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A bistable cavity as a sensor 

➢ Detection speed and sensitivity enhanced by (quantum) fluctuations



A classical nonlinear cavity

𝑖 ሶ𝛼 = −Δ + 𝑈 𝛼 2 − 1 − 𝑖
Γ

2
𝛼 + 𝑖 𝜅1𝐹 Γ = 𝜅1 + 𝜅2 + 𝛾Δ = ω-ω0
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A classical nonlinear cavity

Experiments by Zhou Geng
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interaction driving

loss

A quantum nonlinear cavity



interaction driving

loss

𝑁 = ො𝑎† ො𝑎 = Tr[ ො𝑎† ො𝑎ෝ𝜌 ] 𝑁 = 𝛼 2

mean-field approx. SS density

A quantum nonlinear cavity



Mean-field bistability vs quantum unique SS
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The influence of noise on a bistable cavity

𝑖 ሶ𝛼 = −Δ + 𝑈 𝛼 2 − 1 − 𝑖
Γ

2
𝛼 + 𝑖 𝜅1𝐹 + 𝐷 ሚ𝜉(𝑡)

complex white noise

𝐷 =
Γ

2

Fluctuation-dissipation

Valid for U/Γ≲0.2 



The influence of noise on a bistable cavity

Δ = 1.1Γ

𝑖 ሶ𝛼 = −Δ + 𝑈 𝛼 2 − 1 − 𝑖
Γ

2
𝛼 + 𝑖 𝜅1𝐹 + 𝐷 ሚ𝜉(𝑡)

𝐷 =
Γ

2

Fluctuation-dissipation

1.09.5 10 10.5 11 11.5
0

50

100

150

200

F=
p
51

|
|2

Δ=1.1Γ



The influence of noise on a bistable cavity

Δ = 1.1Γ

𝑖 ሶ𝛼 = −Δ + 𝑈 𝛼 2 − 1 − 𝑖
Γ

2
𝛼 + 𝑖 𝜅1𝐹 + 𝐷 ሚ𝜉(𝑡)

𝐷 =
Γ

2

Fluctuation-dissipation

perturbation arrives

9.5 10 10.5 11 11.5
0

50

100

150

200

F=
p
51

|
|2

Δ

Γ
→

Δ

Γ
1 + ϵ

ϵ = 0.02
Δ=1.1Γ



Sensing based on residence time difference 

Δ = 1.1Γ
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𝜏0 =
𝜏↑ 𝜖 = 0 + 𝜏↓ 𝜖 = 0

2

𝛿𝜏 = 𝜏↑ − 𝜏↓

Based on 4000 residence events
and 100 noise realizations 

Sensitivity

𝑆 =
𝜕𝛿𝜏

𝜕𝜖
=139 s



ϵ=0

ϵ=0.003

residence events

How much time we need to measure to 
detect a certain perturbation?
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Detection speed & sensitivity
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Thank you!
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Back-up slides



Analogy with a Brownian particle in a DWP
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ϵ=0 ϵ=0.02
max

A perturbation tilts the effective DWP 



Probability densities
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Residence time statistics
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𝛿𝜏 = 𝜏↑ − 𝜏↓

Mean residence 
time difference:


