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Motivation

Quantum one-way street in
topological insulator nanowires
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Topological Phases of Matter, New particles, Phenomena and Ordering Principles, Nature Nanotechnology (2022); dot: 10.1038/s41565-022-02224-1
Roderich Messier and Joel Moore https://www.unibas.ch/en/News-Events/News/Uni-Research/
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Electric monopole
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Polarization
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¢, How to define a dipole per unit cell?

Berry Phases in Electronic Structure Theory, Electric Polarization, Orbital Magnetization and Topological Isulators, David Vanderbilt
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Modern theory of Polarization
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Wannier Functions
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Averaged electron position



Quantum-Mechanical Position Operator in Extended Systems
(R. Resta 1998)
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Differential to Matrix
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Differential to Matrix
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Hydrogen Molecule
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Models, models
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Open boundary condition




Models, models
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Periodic boundary condition



Modelo SSH

112
Tt .
N
Hssg = Z ti1(apbr + bEaR) + tQ(b}L{aR—l—l = a};H
R=1
€ t¢+ O 0O --- 0
T € tQ 0 0
o 0 t; € tl 0 0
Hssu=1 ¢ t* € ty O
ce 0 0 &5 €
0 0 0 i €

bRr)

Loy
D e e
| | | |
H H H H
Polyacetylene

trivial phase t1 > 12

topological phase t1 < 12



Hgssp =

—€ tQ
lo €
0 4
o 0 & € -
} e # 0

Broken inversion and chiral
symmetry

Periodic boundary
condition



., Polarization quantum
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Expected value of the position operator
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Electric dipole
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