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A word about topology

• Topology deals with classifies the possible 
map between spaces

• In condensed matter we are interested in 
real space or momentum space (the 
Brillouin zone) and mapping it to a Hilbert 
space
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Two level system and the Berry phase

• Imagine a spin in a magnetic field B whose 
direction changes slowly and forms a closed loop, 
will follow the field direction.  

• Its initial and final wavefunction will defer only by a 
phase.

• The phase has two contributions – the dynamical 
phase and Berry’s phase:

• A trip around the equator gives a Berry phase of 



Energy Bands

• The lattice of ions provides a periodic 
potential for electrons.

• Momentum is replaced by lattice 
momentum – confined to the Brillouin 
zone (loop in 1D, torus in 2D or 3D)

• Imagine scanning momentum and 
following the wavefunction

• The total accumulated phase is the Chern 
number (loosely defined)
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• Similar model, with bosons, very different physics
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Bosonic Kitaev Chain
• Non-Hermitian skin effect

Fortin, Wang and TPB, Phys. Rev. B 112, 064208 (2025)
Fortin, Wang and TPB, Phys. Rev. B 112, 174208 (2025)
Fortin, Wang and TPB, arXiv:2606.17881 

Site number n
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spin-orbit coupling and/or 
band inversion

• Another way to achieve 
topological behaviour is 
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Irradiated Graphene 

McIver et al. Light-induced anomalous Hall effect in graphene.
Nat. Phys. 16, 38–41 (2020)
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Floquet topological Superconductor
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Floquet Topological Superconductor

Jiang et al. PRL (2011)
Kundu and Seradjeh, PRL (2014)

T

ϵT



Four possible phases

Disorder-induced topological phase transition in a driven 
Majorana chain
Ling,…, TPB, Phys. Rev. B 109, 155144 (2024)



Topological magnons
Single-magnon state

Two-magnon state

Static DMI Driven

Tunable multi-magnon Floquet topological edge states 
Ivan Martinez-Berumen, TPB and Bill Coish
arXiv:2508.20049
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3D third order TI with corner states
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3D SOTI in magnetic field

Levitan and TPB, 
PRR 2, 033327 (2020)
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Outlook

• Add interactions get more interesting phenomena (fractional 
(spin) quantum Hall, inter valley coherence in bilayer graphene 
etc)

• Add disorder – test robustness, find surprises (Anderson 
topological states)

• Design new materials and devices – proximity effect, charge 
transfer, twistronics

• Many analogue systems (sound waves, optical lattices, resonator 
arrays, magnons)
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