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Transmon Hamiltonian

• Superconducting circuit with tunable charge and flux sensitivity


• Transition frequencies  are periodic in  and  


•  determines anharmonicity and charge sensitivity

ωij = 2πfij ng Φ

EJ /EC

Ĥ = 4EC( ̂n − ng)2 − EJ(Φ)cos φ̂

Cooper pair box

Offset charge 
sensitive transmon

Transmon
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Decoherence limits sensitivity
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High frequency noise: 
drives transitions 

between states ( )T1

Low frequency 
(e.g. 1/f) noise: 

stochastically shifts 
qubit frequency ( )Tφ
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Uncertainty in offset charge

Uncertainty in flux bias

Goal: Measure qubit frequency 
 to quantify electric 

potential (via ), magnetic field 
(via ), or fluctuations in those 
parameters (noise spectroscopy).

f01(ng, Φ)
ng

Φ
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• 1/f-like charge noise in offset 
charge sensitive qubits is 
orders of magnitude worse 
than typically seen in SETs


• : limits 
sensitivity via 


• : frequency drift 
complicates data-taking and 
analysis

∼ 0.1 − 1,000 Hz
T2

≲ 0.1 Hz

Low frequency 
charge noise
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• Want to maximize  so that the sample gates the qubit island effectively


• But capacitive coupling to a lossy sample limits sensitivity via 


• Effect is small in CPB regime, but becomes significant as  is increased

Cs/Ctot
T1

EJ /EC

Coupling to sample with finite impedance

Γ1, i ∝ ( Ci

Ctot )
2

Re[Zi(ω01)] |⟨0 | ̂n |1⟩ |2
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Measurement methods

• Can be done with only CW microwave control


• Center frequency measures the mean value of  
or 


• Linewidth measures  but cannot easily be 
converted into a noise spectrum  or 


• Example: Phys. Rev. Res. 2, 043031 (2020)

ng
Φ

T2
Sng

(ω) SΦ(ω)

• Enables noise spectroscopy via dynamical 
decoupling


• Requires time domain control and reasonably high-
fidelity readout


• Limited dynamic range due to phase wrapping

• Limited measurement repetition rate:

• At most 1 bit of information per measurement, 

then the qubit must be reset to ground state

• Example: 

npj Quant. Info. 4, 29 (2018)

Spectroscopy Interferometry
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https://journals.aps.org/prresearch/abstract/10.1103/PhysRevResearch.2.043031
https://www.nature.com/articles/s41534-018-0078-y


Imaging rf loss in SC circuits

Can we borrow ideas from SC qubit research without inheriting qubit downsides?
Fast magnetic imaging/noise spectroscopy

SQUID magnetometer with dispersive readout
• Noise spectroscopy: high BW measurement + FFT

• Compatible with parametric amplifiers

• Faster measurement repetition rate (no reset)

• See:


• doi:10.1103/PhysRevB.83.134501

• doi:10.1088/0953-2048/26/5/055015

• doi:10.1063/1.5030489

Fast potential imaging/noise spectroscopy

Radio-frequency SET
• Noise spectroscopy: high BW measurement + FFT

• Lower charge noise than charge-sensitive qubit

• See:


• doi:10.1126/science.280.5367.1238

Scanning high-Q SC resonator
• Measure Q vs. position

• Could be frequency-tunable with a SQUID

• See:


• doi:10.1063/1.4792381

• doi:10.1103/PhysRevX.6.021044
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• Requires mK temperatures

• Requires single-photon operation and few-

photon readout

• Excess charge noise relative to SETs

• Limited measurement repetition rate

• Limited dynamic range

http://doi.org/10.1103/PhysRevB.83.134501
http://doi.org/10.1088/0953-2048/26/5/055015
http://doi.org/10.1063/1.5030489
http://doi.org/10.1126/science.280.5367.1238
http://doi.org/10.1063/1.4792381
http://doi.org/10.1103/PhysRevX.6.021044




First-order insensitive to Φ First-order insensitive to ng

Goal: Measure qubit frequency  to quantify 
electric potential (via ), magnetic field (via ), or 
fluctuations in those parameters (noise spectroscopy).

f01(ng, Φ)
ng Φ

Transition frequencies

Qubit spectrum

Sensitivity to 
quasiparticle tunneling

Sensitivity to  or ng Φ





• Lossy sample capacitively coupled to a Cooper pair box


• Johnson noise from sample causes fluctuating , 
reducing 


• Measure linewidth  spectroscopically to infer local 
sample temperature, resistance

ng
T2

1/T2



• Tunable transmon, 

• Measure qubit frequency with a Ramsey sequence

• Use phase estimation algorithm to overcome 

dynamic range issue (phase wrapping)

• Sensitivity still limited by , i.e. 1/f flux noise

EJ /EC ≈ 90

T2




