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Diagonalising the Fluxonium Hamiltonian: scQubits
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scqubits.Fluxonium.hamiltonian

The Hamiltonian of the fluxonium qubit [Manucharyan2009] in phase basis representation is given by
scqubits.Fluxonium.eigenvals

. : , 1
scqubits.Fluxonium.eigensys H— —4E03£ _E; cos(¢ o SOext) + EEL¢2'

scqubits.Fluxonium.get_spectrum_vs_parar

scqubits.Fluxonium.wavefunction Here, E¢ is the charging energy, E ; the Josephson energy, E'1, the inductive energy, and @ext = 2 Pext /Po
the external flux in dimensionless form. The Fluxonium class internally uses the E¢-E1, harmonic-oscillator
basis [Zhu2013] with truncation level specified by cutoff.

scqubits.Fluxonium.plot_wavefunction
scqubits.Fluxonium.n_operator
scqubits.Fluxonium.phi_operator An instance of the fluxonium qubit is created as follows:

scqubits.Fluxonium.exp_i_phi_operator

: : : fluxonium = scqubits.Fluxonium(EJ = 8.9,
scqubits.Fluxonium.cos_phi_operator
EC = 2.5,
scqubits.Fluxonium.sin_phi_operator EL = 0.5,
flux = 0.33,
scqubits.Fluxonium.matrixelement_table cutoff = 110)



Fluxonium: standard parameters
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Fluxonium: standard parameters
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Fluxonium:

Ec/h = 1.08 GHz
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Fluxonium: standard parameters

for <1 GHz

v
4

Ec/h =1.08 GHz
—

E;/h =5.57 GHz



Fluxonium: standard parameters
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Fluxonium: standard parameters
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Fluxonium: standard parameters
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Fluxonium: standard parameters
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Fluxonium:

standard parameters
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Light Fluxonium

EJ/EC < 1
EJ/EL > 1
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Fluxonium: different flavours

Light flux mode
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Heavy Fluxonium

EJ/EC > 1

Figure from Gyenis et al. PRX Quantum (2021)
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Reducing dephasing (T2-protection): transmon case
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Dephasing in fluxonium qubits: flux noise
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Figure from Ardati et al. PRX (2024)
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Dephasing in fluxonium qubits: photon shot noise
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Figure from Ardati et al. PRX (2024)
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Reducing depolarisation (T+-protection)

Fermi golden rule

2
A
1/T1 X S)\(CUZE(H/FL)
Matrix Iement Noise PSD
(qubit design) (material, fab, environnement...)

)\ - a glven noise channel

N\

O - relevant operator for a given noise channel
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Various depolarisation channels
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Various depolarisation channels

loss mechanism (0| C'[1) Re [Yy (wo1)] quality factor
capacitive Py (0 © [1) g“f e oap > 3~ 10°
inductive o (0] p 1) — LlQM Qina > 500 - 10°
3/2 .
quasiparticle (0] sin(/2) |1) zgzp (fiﬁl) Qep =~ xy, > 0.3-10°

radiative (Purcell)

®o (0] 21)

HFSS numerical simulations G iz = 2000

Table from Pop et al. Nature (2014)

See also: Nguyen et al. Phys. Rev. X (2019)
Smith et al. npj Quant. Inf. (2020)



Bonus track: dephasing caused by QPS in the superinductance
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Figure from Randeria et al. PRX Quantum (2024)
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Bonus track: dephasina caused bv QPS in the superinductance
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Take home message  Ej/Ec > 60 (In the superinductance)

Figure from Randeria et al. PRX Quantum (2024)



