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Overview

Graphene in Quantum Hall regime and in-plane
magnetic field behaves as a Quantum Spin Hall insulator
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Which is the backscattering mechanism???




Two Quantum Hall phases
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Robustness of QSH

— Quantum spin Hall without time reversal

— Protected by spin Chern number

— Protected against diagonal Zeeman
Interactions

- Weak against general spin mixing: spin
orbit, canted order

System is magnetic: do spin waves
break the guantum spin Hall?



Naive electron-magnon coupling
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There is chiral state-spin wave coupling!
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Method

 Formal procedure

- Tight binding selfconsistent mean field Hubbard
model in a ribbon

— Spin correlation function calculated with linear

response
- Many body summation through RPA
Mean field RPA
Hubbard Linear response ~ summation
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Example: antiferromagnetic chain
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Boundary conditions in Quantum

Hall
Periodic conditions Open conditions
Bandstructure - Bandstructure
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Periodic antiferromagnet QH

0.5

0.4

0.3

w/t

0.2

0.1

0 0.025 0.05 0.075 0.1

q/ (21m)

- b
AQ lB
. ’,”y:Ony:1
1000 | |
_ Ny = 2
Isooi ’I’Ly:3

-500

Im(Tr(X,))

-1000

L) = \/AqQ - (QnW/W)Q 04 —02 0 02 014T

w/t




AF bulk and edge spin waves
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AF edge-bulk decoupling at high
Q9
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AF edge bulk coupling at low q
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Excited branches at =0
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Quantum spin Hall state
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Edge modes in the QSH
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Inelastic steps

Edge spin wave pole

Ineslastic transport step ‘
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Ineslastic steps below the Zeeman energy




Take home

* Coupling of chiral channels and spin
waves opens up a backscattering channel

Thank you!!!
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