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Outline

• Quantum Noise in an Interferometer

- Frequency dependent squeezed light

- GEO HF upgrade possibilities

• Low Frequency Squeezing
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Quantum Noise inside 
Interferometers



4Simon Chelkowski @ LSC Meeting 2007 Generation of squeezed states for GW detectors

The GEO600 Gravitational Wave Detector
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Quantum Noise in a modern Interferometer
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Reducing the Quantum Noise
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Reducing the Quantum Noise
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Reducing the Quantum Noise
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Quantum Noise
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Squeezed Vacuum
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Effect of a detuned filter cavity

Squeezed Vacuum Interaction with a cavity
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GEO 600 with Squeezed Vacuum and Filter Cavity



14Simon Chelkowski @ LSC Meeting 2007 Generation of squeezed states for GW detectors

GEO 600 with Squeezed Vacuum and Filter Cavity
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GEO HF: Detuned Signal Recycling
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GEO HF: Tuned Signal Recycling



17Simon Chelkowski @ LSC Meeting 2007 Generation of squeezed states for GW detectors

Do we need a filter cavity?
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Low frequency squeezing
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Dark Noise

broadband Squeezing 
up to 30MHz

Relaxation oscillation  of the Lasers

Vacuum noise

Generic squeezing from an OPA
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• hemilithic cavity
• MgO:LiNbO3 – crystal as nonlinear material
• strong interaction between Seed- und Pump
• fractions in phase get amplified

OPA – Optical Parametric Amplification
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Seed field is a control field
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OPA without seed turns into an OPO
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Setup for low frequency squeezing

φ

Homodyne angle θ

Squeezing angle

Chelkowski et al., accepted by PRA (2007)]
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Setup for low frequency squeezing

φ
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Setup for low frequency squeezing

Homodyne angle θ

φ

θ

Squeezing angle

Chelkowski et al., accepted by PRA (2007)]
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First low freqeuency squeezing results

Vacuum noise for 176µW
Vacuum noise for 88µW
Vacuum noise for 44µW

Measured vacuum noise

Vahlbruch et al., PRL 97, 011101 (2006)]
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Measured squeezed vacuum noise

Vacuum noise for 88µW
Squeezed vacuum noise

Vahlbruch et al., PRL 97, 011101 (2006)]

First low freqeuency squeezing results
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Enhancements of the setup
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Enhancements of the setup
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Latest low freqeuency squeezing results

Vacuum noise for 928µW
Vacuum noise for 464µW
Vacuum noise for 232µW

Measured vacuum noise

To be published
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Measured vacuum noise

Vacuum noise

Squeezed vacuum noise

Dark noise

To be published

Latest low freqeuency squeezing results
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Squeezed vacuum enhanced Michelson Ifo
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Conclusion

•We understand the quantum behaviour of Interferometers

•Low frequency squeezed vacuum can be stably generated 

•More than 6dB of squeezing available

•Frequency dependent light eventually not needed for 
GEO600
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The 
end
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