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Dissipation: Agent of change
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Talk Outline

e SQUID-on-tip Thermal imaging

e \Warm up example

e Graphene
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SQUID-on-tip fabrication
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SQUID-on-tip fabrication

@ 30+-300nm
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SQUID-on-tip fabrication

Al, Nb, Pb, In, Sn
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SQUID-on-tip fabrication

Side view Bottom view

SQUID loop— K/weak links
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SQUID on tip

SQUID loop —» T weak links

Loop diameter =46 nm
Flux noise: \/Sqg = 50 n®,/Hz/?

Spin noise: /S, = 0.38 pg/Hz/2
Al, Nb, Pb, In, Sn

Vasyukov et al., Nat. Nano. (2013)
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Recent studies: Scanning Nano-SQUID on Tip

Vortex dynamics in superconductors

Scientific reports (2015)
Nature Communications (2017)

Superparamagnetic dynamics in magnetic Tls

Science advances (2015)

Emergent nanoscale superparamagnetism at
oxide interfaces

Nature Communications (2016)
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Thermal and Magnetic Sensitivity

Magnetic sensitivity Thermal sensitivity
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Origin of thermal sensitivity
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Thermal coupling to sample
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He gas
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10 Figure of merit:

Landauer's limit of energy
dissipation for irreversible qubit
readout

E=kgTIln2 =4x10723)

Qubit at 1 GHz:

P = 40fW

D. Halbertal, et al. Nature 539, 407 (2016)
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Dissipation in Carbon Nanotubes
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Woodside and McEuen, Science 296, 2002
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Dissipation in hBN encapsulated graphene

D. Halbertal, et al. Nature 539, 407 (2016)
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Resonant inelastic scattering by a single localized state

tSOT

260 X [nr'n]

D. Halbertal, et al. Science 358, 1303 (2017)
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Moving tSOT spectroscopy - experiment
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D. Halbertal, et al. Science 358, 1303 (2017)
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Summary

Nanoscale thermal imaging
of quantum systems with dots in CNT
sub 1 pK sensitivity

W

Dissipation dominated [ “ Spectroscopy of
by edge defects in 4 (5 localized states
graphene )

Inelastic electron Detection of phonon
scattering by a resonant emission from a
localized state single atomic defect





