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Introduction Beyond linear dispersive Results Conclusion

Charge qubit and coplanar resonator

Maxime Boissonneault Université de Sherbrooke
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Rabi π-pulse
Wallraff et al., Phys. Rev. Lett. 95 060501 (2005)

Averaged 50000 times.
SNR for single-shot is 0.1.
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Hood et al., Science 287 1447 (2000)
Raimond, Brune and Haroche, Rev. Mod. Phys. 73 565–582 (2001)

Blais et al., Phys. Rev. A 69 062320 (2004)

Motivation
Circuit QED is harder than cavity QED on the dispersive limit (ncrit. is smaller)

The SNR is low, we want to measure harder... how does higher order terms
affect measurement ?

Must consider higher order corrections in perturbation theory
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The dispersive limit

Dispersive limit
Jaynes-Cummings hamiltonian

H = ωra†a + ωa
σz

2
+ g(a†σ− + aσ+)

Exact transformation : D

Small parameter λ = g/∆
4λ2n̄ ≪ 1

Maxime Boissonneault Université de Sherbrooke
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Parameters
κ : Rate of photon loss

γ1 : Transverse decay rate

Model for dissipation
Coupling to a bath

Hκ =
R ∞
0

p

gκ(ω)[b†κ(ω) + bκ(ω)][a† + a]dω

Hγ =
R ∞
0

p

gγ(ω)[b†γ(ω) + bγ(ω)]σxdω

γ
1

γ
ϕ

κ



Introduction Beyond linear dispersive Results Conclusion

Dissipation in the system

Maxime Boissonneault Université de Sherbrooke
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Introduction Beyond linear dispersive Results Conclusion

Dissipation in the transformed basis

Z

X

γϕ

Hn

θn

γ1

H
Z

Z

X

γϕ
eff

γϕ
eff

γ↓

γ↓ γ↑,

D

X
D

D

θn

n

Transformation of system-bath hamiltonian

a
D→ a + λσ− + O

`

λ2
´

σ−
D→ σ− + λaσz + O

`

λ2
´

σz
D→ σz − 2λ(a†σ− + aσ+) + O

`

λ2
´

Maxime Boissonneault Université de Sherbrooke
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Method
Transform the system-bath hamiltonian

Trace out heat bath and cavity degrees of freedom
(Gambetta et al., Phys. Rev. A 77 012112 (2008))
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Introduction Beyond linear dispersive Results Conclusion

Dissipation in the transformed basis

Z

X

γϕ

Hn

θn

γ1

H
Z

Z

X

γϕ
eff

γϕ
eff

γ↓

γ↓ γ↑,

D

X
D

D

θn

n

Transformation of system-bath hamiltonian

a
D→ a + λσ− + O

`

λ2
´

σ−
D→ σ− + λaσz + O

`

λ2
´

σz
D→ σz − 2λ(a†σ− + aσ+) + O

`

λ2
´

Method
Transform the system-bath hamiltonian

Trace out heat bath and cavity degrees of freedom
(Gambetta et al., Phys. Rev. A 77 012112 (2008))

New rates (assuming white noises)

γ↓ = γ1

ˆ

1 − 2λ2
`

n̄ + 1
2

´˜

+ γκ + 2λ2γϕn̄

γ↑ = 2λ2γϕn̄

γκ = λ2κ

Maxime Boissonneault Université de Sherbrooke
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∆/2π = 1.7 GHz, g/2π = 170 MHz
κ/2π = 34 MHz, γ1/2π = 0.1 MHz
γϕ = 0.1 MHz, η = 1/80

ncrit. = 1/4λ2 = 25

0

5

10

15

0.0 0.1 0.2 0.3 0.4 0.5

S
N

R

n/ncrit.

Linear

Cooper-Pair Box

With
corrections



Introduction Beyond linear dispersive Results Conclusion

Reduction of the SNR

Parameters for the SNR
Number of measurement photons

Output rate : κ

Fraction of photons detected : η

Info per photon : cavity pull

Mixing rate :
γ↓+γ↑ = γ1

ˆ

1 − 2λ2
`

n̄ + 1
2

´˜

+γκ+4λ2γϕn̄

SNR ∼ κ×η×Num. phot.×Info per phot.
Mixing rate

Conclusion
SNR levels off with non-linear effects !

Explains low experimental SNR

Applies to all dispersive homodyne
measurement

Maxime Boissonneault Université de Sherbrooke
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Measurement induced heat bath

Mixing rates
Downward rate : γ↓(n̄)

Upward rate : γ↑(n̄)

Heat bath with temperature T (n̄) = (~ωr/kB)/ log(1 + 1/n̄)
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The case of the transmon
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Conclusion

Main results
Simple model describing the physics of measurement

Side-effect of measuring harder : you heat your qubit (even with photons that
can’t be directly absorbed)

Side-effect of measuring harder : each photon you add carries less information
than the previous one

Measuring harder 6= bigger SNR

Coming soon
The transmon (3 level system) (Koch et al., Phys. Rev. A 76 042319 (2007))

Taking advantage of the non-linearity

Comparison with experiments

More information : Boissonneault, Gambetta and Blais, Phys. Rev. A 77 060305 (R)
(2008)

FQRNT

Maxime Boissonneault Université de Sherbrooke
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