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The Questions

- Are there BSM effects visible in NS tidal disruption?

- Phase transitions in early universe?
- Ringdown of Kinks in Cosmic Strings

- Dispersion of GW in Spacetime (1605.01103

+ Our Wildest Imaginings: 2030 - 2040
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Longer Baselines => Better Angular Resolution
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Calculated Ilmlts of Advanced LIGO (~2019)
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—Measured noise
= Suspention thermal
= =Coating thermal
Dark noise
= =Quantum noise
—— Auxiliary loops
Angular controls
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LIGO Noise: 10/2016
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‘Golden Rule’ for
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how to measure better?
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Binary NS: how to measure better?
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Vacuum Fluctuations:
equal amounts of
phase and amplitude
noise

Amplitude

Amplitude

Squeezed
Vacuum Fluctuations:
less phase noise,
more amplitude noise
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Why a Quantum limit?

The GW is nearly noiseless; spacetime strain should be
compared with Planck-scale fluctuations. SNR > 1013

In the audio band, technical noise (gravity,
gas scattering, ) can be mitigated”.

Photon shot noise is not fundamental.

The Heisenberg uncertainty on a 40 kg test mass is near the
Planck scale.

using sufficiently advanced technology
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Towards the Fundamental Limit for Classical Force Sensing:

the Quantum Cramer-Rao bound
Phys Rev Lett 119, (2017)

= Optical Field: Coherent state
==> quantum fluctuations
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H. Miao, RXA, Belinda Pang, Yigui Ma,Yanbel Chen
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Squeezing with Classical Noise
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Redshift v. Black Hole mass
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The Future

2019:: 2 LIGOs x2, + 1 Virgo

2020:: 2 LIGOs x2, 1 Virgo, 1 iIKAGRA
2024: LIGO+, Virgo+, KAGRA 7?

2026: (Cryogenic) LIGO Voyager (5x LIGO)

2035+: Einstein Telescope, Cosmic Explorer, LISA, TIANGO
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