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Designing Rashba–Dresselhaus effect in magnetic
insulators
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One of the major strategies to control magnetism in spintronics is to utilize the coupling

between electron spin and its orbital motion. The Rashba and Dresselhaus spin–orbit

couplings induce magnetic textures of band electrons called spin momentum locking, which

produces a spin torque by the injection of electric current. However, joule heating had been

a bottleneck for device applications. Here, we propose a theory to generate further rich

spin textures in insulating antiferromagnets with broken spatial inversion symmetry (SIS),

which is easily controlled by a small magnetic field. In antiferromagnets, the ordered

moments host two species of magnons that serve as internal degrees of freedom in analogy

with electron spins. The Dzyaloshinskii–Moriya interaction introduced by the SIS breaking

couples the two-magnon-degrees of freedom with the magnon momentum. We present

a systematic way to design such texture and to detect it via magnonic spin current for

the realization of antiferromagnetic memory.
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Development of tunable magnetic structure has long been a
key issue for detecting and controlling magnetic domains
electrically toward application to memory devices1.

Besides the conventional domain walls that appear in real space,
particular focus is given on emergent spin textures in reciprocal
space, called “spin momentum locking”. The spin textures are
classified into Rashba-types2–4 and Dresselhaus-types5 that
exhibit vortex and anti-vortex geometries along the closed Fermi
surfaces. Since the wave number k distinguishes the electronic
state of matter, such spin texture allows for the selection of
magnetic moment the state/current carries. This has brought
about fundamentally important and technologically promising
phenomena including spin Hall effect6–9, spin–orbit (SO)
torque10,11, and Rashba-Edelstein effect12–14.

In insulating magnets, an excitation is carried by the quasi-
particle called magnon, which represents a quantum mechan-
ical spin precession propagating in space. Such propagation is
predominantly mediated by the standard magnetic exchange
interaction JSi · Sj, between spins, Si and Sj. In a uniform
ferromagnet, a simple exchange interaction, J(<0), generates
non-degenerate quadratic magnon bands. When the spatial
inversion symmetry (SIS) is broken, an antisymmetric spin
exchange called Dzyaloshinskii–Moriya (DM) interaction15,16,
D · (Si × Sj), appears, depending on the crystal symmetry. This
term bends the propagation of magnons in space in a similar
manner to the cyclotron motion of electrons in the presence of
magnetic flux17. Thus, when D is parallel to the magnetization,
magnon bands in a ferromagnet become asymmetric, reflecting
the “nonreciprocal” propagation18–25. Nevertheless, the phe-
nomena related to magnons in non-centrosymmetric ferro or
ferrimagnets lack abundance compared to the rich counterparts
of the conducting Rashba electrons. This is because the ferro-
magnetic magnons carry spins that are pointing in a unique
direction, and cannot afford up and down spin degrees of
freedom like electrons.

In antiferromagnets (J > 0) with a doubled magnetic unit cell,
the magnon bands are folded and a doubly-degenerate linear
dispersion appears at Γ-point. What if we regard two different
species of magnons each belonging to the degenerate band as an
analog of the electronic spin degrees of freedom? If this degrees of
freedom couples to the magnon momentum via a DM interac-
tion, such that the SO coupling does in electron systems, one may
expect as rich phenomena as those of the Rashba-electronic
systems in insulators. So far, however, non-descript bipartite
antiferromagnets did not show any magnon-based phenomena
such as a thermal Hall effect already found in the kagome and
pyrochlore magnets26–33, indicating that the situation is not as
simple. In this article, we demonstrate that a typical two-
dimensional (2D) antiferromagnet can afford a variety of spin
textures not even found in electronic systems. We introduce a
pseudo-spin degrees of freedom based on the two species of
magnons belonging to antiferromagnetic sublattices, and show
that the reduction of SU(2) symmetry of these pseudo-spins is
required to have spin textures in momentum space. We classify
the way how the symmetry is reduced step-by-step by the
interplay of DM interaction, spin anisotropy, and magnetic field
in a series of one-dimensional (1D) antiferromagnets, which
determines the degree of variety of the spin textures. A systematic
way to design 2D spin textures is thus given based on the building
blocks of these 1D antiferromagnets.

Results
Model systems. We consider a quantum spin system with nearest
neighbor exchange interaction, J(>0), spin anisotropy, Λ, the
DM interaction, Dij, and a uniform external magnetic field, h.

The general form of the Hamiltonian is given as

H ¼ J
X
hi;ji

Si � Sj þ
X
hi;ji

Di;j � Si ´ Sj
h i

þ Λ
X
i

SΛi
� �2�X

i

Si � h;

ð1Þ

where SΛi is the spin moment in the Λ-direction. In our 2D
antiferromagnet, we consider an easy plane anisotropy normal to
Λ-axis (||z), namely Λ > 0. If we take Λ < 0, an easy axis aniso-
tropy is realized, which we apply shortly to a series of 1D mag-
nets. We take the x-axis and y-axis in the direction rotated by π/4
from the bond direction. We place the in-plane magnetic field h
perpendicular to the z-axis. The DM interaction emerges when
the midpoint of two magnetic sites lacks the inversion symmetry.
There are two different ways of aligning the D-vector; In defining
the spin indices that couples to Dij in an order, i → j, the D-vectors
can take either a uniform or a staggered configuration along
that direction. The former breaks the global SIS of the crystal,
whereas the latter keeps the site-centered SIS. Since the staggered
DM interaction does not play any role in the physics presented
here, we focus on the uniform DM in the following.

We consider the physics realized for small Di,j and Λ compared
to J= 1, where we always find a canted antiferromagnetic
order in the ground state. The spin moments, MA and MB, on the
magnetic two-sublattices are confined within the easy plane, and
their directions are described by the in-plane magnetic field angle,
ϕ against the x-axis, and the canting angle, θM (see Fig. 1a). The
degree of spin canting is as small as θM= arcsin(h/8JS) ~ 1.5° and
8° for h= 0.5J and 3J, respectively. The magnetic excitations
are described by two species of Holstein–Primakoff bosons
(magnons)34; The z-component of spin operators belonging to
sublattices A an B is given as Szi ¼ S� ayi ai and Szi ¼ �Sþ byi bi,
where ayi =ai and byi =bi, are the magnon creation/annihilation
operators. The resultant spin wave Hamiltonian of magnons
spanned on a particle-hole space is given as

HSW ¼ 1
2

X
k

Φy
kHBdGðkÞΦk; ð2Þ

where HBdG(k) takes the form of the bosonic Bogoliubov-de
Gennes (BdG) Hamiltonian (see Methods), and Φk ¼
ðak; bk; ay�k; b

y
�kÞT represents the particle and hole pairs of A

and B magnons in reciprocal space (see Methods). The
eigenvalues of HBdG(k) give the magnon bands, ω±(k). The
spin moment carried by magnons on these bands at each k is
evaluated as35,

Sk;± ¼ �MAdAðω± ðkÞÞ �MBdBðω± ðkÞÞ ð3Þ

using the local spectral weight at k of ω±-band, dA/B(ω±(k)), on
sublattice A/B (see Methods).

Rashba and Dresselhaus magnons. We first demonstrate that the
2D SIS broken antiferromagnets can exhibit as rich spin textures
as those of Rashba and Dresselhaus electronic systems. For a 2D
square lattice, there are two different ways of constructing a
model Hamiltonian Eq. (1) in terms of uniform DM interaction;
We call the ones shown in the upper and lower panels of Fig. 1a
Rashba and Dresselhaus antiferromagnets, respectively. Here, Dij

vectors are depicted in the directions defined by taking the indices
i → j pointing in the +δ1 and +δ2 directions along the two bonds.
We do not consider explicitly the component of Dij normal to the
2D plane. This is because the out-of-plane component generally
takes the form of the staggered DM interaction as can be eluci-
dated for the case of Ba2MnGe2O7 with space group P�421m

36,
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which contributes neither to the spin textures nor to the non-
reciprocity of magnon bands. (see Supplementary Note 1 and
Supplementary Fig. 1 for details).

It is convenient to classify the two types of antiferromagnets by a
polarization vector, Pij= eij ×D, where the unit vector eij points to
either +δ1 or +δ2 along the bonds. The Rashba-type antiferro-
magnet in the upper panel of Fig. 1a has the C4 symmetry where
bulk polarization is induced by the broken SIS. This kind of
polarization is symmetrically equivalent to the ones induced by
the field perpendicular to the plane, whose gradient generates a
Rashba SO coupling. For the one in the lower panel of Fig. 1a, the
DM vector keeps the �C4 symmetry, where bulk polarization is
absent even though the global SIS is broken. It is realized in crystals
with D2d or Td point group symmetry, and is related to the
Dresselhaus-type of SO interaction. Another way to look at is to
perform a C4-rotation to δ1 and δ2 in the clockwise direction, and
we find that D rotates in the anti-clockwise direction in the
Dresselhaus-case, and clockwise in the Rashba-case.

Figure 1b, c show the direction and the amplitude of the spin
carried by magnons, Sk,±, of the lower magnon band, ω−(k)
over the Brillouin zone for the Rashba and Dresselhaus magnons.
We take D/J= 0.1, Λ/J= 0.05, and h/J= 3.0. The upper band
not shown here hosts similar texture, while the component
perpendicular to h points in the opposite direction (see
Supplementary Fig. 1). The total net moment is opposite to h.
This is because the magnons represent the shrinking of classical
magnetization by definition, and the magnetic moments cant
toward h. A series of panels show how the spin textures evolve by
the rotation of the magnetic field. The magnitude of h controls
the amplitude of Sk,±, while the same order of |Sk,±| and as rich
texture sustain down to h! 0 (see Supplementary Fig. 2).

One can understand overall spin textures in analogy with the
well-known electronic counterparts. Figure 1d shows the typical
Rashba-type and Dresselhaus-type spin textures observed in
electronic systems; the former has C4 symmetry about the kz-axis
and four mirror planes (kx, ky)= (0, 1)(1, 0), (1, ±1), and the
latter has �C4 about the kz-axis, (1, ±1)-mirror planes, and C2

symmetries about the kx-axes and ky-axes. Note that the
Hamiltonian of the Rashba-type and Dresselhaus-type antiferro-
magnets shown in Fig. 1a have the same crystal point group
symmetry with their electronic counterparts. After modifying
them to have a net moment opposite to the magnetic field, h, we
see a rough orientation of Sk,± over the k-space; the examples are
given in Fig. 1d for h || ex (ϕ= 0). The magnetic ordering and
the magnetic field break the point group symmetry, but some of
the space group symmetries are preserved, e.g., the Rashba-type
antiferromagnet keeps a glide symmetry along the y-axis, so that
the spin textures are invariant under mirror operation along the
ky-axis. The Dresselhaus-type one keeps two-fold screw axis along
the x-axis, and thus the textures remain unchanged after the
C2 operation about the kx-axis.

Types of spin textures. Even though the spin momentum locking
itself refer to the fixing of the angle between particle momentum
k and spin moment Sk,±, it does not necessarily mean the
emergent texture of spins. To be more precise, there are three
classes of spin textures, (i) spin moment is quantized in each
band, namely |Sk,±|= 1 and the direction is unique throughout
each band, (ii) amplitude of the spin moment depends on k, but
the direction is unique for each band, and (iii) both the direction
and amplitude of the spin moment vary with k. Among them,
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Fig. 1 2D spatial inversion symmetry broken antiferromagnet and its spin texture in momentum space. a Schematic illustration of our lattice model
with easy-xy-plane anisotropy (Λ > 0). Open/filled circles represent the A/B magnetic sublattice, and the red arrows are the schematic classical spin
configurations MA and MB of the ground state characterized by the field angle ϕ and the canting angle θM. The Dzyaloshinskii–Moriya vector, Dij, has
in-plane elements, depicted by defining i→ j direction as unit vectors eij=+δ1 and +δ2, for two bond directions. We show Rashba/Dresselhaus-type
configuration of D, characterized by the polarization vector Pij= eij ×D. b, c Textures of Sk,− of the lower magnon band ω−(k) over the first Brillouin zone
with S= 5/2, J= 1.0, D= |D|= 0.1, Λ= 0.05, and h= |h|= 3J. We plot (b) Rashba-type and the (c) Dresselhaus-type ones for field angles, ϕ= 0, π/4,
π/2, and 3π/4. The amplitude, |Sk,−|, is given by the density plot, and the arrow indicates its direction. d How the direction with (long black arrow: δII) and
without(short gray arrow: δIII) spin textures is elucidated by the relative relationships between the summation of D of the two different bond directions
and h. e Sketch of how the typical Rashba-type and Dresselhaus-type spin textures are modified according to the magnetic field and to the symmetries
kept at ϕ= 0
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only (iii) affords rich spin texture as in Fig. 1. Reference35 showed
the sufficient condition to have (i) (see Supplementary Note 2).

One can afford (i) and (ii) even when D= 0. To have case (iii)
the uniform DM interaction is thus important. For example, if we
take D= 0 in Eq. (1), we find case (ii), with dA(ω±(k))=
dB(ω±(k))≡ d(ω±(k)) and

Sk;± ¼ �ðMA þMBÞdðω± ðkÞÞ: ð4Þ

As we see shortly, the uniform DM interaction and the
noncollinear spin texture together serve as a necessary condition
for (iii) in antiferromagnets described by Eq. (1). The compo-
nents of the magnetic field and the staggered DM interactions
perpendicular to the plane do not contribute.

Analogy of two-sublattice magnons with electrons. We see how
one can qualify the antiferromagnets a property analogous to the
electronic systems with SO coupling. (Details of the formulation
are given in Supplementary Discussion). To this end, we consider
a noninteracting 1D electronic system with a SO coupling, α, and
a magnetic field, h, shown in Fig. 2a. The Hamiltonian is given as
H= (−2tcosk)σ0+ (2αsink)σz− hσx, where σμ (μ= x, y, z) is the
Pauli matrix whose z-component classifies the up and down spin-
1/2 of electrons, and σ0 is a unit matrix. When α= h= 0, the
energy bands are doubly degenerate as shown in Fig. 2a, which
implies an SU(2) symmetry represented by the operator σμ. By the
introduction of α ≠ 0, the two bands split, and the symmetry
reduces from SU(2) to U(1). Because of this U(1) symmetry, the
spin moments the two bands carry are allowed to point only
along the z-direction up and down. Finally, the magnetic field h ≠
0 breaks the U(1) symmetry down to {e}, and the magnetic
moments the energy bands carry start to depend on k. The
extension of the above discussion to 2D is straightforward: to
realize Rashba or Dresselhaus types of spin textures, the sym-
metry reduction of SU(2) to {e} is required.

A similar argument applies to antiferromagnets. Let us
consider a 1D system with a DM interaction and a magnetic

field shown in Fig. 2b, whose Hamiltonian is given as Eq. (1) with
Dj,j+1=Dez, Λ=Λez (Λ < 0), and h= hex. For the simplest
antiferromagnet with Λ=D= h= 0, the corresponding

BdG Hamiltonian takes the form, HSUð2Þ
BdG = ðτ0 � σ0Þ2JS+

ðτx � σxÞ2JS cosðkÞ, where τμ and σμ (μ= x, y, z) are Pauli
matrices acting on a particle-hole space and a sublattice space,
respectively. It has an SU(2) symmetry, to which we intend not in
terms of the spin operator, but of the product space of sublattice
and particle-hole degrees of freedom. The SU(2) operator to
classify this symmetry is given by

Jx ¼ τ0 � σx; Jy ¼ τz � σy; Jz ¼ τz � σz; ð5Þ

which all commute with HSUð2Þ
BdG ðkÞ. The reduction of SU(2) to Uz

(1) symmetry is done by introducing D ≠ 0 supported by Λ > 0,

HUzð1Þ
BdG = ðτ0 � σ0Þ2ðJ þ ΛÞS+ ðτx � σxÞ2JS cosðkÞ � ðτy � σyÞ

2DS sinðkÞ. Among Jμ’s, only the z-component fulfills

HUzð1Þ
BdG ðkÞ; Jz

h i
¼ 0. Here, we specify Uz(1) as the U(1) symmetry

about the z-axis in order to discriminate from the one about the
x-axis we see shortly. The classification of U(1) about the spatial
axis is required, since the definition of Pauli matrices τμ are
sticked to the real space axis, which is not the case for the usual
electronic spins.

To obtain a k-dependent spin texture, one further needs to
break the Uz(1) symmetry of magnons, which is done by applying
the magnetic field in the x-direction. Here, the magnetic field
parallel to z only adds to the Hamiltonian a (τ0 ⊗ σz) term which
does not break the Uz(1) symmetry.

Notice that the magnon spin textures near k= 0 differ from
those of the electronic systems (see Fig. 2c). Also, the energy
dispersions differ in that the electrons have Fermi level, whereas
the magnons do not, and instead have a particle-hole gap.
Although the particle-hole symmetric form of the BdG
Hamiltonian makes the formulation rather complicated, the A
and B sublattice degrees of freedom thus plays a role similar to
the electronic spins, and so as D ≠ 0 to the SO coupling of
electrons. The full breaking of SU(2) symmetry down to {e} gives
a necessary and sufficient condition to afford k-dependent spin
texture in 2D, as well as in 1D antiferromagnets.

1D antiferromagnets as building blocks. Besides the one we
showed in Fig. 2b, there are several ways to construct the 1D
antiferromagnet with uniform DM interaction in a magnetic field.
For completeness, we now provide a classification that applies to
all of them. Let us start by reminding of a simple 1D antiferro-
magnet with only a Heisenberg exchange J. In contrast to the
ferromagnets, it hosts two-fold degenerate magnon branches that
cross at k= 0 (see Fig. 3), and by the easy axis anisotropy, Λ < 0,
the gap opens, but the energy bands remain degenerate. The DM
interaction perpendicular to the magnetic moments does not
change the band structure, which is shown in Fig. 3a. The SU(2)
symmetry is preserved for all these cases. By the introduction of
D parallel to the magnetic moments, the symmetry reduces to Uz

(1). The two branches of bands shift in opposite directions35,37,38

as shown in Fig. 3b. These two cases are already studied in
experiments38.

We now examine the easy plane antiferromagnet in Fig. 3c.
When Λ > 0, one of the modes becomes gapped, which is
responsible for the in-plane stretching mode. The gap of the
remaining mode opens when the in-plane rotational symmetry is
broken by h. Again, when we set D ⊥ MA, MB (upper panel), the
magnon band structures remain unchanged. The direction of the
spin carried by magnon does not vary with k since the system has
U(1) symmetry about the x-axis, which we denote Ux(1). If we
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Fig. 2 Comparison of 1D electronic and magnonic systems. a Dispersion of
1D electronic system with the spin–orbit coupling and the magnetic field.
b The 1D antiferromagnet with the uniform Dzyaloshinskii–Moriya (DM)
interaction and the magnetic field. Red arrows indicate the classical spin
configuration in the ground state, and blue arrows indicate the uniform DM
vector. c Dispersion of the 1D antiferromagnet with the uniform DM
interaction and the magnetic field. The DM interaction in the
antiferromagnet corresponds to the spin–orbit coupling in the electronic
system
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rotate MA and MB within the easy plane off the direction parallel
to D, the energy band is slightly modified by D. These cases
become important when we apply a field.

By the application of h,MA andMB are canted off the collinear
alignment and gain a net moment in the field direction. The
excitation against this weak ferromagnetic element couples to D
depending on the relative angle between h and D, which falls
onto either of II–IV in Fig. 3d. Case I is realized by applying
a magnetic field parallel to the collinear magnetic moments
with easy axis anisotropy. Its dispersion is actually observed
experimentally in the noncentrosymmetric antiferromagnet, α-
Cu2V2O7

38. In a finite magnetic field and for a noncollinear spin
configuration, magnons start to carry spin moment Sk,± that has
a net value opposite to h∝MA+MB; Since Sk,± is a linear
combination of vectors MA and MB (Eq. (3)35), having a
noncollinear MA and MB is the necessary condition to vary both
the direction and the amplitude of Sk,±. Although this condition
is fulfilled for Cases II–IV in Fig. 3d, only Case II breaks the
SU(2) symmetry down to {e} and exhibits directional variation
of Sk,± on k.

In the other three cases, the spin texture is restricted by the
symmetry of the BdG Hamiltonian; In Case I, the Uz(1)
symmetry leads to the quantization of Sk,±. In Case II, the Ux

(1) symmetry allows |Sk,±| to vary, while they all point in the same
direction following Eq. (4). Case IV does not have a Ux(1)
symmetry, but Sk,± again follows Eq. (4). This is because the
bosonic BdG Hamiltonian satisfies a similar condition, [HBdG(k),
JxK]= 0, assisted by a complex conjugate operator, K. We denote
this as �Uxð1Þ symmetry for convenience.

Similar discussion can be developed for the ferromagnets with
uniform DM interaction and for the antiferromagnets with
staggered DM interaction, that completes the classification of the
role of DM interactions on ferro and antiferromagnets and adds
to Fig. 3a–c the relationships with other cases (see Supplementary
Note 3). For example, the antiferromagnet shown in Fig. 3b is
then regarded as the combination of two ferromagnets with
uniform DM interaction, each showing nonreciprocity in
opposite directions which is explicitly shown in Supplementary
Fig. 3. However, the magnetic moments are quantized on each of
the magnon branches.

Designing 2D spin textures. Based on the above mentioned
classification I–IV, one can design a spin texture of a 2D anti-
ferromagnet by hand. Our Rashba and Dresselhaus type magnon
spin textures offer a good example; Let us configure the direction,
δII, that reproduces case II in Fig. 3d along which the spin tex-
tures emerge in a most significant manner. This is done by taking
the linear combination of δ1 and δ2, so as to have the combination
of the two D’s attached to them become perpendicular to h (see
the black arrow in Fig. 1e). As h rotates clockwise, the direction of
δII rotates anti-clockwise/clockwise for Rashba/Dresselhaus-type
antiferromagnets. The other direction, δIII, that the locking does
not occur is defined perpendicular to δII, in a way that the
combination of their two D's points toward h. We also put a
constraint that the net moment points in the direction opposite to
h. These considerations allow us to figure out the overall textures
without detailed calculation.

As one can anticipate from the evolution of spin texture, the
band profile rotates following the field-angle ϕ= 0 → 2π, clock-
wise and anti-clockwise for Dresselhaus and Rashba-types,
respectively. Accordingly, the nonreciprocity appears in the
(kx, ky)= (cosϕ, −sinϕ)-direction for the Dresselhaus-type, and
in the direction perpendicular to the field for the Rashba-type
(see Supplementary Fig. 1).

Discussion
Based on the symmetry arguments and the idea of constructing
the 2D antiferromagnets using the building blocks of 1D anti-
ferromagnetic chains, a strategy to design a variety of spin tex-
tures is thus provided. Previously, active discussions on the
physics of magnons were given in ferro or ferrimagnets with its
magnetic moments parallel to the DM interactions; for the
staggered DM interaction that does not break SIS, a topological
magnon contributing to the thermal Hall effect is observed, and
for uniform DM interaction, a nonreciprocity of ferromagnetic
magnons were reported. Here, we clarified another aspect of
magnons that the uniform DM interactions breaking global SIS in
the antiferromagnet can generate as rich spin-textures as the
Rashba and Dresselhaus electronic semiconductors. The two
degenerate energy branches of the uniform antiferromagnet carry
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textures given in the main text, symbol multiplication sign (×) denotes (i) having quantized spin moment with U(1) symmetry about the z-axis, open
triangle (Δ) denotes (ii) k-dependent |Sk,±| with U(1) symmetry about the x-axis, and open circle (○) a fully k dependent spin texture (iii) with broken
symmetry, {e}. The nonreciprocity is present for (i) and (ii) with open circle (○) and absent for the other two
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the magnetization pointing in the nearly opposite directions,
which are regarded as the internal pseudo-spin degrees of free-
dom relevant to magnetic sublattices. The uniform DM interac-
tion serves as a pseudo-spin orbit coupling of magnons and
generate a spin texture over the whole reciprocal space. To acti-
vate such fictitious pseudo-SO coupling of magnons, an interplay
with a magnetic field and a spin anisotropy plays a crucial role,
that fully breaks the pseudo-spin-SU(2) symmetry. The resultant
textures are easily controlled by the magnetic field angle.

The 2D Dresselhaus antiferromagnet is actually realized in a
noncentrosymmetric spin-5/2 antiferromagnet Ba2MnGe2O7,
with space group P�421m. It undergoes a Néel transition at TN=
4 K into an easy plane type antiferromagnetic phase36,39, where
the microwave non-reciprocity is indeed observed40. A spin-3/2
multiferroic Ba2CoGe2O7

41,42, possibly of space group P�421m,
is considered to have a similar property. The exchange interac-
tions in Ba2MnGe2O7 is J ~ 27 μeV39, which is much smaller
than the other materials of the same family, possibly allowing for
the examination of the present phenomena by several experi-
mental probes, and with a very small magnetic field of less than
few tesla. Our theory shows that even for the materials with much
larger J, one can obtain a similar spin texture by setting h < 0.1J
(see Supplementary Fig. 2). Besides such noncentrosymmetric
antiferromagnets, the interface of typical centrosymmetric anti-
ferromagnets is expected to show magnonic spin momentum
locking. Thus, the scheme we proposed may give a strong com-
mand of designing spin textures toward the application for
antiferromagnetic spintronics43.

Although spin textures and nonreciprocity were difficult to
realize within previous considerations on antiferromagnets, there
is one rare example on a honeycomb lattice44,45 exhibiting non-
reciprocity46 with toroidal ordering, and thermal Hall effect47,48.
The crystal structure of the material keeps the SIS, and the DM
interaction acts on next nearest neighboring sites belonging to
the same sublattice, and align in the staggered manner. In
our scheme, it can be regarded as a staggered assembly of 1D
ferromagnets with uniform DM interactions, that may provide a
generalized interpretation on its properties (see Supplementary
Fig. 3g).

The advantage of having spin texture in insulators is to store
information directly by controlling the texture itself, and how to
characterize and read the information is the important and
challenging part of device applications. On the top of that, it is
starting to be recognized that antiferromagnets have several
advantages for a memory storage device over ferromagnets43.
Since the antiferromagnetic state does not generate stray fringing
fields, it is robust against any perturbation. Writing speed of
memory is generally limited by the resonance frequency, which
can be much higher in the antiferromagnets than in ferro-
magnets. Nevertheless, the potential abilities of antiferromagnets
remained unexplored.

Our results in Fig. 1b, c indicate that the magnonic spin
current can be a good probe for spin textures: the magnetic
moment Sk,± at relatively large k depends on the sign of k.
Therefore, by the experimental setup shown in Fig. 4a, one can
selectively excite magnons that generate a nearly pure spin cur-
rent. The electromagnetic waves of frequency f ~ 101–103 GHz
emitted from a micro antenna on the antiferromagnetic sample
generates antiferromagnetic magnons with wave vectors +k and
−k, which have an amplitude typically of an inverse of antenna
width d. The group velocity of the excited magnons, dω-(k)/dk,
together with the amount of excited spin density |Sk,−− S−k,−| is
shown as functions of k in Fig. 4b, c. The gradual increase of spin
current with |k| and D is common to noncentrosymmetric

ferromagnets25. The group velocity shows a sharp and linear
increase from k= 0 and saturates at small k, which is the feature
of the antiferromagnetic magnon with nearly linear dispersion at
small k, and it works as an advantage for the experimental
observation. By probing the direction of spin current through an
inverse spin Hall voltage of Pt electrode, one can figure out the
structure of the texture in a rotating field. Unlike the diffusive
spin current carried by conduction electrons in the presence of
SO coupling, the magnon spin current in insulators are stable
regardless of the D and Λ-terms49, as far as the direct couplings
with lattices or impurities are not included. For the dissipation
due to such an extrinsic effect, the phenomenological theories
will give the evaluation of the propagation length, which is
sensitive to circumstances50. The present study provides a
roadmap to electrically detect and control spin textures in ubi-
quitous antiferromagnets, opening up a pathway for anti-
ferromagnetic spintronics.

Methods
We perform a spin wave analysis on two sublattice antiferromagnets. The starting
point is a collinear or a canted antiferromagnetic classical order. We apply a local
unitary transformation, UyHU , and set the z-axis of the spin operator space to the
direction of the magnetic moments. For example, the unitary operator for 2D easy
plane antiferromagnets on a square lattice shown in Fig. 1a is given as

U ¼
O
j

exp i
π

2
Sxj

� �
exp �i θMe

iQ�rj � ϕ
� �

Syj
� �

; ð6Þ

which sets the spin operators in fictitious local space antiparallel. Here, rj, is the
spatial coordinate of site-j, and the ordering wave vector Q satisfies eiQ�rj ¼ ± 1 for
sublattices A and B, respectively. The linearized Holstein-Primakoff transformation
is given as

Sþi ’
ffiffiffiffiffi
2S

p
ai S�i ’

ffiffiffiffiffi
2S

p
ayi Szi ¼ S� ayi ai; ð7Þ

for sublattice-A, and

Sþj ’
ffiffiffiffiffi
2S

p
byj S�j ’

ffiffiffiffiffi
2S

p
bj Szj ¼ �Sþ byj bj ð8Þ
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Fig. 4 Device applications. a Illustration of the experiment to probe the
structure of a noncentrosymmetric antiferromagnet by generating a nearly
pure spin current of wave numbers, k and −k. The width of the antenna is
designed to selectively excite magnons of |k| ~ 1/d. The inverse spin Hall
voltage of Pt electrode is used to detect the spin current. b Group velocity
dω−(k)/dk and (c) |Sk,−− S−k,−|, for k= kx (ky= 0 line for Rashba-type ϕ
= 0) with D/J= 0.1, 0.05, and 0.01, where we set h= 0.5J. The right panel
is the h-dependence for k/π= 0.1, 0.05 and 0.01. At h ~ 2J, the two magnon
bands touch at Γ-point, which enhances the mixing of spins and gives a
sharp peak in |Sk,−− S−k,−|
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for sublattice-B. After the Holstein-Primakoff and Fourier transformations,
UyHU ’ constþHSW, the spin wave Hamiltonian is written finally in the
quadratic form as Eq. (2). The bosonic BdG Hamiltonian is written as

HBdGðkÞ ¼
Ξk Δk

Δ�
�k Ξ�

�k

� �
: ð9Þ

Here Ξk and Δk are 2 × 2 matrices satisfying Ξy
k ¼ Ξk and Δy

�k ¼ Δ�
k . HBdG(k) is

diagonalized analytically using the paraunitary matrix51. The actual diagonalization
is done by solving the following eigenvalue equation,

ΣzHBdGðkÞt± ðkÞ ¼ ω± ðkÞt ± ðkÞ ð10Þ

with Σz= τz ⊗ σ0. The eigenvectors of magnons, t±(k)= (u±,A(k), u±,B(k), v±,A(k),
v±,B(k))T, satisfy the normalization condition, tyηðkÞΣztη′ðkÞ ¼ δη;η′ with η, η′= ±.
We obtain the analytical form of the magnon dispersions ω±(k) and corresponding
eigenvectors t±(k) consisting of two branches. The local spectral weight used in
Eq. (3) is given as

dA=Bðω± ðkÞÞ ¼ u± ;A=BðkÞ
			 			2þ v ± ;A=BðkÞ

			 			2: ð11Þ

Data availability
The data that support the findings of this study are available from the corresponding
author upon reasonable request.
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