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+φ(t)

Disturbance from  
the environment

Scattering is indistinguishable from 
GW signal 
Scattering is never in exactly  
the same quadrature as 
GW signal 
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Dual-homodynesThe back-scatter problem

+φ(t)

Adding the second homodyne 
to read out X quadrature 
Post-processing to extract data from 
combined X & Y 
3dB loss in GW signal 
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Dual homodynes Squeezed light

Squeezed light allows to reduce 
the shot noise in Y quadrature 
Squeezing is lost due to vacuum  
mixed in at the BS 
X & Y don’t commute 
X quadrature is anti-squeezed 

Vacuum
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[M. Ast, S. Steinlechner, R. Schnabel, Phys. Rev. Lett. 117, 180801 (2016)] 
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θ

Some signal is lost 
Enough data for back-scatter model 
θ can be frequency-dependent 
Fully (?) compatible with frequency-
dependent squeezing
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Dual homodynes allow to subtract scattered light 
All other approaches are still necessary! 
Using quantum reference (second squeezed beam) 
makes the setup compatible with squeezed light 
3dB penalty in signal for dual homodyne 
Optimal choice of angle allows to reduce it 
The system relies on the noise modelling — 
ML can improve it!

Thank you!

It is fully compatible with frequency-dependent 
squeezing (paper in preparation)

Conclusion: dual homodyne is an “easy” way  
to gain sensitivity!


