considering the body-centered structure of
KFesAs,y, are clearly different. Similarly, the FS inten-
sity patterns around I' = (0,0,0) and IV = (7, w, ) differ.
The pattern found experimentally around Z’ is more con-
sistent with the one predicted theoretically by the local
density approximation (LDA) combined with dynamical
mean field theory (DMFT) for the I' 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 (m,m, k), with the same size as the large one observed
at (0,0, k), suggests a weak band folding from (0,0, k)
to (m, 7, k), which could possibly arise from a surface
contribution or a k, averaging effect. It is also worth
mentioning that some of the FS intensity patterns ob-
tained by ARPES are very similar to the peculiar ones
calculated by LDA+DMFT and displayed in Fig. 6 of
Ref. [36], notably for the d,,/d,. bands.

In order to obtain a more detailed representation of
the dispersion along the k. direction, we recorded the
photon energy (hv) dependence of a cut along I'-M. The
results for hv varying between 20 and 90 eV are displayed
in Figs. a) and b) for KFesAss and CsFesAss, re-
spectively. Within the sudden approximation and the
so-called three-step model with free-electron final state
for the photoemission process [37], the momentum k,
can be approximated by |k.| = (v2m/h)[Exin + Uy —
(hk)|)%/2m]'/?, where Ej;, 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 Uy the inner potential used as free parameter.
The conversion from hv to k, works well when choosing
Uy = 12 eV for both KFeyAsy and CsFegAss, although
the same hv values correspond to different k, due to the
difference in the ¢ axis parameter.

Most of the spectral features do not disperse signifi-
cantly along k., except two. The first k. -dispersive fea-
ture is the a band, which is mainly formed by the even
combination of the d,. and d,. orbitals, with a sizable
d,> component. In particular, this band gives rise to a
larger F'S around the Z point than around T, as shown in
Figs. Ba) and [3|(b). Stronger photoemission intensity is
also found around the Z point, for k, = 0. Interestingly,
the size of this spot of intensity (the second k.-dispersive
feature) is comparable to that of the non-k,-dispersive SS
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FIG. 2. (Color online) Comparison of the FSs (£5 meV in-
tegration) of KFeaAss (left column) and CsFezAsz (right col-
umn) at different k. values and under both ¢ and 7 polariza-
tions. 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 o and 7 configura-
tions, respectively. The locations of high-symmetry points
and of the € and o FSs are shown in (a) for the k. = 0 plane
and in (c) for the k. = m plane. The dashed lines in (a) corre-
spond 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. a), which has been at-
tributed previously to a surface state [29]. To gain more
insight about this issue, we show in Figs. [3|c) and [3{(d)
the hv dependence of the normal photoemission energy
distribution curve (EDC) in KFeyAsy and CsFeyAss, re-
spectively. We observe a strong k.-dispersive feature at-
tributed to the d.2 band. As emphasized by green circles
in Figs. c), the surface state becomes stronger when
the d,= band approaches Ef, suggesting that the surface
probably originates from the d,= 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 k, — k. for KFez Asy and CsFezAso, respectively.
The photoemission intensity color code is given in panel (a), as well as the k. values corresponding to the I' (blue) and Z
(red) points. The data have been recorded over the same 20-90 eV photon energy range (o polarization). (c), (d) Photon
energy dependence of the normal incidence EDC in KFezAsy and CsFezAss, respectively. The dashed white curves represent
the dispersion of the d,2 band extracted from the ARPES data. The vertical blue and red dashed lines indicate the photon
energies, corresponding respectively to k. = 0 and k. = m, 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 KFeaAsy and CsFeaAsy measured at the
T (blue) and Z (red) points. The vertical lines mark the peak positions. (f) Comparison between the EDCs of KFezAss and
CsFezAs; measured at Vo (blue) and V. (red) points. The vertical dashed lines in red and blue mark the peak positions in
KFezAs,; whereas the black dashed line indicates the peak position in CsFezAss. (g) LDA bands of KFeaAss and CsFeaAso

calculated along I'-M-Z at k, = 0.

sibly suffer from a k, averaging effect. Although this
would not affect much the weakly k.-dispersive bands,
the effect should be sizable for the d,» band. In par-
ticular, we suspect that such k, averaging effect should
reduce the apparent dispersion along k,, and we cannot
exclude the possibility that this band crosses Fr at the
Z point, forming a three-dimensional FS pocket, as pro-
posed by quantum oscillation experiments [24]. In any
case, the d,2 band is certainly affected by the chemi-
cal pressure, as illustrated by the EDCs at the I' and Z
points shown in Fig. e). Indeed, the top of the band,
as determined by ARPES, shifts from 56 meV below Ep
in KFeyAsy to 25 meV below Er in CsFesAss. More-
over, as expected from the smaller inter-layer distance
in KFeyAss, the k, variation for the d,= band is larger
for this material, for which we record a 116 meV differ-
ence between the peak positions at I' and Z, as compared
to 97 meV in CsFeyAso. This observation is consistent
with our LDA calculations, which show stronger three-
dimensionality in KFesAsy than in CsFeyAss.

We note that the presence of a d,» band is a factor
that may contribute to reduce the strength of the elec-
tronic correlations. This situation is similar to that of
BaCrsAss, which is symmetrical to the BaFeyAsy with
respect to the half-filled 3d, but which is much less corre-
lated than its ferropnictide cousin [38][39]. It was argued
that the admixture of the tay (dyy, dy. and dy.) and e
(d,2 and dy2_,2) orbitals found in BaCrpAsy [38] was
detrimental to high-temperature superconductivity [40]

and that the increase p—d hybridization, which should be
affected by an increased d,2 character, can affect the elec-
tronic correlations by modifying the effective electronic
count in the 3d shell [4I]. Nevertheless, a local density
approximation combined with dynamical mean field the-
ory study rather suggests a slight increase in the elec-
tronic correlations by going along the K, Rb, Cs series,
mainly attributed to more localized d,,, 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 sin-
gularity in KFepAss located only a few meV below Ep
[25]. This van Hove singularity was also observed in first-
principles calculations, though at higher energy [43]. The
momentum location of the van Hove singularity in the
k. = 0 plane (Vo) and k, = 7 plane (V) are indicated
in Figs. a) and c), respectively. In Fig. f) we com-
pare the EDCs measured at both Vg and V. in KFesAsg
and CsFegAsy;. The van Hove singularity in KFeyAsg
moves from -15 meV at V, to -12 meV at Vy. As ex-
pected, the dispersion of the van Hove singularity along
k. is even smaller in CsFesAs,, and we find -10 meV for
its energy position at both Vo and V., which is closer to
Er than in KFeyAs. These results are consistent with the
-15 meV and -11 meV energies reported in Ref. [44] for
KFesAss and Csg.94Kg.g6FeaAss. Our result is also qual-
itatively consistent with the LDA calculations displayed
in Fig. (g), which show that the van Hove singularity
is closer to Er in CsFeyAs, than in KFesAss by 15 meV



at both Vo and V. 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 elec-
tronic correlation strengths [43]. Although the Fe-based
superconductors exhibit relatively strong electronic cor-
relations [5], the large density-of-states due to the prox-
imity of the van Hove singularity likely contributes to
the large Sommerfeld coefficients reported for KFesAs,y
and CsFeyAsy, rather than strong electronic correlations
alone. Such a conclusion was also drawn for the isostruc-
tural compound TINiySes [45]. Heavy fermion behav-
ior in TINisSes was inferred from specific heat measure-
ments [46], but ARPES and LDA calculations later re-
vealed a weakly correlated electronic structure contain-
ing a van Hove singularity near Er [45]. Our current
results suggest an even larger Sommerfeld coefficient in
CsFeyAsy than in KFegAso, in agreement with specific
heat studies [I5] [T6], 26] reporting Sommerfeld coefficients
of 94 mJ/molK? in KFeyAsy [15] and 184 mJ/molK? in
CsFegAss [16]. Since the van Hove singularity is located
not too far from Ep, it should be regarded as an impor-
tant source of inelastic scattering that should fade as it
moves away from Fp with chemical pressure (or external
pressure), in agreement with the transport measurements

of Tafti et al. 211 22].

We now address the role of the van Hove singularity in
shaping the order parameter. We first recall that the sud-
den reversal of T, under pressure, attributed to a change
in the order parameter, coincides with the loss of the
non-linear component in the inelastic resistivity [20H22],
which we here relate to a van Hove singularity. As no-
ticed in a previous STM and ARPES study, the van Hove
singularity is located directly on the nodal line of the si
gap function [25], not very far from the tip of the M-off-
centered, petal-shape ¢ 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 & pocket to the van Hove sin-
gularity may impose a zero amplitude to the gap at the
tip position [25], such as observed in heavily-hole-doped
Bag.1Ko.9FeaAsy [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 P. as a result of
a too large shift of the van Hove singularity away from
Er, the node in the gap structure is lifted, thus explain-
ing the sudden change in the pressure dependence of T,
[20H22], 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 pres-
sure [20H22], as well as with quantum oscillation mea-
surements on KFesAsy under pressure [34].
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FIG. 4. (Color online) (a) Schematic FS of KFezAsy. The
dashed circle labeled SS represents a surface state [29] dis-
cussed in Section m 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 I'-M. The color scale
is the same as in panel (d). The arrow indicates the weak (3
band with d;, orbital character. The dotted horizontal line
refers to EFr. While the Greek symbols refer to bulk elec-
tronic bands, SS is associated to a surface state. The vertical
dashed line indicates the momentum location of the EDCs in
Fig. (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 Er. (e) Fermi-Dirac function
(Fp) at 20 K and 160 K. The dashed line located 50 meV
below Er is a guide to indicate the energy range for which
the ARPES data are directly affected by the Fp cutoff. (f)
EDC plot corresponding to the data in panel (¢), 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 KFeoAsy at k., = 0, consistent
with early studies of this material [28] [29], is illustrated
in Fig. @(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. [f{a), corresponding to the I-M di-
rection. In Fig. Ekb) 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 I is the sur-
face state with d,2 character that we discussed in the
previous section. The strongest photoemission intensity
is found for the o/ band, which is the odd combination



of the nearly-degenerate d./d,. bands. Although its in-
tensity should be maximized in the current experimental
configuration (o polarization), the § band with d,, or-
bital character, which is marked by an arrow in Fig. b),
is barely visible. Also weak in intensity is the § band,
which also carries a dominant d, character and forms
the section of the holelike € F'S pocket closest to the M
point. Finally, we see very clearly the € band forming the
outer part of the ¢ FS pocket (towards I'), which has a
main d,, character along the I'-M direction.

In Figs. [c) and [4(d) we compare the ARPES in-
tensity plots over a slightly wider energy range, as mea-
sured at 20 K and 160 K, respectively. The correspond-
ing EDC curves are displayed in Figs. f) and (g),
respectively. All spectral features broaden with increas-
ing temperature, which is easy to understand in terms
of an imaginary part of the self-energy ¥ that increases
with temperature. Interestingly, a sharp contrast can
be seen between the o’ band and the bands located near
the M point. While the former band remains distinguish-
able 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. [(d) we com-
pare the Fermi-Dirac function (Fp) at 20 K and 160 K.
At 160 K, the Fp function deviates appreciably from 1
around 50 meV below Ep. Since the bands forming the
€ 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 ¢ band, which is well isolated
and thus more suitable for a quantitative analysis. We
show in Fig. a) the temperature evolution of the EDC
on the € band, at the momentum position indicated by
a vertical dashed line in Fig. [[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 distinguish-
able above 180 K. In order to minimize complications
related to the proximity of that peak to Fr, we first di-
vide all the ARPES spectra by the Fermi-Dirac function
convoluted by the instrumental resolution function. The
results are displayed in Fig. [5b). The conclusion regard-
ing the decrease of the peak intensity with temperature
is the same. Interestingly, incoherent spectral intensity
builds up between the € peak and the broad spectral fea-
ture at 330 meV corresponding to the high-energy tail
of the o band. Obviously, the ¢ 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 mea-
surements suggesting a coherent-incoherent crossover at
a characteristic temperature 7™ estimated to 165+ 25 K
in Ref. [7] and 145 £+ 20 K in Ref. [§]. 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-
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FIG. 5. (Color online) (a) Temperature evolution of the EDCs
recorded at the momentum location indicated by the orange
vertical dashed line in Fig. [f{b). The EDCs have been shifted
for a better visualization. (b) Same as in (a) but after divi-
sion of the EDCs by the Fp function convoluted by the in-
strumental 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 com-
ponent obtained by subtracting the EDCs by a background
(see the text). The bottom inset is the coherent factor nor-
malized 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 72 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.
b) for the 20 K spectrum. The results, displayed in the
top inset of Fig. b), clearly show a loss of spectral
weight as temperature increases. The coherent weight
Z(T) at each temperature corresponds to the area be-
low the subtracted curves. As illustrated in the bottom
inset of Fig. b)7 the coherent weight decreases expo-
nentially with temperature, with a characteristic temper-
ature 7" = 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 uncer-
tainty on T to about 20 K. Within uncertainties, the
values for the critical temperature of the crossover ob-
tained from ARPES and from the Knight shift are thus
consistent.

In the framework of DMFT calculations, electronic cor-
relations 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 [2H5]. This concept was suc-
cessfully tested experimentally in the 122 family of 3d
transition metal pnictides, where the band renormaliza-
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(1) Same as (k) but for the a band.

tion measured by ARPES increases monotonically from
BaCuaAsy (3d'9) to BaFegAsy (3d°) [49]. The complete
substitution of Ba by K in BaFesAsy corresponds to an
additional nominal decrease of 0.5 electron per Fe, and
thus stronger correlations are expected for the latter ma-
terial [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 3 band with d,, 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
KFesAsy, way below the crossover temperature. More-
over, the fact that the loss of coherence can be fitted by
an exponential function suggests that the loss of coher-
ence may come from a thermal process.

In order to find alternative explanations for the coher-
ent to incoherent crossover, in Figs. [6](a){6]j) we show the
temperature evolution of the KFes Asy spectra from 20 to
200 K. To minimize extrinsic effects related to the Fermi-
Dirac cutoff, we divide all the spectra by the Fp function
convoluted by the instrumental resolution function. As
temperature increases and the Fp function broadens, we
can access partly the band structure above Er. In partic-
ular, the data reveal a very complex electronic structure
at the M point. Together, the € and § bands form a “M”-
shape feature toping only a few meV above Ep. At this
top, located around 0.27/a away from the M point, the
hole-like £ and electron-like § band dispersions hybridize
and open a very small gap. Although we cannot resolve
the portion of the § band above the “M”-shape feature,
the continuation of the € band is clearly visible and tops
slightly above Ep.

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. @(k) As indicated
in Fig. [6{k), a similar downward shift of 9 meV is ob-
served for the o band. Such shifts of the band structure
are not unique to KFesAsy and stronger temperature ef-
fects have already been reported in Ba(Fe;_,Co,)2Ass
M], Ba(Fel_wRum)gASQ m and Fel,oﬁTe EB]] For a
large part, these shifts are induced by the occupied-
unoccupied asymmetry in the band structure.

The consequence of this shift in KFe;Ass may be im-
portant since the data suggest that the € pocket possibly
sinks below Ep at some temperature above 120 K. Al-
though the broadening of the Fermi-Dirac function at
such high temperature prevents us from calling this phe-
nomenon a Lifshitz transition [54], one should not ne-
glect 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 Er [43],[55]. Notably, re-
cently we identified a van Hove singularity near Ef in
KFeyAsy [25], which we showed in Section to con-
tribute to the large Sommerfeld coefficient of this mate-
rial [7] and for the sudden reversal in the pressure depen-
dence of the superconducting transition temperature re-
ported in AFesAsy (A = K, Rb, Cs) [8,20H22]. Could the
van Hove singularity be also the origin of the crossover
at T%7

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 sin-
gularity determines 7%, thus challenging previous inter-
pretations of T* [0l [7]. Within the van Hove singularity
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FIG. 7. (Color online) PDOS of KFez Ass and CsFezAss (solid
lines), plotted using the left axis as a function of frequency
(bottom axis). The dashed lines refer to the corresponding re-
sistivity 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 KFesAso
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scenario, the closer the van Hove singularity to Er, the
lower T* should be because the large density-of-states ac-
companying the van Hove singularity is easier to activate
thermally. This effect seems to be captured by very re-
cent 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 Sec-
tion. In KFesAsy, 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 . We point out that
the same reasoning is also valid for the top and bottom
of bands found within about 30 meV above Er. It is also
important to note that although the small temperature
shift of the van Hove singularity away from Ep 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 resistiv-
ity could in principle be due to a small Debye tempera-
ture. In order to investigate this scenario, we calculated
the PDOS of KFeyAsy and CsFegAsy within the LDA at
room temperature, including anharmonic effects as de-
scribed in Ref. [57], using a 4 x 4 x 1 supercell of the
tetragonal paramagnetic phase. Using the proper scal-
ings for the equivalence between frequency and temper-
ature (1 THz = 47.99243 K), in Fig. [7| we overlap the
PDOS of KFesAsy and CsFesAsy with the correspond-
ing resistivity curves extracted from Ref. [7]. Interest-
ingly, the energy of the first main peak of the PDOS

coincides with the coherence crossover temperature ob-
tained 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 RbFeysAsy would also cor-
respond 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. [5§], it is then expected that
above T* the resistivity will start to behave as a linear
function of temperature due to electron-phonon scatter-
ing. We also speculate that this phenomenon might ex-
plain the linear resistivity trends at high temperatures
observed in many Fe pnictides and discussed at length in
the literature. For instance, in the CaFeyAs, family, the
change of resistivity from linear to quadratic behavior af-
ter 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 KFesAss and CsFesAss as compared to optimally-
doped Baj_ K, FesAss is not caused by enhanced elec-
tronic 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 Er contributes signif-
icantly to the large Sommerfeld coeflicient. We caution
that this does not mean that KFeqAsy is uncorrelated.
On the contrary, the faint 8 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 be-
yond the simple density functional picture should also
determine the precise location of the van Hove singular-

ity.

We discuss the temperature evolution of the elec-
tronic properties in terms of two crossover tempera-
tures, a low-energy scale of the order of a few tens of
Kelvin, where Fermi liquid coherence is lost, and a high-
energy scale identified previously from NMR measure-
ments and related to a change between two different
rather linear regimes in the resistivity. The latter en-
ergy scale coincides with the energy scales of pronounced
first peaks in the phonon densities of modes for KFesAss
and CsFeyAss.



VI. SUMMARY

In summary, we compared the electronic structure of
KFesAsy and CsFeg Asy using ARPES and first-principles
calculations. We show that although the Fermi surfaces
of these two materials are very similar, the electronic
structure of KFeyAsy is more three-dimensional. No-
tably, a van Hove singularity previously reported in the
vicinity of Er in KFesAsy moves even closer to Er upon
negative chemical pressure, resulting in a larger Sommer-
feld 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 rever-
sal in the pressure dependence of T,. The momentum
location of the van Hove singularity on the nodal line of
the si+ gap function, very near the ¢ FS, offers a pos-
sible explanation for this behavior, as it moves closer or
away to Erp. We also showed that the spectral weight de-
creases exponentially with a characteristic temperature
T* consistent with values reported previously using dif-

ferent experimental techniques. We showed that the low-
energy electronic structure of KFeaAs, with a van Hove
singularity, combined with a peaked PDOS can explain
the high-energy crossover without explicit need for strong
electronic correlations.
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