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Something about me...

QIP Expertise + Inspiration: Topological Quantum Computation

Related physics expertise

- Anyons.  
* Theory (TQFT/anyon models)
* 2D Systems/models with anyons
* Detection/devices - anyon interferometers

- Quantum Hall Physics 
* Trial wave functions
* Edge/entanglement excitation spectra (CFT), 
* Point contacts/interferometers

- Theory of topological phase transitions 
* Anyon condensation
* Quenches

- Majorana wires and generalizations 
* Error processes, resonances
* Graph braiding



  



  

Quantum Hall Interferometry – Detecting non-Abelian Anyons  
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Interference suppressed by |M|: effect from non-Abelian braiding!
(Can even have |M|=0. Then see no interference for some topological charges a! Expected at ν=5/2)

Top view of Hall interferometer

Type a anyon under top gate

Currents runs along the edges,
Tunneling at constrictions (F)
(Type b anyons tunnel)

Area varied with side gate S

Tunneling amplitudes t1,t2, unitaries U1,U2 applied to red/green paths, 
Geometric+Aharonov-Bohm phase β varied with gate S; gives interference pattern,
Θ and M are effects from braiding of anyons of type a and b. 



  

J. Nakamura, S. Liang, G. C. Gardner & M. J. Manfra, 
Nature Physics 16, 931 (2020); Preprint arXiv:2006.14115 

Here, θanyon=1/3
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↑
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Colour plot of measured interference current's phase, expected:

BREAKING NEWS!!!
Abelian braiding detected!   



  

M.Fremling, N.Moran, JKS and S.H.Simon
Trial wave functions for a Composite Fermi liquid on a torus
Phys.Rev.B 97, 035149, 2018

Fermi balls at 15 particles Torus energy landscapes compared
Overlaps are also very good 
(for CF groundstates – dark points)

More recently... 
Shining our light on 
Composite Fermions



  

Discovering Anyon Models by Computer

Consistency:
Pentagon/Hexagon equations

Finite number of anyon models 
With N topological charges
 

Periodic table of modular anyon models (Z. Wang)

AnyonWiki – with Gert Vercleyen



  

Aaron Conlon, Domenico Pellegrino, JKS, Shane Dooley, Graham Kells
Error generation and propagation in Majorana-based topological qubits 
Phys. Rev. B 100, 134307, 2019

Quantum Wires



  



  

Compatibility of Braiding and Fusion on Wire Networks
Aaron Conlon, JKS 
arXiv:2202.08207

One of the graph hexagon equations. 
(different from the planar hexagons – new types of anyons!)

Fusion and Braiding on Graphs / Wire Networks



Topological Quantum Computation: topological phases

Kitaev honeycomb spin-1/2 lattice system

Our solution using
• Jordan-Wigner fermionization
• Bogoliubov-de Gennes formalism

Generalizations: Yao-Kivelson and our Square-Octagon models
The phase diagram of Square-Octagon
model has two non-Abelian phases
• Ising topological phase n=±1
• SU(2)2 phase n=±3

The phase diagram exhibits
• Abelian toric code phase
• non-Abelian Ising topological phase

Kells et al., Phys. Rev. B 80, 125415 (2009)

Kells et al., Phys. Rev. B 81, 1104429 (2010)

Kells, et al., Phys. Rev. Lett. 101, 240404 (2008)

Kells et al., New J. Phys. 13, 095014 (2011)
Kells et al., Phys. Rev. B 89, 075122 (2014)
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