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The anomalous Nernst effect (ANE), generating a voltage perpendicular to a temperature gradient due to
magnetization, is closely linked to the Berry curvature (BC) near the Fermi energy in topological magnets.
We report an enhanced spontaneous ANE in the ferromagnetic Kondo lattice CeCo2As2, which features
Kondo-screened cerium-based 4f moments embedded in a ferromagnetic d-electron framework. The
observed large anomalous Nernst coefficient, greater than the Seebeck coefficient, is attributed to the strong
BC present in the f-orbital-dominated flat bands. The enhanced ANE in CeCo2As2 serves as a signature of
the Fermi energy pinning within the topological flat band, highlighting the correlation-driven topology in
the Kondo lattice.
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The anomalous Nernst effect (ANE) acts as a thermo-
electric counterpart to the anomalous Hall effect (AHE). It
holds promise for thermoelectric devices by facilitating
perpendicular current flow and improving design and
performance [1,2]. Unlike the conventional Nernst effect,
which necessitates an external magnetic field, the ANE
in a ferromagnetic (FM) material emerges intrinsically
from the magnetization, allowing for heat-to-spin and
charge conversion devoid of an external magnetic field
[Fig. 1(a)]. However, the anomalous Nernst coefficient
(SAxy ¼ −EA

y =∇xT) in conventional magnets typically mea-
sures between 0.1 and 1 μVK−1, which is typically smaller
than the Seebeck coefficient by several orders of magni-
tude, limiting their applicability [3–5].
It is well-established that large intrinsic AHE and ANE

are distinguishing traits of topological magnets, heavily
reliant on the Berry curvature (BC) distribution around the
Fermi level (EF) [6–17]. High-throughput first-principles
calculations have predicted magnetic materials with notable
topological structures, including nodal lines and Weyl
points, where BC can yield greater SAxy [11,18–20]. Recent

experimental work demonstrates that the large ANE is highly
sensitive to EF in the topological magnets [21,22].
In this Letter, we underscore that the f-electron Kondo

effect can significantly boost the ANE by generating a
narrow topological band through f-d hybridization. We
conduct a comparative analysis of the magnetization,
electric, and thermoelectric properties of CeCo2As2 and
its isostructural, non-4f analog LaCo2As2, both belonging
to the RCo2As2 family (R ¼ light rare earth), crystallizing
in the ThCr2Si2-type structure (space group I4=mmm).
Their magnetic characteristics are shaped by the interplay
of itinerant Co d electrons and localized R4f electrons
[23–25]. Both CeCo2As2 and LaCo2As2 exhibit an FM
ground state with the c axis as the easy axis and the Curie
temperature (TC) above 100 K [23,24]. While LaCo2As2
acts as a d-electron magnet, CeCo2As2 emerges as an FM
Kondo lattice in which the Kondo effect is pivotal for Ce’s
4f electron behavior, forming topological bands with
pronounced f-orbital character [26].
Our research unveils a unique topological thermoelectric

signal in the single crystals of CeCo2As2, an impressive
value of SAxy of 7.4 μVK−1 at 40 K. Furthermore, the values
of SAxy surpass those of Seebeck coefficient Sxx across a
broad temperature range, leading to an anomalous Nernst
angle (tan θAN ¼ jSAxy=Sxxj) as large as 144%. Our calcu-
lations propose that the large AHE and ANE arise from the
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pronounced BC in the f-electron characteristic bands, with
multiple hybridization gaps andWeyl nodes existing within
several meVof EF. As the Kondo hybridization effectively
pins EF within these topological flat bands, the ANE is
further amplified. These findings offer a unique perspective
on the potential of correlated topological magnets in
thermoelectric applications, providing insight into the
critical interplay between the Kondo effect and electronic
topology.
Single crystals of CeCo2As2 and LaCo2As2 were syn-

thesized via a self-flux technique [25], and their thermo-
dynamic and transport properties are presented in Fig. 1.
The electronic specific heat coefficient (γ) of CeCo2As2 is
measured to be 78 mJmol−1K−2, which is approximately
three times greater than that of LaCo2As2, indicating a
significant enhancement in the effective mass of charge
carriers in CeCo2As2. The temperature dependence of
longitudinal resistivity [ρxxðTÞ] of CeCo2As2 demonstrates
an initial increase with decreasing temperature, culminating

in a broad maximum. This behavior signifies a transition
from a regime dominated by incoherent scattering of the
carriers on f local moments at elevated temperatures to a
state characterized by coherent scattering at lower temper-
atures for a Kondo lattice [27–29]. The broad maximum in
ρxxðTÞ signifies this transition with a characteristic coher-
ence temperature (Tcoh ∼ 100 K) for CeCo2As2. In addi-
tion, CeCo2As2 presents a positive Sxx with a peak at 70 K.
Large and positive Sxx is commonly observed in cerium-
based heavy fermions (HFs) due to the intricate interplay
between the Kondo effect and the crystalline electric
field [30]. Conversely, LaCo2As2 exhibits normal metallic
behavior in its resistivity and a negative Sxx.
It is noteworthy that CeCo2As2 and LaCo2As2 exhibit

similarities in their temperature and field-dependent mag-
netization. The temperature dependence of their suscep-
tibilities aligns with Curie-Weiss behavior at elevated
temperatures, with fitting yielding an effective magnetic
moment μeff ¼ 3.6 μB=F:U. for CeCo2As2. This value is
close to the combined μeff for LaCo2As2 (2.9μB=F:U.) and
the Hund’s rule ground state moment for the Ce3þ ion
(2.54μB=Ce3þ), indicating a decoupling of the 4f local
moment from itinerant electrons at high temperatures. The
compounds display FM ordering at TC of 190 K and 99 K,
with a marked increase in magnetization observed under a
weak external magnetic field below TC. Furthermore, a
change in the slope of the temperature-dependent resistivity
is noted at TC, attributed to the suppression of spin disorder
scattering (see more details in Supplemental Material [31]
for the determination of TC and Tcoh). The lower TC of
CeCo2As2 relative to Tcoh suggests that its FM state
involves collective Kondo hybridization. The nearly iden-
tical saturated magnetization of 1.0μB=F:U. for both com-
pounds at 2 K, as depicted in Fig. 1(c), supports the
conclusion that the 4f local moment of the cerium atom at
low temperatures is effectively quenched.
The Hall resistivity ρyxðHÞ and the Nernst signal SxyðHÞ,

as illustrated in Figs. 2(b), 2(c), 2(e), and 2(f), respectively,
exhibit profiles that are closely comparable to the mag-
netization curves, as shown in Figs. 2(a) and 2(d). Notably,
CeCo2As2 displays significantly higher absolute values
for both ρyx and Sxy than LaCo2As2. In FM conductors,
the Hall resistivity can be decomposed into ordinary and
anomalous contributions, expressed as ρyx ¼ ρOyx þ ρAyx,
where ρOyx and ρAyx correspond to ordinary and anomalous
Hall resistivities, respectively, which are linearly dependent
on the external magnetic field and magnetization [59].
Similarly, the Nernst signal can also be categorized into
ordinary and anomalous contributions: Sxy ¼ SOxy þ SAxy.
Extrapolation of the high-field regions of ρyx and Sxy to the
zero-field limit indicates that ρAyx and SAxy of CeCo2As2 are
an order of magnitude greater than those for LaCo2As2.
The temperature dependence of crucial parameters asso-

ciated with anomalous effects, including the anomalous

FIG. 1. Magnetization, specific heat, and transport properties
of CeCo2As2 and LaCo2As2. (a) Unit cell of CeCo2As2
(a ¼ 4.03 Å, c ¼ 10.20 Å) and schematic illustrations of the
Seebeck effect and the ANE. The Seebeck coefficient is defined
as Sxx ¼ Ex=∇xT while the anomalous Nernst coefficient is
defined as SAxy ¼ −EA

y =∇xT. The spontaneous magnetization M
is along the c axis, and the heat current is applied along the a axis.
The anomalous Nernst voltage VA

N appears perpendicular to
both the magnetization and the temperature gradient. In transport
measurements, the x, y, and z axes are defined along the
crystallographic a, a, and c axes, respectively. (b) The low-
temperature specific heat divided by the temperature [CpðTÞ=T]
of CeCo2As2 and LaCo2As2, indicating that CpðTÞ can be des-
cribed as CpðTÞ ¼ γT þ βT3, where γT and βT3 are the elec-
tronic and the lattice contribution, respectively. (c) The magnetic
field dependence of the magnetization at 2 K. (d)–(f) The
temperature dependence of the M=H and H=M curves in an
external magnetic field of 0.1 T applied in the crystallographic
c axis, the longitudinal electric resistivity ρxxðTÞ, and the Seebeck
coefficient SxxðTÞ.
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Hall conductivity σAxy ≃ ρAyx=ρ2xx, the anomalous Nernst
coefficient SAxy, and the anomalous Nernst conductivity
αAxy ¼ σAxySyy þ σxxSAxy for both CeCo2As2 and LaCo2As2,
is summarized in Figs. 2(g) and 2(h). As the temperature
decreases, σAxy of CeCo2As2 increases monotonically and
reaches 710 Ω−1 cm−1 below 20 K, significantly exceeding
the maximum value observed in LaCo2As2, which is
130 Ω−1 cm−1 at 110 K. Consequently, anomalous Hall
angle tan θAH ¼ jσAxy=σxxj for CeCo2As2 attains its maxi-
mum of 11% at 2 K, as shown in Fig. 2(i). The values of SAxy
for CeCo2As2 remain negative, with the absolute value
increasing with temperature, peaking at 7.4 μVK−1 around
40 K. In contrast, the values of SAxy for LaCo2As2 are
positive and gradually rise with temperature, reaching
0.7 μVK−1 at approximately 150 K. The observed peak
value of SAxy for CeCo2As2 is comparable to some of the
largest values reported for other topological magnets, such
as 6 μVK−1 for Co2MnGa [8,60,61], 3 − 5 μVK−1 for
Co3Sn2S2 [9,62,63], and 6 − 10 μVK−1 for YbMnBi2
[15,64]. The temperature dependence of αAxy of CeCo2As2
follows the profile of that of SAxy, with a peak value of
4.0 Am−1 K−1, ranking among the top values reported in
topological magnets [8,9,11,14–17]. In contrast, LaCo2As2
exhibits positive αAxy with a small peak value of
0.7 Am−1 K−1. Notably, the absolute values of SAxy and
Sxx for CeCo2As2 are comparable below its TC, which
emphasizes a significant tan θAN of 87% at 40 K, coincid-
ing with the maximum of SAxy. As shown in Fig. 2(i), the
values of tan θAN exceed 100% below 30 K, ultimately
reaching 144% at the lowest measured temperature of 3 K.
In comparison, the tan θAN values for conventional bulk
magnets such as Fe, Co, and Ni remain below 1% [5].

To illustrate the substantial ANE for CeCo2As2, we
summarize tan θAN and jSAxy=Tj at the lowest temperatures
for various topological magnets [7–17], as depicted
in Fig. 3(a). In a multiband system, Sxx can vanish due
to electron-hole compensation at finite temperatures, in
which case the tan θAN may take arbitrarily large values
[7,13,14]. However, we note that the values of tan θAN
for most of the magnets are less than 50% at low temper-
atures in general. Correspondingly, the values of jSAxy=Tj
are less than 0.1 μVK−2. Three f-electron compounds,
UCo0.8Ru0.2 Al [14], which show great value of SAxy being
23 μVK−1 at 40 K, CeCrGe3 [17], and CeCo2As2, exhibit
substantial values of SAxy=T.
It is noteworthy that these three f-electron compounds

can be classified as HFs, which exhibit enhanced values of

-6

-3

0

-20

0

20

-1

0

1

-2 -1 0 1 2
-1

0

1

-2 -1 0 1 2
-10

0

10

0

400

800

-8

-4

0

-1

0

1

-1

0

1

0 50 100 150 200
0

50

100

150

of Ce
of Layx

(
cm

)(b)

(c)

(d)

(e)

(f)

(g)

(h)

(i)

yx
(

cm
)

3 K

S
xy

(
V

K-1
)

0H (T)

S
xy

(
V

K-1
)

0H (T)

3 K

A xy
(

-1
cm

-1
)

Ce

La

S
A xy

(
V

K-1
) Axy (A

m
-1K

-1)

S of Ce
S of La

M
B/

F.
U

.)

2 K
40 K
80 K
120 K

Ce
(a)

M
B/

F.
U

.)

2 K
50 K
100 K
150 K
200 K

La

ta
n

(%
)

T (K)

tan AN

Ce

tan AH

FIG. 2. Magnetic field dependence of the magnetization M, the Hall resistivity ρyx, and the Nernst coefficients Sxy of
(a)–(c) CeCo2As2, and (d)–(f) LaCo2As2 at several representative temperatures. The temperature dependence of (g) σAxy and
(h) SAxy and αAxy of CeCo2As2 and LaCo2As2. (i) The temperature dependence of tan θAH and tan θAN of CeCo2As2.

0 0.2 0.4 0.6
0

50

100

150

0 100 200
0

50

100

3 3.5 4
0

200

400

600

800
LaCo As
Co MnGa
Co Sn S
Fe Sn
Fe GeTe
Mn Sn
Mn Sn
Fe Ga
Fe Al
YbMnBi
Fe Sn

UCo Ru Al

CeCo As

ta
n

AN
T

0
(%

)

SA
xy /T T 0 ( V K-2)

CeCrGe
Conventional
topological
magnets

HF topological
magnets

(a)

(c)

(b)

/
(

V
K

)

T (K)

/M
(

cm
)

(×10 cm )

FIG. 3. (a) Summary of the data of tan θAN and jSAxy=Tj at the
lowest temperature for various topological magnets. (b) Scaling
of σAxy for CeCo2As2 by the normalized magnetization M̄ ¼
MðTÞ=MsatðT ¼ 2 KÞ with σ2xx. (c) The jαAxy=σAxyj ratio as a
function of temperature for CeCo2As2 and LaCo2As2. The solid
lines are the fitting curves.

PHYSICAL REVIEW LETTERS 136, 036505 (2026)

036505-3



γ at low temperatures. On the other hand, transport
measurements on CeCo2As2 provide clear evidence of
its single-band nature and reveal a large Sxx, making the
exceptionally large tan θAN remarkable (see details in
Supplemental Material [31]). Because the large Sxx at
low temperatures reflects the significant density of states
(DOS) in HF compounds [30], the large value of tan θAN
should be ascribed to a large SAxy=T rather than a small Sxx,
highlighting the significant ANE in HF magnets.
We scale σAxy for CeCo2As2 divided by its normalized

magnetization M̄ ¼ MðTÞ=MsatðT ¼ 2 KÞ against σ2xx in
Fig. 3(b), taking into account the variation in magnetization
from 2 K to TC. The AHE may arise from either extrinsic
skew scattering contribution, leading to a quadratic rela-
tionship between the σAxy and σxx [65], or from an intrinsic
BC contribution, wherein σAxy remains independent of σxx
[59,66]. The values of σAxy=M̄ in CeCo2As2 consistently
hover around 700 Ω−1 cm−1, indicating a prevailing intrin-
sic contribution. It was reported that the skew scattering
AHE in HFs, due to the disrupted Kondo resonance of the
local moment scattering conduction electrons in a magnetic
field [67,68], is characterized by a small value of tan θAH,
being approximately 1% [59]. The exceptional ANE and
AHE observed in CeCo2As2 necessitate a reevaluation of
the role of the Kondo effect in its topological electronic
structure.
To illuminate the role of 4f electrons in the band

structure, we conducted a comparison of LaCo2As2 and
CeCo2As2 utilizing the density functional theory coupled
with dynamical mean-field theory (DFT + DMFT), as
illustrated in Figs. 4(a) and 4(b), respectively. Significant
Kondo flat bands are observed just above EF in CeCo2As2,
which are absent in LaCo2As2. The presence of these
Kondo flat bands elucidates the HF properties and the
significant value of Sxx=TjT→0, as the latter is proportional
to the DOS at EF. Further analysis reveals numerous f-d
hybridization gaps and Weyl points distributed within a
narrow energy range near EF (see Fig. S13 in Supplemental
Material [31]).
Because direct determination of the BC is not feasible in

DFT + DMFT calculations, we employed the adjusted DFT
tight-binding (TB) model to capture the characteristics of
Kondo flat bands and their hybridization with Co-3d bands,
as shown in Fig. 4(c). A representative BC-resolved band
structure with the z component Ωz (Å2) in the kz ¼ 0 �
4π=c plane, along with those for other planes, is shown in
Fig. 4(d) and the Supplemental Material [31]. Our findings
demonstrate that the large σAxy and αAxy can be attributed to
the significant average BC arising from the f-d hybridi-
zation gaps and associated Weyl points. These features
not only increase σAxy [69], as the three-dimensional Kondo
flat band lies near EF, amplifying the BC contribution
from occupied states across all kz planes (Fig. S15 in
Supplemental Material [31]), but also enhance αAxy by

concentrating a large average BC within a narrow energy
window near the EF (Fig. S16 in Supplemental Material
[31]). As shown in Figs. 4(e) and 4(f), when we set the
energy at E ¼ EF þ 15 meV that crosses the f flat bands,
we can obtain jσAxyj being about 1000Ω−1 cm−1 and jαAxyj
being about 4 Am−1K−1 at 50 K, which agree well with the
experimental values.
From the perspective of intrinsic mechanisms, the

AHE and the ANE arise from electron flows that are
deflected by the BC under an electric field and a thermal
gradient, respectively [70,71]. These two effects are con-
nected via the Mott relation ðαAxy=TÞ ¼ −ðπ2=3Þ½k2B=e�×
fdσAxy=dEgjE¼EF

, where kB is the Boltzmann constant and
e is the electron charge. Apparently the ratio of αAxy=σAxy for
LaCo2As2 remains linear dependent on the temperature
while that for CeCo2As2 deviates from the linearity
above 30 K [Fig. 3(c)]. To understand the deviation
from linearity, we perform the Sommerfeld expansion,
with the help of the Dirac model, to modify it as
ðαAxy=σAxyÞ ¼ ðeL0TÞ=fμ½1þ ðπ2=3ÞðkBT=μÞ2�g, where L0

is the Lorentz constant and μ is the chemical potential [72].
In the limit of kBT ≪ μ, the second term of the denom-
inator is negligible, and the ratio αAxy=σAxy exhibits a linear
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temperature dependence, which is observed in LaCo2As2
and many other topological magnets [12,61,73–75]. In
contrast, the second term is not negligible for CeCo2As2,
indicating a small μ. We fit the measured data with the
above expression, as shown by the solid curves in Fig. 3(c),
to extract the μ value corresponding to T� ¼ μ=kB ¼ 90 K
for CeCo2As2. This value is comparable to Tcoh ¼ 100 K,
indicating that the renormalized band due to the coherent
Kondo hybridization is the source of the BC. On the other
hand, its ultralow Fermi temperature (TF) and Tcoh are
responsible for the breakdown of the Mott relation at
elevated temperatures. As comparison, the estimated T�
for LaCo2As2 is 475 K, far above its TC.
We now demonstrate that the low TF is crucial for the

exceptional values of SAxy=TjT→0 and tan θAN in CeCo2As2.
Given that the intrinsic σAxy is independent of electronic
scattering, a low TF leads to an elevated value of αAxy=TjT→0

in accordance with the Mott relation. Because the second
term σxxSAxy contributes over 90% to αAxy ¼ σAxySyy þ σxxSAxy
in CeCo2As2, a high value of SAxy=TjT→0 is anticipated
when σxx is low.
On the other hand, by applying the Mott relation in the

low-temperature limit for both αAxy and αxx, we derive the
expression tan θANjT→0 ≃ j½ðdσAxy=dEÞ=ðdσxx=dEÞ�jE¼EF

,
which can be compared to the formula of tan θAH ¼
jσAxy=σxxj. The large disparity between the two values
(tan θAH ¼ 11% and tan θAN ¼ 144%) indicates that σAxy
exhibits a markedly more sensitive response concerning
energy variation than that of σxx. This result is consistent
with our calculations, which demonstrate a sharp energy
dependence of σAxy near the Fermi level, as shown in Fig. 4(e).
As a measurement of the BC at EF, a large ANE can be

achieved only when the chemical potential is tuned in the
vicinity of the BC “hot zones,” which sometimes requires
elaborate chemical substitution in topological magnets in
practice [21,22]. Our calculation shows that the hybridi-
zation in CeCo2As2 spreads over the BC to an energy range
of approximately tens of meV (Fig. S16 in Supplemental
Material [31]). As the bandwidth is of the same magnitude,
the BC is distributed over a significant portion of the flat
band, leading to an enhanced ANE.
Recent studies revealed that an inversion-symmetry-

breaking HF can evolve into a Weyl-Kondo semimetal
state with strongly renormalized Weyl nodes residing
at EF [76–80]. Such nonmagnetic, noncentrosymmetric
Kondo semimetals manifest enhanced BC due to the Kondo
flat band and spontaneous Hall effect at ultralow temper-
atures [81]. On the other hand, our findings unveil
significantly enhanced AHE and ANE in the FM Kondo
lattice CeCo2As2, which serve as the fingerprint of the
strong BC in topological magnets. Figures 5(e)–5(h)
illustrate the pathway of the formation of this topological
FM Kondo lattice and the enhancement effect of AHE and
ANE, in comparison to the counterpart with only d-electron

magnetism in Figs. 5(a)–5(d). As the Kondo band is
generated from the hybridization between the magnetic
d-electron framework and the embedded f moments,
the flat band naturally involves time-reversal symmetry
breaking.
A considerable value of tan θAN, and a large ratio of

SAxy=T at low temperatures, can serve as indicators of low
EF and strong BC in the flat band. These observations
directly point to a Kondo-pinning effect, similar to that
proposed in the nonmagnetic Weyl-Kondo semimetals [79].
Those results showcase prominent anomalous transport
effects of a correlated topological Kondo magnet and also
highlight a thermoelectric quantum effect of a flat-band
system.
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