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Spin waves in antiferromagnets are promising alternative for replacing sem-
iconductor technologies in future computational devices. One of the unique 

features of antiferromagnets is the availability of two spin waves with dif-
ferent chiralities—right-handed and left-handed ones. This degree of free-
dom, in addition to their phase and amplitude, can be used to create modern 

computational devices. The search for an effective method to separate and 

control the two modes in antiferromagnets is now attracting the increasing 

attention. Previous studies have demonstrated that an electric field can ma-
nipulate antiferromagnetic magnons of different chiralities. However, the 

influence of the Aharonov–Casher effect on the damping right-handed and 

left-handed spin waves has not been fully investigated. In this work, based on 

Landau–Lifshitz–Gilbert equations with Rayleigh-dissipation functional, we 

show that the applied electric field could effectively control the damping of 

the spin waves with different chiralities. Temporal attenuation of the right-
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handed and left-handed modes has a shift along the wave-vector axis, which 

is directly proportional to the magnitude of the electric field. The relation 

between the damping parameters in the Rayleigh-dissipation functional 
plays an important role in dissipation behaviour. Our results show that the 

magnon lifetime depends on the electric field and dissipation parameters and 

is different for distinct chiralities. We believe our findings will encourage 

further investigation into dissipation processes in antiferromagnets and 

their impact on magnonic devices. 

Key words: spin-wave dynamics, antiferromagnets, Aharonov–Casher effect, 
damping, Gilbert damping, right-handed and left-handed polarizations, Lan-
dau–Lifshitz–Gilbert equation. 

Спінові хвилі в антиферомагнетиках розглядаються як перспективна 

альтернатива напівпровідниковим технологіям в майбутніх обчислюва-
льних пристроях. Однією з ключових особливостей антиферомагнетиків є 

наявність двох спінових мод з різними хіральностями — правосторон-
ньою та лівосторонньою. Цей додатковий ступінь свободи, разом із фазою 

й амплітудою, може бути використаний для створення новітніх магнон-
них обчислювальних систем. Пошук ефективних методів розщеплення та 

керування зазначеними модами в антиферомагнетиках наразі є предме-
том активних досліджень. Дослідження показують, що за допомогою еле-
ктричного поля можна керувати антиферомагнетними магнонами з різ-
ною хіральністю. Водночас вплив ефекту Ааронова–Кашера на згасання 

спінових хвиль з правою та лівою поляризаціями залишається недостат-
ньо вивченим. У даній роботі на основі рівнянь Ландау–Ліфшиця–
Гілберта з урахуванням функціоналу Релейової дисипації продемонстро-
вано, що прикладене електричне поле здатне ефективно контролювати 

згасання спінових хвиль з різною хіральністю. Показано, що часове зга-
сання правосторонніх і лівосторонніх мод супроводжується зсувом уз-
довж осі хвильового вектора, який є прямо пропорційним до величини 

електричного поля. Встановлено, що співвідношення між параметрами 

функціоналу Релейової дисипації відіграє визначальну роль у дисипації. 
Результати роботи свідчать, що час життя магнонів залежить від елект-
ричного поля, параметрів дисипації та відрізняється для різних хірально-
стей. Одержані висновки відкривають перспективи для подальшого ви-
вчення механізмів дисипації в антиферомагнетиках і їхнього впливу на 

магноніку. 

Ключові слова: динаміка спінових хвиль, антиферомагнетики, ефект Аа-
ронова–Кашера, дисипація, Гілбертова дисипативна константа, правос-
тороння та лівостороння поляризації, рівняння Ландау–Ліфшиця–
Гілберта. 
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1. INTRODUCTION 

Magnonics [1], a recent branch of condensed matter physics, has 
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gained significant interest due to its potential to use spin waves (SWs) 
as carriers of information in electronic devices [2]. Spin waves can 

propagate without Joule heating and allow high operational speeds. 
Antiferromagnets (AFMs), due to the antiparallel arrangement of the 

two magnetic sublattices, can simultaneously support left-handed and 

right-handed polarized spin waves (SWs), providing an extra degree of 

freedom—chirality. Due to their stability to small field perturbations 

and absence of the stray field, AFMs are promising candidates for de-
veloping devices that incorporate spin waves.  
 Currently, there are several methods for manipulating SWs, for ex-
ample, magnetic field, a Dzyaloshinskii–Moriya interaction in curvi-
linear magnets, spin-transfer torque, spin–orbit torque, spin Seebeck 

effect, voltage-controlled magnetic anisotropy, optical methods, and 

electric field. We will focus on the electric (E) field effect based on the 

so-called Aharonov–Casher (AC) effect [3, 4]. The AC effect, a quan-
tum mechanical phenomenon like the Aharonov–Bohm effect, appears 

when a neutral particle with a magnetic moment moves under the ef-
fect of an E field and acquires a phase shift in the particle’s wave func-
tion. In work [5], Cao and co-authors have demonstrated that the AC 

effect influences SWs propagating in a ferromagnetic ring when an E 

field is applied. Recent theoretical [6, 7] and experimental [8, 9] stud-
ies have demonstrated that the AC effect could impact SW propagation 

by using a static electric field in various magnetic systems, including 

AFMs, providing a mechanism for electric-field-based control of mag-
non dynamics. 
 It has been shown that in the first approximation, the influence of 

the AC effect on SWs can be mathematically represented as a 

Dzyaloshinskii–Moriya (DM)-like interaction [10, 11]. DM interaction, 

a form of antisymmetric exchange coupling, plays a crucial role in chi-
ral magnetic systems with breaking inversional symmetry, resulting in 

SW nonreciprocity. In this context, the AC effect could effectively 

modify the spin-waves’ dispersion relation in a symmetric crystal, lift-
ing the energy degeneracy of two magnon modes by the applied electric 

field. As a result, SWs in antiferromagnetic materials can be distinctly 

separated into right-handed and left-handed modes [7]. 
 One of the methods to split SWs in an AFM with different chirality 

is to induce the DM interaction, for example, by bending a material and 

breaking its symmetry. One of the disadvantages of this method is that 

one should bend it again to change the spin wave spectrum. At the same 

time, using the AC effect allows one to change the spin-waves’ spec-
trum by applying an electric field, which is easier to incorporate in real 
devices. The unique advantages of this method include the strength 

and sign of the E field, which can be controlled, and the switchable 

nonreciprocity, which provides a potential platform for the design of 

magnonic devices. 
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 Despite all advances in magnonic research, one critical aspect of SW 

dynamics remains unexplored. It is the influence of the AC effect on 

SWs energy dissipation. This article is dedicated to this question. Un-
derstanding how damping is affected by the topological AC effect is es-
sential for a comprehensive description of magnons’ dynamics and prac-
tical applications in antiferromagnetic-based magnonic devices [1, 12]. 
 The dynamic characteristics of a dissipative (or absorbing) medium 

with finite damping include both real and imaginary components and 

are thus complex. There are two possible representations of the fre-
quency and wave vector to describe the complex dispersion relation. 
One is the real frequency ω and the complex wave vector 

k = Rek + iImk; the other is the complex frequency ω = Reω + iImω and 

the real wave vector k, which is used widely in magnetism and 

spintronics communities. One can choose one of the two representa-
tions depending on the problem under investigation. The real ω and 

complex k focus on how the wave vector is affected by damping, and it 

is adequate to investigate the damping effect on propagating waves 

(see, for example, [13]). The complex ω and real k focus on how the fre-
quency is affected by damping and describe the damping effect on the 

resonance, including the uniform magnetization dynamics. In this re-
port, we use the last combination to demonstrate how the applied elec-
tric field modifies the SWs energy and damping in the two-sublattice 

AFM insulator. To derive analytical solutions, we used the set of the 

Landau–Lifshitz–Gilbert equations. There are two common options for 

how to adjust for damping: (i) including only the intrasublattice com-
ponent [14], or (ii) a combination of intrasublattice and intersublattice 

components [15–17]. We will show how each of these options could 

modify the temporal damping, a so-called SW-regime [18], i.e., spec-
trum width. 
 The paper is structured as follows: in the next Section, we will pro-
vide a brief explanation of the model used. In Section 3, our main re-
sults are presented. Section 4 is dedicated to discussing the results and 

presenting the conclusions derived from the study. Finally, we express 

our gratitude in acknowledgments. 

2. THEORETICAL DETAILS 

We consider the easy axis AFM consisting of two equivalent sublattic-
es with magnetization M1 and M2. Further, for convenience, we will use 

unit vectors mi = Mi/Ms, where i is the sublattice number (i = 1, 2), 
MS || Oz is sublattice saturation magnetization. Figure 1 shows the sys-
tem view, where the electric field E is applied along the y-axis and 

magnons propagate along the x-axis. 
 Assuming the sublattices are equal and an AFM is symmetric under 

sublattice permutations, the free energy F(m) of the system under con-
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sideration is: 
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The first two terms describe nonhomogeneous intrasublattices ex-
change coupling with a constant A, and homogeneous intersublattices’ 
exchange coupling with a constant J. The next term corresponds to 

magnetocrystalline anisotropy with the anisotropy constant K. Here, 
the anisotropy along the z-axis is considered. The last term describes 

the effect of the electric field. In the first approximation, the AC effect 

mathematically could be incorporated in the form of the DM-like inter-
action D(m1×m2) [10, 11], where D is the vector depending on the ap-
plied electric field [6]: 

 12 12
SO

ea
J d

E
= × ≡ ×D E e E e . (2) 

Here, a is the distance between magnetic ions, e is the charge of the 

electron, e12 is unit vector in the direction connecting the ions from 

different sublattices, ESO is energy of the spin–orbit interaction that 

inversely depends on the strength of the spin–orbit coupling. Recent 

studies [6] have shown that in some materials, ESO could be around 1–
3 eV, which makes this interaction valuable. As follows from Eq. (2), to 

achieve the maximum contribution from this interaction, the wave 

vector k, the magnetization mi, and the electric field E should be or-
thogonal as in Fig. 1. 
 A phenomenological approach utilizes the Landau–Lifshitz–Gilbert 

 

Fig. 1. Schematic representation of the antiferromagnet under electric field 

effect. Thin blue arrows along z direction and thick red arrows along −z direc-
tion indicate the magnetization of the first and second sublattices according-
ly. Electric field E || Oy, wave vector k || Ox. 
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equation to describe the dynamics of magnetic materials. The equation 

with the dissipation term R is given by: 

 eff

t

∂
= −γ × +

∂
m

m H R ,  

where Heff
 = −dF/dmi is the effective field, 0 /Bgγ = µ µ   is the gyro-

magnetic ratio (here, g is the g factor, µ0 is the magnetic permeability 

of the vacuum, µB is the Bohr magneton,   is the reduced Planck con-
stant). In ferromagnets, the Gilbert dissipation term looks like 

R = αGm×∂m/∂t. When considering two-sublattice magnets, a question 

arises about how to account for the dissipation term. Some recent 

works [15, 16] argue for using the Rayleigh-dissipation functional as a 

matrix 2×2 with different damping coefficients. Thus, the two-
sublattice magnet is described by the system of two torque equations 

with intrasublattice (α11, α22) and intersublattice (α12, α21) damping co-
efficients, which looks like: 

 

eff1 1 2
1 1 11 1 12 1

eff2 1 2
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,

.

t t t

t t t

∂ ∂ ∂
= −γ × + α × + α ×
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= −γ × + α × + α ×
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m m m
m H m m
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m H m m

 (3) 

In AFM with equivalent sublattices, the number of damping parame-
ters reduces to intrasublattice (α = α11 = α22) and intersublattice 

(αc = α12 = α21) ones. It should be noted here that the damping within a 

sublattice should be greater than the damping between sublattices. In 

AFM, researchers commonly use one damping inside each sublattice α 

[14, 19]. Neglecting αc implies that variables m1 and m2 are not directly 

connected in the damping processes. However, the magnetization of 

the two sublattices is coupled and cannot be missed during the discov-
ery of the magnetization dynamics [17]. As is shown in the next Sec-
tion, the E field also affects SWs’ intersublattice attenuation. 

3. AHARONOV–CASHER EFFECT ON TEMPORAL ATTENUATION 

OF SPIN WAVES 

We assume that the AFM is in the collinear state and consider SWs 

with the frequency ω and wave k propagating along the x-axis, k || Ox, 
such that 

m1 = xm1xexp(i(ωt − kx)) + ym1yexp(i(ωt − kx)) + zm1z, 

m2 = xm2xexp(i(ωt − kx)) + ym2yexp(i(ωt − kx)) + zm2z, 

with a small deviation of the magnetization of the first and second sub-
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lattices along the z-axis |m1z| = |m2z| ≈ 1. After obtaining the effective 

field from expression (1) and substituting it into the system of equa-
tions (3), we switch to circular variables defined as mi+ = mix + imiy, 
mi− = mix − imiy. This allows us to derive a matrix consisting of two 

equations: 

 

S S
c

1

2S S
c

0
S

M M
P i W i

m

mM M M
W i P i

±
±

±
±

 ± ω − − αω − − α ω γ γ    =    + α ω ± ω + + α ω γ γ γ 

. (4) 

Here, we introduce the next notation P = J + K + Ak2, W+ = J ± kdE. The 

determinant of this matrix describes the SW dynamics of the AFM. By 

setting the real and imaginary parts to zero, we can find the spin waves’ 
energy ωi(k) and damping Γi(k), using the substitution ω = ω(k) + iΓ(k). 
We will provide the analytical expressions for these values below. 

3.1. Spin-Wave Spectrum 

It was shown earlier [7, 13] that the applied electric field splits the 

SWs spectrum into right-handed and left-handed magnons. Here, we 

demonstrate the AC effect on the SW dynamics in our system. We start 

by setting to zero the real part of the determinant of matrix (4), which 

gives us the next expression: 

 2 2

S

( ) ( 2 )( )k Ak kdE J K Ak kdE K
M±

γ
ω = ± + + + . (5) 

The difference between the magnon frequency with right-handed polar-
ization, ω+, and left-handed polarization, ω−, is in the sign of the electric 

field term: kdE. The SW spectrum in the absence and the presence of an 

applied electric field is depicted in Fig. 2. The shift along the wave vec-
tor axis is directly proportional to the magnitude of the applied electric 

field. The greater the applied E field, the larger the splitting between 

right- and left-handed polarization magnons’ energy. For visualization, 
here and below, the following quantities were used MS = 3.5⋅105

 A/m, 
A = 2⋅10−12

 J/m, J = 5⋅106
 J/m3, K = 105

 J/m3, lattice constant a = 0.5 nm, 
and parameter of our system d = 4.4⋅10−12

 C/m. We should point out that 

reversing the direction of the applied electric field results in a swap be-
tween left- and right-handed SWs shift along the wave vector k. 

3.2. Spin-Wave Damping 

The interplay between magnons’ spin polarization and magnetic damp-
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ing plays a crucial role in magnonics. We consider temporal decay, 
which could be found in resonance experiments as the width of the res-
onance peak [20]. This effect of AC has not been considered earlier. 
 Substituting ω = ω(k) + iΓ(k) into matrix (4), we can get from the im-
aginary part of the determinant the following expression for temporal 
damping: 

 
2

c
2 2

S c

( ) ( )
( )

(1 )

J K Ak J kdE
k

M±

α + + − α ±
Γ = γ

+ α − α
. (6) 

 As we see in Eq. (6), the external electric field affects SWs’ damping 

through intersublattice damping coupling. The E-field application 

leads to the appearance of two attenuation functions Γ+(k) and Γ−(k). 
Like the frequency characteristics, the shift of the two attenuation 

curves depends on the value of the electric field (Fig. 3). Figure 4 

shows temporal attenuation Γ±(k) at different values of the correspond-
ing frequency ω±(k). 
 We also found the ratio between the width of the resonance and its 

frequency Γ±(k)/ω±(k): 

 
2

c

2 2 2 2 2
c

( ) ( ) ( )

( ) (1 ) ( ) ( )

k J K Ak J kdE

k J K Ak J kdE
±

±

Γ α + + − α ±
=

ω + α − α + + − ±
. (7) 

 Figure 5 shows Γ±(k)/ω±(k) at different damping constants: 
α = 0.005, αc = 0.001; α = 0.005, αc = 0.004. As αc has antidamping be-
haviour, the bigger this parameter is, the lower the ratio Γ±(k)/ω±(k). 

 

Fig. 2. Splitting of the spin wave spectrum under the E field effect, Eq. (5): 
E1 = 50 V/µm, E2 = 10 V/µm. The black line corresponds to E = 0. 
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The peak of the function Γ±(k)/ω±(k) is shifted along the wave vector 

axis and proportional to the electric field. 
 The next factor to be paid attention to is the damping coefficients 

derived from Rayleigh-dissipation functional. Firstly, the existence of 

the intersublattice damping, αc, directly allows the existence of the dif-
ference between the temporal attenuation of right- and left-handed po-
larizations’ magnons. When αc = 0, Γ+(k) = Γ−(k). So, the AC effect could 

 

Fig. 3. The electric-field effect on the SWs’ damping, Eq. (7): E1 = 50 V/µm, 
E2 = 10 V/µm. The black line corresponds to E = 0. The damping parameters 

are α = 0.01, αc = 0.009. 

 

Fig. 4. Influence of the electric field, E = 50 V/µm, on the Γ±(k) magnitude at 

different values of the corresponding frequency ω±(k). Here, we use the fol-
lowing damping parameters: α = 0.005, αc = 0.001. 
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help to detect intersublattice damping parameters experimentally. 
 In insulators, damping parameters could be small 10−3–10−4

 [21, 22], 
but the ratio between them can significantly change the dissipation. The 

coefficient α corresponds to the damping of magnetization dynamics, 
while αc has antidamping behaviour. It was shown that these coefficients 

could be different by several orders of magnitude, at least in Mn-based 

antiferromagnets [23]. Authors [23] found that the damping coefficient 

derived from magnon pumping is greater than the Gilbert damping com-
ponent. It means that a small difference should be between α and αc, as 

α = αG + αsp, αc ≈ αsp. Thus, the authors [16, 23] point out the importance of 

taking into account the intersublattice damping. 
 To the best of our knowledge, there is a lack of similar research for 

AFM insulators, but we assume that there could be a noticeable difference 

between αc and α. 
 The magnon lifetime is among the important parameters for practi-
cal applications. One could find it from the ratio τ(k, E) = 1/Γ(k, E). 
Figure 6 shows the magnon lifetime of right-handed τ+(k, E) and left-
handed τ−(k, E) modes depending on the electric field. In the absence of 

an electric field τ+ = τ−, the higher the electric field, the bigger the dif-
ference between the magnon lifetimes of different modes. The lifetime 

difference between the right- and left-handed magnons, depending on 

the E field at different intersublattice parameters, is demonstrated in 

Fig. 7. The higher the αc value, the greater the difference between the 

lifetimes of the right-handed and left-handed SWs. 

 

Fig. 5. The electric field E = 50 V/µm effect on the dependence Γ±(k)/ω±(k). 
The black lines (solid and dotted) correspond to E = 0. Here, we use the next 

damping parameters: α = 0.005, αc = 0.004 (Γ1±(k)/ω1±(k), dash-dotted lines); 
α = 0.005, αc = 0.001 (Γ2±(k)/ω2±(k), short and long dashed lines). 
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4. DISCUSSION 

Condensed matter physics is undergoing a revolution by introducing 

concepts borrowed from topology to characterize the state and proper-
ties of a system. With the introduction of topology, the description of 

complex systems moves to characterizing their global quantities, 
which are measured non-locally and endow the system with global sta-
bility to disturbances. In magnetism, one vibrant example is the Berry 

phase—the additional phase that the system’s wave function acquires, 
depending on the trajectory, which it passes [24]. The Aharonov–Casher 

effect, described in this article, is another special case of the topology 

phase. The main advantage of such topological effects is their independ-
ence from local perturbations, which makes them a very valuable pa-
rameter for quantum technologies, spintronics, and magnonics. We 

could expect that the AC effect will help to create topological magnons 

[12]. 
 As previously demonstrated in Ref. [7], applying an electric field to 

an antiferromagnetic insulator, one could split the spin wave spectrum 

into two independent branches, which we have additionally demon-
strated in the example of the system under consideration [13]. The spin 

waves with right-handed and left-handed polarization could propagate 

and attenuate separately. The splitting of the spin wave spectrum is 

achievable by applying a magnetic field, for example, with spin–orbit 

torque [25]. Nevertheless, an electric field could be a more efficient 

tool for controlling magnetism without requiring large magnetic 

 

Fig. 6. The magnon lifetime of right-handed (τ+) and left-handed (τ−) modes 

depending on the electric field. τ1± corresponds k = 0.15 nm−1, τ2± corresponds 

k = 0.1 nm−1; E = 50 V/µm, the damping parameters are: α = 0.01, αc = 0.009. 
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fields, which are energetically inefficient and challenging to integrate 

into nanoscale devices. Moreover, it is applicable for insulating mag-
netic materials. 
 There are several examples of practical applications of the AC effect 

in the SW field-effect transistor [7] or SW interferometric devices [8]. 
However, these works did not explore the impact of the AC-phase 

damping on magnon dynamics. Our results show that it could play a 

significant role in the dynamics of right-handed and left-handed polar-
ized SWs. Considering topological effects like AC-induced without 

damping could lead to incomplete models that fail to capture real-
world behaviour. Damping influences the lifetime and coherence of 

SWs, which could affect the efficiency of magnonic devices. For in-
stance, the presence of damping can modify the nonreciprocal spin-
wave propagation induced by the AC effect, altering its practical ap-
plications. Incorporating dissipation into theoretical and experimental 
studies is essential for accurately predicting device performance. 
 Integration of the topological effects in magnetism by electric-field 

control opens exciting prospects for energy-efficient, scalable technol-
ogies in spintronics and magnonics. The synergy between topological 
physics and electric-field-controlled SWs’ characteristics is expected 

to revolutionize next-generation technologies, enabling faster, more 

energy-efficient, and highly integrative devices. 
 In conclusion, our work shows how the electric field affects the tem-
poral attenuation of SWs in the insulating AFM. Damping of spin 

waves with right and left-handed polarizations could be manipulated 

 

Fig. 7. The difference between the lifetimes of the right-handed and left-
handed spin waves depending on the applied electric field at different damp-
ing coefficients αc. Here, α = 0.005, k = 0.05 nm−1. 
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independently by the Aharonov–Casher effect. The higher the applied 

electric field, the more visible this difference. The Aharonov–Casher 

effect modifies spin-wave dynamics and allows the electric field to con-
trol propagation, magnon lifetime, attenuation, and energy of mag-
nons. The difference between the dynamical features of right- and left-
handed polarizations of SWs is mainly determined by the applied electric 

field and the spin–orbit coupling in the material. In contrast to ferro-
magnets, in antiferromagnets, electric fields allow the use of polariza-
tion as an additional degree of freedom, offering new opportunities for 

designing magnonic devices and topological spin wave logic elements. 

 This work was partially supported by the National Academy of Sci-
ences of Ukraine through the research program No. 0125U000295 (In-
novative materials for quantum sensing). 
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