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Part 1. Exposing
Josephson Harmonics
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Harmonics Are Not a Surprise...for Many Types of Junctions
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The Transmon Qubit as a Testbed for the Current-Phase-Relation

energy

H = 4E.n° — E, COS
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The Transmon Qubit as a Testbed for the Current-Phase-Relation
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The Transmon Qubit as a Testbed for the Current-Phase-Relation
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Reality Check for a Standard Tunnel Junction

T,=10"°
10°% - T,=10"2

coefficient cn(T,)/ci(T,)

order m

e Thsinp

l,(p) — Z Cm( Th) sin my
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Beenakker, Transport phenomena in mesoscopic systems (1992)



Setting the Expectation for Harmonics in Tunnel JJ
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Sinusoidal CeR Fails to Describe Measured Transmon Spectra

Standard Transmon Model
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Josephson Harmonics to the Rescue

Josephson Harmonics Model
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Part 2: Embracing
Josephson Harmonics




Magnitude of Josephson Harmonics in Tunnel Junctions
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Josephson Harmonics Impact the Charge Dispersion

0fpj o< exp (—\/E_]/EC)
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charge dispersion 6fy; (MHz)

Charge Dispersion: An Exponentially Sensitive Test of the Model
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charge dispersion 6fy; (MHz)

Charge Dispersion: Can also be Reduced with Harmonics!
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Charge Dispersion: Can also be Reduced with Harmonics!
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Reason for Reduced Charge Dispersion
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Engineering Harmonics: Can We Go Further?
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Engineering Harmonics: Can We Go Further?
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Engineering Harmonics: Can We Go Further?
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[ How? - shaping transparencies, adding inductive elements, flux bias, JJ networks, ... ]

Bozkurt et al., arXiv:2307.04830 (2023)
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