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Anomalous Nernst effect and topological Nernst effect in the ferrimagnetic
nodal-line semiconductor Mn;Si, Teg
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In the ferrimagnetic nodal-line semiconductor Mnj;Si, Teg, colossal magnetoresistance (CMR) arises below
T. = 78 K due to the interplay of magnetism and topological nodal-line electronic structures. Here, we present
electrical and thermoelectric transport properties of Mn3Si,Teg. Below T, the Nernst signal is dominated by
anomalous Nernst effect (ANE) in the high-field region above 3 T. The scaling ratio between the ANE and
magnetization is comparable to that in conventional magnetic materials, suggesting minor contributions from
the nodal-line structure. In the low-field region (0 ~3 T) where the CMR is most apparent, possible signatures of
topological Nernst effect (TNE) are found, which are likely associated with the noncollinear magnetic structure.
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I. INTRODUCTION

In magnetic topological materials, the interplay of mag-
netism and band topology often gives rise to a variety of
nontrivial transport properties, such as giant anomalous Hall
effect (AHE), giant anomalous Nernst effect (ANE) and
quantum anomalous Hall effect [1-6]. The intimate coupling
between spin degrees of freedom and electronic band topol-
ogy allows easy manipulation of spin or charge transport by
tailoring spin configurations using external magnetic fields.
The peculiar transport effects together with their easy tun-
ability in magnetic topological materials are highly favored
in developing magnetoelectric, spintronic device applications.

Of particular interest is the ferrimagnetic nodal-line
semiconductor Mn3SiyTeg, which displays colossal magne-
toresistance (CMR) in the ferrimagnetic state [7-10]. As
shown in Fig. 1(a), Mn3Si, Tes is a van der Waals layered ma-
terial, which crystallizes in a trigonal structure (space group:
P31c, No. 163). There are two types of Mn atoms. The Mn1
atoms and Te atoms form edge sharing MnTes octahedra,
creating honeycomb layers within the ab plane. The Mn2
atoms are sandwiched by the Mn1 layers, forming a triangular
pattern. Below T, ~ 78 K, Mn3Si,Teg enters a ferrimagnetic
state, in which Mnl layers and Mn2 layers are bonded anti-
ferromagnetically [11-13]. A recent neutron diffraction study
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revealed a noncollinear magnetic structure with the moment
directions oriented ~10° away from the easy ab plane [see
Fig. 1(a)] [13]. The noncollinearity is seen more clearly in
the projected view along the c¢ axis, as shown in the bottom
left panel in Fig. 1(a). In the ferrimagnetic state, negative
CMR reaching up to nine orders of magnitude appears only
when an external magnetic field is directed along the magnetic
hard ¢ axis, in contrast to conventional CMR materials [7-9].
Only moderate negative magnetoresistance is found when a
magnetic field is applied within the magnetic easy ab plane,
leading to colossal angular magnetoresistance up to ~10''%
per radian [9]. It has been suggested that the CMR arises from
an insulator-metal transition, which is induced by lifting the
spin orientation-dependent nodal-line band degeneracy [9,14].
As illustrated schematically in the right panels of Fig. 1(a), the
bandgap depends strongly on the spin orientations. When the
spins are lying within the ab plane (M || a), a finite bandgap
is seen and a twofold degenerate nodal-line structure appears
at the I" point in the spin-polarized Te valence bands [9,14].
The nodal-line degeneracy is lifted by aligning the moments
along the ¢ axis (M || ¢) [9,14]. As a result, the bandgap
is closed, leading to a metallic state in the M | ¢ polarized
state [9,14]. Alternatively, chiral orbital currents (COC) may
emerge within the ab plane, producing orbital magnetic mo-
ments oriented along the ¢ axis [8]. These orbital magnetic
moments and COC domains interact strongly with the Mn
moments, giving rise to negative CMR by aligning the COC
domains in a c-axis magnetic field [8]. Still, the nature of the
observed unusual CMR in Mnj3Si, Teg remains elusive.

When the topological nodal-line degeneracy is lifted, finite
Berry curvature arises near the Fermi level [9]. Consequently,

©2023 American Physical Society
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FIG. 1. (a) Upper left: crystal structure of Mn;Si,Teg (side view) [13]. Arrows on Mn atoms represent magnetic moments which order
ferrimagnetically below 7. = 78 K. Bottom left: top view of the noncollinear magnetic structure. Upper right and bottom right: schematic
band structures for M || a and M || ¢, respectively [9,14]. (b) Temperature dependence of magnetization M (T") for a Mn;Si, Teg single crystal.
Both zero-field-cooled (ZFC) and field-cooled (FC) results with a magnetic field B = 1 mT applied within the ab plane and along the ¢ axis
are shown. In addition to the ferrimagnetic transition at 7;, another transition is also seen at 7*. (c) Isothermal magnetization M (H ) measured
at T =5 K. (d) Temperature-dependent specific heat C,(T') captured in 0 and 9 T.

other intriguing transport properties may also appear, such
as the AHE and ANE [15,16]. In particular, the ANE is
extremely sensitive to the Berry curvatures close to the Fermi
energy (Er) as the ANE probes the energy derivative of charge
transport at E [15,16]. Indeed, Berry curvature-induced large
ANE has been observed in various magnetic topological
semimetals, such as CozSn,S, [17-19], CooMnGa [20-22],
Mn;Sn [2,23], FesSn, [24,25], and Fe;GeTe, [26]. In this
report, we probe the Berry curvature associated with the
nodal-line structure in Mn3Si, Teg using thermoelectric See-
beck and Nernst measurements. Sizable ANE which peaks
around T is found in magnetic fields applied along the c axis.
However, unlike other magnetic topological materials, the
magnetization-induced ANE falls close to the typical region
covered by conventional magnets, pointing to subdominant
roles played by the nodal-line band topology. In addition to the
ANE, topological Nernst effect (TNE) also arises below 7; in
small magnetic fields below 3 T. Importantly, the CMR is also
predominantly achieved within 3 T. The observed TNE-like
signal in Mn3Si,Teg is likely produced by the noncollinear
spin texture, which may also have intimate correlation with
the CMR.

II. EXPERIMENTAL METHODS

Single crystals of Mn3Si,Teg were grown using the flux
method [9]. Starting materials of Mn, Si, and Te were mixed in

a molar ratio of 3:2:12 in Ar atmosphere. The mixed materials
were then placed in an alumina crucible and sealed in an
evacuated quartz tube. The tube was first heated in a muffle
furnace to 1000 °C and dwelt for 20 h. Then the furnace
was slowly cooled to 750 °C at a rate of 1.5 °C/h. The tube
was quickly taken out of the furnace, and Mn3Si,Teg single
crystals with typical dimensions of 5 x 5 x 1 mm?® were
finally obtained after removing the flux by centrifugation.

The crystal structure of Mn3Si, Teg crystals was character-
ized by single crystal diffraction experiments using a Bruker
D8 venture diffractometer (see the Supplemental Material
[27]). The magnetic properties were measured in a magnetic
properties measurement system (MPMS-3, Quantum Design
Inc.). Resistivity and Hall resistivity were performed in a
physical property measurement system (PPMS DynaCool 9 T,
Quantum Design Inc.) using a standard Hall-bar geometry.
The longitudinal and transverse thermoelectric measurements
were carried out in a cryostat (TESPT14T50, Oxford Instru-
ments inc.) using a home-built setup equipped with one heater
and two thermometers.

III. RESULTS AND DISCUSSION

In Fig. 1(b), we present the temperature dependence of
magnetization for a Mn3Si, Teg single crystal. The ferrimag-
netic transition is seen clearly at 7, = 78 K, agreeing well
with other reports [7-11]. Below T, the in-plane magneti-
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FIG. 2. (a) Temperature dependence of in-plane resistivity p,, measured with magnetic fields applied along the ¢ axis. The inset in (a) shows
the fitting (red line) of resistivity between 150 K and 300 K using a thermally activated model. (b) The magnetoresistance MR = [p,(B) —
Pxx(0)]/ 0 (0) measured at different temperatures with B || ¢. (c) The Hall resistivity p,, recorded at selective temperatures. Vertical offsets
have been applied for clarity. (d) Estimated carrier density (n) using the high-field Hall resistivity measured between 8 and 9 T. The electrical
conductivity (o,,) measured in 9 T is also plotted for comparison. (e) and (f) Comparison of the Hall resistivity and magnetization recorded at

20 and 70 K.

zation (B || ab) is two orders of magnitude larger than that
of out-of-plane (B || ¢), in accordance with an in-plane easy
axis [see Fig. 1(a)]. Note that this easy-plane anisotropy ap-
pears already above T and persists up to T* ~ 350 K, above
which the paramagnetic state is recovered. The transition
at T* is consistently seen in melt-grown crystals [7,11,28],
but disappears in samples prepared by the vapor transport
method [29]. The nature of the transition at 7* is still not
clear, and may originate from short-range ordering [11]. The
strong magnetic anisotropy in the ferrimagnetic state can be
further revealed by isothermal magnetization measurements,
as shown in Fig. 1(c). The magnetization saturates rapidly to
~1.6 ug/Mn in a weak magnetic field of 0.1 T for B || ab. For
B || ¢, on the other hand, a strong magnetic field up to 7 T
cannot fully polarize the magnetic moments (see more data in
the Supplemental Material [27]). The field anisotropy is found
to be as large as 13 T [7].

The temperature dependence of specific heat (C,) of
Mn;Si, Teg is plotted in Fig. 1(d). In zero magnetic field, the
ferrimagnetic transition is manifested as a A-shaped peak at
T.. The transition is smeared out in the presence of magnetic
fields and shifts gradually toward higher temperatures due to
the suppression of magnetic fluctuations. Above 150 K, C,
recorded in 0 and 9 T coincides. This indicates that magnetic
fluctuations appear well above T; and survive to about 150 K.
Short-range spin fluctuations may already develop below T,
as suggested by neutron scattering and Raman spectroscopy
experiments [11-13,30].

Figure 2 shows electrical transport results of a Mn3Si, Teg
single crystal. As shown in Fig. 2(a), the in-plane resistivity
Py increases rapidly with cooling, pointing to a semiconduct-
ing nature. Within 150-300 K, p,,(T") measured in O T follows

a thermally activated model p.,(T) = poexp(A/kgT ), with
an activation energy A = 24.3(1) meV [see the inset in
Fig. 2(a)], in agreement with other reports [9,11,14]. Here, kg
is the Boltzmann constant, and py is a material-dependent con-
stant. Further cooling below 150 K, p,,(7T") deviates from the
simple activation behavior due to increasing scattering of car-
riers by sizable spin fluctuations. Establishment of long-range
ferrimagnetic order below T strongly suppresses magnetic
fluctuations, leading to a clear drop in p,, when passing
through 7 upon cooling. Note that the transition at 7* appears
as a broad hump in resistivity.

The most notable feature of Mn3SirTeg is the negative
CMR. As seen in Figs. 2(a) and 2(b), p,, is significantly
reduced in the presence of out-of-plane magnetic fields
below 150 K. The negative CMR becomes particularly ev-
ident at lower temperatures. At 5 K, MR = [p(B) —
L0 T)]/ (0 T) reaches —99.2% in 9 T. Note that the
CMR is most profound in the low-field region below 3 T.
Intriguingly, the CMR only appears when a magnetic field
is applied along the magnetic hard axis (B || ¢) [7,9]. The
coupling between spin orientation and nodal-line degeneracy
and/or chiral orbital currents have been invoked to explain the
CMR in Mn3Si,Teg [8,9]. The underlying mechanisms of the
observed CMR remain to be elucidated.

The Hall resistivity p,, measured at various temperatures
is displayed in Fig. 2(c) (see the Supplemental Material for
more data measured at other temperatures [27]). Above 150 K,
Pxy(B) scales linearly with magnetic field with positive slopes,
which suggests that the electrical transport is dominated by
holelike carriers. Nonlinear magnetic field dependence of
Pxy(B) develops below 150 K, which resembles multiband
transport behaviors at the first glance. However, the negative
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FIG. 3. (a) Temperature dependence of the in-plane Seebeck coefficient S,, measured in B = 0 T and 14 T applied along the ¢ axis.
(b) Magneto-Seebeck effect S, (B) measured at various temperatures. (c) The Nernst effect S, /T measured at fixed temperatures. Curves have
been shifted vertically for clarity. Solid black lines are fitting of the Nernst signal according to Eq. (1). (d) Scaling between the Nernst signal
S,x(B) and magnetization M measured at 50 and 70 K. The TNE-like component (SyTX) is obtained after subtracting the anomalous part from

the total Nernst data.

magnetoresistance observed below 150 K cannot be described
by a simple multiband scenario. In addition, the bandgap is
sensitive to the spin orientations as well as external magnetic
fields. As a result, the carrier concentration also depends on
the strength of external magnetic fields. In high magnetic
fields, the resistivity is weakly field-dependent [see Fig. 2(b)].
It is thus possible to extract the carrier density in the high-field
region. The estimated carrier density (n) using the Hall resis-
tivity measured between 8 and 9 T is presented in Fig. 2(d).
Clearly, the temperature dependence of the estimated car-
rier concentration nicely tracks the temperature-dependent
conductivity (oy,) recorded in 9 T. Therefore, this simple
estimation gives a good approximation to the carrier density
in the high-field region. Similar temperature-dependent carrier
concentration has also been estimated in an earlier report [7].

Below T, py,(B) rises rapidly in small magnetic fields,
which may contain contributions from the AHE, as also sug-
gested by a previous study [7]. In general, the Hall resistivity
of a magnetic material can be described as p,, = ,o)?y + pfy,
where p% = RyB is the ordinary Hall contribution and p?%
RsuyM is the AHE term, respectively. Here, Ry and Rs are
the ordinary and anomalous Hall coefficients, respectively,
U, is the magnetic permeability of free space, and M is the
magnetization. In Figs. 3(e) and 3(f), the Hall resistivity and
magnetization measured at 20 and 70 K are directly compared.
Clear discrepancies are seen between the Hall resistivity and
magnetization in response to external magnetic fields. Even in
the high-field region, p., does not math well with M. These

results suggest that the AHE alone is not sufficient to account
for the total Hall resistivity. Since the magnetization does not
become saturated until about 13 T in the B || ¢ configuration
[7], reasonable separation of ordinary and anomalous contri-
butions is beyond the scope of the data measured below 7 T.
Moreover, the broad peak in the Hall resistivity appearing in
the low-field region cannot be described by considering both
the ordinary and anomalous parts. Additional contributions,
possibly the topological Hall effect (THE), are involved con-
sidering the noncollinear magnetic nature of Mn3Si,Teg [see
Fig. 1(a)]. Although typically seen in skyrmion phases, the
THE has been found in various noncollinear magnets, such
as Mn3Sn [31], Mn3Ga [32], and MnsSis [33]. Note that the
simple form p)?y = RoB of the ordinary Hall effect may not
be valid below 7. when the pronounced CMR appears in the
low-field region. The THE-like Hall data could be induced by
the CMR effect, which deserves further study.

In Fig. 3, we present the Seebeck (S.c) and Nernst (Sy,)
effects of Mn3Si, Teg. As seen in Fig. 3(a), the Seebeck signal
carries a positive sign all the way from room temperature
down to 2 K. This indicates that holelike carriers play dom-
inant roles, agreeing well with the Hall resistivity data. In
zero magnetic field, Sy, decreases gradually with cooling and
a kink is found at 7;. Unlike the divergent Seebeck signal
reported earlier [28], S, observed here approaches zero at low
temperatures, in line with the third law of thermodynamics.
In 14 T, S, is suppressed, which becomes apparent below
about 200 K. The magneto-Seebeck effect S,,(B) is seen
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A
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magnetic field of 1 T. (b) Temperature dependence of the ordinary (Qy) and anomalous (Qs) Nernst coefficients. Lines in (a) and (b) are
guide to the eye. (c) Magnetization-dependent anomalous Nernst effect of Mn3Si,Teg in comparison with various conventional magnetic
materials and magnetic topological materials [2,20,25,38-43]. The shaded region represents the case covered by conventional magnets with
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more clearly in Fig. 3(b). Below T, S..(B) shows complex
behaviors especially in small magnetic fields. The sharp cusp
in S, (B) near zero field is certainly linked to the metamag-
netic transition as seen in magnetization measurements [see
Fig. 1(c)]. In both zero magnetic field and 14 T, the Seebeck
coefficient increases monotonically with increasing tempera-
ture, and no traces of phonon drag are found. This implies that
the Seebeck effect is dominated by diffusion effects in which
carriers are predominantly scattered by impurities. In the free
electron gas scenario, assuming that the relaxation time is
energy independent, the diffusion thermoelectric coefficient
(89)) can be described as the entropy (S) per unit charge
following the Mott relation, i.e., Sffx = —&/ne [34], where n
is the carrier density, e is the electronic charge. This simple
relation is valid both in zero magnetic field and high magnetic
fields [34]. The negative magneto-Seebeck effect is consistent
with the negative magnetoresistance, which is likely caused
by field-induced suppression (enhancement) of the bandgap
(carrier density) [9,14].

Figure 3(c) shows the Nernst effect measured at fixed
temperatures. At high temperatures above 200 K, the Nernst
signal Sy, = E,/V,T depends linearly on magnetic field. Be-
low 150 K, nonlinear magnetic field dependence is seen in
S,x(B), which becomes more apparent at lower temperatures.
Notably, a steplike feature appears near zero magnetic field
in the vicinity of 7;. This feature becomes more pronounced
below T:.. In typical ferromagnets, both the ordinary (S;,\)'C)
and anomalous (S;‘x) Nernst effects contribute to the total
Nernst signal, i.e., S,,(B) = S + ;.. In the free-electron
approximation, the ordinary Nernst effect dominated by dif-
fusion effects can be obtained via the Mott relation as S =
QouB/[1 + (uB)?], which scales linearly with magnetic field
in the low-field region [34-36]. Here, Qp is the ordinary
Nernst coefficient, w is the carrier mobility. The anomalous
component is simply proportional to the magnetization, i.e.,
S’y“x = QOsuyM, where Qg is the anomalous Nernst coefficient
[25,37]. The total Nernst signal containing the ordinary and
anomalous parts can thus be modeled as

uB

$w(B) = S+ 8% = oy g

+ OswoM. (1)

As shown in Fig. 3(c), this simple approach can well describe
the Nernst data measured above 7. [see solid black lines
in Fig. 3(c)]. Above 100 K, the Nernst effect is dominated
by the ordinary term. The anomalous contribution develops
gradually below 100 K [see also Fig. 4(a)], in accordance
with the rapid enhancement of the spin correlation length and
short-range spin fluctuations below 100 K [13].

Below T, the CMR becomes apparent in the low-field
region below 3 T, and the expression in Eq. (1) may not be
applicable to account for the total Nernst results. However, as
seen in Fig. 3(d), the total Nernst signal Sy, (B) scales nicely
with the magnetization M (B) in the high-field region above
3 T. This indicates that the anomalous Nernst effect dominates
in high magnetic fields. In the low-field region below 3 T,
excess contributions in addition to S;,‘x have to be considered.
The excess term peaks around 1 T, which would lead to an
unreasonably large mobility higher than 1 m? V~! s~! if the
excess term is contributed by va\i using the conventional form
displayed in Eq. (1). Still, the excess Nernst signal can arise
from S{,f( due to the unusual CMR appearing in the low-field
region. Further study is desired to capture the exact field de-
pendence of the ordinary Nernst effect S7.(B) in the presence
of the unusual CMR observed in Mn,Si, Teg.

The fact that the Sf,\)’( is negligible in the high-field region

may suggest moderate S;XC in the low-field region, in con-
ventional scenarios. Then, another possibility of the excess
Nernst contribution in the low-field region could be the TNE.
The TNE-like term (S)Tx) can be obtained by subtracting the
anomalous contributions from the total Nernst data if the
ordinary term is negligible, i.e., S|, = S, — S,. The extracted
TNE-like contribution is also plotted in Fig. 3(d) (blue solid
lines). Similar to the Hall resistivity, the TNE-like data shows
a broad peak around 1 T, pointing to the same origin of the
THE and TNE.

In Fig. 4(a), the temperature dependence of different con-
tributions in the Nernst effect extracted in 1 T is shown. The
corresponding temperature-dependent coefficients are also
plotted in Fig. 4(b). Both coefficients of the ordinary and
anomalous Nernst terms change systematically with tempera-
ture, suggesting reasonable fitting results. In the paramagnetic
state, the ordinary contribution plays major roles. The anoma-
lous component appears below 100 K and becomes dominant
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in the ferrimagnetic state. The TNE-like part only arises
in the magnetically ordered state, pointing to its intimate
correlation with the underlying magnetic structure. Note that
the ordinary Nernst effect is certainly underestimated be-
low T., leading to the abrupt jump in Sﬁ)’c as it crosses T;.

Quantified description of S;\i in the low-field region, while
accounting for the CMR, is essential to properly address
the ordinary Nernst effect below 7;. Nevertheless, the excess
Nernst contribution in the low-field region is intimately tied to
to the unusual CMR, despite overestimation of the TNE-like
contribution.

In Fig. 4(c), we compare the ANE of Mn3Si,Teg, conven-
tional magnets, and typical magnetic topological materials in
a Sfx-M diagram. The typical region covered by conventional
magnetic systems is marked out in a shaded area. Compared
with conventional magnets, the ANE of topological mag-
netic materials, such as Co,MnGa, Co3Sn,S,, Mn3Sn, and
Fe3;Sn,, is significantly enhanced due to contributions from
large Berry curvature [2,17,18,18-22,25]. In Mnj3Si, Teg, fi-
nite Berry curvature can arise near the Fermi energy (Er)
when one of the degenerate nodal-line is raised up to Er by
aligning the magnetic moments along the c axis [see Fig. 1(a)]
[9,14]. However, unlike the typical topological magnetic ma-
terials mentioned above, the ANE of Mn3Si,Teg falls close
to the region spanned by conventional magnets. This im-
plies that the Berry curvature associated with the nodal-line
topology only has minor contributions in the ANE of Mn3Si,
Te6.

The TNE-like signal observed in the low-field region be-
low 3 T is also unlikely to be caused by the topological
nodal-line structure. In small magnetic fields using the B || ¢
configuration, the spins only tilt moderately toward the ¢ axis
(~33°1in 4.75 T) as shown by neutron diffraction experiments
[13]. In the low-field region, the magnetic moments are far
from the polarized state along the ¢ axis, and the impacts
of the nodal-line on transport properties are not expected to
be significant. At 70 K and in 1 T, the conductivity and
Hall conductivity are oy, = 75.36 Q' m~! and oy = 0.12
Q' m~!, respectively. These values fall deeply into the local-
ized hopping region following the phase diagram proposed by
Onoda et al. [44]. Thus, the contributions from intrinsic Berry
curvature are unlikely relevant to the THE-like and TNE-
like transport effects of Mn3Si,Teg observed in the low-field
region.

We note that the TNE often appears in skyrmion phases, as
typically found in MnGe, Gd,PdSis, and Fe;Sn, [24,42,45].
In Mn3Si;Teg, no traces of skyrmion have been found cur-
rently. Nevertheless, a noncollinear magnetic structure is
found in the ferrimagnetic state by neutron diffraction exper-
iments [13]. The magnetic space group is found to be C2'/c’,
in which the Mnl and Mn2 layers are coupled antiferromag-
netically but no such constraint is put on the interactions
between Mn1 spins. Consequently, a noncollinear spin texture
is formed, as shown schematically in the bottom left panel
of Fig. 1(a) [13]. The TNE-like signal in Mn3Si,Teg is very
likely produced by the noncollinear magnetic state, in agree-
ment with the fact that the TNE only appears below 7. Similar
TNE has been found in the conical spiral magnetic phase

of a kagome magnet ScMngSng [46]. Notably, the TNE of
Mnj;Si, Teg appears in the same magnetic field region (0-3 T)
where the CMR effect is most profound. This indicates that
the CMR is also coupled closely with the noncllinear magnetic
structure [13].

Additional contributions to the Nernst signal can arise from
ambipolar transport, in which electronlike and holelike bands
are compensated [47—49]. However, the transport properties
of Mnj3Si, Teg are dominated by holelike carriers, as we have
seen in the Hall resistivity and Seebeck data. Ambipolar
transport is unlikely the source of the excess Nernst signal
observed in small magnetic fields. Notably, chiral orbital cur-
rents (COC) running along edges of MnTeg octahedra within
the ab plane have been proposed in Mn3SiTeg [8]. The
interactions between COC-induced orbital moments, COC
domains, and Mn spins can also explain the unusual CMR [8].
The COC orbital moments break the time-reversal symmetry,
and could serve as another prominent channel in producing the
TNE-like Nernst signal. This scenario has been theoretically
introduced to explain the giant Nernst effect in hole-doped
cuprate superconductors and heavy-fermion systems [50].
Further theoretical and experimental studies are desired to
verify the existence of COC, and to unravel the links between
COC and Nernst effect in Mn3Si, Teg.

IV. CONCLUSIONS

In summary, we have studied electrical transport, ther-
moelectric Seebeck, and Nernst effects in the ferrimagnetic
nodal-line semiconductor Mn3Si, Teg. The electrical and ther-
moelectric transport properties are dominated by holelike
carriers. In the ferrimagnetic state, CMR is found when ex-
ternal magnetic fields are applied along the magnetic hard
¢ axis. Moreover, the ANE dominates in the Nernst effect
in the magnetically ordered state. In addition, possible TNE
arises below T in the low-field region where the CMR is most
pronounced. It is found that the nodal-line topology plays sub-
dominant roles in the ANE, and the THE-like signal is most
likely stemming from the noncollinear magnetic structure of
Ml’l3Si2Te().
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