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• Why using long filter cavities in enhanced interferometers ? 

• What performances are required? 

• What is the state of the art? 

• Which are the experimental challenges and the improvements 
needed to achieve optimal performances? 
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Why using filter cavities in enhanced interferometer? 
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• Filter cavities impress a 
frequency dependent 
rotation on the 
squeezing ellipse 

• Reduced noise 
quadrature always 
aligned with the signal 

• First implementation: 
only one filter cavity 
(broadband ITF) 
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Why using (long) filter cavities in enhanced interferometer? 

PHY. REV. D 90, 062006 (2014)                                                          
Decoherence and degradation of squeezed states in quantum filter cavities      

P. Kwee et al.

• First implementation of frequency dependent squeezing in Advanced LIGO: 
16 m filter cavity with losses target 1 ppm/m 

• Squeezing is deteriorated by cavity losses at low frequency but thermal noise 
is relevant in that region (little room for improvements) 

• Goal : avoid to spoil sensitivity at low frequency

Advanced LIGO sensitivity, 16 m filter cavity 
with loss of 1 ppm/m
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Why using long filter cavities in enhanced interferometer? 

KAGRA sensitivity, 300 m filter cavity 
with loss of 0.25 ppm/m

• Effect of the cavity losses is reduced since the cavity is longer 
• Thermal noise is lower due to cryogenic operation 
• Sensitivity can be improved also at low frequency
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• The use of a long filter cavity will 
improve of 20% the BNS range with 
respect to a short filter cavity in an 
upgrade version of Advanced LIGO

Why using long filter cavities in enhanced interferometer? 



• The target frequency ΩSQL at which the squeezing rotation 
should take place is about 2π x 70 Hz (depending on the 
power) 

• The storage time need to achieve it is more than 2.5 ms  
(among the highest storage time ever achieved) 

What performances do we need for achieving 
an optimal rotation?

The realistic target: 6 dB of measured squeezing at high 
frequency
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What has been done so far?

• Rotation of the squeezing angle already demonstrated 

@ MHz
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What has been done so far?

• Rotation of the squeezing angle already demonstrated 

@ KHz
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Ongoing activities 

• 16 m filter cavity and full scale prototype of in-vacuum squeezed source 
for aLIGO at MIT in the LASTI facility. Assembly is starting now.

• 50 m filter cavity prototype  (CALVA) in Orsay. Optical design ongoing. 
10

credit: Lisa Barsotti



Ongoing activities 

• 300 m filter cavity prototype is being installed at NAOJ  in TAMA infrastructure   
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Planning 

• End 2016       filter cavity characterization and losses 
measurements 

• 2017       frequency independent squeezing production 

• 2018        frequency dependent squeezing measurement
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Experimental issues with long filter cavities
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• Relax the requirement on the finesse

• Reduce the impact of cavity losses
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Effect of the filter cavity losses
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• Losses are more influent  at low frequency where the squeezing  
experiences the rotation 

• The cavity performance depends on the loss per unit length
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How to minimise the effect of the losses?
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Improve the mirrors quality 
(which are the limits?)

Increasing cavity length

The loss per unit length 
are observed to decrease 
with cavity length



Intracavity losses mechanisms
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The main losses mechanism is the scattering 
from the mirrors originated by: 

• flatness (up to 1000 m-1) 
• roughness 
• point defects

VirgoAdVirgo

We can neglect cavity losses (<1 ppm) caused by 

• absorption 
• end mirror transmission 
• clippling losses (in case of perfect spherical mirrors)



Simulated losses for different mirror qualities
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Simulation performed for a 300 m filter cavity using Virgo and AdVirgo mirror maps

10 ppm to be added from roughness and point defects contribution



Estimated losses for the 300 m filter cavity
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Virgo mirror quality => 70 ppm + 10 ppm = 80 ppm => 0.25 ppm/m

AdVirgo mirror quality => 6 ppm + 10 ppm = 16 ppm => 0.05 ppm/m



Squeezing degradation mechanisms

 

• Filter cavity losses 

• Injection/readout losses 

• Mode mismatch 

• Frequency-dependent 
phase noise 

• Frequency-independent 
phase noise
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• Some degradation mechanisms that can be reduced by  increasing 
cavity length



Squeezing degradation budget 

for a 300 m filter cavity with losses of 80 ppm (0.25 ppm/m)
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injection 
losses 5 %

readout 
losses 5 %

mismatch 
squeezer-filter 

cavity
2 %

mismatch 
squeezer-

local oscillator
5 %

δL (rms) 0.3 pm



Squeezing degradation budget 

cavity losses in a 16 m 
cavity (1ppm/m)
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Squeezing degradation budget 
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cavity losses with AdVirgo mirror quality (0.05 ppm/m)



Effect of the losses inside the interferometer 
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Arm cavity losses

SEC losses

• The SR mirror increase the interferometer 
bandwidth suppressing the effects of arm cavity 
losses 

• SEC losses has a greater impact on squeezing 
degradation



Conclusions 
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• The use of long filter cavity will improve the sensitivity of 
enhanced detectors in the whole bandwidth, in the scenario 
where quantum noise is dominating also at low frequencies 

• Using >100 m filter cavity and best mirror quality available the 
effects of cavity losses become negligible with respect to the 
other loss sources 

• Further improvement in the squeezing level will require to 
improve the mode matching and injection/readout losses 

• Longer term future:  long filter cavity (km scale) necessary for 
ellipse rotation at few Hz as planned in ET design 


