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The ab-plane optical properties of KFe2As2 single crystals have been measured over a wide tem-
perature and frequency range. Below T ∗ ' 155 K, where this material undergoes an incoherent-
coherent crossover, a new coherent response emerges in the optical conductivity. A spectral weight
analysis suggests that this new feature originates from high-energy bound states. Below about
' 75 K the scattering rate for this new feature is quadratic in temperature, indicating a Fermi-
liquid response. Theoretical calculations suggest this crossover is dominated by the dxy orbital. Our
results indicate Kondo-type screening is the likely mechanism for the incoherent-coherent crossover
in hole-overdoped KFe2As2.

PACS numbers: 72.15.-v, 74.70.-b, 78.30.-j

Investigating the role of electronic correlations in sys-
tems with large orbital degrees of freedom remains a
key challenge in understanding the multi-orbital physics
in iron-based superconductors (FeSCs) [1–7]. Previous
studies found that, due to Hund’s coupling, the elec-
tron correlations depend strongly on the band filling
and are responsible for the electron-hole asymmetry in
FeSCs [8, 9]. Electron doping weakens the correlations
and eventually yields Fermi-liquid (FL) behavior [10, 11],
while hole doping increases the correlations [12] due to
strong Hund’s rule coupling and the proximity to half
filling [9]. KFe2As2, an extremely hole-doped FeSC, is
expected to be strongly correlated with non-FL behavior
[2]. A bad metal at room temperature, carriers start to
form coherent quasiparticles below T ∗ ' 155 K, and most
strikingly, a FL state with T2 resistivity is observed up to
75 K [13–15]. These results have prompted an extensive
debate about the driving mechanism between orbital-
selective Mottness, in which the intra-orbital Coulomb
interaction plays the dominate role and drives the strong
localization of a selected orbital at higher temperatures
(& 150 K), and the Kondo-type screening of local spins
which is driven by inter-orbital Hund’s rule coupling [16–
19].

In this work we examine the temperature dependence
of the optical conductivity of KFe2As2 to investigate the
nature of the incoherent-coherent crossover. As the tem-
perature is lowered across T ∗, spectral weight is trans-
ferred from high (' 2000 − 3000 cm−1) to low energy
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(. 1000 cm−1) into a new emergent Drude peak, which
displays a FL behavior below ' 75 K. To further in-
vestigate this behavior, we performed dynamical mean
field theory (DMFT) calculations that suggest that the
incoherent-coherent crossover is governed by the dxy or-
bital. The FL behavior indicates a Kondo-type screening
of local spin moments, which is consistent with suscepti-
bility [14] and transport measurements [20], and in agree-
ment with the theoretical prediction [19, 21]. However,
the absence of a Mott gap in the high-temperature op-
tical spectra does not agree with the scenario of orbital-
selective Mottness. We propose that Kondo-type screen-
ing is the mechanism responsible for the orbital-selective
incoherent-coherent crossover in KFe2As2, which is close
to half filling. This result introduces constraints on the-
oretical investigations of the orbital physics in correlated
materials as well as the pairing mechanism in the FeSCs.

High-quality single crystals of KFe2As2 with good
cleavage planes (001) were synthesized using self-flux
method [22]. The reflectance from freshly-cleaved sur-
faces has been measured over a wide temperature (∼ 5
to 300 K) and frequency range (∼ 2 meV to about 5 eV)
at a near-normal angle of incidence for light polarized in
the ab-planes using an in situ evaporation technique [23].
The optical conductivity has been determined from a
Kramers-Kronig analysis of the reflectivity (the reflectiv-
ity and the details of the Kramers-Kronig analysis may
be found in the Supplemental Material [24]).

The temperature dependence of the optical conductiv-
ity σ1(ω) is shown in Fig. 1 in the infrared region. The
free-carrier response is typically a Lorentzian centered
at zero frequency where the width at half maximum is
the scattering rate. At high temperature, the conduc-
tivity is low and resembles a bad metal; the nearly flat
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Figure 1. The temperature dependence of the real part of
the optical conductivity of KFe2As2 above and below the
incoherent-coherent crossover T ∗. Inset: The optical conduc-
tivity at several temperatures over a broad frequency range.

frequency response indicates a large scattering rate, sig-
naling an almost incoherent response. As the tempera-
ture is reduced, the low-frequency conductivity increases
gradually until 150 K, at which point a new Drude-like
peak appears superimposed on the broad response, re-
sulting in a kink in the low-energy conductivity (denoted
by the arrow in Fig. 1, as well as the sudden change in
slope in the inset). This new peak increases dramatically
in strength and narrows quickly with decreasing temper-
ature, reflecting its small scattering rate and coherent
character [25].

Because of the multi-band nature of FeSCs there is
typically more than one type of free-carrier present, we
employ a Drude-Lorentz model with multiple Drude com-
ponents. The real part of the optical conductivity is

σ1(ω) =
2π

Z0

∑
j

ω2
p,jτj

(1 + ω2τ2j )
+
∑
k

γkω
2Ω2

k

(ω2
k − ω2)2 + γ2kω

2

 ,
where Z0 ' 377 Ω is the impedance of free space. The
first term describes a sum of free-carrier Drude responses
with plasma frequencies ω2

p,j = 4πnje
2/m∗j (nj represents

the carrier concentration and m∗j the effective mass),
and scattering rates 1/τj . The second term is a sum
of Lorentz oscillators with position ωk, width γk, and
strength Ωk. At high temperature (T > 150 K), the
real and imaginary parts of the optical conductivity are
fit simultaneously and are described quite well by two
Drude components and two Lorentz terms [Fig. S2(a)
of the Supplementary Material]: a narrow Drude (D1)
with a T -dependent scattering rate, a broad Drude (D2),
which is almost T independent, indicating two groups
of carriers [26, 27]. The narrow Drude reflects the co-
herent response and the broad Drude corresponds to the
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Figure 2. (a) Fit of the Drude-Lorentz model to the σ1(ω)
of KFe2As2 at 125 K, decomposed into individual Drude and
Lorentz terms. (b) The plasma frequency ωp for the three
Drude components. (c) Temperature dependence of the spec-
tral weight, W (ω1, ω2, T ), for various lower and upper cutoff
frequencies. (d)Scattering rates for the narrow Drude (D1)
(red), broad Drude (D2) (green) components are extracted
from the fits. The dashed line is the linear fit to 1/τD1. (e)
The scattering rate of the emergent Drude component. The
dashed line is the quadratic fit to 1/τD3 below 75 K.

incoherent background. Below 150 K, the newly formed
peak and corresponding kink in σ1(ω) makes it difficult
to fit the low-energy response with only two Drude com-
ponents, so a third Drude component (D3) has been in-
troduced. The existence of a new Drude component can
also be realized by fitting the reflectivity and the imagi-
nary part of the optical conductivity [Table I and Figs. S2
and S3 in the Supplementary Material].

Below T ∗ the complex conductivity is described quite
well using three Drude and two Lorentz components; the
result for σ1(ω) at 125 K is shown in Fig. 2(a). The tem-
perature dependence of the Drude components are sum-
marized in Figs. 2(b)–(e). As the temperature is reduced,
the values for ωp for the narrow and broad Drude terms,
D1 and D2, respectively, remain essentially constant. Be-
low T ∗ the plasma frequency for newly-developed Drude
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Figure 3. The electronic structure of KFe2As2 above and below the incoherent-coherent crossover. (a) DFT+DMFT band
structure for KFe2As2 at 293 K and (b) 58 K; the blue ellipses denote the band of primarily dxy character. (c) DFT band
structure. (d) The Fe-d orbital character for the density of states of KFe2As2 at 293 K and (e) 58 K. (f) The temperature-
dependent quasiparticle spectral weight Z calculate by integrating the spectral function near EF.

component (D3) increases steadily and ω2
p,D3(T ) follows

a mean-field temperature dependence [Fig. S4(a) in the
Supplementary Material]. Figures 2(d) and 2(e) show the
temperature dependence of the scattering rates; 1/τD2 is
almost temperature independent, while 1/τD1 ∝ T . Be-
low T ∗, there is some initial uncertainty regarding the
behavior of 1/τD3, but for T < TFL FL behavior is ob-
served, 1/τD3 ∝ T 2.

In order to understand the origin of the new peak (D3),
we calculated the spectral weight of σ1(ω),

W (ω1, ω2, T ) =

∫ ω2

ω1

σ1(ω, T ) dω,

over different frequency intervals and normalized the re-
sult to the room-temperature value. In Fig. 2(c), below
150 K, the spectral weight between ∼ 0 − 2000 cm−1

is greatly enhanced, while the spectral weight in the
high-energy region (2000 − 10 000 cm−1) is depleted.
We note that while ωp,D1 and ωp,D2 are temperature-
independent below 150 K, the overall spectral weight up
to 10 000 cm−1 remains constant [Fig. S4(b)] (the opti-
cal conductivity above 10 000 cm−1 does not vary with
temperature). We propose that the new Drude compo-
nent emerges out of a high-energy bound state above
2000 cm−1 (∼ 0.25 eV), which originates from the small
overlap between the local spin-polarized atomic states
and the single-particle states driven by the Hund’s cou-
pling, indicating that some incoherent bands start to
form coherent quasiparticles with an underlying Fermi
surface, which is the typical signature for the incoherent-
coherent crossover [19, 28]. Previous ARPES measure-
ments [18, 29] observed a slight decrease of the spectral

weight of a band near the Fermi level with increasing
temperature. Here, we offer clear evidence of spectral
weight transfer during this process in a system that is
close to half filling.

Because D3’s intensity is significantly enhanced and
becomes very sharp at low temperatures, it dominates
the DC conductivity below 75 K [Fig. S2(b) in the Sup-
plementary Material]; its T 2-dependent scattering rate,
indicating FL behavior [30], is in agreement with recent
transport measurements [20]. The extremely-low scatter-
ing rate for D3 reflects the high quality of these samples
(RRR∼ 512); however, the presence of disorder might
explain the absence of FL behavior observed in another
study [31]. The existence of two different kinds of narrow
Drude components points to strong orbital differentiation
in FeSCs [9, 14].

To better understand the origin of the emergent Drude
component, calculations for KFe2As2 were performed us-
ing density functional theory (DFT), and extended us-
ing dynamical mean field theory (DMFT) (the details
of which are described in the Supplemental Material);
DFT+DMFT has been shown to accurately reproduce
the electronic behavior of strongly-correlated materials
where DFT alone typically fails [2, 32, 33]. The re-
sults are summarized in Fig. 3. Consistent with ARPES
[34, 35] and de Haas–van Alphen oscillation measure-
ments [36], only hole-like Fermi surfaces are present in
KFe2As2 . From the temperature-dependent band struc-
ture, we note that at high temperature [293 K, Fig. 3(a)],
the band with dxy orbital character is much less pro-
nounced than those dominated by the dxz/yz orbitals.
However, at low temperature [58 K, Fig. 3(b)] the dxy
character increases dramatically. These changes are re-
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flected in the temperature dependence of the density-of-
states (DOS) for different orbital characters [Fig. 3(d) at
293 K, and Fig. 3(e) at 58 K], where the dxy DOS sharp-
ens at low temperature and dominates the low-energy
DOS, signalling an incoherent-coherent crossover. This
suggests that the emergent coherent peak in the optical
conductivity below 150 K is most likely dominated by
the dxy orbital.

In most iron-based superconductors, the state near
EF arises mainly from the t2g orbitals; correlation ef-
fects will give rise to charge transfer from the dxy to
dxz/yz orbitals [37, 38]. Comparing the DFT+DMFT
band structure in Fig. 3(b) with that of DFT in 3(c)
[also see Fig. S5(b) in the Supplemental Material], the
presence of electronic correlations leads to an increase
in the contribution of the dxy band to the Fermi sur-
face, while the dxz/yz contribution decreases in order to
maintain the Luttinger count. In this hole-overdoped
system (5.5e/Fe), charge transfer pushes the dxy orbital
much closer to half filling [8], and Hund’s rule coupling
results in a strong renormalization of this orbital [8, 9],
with the renormalization factor 1/Z ∝ U/t, where t is
the hybridization magnitude and Z is the quasiparticle
spectral weight. Thus, at high temperature the dxy or-
bital is more incoherent (localized) and contributes to
the local moment, resulting in a Curie-Weiss susceptibil-
ity [14]. At low temperature, the quasiparticle spectral
weight (proportional to the hybridization of dxy orbital
between nearest-neighbor atoms), is enhanced continu-
ously [39] [Fig. 3(f)]. Below 150 K, this orbital begins to
delocalize and form coherent quasiparticles, which is con-
sistent with the observation of spectral transfer from the
high to low-energy region and the formation of a new co-
herent peak in the optical conductivity [Fig. 2(c)]. Below
75 K, FL behavior (1/τD3 ∝ T 2) is observed. This result,
combined with the Pauli-like susceptibility [14], indicates
Kondo-type screening, during which the local moments
are totally screened by the conduction electrons, resulting
in a saturated spin susceptibility and diminished scatter-
ing from local spins [19]. Furthermore, we find that at
58 K, the inverse lifetime (~/τ) on the dxy orbital is about
1 meV which is smaller than kBT ' 5.8 meV, while the
~/τ on the dxz/yz orbital is 7 meV. Thus, at low temper-
ature, the well-defined quasiparticles are mainly on dxy.
In our results, we also note that ~/τD3 < kBT < ~/τD1,
indicating that the newly formed Drude component and
the FL behavior below 75 K is dominated by the dxy

orbital.

The absence of this behavior in a simple DFT calcu-
lation indicates that this incoherent-coherent crossover
is the result of electronic correlations driven by Hund’s
rule coupling [15, 16] (Fig. S5 in the Supplementary Ma-
terial). While the spectral weight in the optical conduc-
tivity is transferred from low to high-energy region upon
warming, the absence of a gap-like structure in the optical
conductivity and the residual DOS of the dxy orbital near
the Fermi level at 293 K are inconsistent with the descrip-
tion of an orbital-selective Mott transition [40]; instead,
our observation argues for an orbital-selective incoherent-
coherent crossover in a Hund’s metal [19, 41, 42].

In summary, we have observed an emergent Drude
peak in the optical conductivity of KFe2As2 associ-
ated with the incoherent-coherent crossover below T ∗ '
155 K, and determined that it originates from a high-
energy bound state. Below 75 K, this response sharpens
quickly and shows FL behavior, which may come from
Kondo-type screening by the delocalized electrons. Based
on DFT+DMFT calculations, we find that this new peak
is dominated by the dxy orbital, reflecting an orbital-
selective incoherent-coherent crossover. We propose that
in KFe2As2, which is close to half filling, the incoherent-
coherent crossover is related to the Hund’s rule driven
Kondo-type screening, rather than orbital-selective Mot-
tness.
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