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Background of topological insulators

2016 Nobel Prize 
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The Gauss–Bonnet theorem:

Gaussian Curvature:

K=1/(R1R2)

Berry connection

Berry phase:



Yan Meng Department of Electrical and Electronic Engineering, SUSTech 4

Background of topological insulators
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Background of topological insulators

Breaks time-reversal Quantum Hall effect
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Ultracold fermions

EMWs
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ℤ𝟐 Gauge field → Coupling coefficients −,+
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𝑀𝑥 𝐺

Gauge 

Transformation

Gauge transformation:

𝐺𝐻 𝑡𝑥, 𝑡𝑦 𝐺† = 𝐻(𝑡𝑥, −𝑡𝑦)
Positive  coupling：Site: Negative coupling：

𝑒𝑖𝛷 = ∏𝑚∈𝑝𝑙𝑎𝑞𝑢𝑒𝑡𝑡𝑒𝐴𝑚 (𝑚 = 1,2,3,4)

Gauge flux

Projective mirror symmetry:

ℳ𝑥 = 𝐺𝑀𝑥

Backgrounds of projective symmetry

A1

A2

A3

A4

A1

A2

A3

A4

𝑀𝑥
2 = I;ℳ𝑥

2 = −I

Acoustics:
𝑇 = 𝒦, 𝑇2 = 1

Electrons:
𝑇 = −𝑖𝜎𝑦 𝒦,  𝑇2 = −1

𝐿𝑦
−1ℳ𝑥

−1𝐿𝑦ℳ𝑥 = 𝑒𝑖𝛷
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Background of topological acoustics

Phys. Rev. Lett. 124, 206601 (2020) Nat. Common. 11, 2442 (2020) Nat. Common. 11, 2108 (2020)
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Backgrounds of projective symmetry

Phys. Rev. B, 102, 161117(R) (2020) Phys. Rev. Lett. 128, 116802 (2022) Phys. Rev. Lett. 128, 116803 (2022)
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Backgrounds of projective symmetry

Phys. Rev. B 108 205126 (2023)

c d

Commun. Phys. 6, 268 (2023)
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Motivation for spinful topological phases

Phys. Rev. Lett. 114, 223901 (2015) Nat. Commun. 8, 1304 (2017) Nat. Mat. 13, 233 (2013)

Ƹ𝜀 = Ƹ𝜇 ⟹ 𝑞𝑇𝐸 = 𝑞𝑇𝑀 = |𝒒|
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Analytical model for spinful topological phases

𝑷𝑻
𝟐

𝑺 𝒅 = 𝟏 𝒅 = 𝟐 𝒅 = 𝟑

AI + 0 ℤ2 ℤ2 0

BDI + 𝑆, 𝑃𝑇 = 0 ℤ2 0 2ℤ

CI + 𝑆, 𝑃𝑇 = 0 ℤ ℤ2 ℤ2

AII − 0 0 0 0

CII − 𝑆, 𝑃𝑇 = 0 0 0 ℤ

DIII − 𝑆, 𝑃𝑇 = 0 2ℤ 0 0

Topological classification under spacetime inversion symmetry (𝑃𝑇) and sublattice symmetry (𝑆).

Phys. Rev. Lett. 

126, 196402 (2021)
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Tight-binding model

Γ𝜇𝜈𝜆 = 𝜌𝜇 ⊗ 𝜏𝜈 ⊗𝜎
𝜆
,

𝑀𝑑 = diag 1,0,0,1 , 𝑀𝑜 = diag(0,1,1,0),

𝑢𝑑 = 𝑡𝑑,1 + 𝑡𝑑,2𝑒
−𝑖𝑘,  and 𝑢𝑜 = 𝑡𝑜,1 + 𝑡𝑜,2𝑒

−𝑖𝑘

𝑃 = Γ111 መ𝐼 , 𝑇 = 𝒦, መ𝑆 = Γ333 መ𝐼
𝐺 = Γ003, 𝒫 = 𝐺𝑃.

ℋ = 𝑡𝑦Γ100 + 𝑡𝑧Γ301 + 

𝑠=𝑑,𝑜

0 𝑢𝑠
𝑢𝑠
∗ 0

⊗𝑀𝑠

Hamiltonian:

DIII

(𝒫 )𝑇 2ℋ = 𝐺𝑃𝑇 2ℋ = −ℋ

𝒫𝑇𝑆 ℋ + 𝑆𝒫𝑇 ℋ = 0, 𝑆, 𝒫𝑇 = 0

Topological classification:

𝑈ℋ𝑈† =
0 )𝑄(𝑘 4×4

൯𝑄†(𝑘
4×4

0
,

𝜈 =
1

2𝜋𝑖
ර )𝑑𝑘 tr𝑄−1 𝑘 𝜕𝑘𝑄(𝑘 . 𝜈 ∈ 2ℤ

Symmetry operators and ℤ2 𝐺:

𝒫𝑇 2 = −1

Eigenstates:

𝜓1 and 𝜓2

Spins:

𝜓+ = 𝑈𝜓1 and 𝜓− = 𝑈𝜓2, 𝑈 = 𝑒(𝑖𝜋/4)Γ100𝑒−(𝑖𝜋/4)Γ133
Pseudo time-reversal symmetry 𝒫𝑇:

𝜓+

𝒫𝑇
𝜓−

𝒫𝑇
− 𝜓+

𝒫𝑇
− 𝜓−

Spin



Analytical model for spinful topological phases
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Spinful topological 

phase transition:

Coupling contrast:

Δ𝑡 =
𝑡𝑑,1−𝑡𝑑,2

2

Doublet



Sample design and experimental demonstration
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Experimental measurement of Kramers doublet 

Δ𝑟 = 𝑟1 − 𝑟2 Δ𝑟 = −2.2 mm Δ𝑟 = 0 Δ𝑟 = 2.2 mm
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Sample design and experimental demonstration

Observation of Kramers pairs of topological boundary modes
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Sample design and experimental demonstration

Topological interface between 𝝂 = +𝟐 and 𝝂 = −𝟐
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Conclusions

➢ Designed a 1D topological acoustic crystals with a ℤ𝟐 gauge field

➢ Observed the Kramers double-degenerate band structures 

➢ Observed the Kramers pairs of topological boundary modes 

➢ Observed the topological interface states between two spinful topological acoustic crystals 

with opposite winding numbers

Y. Meng et al, PRL 130, 026101 (2023)
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Other related works

Phys. Rev. Appl. 18, 064073 (2022)

Xiang Xi, et al, Nat. Commun. 14 1991 (2023)

Sci. China Phys. Mech. Astron. 65, 224611 (2022)

Linyun Yang, Phys. Rev. Lett. 129, 125502 (2022). (Editor’s suggestion)

Phononic crystals Phononic crystals

Acoustic crystals Photonic crystals
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