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What is the quantum spin Hall effect

Counterpropagating spin polarized edge states

Spin current but no net current



  

What is graphene

Low energy described by Dirac equation



  

Quantum Spin Hall in graphene

Theory

Experiment

A. F. Young et al, Nature (2014)

Abanin et al, PRL (2006)

Spin Chern insulatorZ
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Kane Mele  PRL (2005)



  

The experimental set-up

● High quality graphene

● Off-plane magnetic field

● In-plane magnetic field

● Variable doping via gate

A. F. Young et al, Nature (2014)



  

Not perfect conductance???



  

Low energy Hamiltonian

K K'

Two Dirac equations



  

The Landau level picture

Antiferromagnetic Ferromagnetic

Spin Chern number = 0 Spin Chern number = 2

Increasing
Zeeman

Abanin et al, PRL (2006)



  

QSH in QH graphene

Up channel

Down channel



  

Canted magnetism

A. F. Young et al, Nature (2014)



  

The model

ribbon geometry



  

Solving the model

Variational wave function

Mean field antsaz



  

Bands of the system

K-vector (and position across the ribbon) 



  

Transition at half filling with Bx

G=0 G=2



  



  

Transition at half filling with Bx

Edge gap closing without bulk gap closing

In-plane B



  

Gap increases at half filling

Gap increases linearly with off-plane field

Gap in the bulk

Off-plane B Off-plane B



  

Different edges

Armchair Zigzag



  

Edge dependent magnetism

Armchair Zigzag



  

Two different edge states



  

Electron-magnon coupling



  

Back scattering channel



  



  

Mixed edges

Backscattering channel in zigzag part



  

Take home

● Interaction of different edge states opens up a 
channel for backscattering

But before finishing...
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