
 

 

 

Magneto-optical Kerr and Faraday effects in bilayer antiferromagnetic insulators 

Wan-Qing Zhu(朱婉情) and Wen-Yu Shan(单文语) 

Citation:Chin. Phys. B, 2023, 32 (8): 087802.   DOI: 10.1088/1674-1056/acd68a 

Journal homepage: http://cpb.iphy.ac.cn; http://iopscience.iop.org/cpb  

 

What follows is a list of articles you may be interested in  

 

Demonstration of Faraday anomalous dispersion optical filter with reflection 

configuration 

Yi Liu(刘艺), Baodong Yang(杨保东), Junmin Wang(王军民), Wenyi Huang(黄文艺), Zhiyu Gou(缑芝玉), and 

Haitao Zhou(周海涛) 

Chin. Phys. B, 2022, 31 (1): 017804.   DOI: 10.1088/1674-1056/ac229d 

Faraday rotations, ellipticity, and circular dichroism in magneto-optical spectrum of 

moiré superlattices 

J A Crosse and Pilkyung Moon 

Chin. Phys. B, 2021, 30 (7): 077803.   DOI: 10.1088/1674-1056/ac051f 

Combined effect of light intensity and temperature on the magnetic resonance 

linewidth in alkali vapor cell with buffer gas 

Yang Gao(高阳), Hai-Feng Dong(董海峰), Xiang Wang(王翔), Xiao-Fei Wang(王笑菲), Ling-Xiao Yin(尹凌霄) 

Chin. Phys. B, 2017, 26 (6): 067801.   DOI: 10.1088/1674-1056/26/6/077801 

Resonant magneto-optical Kerr effect induced by hybrid plasma modes in ferromagnetic 

nanovoids 

Xia Zhang(张 霞), Lei Shi(石 磊), Jing Li(李晶), Yun-Jie Xia(夏云杰), Shi-Ming Zhou(周仕明) 

Chin. Phys. B, 2017, 26 (11): 117801.   DOI: 10.1088/1674-1056/26/11/117801 

Exchange effect and magneto-plasmon mode dispersion in an anisotropic 

two-dimensional electronic system 

Xiaoguang Wu(吴晓光) 

Chin. Phys. B, 2016, 25 (11): 117801.   DOI: 10.1088/1674-1056/25/11/117801 

 

-------------------------------------------------------------------------------------------------------------------- 

https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/acd68a
https://doi.org/10.1088/1674-1056/acd68a
http://cpb.iphy.ac.cn/
http://iopscience.iop.org/cpb
https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ac229d
https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ac229d
https://doi.org/10.1088/1674-1056/ac229d
https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ac051f
https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ac051f
https://doi.org/10.1088/1674-1056/ac051f
https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/26/6/077801
https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/26/6/077801
https://doi.org/10.1088/1674-1056/26/6/077801
https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/26/11/117801
https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/26/11/117801
https://doi.org/10.1088/1674-1056/26/11/117801
https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/25/11/117801
https://cpb.iphy.ac.cn/EN/10.1088/1674-1056/25/11/117801
https://doi.org/10.1088/1674-1056/25/11/117801


Chin. Phys. B 32, 087802 (2023)
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Control and detection of antiferromagnetic topological materials are challenging since the total magnetization van-
ishes. Here we investigate the magneto-optical Kerr and Faraday effects in bilayer antiferromagnetic insulator MnBi2Te4.
We find that by breaking the combined mirror symmetries with either perpendicular electric field or external magnetic mo-
ment, Kerr and Faraday effects occur. Under perpendicular electric field, antiferromagnetic topological insulators (AFMTI)
show sharp peaks at the interband transition threshold, whereas trivial insulators show small adjacent positive and negative
peaks. Gate voltage and Fermi energy can be tuned to reveal the differences between AFMTI and trivial insulators. We
find that AFMTI with large antiferromagnetic order can be proposed as a pure magneto-optical rotator due to sizable Kerr
(Faraday) angles and vanishing ellipticity. Under external magnetic moment, AFMTI and trivial insulators are significantly
different in the magnitude of Kerr and Faraday angles and ellipticity. For the qualitative behaviors, AFMTI shows distinct
features of Kerr and Faraday angles when the spin configurations of the system change. These phenomena provide new
possibilities to optically detect and manipulate the layered topological antiferromagnets.

Keywords: magneto-optical Kerr and Faraday effects, antiferromagnetic topological insulators, bilayer sys-
tems

PACS: 78.20.Ls, 75.50.Ee, 73.21.Ac DOI: 10.1088/1674-1056/acd68a

1. Introduction
Recent years have seen a surge of interest in antiferro-

magnetic (AFM) materials due to their advantages in spin-
tronics applications: they are robust against perturbation
due to magnetic field, display ultrafast dynamics, and so
on.[1,2] When combining AFM with topology, new topologi-
cal phenomena arise, including the condensed matter version
of axions,[3–5] quantized magnetoelectric couplings[6–8] and
anomalous Hall effect.[9–11] These topological effects largely
depend on the spin structures of AFM systems. For exam-
ple, in noncollinear triangular AFM, anomalous Hall effect
occurs due to the chirality of spin structures.[9–11] In noncopla-
nar AFM, quantized magneto-optical responses arise from the
finite scalar spin chirality.[12]

An intriguing example is the van der Waals compound
MnBi2Te4, which, as an A-type antiferromagnetic topologi-
cal insulator (AFMTI),[13–17] shows anti-parallel magnetiza-
tion between adjacent layers and zero total magnetization. Due
to the combined 𝒫𝒯 symmetry (𝒫 and 𝒯 stand for inversion
and time-reversal symmetry), even-layered MnBi2Te4 is re-
ported to exhibit large longitudinal resistance with zero Hall
plateau.[5] Accordingly, the even-layered system is predicted
to host the exotic axion insulator phase.[5,7,18] One evidence
distinguishing AFMTI, i.e., axion insulator, from trivial insu-
lator is the layer Hall effect,[19,20] where electrons from top
and bottom layers move in opposite transverse directions due
to the layer-locked Berry curvature. Other proposals based on
different transport phenomena are also raised to identify the

axion state.[21–26] By contrast, an optical probe of AFMTI or
axion insulator has rarely been discussed.[27–29] Particularly,
for a few even-layer MnBi2Te4, whether AFMTI and trivial
phases are distinguishable in optical responses remains elu-
sive.
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Fig. 1. Schematic illustration of magneto-optical Kerr and Faraday ef-
fects in bilayer AFM insulator MnBi2Te4 (a) with asymmetric potential
V induced by perpendicular electric field and (b) with external magnetic
moment ms. θK and θF refer to the Kerr and Faraday angles.

In this work, we study the magneto-optical Kerr and Fara-
day effects in bilayer AFM insulators MnBi2Te4. We find that
to allow non-vanishing Kerr and Faraday effects, the combined
mirror ℳ1 =ℳxℳz and ℳ2 =ℳyℳz symmetries (ℳx/y/z

stands for mirror symmetry) should be broken by adding either
perpendicular electric field or external magnetic moment (see
Fig. 1). In the former case, we find that Kerr and Faraday an-
gles of AFMTI have significant peaks at the transition thresh-
old as a result of non-monotonic band dispersion, in contrast
to small adjacent positive and negative peaks for trivial insula-
tors. For large AFM order, it may be useful as a pure magneto-
optical rotator due to sizable Kerr and Faraday angles and van-
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ishing ellipticity. In the latter case, AFMTI shows much larger
Kerr and Faraday angles and ellipticity than trivial insulators.
Particularly, Kerr and Faraday angles of AFMTI are very sen-
sitive to the change of spin configurations of the ground state.
These phenomena provide new features to distinguish AFMTI
and trivial phases, and optically characterize the layered AFM
materials.

This paper is organized as follows. In Section 2, we in-
troduce model and methods, including the model Hamiltonian
and symmetries, Kerr and Faraday effects. The results for bi-
layer AFM insulators MnBi2Te4 are given in Section 3, includ-
ing symmetry breaking by perpendicular electric field and ex-
ternal magnetic moment. Finally, conclusion and discussions
are made in Section 4.

2. Model and methods
We consider a bilayer A-type AFM insulator MnBi2Te4

(layer number nz = 2) with out-of-plane magnetization. The
tight-binding model is given by

ℋ = ∑
𝑘,z

c+𝑘,z[ha(𝑘,z)+V (z)+ms(z)]c𝑘,z

+

[
∑
𝑘,z

c+𝑘,zhb(𝑘,z)c𝑘,z+1 +H.c.

]
, (1)

where the layer index z = 1,2. The intralayer (interlayer)
Hamiltonian ha/b(𝑘,z) is[7,20–24]

ha(𝑘,z) = M(𝑘)σz +A2 ∑
α=x,y

sinkα sα σx +m(z)sz,

hb(𝑘,z) = B1σz − i
A1

2
szσx. (2)

Pauli matrices s and σ act in the spin and orbital subspaces,
respectively. M(𝑘) = M0 − 2B1 − 2B2(2 − coskx − cosky),
M0, Bi and Ai are model parameters, where i = 1,2. m(z) =
m(−1)z is the AFM order in each layer. V (z) =V [2z−nz −1]
and ms(z) = mssz are the layer-dependent potential and layer-
independent magnetism due to external electric field and mag-
netic moment of substrates, respectively (see Fig. 1). When
V =ms = 0, the system describes a trivial insulator for M0 < 0,
and an AFMTI for M0 > 0.[20,21]

The space group of MnBi2Te4 is D5
3d (No. 166) in the ab-

sence of magnetic order. The presence of AFM order m(z)
breaks both time-reversal symmetry 𝒯 = isy𝒦 and inversion
symmetry 𝒫 = σz, whereas it preserves the combined 𝒫𝒯
symmetry (see Table 1). Since (𝒫𝒯 )2 =−1, there is Kramer’s
degeneracy at each momentum of Brillouin zone. In addition,
the system preserves the combined symmetries ℳ1 =ℳxℳz

and ℳ2 = ℳyℳz, where ℳα=x,y,z is the mirror reflection
symmetry operation α → −α . These combined mirror sym-
metries correspond to the combined rotational symmetries

𝒞2x𝒞2z and 𝒞2y𝒞2z in the system[7] (𝒞2α is the twofold rota-
tional symmetry operation about α axis, α = x,y,z). When
either V (z) or ms(z) term is introduced, both 𝒫𝒯 and ℳ1/2

symmetries are broken.

Table 1. Symmetries of even-layered AFM Hamiltonian ha/b(𝑘,z) sat-
isfying Ô−1ha/b(𝑘,z)Ô = h(𝑘′,z′), where Ô is the symmetry opera-
tor.

√
(×) implies the presence (absence) of the symmetry relations.

(𝑘′,z′) = Ô−1(𝑘,z) is indicated and z̄ = nz +1− z.

(𝑘′,z′) ha(𝑘,z) hb(𝑘,z) V (z) ms(z)

𝒯 = isy𝒦 (−𝑘,z) ×
√ √

×
𝒫 = σz (−𝑘, z̄) ×

√
×

√

𝒫𝒯 = isyσz𝒦 (𝑘, z̄)
√ √

× ×
ℳ1 = sxσz (−kx,ky, z̄)

√ √
× ×

ℳ2 = syσz (kx,−ky, z̄)
√ √

× ×

When linearly polarized light is incident into magnetic
materials, there are phase differences between right-circularly
and left-circularly polarized components for reflected and
transmitted light. These lead to rotations of polarization axis
(see Fig. 1), namely magneto-optical Kerr and Faraday effect,
respectively. Such phenomena are not restricted to bulk sam-
ples, but are widely used in studying spin structures of few-
layer materials.[30–35] Since few-layer materials are much thin-
ner than the light wavelength, it is convenient to treat them as
interfaces between vacuum and substrate. As a result, Kerr
and Faraday angles are given by[36–40]

θK =
1
2
[arg(r−)− arg(r+)], θF =

1
2
[arg(t−)− arg(t+)], (3)

where the reflection and transmission coefficients for the
circularly-polarized light read (± for left- and right-hand)

r± =
1−
√

εr
µr
−Z0σ±

1+
√

εr
µr
+Z0σ±

, t± =
2

1+
√

εr
µr
+Z0σ±

. (4)

Z0 =
√

µ0/ε0 ≈ 376.7 Ω is the impedance of vacuum, where
ε0 and µ0 are vacuum permittivity and permeability, respec-
tively. The magnetic permeability µr = 1 and dielectric con-
stant εr = 4 for SiO2 substrate.[39,40] Here σ± = σxx ± iσxy,
where σxx (σxy) is the longitudinal (Hall) optical conductivity
tensor. Additionally, the Kerr and Faraday ellipticity γK, γF

can be defined as[36,40]

tanγK =
|r−|− |r+|
|r−|+ |r+|

, tanγF =
|t−|− |t+|
|t−|+ |t+|

. (5)

By combining θK, θF and γK, γF, complex Kerr and Fara-
day angles can be introduced as[41]

φK = θK + iγK, φF = θF + iγF. (6)

By Kubo formula, the finite-frequency conductivity ten-
sor is[42]

σαβ (ω)

= ih̄ ∑
µµ ′

∫ d2𝑘

(2π)2

f𝑘µ − f𝑘µ ′

ε𝑘µ − ε𝑘µ ′

087802-2
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×
⟨𝑘,µ| jα |𝑘,µ ′⟩⟨𝑘,µ ′| jβ |𝑘,µ⟩

ω + ε𝑘µ − ε𝑘µ ′ + ih̄/2τs
, (7)

where ε𝑘µ and |𝑘,µ⟩ are the eigenvalues and eigenstates
of Hamiltonian ℋ. 𝑘 = (kx,ky) is the wave vector and
µ,µ ′ = {1,2, . . . ,4nz} are band indices. At zero tempera-
ture, the Fermi–Dirac distribution f𝑘µ = 1/[1 + exp((ε𝑘µ −
εF)/kBT )] = Θ(εF − ε𝑘µ), where εF is the Fermi energy and
Θ(·) is the Heaviside function. ω is the photon energy
and τs is the relaxation time. The current operator jα =

(e/h̄)∂h(𝑘)/∂kα , α = x,y, where the effective Hamiltonian
is established by h(𝑘) =

⊕nz=2
z=1 [ha(𝑘,z) + hb(𝑘,z) +V (z) +

ms(z)] from Eq. (2).
Note that for even-layered MnBi2Te4 with V = ms = 0,

the Hall conductivity σxy(ω) = 0 due to the presence of com-
bined mirror symmetries ℳ1/2 rather than 𝒫𝒯 symmetry, as
shown in Appendix A. When V ̸= 0 or ms ̸= 0, neither of sym-
metry ℳ1 and ℳ2 is preserved, giving rise to nonzero σxy,
and hence the Kerr and Faraday effect.

3. Results
3.1. Symmetry breaking by perpendicular electric field

In this section, we show numerical results of optical con-
ductivities, Kerr and Faraday angles and ellipticity for bilayer
AFM insulator due to symmetry breaking by perpendicular
electric field. Band dispersions are plotted in Fig. 2 for param-
eters M0 = 0.4, 0 and −0.2, respectively. In the absence of V ,
M0 = 0.4 and −0.2 correspond to AFMTI and trivial insulator,
respectively. In the presence of V , the band edge of AFMTI
(M0 = 0.4) is moved away from the Γ point, whereas trivial in-
sulator (M0 = −0.2) shows monotonic dispersion around the
Γ point. The non-monotonic dispersion of AFMTI arises from
the band inversion of two highest bands below (or two lowest
bands above) zero energy. This is evidenced by the value of
Chern number of each band (see Fig. 2(a)), from which one
can understand the origin of band inversion. Numerical results
suggest that the topological phase transition takes place for
M0 = 0.07, when these bands touch at the Γ point. For clarity,
we plot the dispersion for M0 = 0 in Fig. 2(b), whose disper-
sion is quite similar to M0 = 0.07. When the Fermi energy
εF = 0, the summation of Chern number C of occupied bands
vanishes, leading to zero static Hall conductivity σxy(ω = 0).
To avoid this, we set the Fermi level εF = −0.4. In this case,
we label the optical interband transition threshold Ti=1,2,3,4 by
arrows in Fig. 2, which are useful in understanding the behav-
iors of optical conductivities, Kerr and Faraday angles at low
photon energy ω .

The real and imaginary parts of optical conductivities σxx

and σxy are shown in Fig. 3. Here we only focus on the fea-
tures at low photon energy ω . One prominent feature is that
the magnitude of σxx and σxy for AFMTI (M0 = 0.4) is much

larger than trivial insulator (M0 = −0.2), as a result of band
inversion. The behaviors between Re[σxx] and Im[σxy] (or
Im[σxx] and Re[σxy]) are similar, whereas the peaks (jumps)
of Re[σxx] and Im[σxy] correspond to the jumps (peaks) of
Im[σxx] and Re[σxy] due to the Kramers–Krönig relations.[43]

For AFMTI (M0 = 0.4), Re[σxy] shows sharp peaks at the in-
terband transition threshold T1 and T2, as shown in Fig. 3(c).
By contrast, for trivial insulator (M0 =−0.2), Re[σxy] exhibits
two small adjacent positive and negative peaks, which arise
from the appearance and disappearance of transition T4. The
peaks are close to each other since the energy window of the
transition is narrow as a result of monotonic band dispersion
(see Fig. 2(c)). The value of Re(σxy) in the static limit ω → 0
is highlighted in Fig. 3(c), which is proportional to the integral
of Berry curvature of occupied bands.

M

M

X

X

Γ

Γ

Γ MXΓ Γ MXΓ Γ

T1 T1
T2

T3 T4

E
n
e
rg
y

M0=0.4 M0=0 M0=-0.2

C/

C/

C/

C/

C/

C/

C/

C/

C/

C/

C/↩

C/↩

2

1

0

-1

-2

2

3

-3

1

0

-1

-2

2

3

-3

1

0

-1

-2

εF/↩.

(a) (b) (c)

Fig. 2. Band dispersions of bilayer AFM insulator MnBi2Te4 with gate
voltage V for parameters (a) M0 = 0.4, (b) M0 = 0 and (c) M0 =−0.2. The
dispersions are plotted along the high-symmetry lines of Brillouin zone,
as indicated in the inset of (a). In the absence of potential V , M0 = 0.4
and −0.2 correspond to AFMTI and trivial insulator, respectively. In the
presence of potential V , the Chern number of each band is labeled. The
optical interband transition threshold Ti=1,2,3,4 for low photon energy is
depicted by arrows. Parameters: A1 = A2 = 0.55, B1 = B2 = 0.25,[20,24]

m = 0.12, V = 0.3, εF =−0.4.
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Fig. 3. Real and imaginary parts of optical conductivities (a) and (b) σxx
and (c) and (d) σxy (in units of e2/h) as functions of photon energy ω for
bilayer AFM insulator MnBi2Te4. The arrows refer to the optical inter-
band transitions Ti=1,2,3,4 as shown in Fig. 2. The values of Re(σxy) in the
low-energy limit are highlighted in red and green region in panel (c). Pa-
rameters: m= 0.12, V = 0.3, εF =−0.4, εr = 4,[39,40] µr = 1, h̄/τs = 0.02.

The Kerr and Faraday angles and ellipticity are plotted in
Fig. 4. θK and θF (also γK and γF) are complementary to each
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other since they refer to the reflected and transmitted light, re-
spectively. We find that the magnitude of θK/F and γK/F is
largely enhanced for AFMTI (M0 = 0.4), as compared to triv-
ial insulator (M0 =−0.2). Moreover, it is clear that θK/F inher-
its the main features from Re(σxy), and shows sharp peaks at
the interband absorption threshold T1 and T2 for M0 = 0.4. On
the other hand, γK/F inherits the main features from Im(σxy),
and shows abrupt jumps at transitions T1 and T2 for M0 = 0.4.
Therefore the measurement of Kerr and Faraday angles, ellip-
ticity, and also optical conductivities, provides a way to distin-
guish between AFMTI and trivial insulator.
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ellipticity as functions of photon energy ω for bilayer AFM insulator
MnBi2Te4. The arrows refer to the optical interband transitions Ti=1,2,3,4
as shown in Fig. 2. The values of θK and θF in the low-energy limit
are highlighted in panels (a) and (b). Parameters: m = 0.12, V = 0.3,
εF =−0.4, εr = 4,[39,40] µr = 1, h̄/τs = 0.02.
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µr = 1, h̄/τs = 0.02.

Since tuning M0 can drive a topological phase transition
between AFMTI and trivial insulator, we show M0 dependence
of Kerr and Faraday angles and ellipticity in Fig. 5. It is clear
that nontrivial AFMTI has much larger magnitude of θK/F and

γK/F than trivial phase. The topological phase transition oc-
curs when M0 = 0.07, where θK/F reaches a peak for Fermi
energy εF = −0.4 while γK/F is slightly away from the peak.
For higher Fermi level εF =−0.2, the peaks are further moved
away from the transition point since larger M0 is required to
reduce the band gap and enhance the valence band edge.

AFM order m dependence of Kerr and Faraday angles
and ellipticity is plotted in Fig. 6, where θK/F and γK/F flip
signs under the inversion of magnetic moment m. For AFMTI
(M0 = 0.4), the magnitude of θK/F increases when m increases,
then it almost saturates when only one valence band is inter-
sected by the Fermi level. By contrast, the magnitude of θK/F

for trivial insulator (M0 = −0.2) is much smaller. Interest-
ingly, for AFMTI, when the magnetic moment m is large, θK/F

has sizable value with almost vanishing ellipticity. This means
the system can be used as a pure magneto-optical rotator.
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Fig. 6. (a) Kerr and (c) Faraday angles and (b) Kerr and (d) Faraday ellip-
ticity as functions of AFM order m for bilayer AFM insulator MnBi2Te4.
Red and green lines correspond to AFMTI (M0 = 0.4) and trivial insula-
tor (M0 =−0.2), respectively. Parameters: V = 0.3, ω = 0.2, εF =−0.4,
εr = 4,[39,40] µr = 1, h̄/τs = 0.02.
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Fig. 7. (a) Kerr and (c) Faraday angles and (b) Kerr and (d) Faraday ellip-
ticity as functions of gate voltage V for bilayer AFM insulator MnBi2Te4.
Red and green lines correspond to AFMTI (M0 = 0.4) and trivial insulator
(M0 = −0.2), respectively. Parameters: m = 0.12, ω = 0.2, εF = −0.4,
εr = 4,[39,40] µr = 1, h̄/τs = 0.02.

Tuning gate voltage V is more feasible in experiments,
thus we provide the V dependence of Kerr and Faraday an-
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gles and ellipticity in Fig. 7. Similar to the reciprocal behav-
iors under magnetic moment, both θK/F and γK/F flip signs
under the inversion of gate voltage V . For AFMTI (M0 = 0.4),
we find that θK/F is negligibly small when |V | < 0.12, and it
is largely enhanced when |V | > 0.12. By contrast, for triv-
ial insulator (M0 = −0.2), θK/F is always tiny. The turning
point V = ±0.12 for AFMTI is due to the occurrence of non-
monotonic band dispersions near the Γ point, as shown in
Fig. 2(a).

Another tunable parameter in experiments is the Fermi
energy εF, whose dependence of Kerr and Faraday angles and
ellipticity is shown in Fig. 8. Both θK/F and γK/F flip signs
under the inversion of Fermi energy εF. When |εF|> 0.05, the
Fermi level starts to intersect the bands, giving rise to largely
enhanced θK/F and γK/F for AFMTI while vanishingly small
value for trivial insulator. This provides a new feature to dis-
tinguish between AFMTI and trivial insulator.
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Fig. 8. (a) Kerr and (c) Faraday angles and (b) Kerr and (d) Fara-
day ellipticity as functions of Fermi energy εF for bilayer AFM insula-
tor MnBi2Te4. Red and green lines correspond to AFMTI (M0 = 0.4)
and trivial insulator (M0 = −0.2), respectively. Parameters: m = 0.12,
V = 0.3, ω = 0.2, εr = 4,[39,40] µr = 1, h̄/τs = 0.02.

3.2. Symmetry breaking by external magnetic moment ms

In this section, we show numerical results of Kerr and
Faraday angles and ellipticity due to symmetry breaking by
external magnetic moment ms. Band dispersions are plotted
in Fig. 9 for parameters M0 = 0.4 and −0.2, respectively. In
the presence of ms, AFMTI (M0 = 0.4) become Chern insu-
lators, as indicated by the Chern number of each band. Here,
for simplicity, we set the Fermi energy εF = 0. Some crucial
interband transition thresholds Ti=1,2,3 are labeled by arrows.

The Kerr and Faraday angles and ellipticity are given by
Fig. 10. For low photon energy ω , the magnitude of θK/F and
γK/F for AFMTI (M0 = 0.4) is much larger than trivial insu-
lator (M0 = −0.2). For M0 = 0.4, the peaks (jumps) of θK/F

(γK/F) arise from interband transitions Ti=1,2 at the Γ point of
Brillouin zone (see Fig. 9). Note that there are some interband
transitions missing between T1 and T2 since their interband ve-
locity matrix elements vanish as a result of symmetries at the

Γ point. Therefore by proximity to magnetic substrates, we
find another way to distinguish between AFMTI and trivial in-
sulator.
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Fig. 9. Band dispersions of bilayer AFM insulator MnBi2Te4 with exter-
nal magnetic moment ms for parameters (a) M0 = 0.4 and (b) M0 =−0.2.
In the absence of magnetic moment ms, M0 = 0.4 and −0.2 correspond
to AFMTI and trivial insulator, respectively. In the presence of ms, the
Chern number of each band is labeled. The optical interband transition
thresholds Ti=1,2,3 for low-energy photons are depicted by arrows. Pa-
rameters: A1 = A2 = 0.55, B1 = B2 = 0.25,[20,24] m = 0.12, ms = 0.18,
εF = 0.
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Fig. 10. (a) Kerr and (c) Faraday angles and (b) Kerr and (d) Faraday
ellipticity as functions of photon energy ω for bilayer AFM insulator
MnBi2Te4 with external magnetic moment ms. The arrows labeled by
Ti=1,2,3 correspond to the optical interband transitions as shown in Fig. 9.
The values of θK and θF in the low-energy limit are highlighted in pan-
els (a) and (b). Parameters: m = 0.12, ms = 0.18, εF = 0, εr = 4,[39,40]

µr = 1, h̄/τs = 0.02.

Magnetic moment ms dependence of Kerr and Faraday
angles and ellipticity is plotted in Fig. 11, where θK/F and
γK/F flip signs under the inversion of magnetic moment ms.
For AFMTI (M0 = 0.4), θK/F reaches peaks at the T1 transi-
tion, then it increases rapidly and almost saturates after some
critical points. The critical points highlighted in the figure are
given by the conditions |ms| = m, which represents a change
in the spin configuration. Physically, when |ms| < m, the
net magnetization at each layer is opposite, whereas when
|ms| > m, the net magnetization becomes the same. By con-
trast, such change of spin configurations does not lead to any
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qualitative differences in θK/F or γK/F for trivial insulators.
This provides another difference between AFMTI and trivial
insulators.
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Fig. 11. (a) Kerr and (c) Faraday angles and (b) Kerr and (d) Faraday el-
lipticity as functions of external magnetic moment ms for bilayer AFM in-
sulator MnBi2Te4. Red and green lines correspond to AFMTI (M0 = 0.4)
and trivial insulator (M0 = −0.2), respectively. The peaks highlighted
in orange region are the critical points satisfying |ms| = m. Parameters:
m = 0.12, ω = 0.12, εF = 0, εr = 4,[39,40] µr = 1, h̄/τs = 0.02.

4. Discussion and conclusion

We show that AFMTI and trivial insulators are distin-
guishable in magneto-optical Kerr and Faraday effects. To al-
low this, all mirror or combined mirror symmetries must be
broken. We propose two feasible ways to break these symme-
tries, that is, by adding perpendicular electric field or external
magnetic moment. In the former case, Kerr and Faraday an-
gles and ellipticity show qualitatively different behaviors be-
tween AFMTI and trivial insulators, as a result of topological
phase transitions by tuning parameters M0. The significant dif-
ferences of optical responses across topological phase transi-
tion have also been proposed in group-IV monochalcogenides
SnSe.[44] The latter situation can be realized by proximity to
magnetic substrate. In that case, Kerr and Faraday angles can
provide the crucial information of spin configurations of the
AFMTI phase. Our studies can be further generalized to mul-
tilayer AFM case, to investigate the role of layer numbers in
magneto-optical responses.

Not only for bilayer AFM insulators MnBi2Te4, our the-
ory can be extended to other 𝒫𝒯 -symmetric AFM materi-
als. In a recent paper, in-plane anomalous Hall effect has
been studied in the general 𝒫𝒯 -symmetric AFM materials.[45]

Given that Kerr and Faraday angles are closely related to
the anomalous Hall conductivity in the low-frequency limit,
anomalous longitudinal or transverse Kerr and Faraday effect,
i.e., the magnetization is in-plane, may arise when symmetry
conditions are satisfied. This leads to qualitatively different
physics from the polar Kerr and Faraday effect studied in our

work. Detailed analysis of this issue will be the object of fu-
ture work.

Appendix A
When V = ms = 0, the Hamiltonian h(𝑘) =⊕nz

z=1[ha(𝑘,z) + hb(𝑘,z)] preserves the symmetries ℳ1/2,
that is, h(𝑘)ℳ1/2 =ℳ1/2h(𝑘). ε𝑘µ and |𝑘,µ⟩ are eigenval-
ues and eigenstates of Hamiltonian h(𝑘). Due to the presence
of Kramer’s degeneracy, we have ε𝑘µ = ε𝑘µ̄ , where µ(µ̄)

labels a pair of degenerate states. ℳ1/2 symmetry relates
the degenerate states between 𝑘 and ℳ1𝑘 = (−kx,ky) or
ℳ2𝑘 = (kx,−ky). For example, for ℳ1, we have

[|ℳ1𝑘,µ⟩|ℳ1𝑘, µ̄⟩] =ℳ1 [|𝑘,µ⟩|𝑘, µ̄⟩]U, (A1)

where U is arbitrary U(2) rotation. By grouping these states
into Kramer’s pairs, the conductivity tensor σαβ from Eq. (7)
can be rewritten as

σxx(ω) = ih̄ ∑
εµ(µ̄)>0,ε

µ ′(µ̄)<0

Tr[Bx(𝑘)B+
x (𝑘)]

ε𝑘µ ′ − ε𝑘µ

×
[

1
ω + ε𝑘µ − ε𝑘µ ′ + ih̄/2τs

+
1

ω + ε𝑘µ ′ − ε𝑘µ + ih̄/2τs

]
, (A2)

σxy(ω) = ih̄ ∑
εµ(µ̄)>0,ε

µ ′(µ̄)<0

1
ε𝑘µ ′ − ε𝑘µ

×
[

Tr[Bx(𝑘)B+
y (𝑘)]

ω + ε𝑘µ − ε𝑘µ ′ + ih̄/2τs

+
Tr[By(𝑘)B+

x (𝑘)]

ω + ε𝑘µ ′ − ε𝑘µ + ih̄/2τs

]
, (A3)

where the current matrix

𝐵x/y(𝑘) =

[
⟨𝑘,µ|
⟨𝑘, µ̄|

]
jx/y
[
|𝑘,µ ′⟩ |𝑘, µ̄ ′⟩

]
. (A4)

For ℳ1 symmetry

Bx(ℳ1𝑘)

=
e
h̄

[
⟨ℳ1𝑘,µ|
⟨ℳ1𝑘, µ̄|

]
∂h(ℳ1𝑘)

∂ (ℳ1𝑘)x

[
|ℳ1𝑘,µ

′⟩ |ℳ1𝑘, µ̄
′⟩
]

=
e
h̄

U+

[
⟨𝑘,µ|
⟨𝑘, µ̄|

]
ℳ+

1
∂h(ℳ1𝑘)

∂ (ℳ1𝑘)x
ℳ1

[
|𝑘,µ ′⟩ |𝑘, µ̄ ′⟩

]
U

= −U+Bx(𝑘)U. (A5)

Similarly, we have By(ℳ1𝑘) = U+By(𝑘)U . This means that
the contributions to σxy(ω) from 𝑘 and ℳ1𝑘 always cancel
with each other, resulting in σxy(ω) = 0. Similar discussion
can be carried out for ℳ2 symmetry, which also leads to zero
Hall conductivity. When a perpendicular electric field or ex-
ternal magnetic moment is introduced, i.e., V ̸= 0 or ms ̸= 0,
ℳ1/2 symmetries are broken, thus σxy(ω) can be nonzero.
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