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I. THERMAL TRANSPORT TENSOR

1. Antisymmetrization/ Hysteresis

We adopted special precautions to avoid unintentional
contamination of the thermal Hall signal by hysteresis.
To extract the true field-odd signal, one can simply av-
erage the data obtained from sweeping up (negative to
positive field) with that obtained from sweeping down
(positive to negative field). Alternatively, one can avoid
having to perform two field sweeps by using the anti-
symmetrization method described in our previous report
[1]. However, it is generally not recommended to col-
lect half-sweeps with measurements at different temper-
atures in between as even tiny shifts in the thermome-
ter calibration can ruin the measurement of an antisym-
metrized component. Some representative examples of
field-antisymmetrized gradients are shown in Fig. S1.
The hysteretic component is small at high temperatures,
but at lower ones it actually dwarfs the true antisymmet-
ric signal.

The strong contamination of the thermal Hall signal by
a hysteretic component in α-RuCl3 should be an impor-
tant cautionary tale as it was not at all obvious that such
any such hysteresis loop should have been expected in the
system (no hysteresis is observed in the magnetization).
Hysteresis checks are especially crucial in thermal Hall
experiments on α-RuCl3 to avoid including extraneous
contributions to its true thermal Hall signal.

2. Thermal Hall Resistivity: λyx

The field-odd antisymmetric transverse gradient that
remains after antisymmetrization is analogous to the
transverse voltage in an electrical hall effect measure-
ment. Similarly, it can be used to calculate the intrin-
sic thermal Hall resistivity, λyx (the thermal transport
equivalent of ρxy):

λyx =
∆T asym

lxy

wt

PH
(1)

where w and t are the width and thickness, respectively
of the sample, and PH the heater power. To quantify
the resolution in measurements of the very weak thermal
Hall signals, we use the scatter in the ∆T asym(B) curves
near B = 0 T where the thermal Hall signal is either zero
or negligibly small. Some examples are shown in Fig. S2
where visual inspection reveals noise levels of several µK.
The scatter ranges from 5 µK for TStage= 1.1 K to 30 µK
for TStage= 5.1 K to 120 µK for TStage= 7.0 K. The lower
resolution at high temperatures results from the milder
variation of R vs. T in the thermometer above 3 K, and
degradation of the stability of 3He cryostat at elevated
T .

We note with emphasis that, in virtually all κxy exper-
iments, the measured quantity is the thermal resistivity
matrix λij which is subsequently inverted to obtain the

thermal conductivity matrix κij = λ−1
ij . Although curves

of the thermal Hall resistivity λyx are rarely reported,
they are vital for properly assessing the uncertainties in
κxy after the matrix inversion. As discussed below, the
inversion process in α-RuCl3 strongly amplifies error bars
because i) λyx is strongly suppressed when B exceeds 10
T at temperatures below 4 K (which yields a very small
thermal Hall angle) and ii) κxx undergoes a steep in-
crease versus B between 7 and 13 T. Together, the 2
factors amplify uncertainties in measurements of λyx to
produce very larger error bars for κxy in the regime B >
10 T and T < 4 K.

A color map of the λyx signal in the B-T plane provides
an informative over-view (prior to matrix inversion) of
the region over which a true thermal Hall signal exists
(Fig. S3a). Below 4 K, the intensity of the λyx signal
is maximal near the critical field Bc. Above 4 K, the
high-intensity region flares out to define a broad plume
that tilts to higher B. As T decreases below 3 K, λyx

is restricted to a small neck centered at Bc. At slightly
lower fields (6.4 T), it exhibits an interesting change of
sign (dark blue area). The correspondng color maps for
the inferred thermal Hall angle tan θ = κxy/κxx and the
ratio of thermal conductivity to T , κxx/T , are displayed
in Fig. S3b and c, respectively. The giant uncertainties
in κxx caused by matrix inversion appear in Panel (c) as
tears and scars above 10 T in the color map.
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FIG. S1. Field-antisymmetric temperature difference ∆T measured for sets of field sweeps measured at TStage = 2.3, 3.6, and
5.2 K. “up”-sweeps (negative to positive field) are shown in red, “dow”-sweeps (positive to negative field) are shown in blue
and their average is shown in gray. The up and down sweeps differ because of hysteresis that is not present at high T , but gets
increasingly strong as T is lowered and eventually dwarfs the intrinsic Hall signal.

FIG. S2. Scatter in the field-antisymmetric transverse temperature gradient ∆T asym near zero field can be used as a proxy for
experimental resolution. Each panel is labeled with the stage temperature and estimated noise for that particular set of field
sweeps.

3. Thermal Hall Conductivity: κxy

The matrix inversion yields for the thermal Hall con-
ductivity

κxy =
λyx

λ2
xx + λ2

yx

≈ λyxκ
2
xx. (2)

As shown in Fig. S4, λyx is largest immediately fol-
lowing Hc where the magnitude of κxx is small. As B is
increased above Hc, κxx grows steeply. For example, be-
tween 7 and 13 T, κxx increases by 20× (or more). Tem-
perature fluctuations of the heat bath are the primary
source of noise in these experiments and their amplitude
is generally independent of B. This means that the effec-
tive noise level in κxy at 13 T could be 200× larger than
at 7 T.

To illustrate the experimental challenges and potential
pitfalls, we plot in Fig. S4 the following set of traces vs.
B (here TA, TB and TC refer to the readings from the 3
thermometers shown in Fig. ??):
i) the antisymmetric components of the three tempera-

ture differences ∆TAB ≡ TA − TB (green), ∆TAC (red)
and ∆TBC (light blue),
ii) the longitudinal thermal conductivity κxx,
iii) curves of κAC

xy and κBC
xy derived from ∆TAC (red) and

∆TBC (light blue),
iv) the average temperatures TAVG

AB (green), TAVG
AC (red)

and TAVG
BC (light blue) inferred from the 3 thermometers.

The 8 columns report data collected at 8 selected tem-
peratures (2.7 ≤ T ≤ 6.5 K).
We now describe the key conclusions inferred from this

data set.

1. Significance of transverse thermometer
choice: Measurements of the thermal Hall con-
ductivity require a minimum of three thermome-
ters. This is because a transverse pair is needed
to measure the thermal Hall resistivity λyx, a lon-
gitudinal pair is needed to measure the thermal
resistivity λxx, and both quantities are needed to
perform the necessary matrix conversion to calcu-
late κxy. Three thermometers are usually used (in-
stead of four) as one of the longitudinal ones can
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FIG. S3. Colormaps depicting thermal Hall resistivity λyx,
Hall angle (κxy/κxx), and thermal Hall conductivity (divided
by T ) κxy/T as a function of temperature and magnetic field.
Note the high noise level at low T and high B in κxy/T . The
noise level is high because it is outside the regime where λyx

and the Hall angle are large.

be used for measuring both temperature gradients.
The one transverse thermometer is typically placed
directly opposite one of the longitudinal thermome-
ters so that they are at approximately the same
temperature at zero field. This helps to ensure
that the measured antisymmetric temperature dif-
ference ∆T asym is not distorted by artifacts related
to other sources of temperature nonuniformity. κxy

is then calculated from this temperature gradient
and the longitudinal one (and corresponding κxx)
as described earlier. There are two immediate prob-
lems with this approach. First, it is essentially im-

possible to perfectly align the transverse thermome-
ter so as to eliminate distortion the difference in
average temperature between the two thermome-
ters. Second, even if the alignment is perfect, ef-
fects of nonuniform temperature may still appear
via the κxy calculation. In this idealized scenario,
the effective temperature at which κxx is measured
will always be different from the effective tempera-
ture at which λyx is measured. Considering that in
these kinds of thermal Hall experiments, one needs
quantitatively accurate measurements, it is impor-
tant to be aware of these effects. In our experiment,
we have three thermometer temperatures and they
are labeled TA, TB , and TC. Figure S4 shows how
the calculated values of ∆T asym and κxy can differ
depending on which pair of thermometers are used
for the transverse contacts. The differences are not
very large, but they are quantitatively relevant. To
facilitate meaningful comparisons, we encourage all
groups to report similar data sets. Thermometer C
is located “above” the other two thermometers on
the sample, but in practice TC is actually nearly
equal to the average 1

2 (TA + TB). The near coin-
cidence provides a convenient way to ensure that
∆T asym and κxx are measured at the same temper-
ature TC, which eliminates temperature distortions
as described above. For all κxy data used in quanti-
tative analysis, we used the average of ∆T asym

AC and
∆T asym

BC .

2. How to define T in κxy/T : As discussed above,
the temperature at which the ∆T asym is mea-
sured will differ from the temperature at which κxx

is measured in a three thermometer experimental
setup. This is especially important in cases such as
this where it is κxy/T not just κxy that may exhibit
quantization. Because the method used in this ex-
periment (discussed above) allows us to measure
∆T asym and κxx at the same temperature, it also
makes clear which value to use for T when calcu-
lating κxy/T (we use TC here). We also point out
that any value of T used in this calculation should
be the temperature of the sample itself and not just
the cryostat stage temperature. This is always pos-
sible for resistor-based thermometers, but is not the
case for thermocouple-based measurements, which
only measure temperature differences rather than
the absolute temperature.

3. Difference between λyx and κxy: At each TStage

in Fig. S4, the field profiles of λyx ∼ ∆T asym

(panel 1, counting from the top) and κxx (panel 2)
illustrate very well the pitfalls and challenges con-
fronting claims of quantization in κxy (panel 3). Let
us consider TStage = 4.7 K for specificity. We see
that, as B increases from 10 T to 13 T, λyx falls ex-
tremely steeply towards zero (faster than exponen-
tial in B). At the same time, κxx undergoes a steep
20-fold increase (see also Fig. S6 below). Since
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FIG. S4. Each of the 8 columns shows data at the stage temperature TStage indicated. The 4 panels in each column (enumerated
from the top down) display (panel 1) the antisymmetrized temperature differences ∆T asym ≡ ∆TAS, (panel 2) κxx, (3) κxy and
(4) TAVG (4). In panels 1, 3 and 4, we show curves derived from the three measured temperature differences ∆TAB (green),
∆TAC (red) and ∆TBC (light blue). Here ∆TAB ≡ TA − TB where TA, TB and TC are the readings from the 3 thermometers
shown in Fig. ??. See text for full description.

κyx ≃ λyxκ
2
xx (Eq. 2) the uncertainties in measur-

ing λyx transform to enormously amplified error
bars in κxy as evident in the third panel. The am-
plification of error bars is greatest for 3.6 ≤ T ≤4.7
K (nearly coincident with the temperature window
in which half-quantization was reported [5]). We
may also note that, to obtain κxy, the 20-fold in-
crease in κxx (in the interval 10-13 T) is squared
and then multiplied by the steeply falling λyx. A

purportedly quantized κxy/T (i.e. B independent
value) would demand exact cancellation of these
very steep, opposing trends. Hence, to establish
the quantization experimentally, one would need
to measure the rapidly vanishing Hall signal e.g.
∆T asym

BC with exquisitely fine resolution.

4. Variation of TSample with field: An additional
consequence of the strong field-dependence of κxx

is that it causes the effective sample temperature
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FIG. S5. Thermal conductivity κxx vs. T at zero B. The
large hump is indicative of high crystal quality.

TSample to change with field as well. This is because
it is only TStage that is directly fixed and controlled
during the field sweep. The heat applied to the
sample is constant so TSample will change with κxx.
One must therefore be careful with labeling field
sweeps with any particular T and should indicate
the value of B at which it was measured.

5. Apparent field-antisymmetric longitudinal
signal: Even though these curves are antisym-
metrized and averaged in a way that should elim-
inate all hysteresis, a finite antisymmetric signal
still appears in the longitudinal temperature differ-
ence. The most likely explanation for this is that
the small change in T associated with the Hall effect
effectively causes the local κxx on the one edge of
the crystal being measured to exhibit this pseudo-
field-odd longitudinal signal.

II. CRYSTALLINE QUALITY

In addition to the large κxy values discussed in the
report, the crystal (photo shown in Fig. ??) also exhibits
several features in κxx that are indicative of high quality.
These include:

• Large peak in κxx(T ) (at zero B): As shown
in Fig. S5, κxx peaks at 5.5 W/Km around 4.5
K before decreasing down to 2.5 W/Km at TN .
These values and general behavior are consistent
with what has been reported in high quality crys-
tals from other groups. The values reported here,
which differ slightly from the numbers in Ref. [1],
reflect a more reliable re-measurement of the crys-
tal dimensions.

• High absolute value of κxx at the low T , high
B plateau: As described in our previous report

FIG. S6. Field-dependent longitudinal thermal conductivity
κxx(B) taken at TStage= 1.1 K. We note the large value of
κxx attained at B =13 T, and the large enhancement (23.5×)
over the minimum value at B ∼ 7.3 T.

[1], κxx is likely strongly affected by spin-phonon
scattering throughout most of the phase diagram.
To isolate the pure phonon contribution to κxx, one
must use the value at the high field plateau at low
temperature where spins lack the thermal energy
necessary to scatter phonons. A high lattice ther-
mal conductivity is a good indicator of crystal qual-
ity (or more specifically the absence of defects). We
previously used the value of κxx/T at this plateau
at 1 K as a benchmark and obtained a value of 0.7
W/K2m. For the crystal used in this report, we
obtained a value of 4.66 at 1.16 K (see Fig. S6).

• Anomalously strong variation in κxx(B): As
stated, κxx is strongly affected by spin-phonon scat-
tering in RuCl3. In the high-B/ low-T regime,
however, κxx approaches its intrinsic phonon dom-
inated value (because the local moments approach
full polarization). As the measurement dimensions
used in calculating κxx often carry substantial un-
certainty, a second benchmark that can be used is
the ratio between the value of κxx at the plateau
κplat
xx and the minimum value κmin

xx observed during
a particular field sweep. This ratio RK is defined
as

RK = κplat
xx /κmin

xx (3)

As illustrated in Fig. S6 RK = 23.5 for the sweeps
at TStage = 1.1 K. This degree of variation was also
observed in our previous studies of this crystal and
is significantly higher than the ratios seen in es-
sentially any insulator (including other crystals of
RuCl3).

These in situ tests of crystalline quality are valuable
because they allow us to confirm that the crystal was
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not damaged during the mounting process (by creation
of stacking faults).

III. ADDITIONAL FITTING
DETAILS/RESULTS

A. Energy of upper magnon Chern band ω2

As discussed in the main text, a second magnon Chern
band is needed to obtain the correct functional form for
κxy/T (T ). This also makes sense physically as the Chern
numbers of all bands should sum to zero. The energy
”gap” ω2 of this band is also obtained as a fitting pa-
rameter. Fig. S7a shows the value of this parameter as
a function of B. ω2 is around 50 K for all fields. The
B-dependence appears somewhat weak, but resolution is
limited due to the large size of this gap. This measure-
ment is actually quite novel as information about higher
bands is difficult to extract from optical measurements.

ω
2

(K
)

FIG. S7. Panel (a): The energy scale ω2 of the higher magnon
band extracted from fitting as a function of B. Panel (b):
Low T intercept (example for B = 5.2 T shown in inset) in
κxy/T (T ). Note that behavior is observed for B < 6 T and
B > 8 T.

B. Low temperature intercept

The fitting model fails at the lowest T ’s (< 3 K), where
it appears to plateau at a small, but finite value instead
of continuing to 0 as the high T behavior predicts. This
behavior is observed at both low and high B (below 6
T and above 8 T) although both the lower and upper
bounds are difficult to resolve due to increased noise when
κxx becomes high. The value of this intercept δ as a
function of B is shown in Fig. 9b. Different behaviors
(which we will discuss later) occur at intermediate B.
The origin of this low T plateau is unclear, but we are

able to offer a few potential explanations. One possibility
is that there really is a different phase at low T that
produces a separate thermal Hall effect. The potential
relation to the oscillations in the κxx will be discussed
later. For now, we just remark that this could be one way
of reconciling the gaplessness implied by the oscillations
with the gap-derived (topological) mechanism associated
with our model for the thermal Hall conductivity.
Another possibility is that the specific assumptions

used in the fitting model break down at low T . Our model
is intrinsically two-dimensional in nature and RuCl3 is
only quasi-two dimensional. Perhaps the effective dimen-
sionality of the system increases to three spacial dimen-
sions at low T and the 3D dispersion has a substantial
effect on the functional form of κxy/T (T ). Similarly, Mu-
rakami’s theoretical framework for boson thermal Hall
effects [8] only applies to non-interacting excitations. It
is possible that interaction effects between the spin exci-
tations become more relevant at low T and change the
effective T -dependence.
Another interesting observation is that the value of

the low T intercept δ vs. B bares some resemblance to
κxx(B). This could suggest a different mechanism for
the low T thermal Hall effect that is derived from a bulk-
based origin.

C. Sign change at intermediate fields

A key feature of the model presented in the report is
that κxy/T for a magnon Chern insulator should have a
T -dependence with a distinct functional form. One key
feature of this function is that it is incapable of exhibit-
ing a change in sign. This makes the negative κxy/T
observed at 6.4 T highly anomalous. Similar negative
low T signals are observed for other fields around this
value (see main text) and are also particularly visible in
λyx (see Fig. S3a). We again stress that because B is
directed entirely in-plane, there is no out-of-plane com-
ponent that we can use to define the effective sign of κxy.
Sign choice is therefore ambiguous and we have chosen
to define the signal seen over most of the phase diagram
to be positive.
We now offer a few possible explanations for the neg-

ative signal. First, it may be a property of the field-
polarized state, but just not one that does not fit our
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FIG. S8. Between 7 and 7.8 T, the low T (below 3 K) κxy/T is approximately linear in T with a finite intercept (yellow points).
Above 3 K, the fitting model used for the rest of the phase diagram (at high T ) applies.

simplified description. Such an effect was predicted by
McClarty et al. whose calculations showed that there
should be substantial Ωn,z(k) at Γ with a sign opposite
that of the rest of the band [2]. Second, this behavior may
be due the zig-zag ordered phase as predicted by Zhang
et al. [3]. The T ,B regime where the effect is observed
clearly place it within the ordered phase. The zig-zag
ordered phase has a unit cell of 6 sites (per layer) and
therefore a more complex magnon band structure that
does not satisfy the criteria necessary for us to use the
fitting model. The bands are likely not well separated
and even non-topological bands can contribute to κxy.
Finally, we propose a third potential explanation that has
not been previously predicted. The T ,B scales at which
the negative signal appears (in addition to other devia-
tions from the high T behavior) are remarkably similar
to those of the field-induced ferromagnetic ZZ2 phase [4].
This state is even more complex than the zig-zag phase
and it’s more 3-dimensional character presents additional
complications. Reminder, our κxy mode assumes a quasi-
2d character so deviations from this could help explain
the reduced value of Cobs at lower B (see main text).

Finally, we stress that previous experiments have
revealed strong mixing between the various magnetic
phases in RuCl3. In addition to the three types of or-
dered phases (or quasi-ordered in the case of the spin-
polarized regime), there also exist possible quantum spin
liquid states [5][1] that may with them. Future attempts
to model κxy in the more complex regions of the system’s
phase diagram will need to account for this.

D. Linear slope between 7.0 and 8.0 T

As shown in Fig. S8, the part of the phase diagram
defined by 7 < B < 8 T and T < 3 K displays an inter-
esting deviation of the data from the edge-mode fit. As

T is decreased in fixed B, κxy/T shows a distinct break-
in-slope at 3 K. Below 3 K, κxy/T displays a T -linear
profile (yellow circles in Fig. S8) that extrapolates to
a finite intercept in the limit T → 0. In analogy with
heat-capacity experiments, the finite intercept appears
to suggest a small, residual population of fermionic exci-
tations. However, the T -linear segments lie close to the
limits of our present resolution. In the present report,
we regard the deviations as tentative; they hint at an
interesting regime deserving of further investigation.

IV. IS κxy/T QUANTIZED?

According to Refs. [5] and [6], κxy/T in RuCl3 dis-
plays half-quantized values associated with chiral Majo-
rana fermion edge states. The present report points in-
stead to chiral edge modes associated with bosonic spin
excitations. We elaborate on the differences between
these two interpretations. We stress that the primary
disagreement between the two sets of results is the low T
behavior. Above the narrow T window of quantization
(3-5 K), the Kyoto group observes a large T -dependent
signal, which peaks around 10 K. Qualitatively, this bears
some resemblance to our results; the quantitative discrep-
ancies in the absolute values of κxy/T could occur due
to differences in measurement procedures or potentially
sample-dependent contributions.
We are persuaded that the half-quantization is an ar-

tifact. The experiments performed by the Kyoto group
do not go below 3 K so the apparent plateau between 3
and 5 K is only observed within a very narrow T window.
Potential origins for such an artifact include lingering ef-
fects of the κxx hysteresis or measurement issues such as
thermometer field-dependence. We note that Bruin et
al. [7] also find that κxy/T decreases toward 0 at low
T (more discussion is given below). An extension of the
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Kyoto group’s experiments to lower T (∼0.4 K) is essen-
tial for resolving the disagreements. Generally, instead of
just reporting κxy, it would be helpful to have available
the raw data for λyx.

In the report by Bruin et al. [7] the crystals are from
the same source as the Kyoto group. κxy/T is gener-
ally T -dependent and exhibits a similar colormap to ours.
However, the authors claim that their data point to a re-
gion of anomalously enhanced κxy/T that they assert is
the same signal observed by Kasahara et al. [5] and Yokoi
et al. [6]. Bruin et al. only claim to observe quantiza-
tion at very high fields (above 12 T) where the system is
thought to be in a spin-polarized phase (even according
to the Kyoto group). Clearly, the κxy signal observed
above 12 T arises from the high-field (spin polarized)
phase rather than spin-liquid state. We also remark that
the authors of Ref. [7] describe their observations as a
“robust” quantization signal, but the overall uncertain-
ties in their data underlying the robustness claim is ac-
tually much larger than the signal itself (similar to our
results). Characterizing such measurement uncertainties
as “robust” is unwarranted.

V. RELATION TO OSCILLATIONS IN
LONGITUDINAL THERMAL CONDUCTIVITY

In our previous report, we observed field-induced oscil-
lations in RuCl3’s longitudinal thermal conductivity κxx

[1] and noted that they seemed to be anticorrelated with
the planar thermal Hall effect signal. We observe a sim-
ilar trend here as well, but can also identify more detail
in this new, higher quality data set.

As discussed earlier, the measured κxy/T does not
trend toward zero with decreasing temperature as the
model and high temperature behavior predicts. It gen-
erally reaches a finite low temperature plateau instead.
If we calculate the deviation from the expected value
∆κxy/T and plot it as a function of T , we observe that it
strongly correlates with the oscillation amplitude. This
data is shown in Fig. S9 for fields of 7.6, 8.0, and 9.4
T. The oscillation amplitude is calculated as ∆κxx/T to
match the units of the Hall conductivity (W/K2m).

∆κxy/T and ∆κxx/T both emerge around 3 K and in-
crease with T with a similar functional form. This strong
correlation suggests a common origin. One explanation
is that their really is a different phase at low T or at the
very least that the thermal transport is dominated by a
different set of excitations. This scenario could poten-
tially help reconcile the low T oscillations that imply a
gapless phase with the high T thermal Hall effect that is
consistent with a gapped topological state.

FIG. S9. The amplitude of the oscillations in the thermal
conductivity ∆κxx/T (shown in red) and the deviation of the
thermal Hall conductivity from the high temperature behav-
ior κxy/T (shown in purple). The two become noticeable at
3 K and exhibit the same functional form. The strong corre-
lation may imply a similar origin.

VI. EVIDENCE AGAINST PHONON ORIGIN
OF PLANAR κxy

It was recently suggested in Ref. [9] that, in perpendic-
ular fields, the thermal Hall effect in RuCl3 is dominated
by phonons. Note that because B is directed entirely
out-of-plane, the signal being measured is in the zig-zag
AFM ordered phase and not the intermediate to high B
regime that is the focus of this report. However, for the
sake of completeness, we will now address this alternative
mechanism using our data. The argument invoked for a
phonon thermal Hall effect is the closely similar temper-
ature profiles of κxx(T ) and κxy(T ) reported in Ref. [9].
Figure S10 shows plots of our κxx/T and κxy/T vs. T
with B fixed at 7.0, 8.0, 9.0, and 10.0 T. In sharp contrast
with the conclusions in Ref. [9], the two quantities clearly
have qualitatively distinct T -dependencies. Additionally,
while the profiles of the longitudinal thermal conductiv-
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ity κxx/T vary substantially with B, the profiles for the
thermal Hall conductivity κxy/T show the same general
behavior. To us, this clearly demonstrates that the sce-
nario proposed for a phonon-based κxy in RuCl3 does

not apply at least in the planar Hall geometry of interest
here.
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FIG. S10. Comparison of the temperature-dependencies of the longitudinal κxx and Hall κxy thermal conductivities divided by
temperature for a selection of magnetic fields. κxy/T vs. T exhibits the same characteristic T -dependence for all fields shown,
but κxx/T vs. T varies significantly depending on the value of B. Additionally, the T -dependence of κxy/T differs substantially
from κxx/T . This is inconsistent with the phonon-based phenomenology that has been proposed for other magnetic insulators.


