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Electronic structure of CeCuAs2
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We study the electronic structure of CeCuAs2, which is known to show an anomalous negative temperature
coefficient of resistivity below room temperature, while the thermopower shows metallic behavior. We carry out
hard x-ray photoemission spectroscopy (PES), x-ray absorption spectroscopy (XAS), and resonant PES across
the Ce 3d-4f and Cu 2p-3d thresholds to investigate the role of Kondo screening in CeCuAs2. The Ce 3d

core-level PES shows the f 0, f 1, and f 2 features, and the Ce 3d-4f XAS shows corresponding features due
to transitions into the f 1 and f 2 states, as in Kondo systems. The spectral feature assignments are confirmed
by single-impurity Anderson model calculations and indicate a nearly trivalent-Ce configuration with small but
finite mixed valency. The resonant PES valence band spectra across the Ce 3d-4f threshold show an intense Ce
4f 1 resonance just below the Fermi level, while the Ce 4f 0 feature is observed at a binding energy of 2.5 eV.
The obtained f partial density of states shows an unusual pseudogaplike dip at the Fermi level in CeCuAs2. The
results indicate the importance of Kondo screening and a pseudogap in the f partial density of states for the
anomalous transport and magnetic properties of CeCuAs2.
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I. INTRODUCTION

The Kondo model, originally formulated to describe the
behavior of a localized magnetic impurity interacting with the
conduction band of a metallic host [1], continues to play a
very important role in strongly correlated f -electron systems
[2]. Starting with the Kondo effect in metallic alloys, it has
been successfully used to explain a variety of phenomena
such as heavy-fermion behavior [2,3], the volume collapse
in f -electron systems [4], resonances in quantum dots [5]
and quantum corrals [6], single-molecule Kondo effect [7],
quantum phase transitions [8], etc. The close relation between
Kondo effect and the Mott metal-insulator transition (usually
associated with correlated d electrons) is also well recognized
[9]. There have also been several studies of the Kondo model
which have addressed the unusual properties of non-Fermi
liquids [10–15]. In particular, Coleman and Pepin showed
that an underscreened Kondo model results in deviations
from a Fermi liquid behavior in the specific heat, which
originates in an anomalous scattering of conduction electrons
by the unscreened spins [12]. Florens then showed that the
spectroscopic properties of the underscreened Kondo model
would give a pseudogap in the density of states and a power law
in transport properties [13]. It was suggested that the transport
properties of the Ce compound CeCuAs2 [16] seemed quite
consistent with the theoretical prediction.
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More recently, Nevidomskyy and Coleman have addressed
the general issue of the role of Hund’s coupling on the Kondo
effect for d- and f -electron systems [17]. It was shown that
for a single-site multi(K)-channel Kondo model with Hund
coupling, underscreening results in a locking of the localized
spin- 1

2 moments to form a large pseudospin S = K/2 and the
effective Kondo temperature gets reduced exponentially. This
behavior can be suitably identified from a plot of T χ (T ) versus
lnT [where χ (T ) is the magnetic susceptibility measured as
a function of the temperature T ], as it is expected to show
an enhanced moment due to the unscreened spin S = K/2 at
temperatures above the effective Kondo temperature (T ∗

K ).
As discussed by the authors, this is very similar to the
early theoretical prediction of Jayaprakash, Krishnamurthy,
and Wilkins for the two-impurity two-channel Kondo model
[18]. It was shown that for a ferromagnetic Ruderman-Kittel-
Kasuya-Yosida (RKKY) interaction between the two spin- 1

2
impurities, the two impurities would lock into an effective
spin-1 triplet state. They also showed that if the RKKY
interaction between the two impurities is antiferromagnetic,
the two impurities would behave like a singlet and T χ (T )
would reduce rapidly. The main theme of this work is as
follows: Using various techniques of electron spectroscopy
combined with single-impurity Anderson model calculations,
we investigate the electronic structure of CeCuAs2 and its
relation with theoretical predictions discussed above. We also
check the behavior of T χ (T ) versus lnT for the case of
CeCuAs2 in order to test for underscreening.

CeCuAs2 crystallizes in the HfCuSi2-type layered tetrago-
nal structure [19,20], where Si can be replaced with a pnictogen
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Pn(=P, As, Sb, Bi). Indeed, a large number of arsenides and
antimonides with the formula RMAs2 and RMSb2 (R = rare
earth, M = transition metal) are known to crystallize in this
structure [21–25]. However, other than CeCuAs2 [16], all the
other isostructural compounds which exhibit a magnetic mo-
ment at high temperatures undergo magnetic ordering at low
temperatures, with ordering temperatures typically between 2
to 15 K [21–25]. Even the uranium-based materials UMPn2

show metallic behavior with magnetic ordering [20,26]. In
contrast, a detailed investigation of CeCuAs2 showed that the
electrical transport was anomalous with a negative temperature
coefficient of resistivity down to 45 mK and a power-law
behavior at the lowest temperatures [ρ(T ) ∝ T −0.6], while
the thermopower showed typical metallic behavior [16].
Further, the high-temperature magnetic susceptibility revealed
a magnetic moment of μeff = 2.68μB , typical of a trivalent
Ce ion. However, no magnetic ordering was found down to
45 mK, in spite of a relatively large value of the estimated
paramagnetic Curie temperature (�p = −47 K). While the
specific heat showed a rise below ∼10 K, and an appreciably
large Sommerfeld coefficient of 800 mJ/mol K2 at 2 K, it got
reduced to 425 mJ/mol K2 at 0.5 K [16]. It was also shown that
the temperature coefficient of electrical resistivity undergoes
a sign change from negative to positive upon applying
external pressure [27]. These results indicate that CeCuAs2 is
quite unlike other Ce-based Kondo or heavy-fermion systems
[16].

In this work, we investigate the electronic structure of
CeCuAs2 using various techniques of electron spectroscopy.
Using hard x-ray photoemission spectroscopy (HAXPES), we
report on the Ce 3d core-level and valence band electronic
structure of CeCuAs2. We also carried our x-ray absorption
and resonant PES across the Cu 2p-3d (L-edge) and Ce 3d-4f

(M-edge) thresholds. The photoionization cross sections as a
function of photon energy allow us to unambiguously identify
the Ce 4f , Cu 3d, and As 4s-4p states in the valence band.
In combination with single-impurity Anderson model calcula-
tions, we confirm CeCuAs2 to be a nearly trivalent Ce3+ system
which exhibits clear spectral signatures of Kondo screening in
core-level PES and XAS. While the off-resonant data show
a typical Fermi edge, from Ce 3d-4f resonant PES studies,
we identify a pseudogaplike feature in the occupied 4f partial
density of states with the main peak of the 4f character states
lying just below, and not at, the Fermi level (EF ). However,
an analysis of T χ (T ) versus lnT rules out underscreening in
CeCuAs2, but is suggestive of nearest-neighbor antiferromag-
netic correlations [18,28]. The overall results indicate Kondo
screening and a pseudogap in the f partial density of states
lead to the anomalous transport and magnetic properties of
CeCuAs2.

II. EXPERIMENTS

Polycrystalline samples of CeCuAs2 were synthesized
using stoichiometric amounts of the constituent elements
(>99.9% purity), as described in earlier work [16,21]. The
crystal structure and lattice constants were confirmed to be
in good agreement with reported results [16,21]. HAXPES
measurements were carried out at beamline BL29XU, SPring-
8 using an incident photon energy of hν = 7935 eV and a

spectrometer [29] equipped with a R-4000-10-kV VG-Scienta
analyzer. The total-energy resolution was set to 225 meV for
the HAXPES measurements. For the incident photon energy
in HAXPES measurements, we use the Si(444) reflection in
order to achieve a very high-energy resolution of �E/E =
4.8 × 10−6 (i.e., ∼40 meV at 7935 eV). The lowest limit of
the energy range for the Si(444) reflection is determined by
the Bragg angle of π/2 (backscattering), and this corresponds
to an energy of 7910 eV. However, in practice, the channel cut
monochromator we use is limited to an angle of ∼85◦, and
the corresponding energy of the incident x rays is ∼7935 eV
(Ref. [27]). X-ray absorption spectroscopy (XAS) and resonant
PES experiments were carried out at beamline BL17SU,
SPring-8. The XAS measurements (total electron yield mode)
and the resonant PES experiments were carried out using a
spectrometer [30] equipped with a VG-Scienta 2002 analyzer
and the total-energy resolution at the Ce 3d-4f threshold was
200 meV. The Fermi level and energy resolutions for the
HAXPES and soft x-ray resonant PES measurements were
determined from the Fermi edge of a gold film at T = 20 or
22 K, respectively. All the results reported here were obtained
from samples fractured in situ and measured at T = 20 or
22 K, respectively, corresponding to the lowest temperature
that could be achieved using a liquid-He flow type cryostat on
the spectrometers.

III. RESULTS AND DISCUSSIONS

Figure 1 shows the experimental Ce 3d core-level spectrum
(symbols) of CeCuAs2 measured at T = 20 K by HAXPES
(hν = 7935 eV). The spectrum consists of the Ce 3d5/2

and 3d3/2 states with main peaks at 884.5 and 902.5 eV
binding energies. The spectrum also shows weak intensity

FIG. 1. The experimental Ce 3d core-level spectrum of CeCuAs2

measured by HAXPES (hν = 7935 eV) at T = 20 K. The exper-
imental spectrum is compared with the spectrum calculated using
the single-impurity Anderson model, which confirms the Kondo
screening derived f 0, f 1, and f 2 features of the spin-orbit split Ce
3d5/2 and 3d3/2 states. The individual f 0, f 1, and f 2 components and
the Shirley background are also shown.
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satellite features at higher and lower binding energies from
the main peak. The main peak and weak features form a
triplet and are derived from a quantum mechanical mixing of
the f 0, f 1, and f 2 initial states, which essentially constitute
the ground state in Kondo materials. We have carried out
single-impurity Anderson model calculations which are well
known to provide a consistent description of the core-level
and angle-integrated valence band spectroscopic properties of
Kondo systems [31–38]. The calculated Ce 3d core-level PES
spectrum is also plotted (full lines) in Fig. 1. The calculated
spectrum matches fairly with the experimental data, thereby
confirming the assignments and allows a quantification of the
ground state. The individual contributions of the f 0, f 1, and
f 2 final states to the spectra are also shown, along with the
Shirley background used to obtain a suitable match to the
experiment. The calculations provide the following set of
parameter values for CeCuAs2: the onsite Coulomb energy
Uff = 7.5 eV, the core-hole potential Uf c = 11.0 eV, the
4f level energy ε0

f = −2.5 eV, bandwidth W = 3.0 eV, and
the hopping parameter between the 4f level and conduction
band states is V = 0.25 eV. In terms of the conventional
way [31] to describe the hybridization strength, we obtain
� = 2V 2/W = 41.6 meV. This value of � is close to that
of the prototypical Ce3+ γ -Ce phase (� = 32 meV) [35].
Another example of a nearly Ce3+ state with a similar value
of � (=37 meV) is CeNi4Al [39]. The f -electron count for
CeCuAs2 is calculated to be nf = 1.01, with the initial-state
contributions of f 0 = 1.7%, f 1 = 95.8%, and f 2 = 2.5%.
These values indicate a small but finite mixed valency for
CeCuAs2.

Figure 2 shows a comparison of the valence band spectra
obtained using HAXPES (hν= 7935 eV) at T = 20 K, and soft
x-ray PES (hν= 922.7 eV) obtained at T = 22 K. Since the
difference in incident photon energies results in a large change
in atomic photoionization cross section (PICS) [40] of the Cu
3d states compared to Ce 4f , As 4s, and As 4p states, it helps
in identification of the partial density of states as discussed in

FIG. 2. (Color online) Comparison of the valence band spectra
obtained using HAXPES (hν = 7935 eV) at T = 20 K, and soft
x-ray PES (hν = 922.7 eV) obtained at T = 22 K.

the following. In particular, at hν= 922.7 eV, the Cu 3d PICS
is an order of magnitude larger than As 4s-4p and Ce 3d PICS,
and the valence band states are expected to be dominated by
Cu 3d states. As seen in Fig. 2, the soft x-ray PES valence
band spectrum is dominated by a feature centered at about
4 eV binding energy, and of approximately 2 eV full width at
half maximum (FWHM). A lower-intensity structure is seen
between EF and about 2.5 eV binding energy for the HAXPES
and soft x-ray valence band spectra. In contrast, a clear feature
of about 4 eV FWHM is obtained at ∼11 eV binding energy in
the HAXPES spectrum. This broad feature is nearly missing
(the inset shows a weak bump in the ×5 magnification of the
intensity scale) in the soft x-ray spectrum and is due to the
As 4s states. This is consistent with a similar feature for As
4s states reported recently in BaFe2As2 using HAXPES [41].
Further, the feature at 4 eV binding energy gets broadened on
the high binding energy side by about 2 eV. Given the decrease
in relative atomic cross sections of the Cu 3d states on going to
high photon energies (hν = 7935) compared to the As 4s-4p

states, it is clear that the soft x-ray spectrum is dominated by
the Cu 3d states centered at 4 eV binding energy, while the
HAXPES spectrum shows dominantly As 4p states between
3–6 eV binding energies mixed with Cu 3d character states.
The occupied Ce 4f states are strongly suppressed at soft
x-ray and hard x-ray energies due to low cross sections and,

FIG. 3. (Color online) (a) The Cu 2p core-level HAXPES spec-
trum measured at T = 20 K indicative of a nominal Cu1+ valency.
(b) The Cu L-edge XAS spectrum measured at T = 22 K. The red
arrows correspond to the peak positions obtained from the HAXPES
Cu 2p spectrum. The labels a–e correspond to the photon energies
used for the Cu 2p-3d resonant photoemission spectra shown in
Fig. 4.
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as will be shown in the following using resonant PES, occur
between EF and 2.5-eV binding energy. Accordingly, we have
carried out Cu 2p-3d and Ce 3d-4f resonant PES but, prior
to that, we first discuss the Cu 2p core-level HAXPES and the
corresponding Cu L-edge XAS spectra.

Figure 3(a) shows the HAXPES Cu 2p core-level spectra
measured at T = 20 K. As is known from early work [42],
the Cu 2p spectra can be used to fingerprint the nominal
valency of the Cu states in CeCuAs2. The spectrum shows
clean single peaks for the 2p3/2 and the 2p1/2 features at
binding energies of 932.9 and 952.7 eV. The binding energies
and spectral shape, i.e., narrow single peaks for the 2p3/2 and
the 2p1/2 features without satellites, indicates a nominal Cu1+,
although the binding energies obtained here are 0.5 eV higher
than for Cu2O [42]. The Cu2+ state, in contrast, is known to
show a broad main peak with a satellite feature at about 9 eV
higher binding energy [42], and the satellite is clearly missing
in CeCuAs2. Figure 3(b) shows the Cu L-edge XAS spectrum
with an L3 peak at 934.6-eV and the L2 peak at 954.8-eV
photon energies. These main peak positions are higher by about
1 eV compared to those of Cu2O [43,44], but it is noted that the
onset energies correspond well to the core-level peak positions
obtained from HAXPES, as shown by red arrows in Fig. 3(b).
From careful studies of the XAS of Cu, Cu2O, and CuO, it
is known that the main peak of the Cu2O spectrum shows an
excitonlike contribution associated with a 3d9 admixture in
the ground state [43]. If we discount the excitonic contribution
in CeCuAs2, which is reasonable since it is not a large gap
insulator like Cu2O, the spectrum resembles the spectra of
nominally monovalent copper compounds [43,44] with the
XAS excitation effectively corresponding to transitions of the
type 2p63d10 → 2p53d104s1.

In Fig. 4, we plot the Cu 2p-3d resonant photoemission
spectra over a wide energy range, from EF to a binding energy
of 30 eV, along with an inset which plots a narrow range for the
main valence band up to 10 eV binding energy on an expanded
intensity (y) scale. The inset shows the main valence band
measured with photon energies across the 2p-3d threshold,
labeled a–e in Fig. 3(b). The spectra are normalized to incident
photon flux and scan time. Compared to the off-resonance
spectrum obtained with energy “a” (hν = 922.7 eV, same as
discussed in Fig. 2), the spectra measured with energies “b”
to “e” show a small reduction in intensity of the Cu 3d states
occurring between 3–5 eV binding energy. In contrast, the
spectra plotted in the main panel over a large energy range
show a giant resonance at an incident photon energy “c”
(hν = 934.6 eV), corresponding to the peak in the Cu L3 edge.
The giant resonance is well known in CuO, Cu2O, and the
Bi2212 high-temperature copper-oxide superconductor [44].
It occurs due to interference between the direct photoemission
channel and the LVV Auger channel for the d10 initial state and
results in a d8 final state. The high binding energy three-peak
structure actually consists of the atomiclike 1S, 1G, and 3F

final-state term splittings of the Cu 3d8 configuration [45].
In fact, spin-resolved studies [46] have nicely shown that the
highest intensity peak is the 1G singlet state, the weakest peak
at higher binding energy is the 1S singlet, and the intermediate
intensity peak at lower binding energy is the 3F triplet. While
the absolute binding energies of the three-peak structure differ
for CuO, Cu2O, and Bi2212, the energy separations and the

FIG. 4. (Color online) The giant resonance of the satellite seen
in the Cu 2p-3d resonant PES positioned at ∼17 eV binding energy,
obtained using photon energy c = 934.6 eV. The off-resonance
spectrum at photon energy a = 922.7 eV, and the spectrum obtained
at energy b = 931.6 eV are also shown for comparison, plotted with
a constant shift in intensity. The inset shows a narrower energy range
spectra for photon energies a–e [marked in Fig. 3(b)], plotted without
any intensity shift but with a magnified intensity scale, in order to
show the small changes in the intensity of the Cu 3d states in the
main valence band.

relative intensities for the constituent peaks are the same
as for Cu metal [45] and they also match nicely with our
measurements. By analogy, we assign the 17.2- and 21.3-eV
peaks to the 1G and 1S singlet states while the 14.4-eV peak is
assigned to the 3F triplet state.

We next discuss the Ce 3d-4f (M-edge) XAS of CeCuAs2

measured at T = 22 K and shown in Fig. 5 using symbols.
XAS has been extensively used to study Kondo systems
in combination with the single-impurity Anderson model
[31,32,34–38]. Recent studies have shown that even the

FIG. 5. The Ce 3d-4f (M-edge) x-ray absorption experimental
spectrum (symbols) of CeCuAs2 compared with single-impurity
Anderson model calculations (line). Photon energies labeled A–G
were used for measuring the Ce 3d-4f resonant PES spectra.
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crystal-field ground states of Ce- and Yb-based rare-earth
systems can be very precisely determined using polarization-
dependent XAS and ionic full-multiplet model calcula-
tions [47]. Here, we follow the first method, pioneered by
Gunnarsson-Schonhammer [31] and Fuggle et al. [32] in
which the single-impurity Anderson model is used to simulate
the f 1 and f 2 final states seen in the XAS of Kondo systems.
The XAS spectrum of CeCuAs2 shows a very rich structure for
the M5 and M4 edges (Fig. 5). The calculated XAS spectrum
using the single-impurity Anderson model is also shown in
Fig. 5 as a line spectrum. The calculated spectrum was obtained
using the same set of parameters that were used to calculate
the Ce 3d core-level HAXPES spectrum shown in Fig. 1. In
fact, the parameters were chosen to give the best match to both
the core-level HAXPES and the XAS spectra. The main peaks
are assigned to the f 2 final state, but we also see a weak but
definite feature for the f 1 final states occurring at 889 eV for
the M5 edge and at 907.4 eV for the M4 edge. The observation
of the f 1 final states is a signature of Kondo screening in the
final states of XAS [31,32,34–38]. Hence, from the XAS and
the core-level HAXPES, the results establish direct evidence
for Kondo screening in CeCuAs2. We have then carried out
resonant PES across the the Ce 3d-4f threshold at photon
energies labeled A–G in Fig. 5. Soft x-ray resonant PES across
the 3d-4f is a powerful method to clarify the 4f character
partial density of states (DOS) in rare-earth-based materials
[48–50]. The Ce 3d-4f resonant PES spectra measured at
T = 22 K are shown in Fig. 6. The off-resonant spectrum
measured with photon energy A (hν = 873.8 eV) is quite
similar to the spectrum measured with hν = 922.7 eV (soft
x-ray spectrum shown in Fig. 2). As we increase the photon
energy, we see a systematic enhancement of the spectral
intensity between EF and about 3 eV binding energy up to
the photon energy E, and then the intensity drops down for
photon energies F and G. The spectra show a sharp peak near
EF which shows an intense maximum at photon energy E

(hν = 882.4 eV) corresponding to the highest intensity peak
in the M5 edge, and a weak structure at about 2.5 eV binding
energy. The peak near EF is the f 1 final state reflecting

FIG. 6. (Color online) (Color online)) Ce 3d-4f resonant PES of
CeCuAs2 for energies labeled A–E and marked in Fig. 5. The results
show a systematic increase in the f partial density of states with an
intense resonance maximum for incident photon energy E.

FIG. 7. (Color online) Comparison of experimental results with
single-impurity Anderson model calculations for Ce 3d-4f resonant
PES spectrum E. The comparison shows a good match between
experiment and calculations carried out using the same parameters
as for the Ce 3d core level (Fig. 1) and Ce M-edge XAS
(Fig. 5).

the Kondo or Abrikosov-Suhl resonance in the valence band,
while the peak at 2.5 eV binding energy is the f 0 final state
[31–38].

Using the single-impurity Anderson model, we have cal-
culated the Kondo resonance f 1 and the direct photoemission
f 0 signal and the results are shown in Fig. 7 compared to
the spectrum obtained with photon energy E. Here again, we
have used the same parameters as for the Ce 3d core-level
HAXPES and the M-edge XAS. The calculated result indicates
a fairly good match with the experimental spectrum thereby
confirming the validity of the Kondo picture. It is noted
that for typical low- and high-T K Kondo metals, the tail
of the Kondo resonance is observed as a sharp peak at
EF in the occupied DOS as measured by high-resolution
photoemission spectroscopy [51–53]. However, a careful look
at the experimental spectrum E as shown on an expanded
scale in Fig. 8(a) reveals that the leading edge is not at
EF but just below EF , and is discussed in detail in the
following.

Figure 8(a) shows a comparison of the on-resonance
spectrum E with the Fermi-Dirac (FD) function convoluted
with a Gaussian function of 200 meV FWHM, corresponding
to the energy resolution obtained by fitting to the experimental
gold Fermi edge. While our energy resolution is not very high
as we are doing a Ce 3d-4f experiment at about 880 eV
incident photon energy to characterize the f partial DOS, a
small but finite difference is observed in the leading edge of
spectrum E compared to the FD function convoluted with the
Gaussian function. In order to obtain the f partial density of
states at and near EF , we have then divided the on-resonance
spectrum E by the FD function at T = 22 K convoluted by
the resolution broadened Gaussian function, and the result is
superimposed on the data in Fig. 8(a). The results indicate that
the main peak of the occupied f partial density of states is
positioned at ∼180 ± 20 meV below EF , and shows a dip
feature at EF . In order to further confirm that the dip feature
is genuinely of 4f character, we have also done a similar
exercise with the spectra obtained with photon energies A to
F and plotted in Fig. 8(b). Figure 8(b) shows that the dip
at EF evolves systematically with the resonance behavior in
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FIG. 8. (Color online) (a) The near EF on-resonant spectrum
E divided by the Fermi-Dirac function at T = 22 K convoluted
with a Gaussian function corresponding to the experimental energy
resolution of 200 meV. The extracted f partial density of states shows
a dip at EF . (b) A similar analysis for the spectra A to F shows the
systematic evolution of the dip feature at EF . (c) In contrast, the
off-resonant spectrum A shows a typical metallic Fermi edge. A
linear DOS multiplied by the Fermi-Dirac function and convoluted
with the experimental Gaussian was used to fit the off-resonant
spectrum A.

the partial f DOS and is clear for photon energies D and
E, and then gets weakened for spectrum F . On the other
hand, the near EF region of the off-resonance spectrum A

[Fig. 8(c)] shows a typical Fermi edge. Here, we needed to use
a simple linear DOS multiplied by the FD function at T = 22 K
convoluted with the same Gaussian function to simulate the
off-resonance spectrum A. The spectrum A divided by the
fit shows a flat behavior at and near EF and confirms that
the off-resonance spectrum A of CeCuAs2 exhibits a typical
metallic Fermi edge. The results indicate that the dip feature is
observed only for the f partial DOS which rides on the metallic
conduction band DOS. Also, as is well known [54], since the
division of the raw spectra by the FD function convoluted
Gaussian function is considered valid only up to an energy
of ∼4kBT above EF , i.e., ∼10 meV at T = 22 K, we clarify
that the dip feature is effectively identified from the f partial
DOS at and just below EF , and which reflects the difference
compared to the metallic Fermi edge. It would be thus useful
to carry out temperature-dependent studies of the f partial
DOS, but at a higher-energy resolution. This is possible with
Ce 4d-4f resonant PES [55], but it is expected to be more
surface sensitive than the present experiments and is beyond
the scope of this study.

Finally, although we see a pseudogap in the f partial
DOS at EF , in order to check whether it is a signature
of underscreening in the Kondo model, we have analyzed
the magnetic susceptibility χ (T ) of CeCuAs2 by plotting
T χ (T ) versus lnT , as discussed in the Appendix. The results
show no enhancement of the spin moment below room
temperature down to the lowest temperature of measurement
(T = 1.8 K). Instead, a faster than logarithmic decrease in
T χ (T ) is observed on reducing temperature. This rules out an
underscreened Kondo effect as discussed by Nevidomskyy

and Coleman [17], and is suggestive of antiferromagnetic
correlations [18,28] in CeCuAs2. However, the Ce 3d core-
level HAXPES, Ce M-edge XAS, and the Ce 3d-4f resonant
PES results consistently show evidence for Kondo screening
in the spectroscopic properties of CeCuAs2 and a pseudogap
in the f partial DOS at EF . The electronic states at and
near EF would play an important role in the anomalous
transport and magnetic properties of CeCuAs2. A recent study
on a nonsuperconducting iron-pnictide FeCrAs which shows
antiferromagnetic ordering has proposed a non-Fermi-liquid
ground state based on a power-law behavior observed in
electrical transport properties [56]. It would be important to
carry out spectroscopic studies on FeCrAs to check for a
pseudogap behavior in another pnictide compound, but in the
presence of magnetic ordering.

IV. CONCLUSIONS

In conclusion, we have carried out spectroscopic studies
of CeCuAs2 using hard x-ray photoemission spectroscopy
(HAXPES), x-ray absorption spectroscopy (XAS), and res-
onant PES. The Ce 3d core-level PES shows typical Kondo
behavior in terms of the f 0, f 1, and f 2 features, while the Ce
3d-4f XAS shows corresponding features due to transitions
into the f 1 and f 2 states. The spectral feature assignments are
confirmed by single-impurity Anderson model calculations
and indicate a nearly trivalent-Ce configuration. The resonant
PES valence band spectra across the Cu 2p-3d threshold
show a giant resonance for the high binding energy satellite.
The Ce 3d-4f resonant PES spectra show an intense Ce
4f 1 resonance just below the Fermi level, with the Ce 4f 0

feature positioned at a binding energy of 2.5 eV. The obtained
f partial density of states shows a pseudogaplike dip at
the Fermi level in CeCuAs2. The results indicate Kondo
screening and the pseudogap in the f partial density of states
lead to the anomalous transport and magnetic properties of
CeCuAs2.
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APPENDIX

Analysis of the magnetic susceptibility χ (T ) of CeCuAs2:
In a recent theoretical study, Nevidomskyy and Coleman
addressed the general behavior of the role of Hund’s coupling
on the Kondo effect for d and f electron systems [17].
While the Hund’s coupling is not important for an f 1

electron system (such as Ce3+) at the single-ion level, it
was shown that for a single-site multi(K)-channel Kondo
model with Hund’s coupling, underscreening leads to a locking
of localized spin- 1

2 moments to form a large pseudospin
S = K/2. The enhancement in the effective spin moment
is accompanied by an exponential reduction of the effective
Kondo temperature T ∗

K . The underscreening behavior can then
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FIG. 9. Plot of T χ (T ) vs lnT for CeCuAs2, using the χ (T )
reported in Ref. [16]. The plot shows a faster than logarithmic
decrease on reducing temperature down to about 10 K. At lower
temperatures, a plateau region between 5–10 K is clearly seen,
followed by a further reduction below 5 K.

be identified from a plot of T χ (T ) versus lnT , which is
expected to show three regions: (i) a high-T paramagnetic

phase with spin- 1
2 moments, (ii) an intermediate-T phase

with a large unscreened pseudospin S = K/2 at temperatures
above T ∗

K , and (iii) a low-T Nozieres Fermi liquid ground
state below T ∗

K . This result provides a good method to test
for underscreening and we apply it here for the case of
CeCuAs2.

In Fig. 9, we plot T χ (T ) versus lnT using the magnetic
susceptibility data reported earlier for T = 1.8–300 K [16].
As is clearly seen in the figure, T χ (T ) shows a faster than
logarithmic decay below 300 K, all the way down to about
10 K. This rules out an enhancement of the effective spin
moment and is, instead, typical of antiferromagnetic spin
correlations [18,28]. The data at low temperatures shows a
plateau region between 5–10 K and then a further reduction
down to the lowest temperature. The plateau region corre-
sponds to an anomalous plateau also seen in the specific-heat
data, and has been discussed earlier [16]. The quenching
of the spin moment at the lowest temperatures suggests a
very low T ∗

K � 1 K. Thus, in conclusion, CeCuAs2 does
not show an enhanced effective spin moment and can not
be considered as an example of the underscreened Kondo
effect.
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