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Equivalent GW amplitude

Quantum noise

e Quantum noise is
a limiting noise
for current/future
detectors

Advanced Virgo noise budget for the O5 science run
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Reducing quantum noise with squeezing

e Quantum noise reduction relies on
the use of squeezed vacuum and
filter cavity
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Issue when using Filter cavities: optical losses | |————

e The optical losses in filter cavity mainly come from scattered light
e These could introduce problems such as degradation, dephasing, and
backscattered noise
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How optical losses were characterized?
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e For cavities less than 1
meter, mirror losses map
was acquired
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e For cavities with hundred-meter scale, only some statistics were made:
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Above all, we are curious about something that we have never seen before



Sub-carrier Laser

Characterization

T

IR_M1

of Virgo filter
cavity mirrors

Methodology
step 1 -
mapping

For phase
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e Put mirrors at
appropriate angles
e Beam position on

mirrors will be
determined
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The characterization of Virgo filter cavity
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A more deterministic measurement

e Arecall of previous measurement
e Our new measurement

On-off measurements of three different positions on

120 filter cavity input mirror from 1 Dec to 11 Dec 2023
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A reduction of statistic error from ~20 ppm to less than 4 ppm



A surprising measurement result

We reconstructed mirror losses maps for input and end mirrors
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Why we get such surprising result?

Analysing the scattered light in three regions
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Surface map

Analysis 1 — Surface map

Predict losses by combining:

OSCAR simulation tool
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An optical FFT code
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Why we get such surprising result?
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Scattering angle [deg]
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Why we get such surprising result?

lLargel

Analysis 2 — Coated mirror characterization -
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Scattering angle [deg]
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Why we get such surprising result? y
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Comparing result and analysis

TABLE III. Estimated losses from mirrors characterization

before cavity integration 2
Small angle scattering 10 ppm
Middle angle scattering 0.7 ppm 0
Large angle scattering 15-24 ppm
End mirror transmission 3.9 ppm
Absorption and clipping < 1 ppm .
Total 29.6-38.6 ppm

The difference may come from
contamination
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detection
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Conclusion

e Measured a mirror map for hundred meter scale cavity after its integration

e Analyzed mirror characterization before its integration, which explains partly the
measurement

e Indicated some probable contaminants on mirrors

e Our result signifies the importance of in-situ losses map for commissioning

Next step

e Mirror cleaning may be required
e Middle angle scattering could be better estimated if we consider defects
e Measuring losses at another wavelength could be interesting
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