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Theoretically predicted 20 years before,  these phases are distinguished instead   
 by topological invariants  = TOPOLOGICAL PHASES

LENGTH = geometrical property (NOT invariant under deformations)
WINDING NUMBER = topological property (invariant under small deformations)

The topological nature of these phases makes their properties abnormally robust
promising platform for the development of quantum computers

What are these symmetries? The phases? Their topological invariants?
We will illustrate all this in the context of QW

Common features of these materials:
     Discrete group of SYMMETRIES common to all the phases1

     GAP between first energy level and the rest which blocks their transitions2
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Other symmetries also lead to topological phases but we will not consider them
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From the properties of the Fredholm index, the QW index is homotopy invariant, 
thus a change in QW index implies a phase transition
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The QW index is given by 
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reduction of a Fredholm index to 
finite-dimensional Linear Algebra 

OPEN PROBLEM: Is this phase classification complete?

This result, combined with Khrushchev formula, allows the calculation of the index for 
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