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The topological magnon insulator on a honeycomb lattice with Dzyaloshinskii–Moriya interaction (DMI) is studied
under the application of a circularly polarized light. At the high-frequency regime, the effective tight-binding model is
obtained based on Brillouin–Wigner theory. Then, we study the corresponding Berry curvature and Chern number. In the
Dirac model, the interplay between a light-induced handedness-dependent effective DMI and intrinsic DMI is discussed.
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1. Introduction
A topological insulator is a material that has a bulk band

gap like an ordinary insulator but whose surface contains con-
ducting states.[1,2] The search for topological states of quan-
tum matter is one of the hottest topics in condensed matter
physics. The topologically protected edge states is not unique
to electronic systems. A growing number of studies investi-
gate the possibility of topological properties on magnons in
two-dimensional (2D) honeycomb systems[3–12] due to their
similarity to electrons in graphene.[13,14] The ferromagnetic
spins on a 2D honeycomb lattice can be topologically non-
trivial when a proper nearest neighbor exchange exists.[3] In
Ref. [4], the authors investigated the properties of magnon
edge states in a ferromagnetic honeycomb spin lattice with
a Dzyaloshinskii–Moriya interaction (DMI). Beginning from
an isotropic Heisenberg model of localized spin moments in
a honeycomb lattice, Fransson et al.[5] addressed the possibil-
ity of emerging Dirac magnons. Ferreiros[7] et al. studied the
influence of lattice deformations on the magnon physics of a
honeycomb ferromagnet when a DMI is considered. Owerre[8]

showed that the magnon Hall effect is realizable in a two-
band model on the honeycomb lattice, and studied the thermal
Hall conductivity. Employing the Landau–Lifshitz–Gilbert
phenomenology, bulk and edge spin transport in topological
magnon insulators have been studied.[9] The spin Nernst effect
of magnons in a honeycomb antiferromagnet in the presence
of a DMI has been demonstrated.[10,11]

Another direction that the study of topological phases has
taken in recent years is manipulating the topological and trans-
port properties of quantum systems under the influence of a pe-
riodic drive.[15–17] Changes in the band structure from a non-
topological band structure to a topological one can occur. In

cold atom systems, periodic changes in the laser fields estab-
lish an optical lattice potential.[18,19] In solid state systems, pe-
riodically modulated quantum systems can be effectively de-
scribed by a static Hamiltonian. Therefore, magnon systems
deserve consideration. In this work, we study the magnon
on a honeycomb lattice with a DMI under the irradiation of
light.[20–24] We study the effects of the interplay between the
DMI and light.

The rest of this paper is organized as follows. In Sec-
tion 2, we present the tight-binding magnon model on the hon-
eycomb lattice. Based on the Brillouin–Wigner theory, we ob-
tain the effective tight-binding Hamiltonian with a circularly
polarized light. In Section 3, the Berry curvature and Chern
number of the system are presented. In Section 3, the corre-
sponding low-energy Dirac model is studied. Our conclusions
are given in Section 5.

2. Model

We consider a ferromagnetic model on a honeycomb lat-
tice. The corresponding Hamiltonian is

H =−J ∑
⟨i j⟩

𝑆i ·𝑆 j +D ∑
⟨⟨i j⟩⟩

νi j ẑ ·𝑆i ×𝑆 j, (1)

where 𝑆i = (Sx
i ,S

y
i ) is the spin moment at site i. J > 0 is

the nearest neighbor ferromagnetic exchange coupling. The
second term is the DMI between the second nearest neigh-
bors. The constants νi j = 𝑑i×𝑑 j/|𝑑i|/|𝑑 j| with the vectors 𝑑i

connecting site i to its second nearest neighbor j is shown in
Fig. 1.
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Fig. 1. The honeycomb lattice structure, with the nearest neighbor and
the second nearest neighbors labeled by ai and di, respectively.

Using Holstein–Primakoff transformation S+i = Sx
i +Sy

i =

ci
√

2S−ni, S−i = Sx
i − Sy

i = c†
i
√

2S−ni, and Sz
i = S− ni with

ni = c†
i ci, we obtain

H = 3JS∑
i

c†
i ci − JS ∑

⟨i j⟩

[
c†

i c j +h.c.
]

−DS ∑
⟨⟨i j⟩⟩

iνi j

[
c†

i c j +h.c.
]
, (2)

where ci and c†
i are magnon operators, and i, j = A,B label the

two sublattices of the honeycomb lattice denoted by different
colors in Fig. 1. The Hamiltonian in the momentum space can
be written as H = ∑𝑘 ψ

†
𝑘H(𝑘)ψ𝑘, where ψ

†
𝑘 = [c†

A𝑘,c
†
B𝑘] and

H(𝑘) =

(
3JS+∆(𝑘) f (𝑘)

f (−𝑘) 3JS−∆(𝑘)

)
, (3)

where

f (𝑘) = JS∑
i

ei𝑘·𝑎i = JS
[

2ei ky
2
√

3 cos
kx

2
+ e−i ky√

3

]
, (4)

∆(𝑘) = ∑
i

ei𝑘·𝑑i = 2DS
[

sinkx −2sin
kx

2
cos

√
3ky

2

]
, (5)

and where 𝑎1,2 = (±1,1/
√

3)/2, 𝑎3 = (0,−1)/
√

3, 𝑑1,3 =

±(1,
√

3)/2, 𝑑2,5 = ±(−1,
√

3)/2, and 𝑑3,6 = ±(1,0). We
have set the lattice constant as 1 throughout the paper. In the
absence of DMI, the magnon bands are massless at the two
Dirac points K = (4π/3,0) and K′ = (−4π/3,0).

Next, we consider the effect of the circularly polarized
light represented by the time-dependent vector potential

𝐴(t) = A(sinωt,cosωt), (6)

where A = E0/ω , and E0 and ω are the field strength and
frequency, respectively. Then, the response of the light-
illuminated system can be obtained by substituting 𝑘 with
𝑘+ e𝐴(t). Based on the Brillouin–Wigner theory,[25,26] we
can write the effective Hamiltonian as

Heff = H0 +∑
n

[H−n,Hn]

nω
, (7)

where Hn = 1
T
∫ T/2
−T/2 H(t)e−inωt . The second term represents

the process of including the emission and absorption of the n-
photon in the off-resonant light. In the off-resonant condition
where the light does not cause any transition, one photon ab-
sorption and emission are enough for virtual process. Straight-
forward calculations show us that

Heff = H̃0 +
1
ω

∑
i=x,y,z

HA
i σ

i, (8)

where H̃0 is equal to the bare Hamiltonian in the absence of
light H(𝑘) in Eq. (3) except for the constant term with renor-
malization of the parameters: J = JJ0(Ã) and D = DJ0(Ã).
Ã = eE0a/

√
3h̄ω , and Jn(x) denotes the n-th Bessel function.

In addition,

HA
z =−4D

∞

∑
n=1

J2
n (Ã)sin( 2nπ

3 )

n

3

∑
j=1

sin𝑘 ·𝛾 j, (9)

where 𝛾1 = 𝑎1 −𝑎3, 𝛾2 = 𝑎2 −𝑎1, and 𝛾3 = 𝑎3 −𝑎2, and

HA
x − iHA

y =
∞

∑
n=1

2g1
ng2

−n −2g1
−ng2

n

n
, (10)

g1
n = JJn(Ã)

3

∑
j=1

e−in π

6 +i( j−1) 4π
3 ei𝑘·𝑎 j , (11)

g2
n = iDJn(Ã)

[
ei(akx−nπ)−2ei a

2 kx cos
(√

3
2

aky −n
π

3

)]
. (12)

In Fig. 2(a), we find that finite DMI opens a gap, thereby
endowing the magnon bands with a nontrivial topology. Based
on Eq. (8), we see that the effect of circularly polarized light
can result in a gapped system. The interplay between the DMI
and light can induce closing and reopening of the band gap. In
Fig. 2(b), we show that the critical points where the interplay
makes the energy gap are closed.

E

0

2

4

6
(a) (b)

E

.

.

.

−2π 0 2π

ky
−2π 0 2π

ky

Fig. 2. Bulk magnon bands for momenta in the y direction for D = 0.1J
when (a) Ã = 0 and (b) Ãcritical ≈ 2.5J.

3. Berry curvature and Chern number
The Berry curvature for the n-th magnon band can be cal-

culated from

Ωn(𝑘) =− ∑
n′ ̸=n

2Im⟨un𝑘|v̂x|un′𝑘⟩⟨un′𝑘|v̂y|un𝑘⟩
(En′ −En)2 . (13)

The summation is over all occupied bands below the bulk gap,
and v̂x(y) is the velocity operator along the x(y) direction. En is
the eigenvalue of the system (Eq. (8)). In Fig. 3, we show the

078503-2
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Berry curvature of the lower band at D = 0.1J for the vary-
ing light parameter Ã. We can see that the Berry curvatures
change with Ã. We find that the Berry curvature increases
as Ã increases for Ã < Ãcritical while the reverse occurs for
Ã > Ãcritical. The associated Chern number is defined as

𝒞 =
1

2π

∫
d2kΩ

z(𝑘), (14)

where the integral is over the first Brillouin zone. Conse-
quently, the system changes from one topological magnon in-
sulator with Chern number 1 to another one with Chern num-
ber −1. In other words, a light intensity field can lead to a
topological phase transition in a topological magnon insulator.

ky

-2π -1

Ω

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

2π10

A/

A/.J

A/J~

~

~

Fig. 3. Berry curvature of the lower magnon band for D = 0.1J.

4. Low-energy Dirac theory
To better understand the topological properties, we

present a theoretical analysis based on an effective k · p Hamil-
tonian. Expanding this Hamiltonian around the Dirac points to
δ𝑘, we obtain the effective Dirac Hamiltonian as

Hη = t(ηδkxσx −δkyσy)+η∆dmσ
z, (15)

where η = ±1 corresponds to the two Dirac points, σx,y,z are
the Pauli matrices of the sublattice pseudospin, t =

√
3

2 JS, and
∆dm = 3

√
3DS. The system can be described by a static Hamil-

tonian in the high-frequency regime.[15,27] Then, the static
time-independent Hamiltonian is written as

Heff
η = t(ηδkxσx −δkyσy)+η

[
∆dm − A2t2

h̄ω

]
σ

z. (16)

The band dispersion relationship of the above Hamiltonian is

E± = ±
√

t2δk2 +∆ 2, (17)

and the the corresponding wave functions are

u+𝑘 =

[
cos

θ

2
,sin

θ

2
e−iϕ

]T

, (18)

u−𝑘 =

[
sin

θ

2
,−cos

θ

2
e−iϕ

]T

, (19)

where ∆ = ∆dm − A2t2/h̄ω , cosθ = ∆/
√

t2δk2 +∆ 2, and
cosϕ = δkx/δk. Based on Eq. (14), we obtain

Ω
z =−η

1
2

t2
(

∆dm − A2t2

h̄ω

)
[

t2δk2 +
(

∆dm − A2t2

h̄ω

)2
]3/2 , (20)

C =
∆dm − A2t2

h̄ω∣∣∣∆dm − A2t2

h̄ω

∣∣∣ . (21)

One sees that an extra light-induced term A2t2/h̄ω is intro-
duced, and its sign depends on the polarization of light. This
new term is clearly different from the intrinsic DMI term, and
it can be defined as the light-induced effective DMI. The over-
all value of the DMI will decrease (increase) if the DMI term
and the polarization of light have the same (different) sign. For
the same sign, the critical point is defined at ∆dm −A2t2/h̄ω

where the overall DMI vanishes and the band gap closes. For
example, when increasing the circularly polarized light inten-
sity, figure 2 shows a band gap closing. The Dirac theory is
consistent with the results from tight-binding theory.

The direct correspondence between the Chern number
and the Hall conductance for 2D system is characterized by
σxy =Ce2/h. The band gap (∆dm −A2t2/h̄ω) is closed and re-
opened for fixed ∆dm when varying A, and the direction of the
Hall current is changed. Therefore, the direction of the Hall
current can be controlled by illuminating with light due to the
fact that they lead to the change in sign of the Berry curvature
of the valence band. It should be noted that in our paper, we
only consider ω > 0. When ω < 0, ∆dm −A2t2/h̄ω > 0. The
band will not close and reopen. The topological phase transi-
tion and change in direction of the Hall current will not occur.

5. Conclusion and summary
To conclude, we analyzed the topological properties of

magnon in an insulator on a honeycomb lattice with DMI un-
der the application of a circularly polarized light. We em-
ployed Brillouin–Wigner theory to obtain the tight-binding
model with a circularly polarized light at the high-frequency
regime. We found that the light can induce the closing and
reopening of the band gap. The study about the correspond-
ing Berry curvature and Chern number confirmed the light-
induced topological phase transition. We obtained the low-
energy Dirac model to better know the topological prop-
erties. The topological phase transition was light-induced
handedness-dependent. The effective DMI and intrinsic DMI
were responsible for the topological phase transition.
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