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Uniaxial hybridization in the quasi-one-dimensional Kondo lattice CeCo2Ga8
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We report the electron dynamics of the recently discovered quasi-one-dimensional Kondo lattice compound
CeCo2Ga8 by optical spectra measurements using polarized light. For an electric field along the c axis, the
high-temperature Drude-like peak is found to split into two distinct components below the coherence temperature
T ∗, including a narrower Drude-like peak at low frequencies characterizing the emergent heavy electron state
with a large mass enhancement, and a midinfrared Lorentz-like peak originating from interband transitions across
the hybridization gap. The splitting is, however, absent for an electric field along the perpendicular directions,
suggesting that the hybridization only occurs along the c axis, although the high-temperature optical spectra
from the background conduction electrons are isotropic. Our observations are in agreement with the resistivity
data that show a broad maximum at around 20 K only along the c axis but which keep increasing with a lowering
temperature below 50 K along the ab plane. Our work confirms the quasi-one-dimensional nature of the heavy
electron physics in CeCo2Ga8 and establishes a direct correspondence between the bulk transport properties and
microscopic electronic structures. It also pushes the previous observation of anisotropic coherence temperature
in many heavy fermion compounds to an extreme situation and reveals the importance of intersite magnetic
correlations beyond the local Kondo picture.
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Underlying the rich variety of correlated phenomena such
as the quantum criticality and unconventional superconduc-
tivity in heavy fermion materials [1–5] is the special charge
dynamics of their heavy electron normal state. The latter
is associated with the localized-to-itinerant transition of f
electrons and emerges below a characteristic temperature T ∗
often marked by a broad maximum in the resistivity mea-
surements [6]. What has not been well established is how
these bulk properties might be associated or determined by
microscopic electronic structures such as the hybridization
between f and conduction bands. The widely used dynamical
mean-field theory typically predicts a local Kondo picture for
the hybridization [7].

CeCo2Ga8 is a recently synthesized Kondo lattice com-
pound, showing a quantum critical point at ambient pressure
without tuning [8]. Bulk susceptibility measurements revealed
large anisotropy and first-principles calculations suggest
quasi-one-dimensional (1D) heavy electron Fermi surfaces
[8,9]. Interestingly, unlike the resistivity which shows a lin-
ear temperature dependence below 2 K, the specific heat
coefficient becomes saturated at low temperatures [8]. This
disparate behavior resembles that observed in Ge-doped
YbRh2Si2 [2,10] and was considered to signal the uncon-
ventionality of its quantum criticality whose nature has been
an issue of intensive debates during the past decade [10].
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In YbRh2Si2, some argue that such a disparity might be
associated with a dimensional crossover [11]. Dimensional-
ity seems indeed important for heavy fermion physics. A
ferromagnetic quantum critical point has recently been ob-
served in quasi-1D Kondo lattice systems YbNi4(P0.91As0.08)2

and CeRh6Ge4 [12,13], in contrast to the usual first-order
ferromagnetic transition. It is therefore a question if low di-
mensionality might also play a role in CeCo2Ga8.

In this paper, we report detailed optical conductivity mea-
surements in a single crystal of CeCo2Ga8 along different
electric field directions. We find that the hybridization gap
only opens along the c axis below the coherence temperature
but is absent in the perpendicular directions down to our low-
est measured temperature. Although we cannot reach a region
with linear-in-T resistivity, our data provide unambiguous evi-
dence for the quasi-1D property of its heavy electron state that
might be useful for future clarifications of its low-temperature
quantum criticality. The uniaxial hybridization property also
agrees well with the anisotropy of the resistivity data, suggest-
ing a close relation between microscopic electronic structures
and macroscopic bulk properties. Our observation establishes
CeCo2Ga8 as a true quasi-1D Kondo lattice and implies the
importance of intersite magnetic interactions on the emer-
gence of heavy electrons.

Single crystals of CeCo2Ga8 were grown using the self-
flux method [8]. We have selected a natural as-grown surface
of the single crystal of about 4.5 mm in length along the
c axis for our study. The Ce ions are located at the center
of the pentagons piled up by five CoGa9 cages and which
form parallel spin chains along the c axis [8]. The interchain
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FIG. 1. (a) Comparison of the resistivity as a function of temper-
ature along and perpendicular to the c axis. (b) Reflectivity spectra
R(ω) along both directions at 300 K. The inset shows the sample.

distance between Ce atoms is about 6.5–7.5 Å, much larger
than their intrachain distance of about 4.05 Å, supporting
the quasi-1D Kondo lattice structure of CeCo2Ga8. The dc
resistivity was measured with the standard four-probe method
in a Quantum Design physical property measurement system
(PPMS) and shown in Fig. 1(a) for both E ‖ c and E ⊥ c. The
c-axis resistivity agrees qualitatively with previous data [8],
with a broad maximum marking the crossover from incoher-
ent Kondo scattering to a coherent heavy electron state. By
contrast, the perpendicular resistivity keeps increasing with
lowering temperature below 50 K all the way down to our
lowest measured temperature of 2 K [9]. We ascribe this to the
incoherent Kondo scattering within the ab plane, even though
the f electrons are supposed to be itinerant along the c axis at
low temperatures. It thus seems that the localized-to-itinerant
transition occurs only along the c axis and the f electrons
exhibit distinct characters along different directions.

To establish this highly anisotropic electronic behavior on
a microscopic level, we measured the frequency-dependent
reflectivity R(ω) between 80 and 25 000 cm−1 at temper-
atures from 300 K down to 6 K. The measurements were
performed on a Bruker Vertex 80v spectrometer with a He
flowing cryostat using a polarized light along and perpendicu-
lar to the c axis, respectively. An in situ overcoating technique
has been used for the reflectance measurement. Surprisingly,

the spectra merge together and seem quite isotropic above
12 000 cm−1, as shown in Fig. 1(b). But at low temperatures
and in the far-infrared and midinfrared regions, we observed
clear anisotropy. To see this, we applied the standard Hagen-
Rubens relation for metal, R(ω) = 1 − A

√
ω, where A is a

fitting parameter, for the low-frequency extrapolation of the
reflectivity. At high frequencies, the reflectivity curve was
extrapolated to 800 000 cm−1 with a function of ω−0.5, above
which a function of ω−4 was used following Ref. [14]. The op-
tical conductivity was then derived using the Kramers-Kronig
(KK) transformation. We have also tried the constant extrap-
olation for the low-frequency R(ω) and found the resulting
optical conductivity to be robust in the measured frequency
range above 80 cm−1.

We first focus on the c-axis reflectivity spectra R(ω) plotted
in Fig. 2(a). At all temperatures, R(ω) increases monoton-
ically with decreasing frequency but shows a broad hump
above 2000 cm−1. Below 200 cm−1, as compared in the inset
of Fig. 2(a), R(ω) at 6 K increases faster towards unity (at
zero frequency) than those of 60 K. Consequently, one sees a
small frequency edge that indicates a gap partially opening
at low temperatures. These features are more pronounced
in the real part of the optical conductivity σ1(ω) shown in
Fig. 2(b). Above 40 K, the spectrum is characteristic of a
broad Drude-like peak in the low-frequency region and an
almost T -independent interband transition peak at high fre-
quencies. Below 10 K, the broad Drude peak starts to be
suppressed, revealing a potential narrower Drude peak be-
low 150 cm−1 and a Lorentz-like peak around 400 cm−1.
Limited by our low-frequency reflectivity measurement, only
a tail of this low-temperature Drude peak could be seen in
Fig. 2(b). However, the development of the gap structure and
the Lorentz peak is evident, consistent with the expectation
of a hybridization gap opening above the flat heavy elec-
tron band around the Fermi energy in typical heavy fermion
compounds.

By contrast, the above gap feature is absent in the per-
pendicular direction. Figure 3(a) plots the reflectivity spectra
R(ω) with E ⊥ c. The corresponding optical spectra are
shown in Fig. 3(b). We see a broad Drude-like peak from 300
to 6 K but no gap feature appears over the whole frequency
range down to 80 cm−1. On the other hand, σ1(ω) at very low
frequencies around 80 cm−1 does seem to decrease slightly
with decreasing temperature below 40 K, consistent with the
negative T dependency of the resistivity plotted in Fig. 1(a).
Thus there is no sign of a gap opening perpendicular to the
c axis within our measured temperature and frequency range.
The increase of the resistivity with lowering temperature sug-
gests an even enhanced spin scattering from 50 K all the way
down to the lowest measured temperature 2 K. We hence
conclude that the hybridization gap only opens along the c
axis and is highly anisotropic in the momentum space [15].
It has a magnitude of roughly 368 cm−1 or 46 meV at 6 K
estimated from the position of the midinfrared Lorentz-like
peak.

The above observation along the c axis is similar to that
reported in many heavy fermion compounds [16], where the
opening of the hybridization gap reflects the emergence of
itinerant heavy electrons below the coherence temperature T ∗.
At high temperatures, the f electrons are well localized, so the
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FIG. 2. Frequency dependence of (a) the reflectivity R(ω), (b) the
real part of the optical conductivity σ1(ω), and (c) the imaginary of
the optical conductivity σ2(ω), at different temperatures for E ‖ c.
The inset of (a) compares the low-ω reflectivity spectra at 6 and 60 K
in an enlarged scale.

conduction electrons give rise to the single broad Drude peak
due to incoherent Kondo scattering by localized f moments.
When the temperature is decreased across T ∗, the f mo-
ments start to be partially screened due to spin entanglement
with conduction electrons, forming two flat hybridization
bands near the Fermi energy with a hybridization gap in
between. As a result, the single broad Drude peak splits into
a narrower Drude peak representing the intraband transition
of coherent heavy electrons and a Lorentz peak originating
from a direct interband transition across the hybridization
gap.

To gain more insight into the charge dynamics of the
correlated state below T ∗, we apply the extended Drude
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FIG. 3. Frequency dependence of (a) the reflectivity R(ω), (b) the
real part of the optical conductivity σ1(ω), and (c) the imaginary of
the optical conductivity σ2(ω), at different temperatures for E ⊥ c.
The inset of (a) compares the low-ω reflectivity spectra at 6 and 60 K
in an enlarged scale.

model [17,18],

σ (ω) = ω2
p

4π

1

1/τ (ω) − iωm∗(ω)/mb
, (1)

where τ (ω) and m∗(ω) are the frequency-dependent lifetime
and effective mass, respectively. One may then derive from
the experimental data,

1/τ (ω) = ω2
pσ1(ω)/4π |σ (ω)|2,

m∗(ω)/mb = ω2
pσ2(ω)/4πω|σ (ω)|2, (2)

where σ1(ω) and σ2(ω) are the real and imaginary parts
of the optical conductivity, respectively, and mb is the band
mass. The plasma frequency ω2

p = 4πe2n/mb is estimated by
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FIG. 4. Frequency dependence of the derived scattering rate 1/τ (ω) and the mass enhancement m∗/mb at different temperatures for (a), (b)
E ‖ c and (c), (d) E ⊥ c. The inset of (b) plots the temperature dependence of the mass enhancement m∗/mb at 80 cm−1 in the E ‖ c direction.
The inset of (c) shows the temperature dependence of 1/τ (ω) at 80 cm−1 in the E ⊥ c direction.

integrating σ1(ω) up to a cutoff frequency ωc corresponding
to the onset of intraband absorption [19], namely, ω2

p/8 =∫ ωc

0 σ1(ω)dω. Here, for simplicity, we choose ωc to be the
minimum of σ1(ω) at 300 K which is about 2550 cm−1 for
E ‖ c and 1400 cm−1 for E ⊥ c, corresponding to the fast
drop in the reflectivity spectra at all temperatures. There is
also a low-frequency cut at 80 cm−1 due to the limitation of
our measurement, which introduces an additional uncertainty
on the exact value of ωp. However, these uncertainties do
not affect our qualitative analysis of the overall frequency
dependence of the scattering rate and effective mass.

Figure 4 plot the resulting 1/τ (ω) and m∗(ω) for the two
field directions, respectively. For E ‖ c, the two quantities
are both weakly frequency dependent above 15 K. As the
temperature is lowered across T ∗ down to 10 K, they start to
show anomalous variations below 300 cm−1. At 10 and 6 K,

a sharp peak appears at around 200 cm−1 in 1/τ (ω). Since
this frequency corresponds to the range of the hybridization
gap, the maximum in 1/τ (ω) indicates that the charge carriers
are strongly damped due to the coupling to hybridization
fluctuations. In other words, the excited heavy quasiparticles
may decay into the conduction electrons and f moments that
they are made of. At lower frequencies, 1/τ (ω) drops rapidly,
marking the onset of coherence at lower energies. The fact
that 1/τ (ω) becomes even smaller than its high-temperature
values indicates the weakening of incoherent scattering due
to heavy electron formation. Correspondingly, the effective
mass m∗(ω)/mb also increases with lowering frequency. The
temperature dependence of m∗(ω)/mb at 80 cm−1 is displayed
in the inset of Fig. 4(b). We see a rapid increase of the mass en-
hancement over 6 below 10 K. One may have noticed that this
mass enhancement is still not as high as that estimated from
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the specific heat coefficient, which is about 400 mJ/mol K2 at
6 K compared to 8.4 mJ/mol K2 for LaCo2Ga8 [8]. This is ex-
pected because our estimate is obtained at a finite frequency of
80 cm−1 and an exact comparison to the thermodynamic mass
enhancement is only appropriate in the zero-frequency limit,
given the rapid increase of m∗(ω) with lowering frequency.
A similar underestimation by optical measurement has been
seen previously also in other heavy fermion compounds such
as CeCoIn5 [20,21].

By contrast, no such anomalous behavior can be observed
along the perpendicular direction. As shown in Figs. 4(c)
and 4(d), both 1/τ (ω) and m∗(ω) remain featureless at low
frequencies for all temperatures, suggesting the absence of a
gap opening perpendicular to the c axis within our measured
temperature and frequency range. The temperature depen-
dence of the scattering rate 1/τ (ω) at 80 cm−1 is plotted in
the inset of Fig. 4(c). The nonmonotonic behavior agrees well
with the dc resistivity, confirming the increased behavior of
the resistivity with lowering temperature in the perpendic-
ular direction owing to the enhanced spin scattering at low
temperatures.

Thus, our experiment establishes the uniaxial hybridization
and quasi-1D nature of the emergent heavy electron state in a
single crystal of CeCo2Ga8 and confirms the correspondence
between the microscopic charge dynamics and the macro-
scopic transport properties. Previously, it has been noticed that
in many heavy fermion compounds the coherence temperature
T ∗ is anisotropic [22]. The nature of this anisotropy remains to
be clarified [23,24]. Our observation in CeCo2Ga8 pushes this
to an extreme situation where coherence only occurs along a
single direction and the perpendicular directions remain inco-
herent, despite that at high temperatures or high frequencies

the conduction electron background shows less anisotropy
along different directions. This suggests that the coherence
temperature is not a local quantity purely determined by the
Kondo screening energy scale. Rather, it is closely associ-
ated with the lattice properties reflecting a certain intersite
correlation effect between localized f moments [22,25]. This
may have a deep implication on our understanding of heavy
fermion physics.

To summarize, we report the reflectivity and optical spec-
tra measurements of CeCo2Ga8 using polarized light along
and perpendicular to the c axis. Our results reveal a strong
anisotropy at low frequencies and low temperatures. When
the temperature is lowered across the coherence temperature,
the low-frequency spectra along the c axis are found to split
into a narrow Drude peak below 100 cm−1 and a midinfrared
peak around about 400 cm−1, manifesting the opening of a
hybridization gap in typical heavy fermion metals. However,
the splitting is absent in the perpendicular direction, thus
confirming the quasi-1D nature of the heavy electron state.
CeCo2Ga8 is therefore a rare example of the quasi-1D Kondo
lattice and may be a useful platform for studying the heavy
fermion physics at low dimensionality.
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