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1. Axion response from topological insulators

2. Quantized anomalous Hall effect vs Topological
magnetoelectric effect

3. Intrinsic magnetic topological state in MnBi2Te4

4. Flat Chern band in twisted bilayer MnBi2Te4



General theory of topological insulators

e Topological field theory of
topological insulators. Generally
valid for interacting and
disordered systems. Directly
measurable physically.
Quantized magneto-electric
effect (Qi, Hughes and Zhang, Wilzcek)
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e For a periodic system, the system is time
reversal symmetric only when

6=0 => trivial insulator

0=m => non-trivial insulator
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e Topological band theory based ‘ ‘ ‘
on Z2 topological band invariant o2

of single particle states. O — he
(Fu, Kane and Mele, Moore and Balents, Roy)
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The Topological Magneto-Electric (TME) effect m

e Equations of axion electrodynamics predict the robust TME effect.
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Wilzcek, axion electrodynamics
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e P3=0/2m is the electro-magnetic polarization, microscopically given by the CS term

over the momentum space. Change of P;=2"d Chern number!
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Gapped Dirac fermions on the surface, chiral fermions
on the domain wall

chiral fermion
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QAH can be realized in ferromagnetic Tl (Qi, Hughes, Zhang, PRB 2008) -




Experimental observation of the QAH effectin 5 QL
CrBiSbTe at 20 mK (Science 2013)
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Topological magnetoelectric effect in TIs and QAHE

1. T-breakingsurface gap
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QAH effect vs TME effect

QAH insulator Axioninsulator
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Multiple types of topological states in superlattice
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MnBi2Te4
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Electronic band structure of AFM MnBi2Te4
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Model for AFM topological insulator MnBi2Te4
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Single Gapped Dirac cone on the surface of MnBi2Te4
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QAH and Zero plateau in MnBi2Te4 odd and even layers
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Observation of zero-field QAH in 5 SL layer (Yuanbo
Zhang Group) Deng et al, Science 367, 895 (2020)
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Observation of QAH in 5 SL and possible AI in 4 SL
(Yuanbo Zhangv Group) Deng et al, Science 367, 895 (2020)
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R, (h/e?)

Coexitence of QAH and QHE in odd layer
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Phase diagrams of H and gate voltage
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Higher plateau QAH: multi-channel chiral edge states

. . C . e?
Basic physics ( realization of gy, = nﬁ) ;

System: thin film of 3D Tl with magneticdopping.

1) Doppinginduced exchange field A splitsthe 3D bulk
bandswith spin T and !, and only one pairof bulk bands
(s T,p ) areinverted, whilethe otherare not (s |,p 1).

2) Make 3D Tlinto a thin film (compactify the z direction),

so that
k, discrete
3D bulkbands(s T,p {) > 2D sub-bands.

If the lowest n 2D sub-bands are inverted, we get a QAH
with Chern numbern .

Wang et al, Phys. Rev. Lett. 111, 136801 (2019)
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Higher plateau QAH: multi-channel chiral edge states

Theoretical phase diagram of QAH ( thickness d , exchange field A)

Promising to realize in FM MnBi2Te4 10 SL FM MnBi2Te4, C=2
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Axion state in magnetic TI heterostructure

a Quantum anomalous Hall insulator b
Exchange field

Axion insulator

Magnetic topological insulator

Chiral edge
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Observation of possible AI in 6 SL MnBi2Te4 (Yayu
Wang Group)

Liu et al, Nature Mat. 19, 522 (2020)

Vy=10V 14V 27V [ 30V

o -

P (D)
[¢)] OO = N W d» 00 O

T o~ N — | . . ! !
S
S _05¢F L L L L L L
1.0}

22020 9259206 H 25090 H£5509%0 H50%0 H 5906 9959906

,UoH (T) ,UoH (T) ,UoH (T) :uoH (T) :uoH (T) :uoH (T) IJOH (T)
b C d Py (h/GZ)
6 2.0 2.5 1
LuH=0T +9—0 s P uH=9T
5p 4 N <115 20 o q
@ 9 '
/ o - N | r ? f‘ + ;
al\g € X H10o 2o _ '
) > [V 15
NA R AN =02 iy =
2 v A 4 4 y \ 2 < I o : : :‘ <
S 3He Al 9, 405 I x e C=0 0
K \ R S N R Y N R >
N S O 1o 5 < o
-9 °-\ 0.5 - Pyy Chern insulator >°<:_j
| o\o—o\- 9 /° h 10
1r Axion insulator 4 -0.5 0 h— 9_{ - -0-"0.—0—-0 _/2 ___________
0 1 1 1 -1.0 1 1 1 1 0 1 | 1 1 I -1
10 20 30 40 50 10 20 30 40 50 -9 -6 -3 0 3 6 9
Ve (V) Vy (V) poH (T)

21



TME: ac B field induces ac current in the same direction
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Flat band from twisted 2D bilayer-SL MnBi2Te4

Motivation: to get a time-reversal breaking flat Chern band in the single particle level.
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Lian, Wang et al, PRL 124, 126402 (2020) 23



Flat Chern band from twisted bilayer MnBi2Te4: FM
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FIG. 2. The band structure of the FM tBMBT for (a) 0 =
1°, Uy = 10 meV, v = 1.35, (b) 8 = 1°, Uy = 40 meV,
v = 1.35, (¢) 8 = 1°, Ug = 40 meV, vy = 1, (d) 0 = 2°,
Ugq = 40 meV, v5 = 1.35 and (e) 0 = 3°, Uy = 40 meV, vy =
1. (f) Chern numbers of the lowest conduction and valence
bands (Cc1,Cv1) as a function of angle 6 and exchange field
strength v¢, where Ug; = 40 meV is set. (g) (Cc1,Cv1) for
0 = 1° as a function of v; and staggered layer potential Uy.
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Platform for fractionalized QAH
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Flat Chern band from
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FIG. 3. The band structure of the AFM tBMBT for (a) 0 =
1° Yoy = 1, Ug = 10 meV, and (b) 0 = 1°, vy = 1, Ug =
40 meV. (c) Zoom-in plot of the valence band structure in
(b), showing the bandwidth of the first valence band.
(Cc1,Cy1) as a function of the twist angle # and the staggered

layer potential Uy.
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Chiral topological superconductivity from QAH
XL Qietal PRB82, 184516 (2010); J Wang et al, PRB 92, 064520 (2015)
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As one sweep the magnetic field, there is NECESSARY an intermediate phase
with chiral topological superconductivity! 29



Outlook

1.
2.
3.

4.

Zero-field QAH at higher temperature.

TME and axion electrodyanmics from even SL MnBi2Te4.
Flat Chern bands in twisted bilayer MnBi2Te4, promising for
fractionalized QAH.

QAH/SC heterostructure for chiral Majorana fermion.

AFM TI Minimal Weyl QAH effect axion insulator,
semimetal zero Hall plateau
gapped Dirac SS Fermi arc chiral edge states TME, image

(T dependent) monopole
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