Imaging work and dissipation
In quantum Hall state in graphene
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Thermal imaging techniques
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Thermal imaging techniques
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Dissipation in hBN encapsulated graphene
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Dissipation from a single atomic defect in graphene
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DisBigatpatitnomn gsippeEnatersvotigfent of gnaphene

Vtg=2 0 [V]

Vacancies and adatoms form localized
states near Dirac point in graphene
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Resonant inelastic scattering by a single localized state
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Spectroscopy of bulk defects
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Spectroscopy of edge defects
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Dissipation in the quantum Hall state

Guiding principles of idealized QH OHingraphene B=1T T=4K

l. QH plateau 18 | T g
Chiral edge channels carrying 141 Log
current with no dissipation. 10}

Dissipation only at contacts. = 6 16
o~
o 2 12
S
© 8

Il. Plateau transition -6f

Dissipation in the bulk -10¢ 14
0

lll. Topological state is robust
against local perturbations

(k2]

XX

R



Dissipation in the quantum Hall state

Guiding principles of idealized QH

|. QH plateau

Chiral edge channels carrying
current with no dissipation.
Dissipation only at contacts.

Il. Plateau transition

Dissipation in the bulk
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Vasseur, PRB 92 (2015)



Dissipation in the quantum Hall state T
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Dissipation in the quantum Hall state

Guiding principles of idealized QH '
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Dissipation in the quantum Hall state
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Work and dissipation
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Work and dissipation
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Edge reconstruction and separation of work and dissipation
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Edge reconstruction and separation of work and dissipation
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Summary

Nanoscale thermal
imaging of quantum
systems with

sub 1 uK sensitivity

Spectroscopy of edge
states in graphene

Detection of phonon
emission from a
single atomic defect |

Dissipation dominated &
by edge detects in
graphene
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