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Giant topological and planar Hall effect in Cr1/3NbS2
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Cr1/3NbS2 is a transition metal dichalcogenide that has been of significant interest due to its ability to host
a magnetic chiral soliton lattice. Conventional and planar Hall measurements provide valuable insight into the
detection of exotic spin structures in chiral magnets. We show that the presence of a giant planar Hall effect
(PHE) can be attributed to a tilted soliton lattice in Cr1/3NbS2. Our detailed angular-dependent study shows
the PHE and anisotropic magnetoresistance are intrinsically linked in complex noncoplanar magnets. From the
conventional Hall signal we show the presence of a giant unconventional, likely topological Hall component that
is the fingerprint of noncoplanar spin textures.
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I. INTRODUCTION

The fundamental characteristics of two-dimensional (2D)
magnetic materials can be scrutinized by examining the be-
havior of their electrons in magnetic and electric fields.
Two-dimensional magnetic materials have been found to be
highly tunable in terms of their physical characteristics mak-
ing them excellent candidates for the study of exotic quantum
phases and for spintronic devices [1,2]. Chiral helimagnetism
(CHM) has provided an exciting twist in the story of 2D
and bulk magnetic materials with various examples of self-
localized spin textures having been reported experimentally
including skyrmions [3–5], anti-skyrmions [6], bubbles [7],
and vortices [8]. These magnetic states often emerge due to
the Dzyaloshinskii-Moriya interaction (DMI) [9,10] but other
stabilization mechanisms can also be at play, such as multispin
interactions [11–13] or geometric frustration [14,15].

Hall measurements have proved to be an excellent tool
for probing spin textures [16–19]. Indeed, the hallmark of
skyrmion-like materials is the so-called topological Hall effect
(THE) [20–22]. However, other forms of noncoplanar spin
textures may also result in a finite THE. In particular, non-
coplanar phases occurring in metallic compounds can cause
variations in the magnetization which may lead to an emergent
magnetic field that can deflect the electrons in the transverse
direction [23]. A giant topological Hall coefficient is normally
defined as ρTHE

xy � 1 μ� cm and has been reported in several
compounds including Gd2PdSi3 [22], NdMn2Ge2 [24], and
thin film oxides [25].

Cr-intercalated NbS2 (Cr1/3NbS2) has attracted consider-
able attention due to the presence of a CHM state and, in an
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applied field, the observation of a chiral soliton lattice (CSL)
by Lorentz transmission electron microscopy (LTEM) [26].
Cr1/3NbS2 is a member of the intercalated transition metal
dichalcogenide family and has a chiral noncentrosymmetric
hexagonal structure (space group: P6322) [27,28]. Cr1/3NbS2

consists of layers of Nb and S with Cr intercalated between
the layers as shown in Fig. 1(a). It is known to have a
complex magnetic phase diagram and five distinct magnetic
phases have been detected through a variety of experimental
techniques including LTEM, muon spin rotation/relaxation,
magnetization, magnetocaloric effects, and magnetotrans-
port [29]. The magnetic ordering observed in Cr1/3NbS2 is
highly dependent on the experimental conditions. In zero-
applied field, a twisting array of magnetic moments in the
ab plane of Cr1/3NbS2 results in CHM ordering [26,30].
Applying a magnetic field along the screw axis (the c axis)
results in the magnet moments being tilted toward the di-
rection of the field giving a chiral conical (CC) phase [31],
while increasing the magnetic field still further results in a
forced ferromagnetism (FFM). If the magnetic field is applied
perpendicular to the screw axis, a CSL is established. This
lattice is formed of areas of FFM broken by a twist in the
magnetic field [26]. Recently, torque magnetometry has re-
vealed a tilted CSL phase in Cr1/3NbS2 when the magnetic
field is applied at an angle greater than 1.5 degrees from the c
axis [31].

The key finding of this work is the presence of a giant
THE in Cr1/3NbS2 that is the fingerprint of noncoplanar spin
textures in this material. The emergence of a finite planar Hall
effect (PHE) is attributed to the presence of the tilted CSL.
The temperature and field dependence of the PHE has been
thoroughly investigated in parallel with its longitudinal coun-
terpart, the anisotropic magnetoresistance (AMR). Both are
found to be intimately linked, highlighting that the connection
between the PHE and the AMR is still valid for complex non-
coplanar magnets. Furthermore, by disentangling the ordinary
and anomalous Hall components from the conventional Hall
data, we reveal the presence of a giant THE. We attribute
the origin of the THE in Cr1/3NbS2 to the complex magnetic
textures present in this material.
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FIG. 1. (a) Crystal structure of Cr1/3NbS2. The purple, green, and gray spheres denote the chromium, niobium, and sulfur atoms,
respectively. The dashed line indicates the unit cell. (b) A single crystal of Cr1/3NbS2 grown by chemical vapor transport that was used
for all the measurements presented in this work, along with a schematic of the 5-point wire configuration used for the longitudinal and Hall
resistivity measurements. (c) Magnetization versus temperature curves for Cr1/3NbS2 for fields of up to 7 T applied perpendicular to the
platelet. (d) Magnetization as a function of field applied parallel to the c axis at several temperatures. (e) Temperature dependence of the
longitudinal resistivity ρxx in several magnetic fields applied parallel to the c axis. Magnetoresistances of Cr1/3NbS2 between −9 and 9 T at (f)
2 to 30 K, (g) 40 to 80 K, (h) 90 to 120 K, and (i) 130 to 300 K.

II. EXPERIMENTAL DETAILS

Single crystals of Cr1/3NbS2 were produced by the chem-
ical vapor transport technique using iodine as the transport
agent. Polycrystalline powders of Cr1/3NbS2 along with 5
mg/cc of the transport agent were placed in an evacuated
and sealed quartz tube. The tube was then heated with one
end held at 950 ◦C and the other at 800 ◦C for 3 weeks
before cooling to room temperature. Several single crystals
in the form of hexagonal platelets with sides ∼2 mm in
length were obtained in each growth. DC magnetization, M,
measurements were performed as a function of temperature

(1.8 to 300 K) and field (0 to 7 T) in a Quantum Design
Magnetic Property Measurement System. Magnetic hysteresis
loops were acquired using an Oxford Instruments vibrating
sample magnetometer in magnetic fields up to 6 T. Resistivity,
conventional Hall, and PHE measurements were performed
as a function of temperature (1.8 to 300 K) and field (0
to 9 T) using the ac transport option in a Quantum Design
Physical Property Measurement System. Currents between
1 and 10 mA at a frequency of 113 Hz were used for all
the measurements. Further details on the fitting procedure
used for the conventional Hall effect data can be found in
Appendix A.
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III. MAGNETIZATION AND LONGITUDINAL
RESISTIVITY

A single crystal of Cr1/3NbS2 with a Tc of 111 K was
chosen for these experiments as shown in Fig. 1(b). A Laue
diffraction pattern of the crystal is shown in the Supplemen-
tal Material [32]. DC magnetization, M, versus temperature
curves for the single crystal of Cr1/3NbS2 in various fields
up to 7 T applied perpendicular to the platelet are shown in
Fig. 1(c). In low fields the system exhibits a sharp transi-
tion to a magnetically ordered state at Tc = 111 K. As the
field is increased the magnetic transition broadens. In 7 T
we observe a significant magnetization up to 250 K. Mag-
netization as a function of applied field, H , where the field
was applied nominally along the c axis is shown in Fig. 1(d).
At low temperature the magnetization increases with increas-
ing applied field until saturation at M = 2.9(1) μB/Cr atom.
The saturation magnetization of Cr1/3NbS2 is expected to be
approximately 3 μB/Cr atom for chromium in the trivalent
(S = 3/2) state. The magnetization curves can be explained
by the presence of the CHM slowly being polarized along
the direction of the applied field. No significant hysteresis is
visible in the M(H ) curves at any temperature.

The different magnetic regimes in Cr1/3NbS2 are observed
to have distinct electronic transport properties. The tempera-
ture dependence of the zero-field longitudinal resistivity ρxx is
shown in Fig. 1(e). Also shown in Figs. 1(f)–1(i) is ρxx versus
temperature for assorted magnetic fields applied parallel to
the c axis. The temperature dependence of the longitudinal
resistivity differs from a conventional metallic ferromag-
net [33]; ρxx initially increases with decreasing temperature
until ∼150 K. A similar increase in ρxx is observed in UPd2Si2

and was attributed to the Kondo effect [34]. Below 150 K the
resistivity of Cr1/3NbS2 then falls over a wide temperature
interval, �T = 100 K, centered around Tc. The drop in the
resistivity at temperatures below the magnetic transition is due
to the magnetic ordering which diminishes the spin-disorder
scattering [35]. This reduction is not monotonous but instead
tends to saturate as observed in previous work [36]. A possible
origin of this behavior is a disorder of the Cr atoms [37].
However, given the presence of a helical phase/CSL in this
temperature regime, there is no one-to-one correspondence
between the behavior seen here and that observed in a sim-
ple ferromagnet. The residual resistivity at 2 K is ρxx,0 =
0.339(5) m� cm.

The field dependence of ρxx in Cr1/3NbS2 for a selection of
temperatures is shown in Figs. 1(e)–1(h). Different behaviors
are observed in the various temperature regimes dependent
on the magnetic ordering. Between 2 and 20 K ρxx is seen
to saturate in fields above 2 T. The rapid decrease in the
resistivity from 0 to 2 T can be attributed to the presence
of the CSL, and as the field is increased the moments are
canted toward the direction of field which in turn diminishes
the spin-disorder scattering; ρxx saturates when the spins are
fully polarized along H . This field dependence of the mag-
netoresistance is typical of helimagnetic systems [38,39]. A
plateau in the magnetoresistance has also been attributed to
a skyrmion lattice phase in Gd2PdSi3 [40]. Between 20 and
110 K, the distinct change in slope of ρxx(H ) around 2 T
becomes more diffuse as the mean-free path of the electrons
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FIG. 2. Field-dependent Hall resistivity ρxy at 10, 70, 110, 130,
190, and 230 K. There is a significant change in the behavior of the
Hall effect as the temperature is lowered through Tc. It is observed
that the shape of the field dependence in Hall effect changes from a
smooth almost parabolic shape to a sharp triangular shape.

decreases; therefore they experience less of the CSL phase. At
temperatures above 120 K, which is above Tc, ρxx is seen to
have parabolic dependence, typical of ferromagnetic materi-
als, before becoming almost linear with H at 300 K.

IV. HALL EFFECT IN Cr1/3NbS2

Hall effect measurements on Cr1/3NbS2 were performed
at a variety of temperatures, where the field was applied per-
pendicular to the largest face of the crystal platelet (nominally
along the c axis) and the current applied within the plane of the
plate (nominally the ab plane), and are shown in Fig. 2. To un-
derstand the underlying physics in Cr1/3NbS2 we investigate
the Hall response and disentangle its different components.
The Hall signal is usually made up of several contributions:

ρxy = ρOHE
xy + ρAHE

xy + ρTHE
xy . (1)

The first term ρOHE
xy is the ordinary Hall effect (OHE) which

scales linearly with the magnetic field B, ρOHE
xy = RHB, where

RH is the Hall coefficient. The second term ρAHE
xy is the anoma-

lous Hall effect (AHE), which emerges from two mechanisms,
one intrinsic and the other extrinsic. The intrinsic contribution
is related to the presence of a nonvanishing Berry curva-
ture leading to an internal magnetic field which deflects the
electrons in a direction perpendicular to the applied electric
field [42,43]. The extrinsic contribution can be related to side
jump and skew scattering [43–45]. Usually the skew scattering
contribution is the weakest component; however, it has been
shown recently that it can have a measurable impact on the
Hall response in some materials [46]. The third term, ρTHE

xy , is
the THE [18,20,47] whose dependence on the magnetization
is nontrivial, ρTHE

xy is proportional to the emergent field �Be

created by a noncoplanar magnetic texture [23,48], where
�Be ∝ �m · ( ∂ �m

∂x × ∂ �m
∂y ); ρTHE

xy has a nonlinear evolution with the
magnetic field and is only seen in the presence of noncoplanar
phases [23]. This component of the Hall signal is antisym-
metric when the direction of the applied magnetic field is
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reversed [25]. At this point it worth considering whether any
of the magnetic phases in Cr1/3NbS2 can generate a topo-
logical Hall contribution. Neither the helimagnetic phase nor
the CSL will display a THE since the scalar chirality must
vanish, i.e., Ci jk = �mi · ( �mj × �mk ). However, for the case of
a tilted-CSL [31], a finite THE contribution is possible (see
Appendix C).

The presence of tilted CSL may also lead to the appearance
of a PHE in Cr1/3NbS2. The PHE emerges solely from the
AMR [49–51], and occurs when the in-plane component of
the magnetization is misaligned with respect to the applied
current. For a current along the x direction, ρPHE

xy is [50–52]:

ρPHE
xy = (ρ‖ − ρ⊥) mx my, (2)

where mx and my are the in-plane components of the magne-
tization and ρ‖ (ρ⊥) are the longitudinal resistivity when �m is
parallel (perpendicular) to the current direction.

V. PLANAR HALL EFFECT AND ANISOTROPIC
MAGNETORESISTANCE

One of the keys to understanding the magnetic spin textures
in our Hall effect measurements is the presence of a PHE.
Indeed, a PHE and its longitudinal counterpart, an AMR, are
observed in Cr1/3NbS2. The presence of the PHE indicates a
finite in-plane magnetization in the magnetic structure. Thus
we consider the two possible scenarios currently proposed for
Cr1/3NbS2 when the field is applied close to the c axis: A
CC phase (when the offset is less than 1.5◦) and a tilted CSL
(when the offset is greater than 1.5◦) [31]. In the CC phase the
magnetic moments provide a net magnetic moment that points
directly along the helical axis (out of plane) due to symmetry.
Once the field is sufficient to polarize all the moments along
the helical axis, the magnetic moments continue to be out
of plane. Hence, the absence of any in-plane magnetization
from the CC phase and eventual FFM phase means no PHE
would be observed. In the case of a tilted CSL where all the
magnetic moments are uniformly canted toward the helical
axis, it is easy to see that there is a net magnetic moment
that is neither perpendicular nor parallel to the helical axis.
This then means that an in-plane magnetization vector does
exist; however, it is tilted slightly out of plane. It is important
to note that the PHE can persist outside of the tilted CSL
phase as the slightly out-of-plane magnetization persists once
FFM is stabilized due to any misalignment of the field and the
plane. The different magnetic configurations occurring when
the external field is applied in different directions are depicted
in Fig. 3(a). For our conventional Hall effect measurements
we apply the field perpendicular to the plane of the platelet,
which is assumed to be nominally close to c axis. Taking this
symmetry arrangement of current and magnetic field along
with the modeled spin structures of the magnetic textures we
conclude that the PHE arises from the magnetic moments in
the tilted CSL and that they are pointing between the c axis
and the ab plane.

For Cr1/3NbS2 the CSL has been observed via LTEM when
imaging along the ab plane with a field applied perpendicular
to the c axis [53]. For our magnetotransport measurements
the current is applied along the length of the platelet, which
is nominally in the ab plane. For the conventional Hall effect

measurements we apply the field perpendicular to the plane of
the platelet, which is assumed to be nominally along the c axis.
Taking this symmetry arrangement of current and magnetic
field along with the modeled spin structures of the magnetic
textures described in the previous section we conclude that the
magnetic moments in the tilted CSL are pointing between the
c axis and the ab plane.

The PHE and AMR as a function of angle in Cr1/3NbS2 are
shown in Figs. 3(b) and 3(c). The angle ϕ between the current
and the applied field is defined in Fig. 3(b). A clear oscillatory
signal of the form sin ϕ cos ϕ for the PHE and sin2 ϕ for the
AMR is observed and can be fit by Eq. (2). The amplitude of
the oscillations gives the magnitudes of the PHE and AMR.

The observed temperature and field dependence of the PHE
and AMR supports the theory of a tilted-CSL in Cr1/3NbS2. It
can be seen in Figs. 3(d) and 3(e) that in all fields, close to the
magnetic transition, the magnitudes of both the PHE and the
AMR amplitudes increase. The field dependence of the PHE
above and below the magnetic transition are of particular note,
as shown in Figs. 3(g) and 3(h), as there appear to be two
components. First, there exists a low-field component below
the magnetic transition where there is a rapid increase in the
PHE amplitude below 100 mT. This component disappears
above the transition temperature. We can therefore attribute
this to the magnetic state as the transition from the CSL phase
to the FFM phase is expected to occur around 100 mT [54].
The high-field component is the traditional component we
would expect to observe from a ferromagnetic system. In-
deed, the maximum in the PHE amplitude at fields above
1 T approximately corresponds to the Curie temperature deter-
mined from magnetization. To obtain this PHE component the
only requirement is that the sample has some finite in-plane
magnetization which we have confirmed in our magnetization
measurements [see Fig. 1(c)]. Further planar Hall resistivity
as a function of field data across all measured temperatures is
shown in the Supplemental Material [32].

A similar oscillatory signal, this time of the form sin2 ϕ,
is also observed when measuring the longitudinal resistivity
in this configuration as shown in Fig. 3(d). This longitudinal
resistivity is generally referred to as the AMR. From the
resistivity tensor it is expected that the amplitude of the PHE
and AMR oscillations [i.e., (ρ‖ − ρ⊥)] should be of equal
magnitude [51]. However, any small misalignment of the sam-
ple can cause the ordinary magnetoresistance to leak into the
AMR signal. The value for the PHE signal is significantly
more reliable, however, as the effects of any leaking of the
ordinary Hall effect into the PHE due to a misalignment is
antisymmetric and can be removed by averaging the positive
and negative field data.

VI. EMERGENCE OF A GIANT
TOPOLOGICAL HALL EFFECT

An antisymmetrization procedure was first performed on
the Hall effect data to remove any symmetric components
originating from the magnetoresistance and PHE to simplify
the extraction of the THE component. The individual con-
tributions to the Hall signal in Cr1/3NbS2, namely, the OHE
and AHE are extracted from the remaining Hall signal fol-
lowing the procedure described in Appendix A. A finite and
significant component to the Hall signal remains once the
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FIG. 3. (a) Possible magnetic ground states as a function of the magnetic field direction: CSL, CC phase, and tilted CSL. The chain
contains 30 atoms, the model parameters are J = 10 meV (exchange), D = 0.5J (DMI), B = 6 T with a 45◦ tilt with respect to the c axis. The
simulations were performed using the atomistic spin SPIRIT code [41]. Further details can be found in the Appendix B. (b) Schematic of the
PHE and AMR set up. (c, d) PHE ρxy and AMR ρxx taken at 5 K. The dashed lines indicate fits to the PHE and AMR (as described in the text).
(e, f) PHE and AMR amplitudes, (ρ‖ − ρ⊥), as a function of temperature at various applied fields. The field dependence of the PHE amplitudes
at (g) 10 and (h) 130 K.

OHE and AHE are extracted; we attribute this contribution
to the THE. The individual Hall components at several tem-
peratures are shown in Figs. 4(a)–4(c) (further conventional
Hall resistivity as a function of field data across all measured
temperatures are shown in the Supplemental Material [32]).
The ordinary Hall coefficient RH is positive across all tem-
peratures indicating hole-like conduction in Cr1/3NbS2; at
30 K, RH = 7.31(2) × 10−9 m3/C gives a hole density of
8.53(2) × 1026 m−3 consistent with what has previously been
reported [55]. The AHE component is seen to be always neg-
ative, diminishing in magnitude with increasing temperature.
However, an anomalous Hall component is still noticeable
well into the paramagnetic regime. This behavior has pre-
viously been observed in MgZnO/ZnO heterostructures and

explained using the Giovannini–Kondo model where local-
ized paramagnetic centers can generate an anomalous Hall
component from the skew scattering of electrons off these
centers [56]. The skew, side, and intrinsic scattering terms
are all found to be significant below the magnetic transition
temperature, gradually increasing in magnitude as the temper-
ature decreases. The scattering term can be a useful measure
of the quality of crystal used as it is normally only expected to
be significant in near perfect crystals [43,57]; hence the high
quality of the crystals used in this experiment is particularly
notable.

Finally we discuss ρTHE
xy in the light of CSL for Cr1/3NbS2.

The temperature dependence of the maximum magnitude of
ρTHE

xy is shown in Fig. 4(d). At the transition temperature the
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ρOHE
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xy (purple). (d) The maximum ρTHE
xy as a function of temperature. (e) Contour map of ρTHE

xy as function of
field and temperature. The purple points indicate the position of the transition from resistivity as seen in Fig. 1(b). The phase boundaries are
approximated from the ρxx versus temperature (purple) and field (orange) data shown in Fig. 1. The dashed lines are estimations of phase
boundaries in Cr1/3NbS2 marking out the chiral, FFM, and paramagnetic (PM) phases.

sign of the THE is seen to flip from positive (T > Tc) to
negative (T < Tc). Below the magnetic transition the THE has
a maximum magnitude of 2.33 μ� cm at 90 K. The change in
the sign of the ρTHE

xy is likely indicative of a change in the spin
polarization of the charge carriers as the temperature passes
through the transition. Parallels can be drawn and discussed
with the AHE and how it behaves at the phase boundary. It
has been shown that due to thermal spin fluctuations, the skew
scattering contributions to the AHE become more important
and can cause a change of sign [58]. Assuming that the THE
is similar to the AHE, with the main difference being that
the THE emerges from noncoplanar spins instead of spin-
orbit coupling, one may conjecture that a similar mechanism
occurs at the phase transition. ρTHE

xy is significantly larger
than has been reported in other helical ground state antifer-
romagnets such as MnSi (∼ − 7 n� cm) [20,59] and FeGe
(∼ − 136 n� cm) [21]. Both MnSi and FeGe host skyrmion
lattices which are thought to only induce a small THE. This
suggests that the mechanism for the THE in Cr1/3NbS2 is
provided through some other magnetic spin texture, namely,
the tilted CSL. Similarly, if the rotation period is smaller, then
the emergent field is expected to be larger, which can lead to a
larger ρTHE

xy . It is expected that the change of period will lead
to a nonlinear change in the topological charge density once
the tilted CSL is stabilized since Ci jk = �mi · ( �mj × �mk ); hence
important changes in the THE will occur. Furthermore, the
THE is a complex phenomena and depends on other details
of the electronic structure such as the scattering rate off the
magnetic atoms and the density of the charge carriers. A
contour map of ρTHE

xy [see Fig. 4(e)] reveals the presence of
ρTHE

xy across most temperatures below the transition tempera-
ture before becoming negligible at 2 K. As the temperature
decreases, the fluctuations in the magnetic spins from the

chiral phase would be expected to reduce. Therefore as the
temperature is reduced the magnitude of the THE would be
expected to reduce as well. The region of increased magnitude
in ρTHE

xy corresponds to the same region where the CSL has
been reported by LTEM [26,30,60] and ac magnetization [61].
This strongly suggests that the ρTHE

xy is due to a noncoplanar
spin structure arising from a tilted CSL.

VII. SUMMARY

Remarkably, the chiral helimagnet Cr1/3NbS2 is found to
host both a giant THE and PHE. We show that the observation
of a PHE and THE in Cr1/3NbS2 indicates the presence of
a tilted CSL. Furthermore, the close correspondence of the
PHE and AMR in this complex noncoplanar magnet validates
the theory that the connection between these two quantities
still holds in these more complex systems. The conventional
Hall measurements performed in this study demonstrate that
noncoplanar spins arising from a tilted CSL can indeed gen-
erate the emergent field necessary for the THE. Studying
Cr1/3NbS2, where the phase diagram has been extensively
mapped out, has allowed a one-to-one correspondence to be
drawn between the relative magnetic phases and the magneto-
transport properties observed. Notably, the THE exhibited in
Cr1/3NbS2 is several orders of magnitude larger than those of
similar helimagnetic materials where skyrmions are observed.
This study marks an important step forward in demonstrating
that magnetotransport measurements, and more specifically
the THE can be used to detect not only skyrmions but also
noncoplanar spin textures such as a tilted CSL.

Data will be made available via Warwick Research Archive
Portal [62].
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APPENDIX A: FITTING PROCEDURE FOR THE
HALL EFFECT

To estimate the contribution the THE makes to the
Hall resistivity, the following fitting procedure was used.
To simplify the problem we first remove any Hall con-
tributions from the PHE and any magnetoresistance. To
do this an antisymmetrization procedure was performed
using ρ(+H )′ = [ρ(+H inc) − ρ(−Hdec)]/2 and ρ(−H )′ =
[ρ(−H inc) − ρ(+Hdec)]/2 where ρ(+H inc) is the Hall re-
sistivity in the positive field quadrants when the field is
increasing in magnitude, ρ(+Hdec) is the Hall resistivity in
the positive field quadrants when the field is decreasing in
magnitude, ρ(−H inc) is the Hall resistivity in the negative
field quadrants when the field is increasing in magnitude and
ρ(−H inc) is the Hall resistivity in the negative field quadrants
when the field is decreasing in magnitude. For fields greater
than some critical field value, ρTHE

xy should be equal to zero
as FFM should have no spin chirality. The contribution from
the ordinary Hall effect ρOHE

xy and the anomalous Hall effect
ρAHE

xy can be calculated by linearizing the data using ρxy/B =
αρ2

xxM/H + RH (not shown). Here α = (SInt + SSide ), where
SInt is the intrinsic contribution and SSide is the side jump con-
tribution, only provides the ρ2

xx contribution for the AHE but
we now have a value for RH. To estimate the full contribution
of ρAHE

xy we can subtract ρOHE
xy from the total Hall resistivity

and by using the following equality (ρxy − ρOHE
xy )/ρxxM =

αρxx + SSkew, where SSkew is the skew scattering contribution,
the data can be linearized. This allows for α and SSkew to be
extracted, (not shown).

APPENDIX B: SIMULATIONS OF THE SPIN DYNAMICS

The magnetic state of the system is described by an ex-
tended Heisenberg Hamiltonian:

EM = −1

2

∑

i j

Ji j �Mi · �Mj + 1

2

∑

i j

�Di j · ( �Mi × �Mj )

−
∑

i

�Mi · �B . (B1)

The first term in the Hamiltonian designates the isotropic
Heisenberg exchange interaction, the second is the DMI, and
the third is the Zeeman coupling to an external magnetic
field. The following parameters are used: A nearest-neighbor
exchange Ji j = 10.0 meV, and nearest-neighbor DMI D =
5.0 meV, and magnetic moment of M = 3 μB with magnetic
field of 6 T. The field is oriented in two directions in practice
either along the z or tilted at 45◦ away from the z axis in
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FIG. 5. (a) Three spin configurations possible in Cr1/3NbS2: He-
limagnet (A), CSL (B), and tilted CSL (C). (b) Evolution of the
topological charge density for a Helimagnet (A), a CSL (B), and a
tilted CSL (C). The topological charge density for the helimagnet
state (A) is zero for all i so is not visible.

the xz plane. The minimization of the energy is performed
using the SPIRIT code, which uses an algorithm based on the
Landau-Lifshitz-Gilbert equation [41].

APPENDIX C: TOPOLOGICAL HALL EFFECT
FROM CHIRAL PHASES

As discussed in the previous section, neither the helimag-
netic phase nor the CSL will display a THE since the scalar
chirality must vanish, i.e., Ci jk = �mi · ( �mj × �mk ). However,
for the case of a tilted CSL, a finite THE contribution is
possible. To illustrate this we consider three different cases:
Helimagnet (A), CSL (B), and a tilted-CSL (C); these mag-
netic states are shown in Fig. 5(a). Using these configurations,
we evaluate the topological charge density between nearest
neighbors:

Qi = �mi−1 · ( �mi × �mi+1). (C1)

The results are shown in Fig. 5(b), where we found that Qi

systematically vanishes for the configurations (A) and (B),
while a finite contribution is present for (C). Thus, as a con-
sequence of applying a magnetic field in the (xz) plane the
magnetic state becomes noncoplanar. Furthermore, in these
metallic systems, coupling beyond nearest neighbors is also
possible, thus more contributions to the THE are present.
To summarize, both the PHE and THE are consequences of
the tilted CSL. Furthermore, a vector chirality contribution
( �mi × �mj ) to the Hall effect can be relevant in the noncen-
trosymmetric systems treated in this paper; this was discussed
in Ref. [48]. However, for the sake of simplicity, we only
interpret the experimental data in terms of the THE.
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