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Anna Ritz-Zwilling: poster on 
Wegner-Wilson loops in string nets 

Julien Vidal: talk (next week) on 
Partition function of Levin-Wen model
(slides)

This talk : topological band insulators not 
topological order

String-nets in Paris (Jussieu) 



  

On the simplest example: SSH

1980’s: Su-Schrieffer-Heeger model to explain electric 
conduction of polyacetylene (a 1D “band-insulating” polymer).

2010’s: SSH as a chiral insulator with a phase transition between 
trivial and topological insulator (textbook example). Invariant = 
winding number (protected by sublattice symmetry, SPT). 

This talk: no topological phase transition in SSH. A single trivial 
phase with vanishing electric polarization. Invariant = quantized 
polarization (protected by inversion symmetry, TCI). 



  

1) Trans-polyacetylene: SSH model

Su, Schrieffer & Heeger 1979



  

Topological defects trap mid-gap states 

Su, Schrieffer & Heeger 1979
Also Jackiw & Rebbi 1976
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SSH model 

Su, Schrieffer & Heeger 1979
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2) SSH as textbook topol. insulator

Since ~2010. For review see C. Kane 2013; Book by Asboth et al. 
2016; Chiu, Teo, Schnyder, Ryu, RMP 2016



  

SSH in the ten-fold periodic table

Schnyder, Ryu, Furusaki, Ludwig 2008; Kitaev 2009
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Topological phase transition in SSH
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Bloch Hamiltonian: basis I/II issue

Bena & Montambaux 2009; For review see Cayssol & Fuchs 2021
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Bloch Hamiltonian in “basis II”

Bena & Montambaux 2009; For review see Cayssol & Fuchs 2021



  

SSH on a ring (PBC)



  

3) Inversion-symmetric insulators: 
quantized electric polarization



  

« Quantum » of polarization

Vanderbilt & King-Smith 1993. For review, see Vanderbilt’s 2018 book

ion
el

xxixi
(2) xe

-1
+1

choice 1choice 2



  

Where are the electrons in an insulator?

θRM = π/2

A B

Review by Resta 2011, The insulating state of matter : a geometrical theory

Wannier (1937)

Kohn (1964)

Zak (1989)



  

Polarization from Zak phase

King-Smith & Vanderbilt 1993 ; Resta 1994
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Original SSH model (SSH1/2)



  



  

Take-home messages
● Z  SSB Peierls instability : two-fold degenerate groundstate₂

● Importance of spatial embedding of orbitals : basis I/II, no bulk winding 
number (despite chiral symmetry)

● Periodic insulator : where are the electrons ? Wannier center (Zak 
phase, no ordinary Berry phase)

● Neutral insulator : importance of ionic model
● Periodic insulator : quantum of polarization depends on el & ions
● Inversion symmetry in crystal (TCI) : quantized P (Z  topo invariant)₂

● SSH has P=0 mod e for both dimerizations : no topo phase transition
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