
Readout of SC qubits



Cavity Quantum Electordynamics

• Interaction between atoms and the quantized electromagnetic modes 
inside a cavity

• Decay rate κ
• Coupling strength g
• Two level system with 

spontaneous decay rate γ



Cavity Quantum Electordynamics

• Interaction between atoms and the quantized electromagnetic modes 
inside a cavity

Applications
• High fidelity dispersive read-out
• Coupling qubits and realizing 2-qubit 

gates



Tuning Frequency

in situ tuning of the transition frequency of the qubits

Cooper pair box

• Acting as a two level system
• Level separation

coupled capacitively to a single mode of 
the electromagnetic field of a 
transmission line resonator with 
resonance frequency ωr
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Readout
For ωr = ωa: Jaynes-Cumming Hamiltonian:

ω

What happens in the limit of large detuning?
|Δ| = |ωa - ωr| >> g

Quantized field qubit coupling



Readout
Jaynes-Cumming Hamiltonian:



Readout
Jaynes-Cumming Hamiltonian

• Dispersive Shift of ± g2/Δ

Cooper pair box pulls the cavity frequency 
depending on the state of the qubit

• Rabi splitting

Cavity frequency shift



Resonant Regime

Resonant regime
ωa = ωr

Nonresonat
Regime 

Δ= ωa - ωr > g



Experiment

• Nonresonant (dispersive) regime  Qubit and resonator "uncoupled" 

Quantum nondemolition measurement

• No transition induced between ground and excited state





Measuring:
Microwave with frequency ωRF ~ ωr
Mixed and amplified with frequency ωLO
Calculate population from phase shift 



For ωRF = ωr the population density is 
encoded in the phase shift ϕ in the 
measured signal



Single shot measurements:
One short pulse

π-pulse (16ns)

2π-pulse (32ns)

3π-pulse

blue: measured data
red: prediction

Color density plot



blue: measured data, red: prediction



Ramsey experiment:
Two π/2-pulses seperated by a longer time T
For a hard pulse and detuning Δ: P(T,Δ) = cos2 (T Δ/2)
The oscillating pattern is called Ramsey fringes

Here: Used to measure the coherence time of the Cooper pair box
Measurement beam only after second pulse to avoid dephasing



a) Ramsey fringes oscillate with 
detuning frequency δa,s = ωa – ωs
Long coherence time T2 ~ 500ns

qubit phase quality factor
Qϕ = T2ωa/2

b) Linear dependence of νRamsey on 
detuning δa,s

Can be used to measure qubit 
transition frequency
ωa = ωs + 2π νRamsey
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