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Quantum limited detector 𝑞𝐼𝑇𝐹 = ෨ℎ 𝐾𝐼𝑇𝐹 + 𝑝1 + 𝑥1𝐾𝐼𝑇𝐹
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𝑞𝑅𝑒𝑓 = 𝑝2 + 𝑥2𝐾𝑅𝑒𝑓External quantum reference

Quantum Back-Action Evasion

Phys. Rev. D 100, 062004 https://doi.org/10.1103/PhysRevD.100.062004
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Quantum Back-Action Evasion

Connection

Continuous variable entangled twin beams. 

𝜔𝑝 =  𝜔1 + 𝜔2

𝜔𝑝
𝜔2

𝜔1
Parametric

down conversion

Δ 𝑥1 − 𝑥2
2 → 0

Δ 𝑝1 + 𝑝2
2 → 0

Amplitude and phase are 

correlated

Non-linear crystal.

Nat Commun 13, 4815 (2022). https://doi.org/10.1038/s41467-022-32495-7
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Δ 𝑥1 − 𝑥2
2 → 0

Δ 𝑝1 + 𝑝2
2 → 0
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𝑞𝑅𝑒𝑓 = 𝑝2 + 𝑥2𝐾𝑅𝑒𝑓External quantum reference

Quantum Back-Action Evasion

𝑞𝐼𝑇𝐹 + 𝑞𝐼𝑇𝐹 = ෨ℎ 𝐾𝐼𝑇𝐹 + 𝑝1 + 𝑥1𝐾𝐼𝑇𝐹 Ω + 𝑝2 + 𝑥2𝐾𝑅𝑒𝑓 Ω

Δ 𝑥1 − 𝑥2
2 → 0

Δ 𝑝1 + 𝑝2
2 → 0

Δ 𝑝1 + 𝑝2
2 → 0
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𝐾𝐼𝑇𝐹 Ω𝐾𝑅𝑒𝑓 Ω

External (Quantum) Reference

Positive Mass OscillatorNegative Mass Oscillator

Δ 𝑥1 − 𝑥2
2 → 0

Phys. Rev. D 100, 062004 https://doi.org/10.1103/PhysRevD.100.062004
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𝐾𝐼𝑇𝐹 Ω𝐾𝑅𝑒𝑓 Ω

External (Quantum) Reference

𝐾𝐼𝑇𝐹 Ω ∝
𝑃𝑖𝑛

Ω2(Ω2 + 𝛾2)𝐾𝑅𝑒𝑓 Ω ∝
−𝑃𝑖𝑛

Ω2(Ω2 + 𝛾2)

Positive Mass OscillatorNegative Mass Oscillator

Δ 𝑥1 − 𝑥2
2 → 0
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𝐾𝑅𝑒𝑓 Ω

External (Quantum) Reference

𝐾𝑅𝑒𝑓 Ω ∝
−𝑃𝑖𝑛

Ω2(Ω2 + 𝛾2)

Negative Mass Oscillator

Magnetic Field

𝐻 ∝ − 𝐵 ⋅ 𝐽

Nat Commun 14, 6396 (2023). https://doi.org/10.1038/s41467-023-42059-y
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External (Quantum) Reference

Negative Mass Oscillator

𝐾𝑅𝑒𝑓 Ω

𝐾𝑅𝑒𝑓 Ω ∝
−𝑃𝑖𝑛

Ω2(Ω2 + 𝛾2)

Nat Commun 14, 6396 (2023). https://doi.org/10.1038/s41467-023-42059-y



Quantum limited detector 𝑞𝐼𝑇𝐹 = ෨ℎ 𝐾𝐼𝑇𝐹 + 𝑝1 + 𝑥1𝐾𝐼𝑇𝐹(Ω)
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𝑞𝑅𝑒𝑓 = 𝑝2 + 𝑥2𝐾𝑅𝑒𝑓(Ω)External quantum reference

Quantum Back-Action Evasion

𝑞𝐼𝑇𝐹 + 𝑞𝐼𝑇𝐹 = ෨ℎ 𝐾𝐼𝑇𝐹 + 𝑝1 + 𝑥1𝐾𝐼𝑇𝐹 Ω + 𝑝2 + 𝑥2𝐾𝑅𝑒𝑓 Ω

Δ 𝑝1 + 𝑝2
2 → 0

𝐾𝑅𝑒𝑓 Ω ≃ −𝐾𝐼𝑇𝐹 Ω

𝑞𝐼𝑇𝐹 + 𝑞𝐼𝑇𝐹 = ෨ℎ 𝐾𝐼𝑇𝐹

Phys. Rev. D 100, 062004 https://doi.org/10.1103/PhysRevD.100.062004
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Quantum Back-Action Evasion

Conditioning the 𝑞𝐼𝑇𝐹 Ω  based on the 𝑞𝑅𝑒𝑓 𝛺 , we can suppress the 

detector quantum noise

How did we demonstrate it?

𝑞𝐼𝑇𝐹 + 𝑞𝐼𝑇𝐹 = ෨ℎ 𝐾𝐼𝑇𝐹

Phys. Rev. D 100, 062004 https://doi.org/10.1103/PhysRevD.100.062004
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How did we demonstrate it?

One-axis twisting on the idler arm  
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𝑞𝑅𝑒𝑓 ≃ 𝑝2 𝑞𝑅𝑒𝑓 ≃ 𝑝2

𝑞𝑅𝑒𝑓 ≃ 𝑥2𝐾𝑅𝑒𝑓(Ω)
𝑞𝑅𝑒𝑓 = 𝑝2 + 𝑥2𝐾𝑅𝑒𝑓(Ω)

arXiv:2412.11824 [quant-ph]

https://arxiv.org/abs/2412.11824
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𝑞𝑅𝑒𝑓 = 𝑝2 + 𝑥2𝐾𝑅𝑒𝑓(Ω)

𝑞𝑅𝑒𝑓 ≃ 𝑝2

𝑞𝑅𝑒𝑓 ≃ 𝑝2

𝑞1 = 𝑥1

Δ 𝑥1 − 𝑥2
2 → 0

Δ 𝑝1 + 𝑝2
2 → 0

𝑞𝑅𝑒𝑓 ≃ 𝑥2𝐾𝑅𝑒𝑓(Ω)

arXiv:2412.11824 [quant-ph]

https://arxiv.org/abs/2412.11824
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How did we demonstrate it?

One-axis twisting on the idler arm  
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Φ Ω = arctan[𝐾𝑅𝑒𝑓 Ω ]

Phase Rotation

𝑞𝑅𝑒𝑓 ≃ 𝑝2 𝑞𝑅𝑒𝑓 ≃ 𝑝2

𝑞𝑅𝑒𝑓 ≃ 𝑥2𝐾𝑅𝑒𝑓(Ω)

𝑞𝑅𝑒𝑓 Ω = 𝑁 ( 𝑝2cos(Φ Ω ) + 𝑥2 sin(Φ Ω  )

𝑞𝑅𝑒𝑓 = 𝑝2 + 𝑥2𝐾𝑅𝑒𝑓(Ω)

arXiv:2412.11824 [quant-ph]

https://arxiv.org/abs/2412.11824
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One-axis twisting on the idler arm  
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Δ 𝑥1 − 𝑥2
2 → 0

Δ 𝑝1 + 𝑝2
2 → 0

𝑞1 = sin 𝜃𝑠 𝑥1 + cos(𝜃𝑠) 𝑝1

Φ Ω = arctan[𝐾𝑅𝑒𝑓 Ω ]

Phase Rotation

𝑞𝑅𝑒𝑓 Ω = 𝑁( 𝑝2cos(Φ Ω ) + 𝑥2 sin(Φ Ω  )

𝑞𝑅𝑒𝑓 = 𝑝2 + 𝑥2𝐾𝑅𝑒𝑓(Ω)

arXiv:2412.11824 [quant-ph]

https://arxiv.org/abs/2412.11824
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How did we demonstrate it?

One-axis twisting on the idler arm  
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Δ 𝑥1 − 𝑥2
2 → 0

Δ 𝑝1 + 𝑝2
2 → 0

𝑞1 = sin 𝜃𝑠 𝑥1 + cos(𝜃𝑠) 𝑝1

Φ Ω = arctan[𝐾𝑅𝑒𝑓 Ω ]

Phase Rotation

𝑞𝑅𝑒𝑓 Ω = 𝑁( 𝑝2cos(Φ Ω ) + 𝑥2 sin(Φ Ω  )

𝑞𝑅𝑒𝑓 = 𝑝2 + 𝑥2𝐾𝑅𝑒𝑓(Ω)
Φ Ω

arXiv:2412.11824 [quant-ph]

https://arxiv.org/abs/2412.11824
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