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Evidence for magnon-phonon coupling in the topological magnet Cu3TeO6
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We perform thermodynamic and inelastic neutron scattering (INS) measurements to study the lattice dynamics
(phonons) of a cubic collinear antiferromagnet Cu3TeO6 which hosts topological spin excitations (magnons).
While the specific heat and thermal conductivity results show that the thermal transport is dominated by phonons,
the deviation of the thermal conductivity from a pure phononic model indicates that there is a strong coupling
between magnons and phonons. In the INS measurements, we find a mode in the excitation spectra at 4.5 K,
which exhibits a slight downward dispersion around the Brillouin zone center. This mode disappears above the
Néel temperature and thus cannot be a phonon. Furthermore, the dispersion is distinct from that of a magnon.
Instead, it can be explained by the magnon-polaron mode, collective excitations resulting from the hybridization
between magnons and phonons. We consider the suppression of the thermal conductivity and emergence of the
magnon-polaron mode to be evidence for magnon-phonon coupling in Cu3TeO6.

DOI: 10.1103/PhysRevB.101.214419

I. INTRODUCTION

Magnons and phonons, which are quanta of spin waves
and lattice vibrations, respectively, constitute two fundamen-
tal collective excitations in condensed-matter physics. They
coexist and propagate in ordered magnets, while in the case
where magnetoelastic effect is strong, they are coupled and
exhibit rich physics. For example, previous studies identified
several spectroscopic signatures that could be attributed to
magnon-phonon coupling, such as renormalization of spin-
wave excitations [1–3], enhancement of spontaneous magnon
decay [4,5], and a gap opening at the intersection of magnon
and phonon dispersions [6,7]. Besides the direct impacts
on excitation spectra, magnon-phonon coupling can also be
reflected in some thermal transport measurements, as it can
give rise to the suppression of thermal conductivity [8,9]
and anomalies in the magnetic-field-dependent spin Seebeck
effect [10,11]. More intriguingly, the strong magnetoelastic
coupling between magnons and phonons is believed to result
in hybrid quasiparticle excitations, such as electromagnons
which are electroactive magnons in multiferroic materials
[12–18] and magnon polarons which are hybridized magnon
and phonon modes in proximity of the intersection of the un-
coupled magnon and phonon dispersions [10,11,19–25]. More
recently, magnon polarons have been discussed in the context
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of topology [26–29]. In particular, the magnon-polaron bands
were proposed to carry Chern numbers and exhibit large Berry
curvature [26–29]. Such proposals provide a platform to study
topological bosonic excitations [30–33] and the associated
thermal Hall effect [34–36] in real magnets. Besides the fun-
damental importance of the magnon-phonon coupling, it also
holds promising application potential such as in developing
multifunctional devices and low-cost dispationless spintron-
ics [16,23,37–42]. As such, observing the magnon-phonon
coupling experimentally and understanding the consequent
phenomena is one of the central topics in condensed-matter
physics.

In ferrimagnet yttrium iron garnet (YIG) [10,43,44] and
noncollinear antiferromagnets including the hexagonal rare-
earth manganite RMnO3 family (R = Y, Lu, Ho, Yb, Sc,
Tm, Er) (Refs. [1,2,5–8,45–47]), BiFeO3 (Ref. [48]), CuCrO3

(Ref. [49]), LiCrO3 (Ref. [17]), CuBr2 (Ref. [50]), and
Mn3Ge (Ref. [25]), magnon-phonon coupling has been heav-
ily explored. On the other hand, the coupling mechanism
in collinear antiferromagnet remains elusive and calls for
experimental investigations [24]. In this paper, we study
the coupling in Cu3TeO6. It develops a long-range collinear
antiferromagnetic order below the Néel temperature TN of
61 K, with spins aligned along the [111] direction of the
cubic unit cell [51]. It was reported that there were phonon
anomalies in Cu3TeO6, evidenced by the emergence of modes
below 50 K observed by Raman scattering [52] and opti-
cal reflectivity measurements [53]. It was proposed that the
phonon anomalies could be explained by a magnetoelastic
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strain induced by the collinear antiferromagnetic order
[52,53]. Furthermore, such a magnetic structure also preserves
the PT symmetry, where P and T are space-inversion and
time-reversal operations, respectively [54]. Previous stud-
ies [54–57] demonstrated that under the protection of the
PT symmetry, Cu3TeO6 could host topological magnons, as
observed directly in the magnetic excitation spectra using
inelastic neutron scattering (INS) [56,57]. Because of the
PT symmetry, both the electronic and phononic bands can
host topological band structures [58,59]. Considering these,
Cu3TeO6 provides an ideal platform to investigate the inter-
play between topological magnons and phonons in a three-
dimensional collinear antiferromagnetic case.

Here, we report comprehensive results of specific heat,
thermal conductivity, and INS measurements on Cu3TeO6. We
find that the specific heat and the thermal conductivity are
mostly contributed by phonons and the magnetic contributions
are negligible. However, our measured thermal conductivity
shows an obvious suppression due to the magnon-phonon
coupling. In our INS measurements, we observe an anomalous
mode located around 16.8 meV at 4.5 K, which disappears
above TN and is believed to be a magnon-polaron mode due
to the hybridization between magnons and phonons. Our
results on the suppression of the thermal conductivity and
emergence of the magnon polarons are compelling evidence
for the magnon-phonon coupling in Cu3TeO6.

II. EXPERIMENTAL DETAILS

Single crystals of Cu3TeO6 were grown by the flux method
as described in Ref. [60]. Specific heat and thermal con-
ductivity were measured using the heat capacity option and
the thermal transport option, respectively, integrated in a
Physical Property Measurement System from Quantum De-
sign. Neutron scattering measurements were performed on
the 4D-Space Access Neutron Spectrometer (4SEASONS)
at Materials and Life Science Experimental Facility (MLF)
of Japan Proton Accelerator Research Complex (J-PARC)
[61]. For the experiment on 4SEASONS, 50 pieces of single
crystals weighing about 6.3 g in total were coaligned and
glued on two aluminum plates, using a backscattering Laue
x-ray diffractometer. The crystals were well coaligned with
an overall sample mosaic of 3◦. The assembly was mounted in
a closed-cycle refrigerator with the [010] direction along the
vertical direction and [100] along the incident neutron beam
direction. We used a primary incident energy Ei = 40 meV
and a chopper frequency of 250 Hz, resulting in an energy
resolution of 2.4 meV at the elastic line. Measurements were
done at 4.5 and 100 K. We set the angle where the [100]
direction is parallel to the incident beam direction to be 0◦.
Data were collected by rotating the sample about the [010]
axis from 30◦ to 90◦ in a 0.25◦ step. We counted 18 minutes
for each step. Raw data were reduced and combined together
into four-dimensional matrices, and analyzed using the soft-
ware suite UTSUSEMI [62]. We used the corrected wave vector
(1, −0.0225, 0) instead of (1, 0, 0) to represent the direction
parallel to the neutron beam to account for the small sample
tilt. After the correction, all Bragg peaks were located well
at the reciprocal lattice points. The neutron scattering data

FIG. 1. (a) Temperature dependence of the specific heat for
Cu3TeO6. The inset is the low-temperature specific heat plotted as
Cp/T vs T 2. The solid line is a linear fit. (b) Thermal conductivity
measured along one of the three principal crystallographic axes.
The inset is the measured data plotted in logarithmic scale. Curves
represent different fits as described in the main text.

were described in reciprocal lattice unit (rlu) of (H, K, L) =
(2π/a, 2π/b, 2π/c) with a = b = c = 9.537(3) Å.

III. RESULTS

A. Thermodynamic measurements

Results of the thermodynamic measurements including
specific heat and thermal conductivity on Cu3TeO6 are shown
in Fig. 1. The antiferromagnetic phase transition temperature
TN of 61 K is indicated by both the λ-type peak in the specific
heat [Fig. 1(a)] and the kink in the thermal conductivity
[Fig. 1(b)]. Since Cu3TeO6 is a magnetic insulator, only lattice
vibrations and magnetic excitations can contribute the low-
temperature specific heat, which can be written as [63]

Cp(T ) = 12

5
π4xNAkB

(
T

�D

)3

+ 6.8yNAkB

(
kBT

12|J|S
)3

, (1)
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where NA, kB, T , �D, J , and S are Avogadro constant,
Boltzmann constant, temperature, Debye temperature, anti-
ferromagneitc exchange interaction and spin, respectively; x
and y represent the number of total atoms and magnetic ions
per formula unit, respectively. The first and second terms in
Eq. (1) correspond to the specific heat contributed by phonons
(Cph) and magnons (Cm), respectively.

From Eq. (1), we find it difficult to experimentally dis-
tinguish the lattice and the magnetic contributions from the
total specific heat because they both follow the T 3 power-law
behaviors at low temperatures. However, if we take J of
∼11 meV and S of 1/2 for Cu3TeO6 (Ref. [56]) in Eq. (1), the
magnetic specific heat Cm is at least three orders of magnitude
smaller than Cph. Therefore, we simplify the low-temperature
specific heat as Cph. In the inset of Fig. 1(a), we plot Cp/T
as a function of T 2. It can be nicely fitted with a straight line
having a slope of 1.91 × 10−4 J mol−1 K−4, from which we
deduce the Debye temperature �D ∼ 466 K.

The temperature evolution of the thermal conductivity κ

for Cu3TeO6 is shown in Fig. 1(b). As cooling from room tem-
perature, κ increases slowly in the beginning until reaching
the TN. Below this point, it increases dramatically and reaches
its maximum value of about 250 W m−1 K−1 and then drops
rapidly, forming a peak at about 14 K. Since κ is proportional
to the specific heat, it should be dominated by phonons as Cph

is much larger than Cm. Indeed, the observed low-temperature
peak is one of the typical characteristics for phonon ther-
mal conductivity (κph) (Refs. [64–66]). The behavior of κph

is determined by various scattering mechanisms. Generally
speaking, in an ideal phononic crystal without any defects, in
the high-temperature limit, the thermal conductivity usually
exhibits T −1 behavior since the phonon-phonon umklapp
process dominates and the phonon mean-free path increases
as temperature decreases, while in the low-temperature limit,
the dominating scattering process is only related to the sample
size, causing a temperature-independent phonon mean-free
path, so the thermal conductivity exhibits T 3 behavior as does
the specific heat [64–66]. The different temperature depen-
dencies resulting from these two scattering mechanisms are
expected to lead to a typical phonon peak at low temperatures
[64–66].

However, in a real material, defects and impurities are
inevitable and can also scatter phonons. Moreover, magnons
start to establish below TN in Cu3TeO6 that can affect the ther-
mal conductivity by acting either as the carriers of heat current
or scatterers of phonons [67]. To understand the thermal
transport processes and figure out the scattering mechanisms
in Cu3TeO6, the Debye-Callaway model [68,69], which is
applicable to κph calculations, is used to fit our data. In this
model, different scattering mechanisms can be reflected by the
different terms in the relaxation rates. With this model, κph can
be written as [68,69]

κph = kB

2π2v

(
kBT

h̄

)3 ∫ �D
T

0

z4ez

(ez − 1)2
τ (ω, T )dz, (2)

where h̄, ω, and v are the reduced Planck constant, phonon
frequency, and phonon mean velocity, respectively, and z is
defined as h̄ω/kBT . Here, with the Debye temperature �D

of 466 K, v is calculated to be about 3900 m/s, using the

equation v = �D(kB/h̄)(6π2n)−1/3, where n is the number of
atoms per unit volume. The relaxation time τ (ω, T ) in Eq. (2)
can be approximated by

τ−1(ω, T ) = v

L
+ Aω4 + BT ω2exp

(
−�D

bT

)
. (3)

Here, the three terms correspond to phonon scattering by
sample boundaries, point defects, and phonon-phonon U pro-
cesses, respectively [70,71]. L, A, B, and b are free parameters.

To fit our data in Fig. 1(b), the Levenberg-Marquardt
algorithm with the least-square criterion [72,73] was used.
From the fitting, shown as the dashed curve in the inset of
Fig. 1(b), we obtain the parameters L = 0.93 mm, A = 2.04 ×
10−43 s3, B = 2.03 × 10−17 s K−1 and b = 4.68. This fitting
agrees with the low-temperature data well but does not cap-
ture the magnetic transition at TN, and worse, deviates from
the data significantly above 100 K. Since phonon-phonon
umklapp processes are dominant for temperatures far above
the magnetic transition temperature, such a deviation at high
temperatures is unexpected. Since around TN there may be
some other scattering mechanisms, such as critical scattering
or magnon-phonon coupling that may affect the fitting, we fit
the data in the range away from TN, i.e., at low (2–25 K) and
high temperatures (150–300 K), and obtain the parameters
as L = 0.86 mm, A = 1.88 × 10−43 s3, B = 8.93 × 10−18 s
K−1, and b = 5.64. The parameter L is comparable with the
expected value of 2

√
SCS/π = 2.0 mm, where SCS represents

the rectangular cross section of the sample. The parameter b
is close to the expected value of 2ν1/3 = 6.84, where ν is the
number of atoms in the primitive unit cell [71]. The fit shown
as the solid curve in Fig. 1(b) matches the experimental data
well except for the temperatures ranging from 40 to 200 K.
As an attempt to match the data around TN better, we fix the
values of L = 0.86 mm and A = 1.88 × 10−43 s3, and refit
the data in the whole temperature range with only B and
b as tuning parameters. It returns the values of B and b as
1.15 × 10−17 s K−1 and 5.33, respectively. However, this new
fitting, shown as the dotted line in the inset of Fig. 1(b), does
not improve the fitting around TN significantly, but causes
an unexpected deviation at high temperatures. Taking these
into account, we think the fitting strategy using the low- and
high-temperature data with the results shown as the solid line
is more reasonable. As for the suppression of the thermal
conductivity from 40 to 200 K as compared to the fitting,
we believe that it actually indicates extra scattering mech-
anisms such as magnon-phonon scattering that need to be
considered.

B. INS spectra

The thermodynamic results indicate that while the thermal
transport is dominated by phonons, magnons and phonons
couple in some way and affect the overall thermal properties.
To figure out the lattice dynamics and the underlying origin
of the magnon-phonon scattering in Cu3TeO6, we performed
INS measurements. Neutron scattering can directly measure
the scattering function S(Q, E ), which is proportional to
the imaginary part of the dynamical susceptibility χ ′′(Q, E )
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FIG. 2. (a), (b) Constant-energy contours around (8, 0, 0) mea-
sure at 4.5 and 100 K, respectively, both with energies integrated over
[6.5, 8.5] meV and another wave vector K integrated over [−0.2,
0.2] rlu. (c), (d) Scans through (8, 0, 0) along the [100] and [001]
directions, respectively, with an interval of ±0.2 rlu about the center,
as indicated by the dashed rectangles in (a) and (b). Solid lines in
(c) and (d) are the fits to the data with Lorentzian functions. Errors
represent one standard deviation throughout the paper.

through [74]

S(Q, E ) ∝ χ ′′(Q, E )

1 − e−E/kBT
, (4)

where E and Q represent the energy and momentum trans-
fers, respectively, and (1 − e−E/kBT )−1 is the Bose factor.
The scattering function contains both magnon and phonon
information. In Cu3TeO6, since magnetic order does not
enlarge the size of its primitive unit cell, it is difficult to
distinguish the magnon and the phonon excitations according
to their different locations in the momentum space. However,
taking advantage of their different dependencies of intensities
against Q, i.e., intensities increase as a function of |Q|2 for
phonons but decrease for magnons, we can probe the phonon
excitations at large Q′s. Also, to eliminate the influence of
Bose statistics, the measured neutron scattering intensities are
divided by the Bose factor throughout the paper.

In Fig. 2(a), we plot the constant-energy contour around
the large Q of (8, 0, 0) at 4.5 K, with the energy interval of
7.5 ± 1 meV. They are phonon excitations and differ from
magnetic excitations in two aspects: First, the excitations exist
at 100 K, ∼40 K above TN as shown in Fig. 2(b), while
magnetic excitations get featureless above TN (Ref. [56]).
Second, the contours at both temperatures show elliptical
shapes centered at (8, 0, 0), with their long and short axes
along symmetrically equivalent [001] and [100] directions,
respectively, indicating anisotropic propagations of the exci-
tations. These two features can also be seen in the Q scans
shown in Figs. 2(c) and 2(d). In each panel, the data of 4.5
and 100 K are almost identical after the Bose factor correction,
confirming the phononic behaviors. The peaks along the [100]

FIG. 3. (a), (b) INS results for the excitation spectra of Cu3TeO6

measured at 4.5, 100 K, respectively. The left and right panels are
the excitations propagating along the [100] and [001] directions,
respectively. The integration intervals of the other two wave vectors
are both chosen as ±0.2 rlu. The dashed lines are the results of
the linear spin-wave calculations, based on the isotropic J1-J9 model
described in Ref. [57]. Solid lines are guides to the eye to illustrate
the slight downward dispersion of the additional mode and arrows
indicate the positions of the mode. Vertical dashed lines indicate
high-symmetry points in the Brillouin zone.

direction [Fig. 2(c)] are much closer to the center than those
along the [001] direction [Fig. 2(d)]. Such anisotropic prop-
agations are related to the phonon polarization. In fact, near
the Bragg peak (8, 0, 0), neutron scattering only probes those
phonon excitations with the [100] polarization. Therefore,
the phonons propagating parallel and perpendicular to the
[100] direction are defined as longitudinal and transverse
phonons, respectively. For acoustic phonons, the longitudinal
(LA) modes have larger velocities than those of transverse
(TA) modes.

After orientating the phonon excitations in the momentum
space, we map out the phonon excitation spectra dispersing
up from (8, 0, 0) at 4.5 and 100 K in Fig. 3. The left and
right panels show the phonons propagating along the [100]
and [001] directions, respectively. Although these spectra are
mapped for several Brillouin zones, there are only intensive
acoustic modes around (8, 0, 0). The observed LA and TA
phonons labeled in Fig. 3 have different slopes, from which
the velocities can be obtained as 6900 and 3150 m/s for the
LA and TA phonons, respectively. The averaged velocity v̄

can be approximated as 3/v3 = 1/v3
LA + 2/v3

TA (Ref. [63]),
where vLA and vTA are the velocities for the LA and TA
modes, respectively. With this, we obtain a value of 3550 m/s
for v̄. This value is comparable to the 3900 m/s obtained
from the thermodynamic results. The acoustic phonons do
not change significantly against temperatures. In contrast, the
optical modes with energies around 15 meV near (6, 0, 0)
and (8, 0, 2) vanish when the system is warmed up to
100 K, and thus cannot be phonon modes as are the acoustic
branches. Considering the temperature dependence, they may
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FIG. 4. (a) and (b) Constant-Q cuts at (8, 0, 2) at 4.5 and 100 K,
respectively. The integration intervals for H , K , and L are all ±0.2
rlu. Solid lines are the fits with Lorentzian functions, and the arrow
indicates the position of the magnon-polaron mode.

be magnons. Therefore, on top of the experimental data, we
plot the magnon dispersions along the 
-H path as the dashed
lines in Fig. 3(a), based on linear spin-wave calculations with
isotropic J1-J9 model described in Ref. [57]. Overall, the spin-
wave calculations agree well with the experimental spectra for
the optical branches, as shown in Fig. 3(a) and Refs. [56,57],
indicating the magnon origin. However, we find that the
optical modes around (6, 0, 0) deviate from the magnon ex-
citations. Especially, there occurs an additional mode around
16.8 meV, illustrated by the solid line in Fig. 3(a). It exhibits
a slight downward dispersion around (6, 0, 0), different from
the upward shape of the calculated spin waves. This mode can
also be recognized around a larger Q at (8, 0, 2) in the right
panel of Fig. 3(a). By comparing the 4.5-K data in Fig. 3(a)
and 100-K data in Fig. 3(b), it is clear that this mode is absent
at 100 K.

To better reveal the temperature dependence of the addi-
tional mode observed, the constant-Q cuts at (8, 0, 2), where
the intensities of optical magnons further decrease, are plotted
in Fig. 4. At 100 K, there are five optical phonon modes that
can be resolved in the selected energy window. Among them,
the modes at 12.2, 14.3, and 21.3 meV are close to the 93.5,
120, and 169 cm−1 Raman-active zone center optical phonons
observed in Raman measurements [52]. At 4.5 K, except the
modes at 12.2 and 21.3 meV, other phonon modes are not
well resolved, due to the emergence of the optical modes
of the magnetic excitations. On top of this, there is a mode
manifested as a strong peak centered at 16.8 meV [Fig. 4(a)].
This mode is absent at 100 K as shown in Fig. 4(b), where the
intensities around 16.8 meV are on the background level.

IV. DISCUSSIONS

What is the origin of the mode at 16.8 meV around the
zone center shown in Figs. 3(a) and 4(a)? Since this mode
disappears at high temperatures, it cannot be a phonon. We

do not think it is a magnon either because: (i) This mode is
absent around the 
 point at low Q as shown in Ref. [56],
where topological magnons were observed at low Q. If it were
a magnon, the intensity would be much stronger as of other
magnons due to the magnetic form factor. In fact, the high-Q
data obtained from the experiment that led to the work in Ref.
[56] did reveal some hints on this mode, which motivated us
to carry out more detailed INS studies with doubled sample
mass in the current work. (ii) This mode is not reproduced by
the linear spin-wave calculations using the J1-J9 model. As
demonstrated in Ref. [57], this model can fit the experimental
magnon spectra quite well, but this mode with a downward
dispersion appears to deviate from the calculated upward spin-
wave excitations. (iii) As shown in Fig. 4(a), the intensity of
this mode is much stronger than those of the magnons, which
are too weak to be resolved from the phonons. Instead, we
propose it to be a magnon-polaron mode, which is hybridized
excitations between magnon and phonons due to the magnon-
phonon coupling.

The magnon-polaron mode can be generated around the
anticrossing region where a gap will be opened at the inter-
section of the magnon and phonon dispersions due to magnon-
phonon coupling [20,75]. For example, in YIG (Refs. [10,44])
and YMnO3 (Refs. [6,7]), hybridizations take place at the an-
ticrossings between the acoustic magnon and acoustic phonon
branches. While, for some materials with acoustic magnons
having much larger velocities than acoustic phonons, such as
CuBr2 (Ref. [50]) and Mn3Ge (Ref. [25]), the anticrossings
occur between acoustic magnon and optical phonon branches.
However, in this material, Cu3TeO6, the approximately linear
dispersions approaching to the zone center with similar veloc-
ities for both acoustic magnons and LA phonons [Fig. 3(a)]
forbid the formations of the hybridized magnon-polaron mode
in the two ways mentioned above. We think in our case
this mode is due to the hybridizations of the optical magnon
and optical phonon branches, that are very close to the zone
center. This can explain the 16.8-meV mode near the zone
center we observed in Figs. 3 and 4. In fact, earlier Raman
measurements observed an anomalous mode at 132 cm−1

(Ref. [52]). This value is almost the same as the 16.8 meV
we observe here.

The occurrence of the hybridized mode between magnons
and phonons indicates the magnon-phonon coupling in this
system, which is what our thermodynamic results also im-
ply. It is worth noting that phonons are the dominant car-
riers of heat current in Cu3TeO6 [Fig. 1(b)], which is dif-
ferent from other topological magnonic materials such as
Lu2V2O7 (Refs. [76,77]) and Cu(1,3-bdc) (Refs. [30,78]),
where magnons can also act as carriers of heat current and
even exhibit thermal Hall effect [76,78]. With the conven-
tional kinetic gas theory, the thermal conductivity can be ap-
proximated by 1

3Cphvphlph + 1
3Cmvmlm (Ref. [79]). The vph(m)

and lph(m) are velocities and mean-free paths for phonons
(magnons), respectively. In Cu3TeO6, the magnetic specific
heat is analyzed to have negligible contributions to the total
specific heat [Eq. (1)]. Provided similar vm and lm with vph and
lph respectively, the contribution of magnons to the thermal
conductivity is also negligible. Nevertheless, magnons can
still manifest themselves by scattering phonons [8,9] that
may explain the deviation from 40 to 200 K between the
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measured data and the fitting with Debye-Callaway model in
Fig. 1(b). Above TN, phonons will be scattered by the spin
fluctuations although there are no well-defined magnons. With
decreasing temperature, the fluctuations will be suppressed
and the system orders antiferromagnetically below TN. In the
ordered state, phonons are scattered by magnons due to the
magnon-phonon coupling. The combination of these two scat-
tering mechanisms will cause the suppression of the phonon
thermal conductivity in Fig. 1(b). A similar situation was also
found in YMnO3 (Ref. [8]), where suppression of thermal
conductivity up to at least 300 K was reported [8]. However,
compared to YMnO3, the suppression we observe here is
smaller. We believe this is because the magnon-phonon cou-
pling here mostly affects the optical phonons and magnons,
as opposed to YMnO3 where the hybridized magnon-polaron
mode occurs around the region of anticrossing between the
acoustic magnon and phonon branches [6,80], and has larger
contributions to the thermal conductivity. For the magnon-
polaron mode at such a high energy of 16.8 meV, in our
case, we think its suppression of the thermal conductivity is
quite small, especially at low temperatures. Nevertheless, with
the magnon-phonon coupling suggested by the suppression,
a magnon-polaron mode can emerge when magnons and
phonons are to intersect.

V. SUMMARY

In summary, our specific-heat and thermal-conductivity
measurements indicate phonons are the dominant carriers

of heat current in Cu3TeO6. Magnons manifest themselves
by scattering phonons, causing the suppression of thermal
conductivity around TN. Our INS measurements find an ad-
ditional mode located at about 16.8 meV and we attribute
it to a magnon-polaron mode. We consider the suppression
of thermal conductivity and the emergence of the magnon-
polaron mode to be evidence for magnon-phonon coupling in
Cu3TeO6. Considering that this mode is close to the linear
magnon band crossings [56,57], we think this material pro-
vides a platform for studying the interplay between topologi-
cal magnons and other emergent excitations.
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