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The observation of the magnon Hall effect (MHE) has relied solely on the challenging measurement of
the thermal Hall conductivity. Here, we report a highly sensitive electrical Seebeck contrast method for the
observation of MHE in Lu2V2O7/heavy metal heterostructures, which is highly desirable for the exploration of
new MHE materials and their applications. Using measuring wires with very different Seebeck coefficients, we
established a general method that can separate contributions (e.g., MHE) that generates a lateral temperature
drop, from those [e.g., anomalous Nernst effect (ANE) and spin Seebeck effect (SSE)] that generate a lateral
electric field. We show that a suitable heavy metal overlayer can eliminate the inherent ANE and SSE signals
from the semiconducting Lu2V2O7. The MHE in Lu2V2O7 is quasi-isotropic among crystals with different
orientations. In addition to the previously reported transverse MHE under an in-plane temperature gradient,
we have uncovered longitudinal MHE under an out-of-plane temperature gradient.

DOI: 10.1103/PhysRevB.109.L020401

Introduction. Magnons in insulating magnets have the
unique attributes of delivering spin angular momentum coher-
ently over long distances and without Joule heat dissipation
[1]. The excitation, propagation, control, and detection of
magnons have been the central topics in the field of magnon-
ics. Recently, the discovery of the magnon Hall effect (MHE),
an analog of the anomalous Hall effect (AHE), in the topo-
logical ferromagnet Lu2V2O7, has attracted much attention
[2–14], offering opportunities for exploring topologically pro-
tected magnon transport [5,6,15–17].

In a ferromagnetic material, the Berry curvature due to the
spin-orbit interaction gives rise to the AHE [18]. The Berry
curvature can also act on other particles and even charge
neutral entities, such as magnons, as realized in the MHE,
which in turn provides insight into the magnon band topology.
In the MHE, the magnon flow driven by the temperature
gradient with the spin index set by the magnetization direc-
tion, generates a temperature difference in the third direction,
resulting from the magnon flow deflected by the Berry curva-
ture. However, the observation of MHE has thus far relied only
on the challenging thermal Hall conductivity measurements
[4,7–9,13,14], thus impeding general applications. It is also
challenging to detect the predicted topological magnon sur-
face states due to the limited experimental probes [15,17,19],
let alone the utilization of these surface states. While one can
inject and detect magnons in magnetic insulators electrically
via a heavy metal (HM) overlayer [20,21], the HM itself
may also modify the magnon transport [22,23]. Therefore, it

*Corresponding author: jxu94@jhu.edu
†Corresponding author: clchien@jhu.edu

remains unclear whether electrical detection of the MHE is
even feasible.

The MHE differs from the other related Hall effects [e.g.,
the ordinary Hall effect (OHE), the AHE, and the inverse
spin Hall effect (ISHE)] in one important aspect. The OHE,
the AHE (and the related ANE), and the ISHE in conjunc-
tion with the SSE are electric field (E) effects. For example,
in OHE, EOHE ∝ jc × B; in AHE, EAHE ∝ jc × M, where
jc is the charge current, and B and M are the magnetic
field and magnetization, respectively; and in ISHE, EISHE ∝
js × σ, where js is the spin current and σ is the spin index.
In these cases, one detects a lateral electric voltage due to
the specific electric field. In contrast, in the MHE, the de-
flected magnon flow due to the Berry curvature, produces a
temperature gradient and is detected as a temperature drop.
This key difference allows us to exploit the Seebeck contrast
method to differentiate and extract the MHE in the electrical
measurements.

In this work, we establish an electrical Seebeck contrast
technique for the observation of MHE in Lu2V2O7/HM het-
erostructures, where the HM is Pt or W, under an in-plane
temperature gradient. We exploit the Seebeck contrast of
different metals to separate the MHE and the ANE/SSE
contributions. In Lu2V2O7/HM with different HMs and thick-
nesses, we find that the MHE is independent of the HM
overlayer, and the ANE/SSE contribution within Lu2V2O7

can be eliminated by a thick HM overlayer. The ease of
the electrical detection of MHE also allows us to uncover
longitudinal MHE in Lu2V2O7/HM heterostructures under
an out-of-plane temperature gradient, which should also be
applicable in thin films of MHE materials. The electrical See-
beck contrast method, which provides fast screening of MHE
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candidate materials, is also a general method that separates
contributions that generate a lateral electric field (e.g., OHE,
AHE, ANE, and ISHE) from those that generate a lateral
temperature gradient (e.g., MHE).

The longitudinal MHE in Lu2V2O7/HM reported here, and
the well-established longitudinal SSE in yttrium iron garnet
(YIG)/HM, share the same measuring scheme. Our estab-
lished protocol provides clear differentiation between MHE
and SSE, and can be exploited to establish thermal spin trans-
port in other magnetic insulators. The electrical detection of
MHE paves the way for controlling spin thermal transport
based on the thermal Hall effect, and for the possibility of
electrical detection and utilization of topological magnon sur-
face states.

Experimental details. Single crystals of Lu2V2O7 were
grown by the floating zone method with an image furnace
(NEC SC-M35HD). A rod was prepared from a thoroughly
mixed stoichiometric amount of Lu2O3 (Alfa Aesar, 99.99%)
and V2O4 (Alfa Aesar, 99.99%); the resulting rod was then
annealed inside the image furnace with Ar gas environment.
The crystal growth was carried out in the same gas environ-
ment with a growing speed of 5 mm/h. The Lu2V2O7 ingot
is black in color with a shiny surface, and the crystal quality
was verified by Laue x-ray back reflection. The refinement
of the powder x-ray diffraction pattern with the cubic py-
rochlore structural model and space group Fd-3m (No. 227)
gives the lattice parameters of a = 9.936(1) Å. All disks of
oriented crystals were polished with Al2O3 lapping papers
ranging from 30 to 0.3 μm. Heavy metal W and Pt layers
were deposited on the polished crystal disks by DC magnetron
sputtering at room temperature in a vacuum chamber with a
base pressure of 1.0 × 10−8 Torr.

The Lu2V2O7/HM devices were thermally anchored to
two Cu blocks via silicone thermal pads and one of the Cu
blocks was heated by a resistive heater. The temperature
of two Cu blocks (Thot and Tcold) was monitored by two
Cernox temperature sensors, which gives the temperature dif-
ference �T ≡ Thot − Tcold, and the sample temperature Tavg ≡
(Thot + Tcold )/2. The temperature gradient ∇T is calculated
via ∇T ≡ �T/LT, where LT is the distance between two
temperature sensors. The value |∇T | used in this study is
on the order of 4 K/mm. The magnetothermal voltage V was
measured with a Keithley 2182 nanovoltmeter.

Results and discussion.
Electrical and magnetic properties of Lu2V2O7 and

Lu2V2O7/HW heterostructures. Lu2V2O7 is a semiconduct-
ing ferromagnet with the pyrochlore structure [4,7,24]. The
Dzyaloshinskii-Moriya interaction resulting from the broken
inversion symmetry gives rise to the MHE [4,7]. We used
crystals with [100], [111], or [110] direction oriented normal
to the surface. We primarily used the [100]-oriented Lu2V2O7

crystals to establish the electrical observation of MHE unless
otherwise noted.

The magnetic properties of Lu2V2O7 single crystals
have been characterized. The spontaneous magnetization M
emerges below the Curie temperature of Tc = 70 K (Supple-
mental Material Fig. S1 [25]) and saturates at a relatively low
magnetic field (less than 5 kOe), similar to those previously
reported [4,26]. The saturated M is close to the spin-only
moment of 1µB per V4+ ion.

FIG. 1. (a) Temperature dependence of Lu2V2O7 resistivity.
(b) AHE in Lu2V2O7 at different temperatures. (c)–(f) Temperature
dependence of ρAHE in Lu2V2O7, Lu2V2O7/3 nm Pt, Lu2V2O7/3 nm
W, and Lu2V2O7/15 nm Pt, respectively.

The electrical resistivity of Lu2V2O7 is highly temperature
dependent and increases rapidly with decreasing temperature
[Fig. 1(a)], indicating a semiconducting behavior with es-
pecially large resistivities below Tc. Figure 1(b) shows the
field dependence of the anomalous Hall resistivity ρAHE at
different temperatures, where the linear background from the
ordinary Hall effect has been subtracted. Because AHE is
antisymmetric with respect to the magnetic field H, the H-
symmetric component has also been subtracted. The same
procedure has also been applied to the MHE data [4,7,25].
Similar to the magnetization results, AHE is clearly present
below Tc = 70 K and saturates under a magnetic field of less
than 5 kOe. The temperature-dependent ρAHE at H = 5 kOe is
shown in Fig. 1(c), where ρAHE reaches a maximum value at
50 K, then decreases at lower temperatures, and changes sign
at 30 K. The sign change is also observed in the ANE (Fig. S3
[25]). This strong temperature dependence of AHE and ANE
is likely the consequence of strong Berry curvature effects in
Lu2V2O7 [18,27–29].

We note the AHE and ANE results at 30 K in Fig. 1(b)
and Fig. S3 [25] are considerably noisier because of the much
higher resistivity, which also impedes electrical detection of
the MHE in Lu2V2O7. However, after depositing a HM over-
layer, the resistivity of the Lu2V2O7/HM and the electrical
noise (Fig. S4 [25]) are greatly reduced, enabling the electrical
detection of MHE. As shown in Figs. 1(d) and 1(e), ρAHE of
Lu2V2O7/HM with a 3-nm Pt and W overlayer, respectively,
are three orders of magnitude smaller than that in Lu2V2O7

because of the shunting effect. The AHE eventually dimin-
ishes to an undetectable level with 15 nm Pt [Fig. 1(f)], which
also suppresses the ANE/SSE contribution in the electrical
detection of MHE, as we discuss later.

Seebeck contrast technique: Electrical observation of MHE
in Lu2V2O7/HM heterostructures. The observation of MHE
has thus far relied only on the challenging spin-dependent
thermal Hall conductivity measurements [4,7–9,13,14], where
two temperature sensors are attached to opposite sides of
the sample for measuring the induced temperature difference
�Ty as a result of the applied temperature gradient ∇xT . The
thermal Hall conductivity measurement is time-consuming
and involves complex instrumentations. Here, we provide a
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FIG. 2. (a)–(c) Voltages as a function of applied magnetic field,
measured using Cu wire (red curve), CuNi wire (blue curve), and
the difference between them (black curve) in Lu2V2O7, Lu2V2O7/3
nm Pt, and Lu2V2O7/3 nm W, respectively, at specific temperature.
(d) The schematic for electrical detection of MHE. (e) MHE as a
function of applied magnetic field at different temperature gradients
in Lu2V2O7/3 nm Pt. (f) Temperature gradient dependence of MHE
in Lu2V2O7/3 nm Pt.

more straightforward and sensitive electrical Seebeck contrast
method to detect MHE, that provides fast screening of MHE
candidate materials and is highly desirable for the exploration
and applications of the MHE. Furthermore, we experimentally
demonstrate that MHE shares the same symmetry as those
of ANE and SSE, and thus are entangled and cannot be dis-
tinguished in a single measurement. However, the Seebeck
contrast technique can unequivocally distinguish MHE from
ANE/SSE, by performing measurements using two different
wires with highly contrasting Seebeck coefficients. This tech-
nique is useful for establishing SSE or MHE in new materials.

The setup for the electrical detection of MHE is shown in
Fig. 2(d). Under an applied ∇xT and Hz, the large Berry cur-
vature in Lu2V2O7 gives rise to the MHE, where the deflected
magnons flow causes a spin-dependent temperature difference
�Ty [4,7]. The induced �Ty is converted into a thermal volt-
age via the thermocouple effect due to the different Seebeck
coefficients of the HM and probing wire,

V wire
HM (MHE) = (Swire − SHM)�Ty, (1)

where the wire is made of Cu or Cu55Ni45 (CuNi for short).
Because the rectangular-shaped crystals have different lengths
along the crystal edges, for direct comparison among different
measurements, we use normalized voltage α, normalized by
the respective sample dimension, i.e., α = V/LV

�Tx/LT
, where V is

the measured voltage, and LV and LT are the sample lengths
between the two voltage leads and the two temperatures.

The MHE induced �T is proportional to ∇T × M, there-
fore the MHE induced voltage follows ∇V (MHE) ∝ ∇T ×
M, which has the same symmetry as those of the two
other well-known spin caloritronic effects of ANE and SSE.
For ANE in a conducting ferromagnet or insulating ferro-
magnet/HM bilayer due to magnetic proximity effect, the
transverse voltage also fulfills ∇V (ANE) ∝ ∇T × M. For
both longitudinal SSE [30] and the recently discovered uncon-
ventional transverse SSE [31,32], ∇T generates a spin current
Js with polarization σ, and is detected as a voltage via the

ISHE, following ∇V (SSE) ∝ Js × σ ∝ ∇T × M. Therefore,
the total voltage measured using the setup in Fig. 2(d) is

V wire
HM = V wire

HM (MHE) + V wire
HM (ANE/SSE), (2)

i.e., the measured voltage contains contributions from both
MHE and ANE/SSE.

Since MHE, ANE, and SSE all have the same symmetry,
they cannot be separated in a single measurement. However,
the difference between MHE and ANE/SSE can be unequiv-
ocally distinguished by two measurements using two wires
with very different Seebeck coefficients [10,33]. The ANE
and SSE signal of V wire

HM (ANE/SSE) would be the same when
measured using Cu and CuNi wires, whereas the MHE signal
of V wire

HM (MHE) would be very different because of the large
difference between SCu and SCuNi. From Eqs. (1) and (2),
the voltage difference between the two measurements using
Cu and CuNi wires contains only the MHE part with the
ANE/SSE parts removed:

�VHM ≡ V Cu
HM − V CuNi

HM = V Cu
HM(MHE) − V CuNi

HM (MHE)

= (SCu − SCuNi)�Ty, (3)

As shown in Fig. 2(a), in Lu2V2O7 without the HM over-
layer, the voltage αCu measured using Cu wires and the
voltage αCuNi measured using CuNi wires are essentially the
same, with negligible difference �α well within the noise.
This indicates that the weaker MHE contribution is buried
within the noise (on the order of 100 nV/K) of the domi-
nating ANE contribution, largely due to the high resistivity
of Lu2V2O7 at low temperatures. However, after depositing
a 3-nm Pt layer, in Lu2V2O7/Pt(3 nm), the value of αCu

Pt is
distinctively different from that of αCuNi

Pt , in fact with the
opposite sign, as shown in Fig. 2(b). The difference �αPt =
αCu

Pt − αCuNi
Pt = 8.68 ± 0.46 nV/K. These results clearly show

the otherwise small MHE in bare Lu2V2O7 can be extracted
using the Lu2V2O7/Pt heterostructure via the Seebeck contrast
technique exploiting the HM overlayer.

The results of Lu2V2O7/W(3 nm) are shown in Fig. 2(c),
where the red curve of αCu

W and the blue curve of αCuNi
W are

very different from the red curve of αCu
Pt and the blue curve

of αCuNi
Pt in Fig. 2(b). However, the black curve of �αW =

αCu
W − αCuNi

W in Fig. 2(c) is the same as the black curve of
�αPt = αCu

Pt − αCuNi
Pt = 8.68 ± 0.46 nV/K in Fig. 2(b). The

black curves in Fig. 2(b) with 3 nm Pt and in Fig. 2(c) with 3
nm W are the MHE intrinsic to Lu2V2O7, irrespective of the
HM overlayers. These examples illustrate clearly the method
of exploiting Seebeck contrast measurements with HM over-
layer to extract the weaker MHE signals from Lu2V2O7. The
results at different temperatures are shown in Fig. S5 [25].

We further explore the dependence of MHE on ∇xT .
Figure 2(e) shows the MHE voltage �VPt at three different
temperature gradients at Tavg = 60 K. �VPt decreases when
reducing �Tx from 40 to 20 K, and changes sign when �Tx of
−16 K is applied. The MHE signal depends linearly on �Tx

as shown in Fig. 2(f), hence linear MHE in Lu2V2O7.
Separating MHE and ANE/SSE contributions in

Lu2V2O7/HM heterostructures. The thermal transport
measurements in Lu2V2O7 contain contributions from
the dominant ANE/SSE and the weaker MHE. The Seebeck
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FIG. 3. (a)–(c) Temperature dependence of αCu
HM, αCuNi

HM , and
�α = αCu

HM − αCuNi
HM in Lu2V2O7 with 3-nm Pt, 3-nm W, and 15-nm

Pt overlayers. (d),(e) Temperature dependence of MHE contribu-
tion αCu

HM (MHE) and ANE/SSE contribution αCu
HM (ANE/SSE) in

Lu2V2O7 with 3-nm Pt, 3-nm W, and 15-nm Pt overlayers, measured
using Cu wire. (f),(g) Temperature dependence of MHE contribu-
tion αCuNi

HM (MHE) and ANE/SSE contribution αCuNi
HM (ANE/SSE) in

Lu2V2O7 with 3-nm Pt, 3-nm W, and 15-nm Pt overlayers, measured
using CuNi wire.

contrast technique can identify the MHE part and can also
extract the ANE/SSE contributions.

From Eq. (3), using the known values of SCu − SCuNi, from
the measured �VHM, we obtain �Ty induced from the MHE.
Substituting it back into Eq. (1) we obtain the MHE contribu-
tion of

V wire
HM (MHE) = (Swire − SHM)�Ty = Swire − SHM

SCu − SCuNi
�VHM.

(4)
Together with Eq. (2), the ANE/SSE contribution is

V wire
HM (ANE/SSE) = V wire

HM − V wire
HM (MHE)

= V wire
HM − Swire − SHM

SCu − SCuNi
�VHM. (5)

Therefore, as shown in Eqs. (4) and (5), the Seebeck
contrast technique can unequivocally distinguish MHE from
ANE/SSE, crucial for establishing SSE or MHE in new
materials.

As shown in Fig. 2, there is a single value of various
α values at the saturation value (e.g., at Hz = 3 kOe). The
saturation values of αCu

Pt and αCuNi
Pt at 3 nm Pt in Fig. 2(b)

and the values of αCu
W and αCuNi

W at 3 nm W in Fig. 2(c) at
60 K are shown in Figs. 3(a) and 3(b) with circles, and the
�αW = �αPt value as a circle in Fig. 3(c). These temperature
dependence results show that different HM overlayers im-
pact the individual measured voltage αwire

HM = αwire
HM (MHE) +

αwire
HM (ANE/SSE), because not only αwire

HM (MHE) changes due
to the different Seebeck coefficients of the HM layers, but
also αwire

HM (ANE/SSE) varies due to the different shunting
effect and/or different spin Hall angles of the HM. However,

as shown in Fig. 3(c), the value of �α = αCu
HM − αCuNi

HM is
independent of the HM and its thickness, because it arises
from MHE and is dictated by the Berry curvature in Lu2V2O7,
and the Seebeck coefficients of the probing wires. Given SCu

and SCuNi [34,35], the estimated ∇Ty/∇Tx is on the order of
8 × 10−4. This is comparable but slightly smaller than the
previous results 1.0 × 10−3 measured at 60 K by the thermal
Hall conductivity method [4,7]. In the calculation, we have
used ∇xT = �Tx/LT. However, in reality, there is a tempera-
ture drop between thermal baths and the sample [36], which
we can consider as an effective length LC in addition to the
actual sample length LT , and the actual temperature gradient is
(∇xT )act = �Tx/(LT + LC). Therefore, ∇Ty

∇Tx
= ( ∇Ty

∇Tx
)
act

LT
LT+LC

.

The estimated ∇Ty

∇Tx
is the lower bound of the actual value

( ∇Ty

∇Tx
)
act

. Nevertheless, these results demonstrate the validity
of the electrical detection method and its effectiveness in
measuring MHE in Lu2V2O7.

Based on the known values of SW and SPt [34,37], we
can separate the MHE and ANE/SSE contributions using
Eqs. (4) and (5). The results using Cu wire αCu

HM(MHE)
and αCu

HM(ANE/SSE) are summarized in Figs. 3(d) and
3(e). Comparing the samples with 3 nm Pt and 3 nm W,
αCu

HM(MHE) is very different from each other because it de-
pends on the different Seebeck coefficients of Pt and W, while
αCu

HM(ANE/SSE) is similar to each other as it is mainly de-
termined by the resistivity of Pt and W due to the shunting
effect. This is further confirmed by comparing samples with
3 nm and 15 nm Pt, where αCu

HM(MHE) is the same assuming
the Seebeck coefficient of Pt is unaffected by its thickness,
and αCu

HM(ANE/SSE) diminishes with 15 nm Pt because of the
shunting effect. Here, 15 nm Pt is sufficient to suppress the
ANE/SSE contribution in Lu2V2O7. Furthermore, the mag-
nitude of MHE and ANE/SSE can be comparable, of either
sign depending on the HM. This means, for the SSE study,
one can obtain completely misleading results when one fails
to include possible MHE contribution. It is also noteworthy
that AHE and ANE are also closely related. Since ρAHE of
Lu2V2O7/3 nm W is larger than ρAHE of Lu2V2O7/3 nm Pt
due to the larger resistance of W, one would expect larger
αCu

W (ANE) than αCu
Pt (ANE), which is opposite to our observa-

tion in Fig. 3(e). Therefore, there is indeed some contribution
from the opposite spin Hall angle of W and Pt, like uncon-
ventional SSE. Further investigations are required to explore
the possible role of topological magnon surface states and
magnon Weyl points [5,6,15,17]. Similar behaviors have been
observed with the CuNi probing wire, with results shown in
Figs. 3(f) and 3(g).

Transverse and longitudinal MHE in Lu2V2O7/HM het-
erostructures. Although there are some theoretical predictions
on the dependence of MHE on the field direction and crys-
tal orientation, a detailed experimental investigation remains
scarce [4,38–40]. Figure 4(a) shows the results of the MHE
signal �αPt as a function of Hz under ∇xT . However, as
shown in Fig. S6(a) [25] when the magnetic field is ap-
plied along the x direction under ∇xT , both the MHE
and the ANE/SSE signals vanish because of the orthogo-
nal relationship ∇V ∝ ∇T × M, confirming the MHE and
ANE/SSE observed in Fig. 2 arise from the in-plane tem-
perature gradient ∇xT and the out-of-plane magnetization
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FIG. 4. (a) Transverse MHE along different crystal orientations
under ∇xT and Hz at Tavg = 60 K. (b) Temperature dependence
of transverse MHE along different crystal orientations under ∇xT
and Hz. (c) Longitudinal MHE along different crystal orientations
under ∇zT and Hx at Tavg = 55 K. (d) Temperature dependence of
longitudinal MHE along different crystal orientations under ∇zT
and Hx. Black, red and blue curves represent [100]-, [111]-, and
[110]-oriented Lu2V2O7, respectively. The insets in (a) and (c) are
the schematics of the measurements.

Mz. Furthermore, [100]-, [111]-, and [110]-oriented Lu2V2O7
crystals show similar results and with similar temperature
dependence as shown in Fig. 4(b). We observe no discernible
difference among these crystals, indicating that the MHE in
Lu2V2O7 is essentially isotropic. These results are in good
agreement with those previously measured by thermal Hall
conductivity [4].

The MHE in Lu2V2O7 to date has only been realized under
an in-plane temperature gradient [e.g., ∇xT in Fig. 2(d)], the
so-called transverse injection scheme, and detected by ther-
mal Hall conductivity (previous work) [4,7] or the electrical
measurement (this work), along a direction also in-plane but
perpendicular to the injection direction [e.g., Vy in Fig. 2(d)].
In contrast, the SSE in YIG can only be realized in the
so-called longitudinal scheme under an out-of-plane temper-
ature gradient but not the transverse scheme [41–44]. In this
work, with the more straightforward and sensitive electrical
detection of MHE at hand, we have further explored the
MHE under an out-of-plane temperature gradient ∇zT . There
is indeed a MHE signal �αPt when the magnetic field is
along the x direction [Figs. 4(c) and 4(d)], but not along
the z direction [Fig. S6(b) [25]], which further confirms the
aforementioned orthogonal relationship of ∇V ∝ ∇T × M.
However, comparing with the ∇xT case, the MHE signal �αPt

is one order of magnitude smaller under ∇zT . This is not
contradictory to the isotropic nature of MHE in Lu2V2O7

observed in Figs. 4(a) and 4(b), but a reflection of differ-
ent injection schemes as revealed in the SSE of YIG. The
newly observed longitudinal MHE can be understood in terms
of the effective length LC caused by the temperature drop

at the thermal contacts, i.e., �αPt = (�αPt )act
LT

LT+LC
, where

(�αPt )act is the actual value. The sample is a slab with the
thickness (∼1 mm) much smaller than the lateral length
(∼10 mm), therefore LT under ∇zT is much smaller than
that under ∇xT , resulting in a smaller calculated �αPt. This
is further evidenced by the slightly larger value of �αPt

in the [111]-oriented Lu2V2O7 sample because its thick-
ness is 1.5 mm as compared to the 1 mm thickness of the
[100]- and [110]-oriented Lu2V2O7. Nonetheless, this is an
observation of longitudinal MHE under ∇zT complement-
ing ∇V ∝ ∇T × M. Furthermore, the revealed longitudinal
MHE should also be applicable to thin films of MHE
materials, which would be even more challenging for the
conventional thermal Hall conductivity measurement.

Seebeck contrast electrical measurement. We have illus-
trated in detail the Seebeck contrast electrical measurement
in the case of magnon Hall effect in Lu2V2O7. This method
entails performing voltage measurements using two sets of
wires made of metals with contrasting Seebeck coefficients.
If the voltage measurements using these different wires give
the same result, then it is an electrical field effect, as in the
cases of ordinary Hall effect, anomalous Hall effect, inverse
spin Hall effect, etc. On the other hand, if the voltage measure-
ments yield different results, then it is a temperature gradient
effect, as in the case of the magnon Hall effect, which can be
revealed by the difference of the two voltages. This Seebeck
contrast electrical method can reveal the nature of various
transport phenomena in quantum materials with significant
spin-orbit coupling.

Conclusions. In conclusion, we have demonstrated an elec-
trical Seebeck contrast technique for observing the MHE in
the topological ferromagnet Lu2V2O7, simpler than measur-
ing the thermal Hall conductivity and offering a fast screening
of MHE candidate materials. We have also realized the longi-
tudinal MHE, in addition to the previously known transverse
MHE in Lu2V2O7/HM. This electrical method is applica-
ble to thin films of MHE materials, which would be rather
difficult for the conventional thermal Hall conductivity mea-
surement. Because MHE, ANE, and SSE share the same
symmetry and may coexist in the same material as we exper-
imentally demonstrated in Lu2V2O7, it is of vital importance
to distinguish and identify these different contributions for
exploring spin caloritronic phenomena. In particular, the es-
tablished Seebeck contrast technique using two probing wires
of different Seebeck coefficients can separate MHE, which
generates a lateral temperature difference, from ANE/SSE
in Lu2V2O7/HM, that generates a lateral electric field and a
voltage drop. This protocol can be exploited to identify spin
current effect in quantum materials.
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from the corresponding author upon reasonable request.
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