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Magnetic phenomena on the nanoscale
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Thermal imaging




SOT thermal and magnetic sensitivity
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Thermal imaging techniques
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E=kgTIln2 =4x10723J

Qubit at 1 GHz:
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Multifunctional imaging
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Dissipation in carbon nanotubes
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Dissipation in hBN encapsulated 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
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Nanoscale thermal
imaging of quantum
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single atomic defect







Available thermal microscopy techniques
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Edge defects statistical analysis 102
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Dominance of atomic defect resonant inelastic scattering

Thermal imaging at Flat-Band conditions reveals undisturbed map

Uniform bulk

Edge dissipation (diffusion)
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Dissipation dominated by
ballistic phonon emission at structure edges
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Thermal imaging
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Static tSOT spectroscopy - experiment
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SQUID on tip
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Al, Nb, Pb, In, Sn D. Vasyukov et al., Nature Nanotech. 8, 639 (2013)



SQUID on tip

Quantum interference patterns
SQUID current (T =4.2 K)
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Pb SQUID on tip

Quantum interference patterns
SQUID current (T =4.2 K)

Period =1.27 T

0 1.1
B[T]

Loop diameter = 46 nm
Flux noise: /S¢ = 50 n®/Hz?

Field noise: \/S; = 62 nT/HzY/2
Spin noise: ,/S,, = 0.38 pg/Hz2

D. Vasyukov et al., Nature Nanotech. 8, 639 (2013)



Sample approach

Bare SQUID on tip SQUID on tip glued to tuning fork
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Outline

e [ntroduction
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e Superparamagnetism in Tl

e Thermal nanoscale imaging




Scanning SQUID microscopy methods
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Dissipation in hBN encapsulated graphene
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Dissipation in Graphene — measurement setup

b 1 -

D =33 nm

— ¢
Sens. =510 " /\/E tSOT
h=10-20 nm

hBN/Gr/hBN

i i AR L A el




Dissipation in Graphene
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Dissipation by Localized States at Graphene Defects
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Static tSOT spectroscopy - experiment
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Dissipation in Graphene — evolution of rings
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Moving tSOT spectroscopy - experiment
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Edge defects analysis
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Single defect spectroscopy —
band bending simulation
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Scanning SQUID microscopy methods
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SQUID-on-tip fabrication




SQUID-on-tip fabrication
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SQUID-on-tip fabrication
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SQUID-on-tip fabrication

Al, Nb, Pb, In, Sn



SQUID-on-tip fabrication
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Al SQUID on tip
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Al SQUID on tip

Quantum interference patterns
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Pb SQUID on tip
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SQUID current (T =4.2 K)
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Pb SQUID on tip
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Pb SQUID on tip
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3He scanning SQUID on tip
microscope
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SQUID on tip and
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A. Finkler et al., Rev. Sci. Instrum. 83, 073702 (2012)
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Vortices in Pb film
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Vortices in Pb film in presence of current
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Vortex flow in Pb film
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Vortex flow patterns
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Pinning and dynamics of a single vortex
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Single vortex dynamics
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