
Periodic table for topological 

insulators and superconductors

Periodic table: Topological features 

of electron spectrum 

Bott periodicity:

Main themes:



The elements: gapped free-fermion phases



The table(s)

loop spaces





The classification



Summary of the classification



Well-studied example: IQHE



Topological invariant: Chern number

• Calculation using spectrum flattening, or projection

(Thouless, Komoto, Nightingale, den Nijs, 1982)

• Abstract notion:



Dealing with disorder:

Real-space expression for the Chern number

spatial dimension



One-dimensional analogue:



Application to IQHE



Classification problem



Three different settings



Free-fermion Hamiltonian



Complex K-theory

extra dimensions added 

to assist the homotopy

# of negative 

energy states



The first table --- now understood

loop spaces



Hamiltonian using Majorana operators



Symmetries

real skew-symmetric matrix



Properties of the matrices Q and T



Clifford algebras (with real coefficients)

Morita equivalence



Classification by symmetry (in dimension 0)

Morita equivalence



First step to higher dimensions:  Majorana chain

(No symmetry at all: spin-polarized superconductor)

real skew-symmetric matrix



Soliton and a Dirac operator

soliton



A more realistic example



Dirac Hamiltonian in dimension d

real symmetric real skew-symmetric 



Dirac operators with symmetries



The periodic table understood:



Band insulators and K-theory on the torus

Topology of 

Hamiltonians 

in the 

momentum 

space

Baum-Connes isomorphism

(K-theory analog of the Fourier transform)

Distinguishes strong 

topological insulators



Interactions symmetry dimension



The counterexample

site number chain



Summary


