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The interferometers now being developed to delecl gravitational vaves work by measur-
ing small changes in the positions of free masses. There has been a controversy whether
quanlum=mechanical radiation-pressure fluctuations disturb this measurement, This
Letter resolves the conlroversy: They do.
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Quantum-mechanical noise in an interferometer
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Frequency Dependent Squeezing Measurement

Noise relative to coherent vacuum [dB]
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Phys. Rev. Lett. 124, 171101 (2020).

~=Phase-noise RMS: 30mrad
== Propagaticn loss: 0.36
Filter cavity losses: 120 ppm
== Mismatch: SQZ/FC: 0.06 - SQZ/LO: 0.02!

==Length fluctuation RMS: 6 « 102 m
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For aLIGO parameters, about 10dB injection is
optimal.
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Figure Credit: John Miller 10dB squeezing reduces shot noise,

* [Injecting more squeezing is
not always a good thing

* Coupling from anti-
sgueezing can increase the

noise
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Can we Monitor the purity of the quantum state?
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Diagnosis with Quantum State Tomography

Scope Pr(q, 6)
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Convolution Neural Network (CNN)
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Machine Learning (SQ Learner) vs MLE
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- MLE: over-estimate (over-fitting
s  problem)

o+ « Exp-fitting: under-estimate (lack
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Quantum State Tomography with ML
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Real-time Q-State Tomography: with FPGA Accelation

et

* Parallel capability of processing the data

FPGA

CONV POOL CONV m—»n

* Reducing the loading of CPU




Summary

« Our well-trained machine not only completes the task of the
reconstruction of Wigner function in less than one second, but
also keeps the high fidelity in the predict density matrix.

- Compared to the over-estimation by MLE and under-estimation
by empirically fitting at high squeezing levels, the purity of
squeezed states at squeezing level close to 10 dB is
demonstrated experimentally.

- Such a fast, robust, and precise quantum state tomography
enables us to extract the degradation information in squeezing,
which should be a useful diagnosis tool for the GW detectors.
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